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The Skyworks Advantage

■ Broad multimode radio and precision analog product portfolio 

■ Market leadership in key product segments

■ Solutions for all air interface standards, including CDMA2000,  

GSM/GPRS/EDGE, WCDMA, WLAN and WiMAX

■ Engagements with a diverse set of top-tier customers

■ Analog, RF and mixed-signal design capabilities

■ Access to all key process technologies: GaAs HBT, PHEMT, BiCMOS, SiGe, 

CMOS and RF CMOS

■ World-class manufacturing capabilities and scale

■ Unparalleled level of customer service and technical support

■ Commitment to technology innovation

Skyworks Solutions

Skyworks Solutions, Inc. is an innovator of high-performance analog and mixed-signal 

semiconductors enabling mobile connectivity. The company’s power amplifiers, front-end 

modules and direct conversion transceivers are at the heart of many of today’s leading-edge 

multimedia handsets. Leveraging core technologies, Skyworks also offers a diverse portfolio 

of linear products that support automotive, broadband, cellular infrastructure, industrial and 

medical applications. 

Headquartered in Woburn, Massachusetts, USA, Skyworks is worldwide with engineering, 

manufacturing, sales and service facilities throughout Asia, Europe and North America.

New products are continually being introduced at Skyworks. For the latest information, 

visit our Web site at www.skyworksinc.com. For additional information, please 

contact your local sales office or email us at sales@skyworksinc.com. 
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 Copyright © 2002, 2003, 2004, 2005, 2006, 2007, 2008, Skyworks Solutions, Inc. All Rights Reserved.

Information in this document is provided in connection with Skyworks Solutions, Inc. (“Skyworks”) products or services. These materials, including the information contained herein, are provided  
by Skyworks as a service to its customers and may be used for informational purposes only by the customer. Skyworks assumes no responsibility for errors or omissions in these materials or the 
information contained herein. Skyworks may change its documentation, products, services, specifications or product descriptions at any time, without notice. Skyworks makes no commitment to 
update the materials or information and shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes. 

No license, whether express, implied, by estoppel or otherwise, is granted to any intellectual property rights by this document. Skyworks assumes no liability for any materials, products or 
information provided hereunder, including the sale, distribution, reproduction or use of Skyworks products, information or materials, except as may be provided in Skyworks Terms and  
Conditions of Sale. 

THE MATERIALS, PRODUCTS AND INFORMATION ARE PROVIDED “AS IS” WITHOUT WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE, INCLUDING FITNESS 
FOR A PARTICULAR PURPOSE OR USE, MERCHANTABILITY, PERFORMANCE, QUALITY OR NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY 
EXPRESSLY DISCLAIMED. SKYWORKS DOES NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS CONTAINED WITHIN THESE 
MATERIALS. SKYWORKS SHALL NOT BE LIABLE FOR ANY DAMAGES, INCLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, 
INCLUDING WITHOUT LIMITATION, LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM THE USE OF THE MATERIALS OR INFORMATION, WHETHER OR NOT THE RECIPIENT OF MATERIALS 
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Skyworks products are not intended for use in medical, lifesaving or life-sustaining applications, or other equipment in which the failure of the Skyworks products could lead to personal injury, 
death, physical or environmental damage. Skyworks customers using or selling Skyworks products for use in such applications do so at their own risk and agree to fully indemnify Skyworks for 
any damages resulting from such improper use or sale.

Customers are responsible for their products and applications using Skyworks products, which may deviate from published specifications as a result of design defects, errors, or operation of 
products outside of published parameters or design specifications. Customers should include design and operating safeguards to minimize these and other risks. Skyworks assumes no liability 
for applications assistance, customer product design, or damage to any equipment resulting from the use of Skyworks products outside of stated published specifications or parameters. 

Skyworks, the Skyworks symbol, “Breakthrough Simplicity,” DCR, Helios, HIP3, Innovation to Go, Intera, iPAC, Polar Loop, and System Smart are trademarks or registered trademarks of Skyworks 
Solutions, Inc., in the United States and other countries. Third-party brands and names are for identification purposes only, and are the property of their respective owners. Additional information, 
including relevant terms and conditions, posted at www.skyworksinc.com, are incorporated by reference. 
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SelectIon GuIde

Amplifiers

Attenuators

Diodes

Directional Couplers/Detectors

Filters

Hybrids 

Infrastructure RF Subsystems

Intera™ Front-End Modules (WLAN)

MIS Silicon Chip Capacitors

Mixers/Demodulators

Modulators

Phase Shifters

PLLs/Synthesizers/VCOs

Power Dividers/Combiners

Receivers  

Switches

Technical Ceramics 
These products are produced by Trans-Tech  
(a wholly owned subsidiary of Skyworks Solutions, Inc.)

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.BUYBUY
NOW

The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.
Tin/lead (SnPb) packaging is not recommended for new designs. 

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

AMPlIfIeRS

Wireless Infrastructure High Gain Linear PA Modules 

Wireless Infrastructure Ultralinear PA Drivers

Wireless Infrastructure PA/PA Driver Amplifiers 
  

Part  
Number

Frequency  
(MHz)

Test Frequency 
(MHz)

Gain Typ.  
(dB)

Vcc  
(V)

P1 dB  
(dBm)

Package  
(mm)

SKY65004-21 250–2700 1960 16 @ 5 V 3 or 5 25 @ 5 V 3-pin MCM 4 x 4

SKY65008-21 250–2700 1960 20 3.3 21 3-pin MCM 4 x 4

SKY65009-70LF 250–2500 1960 12 @ 5 V 3 or 5 27 @ 5 V 4-pin SOT-89

SKY65028-70LF 250–2700 1960 16 @ 5 V 3 or 5 25 @ 5 V 4-pin SOT-89

Part  
Number

Frequency 
(GHz)

Gain Typ. 
(dB)

Quiescent 
current Typ. 

(mA)
Vcc  
(V)

OIP3  
(dBm)

P1 dB  
(dBm)

PAE (%) @ 
P1 dB

Package  
(mm)

SKY65112-84LF 0.4–2.3 18 @  
940 MHz

260 5 39 27 22 SOIC-8 Exposed Paddle

SKY65113-84LF 0.4–2.3 20 @  
940 MHz

450 5 40 30 39 SOIC-8 Exposed Paddle

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

Part  
Number

Frequency 
(MHz)

Voltage  
(V)

POUT  
(dBm)

Gain  
(dB)

Test 
Frequency

Quiescent 
current (mA)

NF  
(dB)

0IP3  
(dBm)

Package 
(mm)

SKY65120 2110–2170 5 33.5 24.6 2140 447 8.4 48 20-pin MCM 
6 x 6

SKY65124 1960–1990 5 25.0 24 1960 550 6.0 45 20-pin MCM 
6 x 6
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

Part  
Number 

Frequency 
Range 
(GHz)

Gain      
Typ. 
(dB)

P1 dB  
(dBm)

OIP3 
(dBm)

PAE 
(%)

Vcc  
(V)

Quiescent 
current       

Typ. 
(mA)

Package 
(mm)

SKY65006 2.40–2.50 27.5 23.9 – – 3.3 50 QFN-16 3 x 3

SKY65131 2.40–2.50 26.0 28.0 – 38 3.3 150 MCM-16 4 x 4

SKY65132  2.40–2.50 33.0 30.0 – 29 3.3 330 MCM-20 6 x 6

SKY65135-21  2.40–2.50 33.0 33.0 42 34 5.0 400 MCM-20 6 x 6

SKY65116 
         
       

0.39–0.50 35.0 32.5 43 42 3.6 330 MCM-12 8 x 8

SKY65111-348LF 0.60 –1.10 40.0 29.5 36 50 3.5 250 QFN-16 3 x 3

SKY65146 0.806–0.849 38.7 35.0 37 50 3.5 329 MCM-28 10 x 14

Power Amplifiers for WLAN and ISM

Part  
Number 

Frequency 
Range 
(GHz)

Test 
Frequency 

(MHz)

Gain      
Typ. 
(dB)

P1 dB  
(dBm)

OIP3 
(dBm)

Operating 
current       

Typ. 
(mA)

Noise Figure  
Typ. 
(dB)

Package 
(mm)

SKY65013–70LF LF–7 2 12.5 12.5 29 40 5.5 SOT-89

SKY65014-70LF LF–6 2 16.0 18.0 36 70 4.8 SOT-89

SKY65015-70LF LF–6 2 18.0 17.0 35 70 4.2 SOT-89

SKY65016-70LF LF–3 2 20.0 14.0 27 40 4.8 SOT-89

SKY65017-70LF LF–6 2 20.0 20.0 35 100 4.5 SOT-89

SKY65013-92LF LF–12 2 12.5 12.5 29 40 5.8 SC-88

SKY65014-92LF LF–9 2 15.0 18.0 36 70 5.4 SC-88

SKY65015-92LF LF–6 2 18.0 18.0 35 70 4.8 SC-88

SKY65016-92LF LF–3 2 20.0 14.0 27 40 5.4 SC-88

SKY65013-214LF LF–6 2 11.5 12.5 29 40 5.4 Plastic Micro-X

SKY65014-214LF LF–6 2 13.5 18.0 36 70 4.6 Plastic Micro-X

SKY65015-214LF LF–6 2 16.0 18.0 24 70 5.2 Plastic Micro-X

SKY65016-214LF LF–3 2 19.0 14.0 20 40 6.5 Plastic Micro-X

General-Purpose Amplifiers

AMPlIfIeRS

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

Part  
 Number

Frequency(1) 
(GHz)

control Bits/ 
Interface 

Parallel/Serial

Attenuation 
Range  
(dB)

Typ. P1 dB 
 (dBm)

LSB  
Attenuation  

(dB)
Typ. IP3 
 (dBm)

Typ. IL 
(dB)

Package 
(mm)

AA103-72LF LF–2.5 1/P 10.0 20 10.0 41 0.3–0.4 SOT-5

AA116-72LF LF–2.0 1/P 15.0 20 15.0 41 0.35–0.4 SOT-5

AA104-73LF LF–2.5 1/P 32.0 21 32.0 41 0.8–1.0 SOT-6

SKY12324-73LF 0.5–3.0 2/P 12.0 30 4.0 43 0.9–1.3 SOT-6

SKY12325-350LF 0.5–6.0 3/P 7.0 27 1.0 47 0.7–1.3 QFN-16 3 x 3

AA100-59LF 0.75–2.0 3/P 28.0 20 4.0 32 1.8 MSOP-8

AA105-86LF 0.5–3.0 4/P 15.0 24 1.0 49 1.5–2.7 MSOP-10

AA210-25LF LF–2.0 4/P 15.0 28 1.0 48 0.9–2.1 SOIC-16

AA226-87LF 0.5–2.5 4/P 15.0 25 1.0 49 1.3–2.3 TSSOP-16

AA264-87LF 0.5–2.0 4/P 30.0 15 2.0 36 1.6–1.8 TSSOP-16

AA102-80LF 0.5–2.5 5/P 15.5 24 0.5 42 1.9–3.2 SSOP-16

AA106-86LF 0.5–2.0 5/P 15.5 21 0.5 41 2.0–3.0 MSOP-10

AA107-310LF LF–2.0 5/S 15.5 24 0.5 44 1.4–1.72 QFN 5 x 5

SKY12322-86LF 0.5–4.0 5/P 15.5 27 0.5 45 1.4–3.0 MSOP-10

SKY12328-350LF 0.5–4.0 5/P 15.5 30 0.5 – 1.1–2.3 QFN-16 3 x 3

AA101-80LF 0.5–2.5 5/P 31.0 21 1.0 41 2.0–2.9 SSOP-16

AA109-310LF 0.5–2.5 5/S 31.0 21 1.0 41 2.0–3.1 QFN 5x5

AA110-85LF DC–2.0 5/P 31.0 22 1.0 40 1.4–2.2 SSOP-20

AA117-85LF DC–2.0 5/P 31.0 22 1.0 40 1.4–22 SSOP-20

AA260-85LF LF–2.0 5/P 31.0 25 1.0 42 1.4–2.0 SSOP-20

SKY12323-303LF 0.5–3.0 5/P 31.0 30 1.0 48 1.4–2.3 MSOP-10EP

AA113-310LF LF–1.0 6/P 31.5 29 0.5 48 1.5–1.8 QFN-32 5 x 5

SKY12332-310LF LF–1.0 6/P 31.5 29 0.5 48 1.5–1.8 QFN-32 5 x 5

Low Frequency 6 GHz Plastic Packaged Digital Attenuators

AttenuAtoRS 

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

1. LF = low frequency 300 kHz.
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

DC–6 GHz Plastic Packaged Variable Voltage Attenuators—PIN Diode-Based

AttenuAtoRS 

DC–6 GHz Plastic Packaged Variable Voltage Attenuators—FET-Based

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

 

      Insertion Attenuation    
   Part  Frequency   Loss Range  Range IP3 > 0.5 GHz Package 
  Number (GHz)  Description  (dB) Typ. (dB) Typ. (dBm) Typ. (mm)

 AV103-12LF 0.5–2.5 Single, 5 V CTL High Speed 2.5–3.2 35 12 SOIC-8

 AV104-12LF 0.5–2.5 Single, 5 V CTL High IP3 2.5–3.5 25 20 SOIC-8

 AV105-12LF 0.5–2.5 Single, 5 V CTL  2.7–3.5 35 15 SOIC-8

 AV109-73LF 0.8–1.0 Single, 3 V CTL Rev. Transfer 3.3–3.5 32 15 SOT-6

 AV110-73LF 1.7–2.5 Single, 3 V CTL Rev. Transfer 3.5–3.8 32–27 12 SOT-6

 SKY12146-321LF 3.2–3.8 20 dB Single CTL 1.5–1.6 32–20 20 QFN-12 3 x 3 
         Surface Mount

  

 

     Insertion Attenuation     
  Part  Frequency  Loss Range  Range IP3 > 0.5 GHz  
  Number (GHz) Description  (dB) Typ. (dB) Typ. (dBm) Typ.  Package

 AV101-12LF 0.8–1.0 HIP3™ Variable Attenuator  1 20 50 SOIC-8

 AV102-12LF 1.7–2.0 HIP3™ Variable Attenuator  1 20 50 SOIC-8

  AV111-12LF 0.8–1.0 HIP3™ Variable Attenuator 1 30 40 SOIC-8

 AV113-12LF 2.1–2.3 HIP3™ Variable Attenuator 1 21 40 SOIC-8

  

     Insertion Loss Attenuation Attenuation  control Voltage 
    Part Frequency  Range  Range @ 10 V Range @ 12 V IP3 Range  
  Number (MHz) Description (dB) Max. (dB) Min. (dB) Min. (dBm) Typ. (V) Typ. Package

 SKY12143-315 869–894 Voltage Variable  1.5 18–22 23 43 0–12 LGA  
   925–960 Attenuator      Surface Mount 

 SKY12144-315 1805–1870 Voltage Variable  1.5 18–22 23 32 0–12 LGA  
   1930–1990 Attenuator      Surface Mount 
 

 SKY12145-315 2110–2170 Voltage Variable  1.5 18–22 23 43 0–12 LGA  
    Attenuator      Surface Mount 
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

AttenuAtoRS 

DC–40 GHz Fixed Attenuator Pads

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

Attenuation Flatness

Part 
Number

Nominal 
Attenuation 

(dB)

Attenuation 
Tolerance @ Dc 

(dB)
Dc–12 GHz 

(dB)
Dc–26.5 GHz 

(dB)
Dc–40 GHz 

(dB)

ATN3580-01 1 ±0.15 ±0.2 ±0.50  ±1

ATN3580-02 2 ±0.15 ±0.2 ±0.50  ±1

ATN3580-03 3 ±0.25 ±0.2 ±0.50  ±1

ATN3580-04 4 ±0.25 ±0.2 ±0.50  ±1

ATN3580-05 5 ±0.25 ±0.2 ±0.50  ±1

ATN3580-06 6 ±0.25 ±0.4 ±0.60  ±1

ATN3580-07 7 ±0.25 ±0.4 ±0.60  ±1

ATN3580-08 8 ±0.35 ±0.4 ±0.60  ±1

ATN3580-09 9 ±0.35 ±0.4 ±0.60  ±1

ATN3580-10 10 ±0.35 ±0.4 ±0.60  ±1

ATN3580-12 12 ±0.50 ±0.4 ±0.60  ±1

ATN3580-15 15 ±0.50 ±0.4 ±0.60  ±1

ATN3580-20 20 ±1.10 ±1.0 ±2.00  ±4

ATN3580-30 30 ±1.60 ±1.0 ±2.00  ±4

ATN3580-40 40 ±1.60 ±1.0 ±2.00 ±4
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

lIMIteR dIodeS

 

 Series Pair Low Inductance 
 SOT-23 SOT-23

 SMP1330-005LF SMP1330-007LF 
 Marking: RQ2 Marking: RQB

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

Plastic Packaged Silicon Limiter Diodes

    I Region    carrier Lifetime  
  Part  VB   Thickness cT (pF) 0 V,  cT (pF) 0 V RS IF = 10 mA  TL (ns)    
  Number IR = 10 µA (V) (µm) Nominal F = 1 MHz F = 1 GHz F = 100 MHz (Ω) IF = 10 mA Package 

 SMP1330 Series 20–50 3 0.7 Typ., 1.0 Max. 0.7 Typ. 1.25 Typ., 1.5 Max. 4.0 Typ. SOT-23 Series Pair

 

Silicon Limiter Diode Chips

Part  
Number

VB @ 10 µA         
(V)    

Nominal 
I Region 

Thickness 
(µm) 

Max.  
cJ @ 6V   (pF)

Typ. 
Tl @ 10 mA  

(ns)

Typ.  
Input Power 
for 1 dB Loss 

(dB)

Max. Pulsed 
Input Power 

(dBm)

Max. cW  
Input Power 

(W) Package

CLA4605-108 30–60 2 0.28 7 12 50 4 Leadless Surface 
Mount

CLA4607-108 120–180 7 0.33 50 20 60 6 Leadless Surface 
Mount

Hermetic Ceramic Packaged Silicon Limiter Diodes

Thermal Impedance

Part 
Number   

VB @ 10 µA         
(V) 

Nominal 
Basewidth 

(µm)

Typ.  
cJ @ 0 V 

(pF)

Max.  
cJ @ 6 V 

(pF)

Max.  
RS @ 10 mA    

(Ω)

Max.  
Tl @ 10 mA  

(ns)

Max. 
Average 

(c/W)

Typ. 
1 µs Pulse 

(c/W)

CLA4601-000 15–30 1.0 0.12 0.10 2.5 5 120 15

CLA4602-000 15–30 1.0 0.20 0.15 2.0 5 80 10

CLA4603-000 20–45 1.5 0.20 0.15 2.0 5 100 10

CLA4604-000 30–60 2.0 0.12 0.10 2.5 7 100 10

CLA4605-000 30–60 2.0 0.20 0.15 2.0 7 70 7.0

CLA4606-000 45–75 2.5 0.20 0.15 2.0 10 80 7.0

CLA4607-000 120–180 7.0 0.20 0.15 @ 50 V 2.0 50 40 1.2

CLA4608-000 120–180 7.0 0.80 0.5 @ 50 V 1.2 100 15 0.3
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

PIn dIodeS

 common common    Ring 
 Anode cathode Series Pair Single LGA 
 SOT-23 SOT-23 SOT-23 Sc-79(1) Lead (Pb)-Free

 SMP1345-003LF SMP1345-004LF SMP1345-005LF SMP1345-079LF SMP1345-518 
 Marking: RU9 Marking: RU3 Marking: RU2 Marking: Cathode Marking: 0 
      
   

    Sc-70

   SMP1345-075LF   
   Marking: RU2

1. A lower profile (< 0.65 mm) SC-79 package is available; please contact sales.

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

    Max. cT   Typ. RS Max. RS Typical carrier 
   Min. VB VR = 20 V Typ. VF IF = 1 mA IF = 10 mA Lifetime 
  Part IR = 10 µA F = 1 MHz @ IF = 10 mA F = 100 MHz F = 100 MHz IF = 10 mA 
  Number (V) (pF) (V) (Ω) (Ω) (ns)

 SMP1345 Series 50 0.2 0.89 3.5 2 100

  

Lowest Capacitance Switching PIN Diodes for High Isolation

Part  
Number

Min. 
VB @ 10 µA         

(V)    

Nominal  
I Region 

(µm)

Max. 
cT  @ 10 V   

(pF)

Typ.  
VF @ 10 mA  

(mV)

Max. 
RS @ 1.0 mA    

(Ω)

Max.  
RS @ 10 mA 

(Ω)

Typ.  
Tl @ 10 mA  

(ns) Package

 SMP1345-108 50 10 0.285 850 3.5 Typ. 2 100 Leadless 
Surface Mount

 

Hermetic Ceramic Packaged Lowest Capacitance Switching PIN Diodes for High Isolation

lIMIteR dIodeS

Hermetic Stripline 
240

Hermetic Pill  
203

Hermetic Pill  
219

Hermetic Pill 
210

CLA4601-240 CLA4601-203 CLA4601-219 CLA4601-210

CLA4602-240 CLA4602-203 CLA4602-219 CLA4602-210

CLA4603-240 CLA4603-203 CLA4603-219 CLA4603-210

CLA4604-240 CLA4604-203 CLA4604-219 CLA4604-210

CLA4605-240 CLA4605-203 CLA4605-219 CLA4605-210

CLA4606-240 CLA4606-203 CLA4606-219 CLA4606-210

CLA4607-240 CLA4607-203 CLA4607-219 CLA4607-210

CLA4608-240 CLA4608-203 CLA4608-219 CLA4608-210

   

Hermetic Packaged Limiter Diodes
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

PIn dIodeS

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

 common common   Anti-Parallel 
 Anode cathode Series Pair Single  Single LGA 
 SOT-23 SOT-23 SOT-23 SOD-323 Sc-79(1) Lead (Pb)-Free

	 SMP1340-003LF SMP1340-004LF SMP1340-005LF SMP1340-011LF SMP1340-079LF SMP1340-508 
 Marking: RS9 Marking: RS3 Marking: RS2 Marking: RS Marking: Cathode Marking: X 
        
       

  Sc-70 Sc-70

  SMP1340-074LF SMP1340-075LF 
  Marking: RS3 Marking: RS2

1. A lower profile (< 0.65 mm) SC-79 package is available; please contact sales.

 

    Max. cT   Typ. RS Max. RS Typical carrier 
   Min. VB VR = 5 V Typ. VF IF = 1 mA IF = 10 mA Lifetime 
  Part IR = 10 µA F = 1 MHz @ IF = 10 mA F = 100 MHz F = 100 MHz IF = 10 mA 
  Number (V) (pF) (V) (Ω) (Ω) (ns)

 SMP1340 Series  50 0.3 0.88 1.7 1.2 100

 

Low Capacitance, Fast Switching PIN Diodes

Hermetic Ceramic Packaged Low Capacitance, Fast Switching PIN Diodes

Part  
Number

Min. 
VB @ 10 µA         

(V)    

Nominal  
I Region 

(µm)

Typ.  
cT @ 0 V 

(pF)

Max. 
cT  @ 10 V   

(pF)

Typ.  
VF @ 10 mA  

(mV)

Max. 
RS @ 1.0 mA    

(Ω)

Max.  
RS @ 10 mA 

(Ω)

Typ.  
Tl @ 10 mA  

(ns) Package

SMP1340-108 50 7 0.26 0.325 880 1.7 Typ. 1.2 100 Leadless 
Surface Mount
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

  common common   Low  Ultralow  
 Single Anode cathode Series Pair Inductance Single  Inductance Single 
 SOT-23 SOT-23 SOT-23 SOT-23 SOT-23 SOD-323 SOT-143 Sc-79(1)

 SMP1320-001LF SMP1320-003LF SMP1320-004LF SMP1320-005LF SMP1320-007LF SMP1320-011LF SMP1320-017LF SMP1320-079LF 
 Marking: RL1 Marking: RL9 Marking: RL3 Marking: RL2 Marking: RLB Marking: RL Marking: RLF Marking: Cathode

    Sc-70 Sc-70 Sc-70

   SMP1320-074LF SMP1320-075LF SMP1320-077LF 
   Marking: RL3 Marking: RL2 Marking: RL8

1. A lower profile (< 0.65 mm) SC-79 package is available; please contact sales.

    Max. cT   Typ. RS Max. RS Typical carrier 
   Min. VB VR = 30 V Typ. VF IF = 1 mA IF = 10 mA Lifetime 
  Part IR = 10 µA F = 1 MHz @ IF = 10 mA F = 100 MHz F = 100 MHz IF = 10 mA 
  Number (V) (pF) (V) (Ω) (Ω) (ns)

 SMP1320 Series 50 0.3 0.85 2 0.9 400

 

Low Capacitance, Low Current Switching PIN Diodes

PIn dIodeS

Low Capacitance Switching PIN Diodes

    Max. cT   Typ. RS Max. RS Typical carrier 
   Min. VB VR = 30 V Typ. VF IF = 1 mA IF = 10 mA Lifetime 
  Part IR = 10 µA F = 1 MHz @ IF = 10 mA F = 100 MHz F = 100 MHz IF = 10 mA 
  Number (V) (pF) (V) (Ω) (Ω) (ns)

  SMP1321 Series 100 0.25 0.85 3 2 400 

 

  common common   Low  Anti-Parallel 
 Single Anode cathode Series Pair Inductance Single  Single LGA 
 SOT-23 SOT-23 SOT-23 SOT-23 SOT-23 SOD-323 Sc-79(1) Lead (Pb)-Free

 SMP1321-001LF SMP1321-003LF SMP1321-004LF SMP1321-005LF SMP1321-007LF SMP1321-011LF SMP1321-079LF SMP1321-508 
 Marking: RM1 Marking: RM9 Marking: RM3 Marking: RM2 Marking: RMB Marking: RM Marking: Cathode Marking: H 
         
  

  Sc-70 Sc-70 Sc-70

  SMP1321-073LF SMP1321-074LF SMP1321-075LF 
  Marking: RM9 Marking: RM3 Marking: RM2

1. A lower profile (< 0.65 mm) SC-79 package is available; please contact sales.
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.
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Typical Performance Characteristics

   
 Single Single 
 SOD-323 Sc-79(1)

 SMP1352-011LF SMP1352-079LF 
 Marking: RR Marking: Cathode

1. A lower profile (< 0.65 mm) SC-79 package is available; please contact sales.

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

PIn dIodeS

  common common     Ultralow  
 Single Anode cathode Series Pair Single T/R Switch  Inductance Single 
 SOT-23 SOT-23 SOT-23 SOT-23 SOD-323 SOT-143 SOT-143 Sc-79(1)

 SMP1322-001LF SMP1322-003LF SMP1322-004LF SMP1322-005LF SMP1322-011LF SMP1322-016LF SMP1322-017LF SMP1322-079LF 
 Marking: RN1 Marking: RN9 Marking: RN3  Marking: RN2 Marking: RN Marking: RN6 Marking: RNF Marking: Cathode

   Sc-70  

   SMP1322-074LF 
   Marking: RN3

1. A lower profile (< 0.65 mm) SC-79 package is available; please contact sales.

Lowest Series Resistance Switching PIN Diodes

    Max. cT   Max. RS Typ. RS Typical carrier 
   Min. VB VR = 30 V Typ. VF IF = 1 mA IF = 10 mA Lifetime 
  Part IR = 10 µA F = 1 MHz @ IF = 10 mA F = 100 MHz F = 100 MHz IF = 10 mA 
  Number (V) (pF) (V) (Ω) (Ω) (ns)

 SMP1322 Series 50 1 0.825 1.5 0.5 400

 

    Max. cT   Max. RS Max. RS Typical carrier 
   Min. VB VR = 20 V Typ. VF IF = 1 mA IF = 10 mA Lifetime 
  Part IR = 10 µA F = 1 MHz @ IF = 10 mA F = 100 MHz F = 100 MHz IF = 10 mA 
  Number (V) (pF) (V) (Ω) (Ω) (ns)

 SMP1352 Series 200 0.35 0.8 15 2.8 1000 

 

Large Signal Switching PIN Diodes
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

PIn dIodeS

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

Hermetic Ceramic Packaged Large Signal Switching PIN Diodes

 

  common  common Series   Ultralow   
 Single Anode cathode Pair Single Inductance PI Single 
 SOT-23 SOT-23 SOT-23 SOT-23 SOD-323 SOT-143 SOT-5 Sc-79(1)

 SMP1302-001LF SMP1302-003LF SMP1302-004LF SMP1302-005LF SMP1302-011LF SMP1302-017LF SMP1302-027LF SMP1302-079LF 
 Marking: RF1 Marking: RF9 Marking: RF3 Marking: RF2 Marking: RF Marking: RFF Marking: RFM Marking: Cathode

   Sc-70 Sc-70

   SMP1302-074LF SMP1302-075LF 
   Marking: RF3 Marking: RF2

1. A lower profile (< 0.65 mm) SC-79 package is available; please contact sales.

    Max. cT  Max. RS Max. RS Max. RS Typ. carrier 
   Min. VB VR = 30 V Typ. VF IF = 1 mA IF = 10 mA IF = 100 mA Lifetime 
  Part IR = 10 µA F = 1 MHz @ IF = 10 mA F = 100 MHz F = 100 MHz F = 100 MHz IF = 10 mA 
   Number (V) (pF) (V) (Ω) (Ω) (Ω) (ns)

 SMP1302  Series 200 0.3 0.8 20 3 1.5 700

 

Low-Distortion Switch/Attenuator PIN Diodes

Hermetic Ceramic Packaged Low-Distortion Attenuator PIN Diodes

Part  
Number

Min. 
VB @ 10 µA         

(V)    

Nominal  
I Region 

(µm)

Max. 
cT  @ 30 V   

(pF)

Typ.  
VF @ 10 mA  

(mV)

Max. 
RS @ 1.0 mA    

(Ω)

Max.  
RS @ 10 mA 

(Ω)

Typ.  
Tl @ 10 mA  

(ns) Package

SMP1302-108 200 50 0.36 800 20 3 700 Leadless 
Surface Mount

 

Part  
Number

Min. 
VB @ 10 µA         

(V)    

Nominal  
I Region 

(µm)

Max. 
cT  @ 20 V   

(pF)

Typ.  
VF @ 10 mA  

(mV)

Max. 
RS @ 1.0 mA    

(Ohms)

Max.  
RS @ 10 mA 

(Ω)

Typ.  
Tl @ 10 mA  

(ns) Package

SMP1352-108 200 50 0.425 825 8 Typ. 2.8 1000 Leadless 
Surface Mount
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

PIn dIodeS

 

  common Series  Low     
 Single cathode Pair Inductance Single PI PI 
 SOT-23 SOT-23 SOT-23 SOT-23 SOD-323 SOT-143 SOT-5

 SMP1304-001LF SMP1304-004LF SMP1304-005LF SMP1304-007LF SMP1304-011LF SMP1304-019LF SMP1304-027LF 
 Marking: RG1 Marking: RG3 Marking: RG2 Marking: RGB Marking: RG Marking: RGJ Marking: RGM

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

    Max. cT  Max. RS Max. RS Max. RS Typ. carrier 
   Min. VB VR = 30 V Typ. VF IF = 1 mA IF = 10 mA IF = 100 mA Lifetime 
  Part IR = 10 µA F = 1 MHz @ IF = 10 mA F = 100 MHz F = 100 MHz F = 100 MHz IF = 10 mA 
   Number (V) (pF) (V) (Ω) (Ω) (Ω) (ns)

 SMP1304 Series 200 0.3 0.8 50 7 2 1000

 

Low-Distortion Attenuator PIN Diodes

Hermetic Ceramic Packaged Low-Distortion Attenuator PIN Diodes

Part  
Number

Min. 
VB @ 10 µA         

(V)    

Nominal  
I Region 

(µm)

Max. 
cT  @ 30 V   

(pF)

Typ.  
VF @ 10 mA  

(mV)

Max. 
RS @ 1.0 mA    

(Ω)

Max.  
RS @ 10 mA 

(Ω)

Typ.  
Tl @ 10 mA  

(ns) Package

SMP1304-108 200 100 0.36 800 50 7 1000 Leadless 
Surface Mount
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.
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Typical Performance Characteristics

PIn dIodeS

 

  common  common Series  Reverse  
 Single Anode cathode Pair Series Pair Single PI 
 SOT-23 SOT-23 SOT-23 SOT-23 SOT-23 SOD-323 SOT-5

 SMP1307-001LF SMP1307-003LF SMP1307-004LF SMP1307-005LF SMP1307-006LF SMP1307-011LF SMP1307-027LF 
 Marking: RJ1 Marking: RJ9 Marking: RJ3 Marking: RJ2 Marking: RJ8 Marking: RJ Marking: RJM

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

    Max. cT  Max. RS Max. RS Max. RS Typ. carrier 
   Min. VB VR = 30 V Typ. VF IF = 1 mA IF = 10 mA IF = 100 mA Lifetime 
  Part IR = 10 µA F = 1 MHz @ IF = 10 mA F = 100 MHz F = 100 MHz F = 100 MHz IF = 10 mA 
   Number (V) (pF) (V) (Ω) (Ω) (Ω) (ns)

 SMP1307 Series 200 0.30 0.85 100 15 3.0 1500

 

Lowest Distortion, High IP3 Attenuator PIN Diodes
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

PIN Diode Chips Supplied On Film Frame for Switching Applications

PIn dIodeS

PIN Diode Chips Supplied On Film Frame for Attenuator Applications

The above PIN diode chips are processed on 100 mm silicon wafers, 100% DC tested, sawn and shipped on 6" film frame hoops.
Electrical rejects are identified with black ink.

Grip Ring

0.003 (0.076 mm)
Separation

Between Die 

3.940 (100.0 mm)
Wafer Dia. 

5.520 (140.20 mm)
Inner Ring I.D. 

5.981 (151.92 mm)
Outer Ring O.D. 

0.236 (5.99 mm)
Ring Thickness 

0.003 (0.076 mm) Nom.
Separation

Between Die 

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

Part 
Number 

VB @ 10 µA 
(V)    

Typ. 
cJ @ 0 V 

(pF)

Max. 
cJ @ 30 V 

(pF)

Typ. 
VF @ 10 mA  

(mV)

Max. RS  
@ 1 mA 

(Ω)

Max. RS  
@ 10 mA    

(Ω)

Max. Tl  
@ 10 mA 

(ns)

Nominal  
chip Size 

(mils)

Nominal  
contact 

Diameter  
(mils)

SMP1302-099 200 0.27 0.15 800 20 3 700 13.5 8.5

SMP1304-099 200 0.18 0.15 800 50 7 1000 13.5 8.5

Part 
Number 

VB @ 10 µA 
(V)    

Typ. 
cJ @ 0 V 

(pF)

Max. 
cJ @ 30 V 

(pF)

Typ. 
VF @ 10 mA 

(mV)

Max. RS  
@ 1 mA 

(Ω)

Max. RS  
@ 10 mA    

(Ω)

Max. Tl  
@ 10 mA 

(ns)

Nominal  
chip Size 

(mils)

Nominal  
contact 

Diameter  
(mils)

SMP1320-099 50 0.23 0.175 850 2 Typ 0.9 400 13.5 3.0

SMP1321-099 100 0.18 0.15 860 2 5 Typ. 400 13.5 3.0

SMP1322-099 50 1.10 0.85 825 1.5 0.45 Typ. 400 13.5 7.5

SMP1340-099 50 0.20 0.15 @ 10 V 880 1.7 Typ 1.2 100 10.1 3.0

SMP1353-099 100 0.35 0.15 @ 10 V 825 15 2.8 1000 10.1 8.0
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

PIn dIodeS

General-Purpose PIN Diode Chips for Switching Applications

General-Purpose PIN Diode Chip for Attenuator Applications

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

Part 
Number 

VB @ 10 µA         
(V)    

Nominal 
I Region 

(µm)

Typ. 
cJ @ 0 V 

(pF)

Max. 
cJ @ 50 V 

(pF)

Max. 
RS @ 10 mA    

(Ω)

Max. 
Tl @ 10 mA 

(ns)

Max. Thermal 
Resistance   

(c/W)

APD0505-000 50 5 0.10 0.05 2.0 20 100

APD0510-000 50 5 0.20 0.10 1.5 40 80

APD0520-000 50 5 0.25 0.20 1.0 50 80

APD0805-000 100 8 0.10 0.05 2.0 100 80

APD0810-000 100 8 0.15 0.10 1.5 160 60

APD1510-000 200 15 0.20 0.10 2.0 300 60

APD1520-000 100 15 0.25 0.20 1.2 900 30

Part 
Number 

VB @ 10 µA         
(V)    

Nominal 
I Region 

(µm)

Typ. 
cJ @ 0 V 

(pF)

Max. 
cJ @ 50 V 

(pF)

Max. 
RS @ 10 mA    

(Ω)

Max. 
Tl @ 10 mA 

(ns)

Max. Thermal 
Resistance   

(c/W)

APD2220-000 100 50 0.2 0.2 4 700 80

Part 
Number 

VB @ 10 µA 
 (V)    

Max. cJ @ 10 V 
(pF)

Max. RS @ 10 mA 
(Ω)

Max. Tl @ 10 mA 
(ns)

DSM8100-000 60 0.025 3.5 25

Part 
Number 

VB @ 10 µA 
 (V)    

Max. cJ @ 50 V 
(pF)

Max. RS @ 10 mA 
(Ω)

Max. Tl @ 10 mA 
(ns)

DSG9500-000 100 0.025 4.0 @ 50 mA 250

Lowest Capacitance, Very Fast Switching Mesa Beam-Lead PIN Diodes for Applications up to 30 GHz

Low Capacitance, Low Distortion Planar Beam-Lead PIN Diodes for Switching Applications up to 30 GHz

Hermetic Stripline 
240

Hermetic Pill 
203

Hermetic Pill 
210

Hermetic Pill 
219

APD0505-240 APD0505-203 APD0505-210 APD0505-219

APD0510-240 APD0510-203 APD0510-210 APD0510-219

APD0520-240 APD0520-203 APD0520-210 APD0520-219

APD0805-240 APD0805-203 APD0805-210 APD0805-219

APD0810-240 APD0810-203 APD0810-210 APD0810-219

APD1510-240 APD1510-203 APD1510-210 APD1510-219

APD1520-240 APD1520-203 APD1520-210 APD1520-219

APD2220-240 APD2220-203 APD2220-210 APD2220-219

Hermetic Packaged General-Purpose PIN Diodes for Switching and Attenuator Applications
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

        Unconnected 
    common  Unconnected Dual Series  Pair  
 Single Single Single cathode Series Pair Pair Pair LGA 
 Sc-79(1) SOD-323 SOT-23 SOT-23 SOT-23 SOT-143 Sc-88 Lead (Pb)-Free 

 SMS3922-079LF SMS3922-011LF SMS3922-001LF SMS3922-004LF SMS3922-005LF SMS3922-015LF
  

 
Marking: Cathode Marking: XA Marking: XA1 Marking: XA3 Marking: XA2 Marking: XA7  

	 SMS3923-079LF SMS3923-011LF SMS3923-001LF  SMS3923-005LF SMS3923-015LF SMS3923-081LF SMS3923-517 
 Marking: Cathode Marking: XB Marking: XB1  Marking: XB2 Marking: XB7 Marking: XBQ Marking: B  
 
        

 SMS3924-079LF    SMS3924-005LF SMS3924-015LF 
 Marking: Cathode    Marking: XC2 Marking: XC7

     Sc-70   

     SMS3924-075LF 
     Marking: XC2

 SMS3925-079LF 
 Marking: Cathode

1. A lower profile (< 0.65 mm) SC-79 package is available; please contact sales.

General-Purpose Plastic Packaged Schottky Diodes

Schottky dIodeS

Delta VF for pairs and quads is 10 mV maximum at 1 mA.
 Breakdown voltage and reverse leakage cannot be measured directly on ring configurations.   

Hermetic Ceramic Packaged General-Purpose Schottky Diodes

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

  Min. VB Typ. IR Max. VF Max. VF Max. cT Typ. RT 
 Part IR = 10 µA VR = 1 V IF = 1 mA @ Spec. IF  VR = 0 V IF = 10 mA 
 Number (V) (nA) (mV) (mV) (pF) (Ω)

 SMS3922 Series 8 100 Max. 340 450 @ 10 mA 1.03 7

 SMS3923 Series 20 500 @ 15 V Max. 370 1000 @ 35 mA 1.23 11

 SMS3924 Series 70 200 @ 50 V Max. 550 1000 @ 15 mA 1.83 7

 SMS3925-079LF 40 – 670 – 0.60 7

 

Part  
Number

Barrier  
Height

 
Min.  

VB @ 10 µA 
(V)

cT   
VR = 0 V,  

F = 1 MHz 
(pF)

VF                             
IF = 1 mA                 

(mV)

Max. VF 
IF = 35 mA 

(mV) Package

SMS3922-108 Medium/Low 8 1.5 Max. 280–340 450 @ 10 mA Leadless Surface Mount

SMS3923-108 Medium 20 0.875–1.275 310–370 1000 Leadless Surface Mount

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

Schottky dIodeS

Plastic Packaged Silicon Mixer and Detector Schottky Diodes

Hermetic Packaged Silicon Schottky Diodes for Mixer and Detector Applications

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

   Min. VB Typ. IR Max. VF Max. cT Max. RT 
  Part IR = 10 µA VR = 1 V IF = 1 mA VR = 0 V IF = 10 mA 
  Number (V) (nA) (mV) (pF) (Ω)

 SMS1546-005LF 2 300 270 0.63 8

  SMS7621 Series 2 80 320 0.28 18

 Delta VF for pairs and quads is 10 mV maximum at 1 mA.
 Breakdown voltage and reverse leakage cannot be measured directly on ring configurations.   

1. A lower profile (< 0.65 mm) SC-79 package is available; please contact sales.

        Unconnected 
   common  Reverse  Unconnected Dual Series  Pair  
 Single Single cathode Series Pair Series Pair Pair Pair LGA 
 Sc-79(1) SOT-23 SOT-23 SOT-23 SOT-23 SOT-143 Sc-88 Lead (Pb)-Free 

    SMS1546-005LF    
    Marking: SG2   

 SMS7621-079LF SMS7621-001LF  SMS7621-005LF SMS7621-006LF SMS7621-015LF SMS7621-081LF SMS7621-517 
 Marking: Cathode Marking: XH1  Marking: XH2 Marking: XH8 Marking: XH7 Marking: XHQ Marking: H  
         
        

   Sc-70 Sc-70  

   SMS7621-074LF SMS7621-075LF 
   Marking: XH3 Marking: XH2

Part  
Number

Barrier  
Height

 
Min. 

VB @ 10 µA 
(V)

Max. cT   
VR = 0 V,  

F = 1 MHz 
(pF)

Max. RS 
 IF = 5 mA 

(Ω) Package

SMS7621-108 Low 2 0.325 18 Leadless Surface Mount

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

Plastic Packaged Silicon Mixer and Detector Schottky Diodes

Schottky dIodeS

      Reverse Unconnected 
     Reverse   Unconnected Pair  
 Single Single Single Series Pair Series Pair Pair LGA 
 Sc-79(1) SOD-323 SOT-23 SOT-23 SOT-23 SOT-143 Lead (Pb)-Free 

 SMS7630-079LF SMS7630-011LF SMS7630-001LF SMS7630-005LF SMS7630-006LF SMS7630-020LF SMS7630-517 
 Marking: Anode  Marking: XD Marking: XD1 Marking: XD2 Marking: XD8 Marking: XD0 Marking: D 
         
     

1. A lower profile (< 0.65 mm) SC-79 package is available; please contact sales.

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

   Min. VB Max. VF Max. cT Typ. RT 
  Part IR = 10 µA IF = 1 mA VR = 0 V IF = 10 mA 
  Number (V) (mV) (pF) (Ω)

  SMS7630 Series 1* 240 0.35 22

  * VB is measured at 100 µA (avalanche breakdown is typically 6 V).
Delta VF for pairs and quads is 10 mV maximum at 1 mA.
 Breakdown voltage and reverse leakage cannot be measured directly on ring configurations.   

Hermetic Packaged Zero Bias Detector Schottky Diodes

Part  
Number

Barrier  
Height

Min. 
VB @ 10 µA 

(V)

Typ. cT   
VR = 0.15 V,  
F = 1 MHz 

(pF)

VF                             
IF = 100 µA                 

(mV)

VF 
IF = 35.0 mA 

(mV)

Typ. Video 
Resistance 

(Ω) Package

SMS7630-109 ZBD 1 0.5 65–100 135–240 5000 Leadless Surface Mount



linear Products

 Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
Fall 2008  •  Skyworks Proprietary Information.  •  Products and product information are subject to change without notice.24

The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

Chip On Board Silicon Schottky Diode Ring Quads (to 6 GHz)

Chip On Board Silicon Schottky Diode Crossover Ring Quads (to 6 GHz)

Chip On Board Silicon Schottky Diode Back-to-Back Crossover Quads (to 6 GHz)

Schottky dIodeS

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

Part Number Barrier

VF                              
IF = 1 mA                 

(mV)

Max. DVF 
IF = 1 mA 

(mV)

cJ                             
VR = 0 V,  

F = 1 MHz 
(pF)

Max. DcT @ 0 V 
(pF)

Max. RT 
 IF = 10 mA 

(Ω)
Outline 

Drawing

DMF3926-101 Low 200–260 15 0.3–0.5 0.07 8 549-002

DME3927-101 Medium 300–400 15 0.3–0.5 0.07 8 549-002

DMJ3928-101 High 525–625 15 0.3–0.5 0.07 8 549-002

Part Number Barrier

VF                              
IF = 1 mA                 

(mV)

Max. DVF 
IF = 1 mA 

(mV)

cJ                             
VR = 0 V,  

F = 1 MHz 
(pF)

Max. DcT @ 0 V 
(pF)

Max. RT 
 IF = 10 mA 

(Ω)
Outline 

Drawing

DMF3926-100 Low 200–260 15 0.3–0.5 0.07 8 549-010

DME3927-100 Medium 300–400 15 0.3–0.5 0.07 8 549-010

DMJ3928-100 High 525–625 15 0.3–0.5 0.07 8 549-010

Part Number Barrier

VF                              
IF = 1 mA                 

(mV)

Max. DVF 
IF = 1 mA 

(mV)

cJ                             
VR = 0 V,  

F = 1 MHz 
(pF)

Max. DcT @ 0 V 
(pF)

Max. RT 
 IF = 10 mA 

(Ω)
Outline 

Drawing

DMF3945-103 Low 200–260 15 0.3–0.5 0.07 8 545-065

DME3946-103 Medium 300–400 15 0.3–0.5 0.07 8 545-065

DMJ3947-103 High 525–625 15 0.3–0.5 0.07 8 545-065
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

Schottky dIodeS

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

Surface Mount Silicon Schottky Diode Mixer Quads 

 

 Ring Quad crossover Quad Bridge Quad Octoquad crossover Octoquad 
 SOT-143 SOT-143 SOT-143 SOT-143 SOT-143

 SMS3926-022LF SMS3926-023LF SMS3929-021LF  
 Marking: XE4 Marking: XE5 Marking: XQE 

  SMS3927-023LF SMS3930-021LF  
  Marking: XJ5 Marking: XRE

  SMS3928-023LF SMS3931-021LF SMS3940-026LF SMS3940-029LF 
  Marking: XK5 Marking: XSE Marking: XTG Marking: XTN

   Min. VB Typ. IR Max. VF Max. cT Max. RT 
  Part IR = 10 µA VR = 1 V IF = 1 mA VR = 0 V IF = 10 mA 
  Number (V) (nA) (mV) (pF) (Ω)

  SMS3926 Series/SMS3929-021 2 300 270 0.5 8

 SMS3927 Series/SMS3930-021 2 50 370 0.5 8

 SMS3928-023/SMS3931-021 4 5 580 0.5 8

 SMS3940-026* 8 10 1160 0.3 16

 * SMS3940-026 and DMJ3952-020 consist of two diodes in series in each leg.  
Delta VF for pairs and quads is 10 mV maximum at 1 mA.
 Breakdown voltage and reverse leakage can not be measured directly on ring configurations.   

 Ring Quad crossover Quad Back-to-Back crossover Quad

 DMF3926-101 DMF3926-100 DMF3945-103 
 Marking: Red Dot Marking: Red Dot Marking: Red Dot

 DME3927-101 DME3927-100 DME3946-103 
 Marking: Blue Dot Marking: Blue Dot Marking: Blue Dot

 DMJ3928-101 DMJ3928-100 DMJ3947-103 
 Marking: Yellow Dot Marking: Yellow Dot Marking: Yellow Dot

Chip On Board Silicon Schottky Diode Quads (To 6 GHz)
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

Schottky dIodeS

Grip Ring

0.003 (0.076 mm)
Separation

Between Die 

3.940 (100.0 mm)
Wafer Dia. 

5.520 (140.20 mm)
Inner Ring I.D. 

5.981 (151.92 mm)
Outer Ring O.D. 

0.236 (5.99 mm)
Ring Thickness 

0.003 (0.076 mm) Nom.
Separation

Between Die 

Silicon Schottky Diode Chips Supplied on Film Frame for Mixer Applications

Silicon Schottky Diode Chips

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

  Part   cJ RT VF @ 1 mA VB RV @ 0 Bias 
 Number Barrier Junction Type (pF) (Ω) (mV) (V) (Ω)  

CDB7619-000 Low P 0.10 40 275–375 2 735

CDB7620-000 Low P 0.15 30 250–350 2 537

CDC7630-000 ZBD P 0.25 30 135–240 1 5.5

CDC7631-000 ZBD P 0.15 80 150–300 2 7.2

CDF7621-000 Low N 0.10 20 270–350 2 680

CDF7623-000 Low N 0.30 10 240–300 2 245 

 

Part Number

Min. 
VB @ 10 µA 

(V)

cJ  
VR = 0 V, F = 1 MHz         

(pF)

VF 
IF = 1 mA 

(mV)

Max. 
DVF @ 1 mA 

(mV)

Max. RT 
IF = 10 mA 

(Ω)

SMS3926-099 2 0.3–0.5 200–260 10 8

SMS3927-099 3 0.3–0.5 300–400 10 8

SMS3928-099 4 0.3–0.5 500–600 10 8

Also available in hermetic and epoxy packages.
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

Schottky dIodeS

Beam-Lead Single, N-Type, Low, Medium, High Drive Schottky Diodes 

Part  
Number             

Frequency 
Band

cJ 0 V @1 MHz 
(pF) Max. RS @ 5 mA (Ω)

Min. VB @ 10 µA 
(V)

VF @ 1 mA                 
(mV) Drive Level

DMF2820-000 S 0.30–0.50 5 2 200–260 Low

DME2127-000 S 0.30–0.50 5 3 300–400 Med

DMJ2823-000 S 0.30–0.50 5 4 500–600 High

DMF2821-000 X 0.15–0.30 8 2 250–310 Low

DME2957-000 X 0.15–0.30 8 3 325–425 Med

DMJ2777-000 X 0.15–0.30 8 4 550–650 High

DMF2344-000 Ku 0.05–0.15 13 2 260–330 Low

DME2333-000 Ku 0.05–0.15 13 3 350–450 Med

DMJ2824-000 Ku 0.05–0.15 13 4 500–680 High

DMF2822-000 K 0.1 Max. 18 2 270–350 Low

DME2458-000 K 0.1 Max. 18 3 375–550 Med

DMJ2825-000 K 0.1 Max. 18 4 600–700 High

Epoxy Stripline 
250

Epoxy Stripline  
230

Hermetic Stripline  
220

DMF2820-250 DMF2820-220

DME2127-250 DME2127-220

DMJ2823-250 DMJ2823-220

DMF2821-250 DMF2821-220

DME2957-250 DME2957-220

DMJ2777-250 DMJ2777-220

DMF2344-250 DMF2344-230 DMF2344-220

DME2333-250 DME2333-230 DME2333-220

DMJ2824-250 DMJ2824-230 DMJ2824-220

DMF2822-230 DMF2822-220

DME2458-230 DME2458-220

DMJ2825-230 DMJ2825-220

Epoxy and Hermetic Packaged Beam-Lead Single, N-Type, Low, Medium, High Drive Schottky Diodes
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

Schottky dIodeS

Beam-Lead Series Pair, N-Type, Low, Medium, High Drive Schottky Diodes 

Part  
Number             

Frequency 
Band

cJ 0 V, 1 MHz 
(pF) Max. RS @ 5 mA (Ω)

Min. VB @ 10 µA 
(V)

VF @ 1 mA                 
(mV) Drive Level

DMF2835-000 S 0.30–0.50 5 2 200–260 Low

DME2050-000 S 0.30–0.50 5 3 300–400 Med

DMJ2092-000 S 0.30–0.50 5 4 500–600 High

DMF2826-000 X 0.15–0.30 8 2 250–310 Low

DME2829-000 X 0.15–0.30 8 3 325–425 Med

DMJ2093-000 X 0.15–0.30 8 4 550–650 High

DMF2827-000 Ku 0.05–0.15 13 2 260–330 Low

DME2830-000 Ku 0.05–0.15 13 3 350–450 Med

DMJ2832-000 Ku 0.05–0.15 13 4 500–680 High

DMF2828-000 K 0.1 Max. 18 2 270–350 Low

DME2831-000 K 0.1 Max. 18 3 375–550 Med

DMJ2833-000 K 0.1 Max. 18 4 600–700 High

Epoxy Stripline  
252

Epoxy Stripline 
232

Hermetic Stripline  
222

DMF2835-252 DMF2835-222

DME2050-252 DME2050-222

DMJ2092-252 DMJ2092-222

DMF2826-252 DMF2826-222

DME2829-252 DME2829-222

DMJ2093-252 DMJ2093-222

DMF2827-252 DMF2827-232 DMF2827-222

DME2830-252 DME2830-232 DME2830-222

DMJ2832-252 DMJ2832-232 DMJ2832-222

DMF2828-232 DMF2828-222

DME2831-232 DME2831-222

DMJ2833-232 DMJ2833-222

Epoxy and Hermetic Packaged Beam-Lead Series Pair, N-Type, Low, Medium, High Drive Schottky Diodes

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

Schottky dIodeS

Beam-Lead Common Cathode, N-Type, Low, Medium, High Drive Schottky Diodes 

Part  
Number             

Frequency 
Band

cJ 0 V, 1 MHz 
(pF)

Max. 
RS @ 5 mA (Ω)

Min. VB @ 10 µA 
(V)

VF @ 1 mA                 
(mV) Drive Level

DMF2182-000 S 0.30–0.50 5 2 200–260 Low

DME2205-000 S 0.30–0.50 5 3 300–400 Med

DMJ2208-000 S 0.30–0.50 5 4 500–600 High

DMF2183-000 X 0.15–0.30 8 2 250–310 Low

DME2206-000 X 0.15–0.30 8 3 325–425 Med

DMJ2209-000 X 0.15–0.30 8 4 550–650 High

DMF2184-000 Ku 0.05–0.15 13 2 260–330 Low

DME2207-000 Ku 0.05–0.15 13 3 350–450 Med

DMJ2210-000 Ku 0.05–0.15 13 4 500–680 High

DMF2834-000 K 0.1 Max. 18 2 270–350 Low

DME2864-000 K 0.1 Max. 18 3 375–550 Med

DMJ2836-000 K 0.1 Max. 18 4 600–700 High

Epoxy Stripline  
253

Hermetic Stripline 
223

DMF2182-253 DMF2182-223

DME2205-253 DME2205-223

DMJ2208-253 DMJ2208-223

DMF2183-253 DMF2183-223

DME2206-253 DME2206-223

DMJ2209-253 DMJ2209-223

DMF2184-253 DMF2184-223

DME2207-253 DME2207-223

DMJ2210-253 DMJ2210-223

DMF2834-223

DME2864-223

DMJ2836-223

Epoxy and Hermetic Packaged Beam-Lead Common Cathode, N-Type, Low, Medium, High Drive Schottky Diodes

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

Schottky dIodeS

Beam-Lead Anti-Parallel, N-Type, Low, Medium, High Drive Schottky Diodes 
Part  

Number             
Frequency 

Band
cJ 0 V, 1 MHz 

(pF)
Max.  

RS @ 5 mA (Ω)
Min. VB @ 10 µA 

(V)
VF @ 1 mA                 

(mV) Drive Level

DMF2185-000 S 0.30–0.50 5 2 200–260 Low

DME2282-000 S 0.30–0.50 5 3 300–400 Med

DMJ2303-000 S 0.30–0.50 5 4 500–600 High

DMF2186-000 X 0.15–0.30 8 2 250–310 Low

DME2283-000 X 0.15–0.30 8 3 325–425 Med

DMJ2304-000 X 0.15–0.30 8 4 550–650 High

DMF2187-000 Ku 0.05–0.15 13 2 260–330 Low

DME2284-000 Ku 0.05–0.15 13 3 350–450 Med

DMJ2246-000 Ku 0.05–0.15 13 4 500–680 High

DMF2837-000 K 0.1 Max. 18 2 270–350 Low

DME2838-000 K 0.1 Max. 18 3 375–550 Med

DMJ2839-000 K 0.1 Max. 18 4 600–700 High

Epoxy Stripline 
251

Hermetic Stripline 
221

DMF2185-251 DMF2185-221

DME2282-251 DME2282-221

DMJ2303-251 DMJ2303-221

DMF2186-251 DMF2186-221

DME2283-251 DME2283-221

DMJ2304-251 DMJ2304-221

DMF2187-251 DMF2187-221

DME2284-251 DME2284-221

DMJ2246-251 DMJ2246-221

DMF2837-221

DME2838-221

DMJ2839-221

Epoxy and Hermetic Packaged Beam-Lead Anti-Parallel, N-Type, Low, Medium, High Drive Schottky Diodes

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.



linear Products

 Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
Skyworks Proprietary Information.  •  Products and product information are subject to change without notice.  •  Fall 2008 31

The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

Schottky dIodeS

Beam-Lead Ring Quad, N-Type, Low, Medium, High Drive Schottky Diodes 

Part  
Number             

Frequency 
Band

cJ 0 V, 1 MHz 
(pF)

Max.  
RS @ 5 mA (Ω)

Min. VB @ 10 µA 
(V)

VF @ 1 mA                 
(mV) Drive Level

DMF2865-000 S 0.30–0.50 5 2 200–260 Low

DME2857-000 S 0.30–0.50 5 3 300–400 Med

DMJ2502-000 S 0.30–0.50 5 4 500–600 High

DMF2011-000 X 0.15–0.30 8 2 250–310 Low

DME2858-000 X 0.15–0.30 8 3 325–425 Med

DMJ2990-000 X 0.15–0.30 8 4 550–650 High

DMF2012-000 Ku 0.05–0.15 13 2 260–330 Low

DME2859-000 Ku 0.05–0.15 13 3 350–450 Med

DMJ2667-000 Ku 0.05–0.15 13 4 500–680 High

DMF2454-000 K 0.1 Max. 18 2 270–350 Low

DME2459-000 K 0.1 Max. 18 3 375–550 Med

DMJ2455-000 K 0.1 Max. 18 4 600–700 High

Epoxy Stripline 
254

Epoxy Stripline 
234

Hermetic Stripline 
224

DMF2865-254 DMF2865-224

DME2857-254 DME2857-224

DMJ2502-254 DMJ2502-224

DMF2011-254 DMF2011-224

DME2858-254 DME2858-224

DMJ2990-254 DMJ2990-224

DMF2012-254 DMF2012-234 DMF2012-224

DME2859-254 DME2859-234 DME2859-224

DMJ2667-254 DMJ2667-234 DMJ2667-224

DMF2454-234 DMF2454-224

DME2459-234 DME2459-224

DMJ2455-234 DMJ2455-224

Epoxy and Hermetic Packaged Beam-Lead Ring Quad, N-Type, Low, Medium, High Drive Schottky Diodes

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

Schottky dIodeS

Beam-Lead Bridge Quad, N-Type, Low, Medium, High Drive Schottky Diodes 

Part  
Number             

Frequency 
Band

cJ 0 V, 1 MHz 
(pF)

Max.  
RS @ 5 mA (Ω)

Min. VB @ 10 µA 
(V)

VF @ 1 mA                 
(mV) Drive Level

DMF2076-000 S 0.30–0.50 5 2 200–260 Low

DME2029-000 S 0.30–0.50 5 3 300–400 Med

DMJ2312-000 S 0.30–0.50 5 4 500–600 High

DMF2077-000 X 0.15–0.30 8 2 250–310 Low

DME2850-000 X 0.15–0.30 8 3 325–425 Med

DMJ2088-000 X 0.15–0.30 8 4 550–650 High

DMF2078-000 Ku 0.05–0.15 13 2 260–330 Low

DME2031-000 Ku 0.05–0.15 13 3 350–450 Med

DMJ2768-000 Ku 0.05–0.15 13 4 500–680 High

DMF2848-000 K 0.1 Max. 18 2 270–350 Low

DME2851-000 K 0.1 Max. 18 3 375–550 Med

DMJ2852-000 K 0.1 Max. 18 4 600–700 High

Epoxy Stripline 
255

Epoxy Stripline 
235

Hermetic 
225

DMF2076-255 DMF2076-225

DME2029-255 DME2029-225

DMJ2312-255 DMJ2312-225

DMF2077-255 DMF2077-225

DME2850-255 DME2850-225

DMJ2088-255 DMJ2088-225

DMF2078-255 DMF2078-235 DMF2078-225

DME2031-255 DME2031-235 DME2031-225

DMJ2768-255 DMJ2768-235 DMJ2768-225

DMF2848-235 DMF2848-225

DME2851-235 DME2851-225

DMJ2852-235 DMJ2852-225

Epoxy and Hermetic Packaged Beam-Lead Bridge Quad, N-Type, Low, Medium, High Drive Schottky Diodes

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

Schottky dIodeS

Beamless, N-Type, Low, Medium, High Drive Ring Quad Schottky Diodes

Beamless, N-Type, Low, Medium, High Drive Bridge Quad Schottky Diodes

Beamless, N-Type, Low, Medium, High Drive Series Pair Schottky Diodes

Part  
Number  Band Barrier

VF                             
IF = 1 mA                 

(mV)

DVF 
IF = 1 mA 

(mV)

cJ                              
VR = 0 V, 

F = 1 MHz             
(pF)

RS 
 IF = 5 mA 

(Ω)

DMF3926-000 S Low 200–260 10 0.30–0.50 5

DME3927-000 S Medium 300–400 10 0.30–0.50 5

DMJ3928-000 S High 500–600 10 0.30–0.50 5

DMF3942-000 X Low 250–310 10 0.15–0.30 8

DME3943-000 X Medium 325–425 10 0.15–0.30 8

DMJ3944-000 X High 550–650 10 0.15–0.30 8

Part  
Number  Band Barrier

VF                             
IF = 1 mA                 

(mV)

DVF 
IF = 1 mA 

(mV)

cJ                              
VR = 0 V, 

F = 1 MHz             
(pF)

RS  
IF = 5 mA 

(Ω)

DMF3929-000 S Low 200–260 10 0.3–0.5 5

DME3930-000 S Medium 300–400 10 0.3–0.5 5

DMJ3931-000 S High 500–600 10 0.3–0.5 5

Part  
Number  Band Barrier

VF                             
IF = 1 mA                 

(mV)

DVF 
IF = 1 mA 

(mV)

cJ                              
VR = 0 V, 

F = 1 MHz             
(pF)

RS 
IF = 5 mA 

(Ω)

DMF3932–000 S Low 200–260 10 0.3–0.5 5

DME3933-000 S Medium 300–400 10 0.3–0.5 5

DMJ3934-000 S High 500–600 10 0.3–0.5 5

Epoxy Packaged Octo Quad Ring, N-Type, Low, Medium, High Drive Schottky Diodes 

Part  
Number             

Frequency 
Band

cJ 0 V, 1 MHz 
(pF)

Max. RS @ 5 mA 
(Ω)

Min. VB @ 10 µA 
(V)

VF @ 1 mA                 
(mV) Drive Level

DME3938-257 S-X 0.15–0.30 16 4 400–520 Low

DMF3939-257 S-X 0.15–0.30 16 6 600–800 Medium

DMJ3940-257 S-X 0.15–0.30 16 8 1000–1200 High

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.
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Schottky dIodeS

Beamless, N-Type, Low, Medium, High Drive Back-to-Back Ring Series Pair Schottky Diodes

Beamless, N-Type, Low, Medium, High Drive Octo Quad Ring Schottky Diodes

Beamless, N-Type, Low, Medium, High Drive Back-to-Back Crossover Quad (To 6 GHz) Schottky Diodes

Hermetic Packaged Beamless, N-Type, Low, Medium, High Drive Crossover Ring Quad Mixer Schottky Diodes

Part  
Number  Band Barrier

VF                             
IF = 1 mA                 

(mV)

DVF 
IF = 1 mA 

(mV)

cJ                              
VR = 0 V, 

F = 1 MHz             
(pF)

RS 
IF = 5 mA 

(Ω)

DMF3935-000 S Low 200–260 10 0.3–0.5 5

DME3936-000 S Medium 300–400 10 0.3–0.5 5

DMJ3937-000 S High 500–600 10 0.3–0.5 5

Part  
Number  Band Barrier

VF                             
IF = 1 mA                 

(mV)

DVF 
IF = 1 mA 

(mV)

cJ                              
VR = 0 V, 

F = 1 MHz             
(pF)

RS 
IF = 5 mA 

(Ω)

DME3938-000 S-X Low 400–520 15 0.15–0.30 16

DMF3939-000 S-X Medium 600–800 15 0.15–0.30 16

DMJ3940-000 S-X High 1000–1200 15 0.15–0.30 16

Part  
Number  Band Barrier

VF                             
IF = 1 mA                 

(mV)

DVF 
IF = 1 mA 

(mV)

cJ                              
VR = 0 V, 

F = 1 MHz             
(pF)

RS 
IF = 5 mA 

(Ω)

DMF3945-000 S Low 200–260 15 0.3–0.5 5

DME3946-000 S Medium 300–400 15 0.3–0.5 5

DMJ3947-000 S High 525–625 15 0.3–0.5 5

Part Number
Barrier 
Height

Max. cT   
VR = 0.15 V,  
F = 1 MHz 

(pF)

VF                             
IF = 5 mA               

(mV)

Max. DVF 
IF = 5 mA 

(mV)

VF 
IF = 10 mA                 

(mV)

Max. DVF 
IF = 10 mA   

(mV)

Max. RT 
IF = 5 mA 

(Ω) Package

DMF3926-116 Low 0.55 260–330 10 – – 10 Leadless Surface Mount

DME3927-116 Medium 0.55 435–520 – 435–520 10 12 Leadless Surface Mount

DMJ3928-116 High 0.55 610–700 – 610–700 10 10 Leadless Surface Mount

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.
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Schottky dIodeS

Hermetic Packaged Beamless, N-Type, Low, Medium, High Drive Bridge Quad (To 6 GHz) Schottky Diodes

Part  
Number Barrier

VF                             
IF = 1 mA                 

(mV)

DVF 
IF = 1 mA 

(mV)

cJ                              
VR = 0 V, 

F = 1 MHz             
(pF)

Max. 
DcT @ 0 V 

(pF)

Max. RT                   
IF = 10 mA 

(Ω) Package

DMF3929-117 Low 200–260 15 0.3–0.5 0.07 8 Leadless Surface Mount

DME3930-117 Medium 300–400 15 0.3–0.5 0.07 8 Leadless Surface Mount

DMJ3931-117 High 525–625 15 0.3–0.5 0.07 8 Leadless Surface Mount

Beam-Lead P-Type Detector Schottky Diodes

Part 
Number         

Frequency 
Band

Min. TSS 
(dBm)

ZIF                              
(Ω)    

Max. cJ @ 0 V  
(pF)

VF @ 1 mA 
(mV)

VB @ 10 µA            
(V) Frequency (GHz)

DDB2503-000 X 50 500–700 0.15 200–350 2 10.00

DDB2504-000 Ku 48 500–700 0.10 200–350 2 16.00

DDB2265-000 K 50 800–1200 0.10 300–450 3 24.15

Epoxy Stripline 
250

Epoxy Stripline 
230

Hermetic Stripline 
220

DDB2503-250 DDB2503-230 DDB2503-220

DDB2504-250 DDB2504-230 DDB2504-220

DDB2265-250 DDB2265-230 DDB2265-220

Hermetic Pill 
207

Hermetic Pill 
203

Hermetic 
109

CDB7620-207 CDB7620-203 SMS7620-109

CDB7619-207 CDB7619-203 SMS7619-109

Epoxy and Hermetic Packaged Beam-Lead P-Type Detector Schottky Diodes

Hermetic Packaged P-Type Detector Schottky Diodes

P-Type Detector Chips

Part 
Number 

Frequency 
Band

Min. TSS 
(dBm)

ZIF                              
(Ω)    Gamma

Max. cJ @ 
0 V  
(pF)

VF @ 1 mA 
(mV)

RT @ 10 mA 
(Ω) 

VB @ 10 µA            
(V)

Frequency 
(GHz)

CDB7620-000 Ku 40 500–700 8000 0.15 250–350 30 2 16.00

CDB7619-000 K 50 800–1200 5000 0.10 300–450 40 3 24.15

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.
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Schottky dIodeS

Hermetic ceramic Pill 
207

Hermetic ceramic Pill 
203

Hermetic Surface Mount       
108

CDF7623-207 CDF7623-203 SMS7623-108

CDF7621-207 CDF7621-203 SMS7621-108

CME7660-207 CME7660-203 SMS7660-108

CDE7618-207 CDE7618-203 SMS7618-108

CDP7624-207 CDP7624-203 SMS7624-108

Hermetic Packaged N-Type Detector Schottky Diodes

N-Type Detector Schottky Diode Chips

Part 
Number Frequency Band Drive Level

VF @ 1 mA 
(mV)

Max.  
cJ @ 0 V (pF)

RT @ 10 mA 
(Ω)

VB @ 10 µA 
(V)

CDF7623-000 X Low 240–300 0.30 10 2

CDF7621-000 K Low 270–350 0.10 20 2

CME7660-000 Ku Med. 350–450 0.15 10 3

CDE7618-000 K Med. 375–500 0.10 20 3

CDP7624-000 Ku Med.–High 450–575 0.15 15 3

P-Type Zero Bias Detector Beam-Lead Schottky Diodes

Part  
Number

Min. EO 
(mV)

ZV 
(Ω)

Min. TSS 
(dBm)

DDC2353-000 8 2000–5000 -52

DDC2354-000 15 5000–15000 -56

Epoxy Stripline 
250

Hermetic 
220

DDC2353-250 DDC2353-220

DDC2354-250 DDC2354-220

Epoxy and Hermetic Packaged P-Type Zero Bias Detector Beam-Lead Schottky Diodes

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.
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Schottky dIodeS

Hermetic Pill 
207

Hermetic Pill 
203

Hermetic 
109

CDC7630-207 CDC7630-203 SMS7630-109

CDC7631-207 CDC7631-203 SMS7619-109

Hermetic Packaged P-Type Zero Bias Detector Schottky Diodes

P-Type Zero Bias Detector Schottky Diode Chips

Part  
Number

Min. EO 
(mV)

ZV 
(Ω)

Min. TSS 
(dBm)

CDC7630-000 8 2000–5000 -52

CDC7631-000 15 5000–15000 -56

GaAs Flip Chip Schottky Diodes—Single

GaAs Flip Chip Schottky Diodes—Anti-Parallel

Part 
Number

VB @ 10 µA 
(V) cJ @ 0 V, 1 MHz  (pF)

Max. RS 
(Ω)

VF @ 1 mA 
(mV)

Recommended 
Frequency (GHz)

DMK2790-000 3 0.04–0.07 7 650–750 20–50

Part 
Number cJ @ 0 V, 1 MHz  (pF)

Max. RS 
(Ω)

VF @ 1 mA 
(mV)

Recommended  
Frequency (GHz)

DMK2308-000 0.04–0.07 7 650–750 20–50

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.
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 Single Single 
 SOD-323 Sc-79(1)

  SMV1129-079LF 
  Marking: Cathode

 SMV1139-011LF 
 Marking: HG

1. A lower profile (< 0.65 mm) SC-79 package is available; please contact sales.

0.1 1 10 100

VR Plus 0.7 (V)

C T
 (p

F)

1

10

100

SMV1129

SMV1139

Typical Performance Characteristics

Minimum breakdown voltage 12 V @ IR = 10 µA.   
Reverse leakage 20 nA max. @ VR = 10 V.

       Max. RS 
  Part cT @ 1 V Min. Min. 500 MHz 
  Number (pF) cR @ 1 V/3 V cR @ 1 V/6 V @ 1 V (Ω) 

 SMV1129 Series 17.5–20.5 1.4 2.0 0.4

 SMV1139 Series 4.95–5.85 1.4 2.0 0.6

  

VARActoR dIodeS

 common cathode  Single Single 
 SOT-23 Sc-79(1) SOT-23

  SMV1130-079LF SMV1130-001LF 
  Marking: Cathode Marking: HW1

 SMV1135-004LF 
 Marking: EG3

1. A lower profile (< 0.65 mm) SC-79 package is available; please contact sales.

Large Bandwidth Silicon Hyperabrupt Varactor Diodes

0.1 1 10 100

VR Plus 0.7 (V)
C T

 (p
F)

0.1

1

10

100

SMV1130

SMV1135

Typical Performance Characteristics

   Min. VB cT    RS 
  Part IR = 10 µA VR = 1 V cR  cR 500 MHz 
  Number (V) (pF) 1 V/3 V 1 V/9 V (Ω)

 SMV1130 Series 26 17.4–21.2 1.47–1.76 3.7–4.5 0.8 Max. @ 1 V

 SMV1135 Series 28  8.2–10.0 1.47–1.76 3.7–4.5 1.2 Max. @ 1 V

 

Large Bandwidth Silicon Hyperabrupt Varactor Diodes (Continued)
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 Single Single 
 SOD-323 Sc-79(1)

 SMV1142-011LF 
 Marking: GU

 SMV1143-011LF 
 Marking: GV

 SMV1144-011LF 
 Marking: GW

 SMV1145-011LF SMV1145-079LF 
 Marking: GA Marking: Cathode

 SMV1147-011LF SMV1147-079LF 
 Marking: GY Marking: Cathode

 SMV1148-011LF 
 Marking: GZ

Large Bandwidth Silicon Hyperabrupt Varactor Diodes (Continued)

1

10

100

1000

0.1 1 10 100

SMV1142

SMV1144

SMV1145

SMV1146

SMV1147
SMV1148

 

VR Plus 0.7 (V)
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Typical Performance Characteristics

 1. A lower profile (< 0.65 mm) SC-79 package is available; please contact sales.

VARActoR dIodeS

   Min. VB cT Typ. cT Typ. cT   Max. RS  
  Part IR = 10 µA VR = 1 V VR = 3 V VR = 6 V cR cR 500 MHz Typ. Q 
  Number (V) (pF) (pF) (pF) 1 V/3 V 1 V/6 V (Ω) 50 MHz

 SMV1142 Series 12 8.20–10.00 5.8 3.5 1.50–1.65 2.43–2.93 0.70 @ 3 V 800 @ 3 V

 SMV1144 Series 12 14.65–17.95 10.4 6.1 1.50–1.65 2.46–2.96 0.65 @ 3 V 500 @ 3 V

 SMV1145 Series 12 25.50–31.20 18.1 10.6 1.50–1.65 2.50–3.00 0.60 @ 3 V  200 @ 3 V

 SMV1147 Series 12 54.60–66.70 38.6 22.6 1.50–1.65 2.50–3.00 0.55 @ 3 V  150 @ 3 V

 SMV1148 Series 12 62.00–76.00 44.1 25.2 1.50–1.65 2.50–3.00 0.50 @ 3 V  150 @ 3 V
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VARActoR dIodeS

 Single common cathode  common cathode Single Single 
 SOT-23 SOT-23 Sc-70 SOD-323 Sc-79(1)

 SMV1211-001LF   
 Marking: EA1   

 SMV1212-001LF SMV1212-004LF SMV1212-074LF   SMV1212-079LF 
 Marking: EB1 Marking: EB3 Marking: EB3  Marking: Cathode

 SMV1213-001LF SMV1213-004LF SMV1213-074LF SMV1213-011LF SMV1213-079LF 
 Marking: D86 Marking: GD3 Marking: GD3 Marking: GD Marking: Cathode

 SMV1214-001LF 
 Marking: DL1

 SMV1215-001LF   SMV1215-011LF 
 Marking: DM1   Marking: DM

1. A lower profile (< 0.65 mm) SC-79 package is available; please contact sales.

Large Bandwidth Silicon Hyperabrupt Varactor Diodes (Continued)

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.
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SMV1211

SMV1212

SMV1213

SMV1214

SMV1215

Typical Performance Characteristics

Minimum breakdown voltage 12 V @ IR = 10 µA.    
Reverse leakage 20 nA max. @ VR = 8 V.

    Typ. cT cT Max. cT   Typ. RS Min. Q 
  Part VR = 1 V VR = 2.5 V VR = 4 V Typ. cR Typ. cR 500 MHz 50 MHz 
  Number (pF) (pF) (pF)  1 V/2.5 V  1 V/4 V @ 4 V (Ω) @ 4 V 

 SMV1211 Series 100 40–65 25.0 2 5 0.4 80

 SMV1212 Series 50 18–27 12.0 2 5 0.8 150

 SMV1213 Series 22 8.5–10.5 5.5 2 5 1.4 200

 SMV1214 Series 16 6.5–7.8 4.8 2 5 1.7 300

 SMV1215 Series 9.5 4.3–5.5 2.9 2 5 2.8 350
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Large Bandwidth Silicon Hyperabrupt Varactor Diodes (Continued)

VARActoR dIodeS

 Single common cathode  common cathode  common Anode Single Single 
 SOT-23 SOT-23 Sc-70 Sc-70 SOD-323 Sc-79(1)

   SMV1231-074LF  SMV1231-011LF SMV1231-079LF 
   Marking: KA3  Marking: KA Marking: Cathode

   SMV1232-074LF  SMV1232-011LF SMV1232-079LF 
   Marking: HC3  Marking: HC Marking: Cathode

 SMV1233-001LF SMV1233-004LF SMV1233-074LF  SMV1233-011LF SMV1233-079LF 
 Marking: DP1 Marking: DP3 Marking: DP3  Marking: DP Marking: Cathode

 SMV1234-001LF SMV1234-004LF  SMV1234-073LF SMV1234-011LF SMV1234-079LF 
 Marking: DQ1 Marking: DQ3  Marking: DQ9 Marking: DQ Marking: Cathode

 SMV1235-001LF SMV1235-004LF SMV1235-074LF  SMV1235-011LF SMV1235-079LF 
 Marking: DR1 Marking: DR3 Marking: DR3  Marking: DR Marking: Cathode

 SMV1236-001LF SMV1236-004LF SMV1236-074LF  SMV1236-011LF SMV1236-079LF 
 Marking: EQ1 Marking: EQ3 Marking: EQ3  Marking: EQ1 Marking: Cathode

 SMV1237-001LF   
 Marking: DT1  

1. A lower profile (< 0.65 mm) SC-79 package is available; please contact sales.

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

Minimum breakdown voltage 15 V @ IR = 10 µA.    
Reverse leakage 20 nA max. @ VR = 8 V.

   cT Typ. cT Typ. cT   Max. RS Typ. Q 
  Part VR = 1 V VR = 3 V VR = 6 V cR cR 500 MHz 50 MHz 
  Number (pF) (pF)  (pF)  1 V/3 V 1 V/6 V @ 3 V (Ω)  @ 3 V 

 SMV1231 Series 1.43–1.72 0.97 0.61 1.5–1.8 2.5–2.8 2.90 1500

 SMV1232 Series  2.34–2.86 1.50 0.94 1.5–1.9 2.6–3.3 1.50 1400

 SMV1233 Series 3.00–3.60 1.80 1.10 1.5–1.9 2.6–3.3 1.20 1200

 SMV1234 Series 5.85–7.15 3.60 2.00 1.6–2.0 2.8–3.4 0.80 1000

	 SMV1235 Series 10.35–12.65 6.40 3.60 1.6–2.0 2.9–3.4 0.60 750

 SMV1236 Series 15.50–18.50 9.20 5.30 1.6–2.0 3.0–3.5 0.50 700

 SMV1237 Series 45–54 26.90 14.40 1.6–2.0 3.0–3.5 0.25 500 
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Typical Performance Characteristics

Large Bandwidth Silicon Hyperabrupt Varactor Diodes (Continued)

VARActoR dIodeS

 Single common Anode common cathode  common cathode  Single Single 
 SOT-23 SOT-23 SOT-23 Sc-70 SOD-323 Sc-79(1)

    SMV1247-074LF SMV1247-011LF SMV1247-079LF 
    Marking: GF3 Marking: GF Marking: Cathode

 SMV1248-001LF   SMV1248-074LF  SMV1248-079LF 
 Marking: GG1   Marking: GG3  Marking: Cathode

 SMV1249-001LF SMV1249-003LF SMV1249-004LF SMV1249-074LF SMV1249-011LF SMV1249-079LF 
 Marking: EF1 Marking: EF9 Marking: EF3 Marking: EF3 Marking: EF Marking: Cathode

 SMV1251-001LF  SMV1251-004LF SMV1251-074LF SMV1251-011LF SMV1251-079LF 
 Marking: EH  Marking: EH3 Marking: EH3 Marking: EK Marking: Cathode

   SMV1253-004LF   SMV1253-079LF 
   Marking: EJ3   Marking: Cathode

 SMV1255-001LF  SMV1255-004LF  SMV1255-011LF SMV1255-079LF 
 Marking: EK1  Marking: EK3  Marking: EK Marking: Cathode

1. A lower profile (< 0.65 mm) SC-79 package is available; please contact sales.

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

Minimum breakdown voltage 15 V @ IR = 10 µA.    
Reverse leakage 20 nA max. @ VR = 8 V.

   Min. cT cT Typ. cT Typ. cT   Max. RS Typ. Q 
  Part VR = 0.3 V VR = 1 V VR = 3 V VR = 4.7 V cR cR 500 MHz 50 MHz 
  Number (pF)  (pF) (pF)  (pF)  0.3 V/4.7 V 1 V/3 V @ 3 V (Ω)  @ 3 V 

 SMV1247 Series 7 4.4 Typ. 0.95 0.7 9.5–10.0 4.6 Typ. 2.00 1500

 SMV1248 Series 17 12.3 Typ. 2.60 1.5 10.8–12.0 4.7 Typ. 1.80 700

 SMV1249 Series 31 18.2 Typ. 3.40 2.6 11.0–12.1 5.3 Typ. 1.50 600 

 SMV1251 Series 42 28.1 Typ. 5.80 3.4 11.0–12.2 4.8 Typ. 1.30 400

 SMV1253 Series 53 37.0  Typ. 7.77 4.3 11.0–12.3 4.7 Typ. 1.20 350

 SMV1255 Series 64 43.3 Typ. 8.50 5.2 11.0–12.3 5.1 Typ. 1.00 350 
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VARActoR dIodeS

Large Bandwidth Silicon Hyperabrupt Varactor Diodes (Continued)

 Single Single 
 SOD-323  Sc-79                                                                        

 SMV1245-011LF  
 Marking: HL 

 SMV1265-011LF  
 Marking: HM 

 SMV1281-011LF SMV1281-079LF 
 Marking: HP Marking: Cathode

 SMV1283-011LF  
 Marking: HQ 

   Min. VB cT  cT  cT      RS 
  Part IR = 10 µA VR = 1 V VR = 20 V VR = 26 V cR  cR cR  cR  500 MHz 
  Number (V) (pF) (pF) (pF) 1 V/3 V 1 V/9 V 1 V/20 V 1 V/26 V (Ω)

 SMV1245 Series 26 4.4–5.4 – – 1.47–1.76 3.5–4.2 – – 2.0 Max. @ 1 V

 SMV1265 Series 28 12.5–14.7 – 0.58–0.83 – – – 17.7 Min. 2.4 Typ. @ 1 V 

 SMV1281 Series 24 7.8–9.5 0.6–0.8    12.0 Typ. – 1.7 Typ. @ 1 V

 SMV1283 Series 28 8.5–9.7 – 0.50–0.75 – – – 14.7 Typ. 2.4 Typ. @ 1 V 
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Typical Performance Characteristics
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 Single 
 SOD-23

 SMV1702-011LF   
 Marking: HJ
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Typical Performance Characteristics

 

   Min.  cT  cT  cT   Max. RS 
  Part VB @ 10 µA VR = 0.1 V VR = 2 V VR = 4 V Min. cR 470 MHz 
  Number (V)  (pF)  (pF) (pF) 0.1 V/4 V (Ω) @ 5 V

 SMV1702 Series 10 90–110 41–50 22–29 3.6 1.25

 

VARActoR dIodeS

 Single common cathode  Single 
 SOT-23 SOT-23 SOD-323

  SMV2022-004LF 
  Marking: DJ3

 SMV2023-001LF SMV2023-004LF SMV2023-011LF  
 Marking: DK1 Marking: DK3 Marking: DK1

Large Bandwidth Silicon Hyperabrupt Varactor Diodes (Continued)

   Min. VB cT cT  
  Part IR = 10 µA VR = 4 V VR = 20 V Min. cR Q 
  Number (V) (pF) (pF) 4 V/20 V 50 MHz

 SMV2022 Series 22 2.50–3.30 0.60–0.85 3.0 500 Typ. @ 4 V

 SMV2023 Series 22 4.40–5.40 0.90–1.20 4.2 500 Typ. @ 4 V

 

Large Bandwidth Silicon Hyperabrupt Varactor Diodes (Continued)
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Large Bandwidth Silicon Hyperabrupt Varactor Diodes (Continued)

VARActoR dIodeS

 common cathode common cathode  Single 
 SOT-23 Sc-70 Sc-79(1)

  SMV1263-074LF SMV1263-079LF 
  Marking: EN3 Marking: Cathode

  SMV1269-074LF  
  Marking: EE3

   SMV1270-079LF 
   Marking: Cathode

 SMV1705-004LF SMV1705-074LF SMV1705-079LF 
 Marking: HY3 Marking: HY3 Marking: Cathode

   SMV1763-079LF 
   Marking: Cathode

   SMV1770-079LF 
   Marking: Cathode

   SMV1771-079LF 
   Marking: Cathode

1. A lower profile (< 0.65 mm) SC-79 package is available; please contact sales.

Reverse leakage 20 nA max. @ VR = 8 V.  

   Min. VB cT cT cT cT Min. cR Typ.  RS Max. RS 
  Part IR = 10 µA VR = 0.5 V VR = 1 V VR = 2.5 V VR = 4 V 0.5 V/ cR 500 MHz 900 MHz 
  Number (V) (pF) (pF) (pF) (pF) 2.5 V  1 V/4 V  (Ω) (Ω)

 SMV1263 Series 20 6.2–7.2 – 2.3–2.9 – 2.3 – – 1.2 @ 1 V

 SMV1269 Series 10 19.2–21.8 – 6.5–8.1 – 2.5 – – 0.8 @ 1 V

 SMV1270 Series 20 22.1–25.1 – 7.7–9.8 – 2.3 – 0.7 Typ. @ 1 V  –

 SMV1705 Series 12 – 17.3–19.3  5.3–6.6 3 0.32 – –

 SMV1763 Series 10 6.2–7.2 – 2.3–2.9  – 2.3 – – 0.7 @ 1 V

 SMV1770 Series 12 22.1–25.1  – 7.7–9.8 – 2.3 – 0.5 Max. @ 1 V – 

 SMV1771 Series 12 22.0–24.0  – 9.25–12.5 – 2.3 – 0.5 Max. @ 1 V –

  

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.
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Hermetic Ceramic Packaged Large Bandwidth Silicon Hyperabrupt Varactor Diodes

Part  
Number

cT @ 4 V 
(pF)

cT @ 20 V 
(pF)

Typ. Q 
VR = 4 V 

F = 50 MHz

Max. IR 
VR = 17.6 V 

(nA) 

Min. VB 
IR = 10 µA 

(V) Package

SMV2019-108 0.86–1.10 0.28–0.42 500 50 22 Leadless Surface Mount

Large Bandwidth Silicon Hyperabrupt Varactor Diode Chips

VARActoR dIodeS

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

Part 
Number

Typ. cT @ 0 V 
(pF)

cT @ 4 V 
(pF)

cT @ 20 V             
(pF)

Min. 
Q @ 4 V 
50 MHz

Typ. RS @ 4 V 
1 GHz 
(Ω)

Max. IR @ 17.6 V    
(nA)

SMV2019-000 2.3 0.68–0.88 0.13–0.23 500 4.8 50

SMV2020-000 3.1 1.13–1.43 0.23–0.33 500 4.1 50

SMV2021-000 4.5 1.58–1.98 0.32–0.44 500 2.8 50

SMV2022-000 7.1 2.48–3.08 0.48–0.68 400 2.2 50

SMV2023-000 10.8 4.28–5.28 0.78–1.08 400 1.4 50

Hermetic Stripline 
240

Hermetic Pill 
203

Hermetic Pill 
219

Hermetic Pill 
210

SMV2019-240 SMV2019-203 SMV2019-219 SMV2019-210

SMV2020-240 SMV2020-203 SMV2020-219 SMV2020-210

SMV2021-240 SMV2021-203 SMV2021-219 SMV2021-210

SMV2022-240 SMV2022-203 SMV2022-219 SMV2022-210

SMV2023-240 SMV2023-203 SMV2023-219 SMV2023-210

Hermetic Packaged Large Bandwidth Silicon Hyperabrupt Varactor Diodes

Hermetic Ceramic Hyperabrupt Junction Varactor Diodes

Part 
Number

Min. VB @ 10 µA 
(V)

Max. IR @ 16 
V    (nA)

cT @ 3 V             
(pF)

cT @ 20 V             
(pF)

Min. cT3 
cT20   

Min. Q  @ 3 V 
50 MHz Package

SMV1206-108 20 50 10.6–12.6 2.15–2.6 4.45 400 Leadless Surface Mount
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.
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Typical Performance Characteristics

VARActoR dIodeS

High Q Silicon Abrupt Varactor Diodes

         Max.  
   Min. VB cT cT cT  Max. RS RS @ 1 V 
  Part IR = 10 µA VR = 0.5 V VR = 1 V VR = 4 V Min. cR  500 MHz 500 MHz Q 
  Number (V) (pF) (pF) (pF) O V/30 V (Ω) (Ω) 50 MHz

 SMV1405 Series 30 2.1 Typ. 1.8 Typ. 1.21–1.45 4.1 0.80 – 3200

 SMV1408 Series   30 3.4 Typ. 2.9 Typ. 1.75–2.11 4.1 0.60 – 2900

 SMV1413 Series 30 7.4 Typ. 6.4 Typ. 3.64–4.42 4.2  0.35 – 2400

 SMV1493 Series – – 17.4–20.0 10.0–12.1 – – 0.50 –

 SMV1494 Series – – 36.3–41.7 20.7–25.3 – – 0.45 –

 

 Single common cathode  common cathode  Single 
 SOT-23 SOT-23 Sc-70 Sc-79(1)

   SMV1405-074LF SMV1405-079LF 
   Marking: GE3 Marking: Cathode

 SMV1408-001LF 
 Marking: DV1

 SMV1413-001LF SMV1413-004LF SMV1413-074LF SMV1413-079LF 
 Marking: ER1 Marking: ER3 Marking: ER3 Marking: Cathode

    SMV1493-079LF 
    Marking: Cathode

    SMV1494-079LF 
    Marking: Cathode 

1. A lower profile (< 0.65 mm) SC-79 package is available; please contact sales.
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.
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Typical Performance Characteristics

VARActoR dIodeS

Hermetic Ceramic Packaged High Q Silicon Abrupt Varactor Diodes

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

Part  
Number

Min. VB 
IR = 10 µA 

(V) 

Max. IR 
VR = 24 V 

(nA) 

cT  
VR = 4 V 

(pF)
Min. cR 
0 V/30 V

Max. RS 
VR = 4 V,  

F = 500 MHz 
(Ω) 

Typ. Q 
VR = 4 V 

F = 500 MHz

SMV1405-108 30 20 1.25–1.56 3.8 0.8 3200

Abrupt Junction Varactor Diode Chips

Part  
Number

VB 
IR @ 10 µA 

(V)

Typ.  
cT @ 1 V 

(pF)
cT  @ 4 V             

(pF)

Min.  
cT @ 0 V 

cT @ 30 V   
(Ratio)

Max. 
RS @ 1 V 
50 MHz 

(Ω)

Max.  
RS @ 4 V  

50 MHz  (Ω)
Typ. Q @ 4 V 

50 MHz

SMV1405-000 30 – 1.08–1.32 4.1 – 0.80 3200

SMV1408-000 30 – 1.62–1.98 4.1 – 0.60 2900

SMV1413-000 30 – 3.59–4.29 4.2 – 0.35 2400

SMV1493-000 12 18.57 9.87–11.97 – 25 – –

SMV1494-000 12 38.87 20.57–25.07 – 20 – –

Hermetic Stripline 
240

Hermetic Pill 
203

Hermetic Pill 
219

Hermetic Pill 
210

SMV1405-240 SMV1405-203 SMV1405-219 SMV1405-210

SMV1408-240 SMV1408-203 SMV1408-219 SMV1408-210

SMV1413-240 SMV1413-203 SMV1413-219 SMV1413-210

SMV1493-240 SMV1493-203 SMV1493-219 SMV1493-210

SMV1494-240 SMV1494-203 SMV1494-219 SMV1494-210

Hermetic Packaged Abrupt Junction Varactor Diodes
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

dIRectIonAl couPleRS 

    Insertion  Input Output  coupled  
  Part  Frequency Loss Isolation VSWR VSWR coupling   Port VSWR  
  Number (GHz) (dB) Typ. (dB) Typ. Typ.  Typ. (dB) Typ.  Typ. Package

 DC08-73LF     0.81–0.96 0.45 22 1.05:1 1.05:1 15.0 1.2:1 SOT-6

 Dc09-73LF 0.81–0.96 0.20 30 1.1:1 1.1:1 19.8 1.1:1 SOT-6

 DC15-73LF 1.42–1.66 0.20 34 1.1:1 1.1:1 18.4 1.1:1 SOT-6

 DC16-73LF 1.42–1.99 0.30 24 1.1:1 1.1:1 15.0 1.1:1 SOT-6

 DC18-73LF 1.71–1.99 0.20 38 1.1:1 1.1:1 18.8 1.2:1 SOT-6

 Dc25-73LF 2.30–2.60 0.20 33 1.1:1 1.1:1 17.2 1.3:1 SOT-6

  

 

    Insertion  Input Output Directed 
  Part Frequency Loss Directivity VSWR VSWR Output Voltage  
  Number (GHz) (dB) Typ. (dB)  Typ.  Typ. (dBm) Package

 DD02-999LF 0.65–3.0 0.2 2 1.1:1 1.1:1 80 mV @ 900 MHz SC-88 
        160 mV @ 1800 MHz  

 

dIRectIonAl detectoRS

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

SAMPlInG PhASe detectoRS

Part 
Number

Typ. 
Microwave 
Signal Drive 
Level (dBm) Barrier

 Schottky Diode 

 Typ.
capacitor cc 

(pF)

Step Recovery Diode

VF @ 1 mA  
(mV)

Max. 
RT @ 5 mA    

(Ω)

Typ. 
cJ @ 0 V 

(pF)

Typ. 
cJ @ 6 V 

(pF)
Typ. Tl           
(ns)

Typ. TT            
(ps)

SPD1101-111  -3 to 0 Low 270–350 24 0.10 0.5 0.25 10 70

SPD1102-111 0 to 3 Medium 370–550 24 0.10 0.5 0.25 10 70

SPD1103-111 3 to 13 High 600–700 24 0.10 0.5 0.25 10 70
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Programmable Filters

Part  
Number 

Lowest 
cutoff 

Frequency 
(MHz)

Highest 
cutoff 

Frequency 
(MHz)

Program 
Method

corner 
Accuracy 

(%)

Max. Pass 
Band Ripple 

(dB)

Max. Group 
Delay 

Variation 
(ns) Gain (dBv)

Supply 
current 

(mA)
Supply 

Voltage (V)
Package 

(mm)

SKY73201-364LF 1 28 SPI 1 0.5 35 0 or 6 32 3.3 QFN 32L 
5 x 5

SKY73202-364LF 1 28 SPI 1 0.5 35 0 or 6 60 3.3 QFN 32L 
5 x 5

90-Degree Hybrid Couplers

hybRId couPleRS
 

      Input Output Amplitude Phase  
  Part  Frequency Insertion Loss Isolation  VSWR  VSWR Balance Balance  
  Number (GHz) (dB) Typ. (dB) Typ. Typ. Typ. (Degrees) Typ. (dB) Typ. Package

 HY86-12LF 0.82–0.90 0.40 30 1.15:1 1.15:1 ±0.5 ±1 SOIC-8

 HY92-12LF 0.88–0.96 0.40 25 1.1:1 1.1:1 ±0.5 ±1 SOIC-8

 HY17-12LF 1.71–1.88 0.50 20 1.2:1 1.2:1 ±0.5 ±1 SOIC-8

 HY19-12LF 1.85–1.99 0.50 20 1.3:1 1.3:1 ±0.5 ±1 SOIC-8

 HY22-73LF 2.10–2.30 0.55 23 1.2:1 1.2:1 ±0.4 ±2 SOT-6

 

fIlteRS

Part  
Number 

Pass Band  
Frequency 

(GHz)

Pass Band 
Insertion Loss  

Typ. 
(dB)

Pass Band Return 
Loss  
Typ. 
(dB)

Attenuation- 
Lower Stop Band  

(dB)

Lower Stop Band 
Frequency 

(GHz)

Attenuation- 
Upper Stop Band  

(dB)
Package 

(mm)

SKY33100-360LF 2.402–2.472 2 10 14 2.4835 14 QFN 16L 2 x 2

BAW Filters
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linear Products

InfRAStRuctuRe Rf SubSySteMS

Dual Fractional-N Synthesizers 

Part Number

Main Synthesizer 
Frequency  

(MHz)

Auxiliary Synthesizer 
Frequency  

(MHz)

Main Synthesizer Phase 
Noise 

 (dBc/Hz)
Supply Voltage  

(V)
Package  

(mm)

SKY72300-21 100–2100 100–500 -91 @ 1800 MHz 2.7–3.3 28-pin EP-TSSOP  
9.7 x 6.4

SKY74038-21 100–2600 1–800 -85 @ 2500 MHz 2.6–3.6 20-pin TSSOP  
6.5 x 4.4

SKY72300-362 100–2100 100–500 -91 @ 1800 MHz 2.7–3.3 24-pin QFN 4 x 4

SKY72302-21 400–6100 100–1000 -80 @ 6100 MHz 2.7–3.3 28-pin EP-TSSOP  
9.7 x 6.4

SKY72301-22 100–1000 100–500 -96 @ 950 MHz 2.7–3.3 28-pin EP-TSSOP  
9.7 x 6.4

 

High Gain Linear PA Modules 

Ultralinear PA Drivers

Part  
Number

Frequency 
(MHz)

Voltage  
(V)

POUT  
(dBm)

Gain  
(dB)

Test 
Frequency

Quiescent 
current (mA)

NF  
(dB)

0IP3  
(dBm)

Package 
(mm)

SKY65120 2110–2170 5 33.5 24.6 2140 447 8.4 48 20-pin MCM 
6 x 6

SKY65124 1960–1990 5 25.0 24 1960 550 6.0 45 20-pin MCM 
6 x 6

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

Part  
Number

Frequency  
(MHz)

Test Frequency 
(MHz)

Gain Typ.  
(dB)

Vcc  
(V)

P1 dB  
(dBm)

Package  
(mm)

SKY65004-21 250–2700 1960 16 @ 5 V 3 or 5 25 @ 5 V 3-pin MCM 4 x 4

SKY65008-21 250–2700 1960 20 3.3 21 3-pin MCM 4 x 4

SKY65009-70LF 250–2500 1960 12 @ 5 V 3 or 5 27 @ 5 V 4-pin SOT-89

SKY65028-70LF 250–2700 1960 16 @ 5 V 3 or 5 25 @ 5 V 4-pin SOT-89
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Direct Quadrature Demodulator and Direct Conversion Mixer 

Part  
Number

RF Input 
Frequency Range 

(MHz)

IF Input 
Frequency Range 

(MHz)
Voltage  

(V)
IIP2  

(dBm)
IIP3  

(dBm)

Voltage 
conversion Gain 

(dB)  Package (mm)

SKY73013 4900–5925 DC–100 3.3 28 0 24.5 16-pin QFN 4 x 4

SKY73012 400–3900 DC–250 3 60 @ 900MHz 29 @ 900MHz 1 @ 900MHz 32-pin RFLGA 
5 x 5

SKY73009 400–3000 DC–250 3 60 @ 900MHz 27 @ 900MHz 2 @ 900MHz 32-pin RFLGA 
5 x 5

SKY73001 2–3500 DC–100 3 67 @ 900MHz 27 @ 900MHz -3.5 @ 900MHz 32-pin RFLGA 
5 x 5

 

Direct Quadrature Modulator 

Part  
Number

RF Output Frequency Range 
(MHz)

Broad Band Noise Floor 
(dBm/Hz)

AcPR 
(dBc)

Package 
(mm)

SKY73010-21 300–2500 <-153 72 16-pin RFLGA 4 x 4

 

Part  
Number

RF Output 
Frequency 

Range (MHz)
Output Power 

(dBm)

Phase Noise @ 
200 kHz  
(dBc/Hz)

Phase Noise @ 
800 kHz  
(dBc/Hz)

Phase Setting 
Time (µS)

current 
consumption 

(mA)
Supply Voltage 

(V)
Package  

(mm)

SKY73100 865–960 0 -127 -148 300 120 5 38-pin MCM  
9 x 12

SKY73120 890–960 0 -124 -144 – 26 3 28-pin MCM  
6 x 6

SKY73101 1800–1990 -10 -112 -139 300 120 5 38-pin MCM  
9 x 12

SKY73103 1460–1665 -10 -121 -144 300 120 5 38-pin MCM  
9 x 12

SKY73112 750–850 0 -132 -152 300 120 5 38-pin MCM  
9 x 12

 

High-Performance VCO/Synthesizers

InfRAStRuctuRe Rf SubSySteMS

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

Part  
Number

Operating Frequency 
(MHz)

Phase Noise 
dBc/Hz

Supply Voltage 
(V)

Package 
(mm)

SKY72310-362 100–2100 -91 @ 1800 MHz 2.7–3.3 24-pin QFN 4 x 4

 

Single Fractional-N Synthesizers 
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InteRA™ fRont-end WlAn ModuleS 

Front-End Modules for WLAN

Part 
Number

Frequency 
(GHz) Description

802.11 
WLAN 

Standard

Typ. POUT 
@ 2.5% 

EVM (dBm)

Typ. current 
@ Vcc = 3.3 V 

(mA)
Typ. Tx 

Gain (dB) Architecture
Antenna 

Ports
Package 

(mm)

SKY65225-11 2.4–2.5
4.9–5.85

WLAN 802.11n 2 x 2 MIMO 
Front-End Module

b,g,n
a,n

19
16

190
180

24
25

Two Full Dual-Band 
Tx/Rx Chains

2 MCM 
10 x 14 x 0.9

SKY65227-11 2.4–2.5 WLAN 802.11n  
2 x 2 MIMO Single-Band 
Front-End Module

b,g,n 19 190 25 Two Full 2 GHz  
Tx/Rx Chains

2 MCM 
10 x 14 x 0.9

SKY65228-11 4.9–5.85 WLAN 802.11n  
2 x 2 MIMO Single-Band 
Front-End Module

a,n 16 180 25 Two Full 5 GHz  
Tx/Rx Chains

2 MCM 
10 x 14 x 0.9

SKY65230-11 2.4–2.5
4.9–5.85

WLAN 802.11n 2 x 2 MIMO 
Front-End Module with  
3 Antenna Ports

b,g,n
a,n

19
16

190
180

25
24

Two Full Dual-Band 
Tx/Rx Chains

3 MCM 
10 x 14 x 0.9

SKY65241-11 2.4–2.5
4.9–5.85

WLAN 801.11a,b,g Dual-Band 
Front-End Module

a
b
g

16
21
18

190
210
180

25
26
26

One Complete Dual-
Band Tx/Rx Chain

1 Laminate  
5 x 5 x 0.9

SKY65243-11 2.4–2.5
4.9–5.85

WLAN 801.11a,b,g Dual-Band 
Front-End Module

a
b
g

16
21
18

190
210
180

25
26
26

One Complete Dual-
Band Tx/Rx Chain

2 Laminate  
5 x 5 x 0.9

SKY65249-11 2.4–2.5 WLAN 802.11b,g Front-End 
Module

b
g

21
18

210
180

26
26

One single-band Tx/
Rx chain

2 Laminate  
4 x 4 x 0.9

SKY65256-11 2.4–2.5
4.9–5.85

WLAN 801.11a,b,g Dual-Band 
Front-End Module

a
b
g

16
21
18

190
210
180

25
26
26

One Complete Dual-
Band Tx/Rx Chain

1 Laminate  
5 x 6 x 0.9
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The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

MIS SIlIcon chIP cAPAcItoRS

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

Part 
Number 

capacitance Value 
(pF) ± 20%

Size 
(mils)

SC00080912 0.8 12 x 12

SC00120912 1.2 12 x 12

SC00180912 1.8 12 x 12

SC00260912 2.6 12 x 12

SC00380912 3.8 12 x 12

SC00560912 5.6 12 x 12

SC00680912 6.8 12 x 12

SC00821518 8.2 18 x 18

SC01000710 10 10 x 10

SC01500912 15 12 x 12

SC02201518 22 18 x 18

SC03301518 33 18 x 18

SC04701518 47 18 x 18

SC06801518 68 18 x 18

SC10002430 100 30 x 30

SC33303440 333 40 x 40

SC50004450 500 50 x 50

SC99906068 1000 68 x 68

MIxeRS/deModulAtoRS

Diversity Mixers/Downconverters 

Part  
Number

RF Frequency 
(MHz)

IF Frequency 
(MHz)

Gain  
(dB)

IIP3  
(dBm)

0IP3  
(dBm)

IP1 dB  
(dBm)

NF  
(dB)

Package  
(mm)

SKY73020

 

700–1000 50–250 7.0 27 34.0 16.5 10.2 36-pin MCM 6 x 6

SKY73025-11 2300–2700 50–500 8.6 23.5 32.1 12.3 9.8 36-pin MCM 6 x 6

SKY73021 1700–2200 40–300 6.0 26 32.0 17.0 9.6 36-pin MCM 6 x 6

SKY73023-11 1700–2200 40–300 9.7 25.7 35.4 13.6 9.5 36-pin MCM 6 x 6

SKY73022-11 700–1000 40–300 9.4 25.3 34.7 13.3 9.0 36-pin MCM 6 x 6
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MIxeRS/deModulAtoRS

Direct Quadrature Demodulator and Direct Conversion Mixer

Part 
Number

RF Input 
Frequency Range 

(MHz)

IF Input 
Frequency Range 

(MHz)
Voltage  

(V)
IIP2  

(dBm)
IIP3  

(dBm)

Voltage 
conversion Gain 

(dB)
Package  

(mm)

SKY73013 4900–5925 DC–100 3.3 28 0 24.5 16-pin QFN 4 x 4

SKY73012 400–3900 DC–250 3.0 60 @ 900 MHz 29 @ 900 MHz 1 @ 900 MHz 32-pin RFLGA 5 x 5

SKY73009 
 

400–3000 DC–250 3.0 60 @ 900 MHz 27 @ 900 MHz 2 @ 900 MHz 32-pin RFLGA 5 x 5

SKY73001    2–3500  
 

DC–100 3.0 67 @ 900 MHz 27 @ 900 MHz -3.5 @ 900 MHz 32-pin RFLGA 5 x 5

 

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

Single Channel Mixers

Up/Downconversion Mixers

Part  
Number

RF Frequency  
(MHz)

IF Frequency  
(MHz)

Gain  
(dB)

IIP3 
(dBm)

OIP3  
(dBm)

IP1 dB 
(dBm)

NF  
(dB)

Package  
(mm)

SKY73035-11 2300–2700 50–500 7.6 25.0 32.6 13.5 9.8 20-pin MCM 5 x 5

SKY73033 1700–2200 40–300 8.5 25.0 33.5 14.0 9.5 20-pin MCM 5 x 5

SKY73070 700–1000 40–300 9.5 27.0 36.5 13.3 8.3 20-pin MCM 5 x 5

SKY73032 700–1000 40–300 9.5 27.0 36.5 13.3 8.3 20-pin MCM 5 x 5

SKY42068 400–1000 50–250 2.5 36.0 38.5 17.0 9.5 20-pin QFN 5 x 5

  

Part  
Number

RF 
Frequency 

(MHz)

IF 
Frequency 

(MHz)

Downconversion 
Insertion Loss 

(dB)
Downconversion 

IIP3 (dBm)

Upconversion 
Insertion loss 

(dB)

Upconversion 
IIP3 

(dBm)
LO Injection 

(dB)
Package 

(mm)

SKY73062–11 700–1000 50–300 7.5 32.6 7.5 26.1 High Side LO 20-pin MCM 5 x 5

SKY73069-11 700–1000 50–300 7.0 31.0 7.5 30.5 High Side LO 20–pin MCM 5 x 5
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ModulAtoRS

Direct Quadrature Modulator 

Part  
Number

RF Output Frequency Range 
(MHz)

Broad Band Noise Floor 
(dBm/Hz)

AcPR 
(dBc)

Package 
(mm)

SKY73010-21 300–2500 <-153 72 16-pin RFLGA 4 x 4

 

 

      Insertion Phase IP3 control  
  Part Frequency   Loss Shift (dBm) Voltage Package 
  Number (MHz)  Description (dB) Max. (Deg.) Min. Min. Range (V) (mm)

 PS088-315 700–1100 Voltage Controlled Phase Shifter 2.3 100 33 0–12 LGA 
   

 PS094-315 700–1250 Voltage Controlled Phase Shifter 2.3 100 33 0–12 LGA 
   
 

 PS196-315 1800–3000 Voltage Controlled Phase Shifter 2.3 100 33 0–12 LGA 
   

 PS214-315 1700–2800 Voltage Controlled Phase Shifter 2.3 100 33 0–12 LGA 
   

 

PhASe ShIfteRS
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High-Performance VCOs/Synthesizers

Part  
Number

RF Output  
Frequency Range  

(MHz)
Output Power 

(dBm)

Phase Noise  
@ 200 kHz  
(dBc/Hz)

Phase Noise  
@ 800 kHz  
(dBc/Hz)

Phase Settling 
Time  
(µs)

current 
consumption 

(mA)
Supply Voltage 

(V)
Package 

(mm)

SKY73112 750–850 0 -132 -152 300 120 5 38-pin
MCM 9 x 12

SKY73100 865–960 0 -127 -148 300 120 5 38-pin
MCM 9 x 12

SKY73103 1460–1665 -10 -121 -144 300 120 5 38-pin
MCM 9 x 12

SKY73101 1930–1990 -10 -112 -139 300 120 5 38-pin
MCM 9 x 12

Plls/SyntheSIzeRS/Vcos

Dual Fractional-N Frequency Synthesizers/PLLs

Single Fractional-N Synthesizers

Part  
Number

Main Synthesizer 
Frequency  

(MHz)

Auxiliary Synthesizer 
Frequency  

(MHz)

Main Synthesizer  
Phase Noise  

(dBc/Hz)
Supply Voltage  

(V)
Package  

(mm)

SKY72300–21  100–2100 100–500 -91 @ 1800 MHz 2.7–3.3 28-pin EP-TSSOP  
9.7 x 6.4

SKY74038-21  100–2600 1–800 -85 @ 2500 MHz 2.6–3.6 20-pin TSSOP  
6.5 x 4.4

SKY72300-362  100–2100 100–500 -91 @ 1800 MHz 2.7–3.3 24-pin QFN  
4 x 4

SKY72302-21  400–6100 100–1000 -80 @ 6100 MHz 2.7–3.3 28-pin EP-TSSOP  
9.7 x 6.4

SKY72301-22  100–1000 100–500 -96 @ 950 MHz 2.7–3.3 28–pin EP–TSSOP  
9.7 x 6.4

Part  
Number

Operating Frequency  
(MHz)

Phase Noise  
(dBc/Hz)

Supply Voltage  
(V)

Package  
(mm)

SKY72310-362LF 100–2100 -91 @ 1800 MHz 2.7–3.3 24-pin QFN 4x4
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    Insertion   Input Output Amplitude Phase Total Max.     
  Part Frequency Loss Less Isolation VSWR  VSWR Balance Balance Power w/2.0:1    
    Number (GHz) 3 dB Split Typ. (dB) Typ. Typ. Typ.  (dB) (Deg.) Typ. All Ports Package

 PD09-73LF 0.81–0.96 0.40 25 1.2:1 1.3:1 ±0.1 ±1.0 1.5 W SOT-6

 PD15-73LF 1.42–1.66 0.40 23 1.2:1 1.2:1 ±0.1 ±1.0 1.5 W SOT-6

 PD16-73LF 1.42–1.66 0.40 23 1.2:1 1.2:1 ±0.1 ±1.0 1.5 W SOT-6

 PD18-73LF 1.71–1.99 0.40 23 1.3:1 1.2:1 ±0.1 ±1.0 1.5 W SOT-6

 PD19-73LF 1.71–1.99 0.55 25 1.3:1 1.2:1 ±0.1 ±1.0 1.5 W SOT-6

 PD22-73LF 2.10–2.30 0.55 18 1.5:1 1.1:1 ±0.1 ±1.0 1.5 W SOT-6

 

Two-Way

CDMA

ReceIVeRS
 

  Part Number  Description Package (mm) 

  SKY74693  Receiver for CDMA, AMPS, PCS, and GPS 48-pin RFLGA 7 x 7 
   

 

  

    Insertion   Input Output Amplitude Phase Total Max.   
    Part Frequency Loss Less Isolation  VSWR   VSWR Balance Balance Power w/2.0:1   
  Number (GHz) 6 dB Split Typ. (dB) Typ. Typ.  Typ.  (dB) (Deg.) Typ. All Ports Package

 PD4W09-12LF 0.81–0.96 1.3 23 1.2:1 1.2:1 ±0.4 ±6 1.5 W SOIC-8

 PD4W09-59LF 0.81–0.96 1.3 23 1.2:1 1.2:1 ±0.4 ±6 1.5 W MSOP-8

 PD4W18-12LF 1.71–1.99 0.7 25 1.6:1 1.2:1 ±0.3 ±5 1.5 W SOIC-8

 PD4W18-59LF 1.71–1.99 0.7 25 1.3:1 1.3:1 ±0.3 ±5 1.5 W MSOP-8

 

Four-Way

PoWeR dIVIdeR/coMbIneRS
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SWItcheS
Low Frequency—6 GHz Plastic Packaged and Chip—Control FET and SPST

Part  
Number 

Frequency(1) 
(GHz)

Typ. IL  
(dB)

Typ Isol. 
(dB)

Typ. IIP3  
(dBm)

Typ. IP1 dB  
(dBm)

Absorptive/
Reflective

 
Package

AS130-73LF 0–2.5 0.75-1.0 53-24 44 25 A/R SOT-6

AS156-73LF 0.5–2.5 0.65-0.75 45-15 43 18 R SOT-6

AS165-59LF 0.5–2.5 0.7-1.2 45-38 45 28 A/R MSOP-8

Part  
Number 

Frequency(1) 
(GHz)

Typ. IL 
Series 
(dB)

Typ. IL 
Shunt 
(dB)

Typ. Isolation 
Series 
(dB)

Typ. Isolation 
Shunt 
(dB)

control  
Bits

Package 
(mm)

AF002C1-39LF LF–2.5 0.50 0.10 25 12 1 SOT-23

AF002C4-39LF LF–2.5 0.25 0.25 6 9 1 SOT-23

SKY13282-334
 

LF–2.5 0.35 0.40 6 7 1 LGA-6 1.5 x 1.2

Low Frequency—6 GHz Plastic Packaged and Chip—SPDT

Part  
Number 

Frequency(1)  
(GHz)

Typ. IL  
(dB)

Typ Isol. 
(dB)

Typ. IIP3  
(dBm)

Typ. IP1 dB  
(dBm)

Absorptive/
Reflective

Package 
(mm)

AS188-92LF LF–2.0 0.35–0.55 26–17 50 33 R SC-88

AS002R2-12LF LF–2.5 0.4–0.8 42–20 46 24 R SOIC-8

AS169-73LF LF–2.5 0.3–0.4 25–24 48 30 R SOT-6

AS183-92LF LF–2.5 0.3–0.55 20–13 48 30 R SC-88

AS216-339LF LF–2.5 0.7–1.0 34–20 63 40 R SOIC-8EP

AS338-12LF LF–2.5 0.5–1.2 46–26 46 28 R SOIC-8

AW002R2-12LF LF–2.5 0.7–1.0 37–22 63 35 R SOIC-8

SKY13270-92LF 0.1–2.5 0.3–0.55 30–17 37 for 0.1 dB R SC-88

SKY13278-313LF 0.1–2.5 0.4–0.55 32–18 – 40  
for 0.1 dB

R QFN-6 2 x 3 

AS193-73LF 0.1–2.5 0.3–0.55 30–17 – 37 R SOT-6

SKY13290-313LF 0.5–2.5 0.4–0.55 26–18 – 40.5  
for 0.1 dB

R QFN-6 2 x 3 

AS176-59LF LF–3.0 0.7–0.9 55–27 41 – R MSOP-8

AS177-86LF LF–3.0 0.7–0.9 55–40 41 21 R MSOP-10

AS179-92LF LF–3.0 0.3–0.4 25–23 48 30 R SC-88

AS179-000 0.3–3.0 0.3–0.35 25–22 48 30 R Chip

AS213-92LF 0.1–3.0 0.3–0.5 27–19 40 27 R SC-88

AS214-92LF 0.1–3.0 0.3–0.4 30–25 40 20 R SC-88

AS222-92LF 0.1–3.0 0.35–0.5 27–18 44 20 R SC-88

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

1. LF = low frequency 300 kHz.



linear Products

 Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
Fall 2008  •  Skyworks Proprietary Information.  •  Products and product information are subject to change without notice.60

The (Pb)-free symbol or “LF” in the part number denotes lead (Pb)-free, RoHS-compliant package.

SWItcheS

Low Frequency—6 GHz Plastic Packaged and Chip—SPDT (Continued)
Part  

Number 
Frequency(1) 

(GHz)
Typ. IL  
(dB)

Typ Isol. 
(dB)

Typ. IIP3  
(dBm)

Typ. IP1 dB  
(dBm)

Absorptive/
Reflective

Package 
(mm)

AS215-92LF 0.5–3.0 0.5–0.75 28–20 40 20 R SC-88

AS211-334 
   

LF–4.0 0.3–0.60 26–22 50 34 R LGA-6 1.5 x 1.2 

AS186-302LF LF–4.0 0.8–1.00 55–40 27 17 A MSOP-8

AS191-73LF 0.1–4.0 0.5–0.70 27–18 – 35 R SOT-6

SKY13299-321LF 0.1–4.0 0.3-0.65 30–29 – 38.5 for 0.1 dB R QFN 12-Lead 3 x 3

AS196-307LF LF–6.0 0.9–1.60 55–30 30 17 A LPCC 4 x 4

AS229-350LF LF–6.0 0.8–1.80 55–25 46 24 A QFN-16 3 x 3

AS230-348LF LF–6.0 0.8–1.20 30–15 63 40 R QFN-16 3 x 3

SKY13274-349LF LF–6.0 0.5–0.80 25–17 46 25 for 0.1 dB A/R QFN-8

AS225-313LF 0.1–6.0 0.5–0.60 21–20 52 30 R QFN-6

SKY13268-344LF 0.3–3.0 0.3–0.40 25–23 43 30 R SOT-666

SKY13286-359LF 0.1–6.0 0.8–1.50 62–42 46 30 A QFN-16 4 x 4

SKY13276-334 
   

0.1–6.0 0.6–0.70 21–20 52 30 R LGA-6 1.5 x 1.2 

AS200-313LF 5.0–6.0 1.3 30 – 33 R QFN-6 2 x 3

SKY13306-313LF 0.1–6.0 0.4–0.55 26–18 – 40.5 for 0.1 dB R QFN-6 2 x 3

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

Skyworks Green™ products are lead (Pb)-free, Restriction of Hazardous Substances (RoHS)-compliant, conform to the EIA/EICTA/JEITA Joint 
Industry Guide (JIG) Level A guidelines, and are free from antimony trioxide, and brominated flame retardants.

Low Frequency—6 GHz Plastic Packaged and Chip—Multiport

Part  
Number 

Frequency(1) 
(GHz)

Description 
(Absorptive/
Reflective)

Typ. IL  
(dB)

Typ Isol. 
(dB)

Typ. IIP3  
(dBm)

Typ. IP1 dB  
(dBm)

Package 
(mm)

AS172-73LF LF–2.0 DPDT (R) 0.3–0.95 25–13 50 34 SOT-6

AS218-321LF LF–6.0 DPDT (R) 1.2–1.6 28–19 47 33 QFN-12

AS236-321LF LF–6.0 DPDT (R) 0.95–1.15 22–15 56 34 QFN-12

SKY13267-321LF 2.4–6.0 DPDT (R) 0.7–0.9 32–20 49 – QFN-12

AS202-321LF LF–2.0 SP3T (R) 0.55–0.8 28–25 – – QFN-12

AS227-321LF LF–2.0 SP3T (R) 0.45–0.7 32–20 63 – QFN-12

SKY13277-355LF 0.5–2.5 SP3T (A) 0.9–1.2 62–55 43 30 QFN 5 x 5

AS219-321LF 0.1–2.6 SP3T (R) 0.35–0.8 26–14 – 35 QFN-12

SKY13251-349LF LF–3.0 SP3T (R) 0.35–0.6 29–15 46 25 QFN-8

SKY13296-340LF 0.02–2.5 SP4T (A) 0.4–0.7 40–26 40 18 QFN-20 4 x 4

AS221-306LF 0.1–2.5 SP4T (R) 0.6–1.1 34–22 55 – QFN-16 4 x 4

AS204-80LF LF–3.0 SP4T (A) 0.4–0.9 45–25 40 26 SSOP-16

AS195-306LF 0.1–2.0 SP5T (R) 0.5–1.0 35–23 55 – MLF-16

SKY13309-370LF LF–3.0 – 0.5–0.6 25 – – QFN 2 x 2 x 0.6

1. LF = low frequency 300 kHz.
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Low Frequency—2.5 GHz Plastic Packaged 4 x 2—LNB/DBS Switch Matrix
Part  

Number 
Frequency  

(GHz)
Typ. IL  
(dB)

Typ Isol. 
(dB)

Typ. IP1 dB  
(dBm) Absorptive/Reflective

Package 
(mm)

SKY13264-340LF 0.25–2.15 7.5–8.5 40–33 15 R QFN-20 4 x 4

SKY13272-340LF 0.25–2.15 7.5–8.5 40–31 15 A QFN-20 4 x 4

SKY13292-365LF 0.25–2.15 7.5–9.0 40–30 15 R QFN-20 4 x 4

Innovation to Go™ Select products (indicated in blue/bold) are now available for purchase online.

SWItcheS
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   Recommended Nominal Length Nominal Length characteristic 
 Type Profile Range f (MHz) (in.) ± 0.030 in. Range (in.) Impedance (Ω)

 λ/4 Quarter Wave Length HP 1150–800 L = 911/f0 (MHz) 0.506–0.792 25.3 
  EP 1150–2500  0.364–0.792 22.5 
  SP 1150–3100  0.294–0.792 18.3 
  LS 1150–4600  0.198–0.792 18.4 
  LP 1150–4100  0.222–0.792 27.4 
  MP 1150–5100  0.179–0.792 25.7 
  SM 1150–5100  0.179–0.792 18.4

 λ/2 Half Wave Length HP 2300–3400 L = 1821/f0 (MHz) 0.536–0.792 25.3 
  EP 2300–5000  0.364–0.792 22.5 
  SP 2300–6000  0.304–0.792 18.3 
  LS 2300–6000  0.304–0.792 18.4 
  LP 2300–6000  0.304–0.792 27.4 
  MP 2300–6000  0.304–0.792 25.7 
  SM 2300–6000  0.304–0.792 18.4

 

technIcAl ceRAMIcS
Ceramic Coaxial Resonators*

Recommended Frequencies 1000 Series (εr = 10.5 ± 0.5, TF = 0 ± 10)

 

   Recommended Nominal Length Nominal Length characteristic 
 Type Profile Range f (MHz) (in.)  ± 0.030 in. Range (in.) Impedance (Ω)

 λ/4 Quarter Wave Length HP 800–1200 L = 650/f0 (MHz) 0.542–0.813 18.1 
  EP 800–1700  0.382–0.813 16.1 
  SP 800–2200  0.296–0.813 13.1 
  LS 800–3200  0.203–0.813 13.1 
  LP 800–2900  0.224–0.813 19.6 
  MP 800–3600  0.181–0.813 18.4 
  SM 800–3600  0.181–0.813 13.1

 λ/2 Half Wave Length HP 1600–2500 L = 1300/f0 (MHz) 0.520–0.813 18.1 
  EP 1600–3500  0.372–0.813 16.1 
  SP 1600–4500  0.289–0.813 13.1 
  LS 1600–6000  0.217–0.813 13.1 
  LP 1600–6000  0.217–0.813 19.6 
  MP 1600–6000  0.217–0.813 18.4 
  SM 1600–6000  0.217–0.813 13.1

 

Recommended Frequencies 2000 Series  (εr = 20.6 ± 1, TF = 0 ±10)

The various profiles, materials, and types available for the 
Skyworks coaxial TEM mode resonators are summarized 
in the following charts. You have a choice of two types, 
four materials, and seven profiles. This range of  
component variables should meet most circuit design 
requirements. While the component is manufactured to 
frequency, a formula is given so that the approximate 
length can be determined. The selected resonant  
frequency is available with two standard frequency  

tolerances of ± 0.5% and ± 1.0%. The minimum tolerance 
is ± 2 MHz. Please note that the ordered value of f0 will 
be set according to our measurement procedure. The f0 
in your circuit may vary due to stray reactance. This offset 
can be corrected by changing the ordered value of f0.

*These products are produced by Trans-Tech (a wholly owned subsidiary of Skyworks Solutions, Inc.)

Skyworks Green™ products are lead (Pb)-free, RoHS 
(Restriction of Hazardous Substances)-compliant,  
conform to the EIA/EICTA/JEITA Joint Industry Guide 
(JIG) Level A guidelines, and are free from antimony 
trioxide and brominated flame retardants.
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   Recommended Nominal Length Nominal Length characteristic 
 Type Profile Range f (MHz) (in.)  ± 0.030 in. Range (in.) Impedance (Ω)

 λ/4 Quarter Wave Length HP 400–600 L = 311/f0 (MHz) 0.518–0.778 8.6 
  EP 300–800  0.389–1.037 7.7 
  SP 300–1000  0.311–1.037 6.3 
  LS 300–1500  0.207–1.037 6.3 
  LP 300–1400  0.222–1.037 9.4 
  MP 400–1700  0.183–0.778 8.8 
  SM 400–1700  0.183–0.778 6.3

 λ/2 Half Wave Length HP 800–1200 L = 622/f0 (MHz) 0.518–0.778 8.6 
  EP 800–1700  0.366–0.778 7.7 
  SP 800–2100  0.296–0.778 6.3 
  LS 800–3100  0.201–0.778 6.3 
  LP 800–2800  0.222–0.778 9.4 
  MP 800–3400  0.183–0.778 8.8 
  SM 800–3400  0.183–0.778 6.3 

 

technIcAl ceRAMIcS
Ceramic Coaxial Resonators (Continued)

Recommended Frequencies 9000 Series (εr = 90 ± 3, TF = 0 ± 10)

 

   Recommended Nominal Length Nominal Length characteristic 
 Type Profile Range f (MHz) (in.)  ± 0.030 in. Range (in.) Impedance (Ω)

 λ/4 Quarter Wave Length HP 600–900 L = 472/f0 (MHz) 0.525–0.787 13.1 
  EP 600–1200  0.394–0.787 11.7 
  SP 600–1600  0.295–0.787 9.5 
  LS 600–2300  0.205–0.787 9.5 
  LP 600–2100  0.225–0.787 14.2 
  MP 600–2600  0.182–0.787 13.3 
  SM 600–2600  0.182–0.787 9.5

 λ/2 Half Wave Length HP 1200–1900 L = 945/f0 (MHz) 0.497–0.787 13.1 
  EP 1200–2500  0.378–0.787 11.7 
  SP 1200–3200  0.295–0.787 9.5 
  LS 1200–4700  0.201–0.787 9.5 
  LP 1200–4300  0.220–0.787 14.2 
  MP 1200–5200  0.182–0.787 13.3 
  SM 1200–5200  0.182–0.787 9.5 

 

Recommended Frequencies 8800 Series (εr = 39 ± 1.5, TF = 4 ± 2)

coAxIAl ReSonAtoR oRdeR InfoRMAtIon
An Order Example

SR 8800 SP Q 1300 B Y E 

Tab: Y = Yes, N = No 

Green, lead (Pb)-free, RoHS-compliant, conform  
to the EIA/EICTA/JEITA Joint Industry Guide (JIG)  
Level A guidelines, and are free from antimony  
trioxide and brominated flame retardants. 

Frequency Tolerance: B = +1.0%,  A = 0.5% 

Resonant Frequency: State in MHz 

Type: Q for λ/4, H for λ/2

Profile: HP, EP, SP, LP, LS, MP, SM 
 Material: 8800, 9000, 1000, 2000 
 Product Code: SR - square coaxial resonator
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technIcAl ceRAMIcS
Ceramic Coaxial Inductors*

Skyworks coaxial inductors are most frequently used 
in the resonant circuit of VCOs (Voltage-Controlled 
Oscillators), where a varactor provides the tuning capa-
bility. The designer is usually confronted with trade-offs 
between high Q for best phase noise and component size 
versus circuit board real estate. An algorithm for selecting 
the correct Skyworks part follows. In addition, Skyworks 
COAX Program can provide valuable assistance for deter-
mining the correct Skyworks part. Application notes and  
references give example circuits, basic principles and 
some helpful hints.

While there is no physical distinction between a coaxial 
resonator and a coaxial inductor, the selection of an 
inductor for a VCO begins by first knowing (from analysis 
or experiment) the equivalent inductance that the active 
circuit, including the varactor, must see. In general, the 
VCO active circuit loads the “resonator,” lowering the  
resonator's self-resonant frequency (SRF). The situation  
is analogous to externally capacitively loading a discrete 
parallel resonant L-C circuit.

While there is an approximate equivalent L-C circuit for 
the coaxial resonator close to resonance, this model has 
limited application.

The coaxial resonators and inductors are more accurately 
modeled as a transmission line. Our application notes and 
references delve further into this topic.

Values of inductance that can be achieved depend upon 
the separation between the VCO frequency and the SRF 
of the coaxial line element. Values less than 1 nH are 
not practical, since the metal connection tab itself has 
an equivalent inductance of this order.

In our experience, equivalent inductances in the range 
of 3–20 nH have been popular among designers of VCOs 
for wireless equipment.

Call for availability, utilize the Inductor Selection Guide, 
use the COAX Program, or refer to the application notes 
for assistance with ordering the correct part.

Frequency

In
du

ct
an

ce

SRFFu

coAxIAl InductoR oRdeR InfoRMAtIon
An Order Example

SI 8800 LP Q 0450 Y 6.3 E 

Inductance: (see Figure 1) Available in 0.01 nH increments 

Tab: Y = Yes, N = No 

Frequency of Use (Fu): (see Figure 1 for definition) 

Type: Q for λ/4 standard

Profile: HP, EP, SP, LP, LS, MP, SM 
 Material: 1000, 2000, 8800, 9000 
 Product Code: SI - square coaxial inductor 

Green, lead (Pb)-free, RoHS-compliant, conform 
to the EIA/EICTA/JEITA Joint Industry Guide (JIG) 
Level A guidelines, and are free from antimony 
trioxide and brominated flame retardants.

Figure 1. Frequency of Use vs. Inductance

*These products are produced by Trans-Tech (a wholly owned subsidiary of Skyworks Solutions, Inc.)

Skyworks Green™ products are lead (Pb)-free, RoHS 
(Restriction of Hazardous Substances)-compliant,  
conform to the EIA/EICTA/JEITA Joint Industry Guide 
(JIG) Level A guidelines, and are free from antimony 
trioxide and brominated flame retardants.
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technIcAl ceRAMIcS
Ceramic Coaxial Inductors (Continued)

 

      Tab  
 Profile 1000 2000 8800 9000 Inductors

 HP 25.3 Ω 18.1  Ω 13.1  Ω 8.6  Ω 1.8 nH

 EP 22.5 Ω 16.1  Ω 11.7  Ω 7.7  Ω 1.0 nH

 SP 18.3 Ω 13.1  Ω 9.5  Ω 6.3  Ω 1.0 nH

 LS 18.4 Ω 13.1  Ω 9.5  Ω 6.3  Ω 0.9 nH

 LP 27.4 Ω 19.6  Ω 14.2  Ω 9.4  Ω 1.0 nH

 SP 25.7  Ω 18.4  Ω 13.3  Ω 8.8  Ω 0.6 nH

 SM 18.4  Ω 13.1  Ω 9.5  Ω 6.3  Ω 0.6 nH

 

Coax Line Properties vs. Profile and Material

 

 Material εr Wavelength Formula for λg (inches)

 1000 10.5 ± 0.5 3642/f0

 2000 20.6 ± 1.0 2601/f0

 8800 39.0 ± 1.5 1890/f0

 9000 90.0 ± 3.0 1244/f0 

 

Wavelength (λg) in Dielectric

Inductor Selection Guide
1) Select one of Skyworks four dielectric materials.

2) Determine the VCO’s operating frequency (fvco).

3)  Determine the desired inductance or circuit  
impedance (Zin). 
Note: Convert inductances to impedances by using: 
Zin = 2*š * fvco * Lin Ω

4)  Calculate the effect of the tab. Tab inductances are 
given in Figure 9. Use the formula  
(Zin = 2*š * fvco * Ltab Ω)  
to convert the tab inductances to impedances.

5)  Determine the input impedance by subtracting the 
effect of the tab using: Zinput = Zin – Ztab

6)  Calculate the wavelength (λg) of the part in the  
dielectric (see Figure 2 for appropriate formula).

7)  Determine the characteristic impedance (Z0) of the part  
(see Figure 3)

8)  Calculate the physical length of the part using the for-
mula: 1 = (λg /2 * š ) tan-1 (Zinput /Z0) inches

9)  Determine the SRF of this part using: 
SRF = (λg * fvco) / (4 * 1) MHz

10)  Check the Recommended Frequency Chart for the 
appropriate material to ensure a valid part.

Measurement Description of Q, f0 and L
Evaluation of Q (quality factor) and f0 (resonant fre-
quency) of coaxial components is made with a one-port 
reflection measurement on a network analyzer. The 
probe is moved into the inner diameter (ID) of the device 
until the input resistance of the device matches the ter-
minal resistance of the network analyzer. This is indicated 
by a 50 Ω circle on the Smith Chart display and is known 
as “critical” coupling. The point on this circle where the 
response is purely resistive (capacitance reactance equals 
inductive reactance) is the point of resonance and will be 
defined by a complex impedance of Z = 50 + j Ω. The Q 
is computed by observing the frequency span between 
VSWR-2.616 (Z = 50 ± j50 Ω) on either side of f0. The Q is 
defined as f0/Df.

The inductance parameter (L) is measured with an  
APC-7 mm connector mounted flush with a conducting 
plane and a full one-port calibration (open, short, broad-
band 50 Ω load) is performed. The inductor is then 
clamped into place with the tab touching the inner con-
ductor and the metallized body touching the grounding 
plane. The inductance (L) is measured at the frequency of 
use. The impedance vector on the Smith Chart of an ANA 
gives the necessary information where Z = R + jwL.

Characteristic Impedance
As shown in Figure 3, the characteristic impedance (Z0) 
of the coaxial TEM mode components is a function of 
the profile dimensions and the dielectric constant of 
the material. Z0 is reduced over its air line value by the 
square root of the dielectric constant of the material. At 
one-eighth wavelength, the short-circuit line exhibits an 
inductive reactance while the open-circuit line exhibits a 
capacitive reactance equal in magnitude to Z0.

εR 

 W 
d 

60   n 1.079 Z0  = characteristic impedance = 

 

 Profile 1000 2000 8800 9000

 HP 25.3  Ω 18.1  Ω 13.1  Ω 8.6  Ω

 EP 22.5  Ω 16.1  Ω 11.7  Ω 7.7  Ω

 SP 18.3  Ω 13.1  Ω 9.5  Ω 6.3  Ω

 LS 18.4  Ω 13.1  Ω 9.5  Ω 6.3  Ω

 LP 27.4  Ω 19.6  Ω 14.2  Ω 9.4  Ω

 MP 25.7  Ω 18.4  Ω 13.3  Ω 8.8  Ω

 SM 18.4  Ω 13.1  Ω 9.5  Ω 6.3 Ω 

 Figure 3.

where: 
w = width of resonator 
d = diameter of inner conductor 
εr = dielectric constant

Figure 2.
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Soldering Conditions
Skyworks coaxial components are compatible with stan-
dard surface mount reflow and wave soldering methods. 
The HP profile components may require mechanical sup-
port mounting because of the larger size. Consult the 
factory for details.

Use silver-bearing solder such as SN62 (62Sn-36Pb-2Ag). 
Skyworks tabs are pretinned to improve solderability. 
Additional attaching methods include hot air gun, 
infrared source, soldering iron, hot plate, vapor phase, 
and others. The coaxial component body is a ceramic 
and subject to thermal shock if heated or cooled too 
rapidly. Figure 4 is the recommended soldering profile, 
not to exceed 230 °C for a duration of about 10 seconds. 
Repeatable results can be best achieved with air cooling 
only, not quenching.

Figure 5 indicates the maximum tolerance of the compo-
nent planarity with respect to the datum plane.

Equation (1) Input Impedance f0

where: f0 = use frequency

Equation (2) Resonant Frequency

where: c = speed of light εr =  39.0 8800 material 
90.0 9000 material 
10.5 1000 material 
20.6 2000 material

technIcAl ceRAMIcS
Ceramic Coaxial Inductors (Continued)

Zinput  = ƒZ0  tan
2 ƒ0
4 SRF

ι  = c
4 SRF εr

Figure 4. Soldering Profile

Figure 5. Surface Mount Tolerance for  
Components with Tabs
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technIcAl ceRAMIcS
Ceramic Coaxial Inductors (Continued)

Packaging
Tape and reel packaging is available. Consult the factory 
for details.

=  Solder over metallic mounting pad
=  Solder mask over metallic mounting pad
=  Exposed metallic mounting pad

Notes:   1. Dimension "L" is length which depends on frequency.
Key:

DIM 'L'
(See Note 1)

0.010 Typ.
0.005 Typ.

0.060 0.055

0.055
0.080

0.010
0.020

Gold Pad Outline

2 mm (5 m) Coaxial Resonator Footpad Dimensions 

3 mm (MP) Coaxial Resonator Footpad Dimensions 

DIM 'L'
(See Note 1)

0.010 Typ. 0.005 Typ.

0.0990.119 0.055

0.055
0.010 0.020

Gold Pad Outline

DIM 'L'
(See Note 1)

0.015 Typ.
0.005 Typ.

0.095 0.055

0.067

0.155

0.030 0.042
Gold Pad Outline

4 mm (LP/LS) Coaxial Resonator Footpad Dimensions 

DIM 'L'
(See Note 1)

0.015 Typ.

0.005 Typ.

0.177 0.055

0.067

0.237

0.030 0.051
Gold Pad Outline

6 mm (SP) Coaxial Resonator Footpad Dimensions

8 mm (EP) Coaxial Resonator Footpad Dimensions 

DIM 'L'
(See Note 1)

0.015 Typ.

0.005 Typ.

0.255 0.055

0.083

0.318

0.031 0.039Gold Pad Outline

12 mm (HP) Coaxial Resonator Footpad Dimensions 

DIM 'L'
(See Note 1)

0.005 Typ.

0.015 Typ.

0.376 0.055

0.083

0.476

0.050 Typ. 0.070
Gold Pad Outline



linear Products

 Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
Fall 2008  •  Skyworks Proprietary Information.  •  Products and product information are subject to change without notice.68

technIcAl ceRAMIcS
Standard Filters/Diplexers*

CATV

WCS

MDS

This list contains Skyworks most popular filter and 
diplexer designs. A variety of footprints and configura-
tions are available for application-specific needs. Please 
contact the factory or your local representative with your 
specifications or for more information on any of these 

designs. Skyworks maintains a list of over 700 active  
filters and diplexers. We welcome every opportunity to 
assist in the selection or creation of a filter or diplexer 
that will meet your specifications.

*These products are produced by Trans-Tech (a wholly owned subsidiary of Skyworks Solutions, Inc.) 

Part  
Number Filter Type Size/Poles

center Frequency 
(MHz)

Bandwidth  
(MHz)

Insertion Loss  
(dB)

Package 
(mm)

TT3P2-1068P0-3507 Band Pass 3 mm/2 pole 1068 35 0.7 PCB SMT

TT4P2-1013P2-2020 Band Pass 4 mm/2 pole 1013 20 2.0 PCB SMT

TT4P2-1082.5P2-0720 Band Pass 4 mm/2 pole 1082.5 07 2.0 PCB SMT

TT4P2-1082P2-0620 Band Pass 4 mm/2 pole 1082 06 2.0 PCB SMT

TT4P2-1090P2-0610 Band Pass 4 mm/2 pole 1090 06 1.0 PCB SMT

TT4P3-1030P2-1535 Band Pass 4 mm/3 pole 1030 15 3.5 PCB SMT

TT4P3-1067P2-4420 Band Pass 4 mm/3 pole 1067 44 2.0 PCB SMT

TT6P4-1080P4-7015 Band Pass 6 mm/4 pole 1080 70 1.5 PCB SMT

TT6P4-1090P2-1036 Band Pass 6 mm/4 pole 1090 10 3.6 PCB SMT

Part  
Number Filter Type Size/Poles

center Frequency 
(MHz)

Bandwidth  
(MHz)

Insertion Loss  
(dB)

Package 
(mm)

TT6P6-0750P0-5017 Band Pass 6 mm/6 pole 0750 50 1.7 PCB SMT

TT6P5-0765P0-11225 Band Pass 6 mm/5 pole 0765 112 2.5 PCB SMT

TT6P2-0770T-1215 Band Pass 6 mm/2 pole 0770 12 1.5 PCB SMT

TT6P3-0770T-1225 Band Pass 6 mm/3 pole 0770 12 2.5 PCB SMT

TT6P3-0770T-2020 Band Pass 6 mm/3 pole 0770 20 2.0 PCB SMT

Part  
Number Filter Type Size/Poles

center Frequency 
(MHz)

Bandwidth  
(MHz)

Insertion Loss  
(dB)

Package 
(mm)

TT4P3-2120P2-6020 Band Pass 4 mm/3 pole 2120 60 2.0 PCB SMT

TT4P6-2122P0-2835 Band Pass 4 mm/6 pole 2122 28 3.5 PCB SMT

TT6P4-2158P2-1422 Band Pass 6 mm/4 pole 2158 14 2.2 PCB SMT

TT6P6-2500P3-3635 Band Pass 6 mm/6 pole 2500 36 3.5 PCB SMT
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technIcAl ceRAMIcS
Standard Filters/Diplexers* (Continued)

ISM

Cell, PCS, DCS, UMTS

*These products are produced by Trans-Tech (a wholly owned subsidiary of Skyworks Solutions, Inc.)

Part  
Number Filter Type Size/Poles

center Frequency 
(MHz)

Bandwidth  
(MHz)

Insertion Loss  
(dB)

Package 
(mm)

TT4P2-0915P2-2620 Band Pass 4 mm/2 pole 0915 26 2.0 PCB SMT

TT6P2-0902F-2518 Band Pass 6 mm/2 pole 0902 25 1.8 PCB SMT

TT6P2-0915T-2518 Band Pass 6 mm/2 pole 0915 25 1.8 PCB SMT

TT6P3-0902T-2520 Band Pass 6 mm/3 pole 0902 25 2.0 PCB SMT

TT6P3-0915T-2520 Band Pass 6 mm/3 pole 0915 25 2.0 PCB SMT

TT6P3-0917F-1425 Band Pass 6 mm/3 pole 0917 14 2.5 PCB SMT

TT3P3-2400P1-1030 Band Pass 3 mm/3 pole 2400 10 3.0 PCB SMT

TT3P3-2450P1-1445 Band Pass 3 mm/3 pole 2450 14 4.5 PCB SMT

TT6P3-2467P0-3330 Band Pass 6 mm/3 pole 2467 33 3.0 PCB SMT

Part  
Number Filter Type Size/Poles

center Frequency 
(MHz)

Bandwidth  
(MHz)

Insertion Loss  
(dB)

Package 
(mm)

TT3P2-1880P0-6010 Band Pass 3 mm/2 pole 1880 60 1.0 PCB SMT

TT3P3-0881.5P2-2530 Band Pass 3 mm/3 pole 0881.5 25 3.0 PCB SMT

TT3P3-1880P0-6022 Band Pass 3 mm/3 pole 1880 60 2.2 PCB SMT

TT3P3-1960P0-6022 Band Pass 3 mm/3 pole 1960 60 2.2 PCB SMT

TT3P3-1960P2-6030 Band Pass 3 mm/3 pole 1960 60 3.0 PCB SMT

TT3P4-0836.5P2-2525 Band Pass 3 mm/4 pole 0836.5 25 2.5 PCB SMT

TT3P4-0881.5P2-2525 Band Pass 3 mm/4 pole 0881.5 25 2.5 PCB SMT

TT3P4-1880P2-6020 Band Pass 3 mm/4 pole 1880 60 2.0 PCB SMT

TT3P4-1880P2-6030 Band Pass 3 mm/4 pole 1880 60 3.0 PCB SMT

TT4P3-0863P0-0585 Band Pass 4 mm/3 pole 0863 05 8.5 PCB SMT

TT4P3-2180P1-2540 Band Pass 4 mm/3 pole 2180 25 4.0 PCB SMT

TT4P4-1880P0-6216 Band Pass 4 mm/4 pole 1880 62 1.6 PCB SMT

TT4P4-1960P0-6216 Band Pass 4 mm/4 pole 1960 62 1.6 PCB SMT

TT4P5-2240P2-1032 Band Pass 4 mm/5 pole 2240 10 3.2 PCB SMT

TT4P6-0860.5P0-1937 Band Pass 4 mm/6 pole 0860.5 19 3.7 PCB SMT

TT6P3-0836T-2520 Band Pass 6 mm/3 pole 0836 25 2.0 PCB SMT

TT6P3-0860P3-2020 Band Pass 6 mm/3 pole 0860 20 2.0 PCB SMT

TT6P3-0860T-2020 Band Pass 6 mm/3 pole 0860 20 2.0 PCB SMT

TT6P3-0881F-2520 Band Pass 6 mm/3 pole 0881 25 2.0 PCB SMT

TT6P5-1960P0-6025 Band Pass 6 mm/5 pole 1960 60 2.5 PCB SMT

TT6P5-2280P1-7032 Band Pass 6 mm/5 pole 2280 70 3.2 PCB SMT

TT6P6-1900P3-8035 Band Pass 6 mm/6 pole 1900 80 3.5 PCB SMT

TT6P3-2140P2-6011 Band Pass 6 mm/3 pole 2140 60 1.1 PCB SMT

TT6P10-R1950-T2140 Diplexer 6 mm/10 pole 1950 – – PCB SMT
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technIcAl ceRAMIcS
Standard Filters/Diplexers* (Continued)

GPS

Other

*These products are produced by Trans-Tech (a wholly owned subsidiary of Skyworks Solutions, Inc.)

Part  
Number Filter Type Size/Poles

center Frequency 
(MHz)

Bandwidth  
(MHz)

Insertion Loss  
(dB)

Package 
(mm)

TT4P4-R1227.6-T1575.42 Diplexer 4 mm/4 pole 1227.6 - - PCB SMT

TT4P3-1227.6P1-2030 Band Pass 4 mm/3 pole 1227.6 20 3.0 PCB SMT

TT4P3-1575.42P2-2040 Band Pass 4 mm/3 pole 1575.42 20 4.0 PCB SMT

TT3P3-1227.6P1-1030 Band Pass 3 mm/3 pole 1227.6 10 3.0 PCB SMT

TT3P3-1575.42P2-1030 Band Pass 3 mm/3 pole 1575.42 10 3.0 PCB SMT

Part  
Number Filter Type Size/Poles

center Frequency 
(MHz)

Bandwidth  
(MHz)

Insertion Loss  
(dB)

Package 
(mm)

TT3P4-2513P2-5055 Band Pass 3 mm/4 pole 2513 50 5.5 PCB SMT

TT3P5-3687P1-7466 Band Pass 3 mm/5 pole 3687 74 6.6 PCB SMT

TT4P3-3417P2-0220 Band Pass 4 mm/3 pole 3417 02 2.0 PCB SMT

TT4P5-1090P0-1050 Band Pass 4 mm/5 pole 1090 10 5.0 PCB SMT

TT6P5-0810P3-5030 Band Pass 6 mm/5 pole 0810 50 3.0 PCB SMT

TT6P4-0509P7-0148 Band Pass 6 mm/4 pole 0509 01 4.8 PCB SMT

TT4P4-1000P2-1030 Band Pass 4 mm/4 pole 1000 10 3.0 PCB SMT

TT6P3-0826.5P3-0520 Band Pass 6 mm/3 pole 0826.5 05 2.0 PCB SMT

TT6P3-0827P3-0620 Band Pass 6 mm/3 pole 0825 06 2.0 PCB SMT

TT6P6-1000P5-8530 Band Pass 6 mm/6 pole 1000 85 3.0 PCB SMT

TT6P6-0545P6-3022 Band Pass 6 mm/6 pole 0545 30 2.2 PCB SMT

TT4P3-3500P2-10020 Band Pass 4 mm/3 pole 3500 100 2.0 PCB SMT

TT6P6-0889P3-4029 Band Pass 6 mm/6 pole 0889 40 2.9 PCB SMT

TT6P4-0722P4-4817 Band Pass 6 mm/4 pole 0722 48 1.7 PCB SMT

TT3P3-1088P2-9015 Band Pass 3 mm/3 pole 1088 90 1.5 PCB SMT

TT6P3-0740P3-2020 Band Pass 6 mm/3 pole 0740 20 2.0 PCB SMT

TT6P5-1950P3-6040 Band Pass 6 mm/5 pole 1950 60 4.0 PCB SMT

TT3P4-0917P2-4524 Band Pass 3 mm/4 pole 0917 45 2.4 PCB SMT

TT6P3-1090P2-1029 Band Pass 6 mm/3 pole 1090 10 2.9 PCB SMT

TT6P4-0770P0-1240 Band Pass 6 mm/4 pole 0770 12 4.0 PCB SMT

TT6P3-1030P2-1029 Band Pass 6 mm/3 pole 1030 10 2.9 PCB SMT

TT6P5-0881.5P0-2530 Band Pass 6 mm/5 pole 0881.5 25 3.0 PCB SMT

TT6P3-0730P3-1213 Band Pass 6 mm/3 pole 0730 12 1.3 PCB SMT

TT6P3-0445.25T-0145 Band Pass 6 mm/3 pole 0445.25 01 4.5 PCB SMT

TT4P3-2400P1-20015 Band Pass 4 mm/3 pole 2400 200 1.5 PCB SMT

TT6P3-1080P2-0650 Band Pass 6 mm/3 pole 1080 06 5.0 PCB SMT

TT6P3-0745.3P3-1920 Band Pass 6 mm/3 pole 0745.3 19 2.0 PCB SMT

TT6P4-0435P0-3019-NS Band Pass 6 mm/4 pole 0435 30 1.9 PCB SMT

TT3P4-0895.5P2-3926 Band Pass 3 mm/4 pole 0895.5 39 2.6 PCB SMT



 Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
Skyworks Proprietary Information.  •  Products and product information are subject to change without notice.  •  Fall 2008 71

dAtA SheetS

Amplifiers

Attenuators

Diodes

Directional Couplers/Detectors

Filters

Hybrids 

Infrastructure RF Subsystems

Intera™ Front-End Modules (WLAN)

MIS Silicon Chip Capacitors

Mixers/Demodulators

Modulators

Phase Shifters

PLLs/Synthesizers/VCOs

Power Dividers/Combiners

Receivers  

Switches

Technical Ceramics 
These products are produced by Trans-Tech  
(a wholly owned subsidiary of Skyworks Solutions, Inc.)
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SKY65120: 2110–2170 MHz High Linearity
2 W Power Amplifier

DATA SHEET

Applications
� WCDMA/PCS/DCS/UMTS/TD-SCDMA
� Repeaters
� ISM band transmitter
� WCS fixed wireless

Features
� High linearity: OIP3 = 48 dBm
� OP1 dB = 33.5 dBm
� ACLR = -45 dBc for POUT = +25.4 dBm
� High efficiency: PAE 42%
� High gain: 24.6 dB
� Internal RF match and bias circuits
� Single DC supply: 5 V
� Low cost 6 x 6 mm SMT package
� Available lead (Pb)-free and RoHS-compliant

Functional Block Diagram
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Description
The SKY65120 is a fully matched 20-pin, lead-free, surface
mount, Multi-Chip Module (MCM) Power Amplifier (PA) designed
for WCDMA/PCS/DCS/UTMS/TD-SCDMA Radio, repeaters,
transmitters, and WCS fixed wireless units operating in the
2110–2170 MHz bandwidth.

All active circuitry in the module is contained in a single Gallium
Arsenide (GaAs) Microwave Monolithic Integrated Circuit (MMIC).

The device is manufactured with Skyworks Aluminum (Al) GaAs
Heterojunction Bipolar Transistor (HBT) process, which allows for
single supply operation while maintaining high efficiency and
good linearity.

The module can operate over the temperature range of -40˚C to
+85˚C. A populated evaluation board is available upon request.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW



Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
April 21, 2008 • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • 200816 Rev. C

DATA SHEET • SKY65120

2

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2110 2170 MHz

Gain lS21l Small signal 23 24.6 dB

Input return loss lS11l Small signal 10 16.8 dB

Output power @ P1 dB P1 dB CW 32.5 33.5 dBm

Output 3rd order intercept OIP3 POUT/tone = 24 dBm 44 48 dBm

Noise figure NF CW 8.4 9 dB

POUT at ALCR = -45 dBc POUT_ACLR WCDMA test tone #1: 64 DPCH 25 25.4 dBm

PAE at ALCR = -45 dBc PAE_ACLR WCDMA test tone #1: 64 DPCH 12 %

Quiescent current Iccq No RF signal 420 447 470 mA

Power added efficiency PAE CW, POUT @ P1 dB 33 42 %

Thermal resistance ΘJC Junction to case 24 °C/W

Electrical Specifications

VCC1, VCC2, VREF1, VREF2, VC_BIAS = 5 V, Tc = 25 °C, unless otherwise specified.

Characteristic Value

RF input power (PIN) 5 dBm(1)

Power dissipation (PDISS) 2.7 W

RF output power (POUT) 29.6 dBm

Supply voltage (VCC) 5.5 V

Supply current (ICC) 1100 mA

Operating case temperature (TC) -40 °C to +85 °C

Storage temperature (TST) -55 °C to +125 °C

Junction temperature (TJ) 150 °C

Absolute Maximum Ratings

1. For pulsed operation with duty cycle < 25%.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty. Each absolute maximum rating listed is an
individual parameter. Biasing and driving the amplifier with more than one absolute maximum
rating listed may result in permanent damage to the device. Exposure to maximum rating
conditions for extended periods may reduce device reliability.

CAUTION: Although this device is designed to be as robust as
possible, Electrostatic Discharge (ESD) can damage
this device. This device must be protected at all
times from ESD. Static charges may easily produce
potentials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions should be
employed at all times.

Recommended Operating Conditions

Parameter Symbol Conditions Min. Typ. Max. Unit

Supply voltage VCC, VREF, VC_BIAS 5 5.5 V

Operating frequency FO 2110 2170 MHz

Operating case temperature TC -40 +25 +85 °C



DATA SHEET • SKY65120

Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
200816 Rev. C • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • April 21, 2008 3

Typical Performance Data

VCC1, VCC2, VREF1, VREF2, VC_BIAS = 5 V, Frequency = 2140 MHz, Tc = 25 °C, unless otherwise specified.
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Typical Performance Data

VCC1, VCC2, VREF1, VREF2, VC_BIAS = 5 V, Frequency = 2140 MHz, Tc = 25 °C, unless otherwise specified.
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Typical Performance Data

VCC1, VCC2, VREF1, VREF2, VC_BIAS = 5 V, Frequency = 2140 MHz, Tc = 25 °C, unless otherwise specified.
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Typical Performance Data

VCC1, VCC2, VREF1, VREF2, VC_BIAS = 5 V, Frequency = 2140 MHz, Tc = 25 °C, unless otherwise specified.
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Typical Performance Data

VCC1, VCC2, VREF1, VREF2, VC_BIAS = 5 V, Frequency = 2140 MHz, Tc = 25 °C, unless otherwise specified.

Theory of Operation
The SKY65120 is comprised of two amplifier stages. The
matching circuits for the input stage, inter-stage, and output
stage are contained within the device. An in module active bias
circuit is included within the device for both input and output
stages providing for excellent gain tracking over temperature
and voltage variations.

The SKY65120 is internally matched for optimum linearity and
efficiency. The input and output stages are independently sup-
plied using the VCC1 and VCC2 supply lines, pins 13 and 11,
respectively. The bias reference voltages for stages 1 and 2 are
supplied using common lines VREF1 and VREF2 (pins 6 an 7) line.
The DC control voltage that sets the bias to stages 1 and 2 is
supplied via VC_BIAS, pin 4.

Application Circuit Notes
Center Ground. It is extremely important that the device paddle
be sufficiently grounded for both thermal and stability reasons.
Multiple small vias are acceptable and will work well under the
device if solder migration is an issue.

Ground (Pins 1, 2, 3, 8, 10, 17, 19, 20). Attach all ground pins
to the RF ground plane with the largest diameter and lowest
inductance via that the layout will allow. Multiple small vias are
also acceptable and will work well under the device if solder
migration is an issue.

No Connect (Pins 5, 12, 14, 15, 18). The pins are open and may
or may not be connected to ground.

VC_BIAS (Pin 4). VC_BIAS is the bias supply voltage for stages 1
and 2. Typically set to 5 V.

VREF1 (Pin 6). Bias reference voltage for amplifier stage 1. VREF1
should be operated over the same voltage range as VCC, with a
nominal voltage of 5 V.

VREF2 (Pin 7). Bias reference voltage for amplifier stage 2. VREF1
should be operated over the same voltage range as VCC, with a
nominal voltage of 5 V.

RF_OUT (Pin 9). Amplifier RF Output Pin. ZO = 50 Ω. The module
includes an onboard internal DC blocking capacitor. All imped-
ance matching is provided internal to the module.

VCC2 (Pin 11). Supply voltage for the output (final) stage collector
bias (typically 5 V). Bypassing of VCC2 is accomplished with C10,
C11 and C12 and should be placed in the approximate location
shown on the evaluation board, but placement is not critical.

VCC1 (Pin 13). Supply voltage for the first stage collector bias
(typically 5 V). Bypassing of VCC1 is accomplished with C6, C7
and C8 and should be placed in the approximate location shown
on the evaluation board, but placement is not critical.

RF_IN (Pin 16). Amplifier RF Input Pin. ZO = 50 Ω. The module
includes an onboard internal DC blocking capacitor. All imped-
ance matching is provided internal to the module.
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Electrostatic Discharge (ESD) Sensitivity
The SKY65120 is a static-sensitive electronic device. Do not
operate or store near strong electrostatic fields. Take proper ESD
precautions.

Application Circuit
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Package and Handling Information
Since the device package is sensitive to moisture absorption, it
is baked and vacuum packed before shipping. Instructions on the
shipping container label regarding exposure to moisture after the
container seal is broken must be followed. Otherwise, problems
related to moisture absorption may occur when the part is sub-
jected to high temperature during solder assembly.

Please refer to Skyworks’ Solder Reflow application note, avail-
able at www.skyworksinc.com, for instructions on mounting the
SKY65120 to a printed circuit board.

Production quantities of this product are shipped in a standard
tape and reel format. For packaging details, refer to the Skyworks
Tape and Reel application note, document number 101568.
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Pin Assignments
Pin Pin Name Description

1 GND Low inductance ground connection

2 GND Low inductance ground connection

3 GND Low inductance ground connection

4 VC_BIAS Bias voltage

5 N/C No connect

6 VREF1 Bias reference voltage 1

7 VREF2 Bias reference voltage 2

8 GND Low inductance ground connection

9 RF_OUT RF output

10 GND Low inductance ground connection

11 VCC2 Stage 2 collector voltage

12 N/C No connect

13 VCC1 Stage 1 collector voltage

14 N/C No connect

15 N/C No connect

16 RF_IN RF input

17 GND Low inductance ground connection

18 N/C No connect

19 GND Low inductance ground connection

20 GND Low inductance ground connection

Evaluation Board Description
The Skyworks SKY65120 Evaluation Board is used to test the
performance of the SKY65120 power amplifier module. The fol-
lowing design considerations are general in nature and must be
followed regardless of final use or configuration.

1. Paths to ground should be made as short as possible.

2. The ground pad of the SKY65120 power amplifier module has
special electrical and thermal grounding requirements. This
pad is the main thermal conduit for heat dissipation. Since the
circuit board acts as the heat sink, it must shunt as much heat
as possible from the amplifiers. As such, design the connection
to the ground pad to dissipate the maximum wattage produced
to the circuit. Multiple vias to the grounding layer are required.

NOTE: Junction temperature (TJ) of the device increases with a
poor connection to the slug and ground. This reduces the
lifetime of the device.

Center attachment pad must have a low inductance and low thermal resistance connection to
the customer's printed circuit board ground plane.

Evaluation Board

J2
J2

R5

R4

R3

R2

C

C6

C5

C4C

C3

C

C11

1

10

0

C8 C8

C13C13

J4
J3

5 V

5 V

5 V
GND

GND

5 V

N/C
N/C

GND

RF_In

RF_Out

5 V

C1

12C12

R1
R1

U1

J1
J1

S/N

GND

GND

VDET

VREF2

TW16 D190-

RF OUT

SKYWORKS 2006

VCC2

VREF1

VC BIAS

RFIN

VCC DET

VCC1

GND

Evaluation Board Test Procedure
Step 1. Connect RF test equipment to amplifier input/output

SMA connectors.

Step 2. Connect DC ground.

Step 3. Connect all VCC, VREG and VC_BIAS lines to 5 V supply.
Verify the ICQ current is approximately 447 mA.

Step 4. Apply RF signal data -20 dBm level and observe that the
output level is approximately 4.6 dBm or the gain of the
device is approximately 24.6 dB.

NOTE: It is important that the VCC1 and VCC2 voltage source be
adjusted such that 5 V is measured at the board. The
high collector currents will drop the collector voltage
significantly if long leads are used. Adjust the bias
voltage to compensate.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Evaluation Board Stack-Up
Cross Section Name Thickness (mils) Material εr

L1 1.4 Cu –

Lam1 12 Rogers 4003-12 3.38

L2_GND 1.4 Cu, 1 oz. –

Lam2 4 FR4-4 4.35

L3_GND 1.4 Cu, 1 oz. –

Lam3 12 FR4-12 4.35

L4 1.4 Cu, 1 oz. –

Branding Specifications

SKY65120-21
EXXXXX.XX
YYWW MX

Manufacturing Part Number
Revision Number

Mark Pin 1
Identifier

Lot Number

YY = Manufacture Year
WW = Week Packaged

Sealed
MX = Country Code

Bill of Material for Evaluation Board

Part ID QTY Size Value Units Product Number Manufacturer
Manufacturer's Part

Number Characteristics

1 C1 1 0603 6.8 pF 5404R23-045 Murata GRM1885C1H6R8CD01J COG, 50 V, ± 0.25 pF

2 C2 1 0603 1200 pF SK204-000-002 Murata GRM1887U1H122J U2J, 50 V, ± 5%

3 C3 1 0603 1200 pF SK204-000-002 Murata GRM1887U1H122J U2J, 50 V, ± 5%

4 C6 1 0603 8.2 pF 5404R23-046 Murata GRM1885C1H6R8CZ01D COG, 50 V, ± 0.25 pF

5 C7 1 0603 3300 pF 5404R28-015 Murata GRM188R71H332KD01J X7R, 50 V, ± 10%

6 C8 1 1206 10 µF 5404R91-005 TDK C3216X5R0J106KT X5R, 6 V, ± 10%

7 C10 1 0603 8.2 pF 5404R23-046 Murata GRM1885C1H6R8CZ01D COG, 50 V, ± 0.25 pF

8 C11 1 0603 1500 pF 5404R24-015 AVX 06031C152MATMA X7R, 100 V, ± 20%

9 C12 1 1206 10 µF 5404R91-005 TDK C3216X5R0J106KT X5R, 6 V, ± 10%

10 C13 1 1206 10 µF 5404R91-005 TDK C3216X5R0J106KT X5R, 6 V, ± 10%

11 R1 1 0603 470 Ω 5424R20-041 Rohm MCR03EZHUJ470 50 V, 0.063 W, ± 5%

12 R2 1 0603 150 Ω 5424R19-114 Rohm MCR03EZHUF150 50 V, 0.063 W, ± 1%
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Package Dimensions

All dimensions are in millimeters
Dimensioning and tolerancing according
to ASME Y14.5M-1994

Detail A

Metal Pad
Edge

0.5 ± 0.1
0.1

0.5 ± 0.05

Pin 1
Indicator

Top

1.45 ± 0.1

6

6

A

4X 2.5

4X 1.5

(2.75)

(2
.0

75
)

4X 0.5

2X 1.9

8X 2.9

4X R0.2

12
X

2.
9

4X
1.

5

4X
0.

5

2X
1.

9

Solder Mask Opening

20X SMT Pad

Pin 1

Pin 20 (0.3) Solder Mask Opening

Ø0.15 Metal Pad
Pin 1

Solder Mask

Package Outline

1 mm Typ.

2X 1.7 mm

Pin 1

Pin 20

2X 1.7 mm

6.4 mm

20X 0.85 mm

20X 0.6 mm

6.4 mm

Recommended Footprint

Package Outline

Pin 1

Pin 20

20X 0.5 mm

20X 0.75 mm

0.25 mm
Typ.

1 mm Typ.

6.3 mm

Thermal Via Array Ø0.3 mm
On 0.6 mm Pitch Will

Improve Thermal Performance

0.6 mm Typ.

0.6 mm Typ.

6.3 mm

Stencil Pattern

Package Outline

Pin 1
Pin 20

6.3 mm

1 mm Typ.

20X 0.75 mm

20X 0.5 mm

2X 1.7 mm

2X 1.7 mm

Stencil Aperture Size of
80 to 100% of the
Module/Pkg. Solder

Mask Opening

6.3 mm
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1. Carrier tape: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.3 mm width
4. All dimensions are in millimeters

Section A-A

4.00 (Po)

7° max

6.35 (Bo)

1.59 (Ko)

6.35 (Ao)

8° Max.

Section B-B

B

0.3 ± 0.02 Ø1.50 ± 0.10

A

8.00 (P1)

A

B

Ø1.50 Min.

12.00 ± 0.30

2.00 ± 0.05

5.50 ± 0.05

1.75 ± 0.10

Pin 1

Tape and Reel Dimensions
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Copyright © 2008, Skyworks Solutions, Inc. All Rights Reserved.

Information in this document is provided in connection with Skyworks Solutions, Inc. (“Skyworks”) products or services. These materials, including the information contained herein, are provided
by Skyworks as a service to its customers and may be used for informational purposes only by the customer. Skyworks assumes no responsibility for errors or omissions in these materials or the
information contained herein. Skyworks may change its documentation, products, services, specifications or product descriptions at any time, without notice. Skyworks makes no commitment to
update the materials or information and shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes.

No license, whether express, implied, by estoppel or otherwise, is granted to any intellectual property rights by this document. Skyworks assumes no liability for any materials, products or
information provided hereunder, including the sale, distribution, reproduction or use of Skyworks products, information or materials, except as may be provided in Skyworks Terms and
Conditions of Sale.

THE MATERIALS, PRODUCTS AND INFORMATION ARE PROVIDED “AS IS”WITHOUT WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE, INCLUDING FITNESS FOR A
PARTICULAR PURPOSE OR USE, MERCHANTABILITY, PERFORMANCE, QUALITY OR NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY
DISCLAIMED. SKYWORKS DOES NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS CONTAINED WITHIN THESE MATERIALS. SKYWORKS
SHALL NOT BE LIABLE FOR ANY DAMAGES, INCLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT LIMITATION,
LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM THE USE OF THE MATERIALS OR INFORMATION, WHETHER OR NOT THE RECIPIENT OF MATERIALS HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

Skyworks products are not intended for use in medical, lifesaving or life-sustaining applications, or other equipment in which the failure of the Skyworks products could lead to personal injury,
death, physical or environmental damage. Skyworks customers using or selling Skyworks products for use in such applications do so at their own risk and agree to fully indemnify Skyworks for any
damages resulting from such improper use or sale.

Customers are responsible for their products and applications using Skyworks products, which may deviate from published specifications as a result of design defects, errors, or operation of
products outside of published parameters or design specifications. Customers should include design and operating safeguards to minimize these and other risks. Skyworks assumes no liability for
applications assistance, customer product design, or damage to any equipment resulting from the use of Skyworks products outside of stated published specifications or parameters.

Skyworks, the Skyworks symbol, and “Breakthrough Simplicity” are trademarks or registered trademarks of Skyworks Solutions, Inc., in the United States and other countries. Third-party brands and
names are for identification purposes only, and are the property of their respective owners. Additional information, including relevant terms and conditions, posted at www.skyworksinc.com, are
incorporated by reference.

Ordering Information

Model Name Manufacturing Part Number Evaluation Kit Part Number

SKY65120: 2110–2170 MHz High Linearity 2 W Power Amplifier SKY65120-21 (Pb-free package) TW16-D190
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SKY65004: 250–2700 MHz Linear Power Amplifier Driver
DATA SHEET

Applications
� UHF TV broadcasts
� TETRA radios
� GSM450, GSM480, GSM750 handsets
� AMPS, PCS, DCS, 2.5G, 3G handsets
� ISM band transmitters
� WCS fixed wireless
� 802.11b/g WLANs

Features
� Wideband frequency range: 250–2700 MHz
� High linearity: OIP3 > 40 dBm and P1 dB > 24 dBm
� High efficiency: PAE 48%
� High gain: 20 dB
� Single DC supply, 3 V or 5 V
� Available lead (Pb)-free MCM (3-pin, 4 x 4 mm) package
(SKY65004-21)

Description
Skyworks SKY65004 is a high performance, ultra-wideband amplifier
with superior output power, linearity, and efficiency. The device is fab-
ricated using Skyworks high reliability Aluminum Gallium Arsenide
(AlGaAs) Heterojunction Bipolar Transistor (HBT) technology.

The SKY65004 achieves a high linearity and superior Adjacent
Channel Power Rejection/Adjacent Channel Leakage Ratio
(ACPR/ACLR) performance. This makes it ideal for use in the driver
stage of infrastucture transmit chains for Trans-European Trunked
Radio (TETRA) transceivers, multi-band (GSM, AMPS, PCS, DCS)
handsets, and many other wireless applications.

The SKY65004 uses a lead (Pb)-free 3-pin, 4 x 4 mm Multi-Chip
Module (MCM) package.

Pinout – 3-Pin MCM Package (Top View)

1 2 3

GNDRF_IN RF_OUT

Package Dimensions (3-Pin MCM)

0.11.
2

0.
75

0.1

1.125 1.75

0.25
0.5 0.5

4.0 ± 0.05

4.
0

±
0.

05

0.5

0.
63

1.125

0.25

1.
5

All measurements are in millimeters

Bottom View

Side View

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Parameter Symbol Test Conditions Min. Typ. Max. Unit

Test Frequency = 450 MHz

Small signal gain G CW 27 dB

Output power @ 1 dB compression P1 dB CW 24 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 42 dBm

Test Frequency = 900 MHz

Small signal gain G CW 22 dB

Output power @ 1 dB compression P1 dB CW 24 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 42 dBm

Noise figure NF 4 dB

Output power @ ACPR = -45 dBc, POUT IS-95. Nine forward channels 18 dBm
750 kHz offset

Test Frequency = 1960 MHz

Small signal gain G CW 14.5 16 dB

Output power @ 1 dB compression P1 dB CW 23 25 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 39 42 dBm

Noise figure NF 5.5 6.5 dB

Power added efficiency PAE CW @ POUT = P1 dB 42 48 %

Supply current IS 125 145 mA

Output power @ ACPR = -45 dBc, POUT IS-95. Nine forward channels 17 19 dBm
885 kHz offset

Test Frequency = 2140 MHz

Small signal gain G CW 15 dB

Output power @ 1 dB compression P1 dB CW 25 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 42 dBm

Output power @ ACLR = -45 dBc, POUT WCDMA. Test model #1; 64 DPCH 17 dBm
5 MHz offset

Test Frequency = 2450 MHz

Small signal gain G CW 14.5 dB

Output power @ 1 dB compression P1 dB CW 25 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 42 dBm

Noise figure NF 5 dB

Power added efficiency PAE CW, POUT = 26 dBm 50 %

Test Frequency = 2600 MHz

Small signal gain G CW 14 dB

Output power @ 1 dB compression P1 dB CW 25 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 41 dBm

Electrical Characteristics

VCC = 5 V, TC = 25 °C, unless otherwise noted
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Pin # Name Description

1 RF_In RF input

2 GND Ground

3 RF_Out RF output

4 GND Ground

Pin Descriptions

Characteristic Value

RF input power (PIN) 15 dBm max.

RF output power (POUT) 27 dBm

Supply voltage (VCC) 6 V

Supply current (ICC) 160 mA

Power dissipation (PD) 1.2 W

Operating case temperature (TC) -40 °C to +85 °C

Storage temperature (TST) -55 °C to +125 °C

Junction temperature (TJ) 150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty. Each absolute maximum rating listed is an
individual parameter. Biasing and driving the amplifier with more than one absolute maximum
rating listed may result in permanent damage to the device. Exposure to maximum rating
conditions for extended periods may reduce device reliability.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Parameter Symbol Min. Typ. Max. Unit

Supply voltage VCC 5 V

Frequency range F 250 2700 MHz

Junction temperature TJ 140 °C

Thermal resistance ΘJC 36 °C/W

Recommended Operating Conditions

Package and Handling Information
Since the device package is sensitive to moisture absorption, it is
baked and vacuum packed before shipping. Instructions on the
shipping container label regarding exposure to moisture after the
container seal is broken must be followed. Otherwise, problems
related to moisture absorption may occur when the part is sub-
jected to high temperature during solder assembly.

For details on attachment techniques, precautions, and
handling procedures recommended by Skyworks, please refer to
Skyworks Application Note, PCB Design and SMT Assembly/
Rework Guidelines for MCM-L Packages, document number
101752. Additional information on standard SMT reflow profiles
can also be found in the JEDEC Standard J-STD-020.

Electrostatic Discharge (ESD) Sensitivity
The SKY65028-70LF is a static-sensitive electronic device. Do
not operate or store near strong electrostatic fields. Take proper
ESD precautions.

Theory of Operation
The SKY65004 is comprised of a single amplifier stage. All
matching structures are external to the amplifier to accommo-
date a wide frequency range of tuning over the 250–2700 MHz
band. The part has excellent linearity at low power levels and
high efficiency at P1 dB. Utilizing the matching and bias circuits
shown the evaluation board schematic, the part can be tuned for
a specific frequency band and operate single positive supply
voltage of typically 3–5 V.

The amplifier collector voltage is supplied through an RF choke
to the output. The reference voltage is supplied through a sepa-
rate RF choke to the amplifier input. A voltage divider (R2/R3)
sets the proper bias level to the input. Capacitors C7, C8 and C9
provide DC bias decoupling for VCC. In some applications, if a
series DC blocking cap is not part of the input or output RF
matching circuits, a blocking cap of 100 pF, should be included
to provide DC blocking to the RF ports.
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Typical Performance Data

VCC = 5 V, TC = 25 °C, unless otherwise noted
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Typical Performance Data

VCC = 5 V, TC = 25 °C, unless otherwise noted
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Evaluation Board Description
The Skyworks SKY65004 Evaluation Board is used to test the
performance of the SKY65004 power amplifier driver.

The following design considerations are general in nature and
must be followed regardless of final use or configuration.

1. Paths to ground should be made as short as possible.
2. The ground pad of the SKY65004 power amplifier has special
electrical and thermal grounding requirements. This pad is the
main thermal conduit for heat dissipation. Since the circuit board
acts as the heat sink, it must shunt as much heat as possible
from the amplifier. As such, design the connection to the ground
pad to dissipate the maximum wattage produced to the circuit
board. Multiple vias to the grounding layer are required.

NOTE: Junction temperature (TJ) of the device increases with a
poor connection to the slug and ground. This reduces the
lifetime of the device.

Testing Procedure
Use the following procedure to set up the SKY65004 Evaluation
Board for testing:

1. Connect a 5.0 V supply to VCC. If available, enable the current
limiting function of the power supply to 240 mA.

2. Connect a signal generator to the RF signal input port. Set it to
the desired RF frequency at a power level of -15 dBm or less
to the evaluation board but do NOT enable the RF signal.

3. Connect a spectrum analyzer to the RF signal output port.

4. Enable the power supply.

5. Enable the RF signal.

6. Take measurements.

CAUTION: If any of the output signals exceed the rated maximum
values, the SKY65004 evaluation board can be
permanently damaged.

GN
D

V C
C

GN
D

GN
D

R3

R2

R1

C7

C1 C2

C3

C8
C9

C5

C6C4L2

L1
J1 (RF In)

JP1

J2 (RF Out)

Evaluation Board Assembly

Layer 3: Ground

Layer 4: Solid Ground Plane

Layer 1: Top - Metal

Layer 2: Ground

Evaluation Board Layer Detail
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Cross Section Name Thickness (mils) Material εr

L1 1.4 Cu –

Lam1 12 Rogers 4003-12 3.38

L2_GND 1.4 Cu, 1 oz. –

Lam2 4 FR4-4 4.35

L3_GND 1.4 Cu, 1 oz. –

Lam3 12 FR4-12 4.35

L4 1.4 Cu, 1 oz. –

Evaluation Board Stack-Up

SKY65004-21

Lot#

YYWWCC YY = Manufacture Year
WW = Week Packaged Sealed
CC = Country Code

Manufacture Part Number
Revision Number

Pin 1

Branding Specifications

C7C8C9

L1

OutputInput

VCC = 5 V or 3.3 V

1

2

3

4

M2

M1 M3 M4

M5

M6

R1

L2

R2

R3

Evaluation Board Schematic

Refer to Evaluation Board Component Values vs. Frequency Table for component values.

Component Evaluation Board Frequency (MHz)

450 900 1960 2140 2450 2450 2600

VCC = 5 V VCC = 3.3 V VCC = 5 V

R1 0 Ω 0 Ω 0 Ω 0 Ω 0 Ω 0 Ω 0 Ω
R2 390 Ω 390 Ω 390 Ω 390 Ω 390 Ω 220 Ω 390 Ω
R3 180 Ω 180 Ω 180 Ω 180 Ω 180 Ω 200 Ω 180 Ω
C7 0.1 µF 0.1 µF 0.1 µF 0.1 µF 0.1 µF 0.1 µF 0.1 µF

C8 1000 pF 1000 pF 1000 pF 1000 pF 1000 pF 1000 pF 1000 pF

C9 68 pF 68 pF 18 pF 18 pF 18 pF 18 pF 18 pF

L1 39 nH 39 nH 27 nH 27 nH 27 nH 27 nH 27 nH

L2 39 nH 39 nH 27 nH 27 nH 27 nH 27 nH 27 nH

M1 6.8 nH 6.8 nH 5.6 nH 6.8 nH 0.5 pF 0.5 pF 0.5 pF

M2 15 pF 6.8 pF 1 pF 1 pF 1 pF 1 pF 1 pF

M3 DNI 10 pF 1 pF 0.5 pF DNI DNI DNI

M4 DNI DNI DNI 2.7 pF DNI DNI DNI

M5 330 pF 8.2 pF 22 pF 2.7 pF 20 pF 20 pF 20 pF

M6 56 nH 8.2 nH 0.5 pF 2.2 nH 0.5 pF 0.5 pF 0.5 pF

Evaluation Board Component Values vs. Frequency

DNI: Do Not Install.
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Tape and Reel Dimensions

S583

8.00 ± 0.10 4.00 ± 0.10 2.00 ± 0.05 1.75 ± 0.10
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1.50 ± 0.25

Reference Pin
Indicator

0.229 ± 0.02

4.35 ± 0.10

7o Max

8o Max

1.73 ± 0.10

4.35 ± 0.10

Notes:
1. Carrier tape material: black conductive polycarbonate

or polysterene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.3 mm width
4. All measurements are in millimeters
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Copyright © 2002, 2003, 2004, 2005, 2006, 2007, 2008, Skyworks Solutions, Inc. All Rights Reserved.

Information in this document is provided in connection with Skyworks Solutions, Inc. (“Skyworks”) products or services. These materials, including the information contained herein, are provided
by Skyworks as a service to its customers and may be used for informational purposes only by the customer. Skyworks assumes no responsibility for errors or omissions in these materials or the
information contained herein. Skyworks may change its documentation, products, services, specifications or product descriptions at any time, without notice. Skyworks makes no commitment to
update the materials or information and shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes.

No license, whether express, implied, by estoppel or otherwise, is granted to any intellectual property rights by this document. Skyworks assumes no liability for any materials, products or
information provided hereunder, including the sale, distribution, reproduction or use of Skyworks products, information or materials, except as may be provided in Skyworks Terms and
Conditions of Sale.

THE MATERIALS, PRODUCTS AND INFORMATION ARE PROVIDED “AS IS”WITHOUT WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE, INCLUDING FITNESS FOR A
PARTICULAR PURPOSE OR USE, MERCHANTABILITY, PERFORMANCE, QUALITY OR NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY
DISCLAIMED. SKYWORKS DOES NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS CONTAINED WITHIN THESE MATERIALS. SKYWORKS
SHALL NOT BE LIABLE FOR ANY DAMAGES, INCLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT LIMITATION,
LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM THE USE OF THE MATERIALS OR INFORMATION, WHETHER OR NOT THE RECIPIENT OF MATERIALS HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

Skyworks products are not intended for use in medical, lifesaving or life-sustaining applications, or other equipment in which the failure of the Skyworks products could lead to personal injury,
death, physical or environmental damage. Skyworks customers using or selling Skyworks products for use in such applications do so at their own risk and agree to fully indemnify Skyworks for any
damages resulting from such improper use or sale.

Customers are responsible for their products and applications using Skyworks products, which may deviate from published specifications as a result of design defects, errors, or operation of
products outside of published parameters or design specifications. Customers should include design and operating safeguards to minimize these and other risks. Skyworks assumes no liability for
applications assistance, customer product design, or damage to any equipment resulting from the use of Skyworks products outside of stated published specifications or parameters.

Skyworks, the Skyworks symbol, and “Breakthrough Simplicity” are trademarks or registered trademarks of Skyworks Solutions, Inc., in the United States and other countries. Third-party brands and
names are for identification purposes only, and are the property of their respective owners. Additional information, including relevant terms and conditions, posted at www.skyworksinc.com, are
incorporated by reference.

Ordering Information
Model Name Ordering Part Number Evaluation Kit Part Number

SKY65004 250-2700 MHz Linear PA Driver
(3-pin MCM package)

SKY65004-21 (Pb-free package) TW13-D391-011 (450 MHz)

TW13-D391-021 (900 MHz)

TW13-D391-031 (1960 MHz)

TW13-D391-041 (2140 MHz)

TW13-D391-061 (2450 MHz, VCC = 3.3 V)

TW13-D391-071 (2450 MHz, VCC = 5 V)

TW13-D391-081 (2600 MHz)
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SKY65008: 250 – 2700 MHz Linear, Low Current Power
Amplifier Driver

PRELIMINARY DATA SHEET

Applications
� AMPS, PCS, DCS, 2.5G, 3G, WCDMA, WLANs
� ISM band
� Fixed WCS
� 802.11b/g WLANs
� WiMax

Features
• Wideband frequency range: 250 to 2700 MHz
• High efficiency: PAE 48%
• High gain: 18 dB
• Single DC supply, 3 V
• MCM (3-pin, 4 x 4 mm) Pb-free package

(MSL3, 250 °C per JEDEC J-STD-0-20)

Figure 1. SKY65008 Pinout—3-Pin MCM Package
(Top View)

1 2 3

GNDRF_IN RF_OUT

Figure 2. SKY65008 Block Diagram

21 3

RF_IN GND RF_OUT

Description
Skyworks SKY65008 is a high performance, ultra-wideband power
amplifier driver with superior output power, linearity, low current
consumption, and efficiency. The high linearity and superior
Adjacent Channel Power Rejection/Adjacent Channel Leakage Ratio
(ACPR/ACLR) performance make the SKY65008 ideal for use in the
driver stage of infrastucture transmit chains.

The SKY65008 is fabricated using Skyworks high reliability InGaP
Heterojunction Bipolar Transistor (HBT) technology in the form of a
Pb-free, 3-pin, 4 x 4 mm Multi-Chip Module (MCM) package. The
device package and pinout are shown in Figure 1. A functional
block diagram is provided in Figure 2.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Table 1. SKY65008 Signal Descriptions

Table 2. SKY65008 Absolute Maximum Ratings

TA = 25 °C, unless otherwise noted

Electrical and Mechanical Specifications
Signal pin assignments and functional pin descriptions for the
SKY65008 are provided in Table 1. The absolute maximum ratings
are provided in Table 2, and the recommended operating conditions
in Table 3. Electrical characteristics of the SKY65008 are provided
in Table 4.

The typical performance of the SKY65008 at various operating fre-
quencies is illustrated in Figures 3 through 9. Package dimensions
for the 3-pin MCM are shown in Figure 13, and tape and reel
dimensions are shown in Figure 14.

Package and Handling Information
Since the device package is sensitive to moisture absorption, it is
baked and vacuum packed before shipping. Instructions on the
shipping container label regarding exposure to moisture after the
container seal is broken must be followed. Otherwise, problems
related to moisture absorption may occur when the part is sub-
jected to high temperature during solder assembly.

The SKY65008 can be used for lead or lead-free soldering. If the
part is attached in a reflow oven, the temperature ramp rate should
not exceed 5 °C per second. Maximum temperature should not
exceed 225 °C and the time spent at a temperature that exceeds
210 °C should be limited to less than 10 seconds. If the part is
manually attached, precaution should be taken to ensure that the
part is not subjected to a temperature that exceeds 300 °C for
more than 10 seconds.

For details on both attachment techniques, precautions, and han-
dling procedures recommended by Skyworks, please refer to
Skyworks Application Note, PCB Design and SMT Assembly/
Rework Guidelines for MCM-L Packages, document number
101752. Additional information on standard SMT reflow profiles
can also be found in the JEDEC Standard J-STD-020.

Production quantities of both package types for this product are
shipped in standard tape and reel formats. For packaging details,
refer to the Skyworks Application Note, Tape and Reel, document
number 101568.

Electrostatic Discharge (ESD) Sensitivity
The SKY65008 is a static-sensitive electronic device. Do not
operate or store near strong electrostatic fields. Take proper
ESD precautions.

Pin # Name Description

1 RF_IN RF input

2 GND Ground

3 RF_OUT RF output

Parameter Symbol Min. Typ. Max. Units

Supply voltage VCC 4 V

RF output power POUT 23 dBm

Supply current ICC 110 mA

Power dissipation PD 400 mW

Operating case temperature TC -40 85 °C

Storage temperature TST -55 125 °C

Junction temperature TJ 150 °C

Table 3. SKY65008 Recommended Operating Conditions

Parameter Symbol Min. Typ. Max. Units

Supply voltage VCC 3 3.3 3.6 V

Frequency range F 250 2700 MHz

Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other parameters set at or
below their nominal values.
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Parameter Symbol Test Conditions Min. Typ. Max. Units

Test frequency = 900 MHz

Small signal gain G CW 28.5 dB

Output power @ 1 dB compression P1 dB CW 19.5 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 14 dBm/output tone 34 dBm

Noise figure NF 3.3 dB

Test frequency = 1960 MHz

Small signal gain G CW 20 dB

Output power @ 1 dB compression P1 dB CW 21 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 5 dBm/output tone 33 dBm

Noise Figure NF 3 dB

Power-added efficiency PAE CW, POUT = 20 dBm 42 %

Quiescent current IQ No RF input 76 mA

Output power @ ACPR = –45 dBc POUT IS-95. Nine forward channels 14 dBm

Test frequency = 2140 MHz

Small signal gain G CW 20 dB

Output power @ 1 dB compression P1 dB CW 21 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 5 dBm/output tone 32 dBm

Noise figure NF 3 dB

Output power @ ACLR = –45 dBc POUT 3G-WCDMA. Downlink test model #1 with 64 DPCH 11 dBm

Test frequency = 2450 MHz

Small signal gain G CW 18.5 dB

Output power @ 1 dB compression P1 dB CW 20 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 5 dBm/output tone 33 dBm

Noise figure NF 3 dB

Test frequency = 2650 MHz

Small signal gain G CW 18 dB

Output power @ 1 dB compression P1 dB CW 19 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 5 dBm/output tone 32 dBm

Noise figure NF 3 dB

Table 4. SKY65008 Electrical Characteristics

VCC = 3.3 V, TC = 25 °C, input and output load < -8 dB, unless otherwise noted
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Evaluation Board Description
The Skyworks SKY65008 Evaluation Board is used to test the
performance of the SKY65008 power amplifier driver. An assembly
drawing for the Evaluation Board is shown in Figure 10 and the
layer detail is provided in Figure 11.

Circuit Design Configurations

The following design considerations are general in nature and must
be followed regardless of final use or configuration.

1. Paths to ground should be made as short as possible.

2. The ground pad of the SKY65008 power amplifier has special
electrical and thermal grounding requirements. This pad is the
main thermal conduit for heat dissipation. Since the circuit board
acts as the heat sink, it must shunt as much heat as possible
from the amplifier. As such, design the connection to the ground
pad to dissipate the maximum wattage produced to the circuit
board. Multiple vias to the grounding layer are required.

NOTE: Junction temperature (TJ) of the device increases with a
poor connection to the slug and ground. This reduces the
lifetime of the device.

A suggested matching circuit is shown in Figure 12 with
component values listed in Table 5.

Testing Procedure

Use the following procedure to set up the SKY65008 Evaluation
Board for testing:

1. Connect a 3.3 V supply to VCC. If available, enable the current
limiting function of the power supply to 240 mA.

2. Connect a signal generator to the RF signal input port. Set it to
the desired RF frequency at a power level of -15 dBm or less to
the Evaluation Board but do NOT enable the RF signal.

3. Connect a spectrum analyzer to the RF signal output port.

4. Enable the power supply.

5. Enable the RF signal.

6. Take measurements.

CAUTION: If any of the output signals exceed the rated maximum
values, the SKY65008 Evaluation Board can be perma-
nently damaged.
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Layer 3: Ground

Layer 4: Solid Ground Plane

Layer 1: Top - Metal

Layer 2: Ground

Figure 11. Evaluation Board Layer Detail
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Figure 10. Evaluation Board Assembly Drawing
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VCC = 3.3 V

1
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Figure 12. SKY65008 Evaluation Board Schematic (Refer to Table 5 for Component Values)

Component

Evaluation Board Frequency (MHz)

900 1960 2140 2450 2650

R1 0 Ω 0 Ω 0 Ω 0 Ω 0 Ω

R2 750 Ω 750 Ω 750 Ω 750 Ω 750 Ω

R3 680 Ω 680 Ω 680 Ω 680 Ω 680 Ω

C1 1.0 µF 1.0 µF 1.0 µF 1.0 µF 1.0 µF

C2 10 pF 36 pF 6.8 pF 6.8 pF 6.8 pF

C3 18 pF 6.8 pF 36 pF 18 pF 18 pF

L1 47 nH 27 nH 27 nH 18 nH 18 nH

L2 47 nH 27 nH 27 nH 18 nH 18 nH

M1 4.7 nH 1 pF 1 pF 0.5 pF 0.5 pF

M2 5.6 pF 3.9 pF 1.8 pF 1.2 pF 1.0 pF

M3 7.5 pF DNC DNC DNC DNC

M4 1.0 pF DNC DNC DNC DNC

M5 18 pF 6.8 pF 15 pF 12 pF 12 pF

M6 5.6 nH DNC 1 pF 1 pF 1 pF

Table 5. SKY65008 Evaluation Board Component Values vs Frequency
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Figure 13. SKY65008 Package Dimensions
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Figure 14. SKY65008 Tape and Reel Dimensions
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Copyright © 2008, Skyworks Solutions, Inc. All Rights Reserved.

Information in this document is provided in connection with Skyworks Solutions, Inc. (“Skyworks”) products or services. These materials, including the information contained herein, are provided
by Skyworks as a service to its customers and may be used for informational purposes only by the customer. Skyworks assumes no responsibility for errors or omissions in these materials or the
information contained herein. Skyworks may change its documentation, products, services, specifications or product descriptions at any time, without notice. Skyworks makes no commitment to
update the materials or information and shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes.

No license, whether express, implied, by estoppel or otherwise, is granted to any intellectual property rights by this document. Skyworks assumes no liability for any materials, products or
information provided hereunder, including the sale, distribution, reproduction or use of Skyworks products, information or materials, except as may be provided in Skyworks Terms and
Conditions of Sale.

THE MATERIALS, PRODUCTS AND INFORMATION ARE PROVIDED “AS IS” WITHOUT WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE, INCLUDING FITNESS FOR A
PARTICULAR PURPOSE OR USE, MERCHANTABILITY, PERFORMANCE, QUALITY OR NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY
DISCLAIMED. SKYWORKS DOES NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS CONTAINED WITHIN THESE MATERIALS. SKYWORKS
SHALL NOT BE LIABLE FOR ANY DAMAGES, INCLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT LIMITATION,
LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM THE USE OF THE MATERIALS OR INFORMATION, WHETHER OR NOT THE RECIPIENT OF MATERIALS HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

Skyworks products are not intended for use in medical, lifesaving or life-sustaining applications, or other equipment in which the failure of the Skyworks products could lead to personal injury,
death, physical or environmental damage. Skyworks customers using or selling Skyworks products for use in such applications do so at their own risk and agree to fully indemnify Skyworks for any
damages resulting from such improper use or sale.

Customers are responsible for their products and applications using Skyworks products, which may deviate from published specifications as a result of design defects, errors, or operation of
products outside of published parameters or design specifications. Customers should include design and operating safeguards to minimize these and other risks. Skyworks assumes no liability for
applications assistance, customer product design, or damage to any equipment resulting from the use of Skyworks products outside of stated published specifications or parameters.

Skyworks, the Skyworks symbol, and “Breakthrough Simplicity” are trademarks or registered trademarks of Skyworks Solutions, Inc., in the United States and other countries. Third-party brands and
names are for identification purposes only, and are the property of their respective owners. Additional information, including relevant terms and conditions, posted at www.skyworksinc.com, are
incorporated by reference.

Model Name Ordering Part Number Evaluation Kit Part Number

SKY65008 250-2700 MHz linear, low current PA driver SKY65008-21 TW13-D781-001 (836 MHz)
TW13-D782-001 (900 MHz)

TW13-D783-001 (1960 MHz)
TW13-D784-001 (2140 MHz)
TW13-D786-001 (2450 MHz)
TW13-D787-001 (2650 MHz)

Ordering Information
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SKY65009: 250–2500 MHz Linear 
Power Amplifier Driver

DATA SHEET

Applications
● UHF TV broadcast
● TETRA radio
● GSM 450/GSM 480/GSM 750
● AMPS/PCS/DCS/2.5 G/3 G
● ISM band transmitter
● WCS fixed wireless
● WLAN 802.11b/g

Features
● Wideband frequency operation: 250 MHz–2500 MHz
● High linearity: OIP3 > 40 dBm; P1 dB > 24 dBm
● High efficiency: PAE 48%
● High gain: 20 dB
● Single DC supply: 5 V or  3 V
● Available lead (Pb)-free and RoHS-compliant

Pin Out - SOT-89 Package (Top View)

321

RF In RF OutGND

Functional Block Diagram

Active Bias

321
RF In RF OutGND

Description
Skyworks SKY65009 is a high-performance, ultrawideband 
amplifier with superior output power, linearity and efficiency. The
device is fabricated using Skyworks high-reliability Aluminum
Gallium Arsenide (AlGaAs) Heterojunction Bipolar Transistor (HBT)
technology. The device utilizes a low-cost Surface Mount
Technology (SMT) 4 x 4 mm MCM package. The MCM package is
lead (Pb)-free and pin-compatible to the popular SOT-89 package.

The device’s high linearity and superior ACPR/ACLR performance
make it ideal for use in the driver stage of infrastructure 
transmit chains.

ESD Sensitivity
The SKY65009 is a static-sensitive electronic device. Do not
operate or store near strong electrostatic fields. Take proper ESD
precautions.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW



Parameter Symbol Condition Min. Typ. Max. Unit

Supply voltage VCC 5 V

Frequency range F 250 2500 MHz

Junction temperature Tj 140 °C

Recommended Operating Conditions
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Pin Number Symbol Description

1 RF_In RF input pin

2 GND Ground

3 RF_Out RF output pin

Pin Descriptions
Characteristic Value

RF output power (POUT) 25 dBm

Supply voltage(VCC) 6 V

Supply current (ICC) 200 mA

Power dissipation 1.2 W

Junction temperature (Tj) 150 °C

Case operating temperature range (TC) -40 to +85 °C

Storage temperature range (TST) -55 to +125 °C

Absolute Maximum Ratings

1. No damage to device if only one parameter is applied at a time with other parameters at
nominal conditions.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Parameter Symbol Condition Min. Typ. Max. Unit

Test Frequency = 450 MHz 

Small signal gain G CW 21.5 dB

Output power at 1 dB P1 dB CW 24 dBm

Output 3rd order intercept point OIP3 2 tones, 7 dBm /tone 41 dBm

Noise figure NF 4.5 dB

Test Frequency = 900 MHz

Small signal gain G CW 17.5 dB

Output power at 1 dB P1 dB CW 27 dBm

Output 3rd order intercept point OIP3 2 tones, 9 dBm/tone 43 dBm

POUT @ ACPR = -45 dBc POUT IS-95; 9 forward channels 20 dBm

Test Frequency = 1960 MHz (OIP3 Match)

Small signal gain G CW 10.5 12 13.5 dB

Output power at 1 dB P1 dB CW 23.5 25 dBm

Output 3rd order intercept point OIP3 2 tones, 7 dBm/tone 38 44 dBm

Noise figure NF 4.5 6 dB

Power added efficiency PAE CW, POUT = 25 dBm 29 34 %

Quiescent current Iq No RF input 110 130 mA

Test Frequency = 1960 MHz (ACPR Match)

Output power at 1 dB P1 dB CW 28 dBm

POUT @ ACPR = -45 dBc POUT IS-95; 9 forward channels 22 dBm

Test Frequency = 2140 MHz

Small signal gain G CW 11.5 dB

Output power at 1 dB P1 dB CW 28.0 dBm

Output 3rd order intercept point OIP3 2 tones, 7 dBm/tone 42 dBm

POUT @ ACLR = -45 dBc POUT 3G-WCDMA; downlink test model #1 with 64 DPCH 20 dBm

Test Frequency = 2450 MHz

Small signal gain G CW 9.5 dB

Output power at 1 dB P1 dB CW 28 dBm

Output 3rd order intercept point OIP3 2 tones, 7 dBm/tone 42 dBm

Power added efficiency PAE CW, POUT = 28 dBm 42 %

Electrical Characteristics

VCC = 5 V, TC = 25 °C, Z0 = 50 Ω, unless otherwise noted 
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C1 C2 C3
R1

VCC = 5 V

L1

1Input Output

M1

M2 M5

M3 M4 M6
2

4

Evaluation Board Schematic

Frequency 

1960 MHz 1960 MHz
Component 450 MHz 900 MHz ( OIP3 ) ( ACPR ) 2140 MHz 2450 MHz

R1 0 Ω 0 Ω 0 Ω 0 Ω 0 Ω 0 Ω
C1 0.1 µF 0.1 µF 0.1 µF 0.1 µF 0.1 µF 0.1 µF

C2 1000 pF 1000 pF 1000 pF 1000 pF 1000 pF 1000 pF

C3 120 pF 68 pF 18 pF 18 pF 18 pF 18 pF

L1 100 nH 39 nH 27 nH 27 nH 27 nH 27 nH

M1 12 nH 8.2 nH DNC 1 pF 1 pF 1 pF

M2 12 pF 3.9 pF 2.7 pF 4.7 pF 4.7 pF 3.3 pF

M3 15 pF DNC 1.0 pF DNC DNC DNC

M4 DNC DNC DNC 0.5 pF 0.5 pF DNC

M5 82 pF 56 pF 15 pF 10 pF 10 pF 10 pF

M6 6.8 pF DNC DNC DNC DNC DNC

Evaluation Board Component Values vs. Frequency
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Typical Small Signal Gain 
vs. Frequency vs. Temperature
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Ga
in

 (d
B)

7

9

11

13

15

17

19

21
-40 °C

25 °C

85 °C

23

450 950 1450 1950 2450

Typical Small Signal Gain 
and PAE (1960 MHz OIP3 Match)

PIN (dBm)

P O
UT

 (d
Bm

)

PAE

-5

0

5

10

15

20

25

30

0%

5%

10%

15%

20%

25%

30%

35%

POUT

PAE

40%

-15 -10 -5 0 5 10 15

Typical ACPR vs. POUT (@ 900 MHz) 
Using IS-95 Signal with 9 Forward Channels
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Typical ACPR vs. POUT (@ 2140 MHz) Using
3G-WCDMA Test  Model #1 with 64 Forward Channels

POUT (dBm)

AC
PR

 (d
Bc

)

-65

-60

-55

-50

-45

-40

-35

10 12 14 16 18 20 22

Typical EVM vs. POUT (@ 2450 MHz) Using
802.11g Signal (64-QAM, 54 Mbps)

POUT (dBm)

EV
M

 (%
)

0

3

2

1

4

5

6

7

8

13 14 15 16 17 18 19 20 21 2322

Typical Performance Data

TA = 25° C, Z0 = 50 Ω, unless otherwise noted 
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Spectral Response Using 802.11g
Signal (64-QAM, 54 Mbps)
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Package Dimensions

Model Name Ordering Part Number Package Description

SKY65009, 250–2500 MHz Linear Power Amplifier Driver SKY65009-21 TW13-D281 (450 MHz)
TW13-D282 (900 MHz)
TW13-D283 (1960 MHz -OIP3)
TW13-D284 (1960 MHz -ACPR)
TW13-D284 (2140 MHz)
TW13-D286 (2450 MHz) 

Ordering Information 

All measurements are in millimeters.
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SKY65028-70LF: 250–2700 MHz
Linear Power Amplifier Driver

DATA SHEET

Applications
� UHF TV broadcasts
� TETRA radios
� GSM450, GSM480, GSM750 basestations
� AMPS, PCS, DCS, 2.5G, 3G basestations
� ISM band transmitters
� WCS fixed wireless
� 802.11b/g WLANs

Features
� Wideband frequency range: 250–2700 MHz
� High linearity: OIP3 > 40 dBm and P1 dB > 24 dBm
� High efficiency: PAE 48%
� High gain: 20 dB
� Single DC supply, 3 V or 5 V
� Available lead (Pb)-free, RoHS-compliant, and Green™
MSL-1 @ 260 °C per JEDEC J-STD-020

Description
Skyworks SKY65028-70LF is a high performance, ultra-wideband
linear amplifier with superior output power, linearity, and efficiency.
The device is fabricated using Skyworks high reliability Aluminum
Gallium Arsenide (AlGaAs) Heterojunction Bipolar Transistor
(HBT) technology.

The SKY65028-70LF achieves a high linearity and superior
Adjacent Channel Power Rejection/Adjacent Channel Leakage Ratio
(ACPR/ACLR) performance. This makes it ideal for use in the driver
stage of infrastructure transmit chains for Trans-European Trunked
Radio (TETRA) transceivers, multi-band (GSM, AMPS, PCS, DCS)
handsets, and many other wireless applications.

The SKY65028-70LF is a lead (Pb)-free and Green™ SOT-89
industry standard package.

Skyworks Green™ products are lead (Pb)-free,
RoHS (Restriction of Hazardous Substances)-com-
pliant, conform to the EIA/EICTA/JEITA Joint Industry
Guide (JIG) Level A guidelines, and are free from
antimony trioxide and brominated flame retardants.

NEW

Pin Out — 4-Pin SOT-89 Package (Top View)

1 2 3

4

RF_In RF_OutGND

GND

SOT-89 (-70)

1.50 ± 0.10

0.381 ± 0.025

SharpR0.10

7°

7°

4.09
±

0.10

1.50

0.46
R0.10

Side View End View

123

Half Etching
Depth 0.100
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Parameter Symbol Test Conditions Min. Typ. Max. Unit

Test Frequency = 450 MHz

Small signal gain G CW 27 dB

Output power @ 1 dB compression P1 dB CW 24 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 42 dBm

Test Frequency = 900 MHz

Small signal gain G CW 22 dB

Output power @ 1 dB compression P1 dB CW 24 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 42 dBm

Noise figure NF 4 dB

Output power @ ACPR = -45 dBc, POUT IS-95. Nine forward channels 18 dBm
750 kHz offset

Test Frequency = 1960 MHz

Small signal gain G CW 14.5 16 dB

Output power @ 1 dB compression P1 dB CW 23 25 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 39 42 dBm

Noise figure NF 5.5 6.5 dB

Power added efficiency PAE CW @ POUT = P1 dB 42 48 %

Supply current IS 125 145 mA

Output power @ ACPR = -45 dBc, POUT IS-95. Nine forward channels 17 19 dBm
885 kHz offset

Test Frequency = 2140 MHz

Small signal gain G CW 15 dB

Output power @ 1 dB compression P1 dB CW 25 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 42 dBm

Output power @ ACLR = -45 dBc, POUT WCDMA. Test model #1; 64 DPCH 17 dBm
5 MHz offset

Test Frequency = 2450 MHz

Small signal gain G CW 14.5 dB

Output power @ 1 dB compression P1 dB CW 25 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 42 dBm

Noise figure NF 5 dB

Power added efficiency PAE CW, POUT = 26 dBm 50 %

Test Frequency = 2600 MHz

Small signal gain G CW 14 dB

Output power @ 1 dB compression P1 dB CW 25 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 41 dBm

Electrical Characteristics

VCC = 5 V, TC = 25 °C, unless otherwise noted
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Pin # Name Description

1 RF_In RF input

2 GND Ground

3 RF_Out RF output

4 GND Ground

Pin Descriptions

Characteristic Value

RF input power (PIN) 15 dBm max.

RF output power (POUT) 27 dBm

Supply voltage (VCC) 6 V

Supply current (ICC) 160 mA

Power dissipation (PD) 1.2 W

Operating case temperature (TC) -40 °C to +85 °C

Storage temperature (TST) -55 °C to +125 °C

Junction temperature (TJ) 150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty. Each absolute maximum rating listed is an
individual parameter. Biasing and driving the amplifier with more than one absolute maximum
rating listed may result in permanent damage to the device. Exposure to maximum rating
conditions for extended periods may reduce device reliability.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Parameter Symbol Min. Typ. Max. Unit

Supply voltage VCC 5 V

Frequency range F 250 2700 MHz

Junction temperature TJ 140 °C

Thermal resistance ΘJC 36 °C/W

Recommended Operating Conditions

Package and Handling Information
Since the device package is sensitive to moisture absorption, it is
baked and vacuum packed before shipping. Instructions on the
shipping container label regarding exposure to moisture after the
container seal is broken must be followed. Otherwise, problems
related to moisture absorption may occur when the part is sub-
jected to high temperature during solder assembly.

For details on attachment techniques, precautions, and
handling procedures recommended by Skyworks, please refer to
Skyworks Application Note, PCB Design and SMT Assembly/
Rework Guidelines for MCM-L Packages, document number
101752. Additional information on standard SMT reflow profiles
can also be found in the JEDEC Standard J-STD-020.

Electrostatic Discharge (ESD) Sensitivity
The SKY65028-70LF is a static-sensitive electronic device. Do
not operate or store near strong electrostatic fields. Take proper
ESD precautions.

Theory of Operation
The SKY65028-70LF is comprised of a single amplifier stage. All
matching structures are external to the amplifier to accommo-
date a wide frequency range of tuning over the 250–2700 MHz
band. The part has excellent linearity at low power levels and
high efficiency at P1 dB. Utilizing the matching and bias circuits
shown the evaluation board schematic, the part can be tuned for
a specific frequency band and operate single positive supply
voltage of typically 3–5 V.

The amplifier collector voltage is supplied through an RF choke
to the output. The reference voltage is supplied through a sepa-
rate RF choke to the amplifier input. A voltage divider (R2/R3)
sets the proper bias level to the input. Capacitors C7, C8 and C9
provide DC bias decoupling for VCC. In some applications, if a
series DC blocking cap is not part of the input or output RF
matching circuits, a blocking cap of 100 pF, should be included
to provide DC blocking to the RF ports.
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Typical Performance Data

VCC = 5 V, TC = 25 °C, unless otherwise noted
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Measured @ POUT = 21.5 dBm

Typical Performance Data

VCC = 5 V, TC = 25 °C, unless otherwise noted
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Evaluation Board Description
The Skyworks SKY65028-70LF Evaluation Board is used to test
the performance of the SKY65028-70LF power amplifier driver.

The following design considerations are general in nature and
must be followed regardless of final use or configuration.

1. Paths to ground should be made as short as possible.
2. The ground pad of the SKY65028-70LF power amplifier has
special electrical and thermal grounding requirements. This pad
is the main thermal conduit for heat dissipation. Since the circuit
board acts as the heat sink, it must shunt as much heat as pos-
sible from the amplifier. As such, design the connection to the
ground pad to dissipate the maximum wattage produced to the
circuit board. Multiple vias to the grounding layer are required.

NOTE: Junction temperature (TJ) of the device increases with a
poor connection to the slug and ground. This reduces the
lifetime of the device.

Testing Procedure
Use the following procedure to set up the SKY65028-70LF
Evaluation Board for testing:

1. Connect a 5.0 V supply to VCC. If available, enable the current
limiting function of the power supply to 240 mA.

2. Connect a signal generator to the RF signal input port. Set it to
the desired RF frequency at a power level of -15 dBm or less
to the evaluation board but do NOT enable the RF signal.

3. Connect a spectrum analyzer to the RF signal output port.

4. Enable the power supply.

5. Enable the RF signal.

6. Take measurements.

CAUTION: If any of the output signals exceed the rated maximum
values, the SKY65028-70LF evaluation board can be
permanently damaged.

GN
D

V C
C

GN
D

GN
D

R3

R2

R1

C7

C1 C2

C3

C8
C9

C5

C6C4L2

L1
J1 (RF In)

JP1

J2 (RF Out)

Evaluation Board Assembly

Layer 3: Ground

Layer 4: Solid Ground Plane

Layer 1: Top - Metal

Layer 2: Ground

Evaluation Board Layer Detail
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Cross Section Name Thickness (mils) Material εr

L1 1.4 Cu –

Lam1 12 Rogers 4003-12 3.38

L2_GND 1.4 Cu, 1 oz. –

Lam2 4 FR4-4 4.35

L3_GND 1.4 Cu, 1 oz. –

Lam3 12 FR4-12 4.35

L4 1.4 Cu, 1 oz. –

Evaluation Board Stack-Up

SK28
YYWW YY = Calendar Year

WW = Week
Packaged Sealed

Branding Specifications

C7C8C9

L1

OutputInput

VCC = 5 V or 3.3 V

1

2

3

4

M2

M1 M3 M4

M5

M6

R1

L2

R2

R3

Evaluation Board Schematic

Refer to Evaluation Board Component Values vs. Frequency Table for component values.

Component Evaluation Board Frequency (MHz)

450 900 1960 2140 2450 2450 2600

VCC = 5 V VCC = 3.3 V VCC = 5 V

R1 0 Ω 0 Ω 0 Ω 0 Ω 0 Ω 0 Ω 0 Ω
R2 390 Ω 390 Ω 390 Ω 390 Ω 390 Ω 220 Ω 390 Ω
R3 180 Ω 180 Ω 180 Ω 180 Ω 180 Ω 200 Ω 180 Ω
C7 0.1 µF 0.1 µF 0.1 µF 0.1 µF 0.1 µF 0.1 µF 0.1 µF

C8 1000 pF 1000 pF 1000 pF 1000 pF 1000 pF 1000 pF 1000 pF

C9 68 pF 68 pF 18 pF 18 pF 18 pF 18 pF 18 pF

L1 39 nH 39 nH 27 nH 27 nH 27 nH 27 nH 22 nH

L2 39 nH 39 nH 27 nH 27 nH 27 nH 27 nH 22 nH

M1 6.8 nH 6.8 nH 15 nH 6.8 nH 1 pF 1 pF 1 pF

M2 15 pF 6.8 pF 12 pF 1 pF 1.5 pF 1.5 pF 1.2 pF

M3 DNI 10 pF 1.5 pF 1 pF DNI DNI DNI

M4 DNI DNI DNI 2.2 pF DNI DNI DNI

M5 39 pF 10 pF 2.2 pF 3.3 pF 20 pF 20 pF 20 pF

M6 33 nH 8.2 nH 3.9 nH 2.2 nH 0.5 pF 0.5 pF 0.5 pF

Evaluation Board Component Values vs. Frequency

DNI: Do Not Install.
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Package Dimensions
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All measurements are in millimeters
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Tape and Reel Dimensions

8.00 ± 0.10 4.00 ± 0.10
2.00 ± 0.05

1.75 ± 0.10

12.0 ± 0.30

5.50 ± 0.05

0.30 ± 0.05

1.90 ± 0.10

7° Max.

8° Max.
B

A A

B

B

B

Pin #1
Indicator

4.90 ± 0.10

4.60 ± 0.10

Notes:
1. Carrier tape material: black conductive polycarbonate
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.2 mm width
4. All measurements are in millimeters

∅1.50 ± 0.10

∅1.00 Min.
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Copyright © 2002, 2003, 2004, 2005, 2006, 2007, 2008, Skyworks Solutions, Inc. All Rights Reserved.

Information in this document is provided in connection with Skyworks Solutions, Inc. (“Skyworks”) products or services. These materials, including the information contained herein, are provided
by Skyworks as a service to its customers and may be used for informational purposes only by the customer. Skyworks assumes no responsibility for errors or omissions in these materials or the
information contained herein. Skyworks may change its documentation, products, services, specifications or product descriptions at any time, without notice. Skyworks makes no commitment to
update the materials or information and shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes.

No license, whether express, implied, by estoppel or otherwise, is granted to any intellectual property rights by this document. Skyworks assumes no liability for any materials, products or
information provided hereunder, including the sale, distribution, reproduction or use of Skyworks products, information or materials, except as may be provided in Skyworks Terms and
Conditions of Sale.

THE MATERIALS, PRODUCTS AND INFORMATION ARE PROVIDED “AS IS”WITHOUT WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE, INCLUDING FITNESS FOR A
PARTICULAR PURPOSE OR USE, MERCHANTABILITY, PERFORMANCE, QUALITY OR NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY
DISCLAIMED. SKYWORKS DOES NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS CONTAINED WITHIN THESE MATERIALS. SKYWORKS
SHALL NOT BE LIABLE FOR ANY DAMAGES, INCLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT LIMITATION,
LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM THE USE OF THE MATERIALS OR INFORMATION, WHETHER OR NOT THE RECIPIENT OF MATERIALS HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

Skyworks products are not intended for use in medical, lifesaving or life-sustaining applications, or other equipment in which the failure of the Skyworks products could lead to personal injury,
death, physical or environmental damage. Skyworks customers using or selling Skyworks products for use in such applications do so at their own risk and agree to fully indemnify Skyworks for any
damages resulting from such improper use or sale.

Customers are responsible for their products and applications using Skyworks products, which may deviate from published specifications as a result of design defects, errors, or operation of
products outside of published parameters or design specifications. Customers should include design and operating safeguards to minimize these and other risks. Skyworks assumes no liability for
applications assistance, customer product design, or damage to any equipment resulting from the use of Skyworks products outside of stated published specifications or parameters.

Skyworks, the Skyworks symbol, and “Breakthrough Simplicity” are trademarks or registered trademarks of Skyworks Solutions, Inc., in the United States and other countries. Third-party brands and
names are for identification purposes only, and are the property of their respective owners. Additional information, including relevant terms and conditions, posted at www.skyworksinc.com, are
incorporated by reference.

Ordering Information
Model Name Manufacturing Part Number Evaluation Kit Part Number

SKY65028-70LF: 250–2700 MHz
Linear Power Amplifier Driver

SKY65028-70LF (Pb-free and Green package) TW11-D631 (900 MHz)

TW11-D632 (1960 MHz)

TW11-D633 (2140 MHz)

TW11-D634 (450 MHz)

TW11-D636 (2450 MHz, VCC = 5 V)

TW11-D638 (2450 MHz, VCC = 3.3 V)

TW11-D637 (2600 MHz)
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SKY65112-84LF: Linear Power Amplifier Driver, 0.5 W
400–2300 MHz

PRELIMINARY DATA SHEET

Features
● Wideband: 400–2300 MHz
● High linearity: OIP3 > 39 dBm; P1 dB > 27 dBm @ 940 MHz
● High gain > 18 dB
● Single DC supply: 5 V
● Low-cost SMT, lead (Pb)-free package, RoHS-compliant

Applications
● UHF TV broadcast
● TETRA radio
● GSM/CDMA/EDGE 450/750/850/900MHz  bands
● DCS, PCS, W-CDMA, UMTS 

Functional Block Diagram

Description
Skyworks SKY65112 is a high performance power amplifier with
superior linearity and output power. The device is fabricated using
Skyworks high-reliability Heterojunction Bipolar Transistor (HBT)
technology. The device utilizes low-cost, industry-standard, ther-
mally enhanced SOIC-8 lead (Pb)-free, RoHS-compliant packaging.

The SKY65112 incorporates on-chip active bias which achieves
excellent gain tracking over temperature and voltage variations.

The SKY65112 is designed for ultrahigh linearity and wideband
operation, making it a cost effective building block for many 
transceiver applications.

The SKY65112 is rated for operation from -40 to +85 °C. It 
operates from a 5 V power supply voltage.

An evaluation board is available upon request.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Parameter Symbol Conditions Min. Typ. Max. Unit

Operational bandwidth 440 460 MHz

Total power-added efficiency PAE @ P1 dB 27 %

Gain |S21| 22 dB

Output P1 dB OP1 dB 26.5 dBm

Output IP3 OIP3 @ 14 dBm POUT/Tone, 1 MHz Spacing 34 dBm

Second harmonic POUT @ 450 MHz = 10 dBm -40 dBc

Third harmonic POUT @ 450 MHz = 10 dBm -86 dBc

Supply current ICCQ 260 mA

Reference current IREF 2 mA

Operational bandwidth 920 960 MHz

Total power-added efficiency PAE @ P1 dB 22 %

Gain |S21| 18 dB

Output P1 dB OP1 dB 27.2 dBm

Output IP3 OIP3 @ 14 dBm POUT/Tone, 1 MHz Spacing 39 dBm

Second harmonic POUT @ 940 MHz = 10 dBm -65 dBc

Third harmonic POUT @ 940 MHz = 10 dBm -90 dBc

Supply current ICCQ 260 mA

Reference current IREF 2 mA

Operational bandwidth 1930 1990 MHz

Total power-added efficiency PAE @ P1 dB 38 %

Gain |S21| 15.1 dB

Output P1 dB OP1 dB 30 dBm

Output IP3 OIP3 @ 14 dBm POUT/Tone, 1 MHz Spacing 39 dBm

Second harmonic POUT @ 1.96 GHz = 10 dBm -58 dBc

Third harmonic POUT @ 1.96 GHz = 10 dBm -79 dBc

CDMA (IS95) channel power @ -50 dBc ACPR, 1960 MHz 22 dBm

Supply current ICCQ 260 mA

Reference current IREF 2 mA

Operational bandwidth 2110 2170 MHz

Total power-added efficiency PAE @ P1 dB 38 %

Gain |S21| 15.5 dB

Output P1 dB OP1 dB 29 dBm

Output IP3 OIP3 @ 14 dBm POUT/Tone, 1 MHz Spacing 37 dBm

Second harmonic POUT @ 2.14 GHz = 10 dBm -55 dBc

Third harmonic POUT @ 2.14 GHz = 10 dBm -72 dBc

W-CDMA channel power @ -45 dBc ACLR, 2140 MHz 20 dBm

Supply current ICCQ 260 mA

Reference current IREF 2 mA

Electrical Specifications

TA = 25 °C, VCC = 5 V, ICCQ = 260 mA, ZO = 50 Ω, as measured in the evaluation board, unless otherwise noted
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Parameter Symbol Min. Typ. Max. Unit

Supply voltage VCC 5 V

Reference current IREF 2 mA

Reference voltage VREF 5 V

Operating frequency 400 2300 MHz

Supply current ICCQ 260 mA

Junction temperature TJ 150 °C

Recommended Operating Conditions

SKY65112 Tuned for 940 MHz
VCC = 5 V, VREF = 5 V, ICCQ = 260 mA
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Typical Performance Data 

TA = 25 °C, VCC = 5 V, ICCQ = 260 mA, ZO = 50 Ω, unless otherwise noted

SKY65112 Tuned for 450 MHz 
VCC = 5 V, VREF = 5 V, ICCQ = 260 mA
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SKY65112 Gain, ICC vs. POUT
VCC = 5 V, VREF = 5.1 V, ICCQ = 260 mA, F = 940 MHz
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SKY65112 Gain, ICC vs. POUT
VCC = 5 V, VREF = 5 V, ICCQ = 450 mA, F = 450 MHz
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SKY65112 Gain, ICC vs. POUT
VCC = 5 V, VREF = 5 V, ICCQ = 260 mA, F = 2140 MHz
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SKY65112 OIP3, VCC = 5 V, VREF = 5 V,
ICCQ = 260 mA, F = 450 MHz, Tone Spacing = 1 MHz 
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SKY65112 Tuned for 1960–2140 MHz
VCC = 5 V, VREF = 5 V, ICCQ = 260 mA
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SKY65112 OIP3, VCC = 5 V, ICCQ = 260 mA, 
VREF = 5 V, F = 1960 MHz, Tone Spacing = 1 MHz 
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SKY65112 OIP3, VCC = 5 V, VREF = 5 V, 
ICCQ = 260 mA, F = 940 MHz, Tone Spacing = 1 MHz 
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SKY65112 Gain, ICC vs. POUT
VCC = 5 V, VREF = 5 V, ICCQ = 260 mA, F = 1960 MHz
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SKY65112 OIP3, VCC = 5 V, VREF = 5 V, 
ICCQ = 260 mA, F = 2140 MHz, Tone Spacing = 1 MHz 
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SKY65112 3GPP WCDMA, F = 2140 MHz
QPSK 45° Offset, Filter Root Cosine,

Roll-off Factor 0.22, Symbol Rate 3.84 Msym/s
VCC = 5 V, VREF = 5 V, ICCQ = 260 mA

SKY65112 IS-95, F = 1960 MHz
VCC = 5 V, VREF = 5 V, ICCQ = 260 mA,

Clock freq 9.8304 MHz
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Technical Description
The SKY65112 is a single stage linear amplifier. The device
should be externally matched for optimum gain and linearity
using external passive components on the input and on the
output ports. These external components allow the amplifier to 
be optimized for the desired operating frequency.

The RF input is internally connected to pins 2, 3 and 4 via 
different lengths of bond wire. The inductances produced by
these bond wires can be utilized in the impedance matching 
circuit on the amplifier’s input port.

The RF output is internally connected to pins 6 and 7 for current
sharing. Both of these pins should be connected externally to the
same printed circuit board trace.

The SKY65112 contains a bias circuit for optimum temperature
tracking performance. An external resistor is used to set the bias
current level. The value of this resistor can be selected to set the
amplifier operational mode to Class A, B, or AB, allowing for 
optimization of linearity and efficiency.

Package and Handling Information
Since the device package is sensitive to moisture absorption, it is
baked and vacuum packed before shipping. Instructions on the
shipping container label regarding exposure to moisture after the
container seal is broken must be followed. Otherwise, problems
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly.

Please refer to Skyworks solder reflow application note, available
at www.skyworksinc.com, for instructions on mounting the
SKY65112 to a printed circuit board.

Production quantities of this product are shipped in a standard
tape and reel format. For packaging details, refer to the Skyworks
Application Note, “Tape and Reel,” document number 101568.

Pin Out

1

2

3

4

8

7

6

5

Exposed
Paddle

Pin No. Name Descriptions

1 VREF Reference voltage input

2, 3, 4 RF_In RF input

5 GND Ground

6, 7 RF_Out RF output

8 VCC Supply voltage

Backside GND Exposed paddle package ground

Pin Descriptions

Characteristic Value

RF input power (PIN) 22 dBm

Supply voltage (VCC) 8 V

Reference current (IREF) 10 mA

Total supply current (ICC + IREF) 500 mA

Power dissipation (PDISS) 2 W

Case operating temperature(1) (TC) -40 to +85 °C

Storage temperature (TST) -50 to +150 °C

Junction temperature (TJ) -50 to +150 °C

Thermal resistance (θJC) 42 °C/W

Absolute Maximum Ratings

1. Case temperature is defined as the temperature of the surface of the exposed paddle 
where it is soldered to the printed circuit board ground. This surface must be connected 
via the lowest possible thermal impedance to an adequate heatsink.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Evaluation Board
The SKY65112 Evaluation Board is used to test the performance
of the SKY65112 power amplifier driver. Schematic diagrams 
for evaluation circuits, optimized for output third order intercept
(OIP3) are shown below. Evaluation board schematics and bills 
of materials are shown for GSM operation at 940 MHz and also
for DCS/UMTS/CDMA operation near 2 GHz. The mounting 
footprint for the SKY65112 is shown in the mounting 
footprint schematic.

The evaluation board also contains a probe fixture section which
makes it possible to conveniently measure scattering parameters
with ground-signal-ground probes and a vector network analyzer,
directly at the input and output pins of the package. Scattering
parameters measured in this fixture are available upon request.

Circuit Design Configurations
The following design considerations are general in nature and
must be followed regardless of final use or configuration.

1. Paths to ground should be made as short as possible.

2. The exposed paddle ground pad of the SKY65112 power
amplifier has special electrical and thermal grounding 
requirements. This paddle is the main thermal conduit for 
heat dissipation. Since the circuit board acts as the heat sink,
it must shunt as much heat as possible from the amplifier. As
such, design the connection to the ground pad to dissipate the
maximum power produced to the circuit board. Multiple vias to
the grounding layer are required.

NOTE: Junction temperature (TJ) of the device increases with a
poor connection to the exposed paddle and ground. This
reduces the lifetime of the device.

3. External bypass capacitors are required on the VCC line and on
pins 1.

4. Bias resistors R2 and R4 and the voltage applied to VREF 
determine the reference current, IREF, into pin 1. This current
controls the supply current through the amplifier stage.

A suggested matching circuit is shown in the evaluation board
schematic.

Test Procedure
Use the following procedure to set up the SKY65112 Evaluation
Board for testing. Refer to the mounting footprint schematic 
for guidance:

1. Connect a 5 V supply to VCC. If available, enable the current
limiting function of the power supply to 520 mA.

2. Connect a positive supply to VREF.

3. Connect a signal generator to the RF signal input port. Set it to
the desired RF frequency at a power level of -15 dBm or less
to the evaluation board, but do not enable the RF signal.

4. Connect a spectrum analyzer to the RF signal output port.

5. Enable the power supply.

6. Adjust VREF to set supply current (ICCQ) to 260 mA

7. Enable the RF signal.

8. Take measurements.

CAUTION: If any of the input signals exceed the rated maximum
values, the SKY65112 Evaluation Board can be 
permanently damaged.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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Evaluation Board Schematic

1 

2 

3 

4 

8 

7 

6 

5 

Exposed 
Paddle 

RF In 

RF Out

VREF 

IREF 

VCC 

R2 

R3 

L4 

C8 

C12 

C11 

C7 C9 

C6 

R4 

C5 

C10 

N/C 

M1 M3 M4

M6 M8
M2

M5

M7

Component 450 MHz 940 MHz 1960 MHz 2140 MHz

R1 NA NA 51 Ω 51 Ω
R2 51 Ω 51 Ω 51 Ω 51 Ω
R3 51 Ω 51 Ω 1.2 kΩ 1.2 kΩ
R4 1.2 kΩ 1.2 kΩ NA NA

L4 82 nH (0805) 82 nH (0805) 47 nH (0603) 47 nH (0603) 

C5 NA NA NA NA

C6 NA NA NA NA

C7 100 pF 22 pF 10 pF 10 pF 

C8 2.2 µF 0.1 µF 0.1 µF 0.1 µF

C9 2.2 µF 0.1 µF 0.1 µF 0.1 µF

C10 10 µF 2.2 µF 2.2 µF 2.2 µF

C11 10 µF 4 µF 4 µF 4 µF

C12 10 µF 4 µF 4 µF 4 µF

M1 33 nH 10 nH 100 pF 100 pF 

M2 4.7 pF 2.2 pF 2.2 pF 2.2 pF 

M3 10 nH 15 nH NA NA

M4 10 Ω 0 Ω NA NA

M5 5.6 nH 1 nH NA NA

M6 27 pF 1.5 nH NA NA

M7 5.6 nH 10 pF 3.9 pF 3.9 pF 

M8 1000 pF 100 pF 100 pF 100 pF 

Evaluation Board Component Values vs. Frequency
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Test Board Assembly 450, 940 MHz

C12

C11

R4

Test Board Assembly 1960, 2140 MHz

C12

C11

R3
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Power
Supply

SKY65112
Evaluation Board

Signal
Generator

Input Output Power Meter
or

Spectrum Analyzer

Evaluation Board Test Configuration

0.049 (1.24 mm)
0.016 (0.41 mm)0.060

(1.73 mm)
Max.

0.016 Max.
(0.41 mm) x 
45° Chamfer

Pin 1

0.115 (2.65 mm)
± 0.008 (0.12 mm)

0.066 (1.65 mm)
± 0.005 (0.12 mm)

Exposed
Heat Slug

0.010 (0.25 mm)
0.007 (0.17 mm)

0.158 (4.00 mm)
0.150 (3.80 mm)

8°
Max.

0.020 (0.51 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.050 (1.27 mm) BSC

Pin 8

Pin 1
Indicator

SOIC-8

6.985

1.800
0.381

1.270

1.524
Minimum

0.381 diameter plated-through via
(minimum 20 recommended)

2.710

0.635
Minimum

Mounting Footprint

Dimensions in mm.
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SKY65113-84LF: Linear Power Amplifier Driver, 1.0 W
400–2300 MHz

PRELIMINARY DATA SHEET

Features
● Wideband: 400–2300 MHz
● High linearity: OIP3 > 40 dBm; P1 dB > 30 dBm @ 940 MHz
● High gain > 20 dB @ 940 MHz
● Single DC supply: 5 V
● Low-cost SMT, lead (Pb)-free package, RoHS-compliant

Applications
● UHF TV broadcast
● TETRA radio
● GSM/CDMA/EDGE 450/750/850/900MHz  bands
● DCS, PCS, W-CDMA, UMTS 

Description
Skyworks SKY65113 is a high performance power amplifier with
superior linearity and output power. The device is fabricated using
Skyworks high-reliability Heterojunction Bipolar Transistor (HBT)
technology. The device utilizes low-cost, industry-standard, ther-
mally enhanced SOIC-8 lead (Pb)-free, RoHS-compliant packaging.

The SKY65113 incorporates on-chip active bias which achieves
excellent gain tracking over temperature and voltage variations.

The SKY65113 is designed for ultrahigh linearity and wideband
operation, making it a cost effective building block for many 
transceiver applications.

The SKY65113 is rated for operation from -40 to +85 °C. It 
operates from a 5 V power supply voltage.

An evaluation board is available upon request.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Functional Block Diagram



Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
December 19, 2006  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  200454 Rev. B

PRELIMINARY DATA SHEET   •  SKY65113-84LF

2

Parameter Symbol Conditions Min. Typ. Max. Unit

Operational bandwidth 440 460 MHz

Total power-added efficiency PAE @ P1 dB 36 %

Gain |S21| 23 dB

Output P1 dB OP1 dB 29.7 dBm

Output IP3 OIP3 @ 16 dBm POUT/Tone, 1 MHz Spacing 36.5 dBm

Second harmonic POUT @ 450 MHz = 10 dBm -63 dBc

Third harmonic POUT @ 450 MHz = 10 dBm -88 dBc

Supply current ICCQ 450 mA

Reference current IREF 2 mA

Operational bandwidth 920 960 MHz

Total power-added efficiency PAE @ P1 dB 39 %

Gain |S21| 19.6 dB

Output P1 dB OP1 dB 30.6 dBm

Output IP3 OIP3 @ 16 dBm POUT/Tone, 1 MHz Spacing 40 dBm

Second harmonic POUT @ 940 MHz = 10 dBm -74 dBc

Third harmonic POUT @ 940 MHz = 10 dBm -87 dBc

Supply current ICCQ 450 mA

Reference current IREF 2 mA

Operational bandwidth 1930 1990 MHz

Total power-added efficiency PAE @ P1 dB 28 %

Gain |S21| 12.7 dB

Output P1 dB OP1 dB 31.2 dBm

Output IP3 OIP3 @ 16 dBm POUT/Tone, 1 MHz Spacing 37 dBm

Second harmonic POUT @ 1.96 GHz = 10 dBm -57 dBc

Third harmonic POUT @ 1.96 GHz = 10 dBm -72 dBc

CDMA (IS95) channel power @ -50 dBc ACPR, 1960 MHz 23 dBm

Supply current ICCQ 450 mA

Reference current IREF 2 mA

Operational bandwidth 2110 2170 MHz

Total power-added efficiency PAE @ P1 dB 28 %

Gain |S21| 12 12.5 dB

Output P1 dB OP1 dB 29.2 dBm

Output IP3 OIP3 @ 16 dBm POUT/Tone, 1 MHz Spacing 36 dBm

Second harmonic POUT @ 2.14 GHz = 10 dBm -61 dBc

Third harmonic POUT @ 2.14 GHz = 10 dBm -73 dBc

W-CDMA channel power @ -45 dBc ACLR, 2140 MHz 21 dBm

Supply current ICCQ 450 mA

Reference current IREF 2 mA

Electrical Specifications

TA = 25 °C, VCC = 5 V, ICCQ = 450 mA, ZO = 50 Ω, as measured in the evaluation board, unless otherwise noted
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Parameter Symbol Min. Typ. Max. Unit

Supply voltage VCC 5 V

Reference current IREF 2 mA

Reference voltage VREF 5 V

Operating frequency 400 2300 MHz

Supply current ICCQ 450 mA

Junction temperature TJ 150 °C

Recommended Operating Conditions

SKY65113 Tuned for 940 MHz
VCC = 5 V,  VREF = 5 V, ICCQ = 450 mA

Frequency (Hz)
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Typical Performance Data 

TA = 25 °C, VCC = 5 V, ICCQ = 260 mA, ZO = 50 Ω, unless otherwise noted

SKY65113 Tuned for 450 MHz 
VCC = 5 V,  VREF = 5 V, ICCQ = 450 mA
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SKY65113 Gain, ICC vs. POUT
VCC = 5.3 V, VREF = 5 V, ICCQ = 450 mA, F = 940 MHz
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SKY65113 Gain, ICC vs. POUT
VCC = 5 V, VREF = 5 V, ICCQ = 450 mA, F = 450 MHz
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SKY65113 Gain, ICC vs. POUT
VCC = 5 V, VREF = 5 V, ICCQ = 450 mA, F = 2140 MHz
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SKY65113 OIP3, VCC = 5 V, VREF = 5 V, 
ICCQ = 450 mA, F = 450 MHz, Tone Spacing = 1 MHz 
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SKY65113 Tuned for 1960–2140 MHz
VCC = 5 V, VREF = 5 V, ICCQ = 450 mA
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SKY65113 OIP3, VCC = 5 V, VREF = 5 V, 
ICCQ = 450 mA, F = 1960 MHz, Tone Spacing = 1 MHz 
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SKY65113 OIP3, VCC = 5 V, VREF = 5 V, 
ICCQ = 450 mA, F = 940 MHz, Tone Spacing = 1 MHz 
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SKY65113 Gain, ICC vs. POUT
VCC = 5 V, VREF = 5 V, ICCQ = 450 mA, F = 1960 MHz

POUT (dBm)

Ga
in

 (d
B)

P1 dB = 31.2 dBmGain

ICC  (m
A)

ICC

7.5
8.0
8.5
9.0
9.5

10.0
10.5
11.0
11.5
12.0
12.5
13.0
13.5
14.0

13.2 15.2 17.2 19.3 21.4 23.4 25.5 27.4 29 30.5 31.7 32.2
350
400
450
500
550
600
650
700
750
800
850
900
950
1000



PRELIMINARY DATA SHEET  •  SKY65113-84LF

Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
200454 Rev. B  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  December 19, 2006 5

SKY65113 OIP3, VCC = 5 V, VREF = 5 V, 
ICCQ = 450 mA, F = 2140 MHz, Tone Spacing = 1 MHz 

POUT/Tone (dBm)
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SKY65113 3GPP WCDMA, F = 2140 MHz
QPSK 45° Offset, Filter Root Cosine,

Roll-off Factor 0.22, Symbol Rate 3.84 Msym/s
VCC = 5 V, VREF = 5 V, ICCQ = 450 mA

SKY65113 IS-95, F = 1960 MHz
VCC = 5 V, VREF = 5 V, ICCQ = 450 mA,

Clock freq 9.8304 MHz
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Technical Description
The SKY65113 is a single stage linear amplifier. The device
should be externally matched for optimum gain and linearity
using external passive components on the input and on the
output ports. These external components allow the amplifier to 
be optimized for the desired operating frequency.

The RF input is internally connected to pins 2, 3 and 4 via 
different lengths of bond wire. The inductances produced by
these bond wires can be utilized in the impedance matching 
circuit on the amplifier’s input port.

The RF output is internally connected to pins 6 and 7 for current
sharing. Both of these pins should be connected externally to the
same printed circuit board trace.

The SKY65113 contains a bias circuit for optimum temperature
tracking performance. An external resistor is used to set the bias
current level. The value of this resistor can be selected to set the
amplifier operational mode to Class A, B, or AB, allowing for 
optimization of linearity and efficiency.

Package and Handling Information
Since the device package is sensitive to moisture absorption, it is
baked and vacuum packed before shipping. Instructions on the
shipping container label regarding exposure to moisture after the
container seal is broken must be followed. Otherwise, problems
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly.

Please refer to Skyworks solder reflow application note, available
at www.skyworksinc.com, for instructions on mounting the
SKY65113 to a printed circuit board.

Production quantities of this product are shipped in a standard
tape and reel format. For packaging details, refer to the Skyworks
Application Note, “Tape and Reel,” document number 101568.

Pin Out

1

2

3

4

8

7

6

5

Exposed
Paddle

Pin No. Name Descriptions

1 VREF Reference voltage input

2, 3, 4 RF_In RF input

5 GND Ground

6, 7 RF_Out RF output

8 VCC Supply voltage

Backside GND Exposed paddle package ground

Pin Descriptions

Characteristic Value

RF input power (PIN) 27 dBm

Supply voltage (VCC) 8 V

Reference current (IREF) 10 mA

Total supply current (ICC + IREF) 750 mA

Power dissipation (PDISS) 2 W

Case operating temperature(1) (TC) -40 to +85 °C

Storage temperature (TST) -50 to +150 °C

Junction temperature (TJ) -50 to +155 °C

Thermal resistance (θJC) 30°C/W

Absolute Maximum Ratings

1. Case temperature is defined as the temperature of the surface of the exposed paddle 
where it is soldered to the printed circuit board ground. This surface must be connected 
via the lowest possible thermal impedance to an adequate heatsink.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Evaluation Board
The SKY65113 Evaluation Board is used to test the performance
of the SKY65113 power amplifier driver. Schematic diagrams for
evaluation boards circuits, optimized for best output 3rd order
intercept point (OIP3), are shown below. Evaluation board
schematics and bills of materials are shown for GSM operation 
at 940 MHz and also for DCS/UMTS/W-CDMA operation near 2
GHz. The mounting footprint for the SKY65113 is shown 
in the mounting footprint schematic.

The evaluation board also contains a probe fixture section which
makes it possible to conveniently measure scattering parameters
with ground-signal-ground probes and a vector network analyzer,
directly at the input and output pins of the package. Scattering
parameters measured in this fixture are available upon request.

Circuit Design Configurations
The following design considerations are general in nature and
must be followed regardless of final use or configuration.

1. Paths to ground should be made as short as possible.

2. The exposed paddle ground pad of the SKY65113 power
amplifier has special electrical and thermal grounding 
requirements. This paddle is the main thermal conduit for 
heat dissipation. Since the circuit board acts as the heat sink,
it must shunt as much heat as possible from the amplifier. As
such, design the connection to the ground pad to dissipate the
maximum power produced to the circuit board. Multiple vias to
the grounding layer are required.

NOTE: Junction temperature (TJ) of the device increases with a
poor connection to the exposed paddle and ground. This
reduces the lifetime of the device.

3. External bypass capacitors are required on the VCC line and on
pins 1.

4. Bias resistors R2 and R4 and the voltage applied to VREF 
determine the reference current, IREF, into pin 1. This current
controls the supply current through the amplifier stage.

A suggested matching circuit is shown in the evaluation board
schematic.

Test Procedure
Use the following procedure to set up the SKY65113 Evaluation
Board for testing. Refer to the mounting footprint schematic 
for guidance:

1. Connect a 5 V supply to VCC. If available, enable the current
limiting function of the power supply to 900 mA.

2. Connect a positive supply to VREF.

3. Connect a signal generator to the RF signal input port. Set it to
the desired RF frequency at a power level of -15 dBm or less
to the evaluation board, but do not enable the RF signal.

4. Connect a spectrum analyzer to the RF signal output port.

5. Enable the power supply.

6. Adjust VREF to set supply current (ICCQ) to 450 mA

7. Enable the RF signal.

8. Take measurements.

CAUTION: If any of the input signals exceed the rated maximum
values, the SKY65113 Evaluation Board can be 
permanently damaged.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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Evaluation Board Schematic

1 

2 

3 

4 

8 

7 

6 

5 

Exposed 
Paddle 

RF In 

RF Out

VREF 

IREF 

VCC 

R2 

R3 

L4 

C8 

C12 

C11 

C7 C9 

C6 

R4 

C5 

C10 

N/C 

M1 M3 M4

M6 M8
M2

M5

M7

Component 450 MHz 940 MHz 1960 MHz 2140 MHz

R1 NA NA 51 Ω 51 Ω
R2 51 Ω 51 Ω 51 Ω 51 Ω
R3 51 Ω 51 Ω 820 Ω 820 Ω
R4 820 Ω 820 Ω NA NA

L4 82 nH (0805) 82 nH (0805) 47 nH (0603) 47 nH (0603) 

C5 NA NA NA NA

C6 NA NA NA NA

C7 100 pF 22 pF 10 pF 10 pF 

C8 2.2 µF 0.1 µF 0.1 µF 0.1 µF

C9 2.2 µF 0.1 µF 0.1 µF 0.1 µF

C10 10 µF 2.2 µF 2.2 µF 2.2 µF

C11 10 µF 4 µF 4 µF 4 µF

C12 10 µF 4 µF 4 µF 4 µF

M1 33 nH 10 nH 100 pF 100 pF 

M2 3.9 pF 3.9 pF 2.2 pF 2.2 pF 

M3 10 nH 10 nH NA NA

M4 10  Ω 0  Ω NA NA

M5 5.6 nH 0  Ω NA NA

M6 5.6 nH 1.5 nH NA NA

M7 18 pF 8.2 pF 3.9 pF 3.9 pF 

M8 1000 pF 100 pF 100 pF 100 pF 

Evaluation Board Component Values vs. Frequency
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Test Board Assembly 450, 940 MHz

C12

C11

R4

Test Board Assembly 1960, 2140 MHz

C12

C11

R3



Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
December 19, 2006  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  200454 Rev. B

PRELIMINARY DATA SHEET   •  SKY65113-84LF

10

Power
Supply

SKY65113
Evaluation Board

Signal
Generator

Input Output Power Meter
or

Spectrum Analyzer

Evaluation Board Test Configuration

0.049 (1.24 mm)
0.016 (0.41 mm)0.060

(1.73 mm)
Max.

0.016 Max.
(0.41 mm) x 
45° Chamfer

Pin 1

0.115 (2.65 mm)
± 0.008 (0.12 mm)

0.066 (1.65 mm)
± 0.005 (0.12 mm)

Exposed
Heat Slug

0.010 (0.25 mm)
0.007 (0.17 mm)

0.158 (4.00 mm)
0.150 (3.80 mm)

8°
Max.

0.020 (0.51 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.050 (1.27 mm) BSC

Pin 8

Pin 1
Indicator

SOIC-8

6.985

1.800
0.381

1.270

1.524
Minimum

0.381 diameter plated-through via
(minimum 20 recommended)

2.710

0.635
Minimum

Mounting Footprint

Dimensions in mm.
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Features
� 2.4–2.5 GHz operation
� WLAN/Zigbee® applications
� Advanced GaAs HBT process
� Integrated output power detector and F2 filter
� Low voltage positive bias supply (3.3 V)
� Low quiescent current: 50 mA
� 27 dB small signal gain
� 802.11g linear power: 18 dBm (includes integrated filter loss)
� 802.11b mask-compliant power: 21 dBm (includes integrated
filter loss)

� 802.15.4 mask-compliant power: 15.4 dBm (includes integrated
filter loss)

� Low-cost plastic package QFN 16-pin (3 x 3 x 0.75 mm)
� Lead (Pb)-free, and RoHS-compliant

Description
The SKY65006-348LF is a linear, high-gain two-stage power
amplifier with integrated output power detector and second
harmonic (F2) filter, designed for low voltage operations. This
device is manufactured on an advanced Gallium Arsenide
(GaAs), Heterojunction Bipolar Transistor (HBT) process. It is
designed for power amplifier applications in WLAN, Zigbee®,
and spread spectrum systems from 2.4–2.5 GHz. The ampli-
fier is packaged in a QFN-16, 3 x 3 x 0.75 mm package.

SKY65006-348LF: 2.4–2.5 GHz WLAN/Zigbee®

Power Amplifier

PRELIMINARY DATA SHEET

N/C N/C VCC N/C

N/C 1

2

3

4

12

11

10

9

16

5

1415

6

13

7 8

N/C

N/C

RF IN

N/C

VDETOUT

RF OUT/VCC

RF OUT/VCC

VREG1 VREG2VBCC VDCC

LPF

Block Diagram

Exposed Pad

0.008 (0.20 mm)
Ref.

0.001
(0.02 mm)

+0.03
-0.02

(0.001 mm)

0.030 (0.75 mm)
± 0.002 (0.05 mm)

0.118
(3.00 mm)

0.118
(3.00 mm)Pin 1

Indicator

0.059
(1.500 mm)

0.059 (1.500 mm)

0.029
(0.73 mm)

0.057 (1.45 mm)
± 0.004 (0.10 mm)

0.057 (1.45 mm)
± 0.004 (0.10 mm)

QFN-16 (3 x 3 mm)

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Pin Symbol Description

1, 3, 4, 12, N/C No connect
13, 15, 16

2 RF IN RF input

5 VBCC DC control voltage input that sets bias to the first
amplifier stage.

6 VREG1 DC control voltage input to regulate the current to
the first amplifier stage.

7 VREG2 DC control voltage input to regulate the current to
the 2nd amplifier stage.

8 VDCC Reference voltage input to power detector.

9 VDETOUT Power detector output voltage.

10, 11 RF OUT/VCC RF outputs and supply voltage inputs to second
amplifier stage. These pins must be connected
directly together for current sharing.

14 VCC DC supply voltage input to the first amplifier stage.

Center GND Equipotential point. Connect package backside
center paddle to the printed circuit board common
via the lowest possible impedance.

Pin Assignments

Mode VCC VREG(1) VBCC VDCC

RF IN-RF OUT 3.3 V 3.0 V 3.3 V 3.3 V

DC Voltage Control Table

Characteristic Value

Supply voltage (VCC) 5 V

Supply current (ICC) 500 mA

Regulator supply voltage (VREG1 & VREG2) < VCC V

Operating temperature (TC) -40 °C to +85 °C

Storage temperature (TST) -55 °C to +125 °C

RF input power (PIN) 10 dBm

Junction temperature (TJ) 150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty. Each absolute maximum rating listed is an
individual parameter. Biasing and driving the amplifier with more than one absolute maximum
rating listed may result in permanent damage to the device. Exposure to maximum rating
conditions for extended periods may reduce device reliability.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

1. Refer to VREG on the engineering test board.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2400 2500 MHz

Gain lS21l Small signal 27 dB

Gain variation over frequency l∆S21l Small signal 0.2 dB

Quiescent current ICQ (No RF signal ) 50 mA

Input return loss lS11l Small signal 20 dB

Output return loss lS22l Small signal 6 dB

Output P1 dB P1 dB CW 24 dBm

2nd harmonic F2 CW at P1 dB -58 dBm

3rd harmonic F3 CW at P1 dB -43 dBm

Detector voltage VDET CW at POUT = 0 dBm 0.2 V

General RF Transmit Electrical Specifications

TC = 25 °C, VCC = 3.3 V, VREG = 3 V
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Parameter Symbol Condition Min. Typ. Max. Unit

Linear power at 2.442 GHz POUT 54 Mbps at 3.5% EVM 18 dBm

Current consumption ICC 54 Mbps at linear power 130 mA

Detector voltage VDET 54 Mbps at linear power 1 V

802.11g Electrical Specifications

OFDM Modulation, 54 Mbps, TC = 25 °C, VCC = 3.3 V, VREG = 3 V

Parameter Symbol Condition Min. Typ. Max. Unit

Compliant power at 2.442 GHz POUT 11 Mbps 21.5 dBm

Current consumption ICC 11 Mbps at compliant power 190 mA

Detector voltage VDET 11 Mbps at compliant power 1.4 V

802.11b Electrical Specifications

CCK Modulation, 11 Mbps, TC = 25 °C, VCC = 3.3 V, VREG = 3 V

802.11b data is taken with a raised cosine filter and an alpha factor of 0.7.

Parameter Symbol Condition Min. Typ. Max. Unit

Compliant power at 2.442 GHz POUT 250 Kb/s @ PIN = -12 dBm 15.4 dBm

Power at 2.442 GHz POUT 250 Kb/s @ PIN = -2 dBm 25 dBm

802.15.4 Electrical Specifications

Zigbee® O-QPSK Modulation, 250 Kb/s, TC = 25 °C, VCC = 3.3 V, VREG = 3 V

Small Signal Response
Conditions: VCC = 3.3 V, VREG = 3 V, TC = 25 °C
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Small Signal Response
Conditions: VCC = 3.3 V, VREG = 3 V, TC = 25 °C
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Typical Performance Data
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802.11g EVM and ICC vs. POUT
OFDM Modulation, 54 Mbps, VCC = 3.3 V,
VREG = 3 V, FC = 2.442 GHz, TC = 25 °C
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VDET vs. POUT
802.11g OFDM Modulation, 54 Mbps, VCC = 3.3 V,

VREG = 3 V, FC = 2.442 GHz, TC = 25 °C
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POUT vs. Frequency Across VREG
802.11g OFDM Modulation, 54 Mbps,

VCC = 3.3 V, VREG = 3 V, TC = 25 °C
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VCC = 3.3 V, VREG = 3 V, FC = 2.442 GHz, TC = 25 °C
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802.11b POUT, Gain, and ICC vs. Frequency
CCK Modulation, 11 Mbps, VCC = 3.3 V,

VREG = 3 V, TC = 25 °C
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Tx Channel
Bandwidth 2.632 MHz

Power 15.37 dBm
Adjacent Channel
Bandwidth 1 MHz Lower -27.59 dBm
Spacing 4 MHz Upper -27.25 dBm

Channel Absolute Power Spectral Density at Mask Limit (absolute limit of -30 dBm
with |f-fc| > 3.5 MHz with 100 MHz resolution bandwidth).

Zigbee® 802.15.4, Spectral Mask, O-QPSK, 250 Kb/s
VCC = 3.3 V, VREG = 3 V, TC = 25 °C,

F = 2.442 GHz, Channel Power = 15.4 dBm
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SKY65006-348LF
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VDET
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Applications Circuit
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Part # ID Size Value Units Manufacturer Product Number

1 C1 0402 5.6 pF Murata GRM1555C1H5R6CZ01E

2 C2 0402 5.6 pF Murata GRM1555C1H5R6CZ01E

3 C3 0402 10K pF Murata GRM155R71E103KA01

4 C4 0402 10K pF Murata GRM155R71E103KA01

5 C5 0402 1.8 pF Murata GRM1555C1H1R8CZ01D

6 C6 0603 4.7 µF Panasonic ECST1AZ475R

7 C7 0402 4.7 pF Murata GRM1555C1H4R7CZ01E

8 C8 1206 10 µF AVX TAJA106M006R

9 C9 1206 10 µF AVX TAJA106M006R

10 C10 0402 1 pF Murata GRM1555C1H1R0CZ01E

11 C11 0402 1 pF Murata GRM1555C1H1R0CZ01E

12 L1 0402 22 nH TDK MLK1005S22NJT000

13 L2 0402 22 nH TDK MLK1005S22NJT000

14 L3 0402 2.2 nH TDK MLK1005S2N2ST000

15 L4 0402 2.2 nH TDK MLK1005S2N2ST000

16 R1 0402 180 Ω Panasonic(1) ERJ2GEJ181X

17 R2 0402 240 Ω Panasonic(1) ERJ2GEJ241X

18 R3 0402 51K Ω Panasonic(1) ERJ2GEJ513X

19 PCB Metro circuits EN18-D730

Bill of Material for Applications Board

1. Panasonic is Skyworks preferred vendor, however any suitable equivalent will do.
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Test Board Biasing Procedure
1. Connect the RF input and output ports as labeled on the

engineering evaluation board.
2. Set the input power level from a CW signal generator to

approximately -25 dBm.
3. Apply ground connection from DC voltage supply to all

GND pins before applying any voltage.
4. Adjust the power supply to 3.3 V and set the current limit to

400 mA. Apply voltage to the pin labeled VCC and note that
there is no current draw from the supply. Be sure to apply
the voltage to VCC before applying any other voltages to the
test board.

5. Adjust a second power supply output to 3.0 V and set the
current limit to 30 mA. Apply voltage to the pin labeled VREG
and note that the current draw is approximately 10 mA.

6. Observe that the current on the VCC supply is in the range
of the quiescent current specification. The SKY65006
should be approximately 50 mA.

7. Observe that the small signal gain is within the range speci-
fied. The SKY65006 should be in the range of 27 dB. This
should verify the proper working conditions for this device,
and further testing can proceed.

8. To observe the detector voltage output, connect a voltmeter
or oscilloscope to the VDET pin on the evaluation test board.
Set the signal source to CW mode and increase power until
the output voltage begins to increase. The nominal offset
voltage with low or no signal inputs should be approximately
50–200 mV and should increase monotonically to approxi-
mately 700–1000 mV, when driven at an output level of
approximately 18 dBm. The evaluation circuit contains an
external 51K Ω resistor and an equivalent capacitance of
10 pF to ground.

9. Bias the unit off by first removing the VREG power supply and
finally remove the connection to the VCC power supply.

Application Information
The Skyworks SKY65006 is a high-performance 2-stage InGaP
power amplifier designed for 2.4–2.5 GHz ISM, IEEE802.11b,
802.11g WLAN and Zigbee® band applications. The SKY65006 is
a high-efficiency linear amplifier designed for single 3.3 V supply
operation, requiring no input and output matching components
for 50 Ω operation. This device also includes an internal power
detector and integrated harmonic filter for reduced PC board
component count. The integrated low pass filter is also highly
effective in reducing harmonics at their source by localizing har-
monic rejection to a tiny portion of the PA chip. This significantly
reduces the risk of radiation from a high order filter design
external to the amplifier. Filtering of harmonics in this way may
eliminate the need for an external shield over the PA, and
reduces overall cost. If additional suppression of harmonics is
required, an external low pass filter can be added to the output of
the amplifier. Optional shunt inductor, L3, is included on the appli-
cations board at the input of the amplifier to improve the return
loss. The typical performance data shown includes these optional
components.

The SKY65006 requires a nominal VCC supply voltage of 3.3 V
and a positive control voltage VREG1, 2 providing bias for the first
and second stage amplifiers. Nominal control voltage, VREG, is
2.5–2.6 V resulting from the stack of two emitter-base junctions
of about 1.3 V each for typical GaAs HBT device. To insure proper
reference currents into VREG1, 2, for normal operation of the RF
stages, drop-in resistors could be used between VREG1, 2 and a
VREG supply. Bias control would then be set in the range of
2.7–3.5 V allowing added flexibility for both the control voltage
value and desired RF stage currents. If additional output power is
required, VCC can also be increased 4.0 V. Biasing of each stage
consists of an external resistor of 180 Ω (R1) and 240 Ω (R2) for
the recommended typical bias currents of 15 mA and 35 mA for
stage 1 and 2 respectively. In most applications one end of each
of the bias resistors is tied to the VREG supply, so both amplifier
stages are biased with a single common voltage. Capacitor C5,
1.8 pF, bypasses the VREG stage 1 control bias pin and is used to
improve RF rejection of the bias control lines.
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Although there is no need for external matching when operating
in a 50 Ω system, an input and output 6 pF decoupling capacitor
is shown on the evaluation circuit. This capacitor is only manda-
tory on the RF output side of the device. The RF input is DC
isolated and could be connected to driver circuits directly without
the need for additional blocking capacitors. Capacitors of 5.6 pF
were chosen because their self-resonant frequency would not
add any unwanted disturbances in the 50 Ω transmission line
path. The SKY65006 is unconditionally stable at any frequency
and voltage setting as long as it is grounded correctly. It is
extremely important to pay special attention to the RF grounding
pad under the device. Ground pad vias and solder mask patterns
are designed in such a way to ensure minimum parasitic induc-
tance to the underlying ground and at each RF bypassing
component. To ensure reliable soldering of the device paddle, it is
highly recommended that filled vias with a minimal reliable
diameter and filling the entire pattern be used. The filled-via
technique would remove the possibility of solder migration down
via holes, which can cause a large increase in inductance and
possible instabilities.

Each amplifier stage is biased through a series choke and shunt
capacitor combination which is completely integrated on chip to
provide maximum RF isolation and harmonic radiation immunity.
To avoid interferences from the low-frequency gain of the ampli-
fier and to insure stability at low out of band frequencies, stage
1 amplifier is biased through inductor L1. It is also then shunted
by a large value capacitance to ensure proper low-frequency
bypassing of the amplifier. To avoid a shunting effect on the
50 Ω line, a high-impedance, self-resonating choke L2 (in the
range of 22–33 nH depending on vendor and size) and a large
value bypass capacitor are used for biasing the output stage.
Capacitor C6, 4.7 µF, on the VCC line should be placed as close
as possible to the biasing network supplying stage 2 or the
output stage of the amplifier. Applications with the DC bias being
generated strictly from a battery as the voltage source may not
require this capacitor, or as large a value as specified in the
applications circuit. However, in that case, a smaller ceramic
capacitor of at least 0.1 µF should be used and also placed as
close as possible to the biasing network supplying stage 2.
Capicator C9 affects amplifier turn-on time. Reduce the
value of C9 to decrease turn-on time as long as bias stability
is not compromised.

Note: Normal operation requires that VCC including VBCC be
applied before the application of the VREG voltages biasing stage
1 and 2 bias currents. If VCC and VBCC are not applied prior to
the application of the VREG biasing, voltage damage could occur
from excessive base current draw through the collector junction
of the bias transistor.

The SKY65006 also includes an on-board, compensated power
detector providing a single-ended output voltage for measuring
power over a wide dynamic range. The detector load and
settling time constant are set external to the device. Nominal
detector load is 51K Ω and 5 pF, yielding a settling time of
approximately 500 ns. Note that there is an internal 5 pF on-chip
capacitance, so the net capacitance value is approximately 10 pF.
Lower resistor values may be used if necessary with the net
impact being a lower output detector voltage over its useful
dynamic range. For proper detector operation, a reference voltage
must be applied to the VDET line. Any voltage between 2 and 4 V
is acceptable for the reference voltage, but it is recommended to
supply VDET from the VREG power supply. The benefit in doing
this is that the approximate 2 mA of current that the reference
circuit consumes will not be wasted with the PA in the “Off”
state. There is also the option of not biasing the detector refer-
ence if the current consumption is of prime importance, but the
detector will then act as a normal unbiased detector, and
sensitivity and accuracy will be degraded.

The application’s circuit board is constructed as a four-layer FR4
stack with an overall thickness of 0.062 inches (1.57 mm). Top
layer dielectric is 0.01-inch thick with 50 Ω transmission line
widths of 0.0195 inches. Printed circuit board is constructed
using a symmetrical 0.01-inch stack on the top and bottom
layers and with a 0.032-inch thick pre-preg core. All components
are 0402 in size with the exception of the 4.7 µF and 10 µF tan-
talum capacitors. Please note the 10 µF capacitors are installed
to provide low frequency filtering for lab testing. Actual values, if
necessary, will be dependent upon layout and circuit environ-
ment. All ground vias used are 0.012 inches in diameter and
placed as close to the ground ends of by-passing components as
possible. Four vias are used under the device to create a low
inductance path to ground. If a smaller diameter is to be used, or
if the substrate thickness is greater than 0.01 inches, additional
vias must be placed under the device to reduce the potential risk
of parasitic oscillation.
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Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

Evaluation Board Stack-Up

All line width tolerances ± 0.025 mm.

4. RF lines marked with * to be finished width of 0.50 mm measured at bottom of trace
(trace to board interface).

2. Plating: 200 microinches of nickel, and 50–100 microinches of soft gold.

1c. Laminate the unmetalized side of backing to bottom of circuit board for a total
thickness of 1.5747 ± 0.127 mm. (See Detail A)

1a. Circuit board: FR4, 0.254 mm thick, 1 oz finished copper TRA-NS layer,
1/2 oz finished copper TRA-2 layer.

1b. Circuit board backing: FR4 prepreg, 1 oz copper one side.

3. Via plating: Cu plate 0.001 to 0.0015 thru both boards.

5. Silk-screen reference designators approximately as shown.
6. Separate boards with router.

All rubout tolerances ± 0.025 mm.

Notes:

1. Material:
Units = mm.

Detail A

TRA-2

TRA-FS

Copper Side
of Backing

0.254
Ref.

TRA-NS
Via Plating

Thru Both Boards
See Note 3

1.5747 ± 0.127

Circuit Board Backing
See Note 1b

Circuit Board
See Note 1a

MSK-NS

MSK-FS
Package Footprint

0.60

Detail A

Units = mm

Exposed
Solder Area

0.23

4X Plated
Thru Via

Metal GND Pad (Sq.) 1.45

See Detail A

16X 1.10

0.25
12X 0.50 Pitch

S006
XXXX
YXX

Pin 1
Indicator

Pin 1

Top View

Pin 16

Skyworks P/N

Lot #

Date Code
Y = Calendar Year
WW = Week

Device Branding Specifications

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Model Name Manufacturing Part Number Evaluation Kit Part Number

SKY65006-348LF: 2.4–2.5 GHz WLAN/Zigbee® Power Amplifier SKY65006-348LF (Pb-free package) SKY65006-348LF EVB

Ordering Information
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SKY65131: WLAN Power Amplifier Module 
Applications 

• IEEE802.11 b/g WLAN 

• ISM band transmitters 

• WCS fixed wireless 

• Wireless access nodes 

Features 

• Single 3.3 V supply 

• Linear output power of +28 dBm for IEEE802.11b mask 

• Linear output power of +26 dBm for IEEE802.11g mask 

• High PAE of 38 percent 

• Output power detector: 20 dB dynamic range 

• Superior gain flatness 

• Internal RF match and bias circuits 

• Small MCM (16-pin, 4 x 4 mm), Pb-free SMT package (MSL3, 
250 °C per JEDEC J-STD-020) 

• PA shutdown control 
 

 

 

Skyworks offers lead (Pb)-free RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

 

Description 
The Skyworks SKY65131 is a Microwave Monolithic Integrated 
Circuit (MMIC) Power Amplifier (PA) with superior output power, 
linearity, and efficiency. These features make the SKY65131 ideal 
for Wireless Local Area Network (WLAN) applications. 

The device is fabricated using Skyworks high reliability Indium 
Gallium Phosphide (InGaP) Heterojunction Bipolar Transistor (HBT) 
technology. The device is internally matched and mounted in a 
4 x 4 mm, Multi-Chip Module (MCM) Surface-Mounted 
Technology (SMT) package, which allows for a highly 
manufacturable low cost solution. 

A functional block diagram for the SKY65131 is shown in 
Figure 1. Recommended operating conditions are provided in 
Table 1. Package dimensions for the 4 x 4 mm Multi-Chip Module 
(MCM) are shown in Figure 2. 
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Figure 1. SKY65131 Block Diagram 
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Table 1. SKY65131 Recommended Operating Conditions 

Parameter Symbol Minimum Typical Maximum Units 

RF input power PIN   –3 dBm 

Supply voltage VCC1, VC_BIAS, 
VREF1, VREF2, 
VCC2, and VCC_DET 

3.0 3.3 3.6 V 

Case operating temperature TC –40  +85 C 

Storage temperature TST –55  +125 C 

Solder Mask Opening

Metal Pad Edge

Detail A Detail B

Top View

Side View

Bottom View

Mold

Metal Pad
Pin 1 Indicator

R0.2

Pin 1
Indicator

4.0

4.0

1.5 ± 0.1

0.4 ± 0.03

0.1
0.1

0.5 ± 0.03

0.5 ± 0.03
0.4 ± 0.03

0.4 ± 0.03

0.85

1.70

1.00

1.90

0.85

1.00

1.90

A

B

S108All dimensions are in millimeters

Metal Pad Edge

 

Figure 2. SKY65131 16-Pin MCM Package Dimensions 

Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY65131 WLAN Power Amplifier Module SKY65131-21 TW13-D341 

 



 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
 Skyworks Proprietary and Confidential information  •  Products and Product Information are Subject to Change Without Notice 1 

DATA SHEET 

SKY65132: WLAN Power Amplifier Module 
Applications 

• IEEE802.11 b/g WLAN 

• ISM band 

• WCS fixed wireless 

• Wireless access nodes 

Features 

• Single 3.3 V supply 

• Linear output power of +29 dBm for IEEE802.11b mask 

• Linear output power of +27 dBm for IEEE802.11g mask 

• High gain of 33 dB 

• Output power detector: 20 dB dynamic range 

• Superior gain flatness 

• Internal RF match and bias circuits 

• Small footprint, MCM (20-pin, 6 x 6 mm) Pb-free (MSL3, 250 °C 
per JEDEC J-STD-020) SMT package 

 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

 

 

Description 
Skyworks SKY65132 is a Microwave Monolithic Integrated Circuit 
(MMIC) Power Amplifier (PA) with superior output power, linearity, 
and efficiency. These features make the SKY65132 ideal for 
Wireless Local Area Network (WLAN) applications. 

The device is fabricated using Skyworks high reliability Indium 
Gallium Phosphide (InGaP) Heterojunction Bipolar Transistor (HBT) 
technology. The device is internally matched and mounted in a 
20-pin, 6 x 6 mm Multi-Chip Module (MCM) Surface-Mounted 
Technology (SMT) package, which allows for a highly 
manufacturable low cost solution. 

A functional block diagram for the SKY65132 is shown in 
Figure 1. Recommended operating conditions are provided in 
Table 1. Package dimensions for the 6 x 6 mm Multi-Chip Module 
(MCM) are shown in Figure 2. 
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Figure 1. SKY65132 Block Diagram 
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Table 1. SKY65132 Recommended Operating Conditions 

Parameter Symbol Minimum Typical Maximum Units 

RF output power POUT  27 29 dBm 

Supply voltage VC_BIAS, VREF1, 
VREF2, VREF3, 
VCC1, VCC2, VCC3, 
and VCC_DET 

3.0 3.3 3.6 V 

Case operating temperature TC –40  +85 C 

Storage temperature TST –55  +125 C 

Pin 1 Metal Pad – Pin 1

Top View

Side View

Bottom View

Detail A

Detail A

Metal Pad
Edge

6.0 ± 0.05

6.
0 

±
 0

.0
5

1.45 ± 0.10

0.5 ± 0.075
0.1

0.5 ± 0.03

2.075 ± 0.05

2.75 ± 0.05

1.5 ± 0.05

1.5 ± 0.05

2.5 ± 0.05

1.9 ± 0.05

1.9 ± 0.05

0.5

All dimensions are in millimeters S416

 

Figure 2. SKY65132 20-Pin MCM Package Dimensions 

Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY65132 WLAN Power Amplifier Module SKY65132-21 (Pb-free package) TW13-D121 
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SKY65135: WLAN Power Amplifier 
Applications 

• IEEE802.11 b/g WLAN 

• ISM band 

• WCS fixed wireless 

• Wireless access nodes 

Features 

• Linear output power of +31 dBm for IEEE802.11b mask 

• Linear output power of +30 dBm for IEEE802.11g mask 

• Three percent EVM at POUT >+27 dBm 

• High gain of 33 dB 

• Output power detector: 20 dB dynamic range 

• Superior gain flatness 

• Internal RF match and bias circuits 

• Small footprint, MCM (20-pin, 6 x 6 mm) Pb-free (MSL3, 250 °C 
per JEDEC J-STD-020) SMT package 

 

 

 

Skyworks offers lead (Pb)-free RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

 

Description 
Skyworks SKY65135 is a Microwave Monolithic Integrated Circuit 
(MMIC) Power Amplifier (PA) with superior output power, linearity, 
and efficiency. These features make the SKY65135 ideal for 
Wireless Local Area Network (WLAN) applications. 

The device is fabricated using Skyworks high reliability Indium 
Gallium Phosphide (InGaP) Heterojunction Bipolar Transistor (HBT) 
technology. The device is internally matched and mounted in a 
20-pin, 6 x 6 mm Multi-Chip Module (MCM) Surface-Mounted 
Technology (SMT) package, which allows for a highly 
manufacturable low cost solution. 

A functional block diagram for the SKY65135 is shown in 
Figure 1. Recommended operating conditions are provided in 
Table 1. Package dimensions for the 6 x 6 mm Multi-Chip Module 
(MCM) are shown in Figure 2. 
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Figure 1. SKY65135 Block Diagram 
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Table 1. SKY65135 Recommended Operating Conditions 

Parameter Symbol Minimum Typical Maximum Units 

RF input power PIN   –6 dBm 

Supply voltage (measured at PIN of package) VREF1, VREF2, and 
VREF3 

VCC1 and VCC2 

VCC_DET 

VCC3 and VC_BIAS 

2.3 
 

3.0 

3.3 

4.5 

2.5 
 

3.3 

3.6 

5.0 

2.7 
 

3.6 

3.9 

5.5 

V 
 

V 

V 

V 

Case operating temperature TC –40  +85 C 

Storage temperature TST –55  +125 C 

Pin 1 Metal Pad – Pin 1

Top View

Side View

Bottom View

Detail A

Detail A

Metal Pad
Edge

6.0 ± 0.05

6.
0 

±
 0

.0
5

1.45 ± 0.10

0.5 ± 0.075
0.1

0.5 ± 0.03

2.075 ± 0.05

2.75 ± 0.05

1.5 ± 0.05

1.5 ± 0.05

2.5 ± 0.05

1.9 ± 0.05

1.9 ± 0.05

0.5

All dimensions are in millimeters S416

 

Figure 2. SKY65135 20-Pin MCM Package Dimensions 

Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY65135 WLAN Power Amplifier SKY65135-21 (Pb-free package) TW14-D581 
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SKY65116: 390–500 MHz Linear Power Amplifier
DATA SHEET

Applications
� TETRA radio
� GSM450 and GSM480
� NMT450
� Wireless local loop
� UHF TV broadcast

Features
� Wideband frequency operation: 390–500 MHz
� High linearity: P1 dB = 32.5 dBm
� High efficiency: 40% PAE
� High gain: 35 dB
� OIP3: 43 dBm
� Single DC supply: 3.6 V
� Internal RF match and bias circuits
� PA on/off voltage control
� Operating temperature -40˚C to +85˚C
� Available on tape and reel
� Low cost MCM 12-pin (8 x 8 mm) package
� Available lead (Pb)-free and RoHS-compliant MSL-3, 250 °C

per JEDEC J-STD-020

all the active circuitry in the module. This includes the in-module
bias circuitry, as well as the RF interstage matching circuit. The
input and output match is realized off-chip within the module
package to optimize efficiency and high power performance
(P1 dB = 32.5 dBm) into a 50 Ω load.

Primary bias to the SKY65116 can be supplied directly from a
single cell lithium-ion or other suitable battery with a nominal
output of 3.6 V. No external supply side switch is needed as
typical “off” leakage is a few microamperes with full primary
voltage supplied from the battery.

The module can operate over the temperature range of -40 °C to
+85 °C. A populated evaluation board is available upon request.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Block Diagram
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Description
The Skyworks SKY65116 is a fully matched, 12-pin, 8 x 8 mm2,
surface mount Multi-Chip Module (MCM), linear Power Amplifier
(PA), high linearity and high efficiency surface mount module
designed for use in the 390–500 MHz band.

The device is fabricated using Skyworks high reliability Gallium
Arsenide (GaAs) Heterojunction Bipolar Transistor (HBT) process,
which allows for single supply operation while maintaining high
efficiency and good linearity. Microwave Monolithic Integrated
Circuits (MMICs), comprised of GaAs and Silicon CMOS, contain
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Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty. Each absolute maximum rating listed is an
individual parameter. Biasing and driving the amplifier with more than one absolute maximum
rating listed may result in permanent damage to the device. Exposure to maximum rating
conditions for extended periods may reduce device reliability.

CAUTION: Although this device is designed to be as robust as
possible, Electrostatic Discharge (ESD) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions should be
employed at all times.

Operating Characteristics

VCC1, VCC2, VREF, VCNT = 3.6 V, TC = 25 °C, unless otherwise specified.

Parameter Symbol Condition Min Typ Max Units
Frequency F 390 500 MHz

Quiescent current ICQ No RF 0.1 0.33 0.375 A

Small signal gain G PIN = -15 dBm 33.5 35 dB

Input return loss lS11l PIN = -15 dBm 10 22 dB

Output return loss lS22l PIN = -15 dBm 4.5 6 dB

Output power POUT @ P1 dB 31.5 32.5 dBm

Power added efficiency PAE POUT @ P1 dB 35 42 %

Output IP3 OIP3 POUT = 25 dBm/tone 38 43 dBm

Noise figure NF PIN = -15 dBm 6 7.5 dB

Thermal resistance ΘJC Junction to case 17.6 ˚C/W

Characteristic Value
RF output power 34.5 dBm

Supply voltage (VCC, VREF, VCNT ) 4.5 V

Supply current (ICC) 1300 mA

Power dissipation (PDISS) 3.7 W

Operating case temperature (TC) -40 °C to +85 °C

Storage temperature (TST) -55 °C to +125 °C

Junction temperature (TJ) 150 °C
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Typical Performance Data

VCC1, VCC2, VREF, VCNT, VC_BIAS = 3.6 V, Frequency = 450 MHz, TC = 25 °C, unless otherwise specified

Recommended Operating Conditions

Parameter Symbol Min. Typ. Max. Unit
Supply voltage VCC 3.2 3.6 4 V

Reference voltage VREF 3.2 3.6 4 V

Control voltage (power up) VCNT 2.7 3.6 V

Control voltage (power down) VCNT 0.5 V

Operating frequency FO 390 500 MHz

Operating case temperature TC -40 +25 +85 ˚C
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ICQ vs. Temperature Across Voltage
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Theory of Operation
The SKY65116 is comprised of two amplifier stages, and is
internally matched for optimum linearity and efficiency. The
matching circuits for the input stage, inter-stage, and output stage
are contained within the device. An on-chip active bias circuit is
included within the device for both input and output stages pro-
viding for excellent gain tracking over temperature and voltage
variations. The module operates with all positive DC voltages
while maintaining high efficiency and good linearity. The nominal
operating voltage is 3.6 V for maximum power, but can be oper-
ated at slightly lower voltages for other mobile applications.

The input and output stages are independently supplied using the
VCC1 and VCC2 supply lines, pins 4 and 10, respectively. The bias
reference voltage is supplied using a common VREF (pin 12) line.

The module includes a silicon CMOS controller circuit to
provide an amplifier On/Off operation. VCNT (pin 11) is the PA
on/off control voltage to the CMOS controller for stages 1 and 2.
0 V = Off, 3.6 V = On. Nominal “On” operating range is between
2.7 to 3.6 VDC. VCNT set to 0 VDC will force the amplifier into
off mode, drawing only microamperes of current.

Application Circuit Notes
Center Ground. It is extremely important that the device paddle
be sufficiently grounded for both thermal and stability reasons.
Multiple small vias are acceptable and will work well under the
device if solder migration is an issue.

Ground (Pins 1, 3, 5, 6, 7, 9). Attach all ground pins to the RF
ground plane with the largest diameter and lowest inductance
via that the layout will allow. Multiple small vias are also
acceptable and will work well under the device if solder
migration is an issue.

RF_IN (Pin 2). Amplifier RF Input Pin. ZO = 50 Ω. The module
includes an onboard internal DC blocking capacitor. All imped-
ance matching is provided internal to the module.

VCC1 (Pin 4). Supply voltage for the first stage collector bias
(typically 3.6 V). Bypassing of VCC1 is accomplished with C7 and
C8 and should be placed in the approximate location shown on
the evaluation board, but placement is not critical.

RF_OUT (Pin 8). Amplifier RF Output Pin. ZO = 50 Ω. The
module includes an onboard internal DC blocking capacitor.
All impedance matching is provided internal to the module.

VCC2 (Pin 10). Supply voltage for the output (final) stage collector
bias (typically 5 V). Bypassing of VCC2 is accomplished with C1
and C4 and should be placed in the approximate location shown
on the evaluation board, but placement is not critical.

VCNT (Pin 11). VCNT is the PA on/off control voltage to the silicon
CMOS controller for stages 1 and 2. 0 V = Off, 3.6 V = On.
Nominal “On” operating range is between 2.7 to 3.6 VDC. VCNT
set to 0 VDC will force the amplifier into standby mode.

VREF (Pin 12). Bias reference voltage for amplifier stages 1 and
2. VREF should be operated over the same voltage range as VCC,
with a nominal voltage of 3.6 V.

Package and Handling Information
Since the device package is sensitive to moisture absorption, it is
baked and vacuum packed before shipping. Instructions on the
shipping container label regarding exposure to moisture after the
container seal is broken must be followed. Otherwise, problems
related to moisture absorption may occur when the part is sub-
jected to high temperature during solder assembly.

Please refer to Skyworks solder reflow application note, available
at www.skyworksinc.com, for instructions on mounting the
SKY65116 to a printed circuit board.

Production quantities of this product are shipped in a standard
tape and reel format. For packaging details, refer to the Skyworks
Application Note, Tape and Reel, document number 101568.

Electrostatic Discharge (ESD) Sensitivity
The SKY65116 is a static-sensitive electronic device. Do not
operate or store near strong electrostatic fields. Take proper
ESD precautions.
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Pin Assignments Evaluation Board Description
The Skyworks SKY65116 evaluation board is used to test the
performance of the SKY65116 power amplifier module. The
following design considerations are general in nature and
must be followed regardless of final use or configuration.

1. Paths to ground should be made as short as possible.

2. The ground pad of the SKY65116 power amplifier module has
special electrical and thermal grounding requirements. This
pad is the main thermal conduit for heat dissipation. Since the
circuit board acts as the heat sink, it must shunt as much heat
as possible from the amplifiers. As such, design the connection
to the ground pad to dissipate the maximum wattage produced
to the circuit. Multiple vias to the grounding layer are required.

3. Two external output bypass capacitors (0.01 µF and 10 µF) are
required on the VCC1 (pin 4) supply input. The same two capac-
itor values are also required on the VCC2 (pin 10) supply input
and on the VREF input (pin 12). Each of these capacitors should
be placed in parallel between the supply line and ground.

4. VCC1 (pin 4) and VCC2 (pin 10) may be connected together at
the supply.

NOTE: Junction temperature (TJ) of the device increases with a
poor connection to the slug and ground. This reduces the
lifetime of the device.

Pin # Name Description

1 GND Ground

2 RFIN RF input

3 GND Ground

4 VCC1 Stage 1 collector voltage

5 GND Ground

6 GND Ground

7 GND Ground

8 RFOUT RF output

9 GND Ground

10 VCC2 Stage 2 collector voltage

11 VCNT PA on/off coltrol voltage

12 VREF Bias reference voltage

Center attachment pad must have a low inductance and low thermal resistance connection to
the customer's printed circuit board ground plane.
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Evaluation Board Test Procedure
Use the following procedure to set up the SKY65116 evaluation
board for testing:

1. Connect a 3.6 V supply to VCC1 and VCC2, and 3.6 V supply to
VREF and VCNT. If available, enable the current limiting function
of the power supplies to 1.5 A for the 3.6 V supply current.

2. Connect a signal generator to the RF signal input port. Set it to
the desired RF frequency at a power level of 2 dBm or less to
the evaluation board but do NOT enable the RF signal.

3. Connect a spectrum analyzer to the RF signal output port.

4. Enable the power supply.

5. Enable the RF signal.

6. Take measurements.

NOTE: It is important that the VCC1 and VCC2 voltage source be
adjusted such that 3.6 V is measured at the board. The
high collector currents will drop the collector voltage
significantly if long leads are used. Adjust the bias
voltage to compensate.

Evaluation Board Layer Detail

Layer 1: Top -- Metal

Layer 2: Ground

Layer 3: Ground

Layer 4: Solid Ground Plane

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Bill of Material for Evaluation Board
Part ID Qty Size Value Units Manufacturer Product Number

1 C1, C2, C3, C7 4 1206 10 µF AVX TAJA106M006R

2 C4, C5, C6, C8 4 0402 10000 pF Murata GRM155R71C103KA01

Evaluation Board Stack-Up
Cross Section Name Type Thick Material εr

Pri Electrical 0.035 mm Cu 0.0

Die 1 Isolation 0.4 mm Rogers 4003 3.38

L2 Plane 0.035 mm CU 0.0

Die 2 Isolation 0.6 mm FR4 4.0

L3 Plane 0.035 mm CU 0.0

Die 3 Isolation 0.4 mm FR4 4.0

Sec Electrical 0.035 mm CU 0.0

Branding Specifications

SKY65116-21
EXXXXX.XX
YYWW MX

Manufacturing Part Number
Revision Number

Mark Pin 1
Identifier

Lot Number

YY = Manufacture Year
WW = Week Packaged

Sealed
MX = Country Code

Tape and Reel Dimensions
2.00 ± 0.05

1.70

8.35

5o

8.35

12.00 ± 0.02

1.50 Min.

4.00

1.55 ± 0.05

0.30 ± 0.05

5o

1.75 ± 0.10

7.
50

±
0.

05

16
.0

0
±

0.
03

Notes:
1. Carrier tape material: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 13.3 mm width
4. All measurements are in millimeters

Pin #1
indicator

A

B

A

B

B

A
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Package Outline and Recommended Footprint

Detail A

Metal Pad Edge
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0.81 ± 0.05

0.793 ± 0.1
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Top View
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Will Improve Thermal Performance
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Copyright © 2008, Skyworks Solutions, Inc. All Rights Reserved.

Information in this document is provided in connection with Skyworks Solutions, Inc. (“Skyworks”) products or services. These materials, including the information contained herein, are provided
by Skyworks as a service to its customers and may be used for informational purposes only by the customer. Skyworks assumes no responsibility for errors or omissions in these materials or the
information contained herein. Skyworks may change its documentation, products, services, specifications or product descriptions at any time, without notice. Skyworks makes no commitment to
update the materials or information and shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes.

No license, whether express, implied, by estoppel or otherwise, is granted to any intellectual property rights by this document. Skyworks assumes no liability for any materials, products or
information provided hereunder, including the sale, distribution, reproduction or use of Skyworks products, information or materials, except as may be provided in Skyworks Terms and
Conditions of Sale.

THE MATERIALS, PRODUCTS AND INFORMATION ARE PROVIDED “AS IS” WITHOUT WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE, INCLUDING FITNESS FOR A
PARTICULAR PURPOSE OR USE, MERCHANTABILITY, PERFORMANCE, QUALITY OR NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY
DISCLAIMED. SKYWORKS DOES NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS CONTAINED WITHIN THESE MATERIALS. SKYWORKS
SHALL NOT BE LIABLE FOR ANY DAMAGES, INCLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT LIMITATION,
LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM THE USE OF THE MATERIALS OR INFORMATION, WHETHER OR NOT THE RECIPIENT OF MATERIALS HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

Skyworks products are not intended for use in medical, lifesaving or life-sustaining applications, or other equipment in which the failure of the Skyworks products could lead to personal injury,
death, physical or environmental damage. Skyworks customers using or selling Skyworks products for use in such applications do so at their own risk and agree to fully indemnify Skyworks for any
damages resulting from such improper use or sale.

Customers are responsible for their products and applications using Skyworks products, which may deviate from published specifications as a result of design defects, errors, or operation of
products outside of published parameters or design specifications. Customers should include design and operating safeguards to minimize these and other risks. Skyworks assumes no liability for
applications assistance, customer product design, or damage to any equipment resulting from the use of Skyworks products outside of stated published specifications or parameters.

Skyworks, the Skyworks symbol, and “Breakthrough Simplicity” are trademarks or registered trademarks of Skyworks Solutions, Inc., in the United States and other countries. Third-party brands and
names are for identification purposes only, and are the property of their respective owners. Additional information, including relevant terms and conditions, posted at www.skyworksinc.com, are
incorporated by reference.

Model Name Manufacturing Part Number Evaluation Kit Part Number

SKY65116: 390–500 MHz linear power amplifier SKY65116-21 (Pb-free package) TW14-D621

Ordering Information
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Features
● Optimized for 800–1100 MHz operation
● Output power greater than 33 dBm @915 MHz
● 3.5 V nominal operating voltage
● Integrated analog power control voltage, VAPC = 0.1–2.8 V
● High PAE at maximum output power
● Ultrasmall, thermally enhanced micro lead frame package.
● Low current in standby mode of < 10 µA
● Available on tape and reel
● Available lead (Pb)-free and RoHS-compliant 

Description
The SKY65111-348LF is a high-performance 3-stage, high-
power amplifier IC designed for use in 600–1100 MHz ISM band
applications such as automatic meter readers and RFID. It has an
integrated analog power control voltage for achieving the desired
output power levels. The IC is manufactured on an advanced
InGaP HBT process. The SKY65111-348LF is packaged in a ther-
mally enhanced, ultrasmall, micro lead frame package.

SKY65111-348LF: ISM 600–1100 MHz Band 
2 Watt InGaP HBT Power Amplifier 

DATA SHEET

VCC2 VCC2 GND Open

GND 1

2
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16
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1415
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13

7 8

GND

VCC1

RF IN

RF OUT/VCC3

RF OUT/VCC3

RF OUT/VCC3

RF OUT/VCC3

VAPC2 VREFVAPC1 GND

Block Diagram

Pin 1 
Indicator 

0.118 
(3.00 mm) 

0.118 
(3.00 mm) 

Seating Plane 

0.030 (0.75 mm) 
± 0.002 (0.05 mm) 

0.008 (0.20 mm) Ref. 

0.001 (0.02 mm) 
± 0.001  

(+0.03 mm 
-0.02 mm)  

0.057 (1.45 mm)
± 0.004 (±0.10 mm)

0.029
(0.73 mm)

0.029
(0.73 mm)

Exposed Pad

(0.057 (1.45 mm)
± 0.004 (± 0.10 mm)

0.059
(1.500 mm)

0.059
(1.500 mm)

0.5 mm Pitch

Package Dimensions

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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Pin Symbol Description

1, 3, GND Connect this pin to the printed circuit board common
8, 14 via lowest possible impedance.

2 RF IN RF input port.

4 VCC1 DC power supply input to the first gain stage.

5 VAPC1 Power control voltage input to the first and 
second gain stages.

6 VAPC2 Power control voltage input to the third gain stage.

7 VREF Control voltage input to bias control circuit.

9, 10, RF OUT/ RF output ports and DC supply voltage inputs to 
11, 12 VCC3 third gain stage.

13 OPEN No connection. Do not connect this pin to ground.

15, 16 VCC2 DC power supply input to the second gain stage.

Pin Assignments
Characteristic Value

Supply voltage (VCC & VREF) 5.5 V

Power control voltage (VAPC1 & VAPC2) 3.0 V

RF input power 10 dBm

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +85 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.
Each absolute maximum rating listed is an individual parameter. Basing and driving the
amplifier with all absolute maximum ratings listed simultaneously may result in permanent
damage to the device.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Parameter Symbol Condition Min. Typ. Max. Unit

Supply voltage VCC 2.5 3.5 5 V

Power control voltage VAPC 0 2.7 2.8 V

Power control range 45 dB

Power control current IVAPC 5 mA

Leakage current PIN < -30 dBm, VAPC1, 2 = 0.1 V 10 µA

Thermal resistance RTH 50 ° C/W

General DC Electrical Specifications 

Parameter Symbol Condition Specification Unit

Critical gain lS21l 902–928 NHz, -30 dBm input 36 min. dB

Saturated power PSAT 915 MHz 30 min. dBm

Guaranteed Performance

VCC = 3.5 V, VREF = 3.5 V, VAPC = 2.7 V, TA = 25 °C

Guaranteed performance is as measured in the application’s PC board as defined in this data sheet.
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General RF Transmit Electrical Specifications  

Conditions: VCC = 3.5 V, VREF = 3.5 V, VAPC = 2.7 V, PIN = -30 dBm, TA = 25 °C

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 800 1100 MHz

Gain lS21l Small signal 39.5 dB

Gain variation over frequency lΔS21l Small signal 1.0 dB

Input return loss lS11l Small signal -11 dB

Output return loss lS22l Smal signal -8 dB

Output P1 dB P1 dB CW 27 dBm

Quiescent current ICQ (No RF signal) 0.25 A

Current consumption ICC Output P1 dB 0.7 A

Second harmonic F2 Output P1 dB -17 dBm

Third harmonic F3 Output P1 dB -35 dBm

Ruggedness Output VSWR = 8:1, All phase angles, No module damage
VCC = 5 V, PIN = -5 dBm, VAPC = 2.7 V or permanent performance
VREF = 5 V degradation

Stability Output VSWR = 8:1, All phase angles, VCC = 5 V, 36 dBm
PIN = -10 dBm, VAPC = 2.7 V, VREF = 5 V

Saturated power @ 800 MHz PSAT VCC = 3.5 V, VREF = 3.5 V, VAPC1, 2 = 2.7 V 32 dBm

Power added efficiency @ 800 MHz PAE PSAT 45 %

Saturated power @ 1100 MHz PSAT VCC = 3.5 V, VREF = 3.5 V, VAPC1, 2 = 2.7 V 30 dBm

Power added efficiency @ 1100 MHz PAE PSAT 40 %

Conditions: VCC = 3.5 V, VREF = 3.5 V, VAPC = 2.7 V, PIN = -30 dBm, TA = 25 °C

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 902 928 MHz

Gain lS21l Small signal 40 dB

Gain variation over frequency lΔS21l Small signal 0.3 dB

Input return loss lS11l Small signal -12 dB

Output return loss lS22l Small signal -15 dB

Quiescent current ICQ (No RF signal) 0.25 A

Output P1 dB P1 dB CW 29.5 dBm

Current consumption ICC Output P1 dB 0.7 A

Saturated power @ 915 MHz PSAT VCC = 3.5 V, VREF = 3.5 V, VAPC1, 2 = 2.7 V 33 dBm

Power added efficiency PAE PSAT 50 %

Second harmonic F2 Output P1 dB -28 dBm

Third harmonic F3 Output P1 dB -38 dBm

Ruggedness Output VSWR = 8:1, All phase angles, No module damage
VCC = 5 V, PIN = -5 dBm, VAPC = 2.7 V or permanent performance
VREF = 5 V degradation

Stability Output VSWR = 8:1, All phase angles, -36 dBm
VCC = 5 V, PIN = -10 dBm, VAPC = 2.7 V
VREF = 5 V

Unless otherwise stated VREF = VCC.



Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
February 12, 2007  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  200428 Rev. E 

DATA SHEET  •  SKY65111-348LF

4

VAPC (V)

POUT vs. VAPC
915 MHz, PIN = -5 dBm

P O
UT

 (d
Bm

)

-35

-25

-15

-5

5

15

25

35

0 0.5 1.0 1.5 2.0 2.5 3.0

VAPC2 Sweep -40 °C VAPC1,2 Sweep -40 °C

VAPC1 Sweep -40 °C

VAPC2 Sweep 85 °C

VAPC1,2 Sweep 85 °C

VAPC1 Sweep 85 °C

VAPC1,2 Sweep 25 °C

VAPC1 Sweep 25 °C VAPC2 Sweep 25 °C

POUT (dBm)

Gain vs. POUT and Frequency
VCC = 3.5, T = 25 °C, VAPC1,2 = 2.7 V
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Typical Performance Data

Gain vs. POUT and Frequency
VCC = 3.5, T = 25 °C, VAPC1,2 = 2.8 V
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Gain vs. POUT and Frequency
VCC = 3.5, T = 25 °C, VAPC1,2 = 2.6 V
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VAPC1 varied from 0 V–2.6 V, VAPC2 held at 2.6 V.
VAPC2 varied from 0 V–2.6 V, VAPC1 held at 2.6 V.
VAPC1 and VAPC2 varied from 0 V–2.6 V together.
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POUT (dBm)

Gain vs. POUT, VCC = 3.5, 
VAPC1, 2 = 2.7 V, 915 MHz
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POUT (dBm) 

% PAE vs. POUT and VCC, 
VAPC1,2 = 2.7, 915 MHz @ 25 °C
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VAPC (V) 

OIP3 vs. VAPC1,2, Tone Spacing 1 MHz
VCC = 3.5 V POUT =  20 dBm @ 25 °C
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Frequency (GHz)

Output Return Loss vs. Frequency, VCC = 3.5 V
PIN = -30 dBm, VAPC1,2 = 2.7 V
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Frequency (GHz)

Output Return Loss vs. Frequency, VCC = 3.5 V
PIN = -30 dBm, VAPC1,2 = 2.7 V 
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Reverse Isolation vs. Frequency, VCC = 3.5 V
PIN = -30 dBm, VAPC1,2 = 2.7 V 
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AC
PR

 (d
Bc

) 

VCC = 5 V @ 855 KHz VCC = 5 V @ 1.98 MHz 

VCC = 4 V @ 1.98 MHz VCC = 2.5 V @ 1.98 MHz 
VCC = 3.5 V @ 1.98 MHz VCC = 2.5 V @ 855 KHz 

VCC = 3.5 V @ 855 KHz VCC = 4 V @ 855 KHz 

-70

-65

-60

-55

-50

-45

-40

15 16 17 18 19 20 21 22 23 24 25 26 27 28

POUT (dBm) 

ACPR vs, POUT and Frequency
IS-95, VAPC1,2 = 2.7 V, 836 MHz @ 25 °C

AC
PR

 (d
Bc

) 
VCC = 5 V @ 855 KHz VCC = 5 V @ 1.98 MHz 

VCC = 4 V @ 1.98 MHz VCC = 2.5 V @ 1.98 MHz 
VCC = 3.5 V @ 1.98 MHz VCC = 2.5 V @ 855 KHz 

VCC = 3.5 V @ 855 KHz VCC = 4 V @ 855 KHz 

-70

-65

-60

-55

-50

-45

-40

15 16 17 18 19 20 21 22 23 24 25 26 27 28

 



Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
February 12, 2007  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  200428 Rev. E 

DATA SHEET  •  SKY65111-348LF

10

ACPR, IS-95 REV, VCC 3.5 V, VAPC1, 2 = 2.7 V
881 MHz @ 25 °C

ACPR, IS-95 FWD, VCC 3.5 V, VAPC1, 2 = 2.7 V
836 MHz @ 25 °C

Response Time, PIN = -15 dBm, 915 MHz, VCC = 3.5 V,
VAPC1, 2 = 2.7 V @ 25 °C

Response Time, Fall Time 90% RF, 50% Ctrl
VAPC1, 2 =  2.7 V/0 V @ 25 °C

Response Time, Rise Time, 50% Ctrl, 90% RF
VAPC1, 2 = 2.7 V/0 V @ 25 °C
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Designator Value Size Manufacturer Part Number Notes

C1 100 pF 0402 Murata GRM1555C1H101JD83E

C2 2.2 pF 0402 Murata GRM1555C1H2R2JZ35E

C3 4.7 pF 0402 Murata GRM1555C1H4R7JZ35E

C4 100 pF 0402 Murata GRM1555C1H101JD83E

C5 1000 pF 0402 Murata GRM155R71H102KA01 1

C7 DNP 2

C8 100 pF 0402 Murata GRM1555C1H101JD83E

C9 1000 pF 0402 Murata GRM155R71H102KA01 1

C10 10 µF 0402 AVX TAJA106M006R

C11 100 pF 0402 Murata GRM1555C1H101JD83E 1

C12 1000 pF 0402 Murata GRM155R71H102KA01 1

C13 10 nF 0402 Murata GRM155R71E103KA01 1

C14 10 µF 1206 AVX TAJA106M006R

C15 12 pF 0402 Murata GJM1555C1H120JB01E

C16 5.6 pF 0402 Murata GJM1555C1H5R6CB01E

C17 10 µF 1206 AVX TAJA106M006R

C18 DNP 2

C19 DNP 2

C20 DNP 2

C21 DNP 2

C22 1000 pF 0402 Murata GRM155R71H102KA01

C23 100 pF 0402 Murata GRM1555C1H101JD83E

C24 100 pF 0402 Murata GRM1555C1H101JD83E

C25 18 pF 0402 Murata GRM1555C180JZ35E

L1 1.8 nH 0402 Johanson L-07C1N8ST

L2 1 nH 0402 Johanson L-07C1N0ST

R1 0 W 0402 Panasonic ERJ2BJ00X 1

R2 0 W 0402 Panasonic ERJ2BJ00X 1

Bill of Material for Evaluation Board

1. Panasonic and Murata are Skyworks preferred vendors. However, any suitable equivalent part is acceptable for this component.
2. "DNP" = Do not place.
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Application Circuit

Component Placement Diagram

Transmission line width: 0.027 inches.
Gerber files available upon request.

Incorrect soldering of the device paddle to grounding pad may lead to parasitic oscillations, reduced performance and increased device temperature rise. Uniform coverage over the entire bottom
ground paddle must be maintained to avoid these conditions.
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Application Circuit Notes
Ground, (Pins 1, 3, 8, 14). Attach all ground pins to the RF
ground plane with the largest diameter and lowest inductance via
that the layout will allow. Multiple small vias are also acceptable
and will work well under the device if solder migration is an
issue. It is extremely important that the device paddle be suffi-
ciently grounded for both thermal and stability reasons. Please
refer to the enclosed Package Footprint.

RF input (Pin 2). A lumped element matching structure for good
in-band return loss has been realized on the RF input, Pin 2. This
structure is comprised of a DC blocking capacitor (C1), low pass
LC filter (L1, C1) and at the device input, a series capacitor (C25).
This combination of devices will yield a return loss better than -
11 dB over the entire 800–1100 MHz band of interest. The
placement of C1 is not critical; it can be moved as close to L1,
C2 and C25 as desired. C25 should be placed as close to the
device pin as possible to replicate performance as measured on
the applications board.

VCC1 (Pin 4). VCC1 is the collector bias for the first amplifier
stage in the SKY65111. Multiple bypass capacitors, C3-C5, C17
and a series inductor, L2, have been utilized to ensure stability
both in and out of the useable bandwidth of the device. The
length of transmission line between L2 and Pin 4 is not critical;
L2 can be placed as close to the pin as possible if desired.
However, placement of L2 farther away from Pin 4 than shown
on the Applications Circuit is not recommended. C3 should also
be placed in the approximate location shown on the Applications
Circuit, but placement is not critical.

VAPC1 (Pin 5). VAPC1 is the bias control voltage input for amplifier
stages 1 and 2. Nominal operating range is between 2.6 VDC and
2.8 VDC, with 3 VDC producing the minimum attenuation point.
VAPC1 may also be set to 0 VDC, to force stages 1 and 2 into
standby mode.

VAPC2 (Pin 6). VAPC2 is the bias control voltage for amplifier
stage 3. Nominal operating range is between 2.6 VDC and 
2.8 VDC, with 3 VDC producing the minimum attenuation point.
A 100 pF capacitor (C19) may be used for bypassing at high 
frequencies. The value of this capacitor may also be made large,
greater than 1000 pF, if longer response time is acceptable.
VAPC2 may also be set to 0 VDC, to place amplifier stage 3 into
standby status.

NOTE: In most applications VAPC1 and VAPC2 pins are directly tied
together and biased from the same control voltage. VAPC1
and VAPC2 may also be split if independent control is
desired.

VREF (Pin 7). VREF is the bias reference voltage for amplifier
stages 2 and 3. VREF should be operated over the same voltage
range as VCC, with a nominal voltage of 3.5 VDC. Bypassing of
VREF is accomplished with C22 and C23 which should be placed
as close to the device pin as possible.

RFOUT, VCC3 (Pins 9-12). RFOUT and VCC3 are the biasing input of
the stage 3 collectors. Bias is applied to the RF output through a
length of transmission line that is approximately 827 mils (21
mm) long. Capacitors C11-C14 provide proper RF bypassing and
should be placed as shown in the Applications Circuit. Output
matching for optimal power gain is accomplished with capacitors
C15 and C16. Spacing between these capacitors with respect to
the RF output and each other is critical and is shown on the
Component Placement Diagram. Special care must be taken
when placing these devices; their locations should not deviate
significantly from the locations as shown. If these capacitors are
not located properly, large decreases in output power and effi-
ciency will occur.

Pin 13. Pin 13 has no connection and should be left open circuit.

VCC2 (Pins 15-16). VCC2 is the collector bias input for the second
amplifier stage in the SKY65111. Multiple bypass capacitors,
C8-C10 have been utilized to ensure stability both in and out of
the useable bandwidth of the device. Capacitor C7 is not popu-
lated with the normal tuning configuration described above.
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Application Board Bias Procedure
Step 1. Connect DC ground.

Step 2. Connect all VCC and VREF lines to 3.5 V supply, labeled 2.

Step 3. With the RF off, apply 2.7 VDC to VAPC1, 2 control pins.
Verify the ICQ current is approximately 250 mA, labeled 3.

Step 4. Apply RF signal data -30 dBm level and observe that the
output level is approximately 10 dBm or the gain of the
device is approximately 40 dB.

NOTE: It is important that the VCC1, VCC2, VCC3, and VREF voltage
source be adjusted such that 3.5 V is measured at the
board. The high collector currents will drop the collector
voltage significantly if long leads are used. Adjust the bias
voltage to compensate.

S111
XXXX
YWW

Pin 1
Indicator

Pin 1

Top View

Pin 16

Skyworks P/N

Lot #

Date Code
Y = Calendar Year
WW = Week

Branding Specifications

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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SKY65146: 3.5 V Broadband MCM Power Amplifier
806–849 MHz

DATA SHEET

Applications
� iDEN® (806–825 MHz)
� TETRA (806–825 MHz)
� TDMA (824–849 MHz)
� AMPS (824–849 MHz)
� Wireless Local Loop (WLL)

Features
� Low voltage positive bias supply (3.5 V)
� High gain 39 dB, high power: PSAT 35.6 dBm
� High efficiency: PAE 51%
� Good linearity
� Dual mode operation
� Large dynamic range
� 28-pin LCC package (10 x 13.97 x 1.45 mm)
� Internal RF match
� Power down control
� Available on tape and reel
� Available lead (Pb)-free and RoHS-compliant

Block Diagram
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Description
The SKY65146 is a fully matched 28-pin surface mount multi-chip
module (MCM) amplifier designed for Private Mobile Radio,
Wireless Local Loop, and TDMA/AMPS mobile units operating in
the 806-849 MHz cellular bandwidth. Microwave Monolithic
Integrated Circuits (MMICs), comprised of Gallium Arsenide (GaAs)
and Si CMOS, contain all active circuitry in the module, which
includes on-board bias circuitry as well as the interstage
matching circuit. The input and output match is realized off-chip
within the module package to optimize efficiency and high power
performance (P3 dB_sat ≅ 35.6 dBm) into a 50 Ω load.

Primary bias to the SKY65146 can be supplied directly from a
single cell lithiumion or other suitable battery with a nominal
output of 3.5 V.

No external supply side switch is needed as typical “off” leakage
is a few microamperes with full primary voltage supplied from
the battery.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

The ICs are manufactured on an advanced InGaP HBT process and
on a silicon CMOS process, providing for all positive voltage DC
supply operation while maintaining high efficiency and good linearity.

The module can operate over the temperature range of -40 ˚C to
85 ˚C. A populated evaluation board is available upon request.

Package Diagram
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Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 806 825 MHz

Gain lS21l Small signal 38.7 dB

Power gain Gp PO = 29 dBm 35.5 38.7 40 dB

Input VSWR lS11l Small signal 12 17

Saturated output power P3 dB SAT Gain Comp < 3 dB 35.1 35.6 dBm

Power added efficiency PAE PO = P3 dB SAT 47 51 %

Current @ PSAT ICC SAT PO = P3 dB SAT 2 A

Quiescent current ICCQ No RF signal 270 329 370 mA

Harmonic Levels 2FO
3FO
4FO

PO < P3 dB SAT
PO < P3 dB SAT
PO < P3 dB SAT

-37
-60
-80

dBc
dBc
dBc

Noise power in Rx band
FC + 30 MHz, BW = 18 kHz

RxBN PO < 29 dBm -85 dBm/Hz

Noise figure NF CW 6.8 8 dB

Stability (spurious output) S Output VSWR = 10:1 -36 dBm

Ruggedness - no damage Ru PO < 29 dBm 15:1 VSWR

Electrical Specifications

VCC (VD) = 3.5 V, VREG = 2.75 V, Frequency = 815 MHz, TC = 25 °C, unless otherwise specified.

Parameter Symbol Conditions Min. Typ. Max. Unit

Supply voltage VCC 3 3.5 4.4 V

Regulation voltage VREG 2.65 2.75 2.85 V

Operating frequency F 806 849 MHz

Continuous RMS output power PoRMS 29 31 dBm

Operating case temperature TC -40 +25 +85 °C

Recommended Operating Conditions

Characteristic Value

RF input power (PIN) 11 dBm(1)

Supply voltage (VCC & VREF) 6.9 V(2)

Supply voltage (VCC & VREF) VCC V (3)

Operating case temperature (TC) -40 °C to +85 °C

Storage temperature(TST) -55 °C to +125 °C

Junction temperature (TJ) 150 °C

Absolute Maximum Ratings

1. For pulsed operation with duty cycle < 25%.
2. When amplifier is biased off (VREG = 0 V).
3. Voltage on VREG pin may not exceed the applied VCC voltage.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty. Each absolute maximum rating listed is an
individual parameter. Biasing and driving the amplifier with more than one absolute maximum
rating listed may result in permanent damage to the device. Exposure to maximum rating
conditions for extended periods may reduce device reliability.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Typical Performance Data

VCC (VD) = 3.5 V, VREG = 2.75 V, Frequency = 815 MHz, TC = 25 °C, unless otherwise specified.
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Typical Performance Data

VCC (VD) = 3.5 V, VREG = 2.75 V, Frequency = 815 MHz, TC = 25 °C, unless otherwise specified.
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Typical Performance Data

VCC (VD) = 3.5 V, VREG = 2.75 V, Frequency = 815 MHz, TC = 25 °C, unless otherwise specified.
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Typical Performance Data

VCC (VD) = 3.5 V, VREG = 2.75 V, Frequency = 815 MHz, TC = 25 °C, unless otherwise specified.
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Typical Performance Data

VCC (VD) = 3.5 V, VREG = 2.75 V, Frequency = 815 MHz, TC = 25 °C, unless otherwise specified.
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Application Circuit Notes
Center Ground. It is extremely important that the device paddle
be sufficiently grounded for both thermal and stability reasons.
Multiple small vias are acceptable and will work well under the
device if solder migration is an issue.

VD2 (Pin 1). Supply voltage for output (final) stage collector bias
(typically 3.5 V). Bypassing of VD3 is accomplished with C2 and
C3 and should be placed in the approximate location shown on
the Evaluation Board, but placement is not critical.

Ground (Pins 2, 3, 6, 11, 13, 16, 19, 20, 23–28).
Attach all ground pins to the RF ground plane with the largest
diameter and lowest inductance via that the layout will allow.
Multiple small vias are also acceptable and will work well under
the device if solder migration is an issue.

No Connect (Pins 4, 5, 9, 10, 14, 17, 18, 21). The pins are open
and may or may not be connected to ground.

VD4 (Pin 7). Supply voltage for base bias circuitry to all stages
(typically 3.5 V). Bypassing of VD3 is accomplished with C1 which
should be placed in the approximate location shown on the
Evaluation Board, but placement is not critical.

VREG (Pin 8). VREG is the regulated bias enable control voltage to
the silicon CMOS controller, 0.0 V = Off, 2.75 V = On. Nominal
“On” operating range is between 2.65 VDC and 2.85 VDC. VREG set
to 0 VDC will force the amplifier into standby mode.

RF_IN (Pin 12). Amplifier RF Input Pin. ZO = 50 Ω. The module
includes an onboard internal DC blocking capacitor. All imped-
ance matching is provided internal to the module.

VD3 (Pin 15). Supply voltage for driver collector bias (typically
3.5V). Bypassing of VD3 is accomplished with C4 and C5 which
should be placed in the approximate location shown on the
Evaluation Board, but placement is not critical.

RF_OUT (Pin 22). Amplifier RF Output Pin. ZO = 50 Ω. The
module includes an onboard internal DC blocking capacitor. All
impedance matching is provided internally to the module.

Package and Handling Information
Since the device package is sensitive to moisture absorption, it is
baked and vacuum packed before shipping. Instructions on the
shipping container label regarding exposure to moisture after the
container seal is broken must be followed. Otherwise, problems
related to moisture absorption may occur when the part is sub-
jected to high temperature during solder assembly.

Please refer to Skyworks’ solder reflow application note, available
at www.skyworksinc.com, for instructions on mounting the
SKY65146 to a printed circuit board.

Production quantities of this product are shipped in a standard
tape and reel format. For packaging details, refer to the Skyworks
Application Note, Tape and Reel, document number 101568.

Electrostatic Discharge (ESD) Sensitivity
The SKY65146 is a static-sensitive electronic device. Do not
operate or store near strong electrostatic fields. Take proper ESD
precautions.

Theory of Operation
The SKY65146 is a fully matched 3-stage GaAs HBT power
amplifier module consisting of on-chip interstage matching cir-
cuits and bias circuitry. The input and output match is realized
off-chip, but within the module package. The amplifier employs
series feedback on the first and second stages to provide for high
gain and stability and power of up to 4 W.

The module includes a silicon CMOS controller circuit to provide
a regulated bias enable control, VREG (0–2.75 V) for amplifier
On/Off operation. In off operation, supply current is a few
microamperes with VREG = 0 V. The module operates with all
positive DC voltages while maintaining high efficiency and good
linearity. The nominal operating voltage is 3.5 V for maximum
power, but can be operated at slightly lower voltages for other
mobile applications.

Application Circuit
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Pin Assignments
Pin Pin Name Description

1 VD2
Supply voltage for output (final) stage collector
bias (typically 3.5 V)

2 GND Low inductance ground connection

3 GND Low inductance ground connection

4 N/C No connect

5 N/C No connect

6 GND Low inductance ground connection

7 VD4
Supply voltage for base bias circuitry to all stages
(typically 3.5 V)

8 VREG
Regulated bias enable control voltage,
0.0 = Off, 2.75 V = On

9 N/C No connect

10 N/C No connect

11 GND Low inductance ground connection

12 RFIN 806–849 MHz RF input signal 50 Ω

13 GND Low inductance ground connection

14 N/C No connect

15 VD3
Supply voltage for driver collector bias
(typically 3.5 V)

16 GND Low inductance ground connection

17 N/C No connect

18 N/C No connect

19 GND Low inductance ground connection

20 GND Low inductance ground connection

21 N/C No connect

22 RFOUT 806–849 MHz RF output signal 50 Ω

23 GND Low inductance ground connection

24 GND Low inductance ground connection

25 GND Low inductance ground connection

26 GND Low inductance ground connection

27 GND Low inductance ground connection

28 GND Low inductance ground connection

Center attachment pad must have a low inductance and low thermal resistance connection to
the customer's printed circuit board ground plane.

Evaluation Board

V C
TL

(N
C)

GN
D

GN
D

J1

J3

J2Pin 1

RF Out

RF In

SKY65146

U1

C5

C4

C2

C3C1

SKY65146 Test Fixture
TW16-D390-

V D
1

(N
C)

V D
2

V D
3

V D
4

V R
EG

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Evaluation Board Description
The Skyworks SKY65146 Evaluation Board is used to test the
performance of the SKY65146 power amplifier module. The fol-
lowing design considerations are general in nature and must be
followed regardless of final use or configuration.

1. Paths to ground should be made as short as possible.

2. The ground pad of the SKY65146 power amplifier module has
special electrical and thermal grounding requirements. This
pad is the main thermal conduit for heat dissipation. Since the
circuit board acts as the heat sink, it must shunt as much heat
as possible from the amplifiers. As such, design the connection
to the ground pad to dissipate the maximum wattage produced
to the circuit. Multiple vias to the grounding layer are required.

NOTE: Junction temperature (TJ) of the device increases with a
poor connection to the slug and ground. This reduces the
lifetime of the device.

Evaluation Board Test Procedure
Step 1. Connect RF test equipment to Amplifier input/output SMA

connectors.

Step 2. Connect DC ground.

Step 3. Connect all VCC (VD) lines to 3.5 V supply and VREG to
2.75 V. Verify the ICQ current is approximately 329 mA.

Step 4. Apply RF signal data -30 dBm level and observe that the
output level is approximately 8 dBm or the gain of the
device is approximately 38 dB.

NOTE: It is important that the VD2, VD3, and VD4 voltage source
be adjusted such that 3.5 V is measured at the board. The
high collector currents will drop the collector voltage sig-
nificantly if long leads are used. Adjust the bias voltage to
compensate.

Bill of Material for Evaluation Board

Part ID QTY Size Value Units Manufacturer Product Number

1 C1 1 1206 10 µF AVX TAJA106M006R

2 C2 1 1206 10 µF AVX TAJA106M006R

3 C3 1 0402 1000 pF Murata GRM155R71H102KA01

4 C4 1 1206 10 µF AVX TAJA106M006R

5 C5 1 0402 1000 pF Murata GRM155R71H102KA01
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Evaluation Board Stack-Up
Cross Section Name Thickness (mm) Material εr

L1 0.025 Cu –

Lam1 0.400 Rogers 4003 3.38

L2 0.025 Cu –

Lam2 0.600 FR4 4.00

L3 0.025 Cu –

Lam3 0.400 FR4 4.00

L4 0.025 Cu –

Branding Specifications

SKY65146
EXXXXX.XX
YYWW MX

Manufacturing Part Number
Revision Number

Mark Pin 1
Identifier

Lot Number

YY = Manufacture Year
WW = Week Packaged

Sealed
MX = Country Code

Package Outline

Detail CDetail A Detail B

R 0.05
Max.

R 0.05
Max.0.875 0.875

0.875 0.875

(0.147) 0.889 ± 0.05

0.762
± 0.05

1.016
± 0.05

(R 0.508)

(R 0.381)

0.02X 45°

1.163 ± 0.05

54X Solder Mask
Openings See Detail B

28X SMT Pad

(0.2x 45°)
Pin 1 Indicator
See Detail A

Pin 1

0

Units = mm.

4X 1.27

4X 2.54

4X 3.8112X 4
12X 3
12X 2
12X 1

04X
1.

27

4X
2.

54

4X
3.

81

0.
5

1.
5

2.
5

See Detail B

14
X

4.
87

3
14X 6.873

C

Pin 28

Top

Pin 1 Indicator

10.04

14.04

1.45 ± 0.1
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Solder Mask

12X
4 mm

14.44 mm

18X 1.5 mm

18X 0.5 mm

CL

Package Outline

28X
0.862 mm

10.44 mm

18X 2.5 mm

12X
3 mm

12X
2 mm

12X
1 mm

Pin 1

0.20 X 45°
Pin 28

1.27 mm Typ.
LC

28X 1.286 mm

0.875 mm Typ.

0.875 mm Typ.

R0.431 mm Typ.

Recommended Footprint

Thermal vias should be tented and filled with solder mask 30-35 µm copper plating recommended.

Pin 28

Pin 1

10.34 mm

14.34 mm

CL

CL

14X
0.762 mm

14X 1.186 mm

1.27 mm Typ.

0.6 mm

0.6 mm

0.25 mm Typ.

0.25 mm Typ.

R0.381 mm Typ.

Thermal via array Ø0.3 mm on
0.7 mm pitch additional vias in

common ground pad will
improve thermal performance

Stencil Pattern

Package
Outline

10.34 mm

14.34 mm

28X
1.186 mm

28X
0.762 mm

1.27 mm
Typ.

0.20 X 45°

CL

LC

Stencil aperture size
of 80 to 100%

of the module/pkg
solder mask

openings.

Pin 28

12X 1 mm

12X 2 mm

12X 3 mm

12X 4 mm

18X 0.5 mm

18X 1.5 mm

18X 2.5 mm

Pin 1

0.875 mm
Typ.

0.875 mm
Typ.
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Copyright © 2007, 2008, Skyworks Solutions, Inc. All Rights Reserved.

Information in this document is provided in connection with Skyworks Solutions, Inc. (“Skyworks”) products or services. These materials, including the information contained herein, are provided
by Skyworks as a service to its customers and may be used for informational purposes only by the customer. Skyworks assumes no responsibility for errors or omissions in these materials or the
information contained herein. Skyworks may change its documentation, products, services, specifications or product descriptions at any time, without notice. Skyworks makes no commitment to
update the materials or information and shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes.

No license, whether express, implied, by estoppel or otherwise, is granted to any intellectual property rights by this document. Skyworks assumes no liability for any materials, products or
information provided hereunder, including the sale, distribution, reproduction or use of Skyworks products, information or materials, except as may be provided in Skyworks Terms and
Conditions of Sale.

THE MATERIALS, PRODUCTS AND INFORMATION ARE PROVIDED “AS IS”WITHOUT WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE, INCLUDING FITNESS FOR A
PARTICULAR PURPOSE OR USE, MERCHANTABILITY, PERFORMANCE, QUALITY OR NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY
DISCLAIMED. SKYWORKS DOES NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS CONTAINED WITHIN THESE MATERIALS. SKYWORKS
SHALL NOT BE LIABLE FOR ANY DAMAGES, INCLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT LIMITATION,
LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM THE USE OF THE MATERIALS OR INFORMATION, WHETHER OR NOT THE RECIPIENT OF MATERIALS HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

Skyworks products are not intended for use in medical, lifesaving or life-sustaining applications, or other equipment in which the failure of the Skyworks products could lead to personal injury,
death, physical or environmental damage. Skyworks customers using or selling Skyworks products for use in such applications do so at their own risk and agree to fully indemnify Skyworks for any
damages resulting from such improper use or sale.

Customers are responsible for their products and applications using Skyworks products, which may deviate from published specifications as a result of design defects, errors, or operation of
products outside of published parameters or design specifications. Customers should include design and operating safeguards to minimize these and other risks. Skyworks assumes no liability for
applications assistance, customer product design, or damage to any equipment resulting from the use of Skyworks products outside of stated published specifications or parameters.

Skyworks, the Skyworks symbol, and “Breakthrough Simplicity” are trademarks or registered trademarks of Skyworks Solutions, Inc., in the United States and other countries. Third-party brands and
names are for identification purposes only, and are the property of their respective owners. Additional information, including relevant terms and conditions, posted at www.skyworksinc.com, are
incorporated by reference.

Ordering Information

Model Name Manufacturing Part Number Evaluation Kit Part Number

SKY65146: 3.5 V Broadband MCM Power Amplifier 806–849 MHz SKY65146-21 (Pb-free package) TW16-D390
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SKY65013-70LF: InGaP Cascadable Amplifier
LF–7 GHz

DATA SHEET

Applications
● Wireless infrastructure: WLAN, HLAN, DBS, broadband, cellular

base stations
● Test instrumentation
● CATV

Features
● Broadband: LF–7 GHz
● Small signal gain: 12.5 dB typ. @ 2 GHz
● High output 3rd order intercept: +29 dBm typ.
● 0P1 dB: 12.5 dBm typ. @ 2 GHz
● Input and output impedance: 50 Ω nominal
● Single, positive DC supply voltage
● SOT-89 package 
● Available lead (Pb)-free, RoHS compliant and Green MSL-1 

@ 260 °C per JEDEC J-STD-020

50 Ω 50 Ω

Description
The SKY65013 is a general-purpose, broadband amplifier fabri-
cated from Skyworks InGaP HBT process and packaged in a
SOT-89 package. The amplifier’s input and output impedances are
50 Ω, which allows these amplifiers to be cascaded without
external impedance matching networks. The typical -3 dB band-
width of the SKY65013 is LF–7 GHz.

This amplifier is also available in the plastic micro-X package
(SKY65013-214LF) and the SC-88 package (SKY65013-92LF).

The SKY65013 is lead (Pb)-free and RoHS compliant. It is also
“Green”—environmentally friendly, containing no antimony or 
halogens, such as bromine.

A populated evaluation board is available upon request.

Full scattering parameters for this part are available for download
at www.skyworksinc.com

Functional Block Diagram

Skyworks Green products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW
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Parameter Symbol Condition Frequency Min. Typ. Max. Unit

Small signal gain GP 2 GHz 11.5 12.5 13.5 dB

3 dB gain bandwidth BW3 dB 7 GHz

Noise figure NF 2 GHz 5.5 dB

Output power at 1 dB compression 0P1 dB 2 GHz 11.5 12.5 dBm

Input and output VSWR VSWR 0.1–7 GHz 1.9:1 2.0:1

Output third order intercept point OIP3 PIN = 0 dBm each tone, Δf = 10 MHz 2 GHz 29 dBm

Operating voltage VD Measured at pin 3 3.3 3.5 3.7 V

Reverse isolation |s12| 0.1–12 GHz 17 dB

Gain flatness 10 MHz–8 GHz ±1.5 dB

Thermal resistance θJC 70 °C/W

Electrical Specifications at 25 °C

T = 25 °C, IS = 40 mA, PIN = 0 dBm, Z0 = 50 Ω, measured in evaluation board, unless otherwise noted
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Typical Performance Data

Z0 = 50 Ω, IS = 40 mA, measured in evaluation board, unless otherwise noted 
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Characteristic Value

RF input power 15 dBm

Supply voltage 5 V 

Supply current 120 mA

Power dissipation @ T = 25 °C   600 mW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +125 °C

Absolute Maximum Ratings

Pin Number Pin Name Description

2, 4 GND Equipotential point – Internal circuit com-
mon, which must be connected to the PCB
ground or common via the lowest possible
impedance. Pin 4 must be connected via a
low thermal resistance path to a good
heatsink.

1 Input RF input – RF input with 50 Ω nominal 
input impedance. An internally generated 
DC voltage is present at this pin, so an
external DC block should be used to 
connect this pin to the external circuit.

3 Output RF output – DC supply voltage input and 
RF output with 50 Ω nominal output 
impedance. The nominal voltage required 
at this pin is listed in the Electrical
Specifications Table. Supply current is 
determined by an external resistor 
connected between the DC power supply
and this pin.

Pin Descriptions
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, Electrostatic Discharge (ESD) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Pin Out (Top View)

1 2 3

4

SOT-89

1.50 ± 0.10

0.381 ± 0.025

SharpR0.10

7°

7°

4.09 ±
 0.10

All measurements are in millimeters

1.50

0.46
R0.10

Side View End View

Bottom View

 1 2 3

Half Etching
Depth 0.100

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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Evaluation Board

Input Output

R1

L1

C1

C4

C2

VD

VS

IS

L3

L2

The SKY65013 evaluation board comprises the SKY65013 
amplifier, the input and output of which are connected via 50 Ω
microstrip transmission lines with DC blocking capacitors, C1 and
C2, to the input and output SMA connectors, respectively.

The positive supply voltage, VS, is connected to pin 3, RF Output
of the amplifier via the decoupling network which consists of C4,
L1, L2 and R1. The power supply current, IS, must be limited,
either via the current limit function of an external bench power
supply, or by replacing L3 with resistor R1, the value of which is
given in the Current Limiting Resistor Values table. The evaluation
board is shipped with L3 in place, which shifts an in-band series
resonance of the supply decoupling network out of band. For low
frequency applications, R1 may be used to conveniently limit
supply current on the evaluation board.

The evaluation board also contains a probe fixture which 
facilitates the direct measurement of the s parameters of the
SKY65013. The probe fixture comprises a very short coplanar
waveguide (CPW) transmission line to pin 1 and an identical line
to pin 3. All other pins of the amplifier are grounded. The CPW
transmission lines are compatible with ground-signal-ground
wafer probe tips, which can be connected to the RF ports of a
vector network analyzer (VNA) via coaxial cables. The very small
electrical length of these CPW transmission lines obviates the
need to de-embed their effects from the s parameters that are
measured. The supply constant current must be applied via the
bias tee, which is typically integrated into the VNA, which is cas-
cade with the output pin of the amplifier.

Component Description Value Size Suggested Part Number Comments

C1, C2, C4 Capacitor 47 nF 0603

L1 Inductor 33 nH 0603

L2 Ferrite bead FBMH4525HM162N-T

R1 Resistor See Current Limiting 0603
Resistor Values Table

U1 Amplifier SKY65013

Evaluation Board Parts List

R1 Minimum Power 
VS, V Resistance, Ω Dissipation Rating, mW

4 13 125

4.6 28 125

5 38 125

6 63 125

8 113 250

9 138 500

10 163 500

12 213 500

Current Limiting Resistor Values
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SKY65014-70LF: InGaP Cascadable Amplifier
LF–6 GHz

DATA SHEET

Applications
● Wireless infrastructure: WLAN, HLAN, DBS, broadband, cellular

base stations
● Test instrumentation
● CATV

Features
● Broadband: LF–6 GHz
● Small signal gain: 16 dB typ. @ 2 GHz
● High output 3rd order intercept: 36 dBm typ.
● 0P1 dB: 18 dBm typ. @ 2 GHz
● Input and output impedance: 50 Ω nominal
● Single, positive DC supply voltage
● SOT-89 package 
● Available lead (Pb)-free, RoHS compliant and Green MSL-1 

@ 260 °C per JEDEC J-STD-020

50 Ω 50 Ω

Description
The SKY65014 is a general-purpose, broadband amplifier 
fabricated from Skyworks InGaP HBT process and packaged in a
SOT-89 package. The amplifier’s input and output impedances are
50 Ω, which allows these amplifiers to be cascaded without
external impedance matching networks. The typical -3 dB band-
width of the SKY65014 is LF–6 GHz.

This amplifier is also available in the miniature SC-88 
package (SKY65014-92LF) and the plastic micro-X 
package (SKY65014-214LF).

The SKY65014 is lead (Pb)-free and RoHS compliant. It is also
“Green”—environmentally friendly, containing no antimony or 
halogens, such as bromine.

A populated evaluation board is available upon request.

Full scattering parameters for this part are available for download
at www.skyworksinc.com

Functional Block Diagram

Skyworks Green products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW
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Parameter Symbol Condition Frequency Min. Typ. Max. Unit

Small signal gain GP 2 GHz 15 16 17 dB

3 dB gain bandwidth BW3 dB 6 GHz

Noise figure NF 2 GHz 4.8 dB

Output power at 1 dB compression 0P1 dB 2 GHz 17 18 dBm

Input and output VSWR VSWR 0.1–5 GHz 1.9:1 2.0:1

Output third order intercept point OIP3 PIN = 0 dBm each tone, Δf = 10 MHz 2 GHz 36 dBm

Operating voltage VD Measured at pin 3 4.2 4.7 5 V

Reverse isolation |s12| 0.1–6 GHz 18 dB

Gain flatness 10 MHz–6 GHz ±1.5 dB

Thermal resistance θJC 70 °C/W

Electrical Specifications at 25 °C

T = 25 °C, IS = 70 mA, PIN = 0 dBm, Z0 = 50 Ω, measured in evaluation board, unless otherwise noted
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Typical Performance Data

Z0 = 50 Ω, IS = 70 mA, measured in evaluation board, unless otherwise noted 
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Characteristic Value

RF input power 15 dBm

Supply voltage 5 V 

Supply current 120 mA

Power dissipation @ T = 25 °C   600 mW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +125 °C

Absolute Maximum Ratings

Pin Number Pin Name Description

2, 4 GND Equipotential point – Internal circuit com-
mon, which must be connected to the PCB
ground or common via the lowest possible
impedance. Pin 4 must be connected via a
low thermal resistance path to a good
heatsink.

1 Input RF input – RF input with 50 Ω nominal 
input impedance. An internally generated 
DC voltage is present at this pin, so an
external DC block should be used to 
connect this pin to the external circuit.

3 Output RF output – DC supply voltage input and 
RF output with 50 Ω nominal output 
impedance. The nominal voltage required 
at this pin is listed in the Electrical
Specifications Table. Supply current is 
determined by an external resistor 
connected between the DC power supply
and this pin.

Pin Descriptions
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, Electrostatic Discharge (ESD) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Pin Out (Top View)

1 2 3

4

SOT-89

1.50 ± 0.10

0.381 ± 0.025

SharpR0.10

7°

7°

4.09 ±
 0.10

All measurements are in millimeters

1.50

0.46
R0.10

Side View End View

Bottom View

 1 2 3

Half Etching
Depth 0.100

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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Evaluation Board

Input Output

R1

L1
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The SKY65014 evaluation board comprises the SKY65014 
amplifier, the input and output of which are connected via 50 Ω
microstrip transmission lines with DC blocking capacitors, C1 and
C2, to the input and output SMA connectors, respectively.

The positive supply voltage, VS, is connected to pin 3, RF Output
of the amplifier via the decoupling network which consists of C4,
L1, L2 and R1. The power supply current, IS, must be limited,
either via the current limit function of an external bench power
supply, or by replacing L3 with resistor R1, the value of which is
given in the Current Limiting Resistor Values table. The evaluation
board is shipped with L3 in place, which shifts an in-band series
resonance of the supply decoupling network out of band. For low
frequency applications, R1 may be used to conveniently limit
supply current on the evaluation board.

The evaluation board also contains a probe fixture which 
facilitates the direct measurement of the s parameters of the
SKY65014. The probe fixture comprises a very short coplanar
waveguide (CPW) transmission line to pin 1 and an identical line
to pin 3. All other pins of the amplifier are grounded. The CPW
transmission lines are compatible with ground-signal-ground
wafer probe tips, which can be connected to the RF ports of a
vector network analyzer (VNA) via coaxial cables. The very small
electrical length of these CPW transmission lines obviates the
need to de-embed their effects from the s parameters that are
measured. The supply constant current must be applied via the
bias tee, which is typically integrated into the VNA, which is cas-
cade with the output pin of the amplifier.

Component Description Value Size Suggested Part Number Comments

C1, C2, C4 Capacitor 47 nF 0603

L1 Inductor 33 nH 0603

L2 Ferrite bead FBMH4525HM162N-T

R1 Resistor See Current Limiting 0603
Resistor Values Table

U1 Amplifier SKY65014

Evaluation Board Parts List

VS, V R1 Minimum Power 
Resistance, Ω Dissipation rating, mW

5 4 125

6 19 125

7 33 250

8 47 500

9 61 500

10 76 500

12 104 1000

Current Limiting Resistor Values
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SKY65015-70LF: InGaP Cascadable Amplifier
LF–6 GHz

DATA SHEET

Applications
● Wireless infrastructure: WLAN, HLAN, DBS, broadband, cellular

base stations
● Test instrumentation
● CATV

Features
● Broadband: LF–6 GHz
● Small signal gain: 18 dB typ. @ 2 GHz
● High output 3rd order intercept: 35 dBm typ.
● 0P1 dB: 17 dBm typ. @ 2 GHz
● Input and output impedance: 50 Ω nominal
● Single, positive DC supply voltage
● SOT-89 package 
● Available lead (Pb)-free, RoHS Compliant and Green MSL-1 

@ 260 °C per JEDEC J-STD-020

50 Ω 50 Ω

Description
The SKY65015 is a general-purpose, broadband amplifier 
fabricated from Skyworks InGaP HBT process and packaged 
in a SOT-89 package. The amplifier's input and output imped-
ances are 50 Ω, which allows these amplifiers to be cascaded
without external impedance matching networks. The typical 
-3 dB bandwidth of the SKY65015 is LF–6 GHz.

This amplifier is also available in the miniature SC-88 
package (SKY65015-92LF) and the plastic micro-X 
package (SKY65015-214LF).

The SKY65015 is lead (Pb)-free and RoHS compliant. It is also
“Green”—environmentally friendly, containing no antimony or 
halogens such as bromine.

A populated evaluation board is available upon request.

Full scattering parameters for this part are available for download
at www.skyworksinc.com

Functional Block Diagram

Skyworks Green products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW
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Parameter Symbol Condition Frequency Min. Typ. Max. Unit

Small signal gain GP 2 GHz 17 18 19 dB

3 dB gain bandwidth BW3 dB 6 GHz

Noise figure NF 2 GHz 4.2 dB

Output power at 1 dB compression 0 P1 dB 2 GHz 16 17 dBm

Input and output VSWR VSWR 0.1–4 GHz 1.9:1 2.0:1

Output third order intercept point OIP3 PIN = 0 dBm each tone, Δf = 10 MHz 2 GHz 35 dBm

Operating voltage VD Measured at pin 3 4.5 4.7 5 V

Reverse isolation |s12| 0.1–8 GHz 20 dB

Gain flatness 10 MHz–6 GHz ±1.5 dB

Thermal resistance θJC 70 °C/W

Electrical Specifications at 25 °C

T = 25 °C, IS = 70 mA, PIN = 0 dBm, Z0 = 50 Ω, measured in evaluation board, unless otherwise noted
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Typical Performance Data

Z0 = 50 Ω, IS = 70 mA, measured in evaluation board, unless otherwise noted 
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Characteristic Value

RF input power 15 dBm

Supply voltage 5 V 

Supply current 120 mA

Power dissipation @ T = 25 °C   500 mW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +125 °C

Absolute Maximum Ratings

Pin Number Pin Name Description

2, 4 GND Equipotential point – Internal circuit com-
mon, which must be connected to the PCB
ground or common via the lowest possible
impedance. Pin 4 must be connected via a
low thermal resistance path to a good
heatsink.

1 Input RF input – RF input with 50 Ω nominal 
input impedance. An internally generated 
DC voltage is present at this pin, so an
external DC block should be used to 
connect this pin to the external circuit.

3 Output RF output – DC supply voltage input and 
RF output with 50 Ω nominal output 
impedance. The nominal voltage required 
at this pin is listed in the Electrical
Specifications Table. Supply current is 
determined by an external resistor 
connected between the DC power supply
and this pin.

Pin Descriptions
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, Electrostatic Discharge (ESD) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

SOT-89

1.50 ± 0.10

0.381 ± 0.025

SharpR0.10

7°

7°

4.09 ±
 0.10

All measurements are in millimeters

1.50

0.46
R0.10

Side View End View

Bottom View

 1 2 3

Half Etching
Depth 0.100

Pin Out (Top View)

1 2 3

4

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 


Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
February 21, 2007  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  200356 Rev. D

DATA SHEET  •  SKY65015-70LF

4

Evaluation Board

Input Output

R1

L1

C1

C4

C2

VD

VS

IS

L3

L2

The SKY65015 evaluation board comprises the SKY65015 
amplifier, the input and output of which are connected via 50 Ω
microstrip transmission lines with DC blocking capacitors, C1 and
C2, to the input and output SMA connectors, respectively.

The positive supply voltage, VS, is connected to pin 3, RF Output
of the amplifier via the decoupling network which consists of C4,
L1, L2 and R1. The power supply current, IS, must be limited,
either via the current limit function of an external bench power
supply, or by replacing L3 with resistor R1, the value of which is
given in the Current Limiting Resistor Values table. The evaluation
board is shipped with L3 in place, which shifts an in-band series
resonance of the supply decoupling network out of band. For low
frequency applications, R1 may be used to conveniently limit
supply current on the evaluation board.

The evaluation board also contains a probe fixture which 
facilitates the direct measurement of the s parameters of the
SKY65015. The probe fixture comprises a very short coplanar
waveguide (CPW) transmission line to pin 1 and an identical line
to pin 3. All other pins of the amplifier are grounded. The CPW
transmission lines are compatible with ground-signal-ground
wafer probe tips, which can be connected to the RF ports of a
vector network analyzer (VNA) via coaxial cables. The very small
electrical length of these CPW transmission lines obviates the
need to de-embed their effects from the s parameters that are
measured. The supply constant current must be applied via the
bias tee, which is typically integrated into the VNA, which is cas-
cade with the output pin of the amplifier.

Component Description Value Size Suggested Part Number Comments

C1, C2, C4 Capacitor 47 nF 0603

L1 Inductor 33 nH 0603

L2 Ferrite bead FBMH4525HM162N-T

R1 Resistor See Current Limiting 0603
Resistor Values Table

U1 Amplifier SKY65015

Evaluation Board Parts List

VS, V R1 Minimum Power 
Resistance, Ω Dissipation rating, mW

5 4 125

6 19 125

7 33 250

8 47 500

9 61 500

10 76 500

12 104 1000

Current Limiting Resistor Values
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SKY65016-70LF: InGaP Cascadable Amplifier
LF–3 GHz

DATA SHEET

Applications
● Wireless infrastructure: WLAN, HLAN, DBS, broadband, cellular

base stations
● Test instrumentation
● CATV

Features
● Broadband: LF–3 GHz
● Small signal gain: 20 dB typ. @ 2 GHz
● High output 3rd order intercept: 27 dBm typ.
● 0 P1 dB: 14 dBm typ. @ 2 GHz
● Input and output impedance: 50 Ω nominal
● Single, positive DC supply voltage
● SOT-89 package 
● Available lead (Pb)-free, RoHS Compliant and Green MSL-1 

@ 260 °C per JEDEC J-STD-020

50 Ω 50 Ω

Description
The SKY65016 is a general-purpose, broadband amplifier 
fabricated from Skyworks InGaP HBT process and packaged 
in a SOT-89 package. The amplifier's input and output imped-
ances are 50 Ω, which allows these amplifiers to be cascaded
without external impedance matching networks. The typical 
-3 dB bandwidth of the SKY65016 is LF–3 GHz.

This amplifier is also available in the miniature SC-88 
package (SKY65016-92LF) and the plastic micro-X 
package (SKY65016-214LF).

The SKY65016 is lead (Pb)-free and RoHS compliant. It is 
also “Green”—environmentally friendly, containing no antimony or
halogens such as bromine.

A populated evaluation board is available upon request.

Full scattering parameters for this part are available for download
at www.skyworksinc.com

Functional Block Diagram

Skyworks Green products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW
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Parameter Symbol Condition Frequency Min. Typ. Max. Unit

Small signal gain GP 2 GHz 19 20 21 dB

3 dB gain bandwidth BW3 dB 2.5 3 GHz

Noise figure NF 2 GHz 4.8 dB

Output power at 1 dB compression 0 P1 dB 2 GHz 13 14 dBm

Input and output VSWR VSWR 0.1–5 GHz 1.9:1 2.0:1

Output third order intercept point OIP3 PIN = 0 dBm each tone, Δf = 10 MHz 2 GHz 27 dBm

Operating voltage VD Measured at pin 3 3.2 3.5 3.7 V

Reverse isolation |s12| 0.1–6 GHz 20 dB

Gain flatness 10 MHz–3 GHz ±1.5 dB

Thermal resistance θJC 70 °C/W

Electrical Specifications at 25 °C

T = 25 °C, IS = 40 mA, PIN = 0 dBm, Z0 = 50 Ω, measured in evaluation board, unless otherwise noted
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Typical Performance Data

Z0 = 50 Ω, IS = 40 mA, measured in evaluation board, unless otherwise noted 
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Characteristic Value

RF input power 15 dBm

Supply voltage 5 V 

Supply current 120 mA

Power dissipation @ T = 25 °C   500 mW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +125 °C

Absolute Maximum Ratings

Pin Number Pin Name Description

2, 4 GND Equipotential point – Internal circuit com-
mon, which must be connected to the PCB
ground or common via the lowest possible
impedance. Pin 4 must be connected via a
low thermal resistance path to a good
heatsink.

1 Input RF input – RF input with 50 Ω nominal 
input impedance. An internally generated 
DC voltage is present at this pin, so an
external DC block should be used to 
connect this pin to the external circuit.

3 Output RF output – DC supply voltage input and 
RF output with 50 Ω nominal output 
impedance. The nominal voltage required 
at this pin is listed in the Electrical
Specifications Table. Supply current is 
determined by an external resistor 
connected between the DC power supply
and this pin.

Pin Descriptions
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, Electrostatic Discharge (ESD) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

SOT-89

1.50 ± 0.10

0.381 ± 0.025

SharpR0.10

7°

7°

4.09 ±
 0.10

All measurements are in millimeters
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Side View End View

Bottom View

 1 2 3

Half Etching
Depth 0.100

Pin Out (Top View)

1 2 3

4

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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The SKY65016 evaluation board comprises the SKY65016 
amplifier, the input and output of which are connected via 50 Ω
microstrip transmission lines with DC blocking capacitors, C1 and
C2, to the input and output SMA connectors, respectively.

The positive supply voltage, VS, is connected to pin 3, RF Output
of the amplifier via the decoupling network which consists of C4,
L1, L2 and R1. The power supply current, IS, must be limited,
either via the current limit function of an external bench power
supply, or by replacing L3 with resistor R1, the value of which is
given in the Current Limiting Resistor Values table. The evaluation
board is shipped with L3 in place, which shifts an in-band series
resonance of the supply decoupling network out of band. For low
frequency applications, R1 may be used to conveniently limit
supply current on the evaluation board.

The evaluation board also contains a probe fixture which 
facilitates the direct measurement of the s parameters of the
SKY65016. The probe fixture comprises a very short coplanar
waveguide (CPW) transmission line to pin 1 and an identical line
to pin 3. All other pins of the amplifier are grounded. The CPW
transmission lines are compatible with ground-signal-ground
wafer probe tips, which can be connected to the RF ports of a
vector network analyzer (VNA) via coaxial cables. The very small
electrical length of these CPW transmission lines obviates the
need to de-embed their effects from the s parameters that are
measured. The supply constant current must be applied via the
bias tee, which is typically integrated into the VNA, which is cas-
cade with the output pin of the amplifier.

Component Description Value Size Suggested Part Number Comments

C1, C2, C4 Capacitor 47 nF 0603

L1 Inductor 33 nH 0603

L2 Ferrite bead FBMH4525HM162N-T

R1 Resistor See Current Limiting 0603
Resistor Values Table

U1 Amplifier SKY65016

Evaluation Board Parts List

VS, V R1 Minimum Power 
Resistance, Ω Dissipation rating, mW

4 13 125

4.6 28 125

5 38 125

6 63 125

8 113 250

9 138 500

10 163 500

12 213 500

Current Limiting Resistor Values
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SKY65017-70LF: InGaP Cascadable Amplifier
LF–6 GHz

DATA SHEET

Applications
� Wireless infrastructure: WLAN, HLAN, DBS, broadband, cellular
base stations

� Test instrumentation
� CATV

Features
� Broadband: LF–6 GHz
� Small signal gain: 20 dB typ. @ 2 GHz
� High output 3rd order intercept: 35 dBm typ.
� 0P1 dB: 20 dBm typ. @ 2 GHz
� Input and output impedance: 50 Ω nominal
� Single, positive DC supply voltage
� SOT-89 package
� Available lead (Pb)-free, RoHS-compliant and Green MSL-1
@ 260 °C per JEDEC J-STD-020

50 Ω 50 Ω

Description
The SKY65017 is a general purpose, broadband amplifier
fabricated from Skyworks InGaP HBT process and packaged
in a SOT-89 package. The amplifier's input and output imped-
ances are 50 Ω, which allows these amplifiers to be cascaded
without external impedance matching networks. The typical
-3 dB bandwidth of the SKY65017 is LF–6 GHz.

The SKY65017 is lead (Pb)-free and RoHS compliant. It is also
“Green”— environmentally friendly, containing no antimony or
halogens such as bromine.

A populated evaluation board is available upon request.

Full scattering parameters for this part are available for download
at www.skyworksinc.com

Functional Block Diagram

Skyworks Green™ products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW
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Parameter Symbol Condition Frequency Min. Typ. Max. Unit

Small signal gain GP 2 GHz 19 20 22 dB

3 dB gain bandwidth BW3 dB 6 GHz

Noise figure NF 2 GHz 4.5 5 dB

Output power at 1 dB compression 0P1 dB 2 GHz 19 20 dBm

Input and output VSWR VSWR 0.1–4 GHz 1.9:1 2.0:1

Output third order intercept point OIP3 POUT = 0 dBm each tone, ∆f = 10 MHz 2 GHz 35 dBm

Operating voltage VD Measured at pin 3 4.5 5 5.5 V

Reverse isolation |s12| 0.1–6 GHz 23 dB

Gain flatness 10 MHz–6 GHz ±1.5 dB

Thermal resistance θJC 70 °C/W

Electrical Specifications at 25 °C

T = 25 °C, IS = 100 mA, PIN = -10 dBm, Z0 = 50 Ω, measured in evaluation board, unless otherwise noted
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Typical Performance Data

Z0 = 50 Ω, IS = 100 mA, measured in evaluation board, unless otherwise noted
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Characteristic Value

RF input power 10 dBm

Supply voltage 6 V

Supply current 120 mA

Power dissipation @ T = 25 °C 510 mW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +125 °C

Absolute Maximum Ratings

Pin Number Pin Name Description

2, 4 GND Equipotential point – Internal circuit com-
mon, which must be connected to the PCB
ground or common via the lowest possible
impedance. Pin 4 must be connected via a
low thermal resistance path to a good
heatsink.

1 Input RF input – RF input with 50 Ω nominal
input impedance. An internally generated
DC voltage is present at this pin, so an
external DC block should be used to
connect this pin to the external circuit.

3 Output RF output – DC supply voltage input and
RF output with 50 Ω nominal output
impedance. The nominal voltage required
at this pin is listed in the Electrical
Specifications Table. Supply current is
determined by an external resistor
connected between the DC power supply
and this pin.

Pin Descriptions
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, Electrostatic Discharge (ESD) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

SOT-89

1.50 ± 0.10

0.381 ± 0.025

SharpR0.10

7°

7°

4.09
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0.10

All measurements are in millimeters
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4

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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The SKY65017 evaluation board comprises the SKY65017
amplifier, the input and output of which are connected via 50 Ω
microstrip transmission lines with DC blocking capacitors, C1 and
C2, to the input and output SMA connectors, respectively.

The positive supply voltage, VS, is connected to pin 3, RF Output
of the amplifier via the decoupling network which consists of C4,
L1, L2 and R1. The power supply current, IS, must be limited,
either via the current limit function of an external bench power
supply, or by replacing L3 with resistor R1, the value of which is
given in the Current Limiting Resistor Values table. The evaluation
board is shipped with L3 in place, which shifts an in-band series
resonance of the supply decoupling network out of band. For low
frequency applications, R1 may be used to conveniently limit
supply current on the evaluation board.

The evaluation board also contains a probe fixtures which
facilitates the direct measurement of the s parameters of the
SKY65017. The probe fixture comprises a very short coplanar
waveguide (CPW) transmission line to pin 1 and an identical line
to pin 3. All other pins of the amplifier are grounded. The CPW
transmission lines are compatible with ground-signal-ground
wafer probe tips, which can be connected to the RF ports of a
vector network analyzer (VNA) via coaxial cables. The very small
electrical length of these CPW transmission lines obviates the
need to de-embed their effects from the s parameters that are
measured. The supply constant current must be applied via the
bias tee, which is typically integrated into the VNA, which is cas-
cade with the output pin of the amplifier.

Component Description Value Size Suggested Part Number Manufacturer

C1, C2, C4 Capacitor 47 nF 0603 CRM188R71E473K Murata

L1 Inductor 33 nH 0603 0603CS 33NX LU Coilcraft

L2 Ferrite bead FBMH4525HM162N-T

L3 Inductor 110 nH 0805 0805CS-111X LB Coilcraft

R1 Resistor See Current Limiting 0603
Resistor Values Table

U1 Amplifier SKY65017 Skyworks Solutions, Inc.

Evaluation Board Parts List

Minimum Power
VS, V R1, ΩΩ Dissipation Rating, mW

5(1) 0 –

6 10 250

7 20 500

8 30 500

9 40 1000

10 50 1000

12 70 2000

Current Limiting Resistor Values

1. In order to ensure that the supply current does not exceed the recommended value, it is
recommended to utilize a regulated current source to supply the device under this condition.



Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
200359 Rev. B  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  June 8, 2006 1

SKY65013-92LF: InGaP Cascadable Amplifier
LF–12 GHz

DATA SHEET

Applications
● Wireless infrastructure: WLAN, HLAN, DBS, broadband, cellular

base stations
● Test instrumentation
● CATV

Features
● Broadband: LF–12 GHz
● Small signal gain: 12.5 dB typ. @ 2 GHz
● High output 3rd order intercept: +29 dBm typ.
● 0P1 dB: 12.5 dBm typ. @ 2 GHz
● Input and output impedance: 50 Ω nominal
● Single, positive DC supply voltage
● Miniature SC-88 Package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

50 Ω 50 Ω

Description
The SKY65013 is a general-purpose, broadband amplifier 
fabricated from Skyworks InGaP HBT process and packaged in a
miniature SC-88 package. The amplifier’s input and output imped-
ances are 50 Ω, which allows these amplifiers to be cascaded
without external impedance matching networks. The typical -3 dB
bandwidth of the SKY65013 is LF–12 GHz.

This amplifier is also available in the plastic micro-X package
(SKY65013-214LF) and the SOT-89 package (SKY65013-70LF)

The SKY65013 is lead (Pb)-free and RoHS-compliant.

A populated evaluation board is available upon request.

Full scattering parameters for this part are available for download
at www.skyworksinc.com

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances) compliant packaging.

NEW

Functional Block Diagram
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Parameter Symbol Condition Frequency Min. Typ. Max. Unit

Small signal gain GP 2 GHz 11.5 12.5 13.5 dB

3 dB gain bandwidth BW3 dB 8 GHz

Noise figure NF 2 GHz 5.8 dB

Output power at 1 dB compression 0P1 dB 2 GHz 11.5 12.5 dBm

Input and output VSWR VSWR 0.1–8 GHz 1.9:1 2.0:1

Output third order intercept point OIP3 PIN = 0 dBm each tone, ∆f = 10 MHz 2 GHz 29 dBm

Operating voltage VD Measured at pin 6 3.3 3.5 3.7 V

Reverse isolation |s12| 0.1–12 GHz 17 dB

Gain flatness 10 MHz–8 GHz ±1.5 dB

Thermal resistance θJC 225 °C/W

Electrical Specifications at 25 °C

T = 25 °C, IS = 40 mA, PIN = 0 dBm, Z0 = 50 Ω, measured in evaluation board, unless otherwise noted
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Typical Performance Data

Z0 = 50 Ω, IS = 40 mA, measured in evaluation board, unless otherwise noted 
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Characteristic Value

RF input power 15 dBm

Supply voltage 5 V 

Supply current 70 mA

Power dissipation @ T = 25 °C   350 mW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +125 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, Electrostatic Discharge (ESD) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Pin Number Pin Name Description

1, 2, 4, 5 GND Equipotential point – Internal circuit com-
mon, which must be connected to the PCB
ground or common via the lowest possible
impedance.

3 Input RF input – RF input with 50 Ω nominal 
input impedance. An internally generated 
DC voltage is present at this pin, so an
external DC block should be used to 
connect this pin to the external circuit.

6 Output RF output – DC supply voltage input and 
RF output with 50 Ω nominal output 
impedance. The nominal voltage required 
at this pin is listed in the Electrical
Specifications Table. Supply current is 
determined by an external resistor 
connected between the DC power supply
and this pin.

Pin Descriptions

SC-88 (6-Lead SC-70)
0.079 (2.00 mm)

± 0.008 (0.20 mm)

0.049 (1.25 mm)
± 0.004 (0.10 mm)

0.008 (0.20 mm)
± 0.004 (0.10 mm)

0.087 (2.20 mm)
± 0.008 (0.20 mm)

0.035 (0.90 mm)
± 0.004 (0.10 mm)

0.002 (0.005 mm)
± 0.002 (0.005 mm) 0.037 (0.95 mm)

± 0.006 (0.15 mm)

0.010 (0.25 mm)
± 0.006 (0.15 mm)

0.0055
(0.14 mm)
± 0.0015
(0.04 mm)

0.0256 (0.65 mm)
BSC

0.009 (0.23 mm) 
Ref

Pin 1 Indicator

Pin Out (Top View)

1
2

3

6
5

4

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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The SKY65013 evaluation board comprises the SKY65013 
amplifier, the input and output of which are connected via 
50 Ω microstrip transmission lines with DC blocking capacitors,
C1 and C2, to the input and output SMA connectors, respectively.

The positive supply voltage, VS, is connected to pin 6, RF Output
of the amplifier via the decoupling network which consists of C4,
L1, L2 and R1. The power supply current, IS, must be limited,
either via the current limit function of an external bench power
supply, or by replacing L3 with resistor R1, the value of which is
given in the Current Limiting Resistor Values table. The evaluation
board is shipped with L3 in place, which shifts an in-band series
resonance of the supply decoupling network out of band. For low
frequency applications, R1 may be used to conveniently limit
supply current on the evaluation board.

The evaluation board also contains a probe fixture which 
facilitates the direct measurement of the s parameters of the
SKY65013. The probe fixture comprises a very short coplanar
waveguide (CPW) transmission line to pin 3 and an identical line
to pin 6. All other pins of the amplifier are grounded. The CPW
transmission lines are compatible with ground-signal-ground
wafer probe tips, which can be connected to the RF ports of a
vector network analyzer (VNA) via coaxial cables. The very small
electrical length of these CPW transmission lines obviates the
need to de-embed their effects from the s parameters that are
measured. The supply constant current must be applied via the
bias tee, which is typically integrated into the VNA, which is cas-
cade with the output pin of the amplifier.

Component Description Value Size Suggested Part Number Comments

C1, C2, C4 Capacitor 47 nF 0603

L1 Inductor 33 nH 0603

L2 Ferrite bead FBMH4525HM162N-T

R1 See Current Limiting 0603
Resistor Values Table

U1 Amplifier SKY65013

Evaluation Board Parts List

R1 Minimum Power 
VS, V Resistance, Ω Dissipation Rating, mW

4 13 125

4.6 28 125

5 38 125

6 63 125

8 113 250

9 138 500

10 163 500

12 213 500

Current Limiting Resistor Values
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SKY65014-92LF: InGaP Cascadable Amplifier
LF–9 GHz

DATA SHEET

Applications
● Wireless infrastructure: WLAN, HLAN, DBS, broadband, cellular

base stations
● Test instrumentation
● CATV

Features
● Broadband: LF–9 GHz
● Small signal gain: 15 dB typ. @ 2 GHz
● High output 3rd order intercept: 36 dBm typ.
● 0P1 dB: 18 dBm typ. @ 2 GHz
● Input and output impedance: 50 Ω nominal
● Single, positive DC supply voltage
● Miniature SC-88 package 
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

50 Ω 50 Ω

Description
The SKY65014 is a general-purpose, broadband amplifier 
fabricated from Skyworks InGaP HBT process and packaged in a
miniature SC-88 package. The amplifier’s input and output imped-
ances are 50 Ω, which allows these amplifiers to be cascaded
without external impedance matching networks. The typical -3 dB
bandwidth of the SKY65014 is LF–9 GHz.

This amplifier is also available in the plastic micro-X package
(SKY65014-214LF) and the SOT-89 package (SKY65014-70LF).

The SKY65014 is lead (Pb)-free and RoHS-compliant.

A populated evaluation board is available upon request.

Full scattering parameters for this part are available for download
at www.skyworksinc.com.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Functional Block Diagram
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Parameter Symbol Condition Frequency Min. Typ. Max. Unit

Small signal gain GP 2 GHz 13 15 16 dB

3 dB gain bandwidth BW3 dB 3 dB 7.5 GHz

Noise figure NF 2 GHz 5.4 dB

Output power at 1 dB compression 0P1 dB 2 GHz 17 18 dBm

Input and output VSWR VSWR 0.1–8 GHz 1.9:1 2.0:1

Output third order intercept point OIP3 PIN = 0 dBm each tone, ∆f = 10 MHz 2 GHz 36 dBm

Operating voltage VD Measured at pin 6 4.2 4.7 5 V

Reverse isolation |s12| 0.1–7.5 GHz 18 dB

Gain flatness 10 MHz–7.5 GHz ±1.5 dB

Thermal resistance θJC 225 °C/W

Electrical Specifications at 25 °C

T = 25 °C, IS = 70 mA, PIN = 0 dBm, Z0 = 50 Ω, measured in evaluation board, unless otherwise noted
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Typical Performance Data

Z0 = 50 Ω, IS = 70 mA, measured in evaluation board, unless otherwise noted 
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Characteristic Value

RF input power 15 dBm

Supply voltage 5 V 

Supply current 120 mA

Power dissipation @ T = 25 °C   600 mW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +125 °C

Absolute Maximum Ratings

Pin Number Pin Name Description

1, 2, 4, 5 GND Equipotential point – Internal circuit com-
mon, which must be connected to the PCB
ground or common via the lowest possible
impedance.

3 Input RF input – RF input with 50 Ω nominal 
input impedance. An internally generated 
DC voltage is present at this pin, so an
external DC block should be used to 
connect this pin to the external circuit.

6 Output RF output – DC supply voltage input and 
RF output with 50 Ω nominal output 
impedance. The nominal voltage required 
at this pin is listed in the Electrical
Specifications Table. Supply current is 
determined by an external resistor 
connected between the DC power supply
and this pin.

Pin Descriptions
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

SC-88 (6-Lead SC-70)
0.079 (2.00 mm)

± 0.008 (0.20 mm)

0.049 (1.25 mm)
± 0.004 (0.10 mm)

0.008 (0.20 mm)
± 0.004 (0.10 mm)

0.087 (2.20 mm)
± 0.008 (0.20 mm)

0.035 (0.90 mm)
± 0.004 (0.10 mm)

0.002 (0.005 mm)
± 0.002 (0.005 mm) 0.037 (0.95 mm)

± 0.006 (0.15 mm)

0.010 (0.25 mm)
± 0.006 (0.15 mm)

0.0055
(0.14 mm)
± 0.0015
(0.04 mm)

0.0256 (0.65 mm)
BSC

0.009 (0.23 mm) 
Ref

Pin 1 Indicator

Pin Out (Top View)

1
2

3

6
5

4

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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The SKY65014 evaluation board comprises the SKY65014 
amplifier, the input and output of which are connected via 
50 Ω microstrip transmission lines with DC blocking capacitors,
C1 and C2, to the input and output SMA connectors, respectively.

The positive supply voltage, VS, is connected to pin 6, RF Output
of the amplifier via the decoupling network, which consists of C4,
L1, L2 and R1. The power supply current, IS, must be limited,
either via the current limit function of an external bench power
supply, or by replacing L3 with resistor R1, the value of which is
given in the Current Limiting Resistor Values table. The evaluation
board is shipped with L3 in place, which shifts an in-band series
resonance of the supply decoupling network out of band. For low
frequency applications, R1 may be used to conveniently limit
supply current on the evaluation board.

The evaluation board also contains a probe fixture, which 
facilitates the direct measurement of the s parameters of the
SKY65014. The probe fixture comprises a very short coplanar
waveguide (CPW) transmission line to pin 3 and an identical line
to pin 6. All other pins of the amplifier are grounded. The CPW
transmission lines are compatible with ground-signal-ground
wafer probe tips, which can be connected to the RF ports of a
vector network analyzer (VNA) via coaxial cables. The very small
electrical length of these CPW transmission lines obviates the
need to de-embed their effects from the s parameters that are
measured. The supply constant current must be applied via the
bias tee, which is typically integrated into the VNA, which is cas-
caded with the output pin of the amplifier.

Component Description Value Size Suggested Part Number Comments

C1, C2, C4 Capacitor 47 nF 0603

L1 Inductor 33 nH 0603

L2 Ferrite bead FBMH4525HM162N-T

R1 Resistor See Current Limiting 0603
Resistor Values Table

U1 Amplifier SKY65014

Evaluation Board Parts List

R1 Minimum Power 
VS, V Resistance, Ω Dissipation Rating, mW

5 4 125

6 19 125

7 33 250

8 47 500

9 61 500

10 76 500

12 104 1000

Current Limiting Resistor Values
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SKY65015-92LF: InGaP Cascadable Amplifier
LF–6 GHz

DATA SHEET

Applications
● Wireless infrastructure: WLAN, HLAN, DBS, broadband, cellular

base stations
● Test instrumentation
● CATV

Features
● Broadband: LF–6 GHz
● Small signal gain: 18 dB typ. @ 2 GHz
● High output 3rd order intercept: 35 dBm typ.
● 0P1 dB: 18 dBm typ. @ 2 GHz
● Input and output impedance: 50 Ω nominal
● Single, positive DC supply voltage
● Miniature SC-88 package 
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

50 Ω 50 Ω

Description
The SKY65015 is a general-purpose, broadband amplifier fabri-
cated from Skyworks InGaP HBT process and packaged in a
miniature SC-88 package. The amplifier’s input and output imped-
ances are 50 Ω, which allows these amplifiers to be cascaded
without external impedance matching networks. The typical -3 dB
bandwidth of the SKY65015 is LF–6 GHz.

This amplifier is also available in the plastic micro-X package
(SKY65015-214LF) and the SOT-89 package (SKY65015-70LF).

The SKY65015 is lead (Pb)-free and RoHS compliant.

A populated evaluation board is available upon request.

Full scattering parameters for this part are available for download
at www.skyworksinc.com.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances) compliant packaging.

NEW

Functional Block Diagram
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Parameter Symbol Condition Frequency Min. Typ. Max. Unit

Small signal gain GP 2 GHz 17 18 19 dB

3 dB gain bandwidth BW 3 dB 5 GHz

Noise figure NF 2 GHz 4.8 dB

Output power at 1 dB compression 0P1 dB 2 GHz 17 18 dBm

Input and output VSWR VSWR 0.1–6 GHz 1.9:1 2.0:1

Output third order intercept point OIP3 PIN = 0 dBm each tone, ∆f = 10 MHz 2 GHz 35 dBm

Operating voltage VD Measured at pin 6 4.5 4.7 5 V

Reverse isolation |s12| 0.1–6 GHz 20 dB

Gain flatness 10 MHz–6  GHz ±1.5 dB

Thermal resistance θJC 225 °C/W

Electrical Specifications at 25 °C

T = 25 °C, IS = 70 mA, PIN = 0 dBm, Z0 = 50 Ω, measured in evaluation board, unless otherwise noted

1 2 3 4 5 6

Frequency (GHz)

Gain vs. Frequency

Ga
in

 (d
B)

0

10

12

14

16

18

20

8

6

4

0

2

25 °C

-40 °C

85 °C

2 4 6 81 3 5 7

Frequency (GHz)

Input Return Loss vs. Frequency

Re
tu

rn
  L

os
s 

(d
B)

0

0

-15

-10

-5

-25

-20

-30
-40 °C

25 °C

85 °C

Frequency (GHz)

Output Return Loss vs. Frequency

Re
tu

rn
  L

os
s 

(d
B)

0

-15

-10

-5

-25

-20

-30

-35
2 4 6 81 3 5 70

40 °C

25 °C

85 °C

1 2 3 4 5 6 7 8

Frequency (GHz)

Isolation vs. Frequency

Is
ol

at
io

n 
(d

B)

0

0

-15

-10

-5

-20

-25

-30

25 °C

-40 °C

85 °C

Typical Performance Data

Z0 = 50 Ω, IS = 70 mA, measured in evaluation board, unless otherwise noted 
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Characteristic Value

RF input power 15 dBm

Supply voltage 5 V 

Supply current 120 mA

Power dissipation @ T = 25 °C   600 mW

Operating temperature -45 °C to +85 °C

Storage temperature -65 °C to +125 °C

Absolute Maximum Ratings

Pin Number Pin Name Description

1, 2, 4, 5 GND Equipotential point – Internal circuit com-
mon, which must be connected to the PCB
ground or common via the lowest possible
impedance.

3 Input RF input – RF input with 50 Ω nominal 
input impedance. An internally generated 
DC voltage is present at this pin, so an
external DC block should be used to 
connect this pin to the external circuit.

6 Output RF output – DC supply voltage input and 
RF output with 50 Ω nominal output 
impedance. The nominal voltage required 
at this pin is listed in the Electrical
Specifications Table. Supply current is 
determined by an external resistor 
connected between the DC power supply
and this pin.

Pin Descriptions
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, Electrostatic Discharge (ESD) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

SC-88 (6-Lead SC-70)
0.079 (2.00 mm)

± 0.008 (0.20 mm)

0.049 (1.25 mm)
± 0.004 (0.10 mm)

0.008 (0.20 mm)
± 0.004 (0.10 mm)

0.087 (2.20 mm)
± 0.008 (0.20 mm)

0.035 (0.90 mm)
± 0.004 (0.10 mm)

0.002 (0.005 mm)
± 0.002 (0.005 mm) 0.037 (0.95 mm)

± 0.006 (0.15 mm)

0.010 (0.25 mm)
± 0.006 (0.15 mm)

0.0055
(0.14 mm)
± 0.0015
(0.04 mm)

0.0256 (0.65 mm)
BSC

0.009 (0.23 mm) 
Ref

Pin 1 Indicator

Pin Out (Top View)

1
2

3

6
5

4

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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Evaluation Board

Input Output

R1

L1

C1

C4

C2

VD
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L3

L2

The SKY65015 evaluation board comprises the SKY65015 
amplifier, the input and output of which are connected via 
50 Ω microstrip transmission lines with DC blocking capacitors,
C1 and C2, to the input and output SMA connectors, respectively.

The positive supply voltage, VS, is connected to pin 6, RF Output
of the amplifier via the decoupling network which consists of C4,
L1, L2 and R1. The power supply current, IS, must be limited,
either via the current limit function of an external bench power
supply, or by replacing L3 with resistor R1, the value of which is
given in the Current Limiting Resistor Values table. The evaluation
board is shipped with L3 in place, which shifts an in-band series
resonance of the supply decoupling network out of band. For low
frequency applications, R1 may be used to conveniently limit
supply current on the evaluation board.

The evaluation board also contains a probe fixture which 
facilitates the direct measurement of the s parameters of the
SKY65015. The probe fixture comprises a very short coplanar
waveguide (CPW) transmission line to pin 3 and an identical line
to pin 6. All other pins of the amplifier are grounded. The CPW
transmission lines are compatible with ground-signal-ground
wafer probe tips, which can be connected to the RF ports of a
vector network analyzer (VNA) via coaxial cables. The very small
electrical length of these CPW transmission lines obviates the
need to de-embed their effects from the s parameters that are
measured. The supply constant current must be applied via the
bias tee, which is typically integrated into the VNA, which is cas-
cade with the output pin of the amplifier.

Component Description Value Size Suggested Part Number Comments

C1, C2, C4 Capacitor 47 nF 0603

L1 Inductor 33 nH 0603

L2 Ferrite bead FBMH4525HM162N-T

R1 Resistor 18 Ω 0603 For VS = 6 V

U1 Amplifier SKY65015

Evaluation Board Parts List

R1 Minimum Power 
VS, V Resistance, Ω Dissipation Rating, mW

5 4 125

6 19 125

7 33 250

8 47 500

9 61 500

10 76 500

12 104 1000

Current Limiting Resistor Values
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SKY65016-92LF: InGaP Cascadable Amplifier
LF–3 GHz

DATA SHEET

Applications
● Wireless infrastructure: WLAN, HLAN, DBS, broadband, cellular

base stations
● Test instrumentation
● CATV

Features
● Broadband: LF–3 GHz
● Small signal gain: 20 dB typ. @ 2 GHz
● High output 3rd order intercept: 27 dBm typ.
● 0P1 dB: 14 dBm typ. @ 2 GHz
● Input and output impedance: 50 Ω nominal
● Single, positive DC supply voltage
● Miniature SC-88 package 
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

50 Ω 50 Ω

Description
The SKY65016 is a general-purpose, broadband amplifier 
fabricated from Skyworks InGaP HBT process and packaged in a
miniature SC-88 package. The amplifier’s input and output imped-
ances are 50 Ω, which allows these amplifiers to be cascaded
without external impedance matching networks. The typical -3 dB
bandwidth of the SKY65016 is LF–3 GHz.

This amplifier is also available in the plastic micro-X package
(SKY65016-214LF) and the SOT-89 package (SKY65016-70LF).

The SKY65016 is lead (Pb)-free and RoHS compliant.

A populated evaluation board is available upon request.

Full scattering parameters for this part are available for download
at www.skyworksinc.com.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances) compliant packaging.

NEW

Functional Block Diagram
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Parameter Symbol Condition Frequency Min. Typ. Max. Unit

Small signal gain GP 2 GHz 19 20 21 dB

3 dB gain bandwidth BW3 dB 2.5 3 GHz

Noise figure NF 2 GHz 5.4 dB

Output power at 1 dB compression 0P1 dB 2 GHz 13 14 dBm

Input and output VSWR VSWR 0.1–4 GHz 1.9:1 2.0:1

Output third order intercept point OIP3 PIN = 0 dBm each tone, ∆f = 10 MHz 2 GHz 27 dBm

Operating voltage VD Measured at pin 6 3.2 3.5 3.7 V

Reverse isolation |s12| 0.1–6 GHz 20 dB

Gain flatness 10 MHz–3 GHz ±1.5 dB

Thermal resistance θJC 225 °C/W

Electrical Specifications at 25 °C

T = 25 °C, IS = 40 mA, PIN = 0 dBm, Z0 = 50 Ω, measured in evaluation board, unless otherwise noted
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Typical Performance Data

Z0 = 50 Ω, IS = 40 mA, measured in evaluation board, unless otherwise noted 
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Characteristic Value

RF input power 15 dBm

Supply voltage 5 V 

Supply current 120 mA

Power dissipation @ T = 25 °C   500 mW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +125 °C

Absolute Maximum Ratings

Pin Number Pin Name Description

1, 2, 4, 5 GND Equipotential point – Internal circuit com-
mon, which must be connected to the PCB
ground or common via the lowest possible
impedance.

3 Input RF input – RF input with 50 Ω nominal 
input impedance. An internally generated 
DC voltage is present at this pin, so an
external DC block should be used to 
connect this pin to the external circuit.

6 Output RF output – DC supply voltage input and 
RF output with 50 Ω nominal output 
impedance. The nominal voltage required 
at this pin is listed in the Electrical
Specifications Table. Supply current is 
determined by an external resistor 
connected between the DC power supply
and this pin.

Pin Descriptions
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, Electrostatic Discharge (ESD) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

SC-88 (6-Lead SC-70)
0.079 (2.00 mm)

± 0.008 (0.20 mm)

0.049 (1.25 mm)
± 0.004 (0.10 mm)

0.008 (0.20 mm)
± 0.004 (0.10 mm)

0.087 (2.20 mm)
± 0.008 (0.20 mm)

0.035 (0.90 mm)
± 0.004 (0.10 mm)

0.002 (0.005 mm)
± 0.002 (0.005 mm) 0.037 (0.95 mm)

± 0.006 (0.15 mm)

0.010 (0.25 mm)
± 0.006 (0.15 mm)

0.0055
(0.14 mm)
± 0.0015
(0.04 mm)

0.0256 (0.65 mm)
BSC

0.009 (0.23 mm) 
Ref

Pin 1 Indicator

Pin Out (Top View)

1
2

3

6
5

4

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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Evaluation Board

Input Output
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The SKY65016 evaluation board comprises the SKY65016 
amplifier, the input and output of which are connected via 
50 Ω microstrip transmission lines with DC blocking capacitors,
C1 and C2, to the input and output SMA connectors, respectively.

The positive supply voltage, VS, is connected to pin 6, RF Output
of the amplifier via the decoupling network which consists of C4,
L1, L2 and R1. The power supply current, IS, must be limited,
either via the current limit function of an external bench power
supply, or by replacing L3 with resistor R1, the value of which is
given in the Current Limiting Resistor Values table. The evaluation
board is shipped with L3 in place, which shifts an in-band series
resonance of the supply decoupling network out of band. For low
frequency applications, R1 may be used to conveniently limit
supply current on the evaluation board.

The evaluation board also contains a probe fixture which 
facilitates the direct measurement of the s parameters of the
SKY65016. The probe fixture comprises a very short coplanar
waveguide (CPW) transmission line to pin 3 and an identical line
to pin 6. All other pins of the amplifier are grounded. The CPW
transmission lines are compatible with ground-signal-ground
wafer probe tips, which can be connected to the RF ports of a
vector network analyzer (VNA) via coaxial cables. The very small
electrical length of these CPW transmission lines obviates the
need to de-embed their effects from the s parameters that are
measured. The supply constant current must be applied via the
bias tee, which is typically integrated into the VNA, which is cas-
cade with the output pin of the amplifier.

Component Description Value Size Suggested Part Number Comments

C1, C2, C4 Capacitor 47 nF 0603

L1 Inductor 33 nH 0603

L2 Ferrite bead FBMH4525HM162N-T

R1 Resistor See Current Limiting 0603
Resistor Values Table

U1 Amplifier SKY65016

Evaluation Board Parts List

R1 Minimum Power 
VS, V Resistance, Ω Dissipation Rating, mW

4 13 125

4.6 28 125

5 38 125

6 63 125

8 113 250

9 138 500

10 163 500

12 213 500

Current Limiting Resistor Values
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SKY65013-214LF: InGaP General-Purpose Amplifier
LF–6 GHz

DATA SHEET

Applications
● Wireless infrastructure: WLAN, HLAN, DBS, broadband, cellular

base stations
● Test instrumentation
● CATV

Features
● Broadband: LF–6 GHz
● Small signal gain: 11.5 dB typ. @ 2 GHz
● High output 3rd order intercept: 29 dBm typ.
● 0P1 dB: 12.5 dBm typ. @ 2 GHz
● Input and output impedance: 50 Ω nominal
● Single, positive DC supply voltage
● Plastic Micro-X package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 250 °C

per JEDEC J-STD-020

50 Ω 50 Ω

Description
The SKY65013 is a general-purpose, broadband amplifier 
fabricated from Skyworks InGaP HBT process and packaged in 
a plastic Micro-X package. The amplifier’s input and output 
impedances are 50 Ω, which allows these amplifiers to be 
cascaded without external impedance matching networks. The 
typical -3 dB bandwidth of the SKY65013 is DC–4 GHz.

This amplifier is also available in the miniature SC-88 package
(SKY65013-92LF) and the SOT-89 package (SKY65013-70LF).

The SKY65013 is lead (Pb)-free and RoHS-compliant.

A populated evaluation board is available upon request.

Full scattering parameters for this part are available for download
at www.skyworksinc.com

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Functional Block Diagram
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Parameter Symbol Condition Frequency Min. Typ. Max. Unit

Small signal gain GP 1 GHz 10.5 11.5 dB

3 dB gain bandwidth BW3 dB 4 GHz

Noise figure NF 2 GHz 5.4 dB

Output power at 1 dB compression 0P1 dB 2 GHz 11.5 12.5 dBm

Input and output VSWR VSWR 0.1–8 GHz 1.9:1 2.0:1

Output third order intercept point OIP3 PIN = 0 dBm each tone, ∆f = 10 MHz 2 GHz 29 dBm

Operating voltage VD Measured at pin 3 3.3 3.5 3.7 V

Reverse isolation |s12| 0.1–6 GHz 17 dB

Gain flatness 10 MHz–4 GHz ±1.5 dB

Thermal resistance θJC 100 °C/W

Electrical Specifications at 25 °C

T = 25 °C, IC = 40 mA, PIN = 0 dBm, Z0 = 50 Ω, measured in evaluation board, unless otherwise noted
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Typical Performance Data

Z0 = 50 Ω, IC = 40 mA, measured in evaluation board, unless otherwise noted 
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Characteristic Value

RF input power 15 dBm

Supply voltage 5 V 

Supply current 120 mA

Power dissipation @ T = 25 °C   600 mW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +125 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Pin Number Pin Name Description

2, 4 GND Equipotential point – Internal circuit com-
mon, which must be connected to the PCB
ground or common via the lowest possible
impedance.

1 Input RF input – RF input with 50 Ω nominal 
input impedance. An internally generated 
DC voltage is present at this pin, so an
external DC block should be used to 
connect this pin to the external circuit.

3 Output RF output – DC supply voltage input and 
RF output with 50 Ω nominal output 
impedance. The nominal voltage required 
at this pin is listed in the Electrical
Specifications Table. Supply current is 
determined by an external resistor 
connected between the DC power supply
and this pin.

Pin Descriptions

Micro-X

0.006 (0.15 mm)

0.092 (2.34 mm)

0.020 (0.51 mm)

0.020 (0.51 mm)

0.100 (2.54 mm)

0.060 (1.52 mm)

0.026 (0.660 mm)

0.085 (2.16 mm)

Pin Out (Top View)
4

3

2

1

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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Evaluation Board
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The SKY65013 evaluation board comprises the SKY65013 
amplifier, the input and output of which are connected via 50 Ω
microstrip transmission lines with DC blocking capacitors, C1 and
C2, to the input and output SMA connectors, respectively.

The positive supply voltage, VS, is connected to pin 3, RF output
of the amplifier via the decoupling network, which consists of C4,
L1, L2 and R1. The power supply current, IS, must be limited,
either via the current limit function of an external bench power
supply, or by replacing L3 with resistor R1, the value of which is
given in the Current Limiting Resistor Values Table. The evaluation
board is shipped with L3 in place, which shifts an in-band series
resonance of the supply decoupling network out of band. For low
frequency applications, R1 may be used to conveniently limit
supply current on the evaluation board.

The evaluation board also contains a probe fixture, which 
facilitates the direct measurement of the s parameters of the
SKY65015. The probe fixture comprises a very short coplanar
waveguide (CPW) transmission line to pin 1 and an identical line
to pin 3. All other pins of the amplifier are grounded. The CPW
transmission lines are compatible with ground-signal-ground
wafer probe tips, which can be connected to the RF ports of a
vector network analyzer (VNA) via coaxial cables. The very small
electrical length of these CPW transmission lines obviates the
need to de-embed their effects from the s parameters that are
measured. The supply constant current must be applied via the
bias tee, which is typically integrated into the VNA, which is 
cascade with the output pin of the amplifier.

Current Limiting Resistor Values

Component Description Value Size Suggested Part Number Comments

C1, C2, C4 Capacitor 47 nF 0603

L1 Inductor 33 nH 0603

L2 Ferrite bead FBMH4525HM162N-T

R1 Resistor See Current Limiting 0603
Resistor Values Table

U1 Amplifier SKY65013

Evaluation Board Parts List

R1 Minimum Power 
VS, V Resistance, Ω Dissipation Rating, mW

4 13 125

4.6 28 125

5 38 125

6 63 250

8 113 500

9 138 500

10 163 500

12 213 1000
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SKY65014-214LF: InGaP General Purpose Amplifier
LF–6 GHz

DATA SHEET

Applications
● Wireless infrastructure: WLAN, HLAN, DBS, broadband, cellular

base stations
● Test instrumentation
● CATV

Features
● Broadband: LF–6 GHz
● Small signal gain: 13.5 dB typ. @ 2 GHz
● High output 3rd order intercept: 36 dBm typ.
● 0P1 dB: 18 dBm typ. @ 2 GHz
● Input and output impedance: 50 Ω nominal
● Single, positive DC supply voltage
● Plastic Micro-X package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 250 °C

per JEDEC J-STD-020

50 Ω 50 Ω

Description
The SKY65014 is a general purpose, broadband amplifier 
fabricated from Skyworks InGaP HBT process and packaged in 
a plastic Micro-X package. The amplifier’s input and output 
impedances are 50 Ω, which allows these amplifiers to be 
cascaded without external impedance matching networks. The 
typical -3 dB bandwidth of the SKY65014 is DC–3 GHz.

This amplifier is also available in the miniature SC-88 package
(SKY65014-92LF) and the SOT-89 package (SKY65014-70LF)

The SKY65014 is lead (Pb)-free and RoHS-compliant.

A populated evaluation board is available upon request.

Full scattering parameters for this part are available for download
at www.skyworksinc.com

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Functional Block Diagram
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Parameter Symbol Condition Frequency Min. Typ. Max. Unit

Small signal gain GP 2 GHz 12.5 13.5 14.5 dB

3 dB gain bandwidth BW3 dB 3 GHz

Noise figure NF 2 GHz 4.6 dB

Output power at 1 dB compression 0P1 dB 2 GHz 17 18 dBm

Input and output VSWR VSWR 0.1–6 GHz 1.9:1 2.0:1

Output third order intercept point OIP3 PIN = 0 dBm each tone, ∆f = 10 MHz 2 GHz 36 dBm

Operating voltage VD Measured at pin 3 4.3 4.5 4.7 V

Reverse isolation |s12| 0.1–6 GHz 16 dB

Gain flatness 10 MHz–3 GHz ±1.5 dB

Thermal resistance θJC 100 °C/W

Electrical Specifications at 25 °C

T = 25 °C, IC = 70 mA, PIN = 0 dBm, Z0 = 50 Ω, measured in evaluation board, unless otherwise noted
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Typical Performance Data

Z0 = 50 Ω, IC = 70 mA, measured in evaluation board, unless otherwise noted 
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Characteristic Value

RF input power 15 dBm

Supply voltage 5 V 

Supply current 120 mA

Power dissipation @ T = 25 °C   600 mW

Operating temperature -45 °C to +85 °C

Storage temperature -65 °C to +125 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, Electrostatic Discharge (ESD) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Pin Number Pin Name Description

2, 4 GND Equipotential point – Internal circuit com-
mon, which must be connected to the PCB
ground or common via the lowest possible
impedance.

1 Input RF input – RF input with 50 Ω nominal 
input impedance. An internally generated 
DC voltage is present at this pin, so an
external DC block should be used to 
connect this pin to the external circuit.

3 Output RF output – DC supply voltage input and 
RF output with 50 Ω nominal output 
impedance. The nominal voltage required 
at this pin is listed in the Electrical
Specifications Table. Supply current is 
determined by an external resistor 
connected between the DC power supply
and this pin.

Pin Descriptions

Micro-X

0.006 (0.15 mm)

0.092 (2.34 mm)

0.020 (0.51 mm)

0.020 (0.51 mm)

0.100 (2.54 mm)

0.060 (1.52 mm)

0.026 (0.660 mm)

0.085 (2.16 mm)

Pin Out (Top View)
4

3

2

1

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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Evaluation Board

Input Output

R1

L1

C1

C4

C2

VD

VS

IS

L3

L2

The SKY65014 evaluation board comprises the SKY65014 
amplifier, the input and output of which are connected via 50 Ω
microstrip transmission lines with DC blocking capacitors, C1 and
C2, to the input and output SMA connectors, respectively.

The positive supply voltage, VS, is connected to pin 3, RF output
of the amplifier via the decoupling network which consists of C4,
L1, L2 and R1. The power supply current, IS, must be limited,
either via the current limit function of an external bench power
supply, or by replacing L3 with resistor R1, the value of which is
given in the Current Limiting Resistor Values Table. The evaluation
board is shipped with L3 in place, which shifts an in-band series
resonance of the supply decoupling network out of band. For low
frequency applications, R1 may be used to conveniently limit
supply current on the evaluation board.

The evaluation board also contains a probe fixture which 
facilitates the direct measurement of the s parameters of the
SKY65014. The probe fixture comprises a very short coplanar
waveguide (CPW) transmission line to pin 3 and an identical line
to pin 1. All other pins of the amplifier are grounded. The CPW
transmission lines are compatible with ground-signal-ground
wafer probe tips, which can be connected to the RF ports of a
vector network analyzer (VNA) via coaxial cables. The very small
electrical length of these CPW transmission lines obviates the
need to de-embed their effects from the s parameters that are
measured. The supply constant current must be applied via the
bias tee, which is typically integrated into the VNA, which is 
cascade with the output pin of the amplifier.

R1 Minimum Power 
VS, V Resistance, Ω Dissipation Rating, mW

5 4 125

6 19 125

7 33 250

8 47 500

9 61 500

10 76 500

12 104 1000

Current Limiting Resistor Values

Component Description Value Size Suggested Part Number Comments

C1, C2, C4 Capacitor 47 nF 0603

L1 Inductor 33 nH 0603

L2 Ferrite bead FBMH4525HM162N-T

R1 Resistor See Current Limiting 0603 For VS = 6 V
Resistor Values Table

U1 Amplifier SKY65014

Evaluation Board Parts List
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SKY65015-214LF: InGaP General-Purpose Amplifier
LF–6 GHz

DATA SHEET

Applications
● Wireless infrastructure: WLAN, HLAN, DBS, broadband, cellular

base stations
● Test instrumentation
● CATV

Features
● Broadband: LF–6 GHz
● Small signal gain: 16 dB typ. @ 2 GHz
● 0P1 dB: 18 dBm typ. @ 2 GHz
● Input and output impedance: 50 Ω nominal
● Single, positive DC supply voltage
● Plastic Micro-X package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 250 °C

per JEDEC J-STD-020

50 Ω 50 Ω

Description
The SKY65015 is a general-purpose, broadband amplifier 
fabricated from Skyworks InGaP HBT process and packaged in 
a plastic Micro-X package. The amplifier’s input and output 
impedances are 50 Ω, which allows these amplifiers to be 
cascaded without external impedance matching networks. The 
typical -3 dB bandwidth of the SKY65015 is DC–3 GHz.

This amplifier is also available in the miniature SC-88 package
(SKY65015-92LF) and the SOT-89 package (SKY65015-70LF)

The SKY65015 is lead (Pb)-free and RoHS-compliant.

A populated evaluation board is available upon request.

Full scattering parameters for this part are available for download
at www.skyworksinc.com

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Functional Block Diagram
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Parameter Symbol Condition Frequency Min. Typ. Max. Unit

Small signal gain GP 1 GHz 15 16 dB

3 dB gain bandwidth BW3 dB 2.5 GHz

Noise figure NF 2 GHz 5.2 dB

Output power at 1 dB compression 0P1 dB 2 GHz 17 18 dBm

Input and output VSWR VSWR 0.1–6 GHz 1.9:1 2.0:1

Output third order intercept point OIP3 PIN = 0 dBm each tone, ∆f = 10 MHz 2 GHz 24 dBm

Operating voltage VD Measured at pin 3 4.3 4.5 4.7 V

Reverse isolation |s12| 0.1–6 GHz 18 dB

Gain flatness 10 MHz–2.5 GHz ±1.5 dB

Thermal resistance θJC 100 °C/W

Electrical Specifications at 25 °C

T = 25 °C, IC = 70 mA, PIN = 0 dBm, Z0 = 50 Ω, measured in evaluation board, unless otherwise noted
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Typical Performance Data

Z0 = 50 Ω, IC = 70 mA, measured in evaluation board, unless otherwise noted 
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Characteristic Value

RF input power 15 dBm

Supply voltage 5 V 

Supply current 120 mA

Power dissipation @ T = 25 °C   600 mW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +125 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Pin Number Pin Name Description

2, 4 GND Equipotential point – Internal circuit com-
mon, which must be connected to the PCB
ground or common via the lowest possible
impedance.

1 Input RF input – RF input with 50 Ω nominal 
input impedance. An internally generated 
DC voltage is present at this pin, so an
external DC block should be used to 
connect this pin to the external circuit.

3 Output RF output – DC supply voltage input and 
RF output with 50 Ω nominal output 
impedance. The nominal voltage required 
at this pin is listed in the Electrical
Specifications Table. Supply current is 
determined by an external resistor 
connected between the DC power supply
and this pin.

Pin Descriptions

Micro-X

0.006 (0.15 mm)

0.092 (2.34 mm)

0.020 (0.51 mm)

0.020 (0.51 mm)

0.100 (2.54 mm)

0.060 (1.52 mm)

0.026 (0.660 mm)

0.085 (2.16 mm)

Pin Out (Top View)
4

3

2

1

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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Evaluation Board

Input Output

R1

L1

C1
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The SKY65015 evaluation board comprises the SKY65015 
amplifier, the input and output of which are connected via 50 Ω
microstrip transmission lines with DC blocking capacitors, C1 and
C2, to the input and output SMA connectors, respectively.

The positive supply voltage, VS, is connected to pin 3, RF output
of the amplifier via the decoupling network, which consists of C4,
L1, L2 and R1. The power supply current, IS, must be limited,
either via the current limit function of an external bench power
supply, or by replacing L3 with resistor R1, the value of which is
given in the Current Limiting Resistor Values Table. The evaluation
board is shipped with L3 in place, which shifts an in-band series
resonance of the supply decoupling network out of band. For low
frequency applications, R1 may be used to conveniently limit
supply current on the evaluation board.

The evaluation board also contains a probe fixture, which 
facilitates the direct measurement of the s parameters of the
SKY65015. The probe fixture comprises a very short coplanar
waveguide (CPW) transmission line to pin 1 and an identical line
to pin 3. All other pins of the amplifier are grounded. The CPW
transmission lines are compatible with ground-signal-ground
wafer probe tips, which can be connected to the RF ports of a
vector network analyzer (VNA) via coaxial cables. The very small
electrical length of these CPW transmission lines obviates the
need to de-embed their effects from the s parameters that are
measured. The supply constant current must be applied via the
bias tee, which is typically integrated into the VNA, which is 
cascade with the output pin of the amplifier.

R1 Minimum Power 
VS, V Resistance, Ω Dissipation Rating, mW

5 4 125

6 19 125

7 33 250

8 47 500

9 61 500

10 76 500

12 104 1000

Current Limiting Resistor Values

Component Description Value Size Suggested Part Number Comments

C1, C2, C4 Capacitor 47 nF 0603

L1 Inductor 33 nH 0603

L2 Ferrite bead FBMH4525HM162N-T

R1 Resistor See Current Limiting 0603
Resistor Values Table

U1 Amplifier SKY65015

Evaluation Board Parts List
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SKY65016-214LF: InGaP General-Purpose Amplifier
LF–3 GHz

DATA SHEET

Applications
● Wireless infrastructure: WLAN, HLAN, DBS, broadband, cellular

base stations
● Test instrumentation
● CATV

Features
● Broadband: LF–3 GHz
● Small signal gain: 19 dB typ. @ 1000 MHz
● 0P1 dB: 14 dBm typ. @ 2 GHz
● Input and output impedance: 50 Ω nominal
● Single positive DC supply voltage
● Plastic Micro-X package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 250 °C

per JEDEC J-STD-020

50 Ω 50 Ω

Description
The SKY65016 is a general-purpose, broadband amplifier 
fabricated from Skyworks InGaP HBT process and packaged in 
a plastic Micro-X package. The amplifier’s input and output 
impedances are 50 Ω, which allows these amplifiers to be 
cascaded without external impedance matching networks. The 
typical -3 dB bandwidth of the SKY65016 is DC–1.5 GHz.

This amplifier is also available in the miniature SC-88 package
(SKY65016-92LF) and the SOT-89 package (SKY65016-70LF).

The SKY65016 is lead (Pb)-free and RoHS-compliant.

A populated evaluation board is available upon request.

Full scattering parameters for this part are available for download
at www.skyworksinc.com

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Functional Block Diagram
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Parameter Symbol Condition Frequency Min. Typ. Max. Unit

Small signal gain GP 1 GHz 17 19 dB

3 dB gain bandwidth BW3 dB 1.5 GHz

Noise figure NF 2 GHz 6.5 dB

Output power at 1 dB compression 0P1 dB 2 GHz 13 14 dBm

Input and output VSWR VSWR 0.1–4 GHz 1.9:1 2.0:1

Output third order intercept point OIP3 PIN = 0 dBm each tone, ∆f = 10 MHz 2 GHz 20 dBm

Operating voltage VD Measured at pin 3 3.3 3.5 3.7 V

Reverse isolation |s12| 0.1–5 GHz 20 dB

Gain flatness 10 MHz–1.5 GHz ±1.5 dB

Thermal resistance θJC 100 °C/W

Electrical Specifications at 25 °C

T = 25 °C, IC = 40 mA, PIN = 0 dBm, Z0 = 50 Ω, measured in evaluation board, unless otherwise noted
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Typical Performance Data

Z0 = 50 Ω, IC = 40 mA, measured in evaluation board, unless otherwise noted 
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Characteristic Value

RF input power 15 dBm

Supply voltage 5 V 

Supply current 120 mA

Power dissipation @ T = 25 °C   500 mW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +125 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Pin Number Pin Name Description

2, 4 GND Equipotential point – Internal circuit com-
mon, which must be connected to the PCB
ground or common via the lowest possible
impedance.

1 Input RF input – RF input with 50 Ω nominal 
input impedance. An internally generated 
DC voltage is present at this pin, so an
external DC block should be used to 
connect this pin to the external circuit.

3 Output RF output – DC supply voltage input and 
RF output with 50 Ω nominal output 
impedance. The nominal voltage required 
at this pin is listed in the Electrical
Specifications Table. Supply current is 
determined by an external resistor 
connected between the DC power supply
and this pin.

Pin Descriptions

Micro-X

0.006 (0.15 mm)

0.092 (2.34 mm)

0.020 (0.51 mm)

0.020 (0.51 mm)

0.100 (2.54 mm)

0.060 (1.52 mm)

0.026 (0.660 mm)

0.085 (2.16 mm)

Pin Out (Top View)
4

3

2

1

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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Evaluation Board
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The SKY65016 evaluation board comprises the SKY65016 
amplifier, the input and output of which are connected via 50 Ω
microstrip transmission lines with DC blocking capacitors, C1 and
C2, to the input and output SMA connectors, respectively.

The positive supply voltage, VS, is connected to pin 3, RF output
of the amplifier via the decoupling network, which consists of C4,
L1, L2 and R1. The power supply current, IS, must be limited,
either via the current limit function of an external bench power
supply, or by replacing L3 with resistor R1, the value of which is
given in the Current Limiting Resistor Values Table. The evaluation
board is shipped with L3 in place, which shifts an in-band series
resonance of the supply decoupling network out of band. For low
frequency applications, R1 may be used to conveniently limit
supply current on the evaluation board.

The evaluation board also contains a probe fixture, which 
facilitates the direct measurement of the s parameters of the
SKY65016. The probe fixture comprises a very short coplanar
waveguide (CPW) transmission line to pin 1 and an identical line
to pin 3. All other pins of the amplifier are grounded. The CPW
transmission lines are compatible with ground-signal-ground
wafer probe tips, which can be connected to the RF ports of a
vector network analyzer (VNA) via coaxial cables. The very small
electrical length of these CPW transmission lines obviates the
need to de-embed their effects from the s parameters that are
measured. The supply constant current must be applied via the
bias tee, which is typically integrated into the VNA, which is 
cascade with the output pin of the amplifier.

R1 Minimum Power 
VS, V Resistance, Ω Dissipation Rating, mW

4 13 125

4.6 28 125

5 38 125

6 63 125

8 113 250

9 138 500

10 163 500

12 213 500

Current Limiting Resistor Values

Component Description Value Size Suggested Part Number Comments

C1, C2, C4 Capacitor 47 nF 0603

L1 Inductor 33 nH 0603

L2 Ferrite bead FBMH4525HM162N-T

R1 Resistor See Current Limiting 0603
Resistor Values Table

U1 Amplifier SKY65016

Evaluation Board Parts List
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AA103-72, AA103-72LF: GaAs IC 1-Bit Digital Attenuator
10 dB LSB LF–2.5 GHz

DATA SHEET

Features
� Attenuation cutback of 10 dB
� Single positive 3 V control
� Low loss
� Low-cost SOT-5 plastic package
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The AA103-72 is a 1-bit GaAs IC FET digital attenuator in a low-
cost package. This attenuator has an LSB of 10 dB. The AA103-72
is particularly suited where high attenuation accuracy, low insertion
loss, and low intermodulation products are required. Typical appli-
cations include cellular radio, wireless data, and wireless local loop
gain level control circuits.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) LF–0.5 GHz 0.3 0.5 dB
LF–1.0 GHz 0.3 0.6 dB
LF–2.5 GHz 0.4 0.7 dB

Attenuation range 10 dB

Attenuation accuracy(3) LF–1.0 GHz ± (0.25 + 3% of
Attenuation setting) dB

LF–2.5 GHz ± (0.4 + 5% of
Attenuation setting) dB

VSWR (I/O) LF–2.5 GHz 1.2:1 1.4:1

Electrical Specifications at 25 °C (0, 3 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Maximum attenuation includes insertion loss.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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DC blocking capacitors (CBL), bypass capacitor (CBP), and biasing resistor must be supplied
externally for positive voltage operation.
CBL, CBP = 33 pF for operation @ 900 MHz.
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics(1)

Rise, fall 10/90% or 90/10% RF 150 ns
On, off 50% CTL to 90/10% RF 300 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 70 mV

Input power for 1 dB compression VS = 3 V 0.5–2.5 GHz 20 dBm
VS = 5 V 0.5–2.5 GHz 26 dBm

Intermodulation intercept point (IP3) For two-tone input power 10 dBm
VS = 3 V 0.5–2.5 GHz 41 dBm
VS = 5 V 0.5–2.5 GHz 45 dBm

Control voltages VLOW = 0 to 0.2 V
VHIGH = 3 V @ 25 µA typ. to 5 V @ 50 µA typ.

Operating Characteristics at 25 °C (0, 3 V)

1. Switching characteristics will vary with value chosen for CBP.
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V1 V2 J1–J2
VHIGH 0 Insertion Loss

0 VHIGH Attenuation

Truth Table

All other conditions not recommended.
VHIGH = 3 to 5 V (VS = VHIGH ± 0.2 V).

Characteristic Value

RF input power 1 W > 500 MHz 0/8 V
0.5 W @ 50 MHz 0/8 V

Supply voltage 8 V

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

SOT-5
0.074

(1.90 mm)
Ref.

0.118
(3.00 mm)

0.087
(2.20 mm)

0.012
(0.30 mm)

0.000
(0.00 mm)

Min.

0.122 (3.10 mm)
0.106 (2.70 mm)

0.064 (1.63 mm)
0.035 (0.90 mm)

0.020 (0.51 mm)
0.014 (0.35 mm)

Pin 1

0.037 (0.95 mm) Ref.

0.069
(1.75 mm)

0.052
(1.30 mm)

0.024
(0.61 mm)

0.004
(0.10 mm)

0.0104 (0.26 mm)
0.0035 (0.09 mm) Min.

0.012 (0.30 mm) Typ.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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AA116-72, AA116-72LF: GaAs IC 1-Bit Digital Attenuator
15 dB LSB DC–2 GHz

DATA SHEET

Features
� 3 V control
� Low loss
� Low-cost SOT-5 plastic package
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AA116-72 is a 1-bit GaAs IC FET digital attenuator in a low-
cost package. This attenuator has an LSB of 15 dB. The AA116-72
is particularly suited where high attenuation accuracy, low insertion
loss, and low intermodulation products are required. Typical appli-
cations include cellular radio, wireless data, and wireless local loop
gain level control circuits.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 0.50–1.00 GHz 0.35 0.45 dB
0.85–0.94 GHz 0.30 0.38 dB
1.00–2.00 GHz 0.40 0.50 dB

Attenuation range 15 dB

Attenuation accuracy(3) 0.50–2.00 GHz 14.0 15 16.0 dB
0.85–0.94 GHz 14.5 15 15.5 dB

Return loss 0.50–1.00 GHz 24

Electrical Specifications at 25 °C (0, 3 V)

ZO = 50 Ω, unless otherwise noted

1
2

3

5
4

CBL

CBP

CBL

15

J2

J1

RF GND

V1

V2

Pin Out

DC blocking capacitors (CBL), bypass capacitor (CBP), and biasing resistor must be supplied
externally for positive voltage operation.
CBL = 33, CBP = 39 pF for operation @ 900 MHz.

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Maximum attenuation includes insertion loss.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics(1)

Rise, fall 10/90% or 90/10% RF 150 ns
On, off 50% CTL to 90/10% RF 300 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 70 mV

Input power for 1 dB compression VS = 3 V 0.5–2.5 GHz 20 dBm
VS = 5 V 0.5–2.5 GHz 26 dBm

Intermodulation intercept point (IP3) For two-tone input power +10 dBm
VS = 3 V 0.5–2.5 GHz 41 dBm
VS = 5 V 0.5–2.5 GHz 45 dBm

Control voltages VLOW = 0 to 0.2 V
VHIGH = 3 V @ 25 µA typ. to 5 V @ 50 µA typ.

Operating Characteristics at 25 °C (0, 3 V)

ZO = 50 Ω, unless otherwise noted

1. Switching characteristics will vary with value chosen for CBP.
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Typical Performance Data (0, 3 V)

ZO = 50 Ω, unless otherwise noted
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V1 V2 J1–J2

VHIGH 0 Insertion loss

0 VHIGH Attenuation

Truth Table

All other conditions not recommended.
VHIGH = 3 to 5 V.

Characteristic Value

RF input power 1 W > 500 MHz 0/8 V
0.5 W @ 50 MHz 0/8 V

Supply voltage 8 V

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

SOT-5
0.074

(1.90 mm)
Ref.

0.118
(3.00 mm)

0.087
(2.20 mm)

0.012
(0.30 mm)

0.000
(0.00 mm)

Min.

0.122 (3.10 mm)
0.106 (2.70 mm)

0.064 (1.63 mm)
0.035 (0.90 mm)

0.020 (0.51 mm)
0.014 (0.35 mm)

Pin 1

0.037 (0.95 mm) Ref.

0.069
(1.75 mm)

0.052
(1.30 mm)

0.024
(0.61 mm)

0.004
(0.10 mm)

0.0104 (0.26 mm)
0.0035 (0.09 mm) Min.

0.012 (0.30 mm) Typ.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.



Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
200200 Rev. C • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • October 9, 2007 1

AA104-73, AA104-73LF: GaAs IC 1-Bit Digital Attenuator,
32 dB 300 kHz–2.5 GHz

DATA SHEET

Features
� 1-bit attenuation of 32 dB 300 kHz–1 GHz, 27 dB 1–2 GHz, 24 dB
2–2.5 dB

� Combine with AA260-85 or AA101-80 for 63 dB 6-bit solution
� Tune with one capacitor and/or resistor to desired operating frequency
and attenuation

� Ideal for both IF and RF applications including cable, GSM, PCS, EDGE,
3G and ISM

� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The AA104-73 is a 1-bit, GaAs IC FET digital attenuator in a low-cost
SOT-6 package.This attenuator has up to 32 dB total attenuation. The
attenuator requires two lines of voltage control. The AA104-73 is partic-
ularly suited where high attenuation accuracy, low insertion loss, and
low intermodulation products are required. Typical application is as a
sixth bit value for the AA260-85 and AA101-80.A total attenuation of
63 dB in 1 dB steps can be obtained by combining the two attenuators.

Parameter(1) Frequency(2) Min. Typ. Max. Unit

Insertion loss 300 kHz–1.0 GHz 0.8 1.0 dB
1.0–2.0 GHz 0.9 1.2 dB
2.0–2.5 GHz 1.0 1.3 dB

Attenuation range 300 kHz–1.0 GHz 32 dB
1.0–2.0 GHz 27 dB
2.0–2.5 GHz 24 dB
2.3–2.5 GHz 23 dB

Attenuation accuracy(3, 4) 300 kHz–0.5 GHz ± (0.4 + 10% of attenuation setting in dB) dB
0.85–0.95 GHz ± (0.4 + 5% of attenuation setting in dB) dB
1.7–2.0 GHz ± (0.5 + 6% of attenuation setting in dB) dB
2.0–2.5 GHz ± (0.6 + 7% of attenuation setting in dB) dB
2.3–2.5 GHz ± (0.7 + 7% of attenuation setting in dB) dB

VSWR (insertion loss state)(5) 300 kHz–2.5 GHz 1.2:1 1.5:1

VSWR (attenuation state)(5) 300 kHz–2.5 GHz 1.5:1 2.0:1

Electrical Specifications at -40 °C to +85 °C (0, 3 V), (0, 5 V)

Pin Out

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Operates to 300 kHz when controlled with negative voltage, CBP not required.
3. Attenuation value set by CBP.

4. Attenuation referenced to insertion loss.
5. Input/output. In band.

CBL

V2

NC/GND

V1

J1

J2

RF
GND

CBL

CBP

1
2

3

6
5

4

32

Positive Voltage

CBL = 47 pF for frequencies >500 MHz. See table on previous page for CBP value.
See application notes APN2013 and APN2014 for 6 bit attenuator requirements.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW



Typical Performance Data at -40 °C to +85 °C (0, 5 V) CBP = 12 pF, CBL = 47 pF
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 50 ns
On, off 50% CTL to 90/10% RF 100 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 25 mV

Input Power for 1 dB compression VS = 3 V 0.5–2.5 GHz 14 21 dBm
VS = 5 V 0.5–2.5 GHz 18 23 dBm

Intermodulation intercept point (IP3) For two-tone input power +10 dBm
VS = 3 V 0.5–2.5 GHz 36 41 dBm
VS = 5 V 0.5–2.5 GHz 38 44 dBm

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.

Electrical Specifications at -40 °C to +85 °C (0, 3 V), (0, 5 V)
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Control Voltage Temperature IP3 @ 10 dBm
(V) (°C) each tone (dBm)

3 -40 41

3 25 42

3 85 40

5 -40 43

5 25 44

5 85 42

IP3 vs. Voltage and Temperature
1 dB 1 dB

Compression Compression
Control voltage Temperature insertion loss 32 dB state

(V) (°C) state (dBm) (dBm)

3 -40 21 16.5

3 25 21 15

3 85 21 14

5 -40 22 22.5

5 25 22 22.5

5 85 22 22.5

Compression Point vs. Voltage and Temperature

Frequency: 500 MHz.

Two-tone input power: 10 dBm each tone.
Tone frequencies: 500 and 501 MHz.

Attenuation vs. Frequency DC–2.5 GHz
CBP = 2.2, 2.7, 3.3 and 12 pF
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CBP = 2.2, 2.7, 3.3 and 12 pF
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Attenuation vs. Frequency 1.5–2.5 GHz
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VSWR vs. Frequency DC–0.5 GHz
CBP = 220, 1000, 1500 pF
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Attenuation vs. Frequency DC–0.5 GHz
CBP = 220, 1000, 1500 pF

Frequency (GHz)

At
te

nu
at

io
n

(d
B)

-40

-36

-32

-28

-24

-20

0 0.1 0.2 0.3 0.4 0.5

1000 pF

1500 pF

220 pF

CBL (pF) CBP (pF) Operating Frequency (GHz)

47 1.8 2.3–2.5

47 2.2 2–2.3

47 2.7 1.8–2

47 3.3 1.6–1.8

47 12 0.9–1.05

47 15 0.8–0.9

330 220 0.2–0.35

1500 1000 0.07–0.2

10000 1500 0.015–0.25

All other conditions not recommended.
VHIGH = 3 to 5 V.

Attenuation
V1 V2 J1–J2
VHIGH 0 Reference I.L.

0 VHIGH 32 dB

Truth Table
Positive Control

Characteristic Value

RF input power 1 W > 500 MHz 0/8 V
0.5 W @ 50 MHz 0/8 V

Supply voltage 8 V

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Application: AA104-73 Used as 1-Bit 20 dB Attenuator 25 °C (0, 5 V)

CBL = 220 pF, CBP = 100 pF, RBP = 15 Ω, fC = 400 MHz with select values of CBP and RBP,
center frequency and attenuation value respectively can be varied.

SOT-6
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm)
0.087 (2.20 mm)Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°
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Features
● 4 dB LSB steps to 12 dB
● Single positive control voltage per bit
● Low insertion loss
● Low-cost SOT-6 plastic package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The SKY12324-73 is a 2-bit digital attenuator fabricated with
Skyworks GaAs PHEMT technology. The two attenuation bits, 4
and 8 dB, can be independently switched into or out of the signal
path according to the magnitudes of the control voltages applied
to the two high-impedance control voltage inputs. The RF ports
are internally matched to 50 Ω and are fully bilateral. The
SKY12324-73 is packaged in the SOT-6 package.

The SKY12324-73 is ideally suited for use in applications where
low insertion loss, excellent attenuation accuracy and excellent
intermodulation distortion performance are required. These appli-
cations include cellular telephone base stations, test instruments
and wireless data level control circuits.

A populated evaluation board is available.

SKY12324-73, SKY12324-73LF: GaAs IC 2-Bit
Digital Attenuator 4 dB LSB 0.5–4 GHz

DATA SHEET
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VS

5 k

Pin Out (Top View)

DC blocking capacitors (CBL) must be supplied externally for positive voltage operation.
CBL = 47 pF for operation > 500 MHz.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 40 ns
On, Off 50% CTL to 90/10% RF 100 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

Input power for 1dB compression VS = 3 V 900 MHz 30 dBm

Intermodulation intercept point (IIP3) Two-tone 15 dBm each 1.0 GHz 46 dBm
3.0 GHz 44 dBm

VS voltage VS 3 5 V

Control voltage VLOW 0 0.2 V

Control voltage VHIGH VS - 0.2 VS + 0.2 V

Control current VLOW 10 20 uA

Control current VHIGH = 3 V 50 100 uA

Control current VHIGH = 5 V 100 200 uA

Operating Characteristics at 25 ºC

Parameter Frequency Min. Typ. Max. Unit

Insertion loss 0.5–1.0 GHz 0.9 1.0 dB
1.0–2.0 GHz 1.0 1.2 dB
2.0–2.5 GHz 1.2 1.3 dB
2.5–3.0 GHz 1.3 1.4 dB
3.0–4.0 GHz 2.0 2.1 dB

Attenuation range 12 dB

Attenuation accuracy 0.5–1.0 GHz ± (0.2 + 3% of attenuation dB
setting in dB)

1.0–3.0 GHz ± (0.3 + 5% of attenuation dB
setting in dB)

3.0–4.0 GHz ± (0.4 + 5% of attenuation dB
setting in dB)

Return loss (insertion loss state) 0.5–3.0 GHz 15 20 dB
3.0–4.0 GHz 12 15 dB

Return loss (attenuation state) 0.5–3.0 GHz 12 18 dB
3.0–4.0 GHz 12 15 dB

Electrical Specifications at 25 ºC

Z0 = 50 Ω, VCTL = 0/3 V, VS = 3 V, unless otherwise noted
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Typical Performance Data

T = 25°C, Z0 = 50 Ω, VCTL = 0/3 V, VS = 3 V, unless otherwise noted
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V1 V2
(8 dB) (4 dB) J1–J2
High High Reference I.L.

High Low 4 dB

Low High 8 dB

Low Low 12 dB

Truth Table

0.70 mm Ref.

3.4 mm
Ref.

0.95 mm Ref. 0.95 mm Ref.

1.0 mm Ref.
2.4 mm

Ref.

Suggested Land Pattern

VHIGH = 3 to 5 V (VS = VHIGH ± 0.2 V).

Pin Number Pin Name Description

1 J2 RF Input/Output – RF input/output with
50 Ω nominal impedance. An internally
generated DC voltage is present at this pin,
so an external DC block must be used to
connect this pin to the external circuit.

2 Ground Equipotential Point – Internal circuit com-
mon, which must be connected to the pcb
ground or common via the lowest possible
impedance.

3 J1 RF Output/Input – DC supply voltage input
and RF output/input with 50 Ω nominal
impedance. The nominal voltage required
at this pin is listed in the Specifications
table. Supply current must be limited by
an external resistor connected between the
DC power supply and this pin.

4 V1 Control Voltage 1 – High input-impedance
control port for the 8 dB bit. The high control
voltage applied to this pin must be within
0.2 V of the supply voltage applied to pin
3, or the part may be permanently damaged.
The low control voltage is 0 V nominal.

5 NC No internal connection

6 V2 Control Voltage 2 – High input-impedance
control port for the 4 dB bit. The high control
voltage applied to this pin must be within
0.2 V of the supply voltage applied to pin
3, or the part may be permanently damaged.
The low control voltage is 0 V nominal.

Pin Descriptions

Characteristic Value

RF input power, VCTL = 0/8 V 31 dBm

Supply voltages 8 V

Control voltages -0.2 V, +8 V

VHIGH VS ± 0.2 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SK38820

SOT-6 UNIVERSAL

REV 1

J1 V1

J2

SKY12324-73 Chip

V2

VS

5 k

CBL

CBL

Evaluation Board SOT-6
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°



Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
200243 Rev. C • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • March 6, 2008 1

SKY12325-350LF: 3-Bit Digital Attenuator
500 MHz–6 GHz, 1 dB LSB

PRELIMINARY DATA SHEET

Features
� Broadband: 500 MHz–6 GHz
� Attenuation range: 7 dB
� Positive control voltage
� Resolution: 1 dB
� Miniature QFN-16 3 x 3 mm package
� Available lead (Pb)-free and RoHS-compliant

Applications
� Cellular BTS
� General-purpose level control

Functional Block Diagram

RF Input/Output

RF Input/Output

V1

V2

V3
1 dB

2 dB

4 dB

Description
The SKY12325-350 is a 3-bit digital attenuator in a low cost
QFN-16, 3 x 3 mm package. The attenuation bits are binary
weighted, with the least significant bit (LSB) 1 dB. States are
selected by 3 positive-voltage control inputs. DC blocking capacitors
are required at each RF port. Both RF ports are absorptive.

The QFN-16 package is lead (Pb)-free and complies with current
RoHS requirements.

The attenuator can operate over the temperature range of
-40 °C to +85 °C.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Parameter Frequency Min. Typ. Max. Unit

Insertion loss 0.5–3.0 GHz 0.7 0.9 dB
3.0–4.5 GHz 0.9 1.1 dB
4.5–6.0 GHz 1.3 1.5 dB

Attenuation range 7 dB

Attenuation accuracy 0.5–4.0 GHz ± (0.2 + 3% of attenuation dB
setting in dB)

4.0–6.0 GHz ± (0.3 + 3% of attenuation dB
setting in dB)

Return loss 0.5–3.5 GHz 15 dB
3.5–6.0 GHz 15 dB

Electrical Specifications at 25°C

VCTL = 0 V/5V, T = 25 °C, PINPUT = 0 dBm, Z0 = 50 Ω, unless otherwise noted
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Typical Performance Data

"T = 25 °C, ZO = 50 Ω, VDD = 5 V, unless otherwise noted
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Parameter Condition Frequency Min. Typ. Max. Unit

Input power for 1 dB compression VDD = 3 V 0.5–6.0 GHz 24 dBm
VDD = 5 V 27 dBm

Input third order intermodulation For two-tone input power 5 dBm, ∆f = 1 MHz 0.5–6.0 GHz
intercept VLOW = 0 V, VHIGH = 3 V 44 dBm

VLOW = 0 V, VHIGH = 5 V 47 dBm

Control voltage VLOW 0 0.8 V
VHIGH VDD-0.2 VDD+0.2 V

Control port current VLOW 50 µA
VHIGH 50 µA

Supply voltage 2.7 5.5 V

Operating Characteristics at 25°C

T = 25 °C, ZO = 50 Ω, unless otherwise noted
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Control Voltage1 Attenuation
V1 V2 V3 (dB)2

VLOW VLOW VLOW 7

VLOW VLOW VHIGH 6

VLOW VHIGH VLOW 5

VLOW VHIGH VHIGH 4

VHIGH VLOW VLOW 3

VHIGH VLOW VHIGH 2

VHIGH VHIGH VLOW 1

VHIGH VHIGH VHIGH 0

2

3

1

4

10

11

9

12N/C

N/C

N/C

RF In/Out

N/C

N/C

N/C

RF In/Out

15 1416 13

GND GND GND N/C

V1V2V3VDD

5 6 7 8

1
dB

2
dB

4
dB

Pin Out
Characteristic Value

RF input power 30 dBm

Supply voltage 6 V

Control voltage 0 V < VC < 6 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times. Pin Number Pin Name Description

1, 3, 4, 8, N/C Not connected
9, 10, 12

2, 11 J2 RF Input/Output - RF input or output port,
supply voltage input. External DC block
required

5, 6, 7 GND Equipotential Point - Equipotential points for
control voltages and RF circuits. Must be
connected to pcb ground via lowest possible
impedance

13 V1 Control Voltage - High Impedance control
voltage input for 4 dB weighted bit (MSB)

14 V2 Control Voltage - High Impedance control
voltage input for 2 dB weighted bit

15 V3 Control Voltage - High Impedance control
voltage input for 1 dB weighted bit (LSB)

16 VDD Supply Voltage - Supply voltage,
2.7 V < VDD < 5.5 V

Pin Descriptions

1. +2.7 V < VHIGH < +5.5 V, -0.2 < VLOW < +0.2 V.
2. Attenuation normalized to insertion loss

Truth Table

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Exposed Pad

0.008 (0.20 mm)
Seating Plane

0.001
(0.02 mm)

0.030 (0.75 mm)
± 0.002 (0.05 mm)

0.118
(3.00 mm)

0.118 (3.00 mm)

Pin 1
Indicator

0.059
(1.500 mm)

0.059 (1.500 mm)

0.029
(0.73 mm)

0.067 (1.70 mm)
± 0.004 (0.10 mm)

0.067 (1.70 mm)
± 0.004 (0.10 mm)

-350 (QFN 3 x 3)

Date Code
Y = Calender Year
WW = Week

Pin 1
Indicator

Lot #

Skyworks P/N

YWW
XXXX
S325

Part Marking
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AA100-59LF: GaAs 3 Bit Digital Attenuator,
4 dB LSB 0.75–2 GHz

DATA SHEET

Applications
● Cellular
● Radio
● Wireless data
● Wireless local loop
● Other gain level control circuits

Features
● Attenuation: 4 dB steps to 28 dB
● Single positive control voltage: 3 V to 5 V
● Small MSOP-8 package 
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AA100-59LF is a 3 bit, single positive control, 4 dB step GaAs
IC FET digital attenuator in a low cost MSOP-8 plastic package.
For positive operation external DC blocking capacitors are
required on all RF ports. The AA100-59LF is particularly suited
where high attenuation accuracy, low insertion loss and low 
intermodulation products are required.

Parameter Frequency Min. Typ. Max. Unit

Insertion loss(1) 0.75–2 GHz 1.8 2.1 dB

Attenuation range 0.75–2 GHz 28 dB

Attenuation accuracy(2) 0.75–1 GHz ± (0.2 + 3% of dB
Attenuation setting in dB)

0.75–2 GHz ± (0.3 + 3% of dB
Attenuation setting in dB)

VSWR (I/O) 0.75–2 GHz 1.5:1 2.0:1

Electrical Specifications at 25 °C

VCTL = 0, 3 V, ZO = 50 Ω, unless otherwise noted

1. Insertion loss changes by 0.003 dB/°C.
2. Attenuation referenced to insertion loss.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 0.7 µs
On, off 50% CTL to 90/10% RF 1.0 µs
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

Input power for 1 dB compression VS = 3 V 0.75–2 GHz 20 dBm
VS = 5 V 0.75–2 GHz 26 dBm

Intermodulation intercept point (IIP3) For two-tone input power 10 dBm
VCTL = 3 V 0.75–2 GHz 32 dBm
VCTL = 5 V 0.75–2 GHz 45 dBm

Supply voltage VHIGH - 0.2 VHIGH + 0.2

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.
VS = VHIGH ± 0.2 V

Operating Characteristics at 25 °C

VCTL = 0, 3 V, ZO = 50 Ω, unless otherwise noted
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Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Characteristic Value

RF input power 1 W > 500 MHz 0/8 V 
0.5 W @ 50 MHz 0/8 V

Supply voltage +8 V

Control voltage -0.2 V, +8 V

Operating temperature -40°C to +85°C

Storage temperature -65°C to +150°C

Supply voltage VHIGH ± 0.2 V

Absolute Maximum Ratings

VHIGH = 3 to 5 V (VS = VHIGH ± 0.2 V).

V1 V2 V3 Attenuation

16 dB 4 dB 8 dB J1–J2

VHIGH VHIGH VHIGH Ins. loss

VHIGH 0 VHIGH 4 dB

VHIGH VHIGH 0 8 dB

VHIGH 0 0 12 dB

0 VHIGH VHIGH 16 dB

0 0 VHIGH 20 dB

0 VHIGH 0 24 dB

0 0 0 28 dB

Truth Table

MSOP-8

0.012 (0.30 mm)Pin 1

Pin 1
Indicator

+ 0.006 (0.15 mm)

7.0˚
Typ.0.038 (0.95 mm)

0.030 (0.75 mm) 0.017
(0.43 mm) 8.0˚

Max.

0.028 (0.70 mm)
0.016 (0.40 mm)

0.007 (0.18 mm)
± 0.005 (0.12 mm)

0.006 (0.15 mm)
0.002 (0.05 mm)

- 0.002 (0.05 mm)

0.0256 (0.65 mm) Typ.

0.118 (3.00 mm)
±  0.004 (0.1 mm)

SQ.
0.193 (4.90 mm)

Ref.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AA105-86, AA105-86LF: GaAs IC 4-Bit Digital Attenuator,
1 dB LSB 0.5–3.0 GHz

DATA SHEET

Features
● Attenuation 1 dB steps to 15 dB with high accuracy
● Single positive control (3 to 5 V) for each bit
● Low DC power consumption
● Miniature, low-cost MSOP-10 plastic package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AA105-86 is a 4-bit, single positive control GaAs IC FET 
digital attenuator. It requires DC blocking capacitors, positive
supply voltage (VS) and four individual positive bit control volt-
ages (V1–V4). The AA105-86 is particularly suited where high
attenuation accuracy, low insertion loss and low intermodulation
products are required. Typical applications include cellular radio,
wireless data, and wireless local loop gain level control circuits.

DC blocking capacitors (CBL) and biasing resistor must be supplied externally for positive
voltage operation.
CBL = 47 pF for operation >500 MHz.
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Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Parameter(1) Condition Frequency Min. Typ. Max. Unit

Insertion loss 0.5–1.0 GHz 1.5 1.8 dB
1.0–2.0 GHz 2.1 2.4 dB
2.0–2.5 GHz 2.4 2.7 dB
2.5–3.0 GHz 2.7 3.0 dB

Attenuation range 15 dB

Attenuation accuracy(2) 0.5–1.0 GHz ± (0.2 + 2% of dB
Attenuation setting in dB)

1.0–3.0 GHz ± (0.3 + 3% of dB
Attenuation setting in dB)

VSWR (I/O)(3) 0.5–2.5 GHz 1.5:1 2.0:1
2.5–3.0 GHz 1.7:1 2.2:1

Switching characteristics
Rise, fall 10/90% or 90/10% RF 180 ns
On, off 50% CTL to 90/10% RF 270 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

Input power for 1 dB compression VS = 3 V 0.5–3.0 GHz 20    24 dBm
VS = 5 V 0.5–3.0 GHz 25 29 dBm

Intermodulation intercept point (IP3) For two-tone input power +5 dBm
VS = 3 V 0.5–3.0 GHz 43 49 dBm
VS = 5 V 0.5–3.0 GHz 44 50 dBm

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.
VS = VHIGH ± 0.2 V

Electrical Specifications at 25 °C (0, 5 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Attenuation referenced to insertion loss.
3. Input/output.
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Compression Point vs. Attenuation, Voltage,
and Temperature

Attenuation Control Input Power @ 1 dB Compression

State Voltage (V) 25 °C (dBm) 85 °C (dBm) -40 °C (dBm)
Ins. loss 5 31.1 30.9 31.2

1 dB 5 31.3 31.4 31.3

2 dB 5 31 30.8 31.1

4 dB 5 32.5 31.4 33.6

8 dB 5 33 32.4 33.5

15 dB 5 29.9 28 31.4
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Truth Table
V1 V2 V3 V4 Attenuation

8 dB 4 dB 2 dB 1 dB J1–J2

VHIGH VHIGH VHIGH VHIGH Reference I.L.

VHIGH VHIGH VHIGH 0 1 dB

VHIGH VHIGH 0 VHIGH 2 dB

VHIGH 0 VHIGH VHIGH 4 dB

0 VHIGH VHIGH VHIGH 8 dB

0 0 0 0 15 dB max. atten.

VHIGH = 3 to 5 V (VS = VHIGH ± 0.2 V).

Characteristic Value

RF input power 1 W > 500 MHz 0/8 V 
0.5 W @ 50 MHz 0/8 V

Supply voltage 8 V

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

IP
3 

(d
Bm

)

Attenuation (dB)

IP3 vs. Attenuation and 
Temperature (500 MHz)

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
45
46
47
48
49
50
51
52
53
54
55
56
57

25 °C

85 °C

-40 °C

Compression Point vs. Attenuation, Voltage,
and Temperature

Attenuation Control Input Power @ 1 dB Compression

State Voltage (V) 25 °C (dBm) 85 °C (dBm) -40 °C (dBm)
Ins. loss 3 24.7 24.2 24.4

1 dB 3 25.2 24.9 25

2 dB 3 24.8 24.2 24.7

4 dB 3 31.1 30.5 31.9

8 dB 3 25.1 25.9 27.3

15 dB 3 24.9 24.4 27

MSOP-10
Pin 10

Pin 1

Pin 1
Indicator

0.034
(0.86 mm)
± 0.004

(0.10 mm)

0.118 (3.00 mm) 
± 0.006 (0.15 mm)

0.193
(4.90 mm) 

± 0.006
(0.15 mm)

0˚–6˚

8˚–16˚

0.118 (3.00 mm)
± 0.006 (0.15 mm)

0.022 (0.55 mm)
± 0.006 (0.15 mm)0.006 (0.15 mm)  Max.

0.002 (0.05 mm) Min.

0.0197
(0.500 mm)

BSC

0.009 (0.23 mm)
Ref.

0.043
(1.09 mm) 

Max.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AA210-25, AA210-25LF: GaAs IC 4-Bit Digital Attenuator 
1 dB LSB 300 kHz–2 GHz

DATA SHEET

Features
● Attenuation 1 dB steps to 15 dB with high accuracy
● Low intermodulation products
● Low-cost SOIC-16 plastic package
● Low DC power consumption
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AA210-25 is an IC FET digital attenuator consisting of four
monolithic attenuators with LSB of 1 dB and a total attenuation 
of 15 dB with all attenuators connected. Attenuator bits are
switched with -5 and 0 V. The AA210-25 is particularly suited
where high attenuation accuracy, low insertion loss, and low
intermodulation products are required. Typical applications
include cellular, radio, wireless data, wireless local loop, and
other gain/level control circuits.

V8

V7

V6

V5

V4

V3

V2

V1

J1

J2

8 dB

4 dB

2 dB

1 dB

Block Diagram

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 300 kHz–0.1 GHz 0.9 1.2 dB
300 kHz–0.5 GHz 1.1 1.5 dB
300 kHz–1.0 GHz 1.3 1.8 dB
300 kHz–2.0 GHz 2.1 2.5 dB

Attenuation range 15 dB

Attenuation accuracy(3) 300 kHz–1.0 GHz ± (0.25 + 3% of attenuation dB
setting in dB) 

300 kHz–2.0 GHz     ± (0.4 + 5% of attenuation dB
setting in dB)

VSWR (I/O) 300 kHz–1.0 GHz 1.3:1 1.4:1
300 kHz–2.0 GHz 1.6:1 1.8:1

Electrical Specifications at 25 °C (0, -5 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Attenuation referenced to insertion loss.
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 15 ns
On, off 50% CTL to 90/10% RF 25 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 25 mV

Input power for 1 dB compression 0.5–2 GHz 28 dBm
0.05 GHz 22 dBm

Intermodulation Iintercept point (IP3) For two-tone input power 5 dBm 0.5–2 GHz       48 dBm
0.05 GHz         38 dBm

Control voltages VLOW = 0 to -0.2 V @ 10 µA typ.
VHIGH = -5 @ 10 µA Typ. to -8 V @ 200 µA typ.

Operating Characteristics at 25 °C (0, -5 V)

V8 V7 V6 V5 V4 V3 V2 V1

J1 GND GND GND GND GND GND J2

1 2 3 4 5 6 7 8

16 15 14 13 12 11 10 9

8 dB 4 dB 2 dB 1 dB

Pin Out
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Characteristic Value

RF input power 1.5 W > 500 MHz 0/-8 V
0.5 W @ 50 MHz 0/-8 V

Control voltage +0.2 V, -8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings
V1 V2 V3 V4 V5 V6 V7 V8 Attenuation

1 dB 2 dB 4 dB 8 dB J1–J2

-5 0 -5 0 -5 0 -5 0 Reference I. L.

0 -5 -5 0 -5 0 -5 0 1 dB

-5 0 0 -5 -5 0 -5 0 2 dB

-5 0 -5 0 0 -5 -5 0 4 dB

-5 0 -5 0 -5 0 0 -5 8 dB

0 -5 0 -5 0 -5 0 -5 15 dB

Truth Table

SOIC-16

0.158 (4.00 mm)
0.150 (3.80 mm)

0.068
(1.73 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.049 (1.24 mm)
0.016 (0.41 mm)

0.016 Max.
(0.41 mm) 

x 45˚
Chamfer 

0.020 (0.51 mm)
0.013 (0.33 mm)

0.050 
(1.27 mm) BSCPin 16

Pin 1

Pin 1
Indicator

0.394 (10.00 mm)
0.386 (9.80 mm)

0.010 (0.25 mm)
0.004 (0.10 mm)

0.0098 (0.25 mm)
0.0075 (0.19 mm)

8˚ Max.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AA226-87, AA226-87LF: GaAs IC 4-Bit Digital Attenuator,
1 dB LSB LF–2.5 GHz

DATA SHEET

Features
● Attenuation 1 dB steps to 15 dB with high accuracy
● Single positive control (3 to 5 V) for each bit
● Low DC power consumption
● Small low-cost TSSOP-16 plastic package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AA226-87 is a 4-bit, single positive control GaAs IC FET dig-
ital attenuator. It requires DC blocking capacitors, positive supply
voltage (VS) and four individual positive bit control voltages
(V1–V4). The AA226-87 is particularly suited where high attenua-
tion accuracy, low insertion loss and low intermodulation
products are required. Typical applications include base station,
wireless data and wireless local loop gain control circuits.

1
2

3
4

5
6

8

16
15

14
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12
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9

7 10

8 dB

4 dB

2 dB

1 dBGND

V4

V3

V2

J1

GND

GND

GND

GND

GND

GND

GND

GND

GND

V1

J2

CBL

CBL

VS

10 kΩ

Pin Out

DC blocking capacitors (CBL) and biasing resistor must be supplied externally for positive
voltage operation.
CBL = 47 pF for operation >500 MHz.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Parameter(1) Condition Frequency Min. Typ. Max. Unit

Insertion loss 0.5–1.0 GHz 1.3 1.7 dB
1.0–2.0 GHz 1.7 2.2 dB
2.0–2.5 GHz 2.3 2.6 dB

Attenuation range 15 dB

Attenuation accuracy(2) 0.5–1.0 GHz ± (0.2 + 3% of
Attenuation Setting in dB) dB

1.0–2.5 GHz ± (0.3 + 4% of
Attenuation Setting in dB) dB

VSWR (I/O)(3) 0.5–2.5 GHz 1.5:1 2.0:1

Switching characteristics
Rise, fall 10/90% or 90/10% RF 150 ns
On, off 50% CTL to 90/10% RF 300 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 70 mV

Input power for 1 dB compression VS = 3 V 0.5–2.5 GHz 20      25 dBm
VS = 5 V 0.5–2.5 GHz 24 30 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm
VS = 3 V 0.5–2.5 GHz 43 49 dBm
VS = 5 V 0.5–2.5 GHz 44 50 dBm

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.
VS = VHIGH ± 0.2 V

Electrical Specifications at -40 °C to +85 °C (0, 5 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Attenuation referenced to insertion loss.
3. Input/output.
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Compression Point vs. Attenuation, Voltage, and
Temperature

Attenuation Control Input Power @ 1 dB Compression

State Voltage (V) 25 °C (dBm) 85 °C (dBm) -40 °C (dBm)
Ins. loss 5 31.6 31 30.8

1 dB 5 31.9 31.5 31.2

2 dB 5 31.4 31.1 30.9

4 dB 5 32.7 31.5 34.8

8 dB 5 33 32.8 33.5

15 dB 5 30.7 28.5 31.7
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IP3 vs. Attenuation and 
Temperature (500 MHz)
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Truth Table
V1 V2 V3 V4 Attenuation

8 dB 4 dB 2 dB 1 dB J1–J2

VHIGH VHIGH VHIGH VHIGH Reference I.L.

VHIGH VHIGH VHIGH 0 1 dB

VHIGH VHIGH 0 VHIGH 2 dB

VHIGH 0 VHIGH VHIGH 4 dB

0 VHIGH VHIGH VHIGH 8 dB

0 0 0 0 15 dB max. atten.

VHIGH = 3 to 5 V (VS = VHIGH ± 0.2 V).

Characteristic Value

RF input power 1 W > 500 MHz 0/8 V 
0.5 W @ 50 MHz 0/8 V

Supply voltage 8 V

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Attenuation Control Input Power @ 1 dB Compression

State Voltage (V) 25 °C (dBm) 85 °C (dBm) -40 °C (dBm)
Ins. loss 3 24.5 24.1 24.6

1 dB 3 25.2 24.8 25.2

2 dB 3 25 24.3 24.9

4 dB 3 31.2 30.4 32.8

8 dB 3 28.3 26.3 29.2

15 dB 3 26.6 24.8 27.5

TSSOP-16

0.173 (4.40 mm)
± 0.004 (0.10 mm)

0.197 (5.00 mm)
± 0.004 (0.10 mm)

0.252 (6.4 mm)
BSC

Pin 16

Pin 1
Indicator

Pin 1

0.006 (0.15 mm) Max.
0.002 (0.05 mm) Min.

0.047 (1.20 mm)
Max.

0.035 (0.90 mm)
+ 0.006 (0.15 mm) / 
-0.004 (-0.10 mm)

0.0256 (0.65 mm)
BSC

0.009 (0.22 mm) Ref.

R 0.004 (0.09 mm)
Min.

0.024
(0.60 mm)
± 0.006

(0.15 mm)

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AA264-87, AA264-87LF: GaAs IC 4-Bit Digital Attenuator
2 dB LSB Positive Control 0.5–2 GHz

DATA SHEET

Features
� Attenuation 2 dB steps to 30 dB with high accuracy
� Single positive control for each bit
� Low DC Power consumption
� Small, low-cost TSSOP-16 plastic package
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The AA264-87 is a 4-bit, single positive control GaAs IC FET dig-
ital attenuator in a low-cost TSSOP-16 package. The attenuator
requires external DC blocking capacitors, positive supply voltage
(VS) and four individual positive control voltages (V1–V4). The
AA264-87 is particularly suited where high attenuation accuracy,
low insertion loss and low intermodulation products are required.
Typical applications include base station, wireless data and wire-
less local loop gain control circuits.
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2 dBGND

V4

V3

V2

J1

GND

GND

GND

GND

GND

GND

GND

GND

GND

V1

J2

CBL

CBL

VS

10 kΩ

Pin Out

DC blocking capacitors (CBL) and biasing resistor must be supplied externally for positive
voltage operation.
CBL = 47 pF for operation >500 MHz.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Innovation to GoTM

Now available for purchase online.
BUY
NOW

http://www.cdistore.com/skyworks/
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Parameter Condition Frequency Min. Typ. Max. Unit

Insertion loss 0.5–1.0 GHz 1.6 2.0 dB
1.0–2.0 GHz 1.8 2.4 dB

Attenuation range 30 dB

Attenuation accuracy 0.5–1.0 GHz ± (0.2 + 3% of attenuation dB
setting in dB)

1.0–2.0 GHz ± (0.3 + 5% of attenuation dB
setting in dB)

1.0–2.0 GHz ± (0.3 + 6% of attenuation dB
setting in dB)

VSWR (Input/Output) 0.5–0.8 GHz 1.8:1 2.2:1
0.8–2.0 GHz 1.5:1 2.0:1

Switching characteristics T = 25 °C
Rise, fall 10/90% or 90/10% RF 150 ns
On, off 50% CTL to 90/10% RF 300 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 70 mV

Input power for 1 dB compression VS = 3 V 0.5–2.0 GHz 15 21 dBm
VS = 5 V 0.5–2.0 GHz 21 27 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm
VS = 3 V 0.5–2.0 GHz 36 44 dBm
VS = 5 V 0.5–2.0 GHz 37 45 dBm

Control voltages VLOW 0 0.2 V
VHIGH 3 5.0 V

Supply voltages VCTL = 5 V VHIGH-0.2 VHIGH+0.2 V

Control port current VCTL = VLOW 20 µA
VCTL = 3 V 100 µA
VCTL = 5 V 200 µA

Electrical Specifications

-40 °C < T < +85 °C, ZO = 50 Ω, VCTL = 0/5 V, unless otherwise specified.
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Typical Performance Data

ZO = 50 Ω, VCTL = 0/5 V, unless otherwise specified.

Compression Point vs. Attenuation, Voltage,
and Temperature

Attenuation Control Input Power @ 1 dB Compression

State Voltage (V) 25 °C (dBm) 85 °C (dBm) -40 °C (dBm)
Ins. Loss 5 29 28.9 29

2 dB 5 28.3 28.1 28.1

4 dB 5 35.2 34.7 35

8 dB 5 25.8 25.3 25.4

16 dB 5 21.7 21.3 21.6

30 dB 5 24.4 23.2 27.2
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Truth Table
V1 V2 V3 V4 Attenuation
16 dB 8 dB 4 dB 2 dB J1–J2
VHIGH VHIGH VHIGH VHIGH Reference I.L.

VHIGH VHIGH VHIGH 0 2 dB

VHIGH VHIGH 0 VHIGH 4 dB

VHIGH 0 VHIGH VHIGH 8 dB

0 VHIGH VHIGH VHIGH 16 dB

0 0 0 0 30 dB max. atten.

VHIGH = 3 to 5 V (VS = VHIGH ± 0.2 V).

Characteristic Value

RF input power 1 W > 500 MHz 0/8 V
0.5 W @ 50 MHz 0/8 V

Supply voltage 8 V

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

IP
3

(d
Bm

)

Attenuation (dB)

IP3 vs. Attenuation and 
Temperature (500 MHz)
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Compression Point vs. Attenuation, Voltage,
and Temperature

Attenuation Control Input Power @ 1 dB Compression

State Voltage (V) 25 °C (dBm) 85 °C (dBm) -40 °C (dBm)
Ins. Loss 3 21.7 21.6 22.6

2 dB 3 21.2 20.7 21.4

4 dB 3 34.3 31 34.3

8 dB 3 33.6 23 32.9

16 dB 3 18 17 21.4

30 dB 3 22.4 21.2 24.1

TSSOP-16

0.173 (4.40 mm)
± 0.004 (0.10 mm)

0.197 (5.00 mm)
± 0.004 (0.10 mm)

0.252 (6.4 mm)
BSC

Pin 16

Pin 1
Indicator

Pin 1

0.006 (0.15 mm) Max.
0.002 (0.05 mm) Min.

0.047 (1.20 mm)
Max.

0.035 (0.90 mm)
+ 0.006 (0.15 mm) / 
-0.004 (-0.10 mm)

0.0256 (0.65 mm)
BSC

0.009 (0.22 mm) Ref.

R 0.004 (0.09 mm)
Min.

0.024
(0.60 mm)
± 0.006

(0.15 mm)

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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AA102-80, AA102-80LF: GaAs IC 5-Bit Digital Attenuator
0.5 dB LSB Positive Control 0.5–2.5 GHz

DATA SHEET

Features
� Attenuation 0.5 dB steps to 15.5 dB with high accuracy
� Single positive control (3 to 5 V) for each bit
� Low DC power consumption
� Small low-cost SSOP-16 plastic package
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The AA102-80 is a 5-bit, single positive control GaAs IC FET dig-
ital attenuator in a low-cost SSOP-16 package. This attenuator
has an LSB of 0.5 dB and a total attenuation of 15.5 dB. The
attenuator requires external DC blocking capacitors, positive
supply voltage (VS) and five individual bit control voltages (V1–V5).
It is particularly suited where high attenuation accuracy, low
insertion loss and low intermodulation products are required.
Typical applications include base station, wireless data, and wire-
less local loop gain level control circuits.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

DC blocking capacitors (CBL) and biasing resistor must be supplied externally for positive
voltage operation.
CBL = 47 pF for operation >500 MHz.
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Parameter Condition Frequency Min. Typ. Max. Unit

Insertion loss 0.5–1.0 GHz 1.9 2.3 dB
1.0–2.0 GHz 2.4 2.7 dB
2.0–2.5 GHz 3.2 3.5 dB

Attenuation range 15.5 dB

Attenuation accuracy(1) 0.4–0.5 GHz ± (0.3 + 4% of
attenuation setting in dB) dB

0.5–1.0 GHz ± (0.2 + 3% of
attenuation setting in dB) dB

1.0–2.5 GHz ± (0.3 + 5% of
attenuation setting in dB) dB

VSWR (I/O)(2) 0.4–0.5 GHz 1.9 2.2
0.5–2.5 GHz 1.5:1 2.0:1

Switching characteristics
Rise, fall 10/90% or 90/10% RF 125 ns
On, off 50% CTL to 90/10% RF 250 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 75 mV

Input power for 1 dB compression VS = 3 V 0.5–2.5 GHz 20 24 dBm
VS = 5 V 0.5–2.5 GHz 24 30 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm
VS = 3 V 0.5–2.5 GHz 42 48 dBm
VS = 5 V 0.5–2.5 GHz 43 49 dBm

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.
VS = VHIGH ± 0.2 V

Electrical Specifications at -40 °C to +85 °C

Z0 = 50 Ω, VCTL = 0/5 V, unless otherwise noted

1. Attenuation referenced to insertion loss.
2. Input/output.
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Typical Performance Data (0, 5 V)

Z0 = 50 Ω, VCTL = 0/5 V, unless otherwise noted

Compression Point vs. Attenuation,
Voltage, and Temperature

Attenuation Control Input Power @ 1 dB Compression

State Voltage (V) 25 °C (dBm) 85 °C (dBm) -40 °C (dBm)

Ins. loss 5 30.7 30.1 30.1

0.5 5 31.6 31.1 31.1

1 5 31 30.5 30.2

2 5 31.4 30.9 30.5

4 5 36.8 36.8 36.8

8 5 27.4 33.8 27.1

15.5 5 32.9 31.2 33.3

Frequency = 0.5–2.5 GHz.
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Typical Performance Data (0, 3 V)

Z0 = 50 Ω, VCTL = 0/5 V, unless otherwise noted
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Characteristic Value

RF input power 2 W > 500 MHz 0/8 V
0.75 W @ 50 MHz 0/8 V

Supply voltage 8 V

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

VHIGH = 3 to 5 V (VS = VHIGH ± 0.2 V).

V1 V2 V3 V4 V5 Attenuation
8 dB 4 dB 2 dB 1 dB 0.5 dB J1–J2
VHIGH VHIGH VHIGH VHIGH VHIGH Reference I.L.

VHIGH VHIGH VHIGH VHIGH 0 0.5 dB

VHIGH VHIGH VHIGH 0 VHIGH 1 dB

VHIGH VHIGH 0 VHIGH VHIGH 2 dB

VHIGH 0 VHIGH VHIGH VHIGH 4 dB

0 VHIGH VHIGH VHIGH VHIGH 8 dB

0 0 0 0 0 15.5 dB max. atten.

Truth Table

IP
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)
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IP3 vs. Attenuation and Temperature (500 MHz)
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Compression Point vs. Attenuation,
Voltage, and Temperature

Attenuation Control Input Power @ 1 dB Compression

State Voltage (V) 25 °C (dBm) 85 °C (dBm) -40 °C (dBm)

Ins. Loss 3 24.1 23.7 24.1

0.5 3 24.4 24 25

1 3 24.4 23.8 24.3

2 3 24.7 24.1 24.5

4 3 36.8 36.8 36.8

8 3 26.7 26.8 29.6

15.5 3 27.1 25.6 28.7

Frequency = 0.5–2.5 GHz.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SSOP-16

Pin 1 Indicator

0.154 (3.90 mm)
± 0.004 (0.10 mm)

0.236 (6.00 mm)
± 0.008 (0.20 mm)

Pin 1

Pin 16

Detail A

0° - 8'

A

A

Seating Plane

0.014 ± 0.005 (0.36 mm)
0.019 X 45° Optional Chamfer0.008 (0.20 mm)

Min. R

0.010 (0.25 mm)
Gauge Plane

0.033 (0.84 mm)
± 0.017 (0.43 mm)

7° Typ.

0.025
(0.635 mm) BSC 0.010

(0.25 mm) Ref.

0.061 (1.55 mm)
± 0.0078 (0.20 mm)

0.193 (4.90 mm)
± 0.004 (0.10 mm)

0.010 (0.254 mm) Max.
0.004 (0.120 mm) Min.

0.0565 (1.50 mm)
± 0.0025 Max.

Section A-A

0.0087 (0.221 mm)
± 0.0012 (0.030 mm)

0.010 (0.254 mm)
± 0.002 (0.051 mm)

Base Metal

With Lead Finish
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AA106-86, AA106-86LF: GaAs IC 5-Bit Digital Attenuator
0.5 dB LSB Positive Control 0.5–2.0 GHz

DATA SHEET

Features
● Attenuation 0.5 dB steps to 15.5 dB with high accuracy
● Single positive control (3 to 5 V) for each bit
● Low DC power consumption
● Miniature low-cost MSOP-10 plastic package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AA106-86 is a 5-bit, single positive control GaAs IC FET dig-
ital attenuator in a low-cost MSOP-10 package. This attenuator
has an LSB of 0.5 dB and a total attenuation of 15.5 dB. The
attenuator requires external DC blocking capacitors, positive
supply voltage (VS) and five individual bit control voltages (V1–V5).
The AA106-86 is particularly suited where high attenuation accu-
racy, low insertion loss and low intermodulation products are
required. Typical applications include cellular radio, wireless data,
and wireless local loop gain level control circuits.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 0.5–1 GHz 2 2.4 dB
1.0–2 GHz 3 3.4 dB

Attenuation range 15.5 dB

Attenuation accuracy(3) 0.5–1 GHz ± (0.2 + 3% of dB
Attenuation setting in dB)

1.0–2 GHz ± (0.3 + 5% of dB
Attenuation setting in dB)

VSWR (I/O) 0.5–2 GHz 1.5:1 2.0:1

Electrical Specifications at 25 °C (0, 3 V), (0, 5 V) 
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CBL

10 kΩ

1

10

2 9

3 8

4 7

5 6

Pin Out

DC blocking capacitors (CBL) and biasing resistor must be supplied externally for positive
voltage operation.
CBL = 47 pF for operation >500 MHz.

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Attenuation referenced to insertion loss.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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Typical Performance Data (0, 5 V) 
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 150 ns
On, off 50% CTL to 90/10% RF 300 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 70 mV

Input power for 1 dB compression VS = 3 V 0.9–2 GHz 21 dBm
VS = 5 V 0.9–2 GHz 27 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm
VS = 3 V 0.9–2 GHz 41 dBm
VS = 5 V 0.9–2 GHz 45 dBm

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.
VS = VHIGH ± 0.2 V

Operating Characteristics at 25 °C (0, 5 V)
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VHIGH = 3 to 5 V (VS = VHIGH ± 0.2 V).

V1 V2 V3 V4 V5 Attenuation
8 dB 4 dB 2 dB 1 dB 0.5 dB J1–J2

VHIGH VHIGH VHIGH VHIGH VHIGH Reference I.L.

VHIGH VHIGH VHIGH VHIGH 0 0.5 dB

VHIGH VHIGH VHIGH 0 VHIGH 1 dB

VHIGH VHIGH 0 VHIGH VHIGH 2 dB

VHIGH 0 VHIGH VHIGH VHIGH 4 dB

0 VHIGH VHIGH VHIGH VHIGH 8 dB

0 0 0 0 0 15.5 dB max. atten.

Truth Table

Insertion Loss vs. Frequency
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Characteristic Value

RF input power 1 W > 500 MHz 0/8 V 
0.5 W @ 50 MHz 0/8 V

Supply voltage 8 V

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings MSOP-10
Pin 10

Pin 1

Pin 1
Indicator

0.034
(0.86 mm)
± 0.004

(0.10 mm)

0.118 (3.00 mm) 
± 0.006 (0.15 mm)

0.193
(4.90 mm) 

± 0.006
(0.15 mm)

0˚–6˚

8˚–16˚

0.118 (3.00 mm)
± 0.006 (0.15 mm)

0.022 (0.55 mm)
± 0.006 (0.15 mm)0.006 (0.15 mm)  Max.

0.002 (0.05 mm) Min.

0.0197
(0.500 mm)

BSC

0.009 (0.23 mm)
Ref.

0.043
(1.09 mm) 

Max.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AA107-310, AA107-310LF: GaAs IC 5-Bit Digital Attenuator
with Serial-to-Parallel Driver 300 kHz–2 GHz

DATA SHEET

Features
� Positive voltage operation (5 V)
� QFN 5 x 5 mm leadless package
� Integrated silicon serial-to-parallel driver
� Attenuation 0.5 dB steps to 15.5 dB
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

QFN 5 x 5 (-310)

Description
The AA107-310 is a GaAs FET IC 5-bit digital attenuator with a
serial-to-parallel driver packaged in a 32-leadless exposed pad
plastic package. It is particularly suited at IF frequencies where high
attenuation accuracy, low insertion loss, and low intermodulation
products are required. Typical applications include base station,
wireless and RF data and wireless local loop gain control circuits.

J1

J2

SERDATAOUT

SERDATAIN

LATCH Enable

CLOCKIN

Reset 0.5 dB

1 dB

2 dB

4 dB

8 dB

VSS VDD
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Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW



Parameter Symbol Min. Typ. Max. Unit

Input voltage high VIH (1) 1.7 3.5 5 V

Input voltage low VIL (0) 0 0.3 0.6 V

Input Leakage current IL ±0.5 µA

Quiescent current IDD 500 µA

Supply voltages VDD 5 V

DC Electrical Characteristics at 25 °C (VDD = 5 V)
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Parameter Condition Frequency Min. Typ. Max. Unit

Insertion loss(1) 300 kHz–1 GHz 1.4 1.7 dB

300 kHz–2 GHz 1.7 2.2 dB

Attenuation range(2, 3) 15.5 dB

Attenuation accuracy(2, 3) 300 kHz–1 GHz ± (0.2 + 3% of
Attenuation Setting in dB) dB

300 kHz–2 GHz ± (0.4 + 3% of
Attenuation Setting in dB) dB

VSWR (I/O) 300 kHz–2 GHz 1.4:1 1.8:1

Switching characteristics
Rise, fall 10/90% or 90/10% RF 50 ns
On, off 50% CTL to 90/10% RF 100 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

Input power for 1 dB compression 0.5–2 GHz 24 29 dBm
0.05 GHz 15 22 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm 0.5–2 GHz 44 50 dBm
each tone 0.05 GHz 26 40 dBm

Electrical Specifications at 25 °C

VDD = 5 V, Z0 = 50 Ω, unless otherwise specified

1. Insertion loss changes by 0.003 dB/°C.
2. Attenuation value referenced above insertion loss.
3. Exposed pad must be connected to RF ground to obtain specified attenuation.
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Typical Performance Data (VDD = 5 V)

-2.0

-1.5

-1.0

-0.5

0

0 0.5 1.0 1.5 2.0

Lo
ss

(d
B)

Frequency (GHz)

Insertion Loss vs. Frequency

-1.0

-0.8

-0.6

-0.4

0.2

-0.2

0

0

De
vi

at
io

n
fro

m
No

m
in

al
At

te
nu

at
io

n
(d

B)

Frequency (GHz)

Attenuation Accuracy vs. Frequency

0.5 1.0 1.5 2.0

0.5 dB

1 dB

2 dB4 dB

8 dB

15.5 dB

0 0.5 1.0 1.5 2.0

VS
W

R

Frequency (GHz)

VSWR vs. Frequency

1.0

1.1

1.2

1.3

1.4

1.5

Ins. Loss

0.5 dB

1 dB

2 dB

4 dB

8 dB

15.5 dB

Truth Table
J1–J2

Reset 0.5 dB 1 dB 2 dB 4 dB 8 dB Attenuation

1 0 0 0 0 0 Insertion loss

1 1 0 0 0 0 0.5 dB

1 0 1 0 0 0 1 dB

1 0 0 1 0 0 2 dB

1 0 0 0 1 0 4 dB

1 0 0 0 0 1 8 dB

1 1 1 1 1 1 15.5 dB

0 X X X X X Insertion loss

Characteristic Value

Supply voltage (VDD) -0.5 to +6 V

Input voltage (VI) -0.5 – VCC + 0.5 V

Power dissipation (PD) 500 mW

Storage temperature (TST) -65 °C to +150 °C

Operating temperature (TOP) -40 °C to +85 °C

Absolute Maximum Ratings

Serial Data Input

VIL (0) = 0 to 0.5 V.
VIH (1) = 3.5 to 5 V.
X = Don’t Care.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
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Pin Symbol Function

1 Serial data out Serial data output

2–4 GND Ground

5 J1 RF input/output

6–19 GND Ground

20 J2 RF input/output

21–23 GND Ground

24 RESET Reset

25 LE Latch enable

26 Serial data in Serial data input

27 Clock In Serial clock input

28 VSS Low output voltage level

29 GND Ground

30 C2 Charge pump capacitor

31 C1 Charge pump capacitor

32 VDD Supply voltage

Dimensions in inches (mm).

0.122
(3.10 mm)

Sq.

0.020 (0.50 mm) 

0.020
(0.50 mm) 

0.020 (0.50 mm) 

0.020
(0.50 mm)

0.013 (0.33 mm) 

Surface Mount Land Pattern

5 x 5 mm QFN 32-Lead

Parameter Symbol Min. Typ. Max. Unit

LE setup time T1 7.5 15 ns

SDA setup time T2 7.5 15 ns

SDA hold time T3 5 10 ns

LE hold time T4 5 10 ns

Clock frequency fCLK 16 100 MHz

Clock period T5 1/fCLK

Timing Diagram

T1

T2 T3

T4

SDA

SCK

LE

T5

Serial data (SDA) is shifted into the register on the rising edge of
the clock (SCK), least significant bit (LSB) first. The attenuator will
change states on the rising edge of the latch-enable (LE) signal,
according to the most recent 5 bits of shifted data accepted since
the previous falling edge of the LE signal.

Power-up sequence:
0. Connect ground
1. Apply VDD
2. Set all inputs (SCK, SDA, LE)

Power-down sequence should be the reverse of above.
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QFN 5 x 5 (-310)

0.001
(0.025 mm)


0.039 (1.00 mm) Max.

Seating
Plane

12˚ Max.

0.197 (5.00 mm) BSC

0.197
(5.00 mm)

BSC

1

32

0.187
(4.75 mm) BSC

0.187
(4.75 mm)

BSC

Pin 1
Indicator

0.122 (3.10 mm)
± 0.006 (0.15 mm)

0.122 (3.10 mm)
± 0.006 (0.15 mm)

32
1

0.138 (3.50 mm) Ref.

0.138
(3.50 mm) Ref.

0.019 (0.50 mm) BSC
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SKY12322-86LF: GaAs Digital Attenuator
500 MHz–4 GHz 5 Bits, 0.5 dB LSB

DATA SHEET

Features
● Broadband: 500 MHz–4 GHz
● Single positive control voltage: 2.7–5.5 V
● Low current consumption: <100 µA @ 3 V
● Small MSOP-10 package
● Least significant bit attenuation: 0.5 dB
● Attenuation range: 15.5 dB
● High Input IP3: 45 dBm
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Applications
● Transceiver transmit automatic level control or receive 

automatic gain control in GSM, CDMA, WCDMA, WLAN,
Bluetooth®, Zigbee®, land mobile radio base stations or 
terminal equipment

● General-purpose signal attenuation in telecommunications and
instrumentation applications

Functional Block Diagram 

RF Input/Output

RF Input/Output

V1

V2

V3

V4

V5 8 dB 

4 dB 

2 dB 

1 dB 

0.5 dB 

Description
The SKY12322-86LF is a monolithic GaAs, binary-weighted, 5-bit,
single-positive-control voltage digital attenuator which operates
from 500 MHz to 4 GHz. The attenuator has a least significant bit
(LSB) of 0.5 dB and total attenuation of 15.5 dB. The two RF ports
are bilateral; each can be used as the RF input or the RF output.
This attenuator requires an external supply voltage of 2.7–5.5 V.

The SKY12322-86LF is comprised of 5 fixed attenuators in cas-
cade, each of which having a shunt bypass switch. Beginning at
the LSB, which is 0.5 dB, each succeeding fixed attenuator pro-
duces twice the attenuation of the preceding stage. The state of
each bypass switch is controlled by the logic level voltage applied
to the associated control voltage input; a logic high voltage closes
the associated switch, thereby bypassing that fixed attenuator
stage, and a logic low opens the switch to force the input signal to
that stage through the associated attenuator.

DC power consumption is very low, 100 µA maximum with control
voltage and supply voltage of 3 V. The switch can operate over the
temperature range of -40 °C to +85 °C.

An evaluation board is available upon request.

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

http://www.cdistore.com/skyworks/
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 150 ns
On, off 50% CTL to 90/10% RF 300 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 70 mV

Input power for 1 dB compression VLOW = 0 V, VHIGH = 3 V 0.9–4.0 GHz 21 dBm
VLOW = 0 V, VHIGH = 5 V 0.9–4.0 GHz 27 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm, ∆f = 1 MHz
VLOW = 0 V, VHIGH = 3 V 0.9–4.0 GHz 45 dBm
VLOW = 0 V, VHIGH = 5 V 0.9–4.0 GHz 45 dBm

Thermal resistance 25 °C/W

Supply voltage VHIGH - 0.2 VHIGH + 0.2 V

Control voltages VLOW = 0 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.
VHIGH = 0.2 < VS < VHIGH + 0.2 V

Parameter Frequency Min. Typ. Max. Unit

Insertion loss 500 MHz–1 GHz 1.4 2.0 dB
1–2 GHz 1.5 2.5 dB
2–3 GHz 2.3 3.0 dB
3–4 GHz 3.0 3.5 dB

Attenuation range(1) 15.5 dB

Attenuation accuracy(1) 500 MHz–1 GHz ± (0.2 + 3% of dB
attenuation setting in dB)

1–3 GHz ± (0.3 + 5% of dB
attenuation setting in dB)

3–4 GHz ± (0.5 + 5% of dB
attenuation setting in dB)

Return loss 500 MHz–4 GHz 10 20 dB

Electrical Specifications at 25°C

VCTL = 0 V/3 V, T = 25 °C, PINPUT = 0 dBm, Z0 = 50 Ω, unless otherwise noted

Operating Characteristics at 25°C

VCTL =  0 V/3 V, T = 25 °C, PINPUT = 0 dBm, Z0 = 50 Ω, unless otherwise noted

1. Attenuation referenced to insertion loss.
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RF Input/Output 

RF Input/Output 

1

2

3

4

5 6

7

8

9

10

GND

GND

GND

V1

V2

V3

V4

V5 8 dB 

4 dB 

2 dB 

1 dB 

0.5 dB 

Pin Out
Characteristic Value

RF input power 1 W for f > 500 MHz, VCTL = 0/8 V
0.5 W for f < 500 MHz, VCTL = 0/8 V

Supply voltage VHIGH ± 0.2 V

Control voltage -0.2 V < VC < 8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Pin Number Pin Name Description

1 V1 Control Voltage – High Impedance control
voltage input for 0.5 dB weighted bit (LSB)

2 V2 Control Voltage – High Impedance control
voltage input for 1 dB weighted bit

3 V3 Control Voltage – High Impedance control
voltage input for 2 dB weighted bit

4 V5 Control Voltage – High Impedance control
voltage input for 4 dB weighted bit

5 V5 Control Voltage – High Impedance control
voltage input for 8 dB weighted bit (MSB)

6 J2 RF Input/Output – RF input or output port,
supply voltage input 

7, 8, 9 GND Equipotential Point – Equipotential points 
for control voltages and RF circuits. Must 
be connected to pcb ground via lowest 
possible impedance

10 J1 RF Input/Output – RF input or output port

Pin Descriptions

3 V < VHIGH < 5 V, VS = VHIGH ± 0.2 V, 0 < VLOW < 0.2 V.

Truth Table
V1 V2 V3 V4 V5 Nominal Attenuation

VHIGH VHIGH VHIGH VHIGH VHIGH Reference I.L.

VLOW VHIGH VHIGH VHIGH VHIGH 0.5 dB

VHIGH VLOW VHIGH VHIGH VHIGH 1 dB

VHIGH VHIGH VLOW VHIGH VHIGH 2 dB

VHIGH VHIGH VHIGH VLOW VHIGH 4 dB

VHIGH VHIGH VHIGH VHIGH VLOW 8 dB

VLOW VLOW VLOW VLOW VLOW 15.5 dB
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12345

109876

V5 V4 V3 V2 V1
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J2 J1

SKY12322-86

C2 C1

R1

Evaluation Circuit PCB

Pin 10

Pin 1

Pin 1
Indicator

0.034
(0.86 mm)
± 0.004

(0.10 mm)

0.118 (3.00 mm) 
± 0.006 (0.15 mm)

0.193
(4.90 mm) 

± 0.006
(0.15 mm)

0˚–6˚

8˚–16˚

0.118 (3.00 mm)
± 0.006 (0.15 mm)

0.022 (0.55 mm)
± 0.006 (0.15 mm)0.006 (0.15 mm)  Max.

0.002 (0.05 mm) Min.

0.0197
(0.500 mm)

BSC

0.009 (0.23 mm)
Ref.

0.043
(1.09 mm) 

Max.

MSOP-10

Evaluation Board
The evaluation board for SKY12322-86 allows the part to be fully
exercised. The RF signal may be applied to J1 or to J2 without
change in performance. The supply voltage (VS) is applied to pin 6
via R1. DC blocking capacitors (C1 and C2) are required at the RF
ports. The values of R1, C1 and C2 are shown in Evaluation Board
Components Table.

The attenuation produced by the SKY12322-86 is determined by
the voltages applied to the high impedance control voltage ports V1
through V5. Each control voltage port determines whether its asso-

ciated attenuation bit, as listed in the Truth Table, is switched into
or out of the RF signal path. Each of these control voltage ports
must be held at 0 V (VLOW) or at VS ± 0.2 V (VHIGH). The supply
voltage must be within 0.2 V of VHIGH or damage may result. Any
combination of VHIGH and VLOW may be applied to ports V1 through
V5. For example, if the desired attenuation value is 5.5 dB, VLOW is
applied to the 0.5 dB, 1 dB and 4 dB voltage control ports, which
are V1, V2 and V4, respectively. VHIGH is applied to the remaining
voltage control ports to ensure that their attenuation bits are not
switched in to the RF signal path.

Component Description Default

C1, C2 DC blocking capacitor 47 pF, size 0402

R1 RF block 10k Ω, size 0402

U1 GaAs digital attenuator

J1, J2 SMA connectors

Evaluation Board Components

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SKY12328-350LF: GaAs Digital Attenuator
5 Bits, 0.5 dB LSB, 500 MHz–4 GHz

DATA SHEET

Applications
� Transceiver transmit automatic level control or receive auto-
matic gain control in WiMAX, GSM, CDMA, WCDMA, WLAN,
Bluetooth, Zigbee, Land Mobile Radio Base stations or
Terminal Equipment

� General purpose signal attenuation in telecommunications and
instrumentation applications

Features
� Broadband: 500 MHz–4 GHz
� Attenuation range: 15.5 dB
� Least significant bit attenuation: 0.5 dB
� Low insertion loss: 1 dB @ 900 MHz
� Single positive control voltage: 2.7–5.5 V
� Low current consumption: <100 µA @ 5 V
� Small QFN-16 3 x 3 mm package with exposed paddle
� Lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Functional Block Diagram
RF

Input/Output

RF
Input/Output

0.5 dB

8 dB

4 dB

2 dB

1 dB

V5

V4

V3

V2

V1

Description
The SKY12328-350LF is a monolithic GaAs, binary-weighted,
5 bit, single-positive-control voltage digital attenuator which
operates from 500 MHz–4 GHz. The attenuator has a least
significant bit (LSB) of 0.5 dB and total attenuation of 15.5 dB.
The two RF ports are bilateral; each can be used as the RF input
or the RF output. This attenuator requires an external supply
voltage of 2.7–5.5 V.

The SKY12328-350LF is comprised of 5 fixed attenuators in
cascade, each of which having a shunt bypass switch. Beginning
at the LSB, which is 0.5 dB, each succeeding fixed attenuator
produces twice the attenuation of the preceding stage. The state
of each bypass switch is controlled by the logic level voltage
applied to the associated control voltage input; a logic high
voltage closes the associated switch, thereby bypassing that

fixed attenuator stage, and a logic low opens the switch to force
the input signal to that stage through the associated attenuator.

DC power consumption is very low, 100 µA maximum with
control voltage and supply voltage of 5 V. The switch can operate
over the temperature range of -40 °C to 85 °C.

An evaluation board is available upon request.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise/fall time 10/90% or 90/10% RF 150 ns
On/off time 50% VCTL to 90/10% RF 300 ns

Input power for 1 dB compression VLOW = 0 V, VHIGH = 5 V 900 MHz 30 dBm

Input third order For two input tones. +5 dBm each tone
intermodulation intercept VLOW = 0 V, VHIGH = 3 V 1–4 GHz 40 dBm

VLOW = 0 V, VHIGH = 5 V 1–4 GHz 42 dBm

Thermal resistance Junction to package terminal 45 °C/W

Supply voltage VHIGH - 0.2 VHIGH + 0.2 V

Control voltage High 2.7 5.5 V
Low -0.2 0.2 V

Control port current VCTL = VHIGH 15 100 µA
VCTL = VLOW 5 20 µA

Parameter Condition Frequency Min. Typ. Max. Unit

Insertion loss 0.5–1.0 GHz 1.1 1.3 dB
1.0–2.0 GHz 1.3 1.5 dB
2.0–3.0 GHz 1.6 1.9 dB
3.0–4.0 GHz 2.3 2.5 dB

Attenuation range 15.5 dB

Attenuation accuracy Attenuation referred to insertion loss.
All attenuation states 0.5–1.0 GHz (0.2 + 3% of attenuation dB

setting in dB)
All attenuation states 1.0–4.0 GHz (0.3 + 3% of attenuation dB

setting in dB)

Return loss 0.5–1.0 GHz 15 dB
1.0–4.0 GHz 20 dB

Operating Characteristics

VCTL = 0 V/5 V, T = 25 °C, PINPUT = 0 dBm, ZO = 50 Ω, unless otherwise noted

Electrical Specifications

VCTL = 0 V/5 V, T = 25 °C, PINPUT = 0 dBm, ZO = 50 Ω, unless otherwise noted
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Typical Performance Data

VCTL = 0 V/5 V, T = 25 °C, PINPUT = 0 dBm, ZO = 50 Ω, unless otherwise noted

1. Attenuation normalized to insertion loss
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V1 V2 V3 V4 V5 Attenuation

VHIGH VHIGH VHIGH VHIGH VHIGH Reference insertion loss

VHIGH VHIGH VHIGH VHIGH VLOW 0.5 dB

VHIGH VHIGH VHIGH VLOW VHIGH 1 dB

VHIGH VHIGH VLOW VHIGH VHIGH 2 dB

VHIGH VLOW VHIGH VHIGH VHIGH 4 dB

VLOW VHIGH VHIGH VHIGH VHIGH 8 dB

VLOW VLOW VLOW VLOW VLOW 15.5 dB

Truth Table

2.7 V < VHIGH < 5.5 V, VS = VHIGH ± 0.2 V, 0 < VLOW < 0.2 V.

Characteristic Value

RF input power 33 dBm for f > 500 MHz,
VCTL = 0/8 V

Control voltage range -0.2 < VC < 8 V

Operating temperature range -40 °C to +85 °C

Storage temperature range -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.
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Part No.

Lot Number

Date Code
Y = Calendar Year

WW = Week

S328
XXXX
YWW

Part Marking

1. Attenuation normalized to insertion loss
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Pin Number Pin Name Description

1, 4–9 GND Equipotential Point—Equipotential points for
control voltages and RF circuits. Must be
connected to PCB ground via lowest possible

2 RF1 RF Input/Output—RF input or output port.
A DC block is required for this port.

3, 10 N/C No connection

11 RF2 RF Input/Output—RF input or output port.
A DC block is required for this port.

12 V5 Control Voltage—Control voltage input for
0.5 dB weighted bit (LSB)

13 V4 Control Voltage—Control voltage input for
1 dB weighted bit

14 V3 Control Voltage—Control voltage input for
2 dB weighted bit

15 V2 Control Voltage—Control voltage input for
4 dB weighted bit

16 V1 Control Voltage—Control voltage input for
8 dB weighted bit (MSB)

Pin Descriptions

V
1

V
SS

V
2

V
4

V
3

V
5

V1 V2 V3 V4 V5

Through Line

1316 15 14

12

11

10

9

765

1

2

3

4

8

RF2RF1

NC

VS

R1 R2 R3 R4 R5 R6

C1

C3 C4

C2

SKY1328-350LF

NC

Pin Out SKY12328-350LF Evaluation Circuit PCB

SKY12328-350LF Evaluation Circuit

Evaluation Board
The evaluation board for SKY12328-350LF allows the part to be
fully exercised. The insertion loss of the transmission lines
between J1–U1 and U1–J2 can be determined by measuring the
performance of the calibration through line, which contains two
DC block capacitors in identical positions to the DC blocks
present in the main circuit.

The state of the SKY12328-350LF is controlled by applying the
appropriate logic level voltages to ports V1 through V5, per the
Truth Table

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Component Description Default

C1–C4 DC blocking capacitor 47 pF, size 0402

R1 RF block 10k Ω, size 0402

R2–R6 Current limiting 100 Ω
U1 SKY12328-350LF GaAs digital attenuator

J1, J2 SMA connectors

Evaluation Board Components
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8

GND

GND

GND GND GND GND

GND

V1 V2 V3 V4
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Exposed Pad

0.008 (0.20 mm)
Seating Plane

0.001
(0.02 mm)

0.030 (0.75 mm)
± 0.002 (0.05 mm)

0.118
(3.00 mm)

0.118 (3.00 mm)

Pin 1
Indicator

0.059
(1.500 mm)

0.059 (1.500 mm)

0.029
(0.73 mm)

0.067 (1.70 mm)
± 0.004 (0.10 mm)

0.067 (1.70 mm)
± 0.004 (0.10 mm)

-350 (QFN 3 x 3)
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AA101-80, AA101-80LF: GaAs IC 5-Bit Digital Attenuator
1 dB LSB Positive Control 0.5–2.5 GHz

DATA SHEET

Features
� Attenuation 1 dB steps to 31 dB with high accuracy
� Single positive control (3 to 5 V) for each bit
� Low DC power consumption
� Small low-cost SSOP-16 plastic package
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The AA101-80 is a 5-bit, single positive control GaAs IC FET
digital attenuator in a low-cost SSOP-16 package. This attenuator
has an LSB of 1 dB and a total attenuation of 31 dB. The
attenuator requires external DC blocking capacitors, positive
supply voltage (VS) and five individual bit control voltages (V1–V5).
The AA101-80 is particularly suited where high attenuation
accuracy, low insertion loss and low intermodulation products
are required. Typical applications include base station, wireless
data, and wireless local loop gain level control circuits.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

1
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7 10

16 dB

8 dB

4 dB

2 dB

1 dB
V5

V4

V3

V2

GND

GND

GND

GND

GND

GND

GND

GND

GND

V1

J2CBL

VS

10 kΩ

J1
CBL

Pin Out

DC blocking capacitors (CBL) and biasing resistor must be supplied externally for positive
voltage operation.
CBL = 47 pF for operation >500 MHz.

Innovation to GoTM

Now available for purchase online.
BUY
NOW

http://www.cdistore.com/skyworks/
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Parameter(1) Condition Frequency Min. Typ. Max. Unit

Insertion loss 0.5–1.0 GHz 2.0 2.4 dB
1.0–2.0 GHz 2.6 3.0 dB
2.0–2.5 GHz 2.9 3.3 dB

Attenuation range 31 dB

Attenuation accuracy(2) 0.5–1.0 GHz ± (0.2 + 3% of attenuation
setting in dB) dB

1.0–2.0 GHz ± (0.3 + 5% of attenuation
setting in dB) dB

2.0–2.5 GHz ± (0.3 + 6% of attenuation
setting in dB) dB

VSWR (I/O)(3) 0.5–2.5 GHz 1.5:1 2.2:1

Switching characteristics
Rise, fall 10/90% or 90/10% RF 100 ns
On, off 50% CTL to 90/10% RF 300 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 70 mV

Input power for 1 dB compression VS = 3 V 0.5–2.5 GHz 18 21 dBm
VS = 5 V 0.5–2.5 GHz 23 27 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm
VS = 3 V 0.5–2.5 GHz 37 43 dBm
VS = 5 V 0.5–2.5 GHz 39 45 dBm

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.
VS = VHIGH ± 0.2 V

Electrical Specifications at -40 °C to +85 °C (0, 5 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Attenuation referenced to insertion loss.

3. Input/output.
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Typical Performance Data (0, 5 V)

Compression Point vs. Attenuation,
Voltage, and Temperature

Attenuation Control Input Power @ 1 dB Compression

State Voltage (V) 25 °C (dBm) 85 °C (dBm) -40 °C (dBm)

Ins. loss 5 29.4 29.2 29.6

1 5 29.3 29.5 29.7

2 5 28.7 28.9 29.0

4 5 34.5 34.3 34.6

8 5 27.4 27.4 27.7

16 5 27.9 27.6 28.2

31 5 27.7 25.2 28.4
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VHIGH = 3 to 5 V (VS = VHIGH ± 0.2 V).

V1 V2 V3 V4 V5 Attenuation
16 dB 8 dB 4 dB 2 dB 1 dB J1–J2

VHIGH VHIGH VHIGH VHIGH VHIGH Reference I.L.

VHIGH VHIGH VHIGH VHIGH 0 1 dB

VHIGH VHIGH VHIGH 0 VHIGH 2 dB

VHIGH VHIGH 0 VHIGH VHIGH 4 dB

VHIGH 0 VHIGH VHIGH VHIGH 8 dB

0 VHIGH VHIGH VHIGH VHIGH 16 dB

0 0 0 0 0 31 dB max. atten.

Truth Table Characteristic Value

RF input power 2 W > 500 MHz 0/8 V
0.75 W @ 50 MHz 0/8 V

Supply voltage 8 V

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings
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Compression Point vs. Attenuation,
Voltage, and Temperature

Attenuation Control Input Power @ 1 dB Compression

State Voltage (V) 25 °C (dBm) 85 °C (dBm) -40 °C (dBm)

Ins. loss 3 23.1 23.3 24.3

1 3 23.5 23.3 24.2

2 3 22.7 22.7 23.7

4 3 33.8 33.2 33.8

8 3 31.7 31.7 22.7

16 3 20.2 20.5 21.4

31 3 21.9 20.6 23.6

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.
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SSOP-16

Pin 1 Indicator

0.154 (3.90 mm)
± 0.004 (0.10 mm)

0.236 (6.00 mm)
± 0.008 (0.20 mm)

Pin 1

Pin 16

Detail A

0° - 8'

A

A

Seating Plane

0.014 ± 0.005 (0.36 mm)
0.019 X 45° Optional Chamfer0.008 (0.20 mm)

Min. R

0.010 (0.25 mm)
Gauge Plane

0.033 (0.84 mm)
± 0.017 (0.43 mm)

7° Typ.

0.025
(0.635 mm) BSC 0.010

(0.25 mm) Ref.

0.061 (1.55 mm)
± 0.0078 (0.20 mm)

0.193 (4.90 mm)
± 0.004 (0.10 mm)

0.010 (0.254 mm) Max.
0.004 (0.120 mm) Min.

0.0565 (1.50 mm)
± 0.0025 Max.

Section A-A

0.0087 (0.221 mm)
± 0.0012 (0.030 mm)

0.010 (0.254 mm)
± 0.002 (0.051 mm)

Base Metal

With Lead Finish



Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
200204 Rev. D • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • April 30, 2007 1

AA109-310, AA109-310LF: GaAs IC 5-Bit Digital Attenuator
With Serial-to-Parallel Driver 0.5–2.5 GHz

DATA SHEET

Features
● Positive voltage operation (5 V)
● QFN 5 x 5 mm leadless package
● Integrated silicon serial-to-parallel driver
● Attenuation 1 dB steps to 31 dB
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The AA109-310 is a GaAs FET IC 5-bit digital attenuator with a
serial-to-parallel driver packaged in a 32-leadless exposed pad
plastic package. It is particularly suited where high attenuation
accuracy, low insertion loss, and low intermodulation products
are required. Typical applications include base station, wireless
and wireless local loop gain control circuits.

J1C2C1

J2

SERDATAOUT

SERDATAIN

LATCH ENABLE

CLOCKIN

RESET

16 dB

1 dB

2 dB

4 dB

8 dB

VSS VDD
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Simplified Schematic

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Parameter Symbol Min. Typ. Max. Unit

Input voltage high VIH (1) 3.5 5 V

Input voltage low VIL (0) 0 0.5 V

Input leakage current IL ±0.5 µA

Quiescent current IDD 500 µA

Supply voltages VDD 5 V

DC Electrical Characteristics at 25 °C (VDD = 5 V)

Parameter Condition Frequency Min. Typ. Max. Unit

Insertion loss 0.5–1.0 GHz 2.0 2.4 dB
1.0–2.0 GHz 2.7 3.1 dB
2.0–2.5 GHz 3.1 3.6 dB

Attenuation range(1, 2) 31 dB

Attenuation accuracy(1, 2) 0.5–1.0 GHz ± (0.2 + 3% of
attenuation setting in dB) dB

1.0–2.0 GHz ± (0.3 + 5% of
attenuation setting in dB) dB

2.0–2.5 GHz ± (0.3 + 6% of
attenuation setting in dB) dB

VSWR (I/O) 0.5–2.5 GHz 1.5:1 2.2:1

Switching characteristics
Rise, fall 10/90% or 90/10% RF 100 µs
On, off 50% CTL to 90/10% RF 300 µs
Video feedthru TRISE = 1 ns, BW = 500 MHz 70 mV

Input power for 1 dB compression VS = 3 V 0.9–2.5 GHz 21 dBm
VS = 5 V 0.9–2.5 GHz 27 dBm

Intermodulation intercept point (IP3) For two-tone input power +5 dBm
VS = 3 V 0.9–2.5 GHz 41 dBm
VS = 5 V 0.9–2.5 GHz 45 dBm

Electrical Specifications at 25 °C

VDD = 5 V, Z0 = 50 Ω, unless otherwise specified

1. Attenuation value referenced above insertion loss.
2. Exposed pad must be connected to RF ground to obtain specified attenuation.
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Characteristic Value

Supply voltage (VDD) -0.5 to +6 V

Input voltage (VI) -0.5 – VCC + 0.5 V

Power dissipation (PD) 500 mW

Storage temperature (TST) -65 °C to +150 °C

Operating temperature (TOP) -40 °C to +85 °C

Absolute Maximum Ratings

Typical Performance Data (VDD = 5 V, Z0 = 50 Ω)

Insertion Loss vs. Frequency
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Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.



Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
April 30, 2007 • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • 200204 Rev. D

DATA SHEET • AA109-310, AA109-310LF

4

Dimensions in inches (mm).

0.122
(3.10 mm) 

Sq.

0.020 (0.50 mm) 

0.020
(0.50 mm) 

0.020 (0.50 mm) 

0.020
(0.50 mm) 

0.013 (0.33 mm) 

Surface Mount Land Pattern

5 x 5 mm QFN 32-Lead

Truth Table
J1–J2

Reset 1 dB 2 dB 4 dB 8 dB 16 dB Attenuation

1 1 1 1 1 1 Insertion Loss

1 0 1 1 1 1 1 dB

1 1 0 1 1 1 2 dB

1 1 1 0 1 1 4 dB

1 1 1 1 0 1 8 dB

1 1 1 1 1 0 16 dB

1 0 0 0 0 0 31 dB

0 X X X X X 31 dB

Serial Data Input

VIL (0) = 0 to 0.5 V.
VIH (1) = 3.5 to 5 V.
X = Don’t Care.

Pin Symbol Function

1–4 GND Ground

5 J1 RF input/output

6–19 GND Ground

20 J2 RF input/output

21–25 GND Ground

26 VDD Supply voltage

27 Clock In Serial clock input

28 Serial data in Serial data input

29 LE Latch enable

30 Reset Reset

31 GND Ground

32 Serial data out Serial data output

QFN 5 x 5 (-310)

0.001
(0.025 mm)


0.039 (1.00 mm) Max.

Seating
Plane

12˚ Max.

0.197 (5.00 mm) BSC

0.197
(5.00 mm)

BSC

1

32

0.187
(4.75 mm) BSC

0.187
(4.75 mm)

BSC

Pin 1
Indicator

0.122 (3.10 mm)
± 0.006 (0.15 mm)

0.122 (3.10 mm)
± 0.006 (0.15 mm)

32
1

0.138 (3.50 mm) Ref.

0.138
(3.50 mm) Ref.

0.019 (0.50 mm) BSC

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.
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Pin Out

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Parameter Symbol Min. Typ. Max. Unit

LE setup time T1 5 15 ns

SDA setup time T2 5 15 ns

SDA hold time T3 5 10 ns

LE hold time T4 5 10 ns

Clock frequency fCLK 16 100 MHz

Clock period T5 1/fCLK

Timing Diagram

LE

SCK

SDA

T1 T2 T3 T5 T4

Serial data (SDA) is shifted into the register on the rising edge of
the clock (SCK), most significant bit (MSB) first. The attenuator will
change states on the rising edge of the latch enable (LE) signal,
according to the most recent 5 bits of shifted data accepted since
the previous falling edge of the LE signal.

Power-up sequence:
0. Connect ground
1. Apply VDD
2. Set all inputs (SCK, SDA, LE)

Power-down sequence should be the reverse of above.
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AA110-85, AA110-85LF: GaAs IC 5-Bit Digital Attenuator
with Driver 1 dB LSB Positive Control DC–2 GHz

DATA SHEET

Features
● Attenuation 1 dB steps to 31 dB with high accuracy
● Single positive control (3 V or 5 V) for each bit
● Low DC power consumption
● CMOS integrated silicon driver
● Designed for use at IF frequencies at input power levels
> -10 dBm

● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The AA110-85 is a 5-bit, single positive control GaAs IC FET digital
attenuator with driver. It is particularly suited at IF frequencies
where high attenuation accuracy, low insertion loss and low inter-
modulation products are required. Typical applications include base
station, wireless data, broadband and wireless local loop gain
control circuits. For low-power applications (< -10 dBm) see part
number AA117-85.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Functional Block Diagram
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Parameter(1) Condition Frequency Min. Typ. Max. Unit

Insertion loss(2) DC–0.5 GHz 1.4 1.7 dB
DC–1.0 GHz 1.7 2.1 dB
DC–2.0 GHz 2.2 2.6 dB

Attenuation range 31 dB

Attenuation accuracy(3) DC–0.5 GHz ± (0.2 + 2% of
Attenuation Setting in dB) dB

DC–1.0 GHz ± (0.25 + 3% of
Attenuation Setting in dB) dB

DC–2.0 GHz ± (0.4 + 6% of
Attenuation Setting in dB) dB

VSWR (I/O)(4) DC–2.0 GHz 1.5:1 1.8:1

Switching characteristics
Rise, fall 10/90% or 90/10% RF) 15 ns
On, off 50% CTL to 90/10% RF) 50 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

Input power for 1 dB compression VCC = 5 V 0.5–2.0 GHz 22 27 dBm
0.05 GHz 16 20 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm 0.5–2.0 GHz 40 46 dBm
VCC = 5 V 0.05 GHz 28 34 dBm

Thermal resistance 85 °C/W

Supply voltage VCC = 5 V @ 750 µA typ., 1 µA max.

Control voltages CTL1, CTL2, CTL4, CTL8, CTL16, low = 0 to 0.8 V @ 20 µA typ.
CTL1, CTL2, CTL4, CTL8, CTL16, high = 3 to 5 V @ 20 µA typ.

Electrical Specifications at -40 °C to +85 °C (VCC = 5 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Attenuation referenced to insertion loss.
4. Input/output.



DATA SHEET • AA110-85, AA110-85LF

Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
200205 Rev. B • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • April 30, 2007 3

Frequency (GHz)

Insertion Loss vs. Frequency
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Typical Performance Data (VCC = 5 V, ZO = 50 Ω)

Compression Point vs. Attenuation,
Voltage, and Temperature
Attenuation Control Input Power @ 1 dB Compression

State Voltage (V) 25 °C (dBm) 85 °C (dBm) -40 °C (dBm)
Ins. loss 5 17.2 17.3 19.9

1 dB 5 18.1 18.2 17.8

2 dB 5 19.3 19.5 19.2

4 dB 5 16.9 16.9 16.8

8 dB 5 21.3 21.6 22.4

16 dB 5 18.6 17.8 18.5

31 dB 5 21.4 21.1 21.3

Frequency = 50 MHz.
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Frequency (GHz)

Attenuation Accuracy vs. Frequency (25 ˚C)
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Frequency (GHz)

Insertion Loss vs. Frequency
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Typical Performance Data (VCC = 3 V, ZO = 50 Ω)
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“0” = 0 to 0.8 V (VCC = 5 V).
“1” = 3 to 5 V (VCC = 5 V).

Attenuation
CTL1 CTL2 CTL4 CTL8 CTL16 J1–J2
0 0 0 0 0 Ins. loss

1 0 0 0 0 1 dB

0 1 0 0 0 2 dB

0 0 1 0 0 4 dB

0 0 0 1 0 8 dB

0 0 0 0 1 16 dB

1 1 1 1 1 31 dB

Truth Table

Characteristic Value

RF input power 2 W > 500 MHz, 0/6 V
0.5 W > 50 MHz, 0/6 V

Supply voltage 6 V

Control voltage(1) -0.2 V, +6 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

1. Control voltage must not exceed supply voltage.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Compression Point vs. Attenuation,
Voltage, and Temperature

Attenuation Control Input Power @ 1 dB Compression

State Voltage (V) 25 °C (dBm) 85 °C (dBm) -40 °C (dBm)
Ins. Loss 3 16.6 16.6 16.5

1 dB 3 17.5 17.5 17.5

2 dB 3 18.9 19 18.8

4 dB 3 16.3 16.6 16.3

8 dB 3 20.6 21.1 21.8

16 dB 3 15.5 15.1 16.2

31 dB 3 20.2 19.9 20.1
Frequency = 50 MHz.

Application Information
The control FETs that switch fixed attenuator sections into or out
of the main signal path in AA110-85 require negative source
voltage (VCC) for proper operation. The AA110-85 includes an
internal negative voltage generator with a charge pump. The
charge pump oscillator operates at approximately 600 kHz. This
signal and its harmonics can couple into the RF signal path,
which can degrade signal to noise ratio for frequencies less than
approximately 200 MHz. The signal to noise ratio for operation at
frequencies above approximately 200 MHz is not affected.

For applications where the input signal amplitude is less than
-10 dBm and its frequency is less than approximately 200 MHz,
the AA117-85 is recommended. This part is identical to
AA110-85, but with the internal negative voltage generator
circuit disabled. Consequently, an external negative voltage
source is required for proper operation. Please refer to the
data sheet for AA117-85, available at www.skyworksinc.com.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Pin Out

J1

GND
GND

GND
GND
GND

GND

GND
GND

J2

N/C

VCC

VSS

CTL1

CTL2
CTL4

CTL8
CTL16

Negative Supply
Capacitor = 0.01 µF

Positive Supply
Capacitor = 0.01 µF

Charge Pump
Capacitor = 0.025 µF

C2

C1

1
2

3
4

5
6

7
8

20
19

18
17

6
15

14
13

9
10
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DRIVER

16 dB 

8 dB 

4 dB 

2 dB 

1 dB 

SSOP-20

0.012
(0.30 mm)

Ref.

0.0256
(0.65 mm)

BSC
0.069

(1.75 mm)
± 0.004

(0.10 mm)

0.008 (0.20 mm) Max.
0.002 (0.05 mm) Min.

0.010 (0.25 mm)
0.004 (0.090 mm)

8˚ Max.

0.030 (0.75 mm) 
± 0.008 (0.10 mm)



0.078
(2.00 mm)

Max.

0.283 (7.20 mm)
± 0.012 (0.30 mm)

Pin 20

Pin 1

0.209 (5.30 mm)
± 0.012 (0.30 mm)

0.307 (7.80 mm)
± 0.016 (0.307 mm)

Pin 1
Indicator 

Pin Number Pin Name Description

1, 10 J1, J2 RF Input/Output – RF input/output port.

2, 3, 4, 5, 6, GND Equipotential Point – Internal circuit common,
7, 8, 9 which must be connected to the PCB ground or

common via the lowest possible impedance.

11 VCC Positive supply voltage input – Must be bypassed
to commmon via a 0.01 µF, or larger, capacitor.

12, 13 C1, C2 Charge Pump Capacitor – Capacitor that
accumulates charge to produce negative voltage
supply. This capacitor is 0.025 µF, nominal.

14 VCC Source Voltage Input – Filter terminal for
negative supply voltage. Must be bypassed to
commmon via a 0.01 µF, or larger, capacitor.

15 CTL16 Control Voltage 16 – High impedance control
voltage input. The logic level voltage applied to
this pin determines whether the 16 dB bit (MSB)
is switched into the main signal path or is
bypassed.

16 CTL8 Control Voltage 8 – High impedance control
voltage input. The logic level voltage applied
to this pin determines whether the 8 dB bit is
switched into the main signal path or is
bypassed.

17 CTL4 Control Voltage 4 – High impedance control
voltage input. The logic level voltage applied to
this pin determines whether the 4 dB bit is
switched into the main signal path or is
bypassed.

18 CTL2 Control Voltage 2 – High impedance control
voltage input. The logic level voltage applied to
this pin determines whether the 2 dB bit is
switched into the main signal path or is
bypassed.

19 CTL1 Control Voltage 1 – High impedance control
voltage input. The logic level voltage applied to
this pin determines whether the 1 dB bit (LSB)
is switched into the main signal path or is
bypassed.

20 N/C No internal connection.

Pin Descriptions
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AA117-85, AA117-85LF: GaAs IC 5-Bit Digital Attenuator with
Driver 1 dB LSB Positive Control LF–2 GHz

DATA SHEET

Features
● Attenuation 1 dB steps to 31 dB with high accuracy
● Single positive control (3 V or 5 V) for each bit
● Low DC power consumption
● CMOS Integrated silicon driver, positive and negative
supplies required

● Designed for use at IF frequencies
● High-noise linearity @ PIN < -10 dBm
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The AA117-85 is a 5-bit, single positive control GaAs IC FET dig-
ital attenuator with driver. It is particularly suited at IF frequencies
where high attenuation accuracy, low insertion loss and low
intermodulation products are required. Typical applications
include base station, wireless data, broadband and wireless local
loop gain control circuits. For single supply design and higher
input signal levels, see AA110-85.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.
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+2.5 to +5 V
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N/C GND
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Parameter(1) Condition Frequency Min. Typ. Max. Unit

Insertion loss(2) LF–0.5 GHz 1.4 1.7 dB
LF–1.0 GHz 1.7 2.1 dB
LF–2.0 GHz 2.2 2.6 dB

Attenuation range 31 dB

Attenuation accuracy(3) LF–0.5 GHz ± (0.2 + 2% of
attenuation setting in dB) dB

LF–1.0 GHz ± (0.25 + 3% of
attenuation setting in dB) dB

LF–2.0 GHz ± (0.4 + 6% of
attenuation setting in dB) dB

VSWR (I/O)(4) LF–2.0 GHz 1.5:1 1.8:1

Switching characteristics
Rise, fall 10/90% or 90/10% RF 15 ns
On, off 50% CTL to 90/10% RF 50 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

Input power for 1 dB compression VCC = 5 V, VSS = -3 V 0.5–2.0 GHz 22 27 dBm
0.05 GHz 16 20 dBm

Intermodulation intercept point (IP3) For Two-tone Input Power 5 dBm 0.5–2.0 GHz 40 46 dBm
VCC = 5 V 0.05 GHz 28 34 dBm

Thermal resistance 85 °C/W

Supply voltages(5) VCC 2.5 3 5.0 V
VSS -2.5 -3 -3.5 V

Supply currents VCC = 5 V, VSS = -3 V 1.5 mA
VCC = 3 V, VSS = -3 V 1.0 mA

Control voltages(6) VCC = 5 V, VSS = -3 V
CTL1, CTL2, CTL4, CTL8, CTL16 = Logic 0 0 0.8 V
CTL1, CTL2, CTL4, CTL8, CTL16 = Logic 1 2.5 3 5.0 V

Electrical Specifications at -40 °C to +85 °C (VCC = 5 V, VSS = -3 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Attenuation referenced to insertion loss.

4. Input/output.
5. VCC must be supplied prior to VSS.
6. Control voltage must not exceed VCC.
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Attenuation
CTL1 CTL2 CTL4 CTL8 CTL16 J1–J2
0 0 0 0 0 Ins. Loss

1 0 0 0 0 1 dB

0 1 0 0 0 2 dB

0 0 1 0 0 4 dB

0 0 0 1 0 8 dB

0 0 0 0 1 16 dB

1 1 1 1 1 31 dB

Truth Table

Characteristic Value

RF input power 2 W > 500 MHz, 0/6 V
0.5 W > 50 MHz, 0/6 V

Supply voltage 6 V

Control voltage(1) -0.2 V, +6 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

ΘJC 85 °C/W

Absolute Maximum Ratings

1. Control voltage must not exceed supply voltage.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Compression Point vs. Attenuation,
Voltage, and Temperature
Attenuation VSS Input Power @ 1 dB Compression

State Voltage (V) 25 °C (dBm) 85 °C (dBm) -40 °C (dBm)

Ins. loss -3 16.6 16.6 16.5

1 dB -3 17.5 17.5 17.5

2 dB -3 18.9 19 18.8

4 dB -3 16.3 16.6 16.3

8 dB -3 20.6 21.1 21.8

16 dB -3 15.5 15.1 16.2

31 dB -3 20.2 19.9 20.1

Frequency = 50 MHz.

SSOP-20

0.012
(0.30 mm)

Ref.

0.0256
(0.65 mm)

BSC
0.069

(1.75 mm)
± 0.004

(0.10 mm)

0.008 (0.20 mm) Max.
0.002 (0.05 mm) Min.

0.010 (0.25 mm)
0.004 (0.090 mm)

8˚ Max.

0.030 (0.75 mm) 
± 0.008 (0.10 mm)



0.078
(2.00 mm)

Max.

0.283 (7.20 mm)
± 0.012 (0.30 mm)

Pin 20

Pin 1

0.209 (5.30 mm)
± 0.012 (0.30 mm)

0.307 (7.80 mm)
± 0.016 (0.307 mm)

Pin 1
Indicator 

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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AA260-85, AA260-85LF: GaAs IC 5-Bit Digital Attenuator
1 dB LSB 300 kHz–2 GHz

DATA SHEET

Features
� Attenuation 1 dB steps to 31 dB with high accuracy
� Low DC power consumption
� Low-cost SSOP-20 plastic package
� Available lead (Pb)-free and RoHS-compliant MSL-2 @ 250 °C
per JEDEC J-STD-020

Description
The AA260-85 is a 5-bit, GaAs IC FET digital attenuator in a low-
cost SSOP-20 package. This attenuator has an LSB of 1 dB and a
total attenuation of 31 dB. The AA260-85 is particularly suited
where high attenuation accuracy, low insertion loss and low
intermodulation products are required. Typical applications
include cellular radio, wireless data, wireless local loop and other
gain level control circuits.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.
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Parameter(1) Condition Frequency Min. Typ. Max. Unit

Insertion loss 300 kHz–0.5 GHz 1.4 1.7 dB
300 kHz–1.0 GHz 1.6 2.0 dB
300 kHz–2.0 GHz 2.0 2.3 dB

Attenuation range 31 dB

Attenuation accuracy(2) 300 kHz–1.0 GHz ± (0.2 + 3% of
attenuation setting in dB) dB

300 kHz–1.8 GHz ± (0.4 + 5% of
attenuation setting in dB) dB

300 kHz–2.0 GHz ± (0.5 + 6% of
attenuation setting in dB) dB

VSWR (I/O) 300 kHz–2.0 GHz 1.4:1 1.7:1

Switching characteristics
Rise, fall 10/90% or 90%/10% RF 15 ns
On, off 50% CTL to 90%/10% RF 25 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 25 mV

Input power for 1 dB compression VHIGH = -5 V 0.5–2.0 GHz 25 29 dBm
0.05 GHz 18 22 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm 0.5–2.0 GHz 42 48 dBm
VHIGH = -5 V 0.05 GHz 30 36 dBm

Thermal resistance 85 °C/W

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = -5 V @ 300 µA max.

Electrical Specifications at -40 °C to +85 °C (0, -5 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Attenuation referenced to insertion loss.
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Typical Performance Data (0, -5 V)

Compression Point vs. Attenuation,
Voltage, and Temperature
Attenuation Control Input Power @ 1 dB Compression

State Voltage (V) 25 °C (dBm) 85 °C (dBm) -40 °C (dBm)
Ins. loss -5 29.6 29.4 29.9

1 dB -5 30.1 29.8 30.5

2 dB -5 29.5 29.4 29.6

4 dB -5 34 32.7 32.9

8 dB -5 29.5 29.3 29.8

16 dB -5 28.6 28.6 28.3

31 dB -5 32.1 31.6 31.3

Frequency = 0.5–2 GHz.
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Truth Table

Characteristic Value

RF input power 2 W > 500 MHz 0/-8 V
0.5 W > 50 MHz 0/-8 V

Control voltage +0.2 V, -8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

V1 V2 V3 V4 V5 V6 V7 V8 V9

1 dB 2 dB 4 dB 8 dB 16 dB
Bit Bit Bit Bit Bit

-5 -5 0 -5 0 -5 0 -5 0 Reference I.L.

0 -5 0 -5 0 -5 0 -5 0 1 dB

-5 0 -5 -5 0 -5 0 -5 0 2 dB

-5 -5 0 0 -5 -5 0 -5 0 4 dB

-5 -5 0 -5 0 0 -5 -5 0 8 dB

-5 -5 0 -5 0 -5 0 0 -5 16 dB

0 0 -5 0 -5 0 -5 0 -5 31 dB max. atten.

Attenuation
J1-J2

IP
3

(d
Bm

)

Attenuation (dB)

IP3 vs. Attenuation and 
Temperature (500 MHz)
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25 °C

85 °C

-40 °C

Compression Point vs. Attenuation,
Voltage, and Temperature
Attenuation Control Input Power @ 1 dB Compression

State Voltage (V) 25 °C (dBm) 85 °C (dBm) -40 °C (dBm)
Ins. Loss -3 24.8 24.7 24.7

1 dB -3 26.2 25.9 25.7

2 dB -3 24.7 24.5 24.6

4 dB -3 29.3 28.7 29

8 dB -3 32.3 31.7 32.3

16 dB -3 21.6 21.2 21.7

31 dB -3 24.5 24.4 24.9

Frequency = 0.5–2.0 GHz.

SSOP-20

0.012
(0.30 mm)

Ref.

0.0256
(0.65 mm)

BSC
0.069

(1.75 mm)
± 0.004

(0.10 mm)

0.008 (0.20 mm) Max.
0.002 (0.05 mm) Min.

0.010 (0.25 mm)
0.004 (0.090 mm)

8˚ Max.

0.030 (0.75 mm)
± 0.008 (0.10 mm)

0.078
(2.00 mm)

Max.

0.283 (7.20 mm)
± 0.012 (0.30 mm)

Pin 20

Pin 1

0.209 (5.30 mm)
± 0.012 (0.30 mm)

0.307 (7.80 mm)
± 0.016 (0.307 mm)

Pin 1
Indicator

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SKY12323-303LF: GaAs Digital Attenuator
500 MHz–3 GHz 5 Bits, 1 dB LSB

DATA SHEET

Features
● Broadband: 500 MHz–3 GHz
● Attenuation range: 31 dB
● Least significant bit attenuation: 1 dB
● Low insertion loss: 1.4 dB @ 900 MHz
● Single positive control voltage: 2.7–5.5 V
● Low current consumption: <100 µA @ 3 V
● Small MSOP-10 package with exposed paddle
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Applications
● Transceiver transmit automatic level control or receive 

automatic gain control in GSM, CDMA, WCDMA, WLAN,
Bluetooth®, Zigbee®, land mobile radio base stations or 
terminal equipment

● General purpose signal attenuation in telecommunications and
instrumentation applications

Functional Block Diagram 
RF Input/Output

V1

V2

V3

V4

V5 16 dB 

8 dB 

4 dB 

2 dB 

1 dB 

RF Input/Output

Description
The SKY12323-303LF is a monolithic GaAs, binary-weighted, 5-bit,
single positive control voltage digital attenuator which operates
from 500 MHz–3 GHz. The attenuator has a least significant bit
(LSB) of 1 dB and total attenuation of 31 dB. The two RF ports are
bilateral; each can be used as the RF input or the RF output. This
attenuator requires an external supply voltage of 2.7–5.5 V

The SKY12323-303LF is comprised of five fixed attenuators in cas-
cade, each of which having a shunt bypass switch. Beginning at
the LSB, which is 1 dB, each succeeding fixed attenuator produces
twice the attenuation of the preceding stage. The state of each

bypass switch is controlled by the logic level voltage applied to the
associated control voltage input; a logic high voltage closes the
associated switch, thereby bypassing that fixed attenuator stage,
and a logic low opens the switch to force the input signal to that
stage through the associated attenuator.

DC power consumption is very low, 100 µA maximum with control
voltage and supply voltage of 3 V. The switch can operate over the
temperature range of -40 C to +85 C.

An evaluation board is available upon request.

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

http://www.cdistore.com/skyworks/
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 150 ns
On, off 50% CTL to 90/10% RF 300 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 70 mV

Input power for 1 dB compression VLOW = 0 V, VHIGH = 3 V 0.9–2.4 GHz 30 dBm
VLOW = 0 V, VHIGH = 5 V 0.9–2.4 GHz 33 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm, Δf = 1 MHz
VLOW = 0 V, VHIGH = 3 V 0.9–2.4 GHz 41 dBm
VLOW = 0 V, VHIGH = 5 V 0.9–2.4 GHz 45 dBm

Thermal resistance 25 °C/W

Supply voltage (VS) VHIGH - 0.2 VHIGH + 0.2 V

Control voltages VLOW = 0 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.
VHIGH = 0.2 < VS < VHIGH + 0.2 V

Parameter Frequency Min. Typ. Max. Unit

Insertion loss 500 MHz–1 GHz 1.4 2.0 dB
1–2 GHz 1.5 2.5 dB
2–3 GHz 2.3 3.0 dB

Attenuation range(1) 31 dB

Attenuation accuracy(1) 500 MHz–3 GHz ± (0.3 + 5% of dB
attenuation setting in dB)

Return loss 500 MHz–3 GHz 7 dB

Electrical Specifications at 25°C

VCTL = 0 V/3V, T = 25 °C, PINPUT = 0 dBm, Z0 = 50 Ω, unless otherwise noted

Operating Characteristics at 25°C

VCTL =  0 V/3V, T = 25 °C, PINPUT = 0 dBm, Z0 = 50 Ω, unless otherwise noted

1. Attenuation referenced to insertion loss.
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Insertion Loss vs. Frequency
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RF Input/Output 

RF Input/Output 

1

2

3

4

5 6

7

8

9

10

GND

GND

GND

V1

V2

V3

V4

V5 16 dB 

8 dB 

4 dB 

2 dB 

1 dB 

Pin Out
Characteristic Value

RF input power 35 dBm for f > 500 MHz, VCTL = 0/8 V 
30 dBm for f < 500 MHz, VCTL = 0/8 V

Supply voltage VHIGH ± 0.2 V

Control voltage -0.2 V < VC < 8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Pin Number Pin Name Description

1 V1 Control Voltage – High Impedance control 
voltage input for 1 dB weighted bit (LSB)

2 V2 Control Voltage – High Impedance control 
voltage input for 2 dB weighted bit

3 V3 Control Voltage – High Impedance control 
voltage input for 4 dB weighted bit

4 V5 Control Voltage – High Impedance control 
voltage input for 8 dB weighted bit

5 V5 Control Voltage – High Impedance control 
voltage input for 16 dB weighted bit (MSB)

6 J2 RF Input/Output – RF input or output port,
supply voltage input if not supplied to pin 10

7, 8, 9 GND Equipotential Point – Equipotential points 
for control voltages and RF circuits. Must 
be connected to pcb ground via lowest 
possible impedance

10 J1 RF Input/Output – RF input or output port.
Supplied voltage input if not supplied to pin 6

Pin Descriptions

3 V < VHIGH < 5 V, VS = VHIGH ± 0.2 V, 0 < VLOW < 0.2 V).

Truth Table
V1 V2 V3 V4 V5 J1–J2

VHIGH VHIGH VHIGH VHIGH VHIGH Reference I.L.

VLOW VHIGH VHIGH VHIGH VHIGH 1 dB

VHIGH VLOW VHIGH VHIGH VHIGH 2 dB

VHIGH VHIGH VLOW VHIGH VHIGH 4 dB

VHIGH VHIGH VHIGH VLOW VHIGH 8 dB

VHIGH VHIGH VHIGH VHIGH VLOW 16 dB

VLOW VLOW VLOW VLOW VLOW 31 dB
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Evaluation Board
The evaluation board for SKY12323-303LF allows the part to be
fully exercised. The RF signal may be applied to J1 or to J2 without
change in performance. The supply voltage (VS) is applied to pin 6
via R6. DC blocking capacitors (C1 and C2) are required at the RF
ports. The values of R6, C1 and C2 are shown in the Evaluation
Board Components table.

The attenuation produced by the SKY12323-303LF is  determined
by the voltages applied to the high impedance control voltage ports

V1 through V5. Each control voltage port determines whether its
associated attenuation bit, as listed in the Truth Table, is switched
into or out of the RF signal path. Each of these control voltage ports
must be held at 0 V (VLOW) or at VS ± 0.2 V (VHIGH). The supply
voltage must be within 0.2 V of VHIGH or damage may result. Any
combination of VHIGH and VLOW may be applied to ports V1 through
V5. For example, if the desired attenuation value is 7 dB, VLOW is
applied to the 1 dB, 2 dB and 4 dB voltage control ports, which are
V1, V2 and V3, respectively. VHIGH is applied to the remaining voltage
control ports to ensure that their attenuation bits are not switched
in to the RF signal path.

Component Description Default

C1, C2 DC blocking capacitor 47 pF, size 0402

R6 RF block 10k Ω, size 0402

U1 GaAs digital attenuator

J1, J2 SMA connectors

Evaluation Board Components

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

All dimensions in mm.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AA113-310, AA113-310LF: GaAs IC 6-Bit Digital Attenuator
with Driver 0.5 dB LSB Positive Control LF–1 GHz

DATA SHEET

Features
● Attenuation 0.5 dB steps to 31.5 dB with high accuracy
● Single positive control for each bit
● Low DC power consumption
● CMOS integrated silicon driver
● Designed for use at IF frequencies
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AA113-310 is a 6-bit, single positive control GaAs IC FET 
digital attenuator with driver. It is particularly suited at IF 
frequencies where high attenuation accuracy, low insertion 
loss and low intermodulation products are required. Typical 
applications include base station, wireless data, broadband 
and wireless local loop gain control circuits.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) LF–0.5 GHz 1.5 1.8 dB
LF–1.0 GHz 1.8 2.2 dB

Attenuation range(3, 4) 31.5 dB

Attenuation accuracy(3, 4) LF–0.5 GHz ± (0.2 + 2% of
attenuation setting in dB) dB

LF–1.0 GHz ± (0.25 + 3% of
attenuation setting in dB) dB

VSWR (I/O)(4) LF–1.0 GHz 1.4:1 1.6:1

Electrical Specifications at 25 °C (0, 5 V)

J1

CT
L4 0.025 µF

0.
01

 µ
F

C 2CT
L1

6
GN

D
GN

D

GN
D

GN
D

GN
D

GN
D

GN
D

GN
D

GND

Pin 1
Pin 32

GND

GND
GND
GND

GND
GND

J2

GND
GND
GND

GND
GND
VCC

C1

CT
L0

5

CT
L2

CL
T1

CT
L8

V S
S

0.01 µF

(Charge Pump
Capacitor)

(Power Supply
Bypass Capacitor)

(Negative Voltage
Holding Capacitor)

Pin Out

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Attenuation referenced to insertion loss.
4. Input/output.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Typical Performance Data (VCC = 5 V)
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 30 ns
On, off 50% CTL to 90/10% RF 50 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

Input power for 1 dB compression VCC = 5 V 0.5–1 GHz 29 dBm
0.05 GHz 22 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm 0.5–1 GHz 48 dBm
VCC = 5 V 0.05 GHz 36 dBm

Thermal resistance 85 °C/W

Supply voltage VCC = 2.7 to 5 V @ 700 µA typ.

Control voltages(1) CTL05, CTL1, CTL2, CTL4, CTL8, CTL16, low = 0 to 0.8 V @ 20 µA typ.
CTL05, CTL2, CTL4, CTL8, CTL16, high = 2.7 to 5 V @ 20 µA typ.

Operating Characteristics at 25 °C (0, 5 V)

1. Control voltage must not exceed VCC.
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Dimensions in inches (mm).

0.122
(3.10 mm) 

Sq.

0.020 (0.50 mm) 

0.020
(0.50 mm) 

0.020 (0.50 mm) 

0.020
(0.50 mm) 

0.013 (0.33 mm) 

Surface Mount Land Pattern

5 x 5 mm QFN 32-Lead Characteristic Value

RF input power 2 W > 500 MHz, 0/6 V
0.5 W > 50 MHz, 0/6 V

Supply voltage 6 V

Control voltage(1) -0.2 V, +6 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

1. Control voltage must not exceed supply voltage.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

“0” = 0 to 0.5 V (VCC = 5 V).
“1” = 2.7 to 5 V (VCC = 5 V).

Attenuation
CTL05 CTL1 CTL2 CTL4 CTL8 CTL16 J1–J2

0 0 0 0 0 0 Ins. loss

1 0 0 0 0 0 0.5 dB

0 1 0 0 0 0 1 dB

0 0 1 0 0 0 2 dB

0 0 0 1 0 0 4 dB

0 0 0 0 1 0 8 dB

0 0 0 0 0 1 16 dB

1 1 1 1 1 1 31.5 dB

Truth Table

QFN 5 x 5 (-310)

0.001
(0.025 mm)

0.039 (1.00 mm) Max.

Seating
Plane

12˚ Max.

0.197 (5.00 mm) BSC

0.197
(5.00 mm)

BSC

1

32

0.187
(4.75 mm) BSC

0.187
(4.75 mm)

BSC

Pin 1
Indicator

0.122 (3.10 mm)
± 0.006 (0.15 mm)

0.122 (3.10 mm)
± 0.006 (0.15 mm)

32
1

0.138 (3.50 mm) Ref.

0.138
(3.50 mm) Ref.

0.019 (0.50 mm) BSC

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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SKY12332-310LF: 6-Bit Digital Attenuator with Driver
LF–1 GHz, 0.5 dB LSB, 31.5 dB Range

DATA SHEET

Features
� Attenuation range: 31.5 dB
� LSB: 0.5 dB
� On-board low noise CMOS driver
� Excellent RF noise floor
� Single 5 V supply
� Very low DC power consumption
� Single positive control for each bit
� Small 5 x 5 mm QFN-32 package
� Lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C per
JEDEC J-STD-020

Functional Block Diagram

RF Input/Output

RF Input/Output
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1 dB
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Description
The Skyworks SKY12332-310LF is 6-bit digital GaAs attenuator
with an on-board low-noise CMOS driver. This attenuator offers
excellent performance from low frequency through 1 GHz, making
it ideal for IF and RF level control applications. It contains an on-
board CMOS driver circuit which accepts CMOS logic levels at the
6 control inputs and produces a negative supply voltage to control
the GaAs attenuator.

The SKY12332-310LF has excellent linearity for compatibility with
non-constant envelope signals, such as W-CDMA and OFDM. The
6 attenuation bits are binary weighted, with an LSB of 0.5 dB and
a total nominal attenuation range of 31.5 dB. It also has excellent
attenuation accuracy and is monotonic. The low-noise CMOS driver
enables a very low RF noise floor, typically -100 dBm.

Typical applications for this attenuator include level control in
cellular base stations, wireless data transceivers, broadband
systems, etc.

The required supply voltage for SKY12332-310LF is 5V. This part
can operate over the temperature range of -40 °C to 85 °C.

An evaluation board is available upon request.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Parameter Symbol Condition Frequency Min. Typ. Max. Unit

Insertion loss IL LF–500 MHz 1.5 1.8 dB
LF–1.0 GHz 1.8 2.2 dB

Attenuation range 31.5 dB

Attenuation accuracy Attenuation referred to LF–500 MHz ± (0.20 + 2% of attenuation dB
setting in dB)insertion loss

LF–1.0 GHz ± (0.25 + 3% of attenuation dB
setting in dB)

RF input/RF output VSWR Non-driven port terminated in Z0 LF–1.0 GHz 1.4:1 1.6:1

Control voltage VCTL VCTL = VLOW 0 0.8 V
VCTL = VHIGH 2.7 VDD V

Control port current ICTL VCTL = VLOW 20 µA
VCTL = VHIGH 20 µA

Switching characteristics
Rise, fall time tr, tf 10%/90% or 90%/10% of RF 30 ns
On, off time ton, toff 50% VCTL to 90%/10% of RF 50 ns
Video feedthrough TRISE = 1 ns, BW = 500 MHz 50 mV

Input power for 1 dB compression IP1 dB 50 MHz 22 dBm
500 MHz–1.0 GHz 29 dBm

Input third order intermodulation IIP3 2 input tones, 5 dBm each tone 50 MHz 36 dBm
intercept point 500 MHz–1.0 GHz 48 dBm

DC supply voltage VDD 4.75 5 5.25 V

DC supply current IDD 700 µA

Electrical Specifications

VDD = 5 V, T = 25 °C, Z0 = 50 Ω, unless otherwise noted
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Typical Performance Data

VDD = 5 V, T = 25 °C, Z0 = 50 Ω, unless otherwise noted
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Pin Symbol Function

1–4, 6–19, GND Connect to system ground via lowest
21–22 possible impedance

5 J1 RF input/output

20 J2 RF output/input

23 VDD Positive supply voltage input. Bypass this pin to
ground via a 10 nF or larger capacitor

24, 25 C1, C2 Connect charge pump capacitor, 25 nF typical,
between these pins

26 VSS Negative supply voltage filter capacitor.
Bypass this pin to ground via a 10 nF or
larger capacitor.

27 V6 Control voltage input for 16 dB bit, MSB

28 V5 Control voltage input for 8 dB bit

29 V4 Control voltage input for 4 dB bit

30 V3 Control voltage input for 2 dB bit

31 V2 Control voltage input for 1 dB bit

32 V1 Control voltage input for 0.5 dB bit, LSB

Paddle Connect to system ground via lowest
possible electrical and thermal impedance

Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
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J1

V 4 C 2V 6 V S
S

GN
D

GN
D

GN
D

GN
D

GN
D

GN
D

GN
D

GN
D

GND
GND

GND
GND
GND

GND
J2

GND
GND
GND

GND
GND
VDD

C1GND

V 1 V 3V 2 V 5

Pin Out
Characteristic Value

RF input power 2 W for f > 500 MHz
0.5 W for 50 MHz < f < 500 MHz

Supply voltage 6 V

Supply current 2 mA

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Truth Table

Pin Description

V6 V5 V4 V3 V2 V1 Attenuation
16 dB 8 dB 4 dB 2 dB 1 dB 0.5 dB J1–J2

0 0 0 0 0 0 Ins. loss

0 0 0 0 0 1 0.5 dB

0 0 0 0 1 0 1 dB

0 0 0 1 0 0 2 dB

0 0 1 0 0 0 4 dB

0 1 0 0 0 0 8 dB

1 0 0 0 0 0 16 dB

1 1 1 1 1 1 31.5 dB

"0" = VLOW
"1" = VHIGH
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J1 J2

VDD

C1

C2

C4 C3

V 1 V 2 V 3 V 4 V 5 V 6

Suggested Circuit

QFN 5 x 5 (-310)

0.001
(0.025 mm)


0.039 (1.00 mm) Max.

Seating
Plane

12˚ Max.

0.197 (5.00 mm) BSC

0.197
(5.00 mm)

BSC

1

32

0.187
(4.75 mm) BSC

0.187
(4.75 mm)

BSC

Pin 1
Indicator

0.122 (3.10 mm)
± 0.006 (0.15 mm)

0.122 (3.10 mm)
± 0.006 (0.15 mm)

32
1

0.138 (3.50 mm) Ref.

0.138
(3.50 mm) Ref.

0.019 (0.50 mm) BSC

Circuit Description
The SKY12332-301LF is comprised of a Si CMOS die and a GaAs
digital attenuator die, packaged in a 5 x 5 mm, 32-pin QFN surface
mount package.

The CMOS die performs the following functions: it contains a
charge pump circuit that generates a negative voltage, VSS, from
the positive supply voltage, VDD; it decodes the 6-bit control word
applied to ports V1 through V6; and, it drives the corresponding
switching FETs on the GaAs attenuator die. This circuit was opti-
mized to produce the lowest possible noise in the RF signal path.

The GaAs attenuator die is comprised of 6 resistive, fixed
attenuator sections with nominal input and output impedance
of 50 Ω. The attenuation of these sections is binary weighted,
ranging from 0.5 dB nominal up to 16 dB nominal. These
attenuator sections are either switched into or out of the main
signal path, between ports J1 and J2, according to the 6-bit
control word applied to ports V1 through V6. This die is also
utilized in AA113-310.

The switching is performed by depletion mode MESFETs on the
attenuator die. The charge pump circuit on the CMOS die generates
the negative voltage VSS, nominally -3.75 V, required to enable
reverse bias of the gate-source of the MESFETs that must be
switched to high drain-source impedance to properly select or
bypass the fixed resistive attenuator sections.

Component Suggested Value

C1, C3 0.01 µF

C2 0.025 µF

C4 100 pF

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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AV103-12, AV103-12LF: GaAs IC 35 dB Voltage Variable
Attenuator Single Positive Control 0.5–2.5 GHz

Features
● Single positive 5 V control voltage
● 35 dB attenuation Range @ 0.9 GHz
● Less than ±1 dB attenuation change over temperature
● Excellent linearity performance
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The AV103-12 GaAs IC FET voltage variable attenuator provides
35 dB attenuation range at 900 MHz controlled by a single positive
voltage. The VVA has a linear transfer curve of 9 dB/V slope, with
input and output VSWR better than 2.1:1 over all states. Its attenu-
ation range at 1900 MHz is 33 dB. It operates with supply voltage
of 5 V and control voltage of 0 V to 5 V in a low-cost SOIC-8
package. The RF ports require 100 pF DC blocking capacitors.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss (VC = 5 V) 0.5–1.0 GHz 2.5 2.7 dB
1.0–2.0 GHz 2.8 3.0 dB
2.0–2.5 GHz 3.2 3.4 dB

Maximum attenuation (VC = 0 V)(2) 0.5–0.8 GHz 28 32 dB
0.8–1.0 GHz 31 35 dB
1.0–1.7 GHz 30 34 dB
1.7–2.0 GHz 29 33 dB
2.0–2.5 GHz 28 32 dB

VSWR (I/O)(3) 0.5–2.5 GHz 2.1:1

Electrical Specifications at 25 °C (VS = 5 V)

1
2

3
4

8
7

6
5

GND

GND

20 k

GND

VS

J1

VC

J2

GND

CBL

CBL

Pin Out

DC blocking capacitors (CBL) supplied externally.
CBL = 100 pF for operation >500 MHz.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Maximum attenuation includes insertion loss.
3. For worst-case state.
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Parameter(1) Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, on 10/90% or 50% CTL to 90% RF 130 ns
Fall, off 90/10% RF or 50% CTL to 10% RF 60 ns

Intermodulation intercept point (IIP3)(2) For two-tone input power 0 dBm 0.9 GHz 12 dBm

Thermal resistance 25 °C/W

Control voltage (VC) 0 VS V

Supply voltage (VS) 5 V

Control current (IC) 1.1 x VC mA

Supply current (IS) 150 µA

Operating Characteristics at 25 °C (VS = 5 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. For worst-case state.
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Characteristic Value

RF input power 50 mW > 500 MHz

Supply voltage 4 to 8 V

Control voltage -0.2 V, +6.5 V
(Do not allow control voltage

to exceed VS voltage.)

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

SOIC-8

0.049
(1.24 mm)

0.016
(0.41 mm)

0.016 Max.
(0.41 mm) x 
45˚ Chamfer

Pin 1

0.197 (5.00 mm)
0.189 (4.80 mm)

0.068
(1.73 mm) Max.

0.010 (0.25 mm)
0.004 (0.10 mm)

0.010 (0.25 mm)
0.007 (0.17 mm)

0.158 (4.00 mm)
0.150 (3.80 mm)

8˚
Max.

0.020 (0.51 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.050 (1.27 mm) BSC
Pin 8

Pin 1
Indicator

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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AV104-12, AV104-12LF: GaAs IC 25 dB Voltage Variable
Attenuator Single Positive Control 0.45–2.5 GHz
Features
● Single positive 5 V control voltage
● 25 dB attenuation range @ 0.9 GHz
● High IP3 (20 dBm @ 0.9 GHz)
● Excellent linearity performance
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AV104-12 GaAs IC FET voltage variable attenuator provides 
25 dB attenuation range at 900 MHz controlled by a single positive
voltage. The VVA has a linear transfer curve of 5 dB/V slope, with
input and output VSWR better than 1.4:1 over all states. Its attenu-
ation range at 1900 MHz is 22 dB. It operates with supply voltage
of 5 V and control voltage of 0 V to 5 V in a low-cost SOIC-8
package. The RF ports require 25 pF DC blocking capacitors.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss (VC= 5 V) 0.45–1.0 GHz 2.7 3.0 dB
1.00–2.0 GHz 3.0 3.4 dB
2.00–2.5 GHz 3.2 3.7 dB

Maximum attenuation (VC = 0 V)(2) 0.45–0.8 GHz 15 20 dB
0.80–1.0 GHz 21 25 dB
1.00–1.7 GHz 19 23 dB
1.70–2.0 GHz 17 21 dB
2.00–2.5 GHz 15 19 dB

VSWR (I/O)(3) 0.45–2.5 GHz 1.4:1

Electrical Specifications at 25 °C (VS = 5 V)
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Pin Out

DC blocking capacitors (CBL) supplied externally.
CBL = 25 pF for operation >450 MHz.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Maximum attenuation includes insertion loss.
3. For worst-case state.
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, on 10/90% or 50% CTL to 90% RF 1.0 µs
Fall, off 90/10% RF or 50% CTL to 10% RF 1.5 µs

Intermodulation intercept point (IIP3)(1) For two-tone input power 0 dBm 0.9 GHz 20 dBm

Thermal resistance 25 °C/W

Control voltage (VC) 0 VS V

Supply voltage (VS) 5 V

Control current (IC) 2.5 mA

Supply current (IS) 2.5 mA

Operating Characteristics at 25 °C (VS = 5 V)

1. For worst-case state.
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Characteristic Value

RF input power 100 mW > 500 MHz 

Supply voltage 4 to 8 V

Control voltage -0.2 V < VC < VS +0.2 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

SOIC-8

0.049
(1.24 mm)

0.016
(0.41 mm)

0.016 Max.
(0.41 mm) x 
45˚ Chamfer

Pin 1

0.197 (5.00 mm)
0.189 (4.80 mm)

0.068
(1.73 mm) Max.

0.010 (0.25 mm)
0.004 (0.10 mm)

0.010 (0.25 mm)
0.007 (0.17 mm)

0.158 (4.00 mm)
0.150 (3.80 mm)

8˚
Max.

0.020 (0.51 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.050 (1.27 mm) BSC
Pin 8

Pin 1
Indicator

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AV105-12, AV105-12LF: GaAs IC 35 dB Voltage Variable
Attenuator Single Positive Control 0.5–2.5 GHz

Features
■ Single positive 5 V control voltage
■ 35 dB attenuation range @ 0.9 GHz
■ Excellent linearity performance
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AV105-12 GaAs IC FET voltage variable attenuator provides 
35 dB attenuation range at 900 MHz controlled by a single positive
voltage. The VVA has a linear transfer curve of 8 dB/V slope, with
input and output VSWR better than 1.4:1 over all states. Its attenu-
ation range at 1900 MHz is 31 dB. It operates with supply voltage
of 5 V and control voltage of 0 V to 5 V in a low-cost SOIC-8
package. The RF ports require 25 pF DC blocking capacitors.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss (VC = 5 V) 0.5–1.0 GHz 2.8 3.1 dB
1.0–2.0 GHz 3.2 3.6 dB
2.0–2.5 GHz 3.5 3.8 dB

Maximum attenuation (VC = 0 V)(2) 0.5–0.8 GHz 25 33 dB
0.8–1.0 GHz 35 38 dB
1.0–1.7 GHz 32 35 dB
1.7–2.0 GHz 28 31 dB
2.0–2.5 GHz 26 30 dB

VSWR (I/O)(3) 0.5–2.5 GHz 1.8:1

Electrical Specifications at 25 °C (VS = 5 V)
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GND

GND

GND
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J1

VC

J2

GND

CBL

CBL

Pin Out

DC blocking capacitors (CBL) supplied externally.
CBL = 25 pF for operation >500 MHz.

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Maximum attenuation includes insertion loss.
3. For worst-case state.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, on 10/90% or 50% CTL to 90% RF 350 ns
Fall, off 90/10% RF or 50% CTL to 10% RF 250 ns

Intermodulation intercept point (IIP3)(1) For two-tone input power 0 dBm 0.9 GHz 15 dBm

Thermal resistance 25 °C/W

Control voltage (VC) 0 VS V

Supply voltage (VS) 5 V

Control current (IC) 800 µA

Supply current (IS) 800 µA

Operating Characteristics at 25 °C (VS = 5 V)

1. For worst-case state.
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Characteristic Value

RF input power 50 mW > 500 MHz 

Supply voltage 4 to 8 V

Control voltage -0.2 V < VC < VS +0.2 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings
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SOIC-8

0.049
(1.24 mm)

0.016
(0.41 mm)

0.016 Max.
(0.41 mm) x 
45˚ Chamfer

Pin 1

0.197 (5.00 mm)
0.189 (4.80 mm)

0.068
(1.73 mm) Max.

0.010 (0.25 mm)
0.004 (0.10 mm)

0.010 (0.25 mm)
0.007 (0.17 mm)

0.158 (4.00 mm)
0.150 (3.80 mm)

8˚
Max.

0.020 (0.51 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.050 (1.27 mm) BSC
Pin 8

Pin 1
Indicator

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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Parameter(1) Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, on 10/90% or 50% CTL to 90% RF 1.0 µs
Fall, off 90/10% RF or 50% CTL to 10% RF 0.3 µs

Intermodulation intercept point (IIP3)(3) For two-tone input power 0 dBm 0.9 GHz 14 dBm

Thermal resistance 25 °C/W

Control voltage (VC) 0 VS V

Supply voltage (VS) 3 V

Control current (IC) 0.2 x VC mA

Supply current (IS) 150 µA

AV109-73, AV109-73LF: GaAs IC 35 dB Voltage Variable
Attenuator Single Positive 3 V Control 0.8–1 GHz

Features
● Single positive 3 V control voltage
● 35 dB attenuation range @ 0.9 GHz
● Excellent linearity performance
● Negative transfer slope
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The AV109-73 GaAs IC FET voltage variable attenuator provides
35 dB attenuation range at 900 MHz controlled by a single posi-
tive voltage. The VVA has a linear transfer curve of 12 dB/V slope,
with input and output VSWR better than 2:1 over all states. It
operates with supply voltage of 3 V and control voltage of 0 V to
3 V in a low-cost SOT-6 package. The RF ports require 25 pF DC
blocking capacitors. In addition, an external grounding capacitor
is required.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss (VC = 0 V) 0.8–1.0 GHz 3.3 dB

Maximum attenuation (VC = 3 V)(2) 0.8–1.0 GHz 35 dB

VSWR (I/O)(3) 0.5–2.5 GHz 2.0:1

Electrical Specifications at 25 °C (VS = 3 V)

Operating Characteristics at 25 °C (VS = 3 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Maximum attenuation includes insertion loss.
3. For worst-case state.
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Pin Out

DC blocking capacitors (CBL) and RF bypass capacitors (CBP) supplied externally.
CBL = 25 pF for 900 MHz operation. CBP = 38 pF for 900 MHz operation.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Typical Performance Data @ 0.9 GHz

(Unless Otherwise Specified)

Characteristic Value

RF input power 50 mW > 500 MHz

Supply voltage 7 V

Control voltage 3.3 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings SOT-6
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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AV110-73, AV110-73LF: GaAs IC 30 dB Voltage Variable
Attenuator Single Positive 3 V Control 1.7–2.5 GHz

DATA SHEET

Features
� Single positive 3 V control voltage
� 33 dB attenuation range @ 1.9 GHz
� Excellent linearity performance
� Negative transfer slope
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Applications
� General-purpose telecommunication systems

Description
The AV110-73 GaAs IC FET voltage variable attenuator provides
33 dB attenuation range at 1900 MHz controlled by a single
positive voltage. The VVA has a linear transfer curve of 12 dB/V
slope, with input and output VSWR better than 2:1 over all states.
It operates with supply voltage of 3 V and control voltage of 0 V
to 3 V in a low-cost SOT-6 package. The RF ports require 25 pF
DC blocking capacitors.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss (VC = 0 V) 1.7–2.0 GHz 3.5 3.8 dB
2.0–2.5 GHz 3.8 4.2 dB

Maximum attenuation (VC = 3 V)(2) 1.7–2.0 GHz 28 33 dB
2.0–2.5 GHz 23 28 dB

VSWR (I/O)(3) 1.7–2.5 GHz 2:1 2.5:1

Electrical Specifications at 25 °C (VS = 3 V)
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Pin Out

DC blocking capacitors (CBL) supplied externally.
CBL = 25 pF for 1900 MHz operation.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Maximum attenuation includes insertion loss.
3. For worst-case state.
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Typical Performance Data @ 1.9 GHz
(Unless Otherwise Specified)

Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
May 9, 2007 • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • 200260 Rev. C

DATA SHEET • AV110-73, AV110-73LF

2

Parameter(1) Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, on 10/90% or 50% CTL to 90% RF 1.0 µs
Fall, off 90/10% RF or 50% CTL to 10% RF 0.3 µs

Intermodulation intercept point (IIP3)(2) For two-tone input power +0 dBm 1.9 GHz 12 dBm

Thermal resistance 25 °C/W

Control voltage (VC) 0 VS V

Supply voltage (VS) 3 V

Control current (IC) 0.2 x VC mA

Supply current (IS) 150 µA

Operating Characteristics at 25 °C (VS = 3 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. For worst-case state.
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Characteristic Value

RF input power 50 mW > 500 MHz

Supply voltage 7 V

Control voltage 3.3 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings SOT-6
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SKY12146-321, SKY12146-321LF: GaAs IC 20 dB
Voltage Variable Attenuator 3.2–3.8 GHz

DATA SHEET

Features
� Power control for 3.5 GHz fixed wireless applications
� Typical attenuation: 20 dB
� Control voltage: 0–1.2 V
� QFN-12 3 x 3 mm package
� Low cost
� No external components needed
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The SKY12146-321 is a GaAs IC pHEMT voltage variable
attenuator that has been designed for WLAN and WiMAX appli-
cations. Operating from 3.2–3.8 GHz, the SKY12146-321 is ideal
for low-cost applications such as 3.5 GHz fixed wireless LAN and
WiMAX power control applications.
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Pin Out

Ground is connected to paddle on bottom.

Parameter Frequency Min. Typ. Max. Unit

Insertion loss (VC = 1.2 V) 3.2–3.8 GHz 1.5 1.8 dB

Maximum attenuation(1) (VC = 0.0 V) 3.2–3.8 GHz 18 20 dB

VSWR 3.2–3.8 GHz 1.5 1.8

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 50 ns
On, off 50% CTL to 90/10% RF 150 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 25 mV

Maximum input power 3.2–3.8 GHz 13 dBm
for < 1 dB attenuation variation

Input 3rd order intercept point (IIP3) 3.2–3.8 GHz 20 dBm

Control voltage 0 1.2 V

Operating Characteristics at 25 °C (0, 1.2 V)

ZO = 50 Ω, unless otherwise noted

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

1. Maximum attenuation includes insertion loss.
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Typical Performance Data at 25 °C

ZO = 50 Ω, unless otherwise noted

Frequency (GHz)
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Evaluation Board Layout
Characteristic Value

RF input power 1 W max.

Control voltage -0.2 V, +6 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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QFN-12
0.008 (0.20 mm) 

Seating Plane 0.118 (3.00 mm) 

Pin 1 Indicator

Pin 1 
Indicator

0.118 
(3.00 mm) 

0.001
(0.02 mm) 

0.030 
(0.75 mm)
± 0.002 

(0.05 mm)

Exposed pad 

0.029
(0.73 mm) 

0.017
(0.435 mm) Sq. 

0.007
(0.180 mm)

0.0196
(0.50 mm) BSC 

0.057 (1.45 mm) Sq. 
+ 0.004 (0.10 mm) 
- 0.006 (0.15 mm) 

0.022 (0.55 mm) 
± 0.004 (0.10 mm) 

0.009 (0.23 mm) 
+ 0.003 (0.07 mm) 
- 0.002 (0.05 mm) 

Package Marking
Pin 1 Indicator

Skyworks
Part No.

Lot
Number

Top View Date Code
YY = Calendar Year

WW = Week

S146
XXXX
YYWW

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

Suggested PCB Land Pattern Designs
Refer to the “Suggested PCB Land Pattern Designs for
Leaded and Leadless Packages and Detailed Surface Mount
Guidelines for Leadless Packages” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2351 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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DATA SHEET

AV101-12, AV101-12LF: HIP3™ Variable
Attenuator 0.7–1 GHz
Features
� 50 dBm IP3 typical
� Low loss 1 dB typical
� Attenuation 30 dB typical
� Good VSWR <1.5:1 typical
� Small SOIC-8 package
� Available lead (Pb)-free, RoHS-compliant MSL-1 @ 260 °C per

JEDEC J-STD-020

Description
The AV101-12 is a current controlled, variable attenuator
from Skyworks series of HIP3™ components. It is designed
to meet the wide dynamic range required in spread spec-
trum, wireless base station applications. A monolithic
quadrature hybrid is teamed with a silicon PIN diode pair
in a plastic surface mount package, reducing size and
assuring consistency from part to part.

Parameter Frequency Min. Typ. Max. Unit

Input Signal Frequency 0.7 1 GHz

Insertion loss (0 mA control current) 0.8–1.0 GHz 1 1.5 dB

Attenuation @ 3.0 mA control current 900 MHz 18.5 25 dB

VSWR all ports 0.8–1.0 GHz 1.5 1.8

Input 3rd order intercept 47 50 dBm

Group delay 0.9 1.2 ns

Electrical Specifications at 25 °C

Parameter(1) Condition Frequency Min. Typ. Max. Unit

Switching characteristics(2)

Rise, fall 10/90% or 90/10% RF 5 µs
On, off 50% CTL to 90/10% RF 8 µs
Video feedthru (peak) 5 mV

Maximum input power for <1 dB 15 dBm
attenuation variation

Operating Characteristics at 25 °C

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. 0–4 mA square wave total control current.

Control
Current

Control
Current

RF Out

RF In

Connection Diagram

Innovation to GoTM

Now available for purchase online.
BUY
NOW

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

http://www.cdistore.com/skyworks/
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Characteristic Value

RF input power 0.5 W CW, 4 W @ 12.5%
duty cycle

Control current 50 mA per diode

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Maximum reverse diode voltage -10 V

Electrostatic discharge 125 V

Absolute Maximum Ratings

Recommended Board Layout
0.1630

0.0200 Dia.
 VIA 4 Places

0.0190 Typ.0.0555 Typ.

SOIC-8

0.049
(1.24 mm)

0.016
(0.41 mm)

0.016 Max.
(0.41 mm) x 
45˚ Chamfer

Pin 1

0.197 (5.00 mm)
0.189 (4.80 mm)

0.068
(1.73 mm) Max.

0.010 (0.25 mm)
0.004 (0.10 mm)

0.010 (0.25 mm)
0.007 (0.17 mm)

0.158 (4.00 mm)
0.150 (3.80 mm)

8˚
Max.

0.020 (0.51 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.050 (1.27 mm) BSC
Pin 8

Pin 1
Indicator

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Control
Current

GND
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RF In

GND

680 Ω
8

7
6

5

GND

220 pF

100 nH 100 nH

RF Out

VCONTROL

GND

Pin Out

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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DATA SHEET

AV102-12, AV102-12LF: HIP3™
Variable Attenuator 1.7–2 GHz

Features
● +50 dBm IP3 typical
● Low loss 1 dB typical
● Attenuation 30 dB typical
● Good VSWR <1.5:1 typical
● Small SOIC-8 package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AV102-12 is a current controlled, variable attenuator from
Skyworks series of HIP3™ components. It is designed to meet
the wide dynamic range required in spread spectrum, wireless
base station applications. A monolithic quadrature hybrid is
teamed with a silicon PIN diode pair in a plastic surface mount
package reducing size and assuring consistency from part to part.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Control
Current

Control
Current

RF Out

RF In

Connection Diagram

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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Parameter Min. Typ. Max. Unit

Frequency 1.7 2 GHz

Insertion loss (0 mA control current) 1 1.5 dB

Attenuation @ 3 mA control current (1850 MHz) 18.5 25 dB

VSWR all ports 1.5 1.8

Input 3rd order intercept 47 50 dBm

Group delay 0.6 1 ns

Electrical Specifications at 25 °C

Parameter(1) Condition Frequency Min. Typ. Max. Unit

Switching characteristics(2)

Rise, fall 10/90% or 90/10% RF 5 µs
On, off 50% CTL to 90/10% RF 8 µs
Video feedthru (peak) 2 mV

Maximum input power for <1 dB 15 dBm
Attenuation variation

Operating Characteristics at 25 °C (0, 5 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. 0–4 mA square wave total control current.
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Characteristic Value

RF input power .5 W CW, 4 W @ 12.5%
duty cycle

Control current 50 mA each diode

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Maximum reverse diode voltage -10 V

Electrostatic discharge 125 V

Absolute Maximum Ratings

Recommended Board Layout
0.1630

0.0200 Dia.
Via 4 Places

0.0190 Typ.0.0555 Typ.

SOIC-8

0.049
(1.24 mm)

0.016
(0.41 mm)

0.016 Max.
(0.41 mm) x 
45˚ Chamfer

Pin 1

0.197 (5.00 mm)
0.189 (4.80 mm)

0.068
(1.73 mm) Max.

0.010 (0.25 mm)
0.004 (0.10 mm)

0.010 (0.25 mm)
0.007 (0.17 mm)

0.158 (4.00 mm)
0.150 (3.80 mm)

8˚
Max.

0.020 (0.51 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.050 (1.27 mm) BSC
Pin 8

Pin 1
Indicator
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VCONTROL

Pin Out

Material is 10 mil FR4.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
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DATA SHEET

AV111-12, AV111-12LF: HIP3™ Variable Attenuator
0.80–1.00 GHz

Features
● 40 dBm IP3 typical
● Low loss 1 dB typical
● Attenuation 30 dB typical
● Good VSWR <1.5:1 typical
● Low phase shift
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AV111-12 is a current controlled, variable attenuator from
Skyworks series of HIP3™ components. It is designed to meet the
wide dynamic range required in spread spectrum, wireless base
station applications. A monolithic quadrature hybrid is teamed with
a silicon PIN diode pair in a plastic surface mount package
reducing size and assuring consistency from part to part.
AV111-12LF is packaged in a lead (Pb)-free, fully RoHS-compliant
SOIC-8 package and is electrically identical to AV111-12.

Control
Current

Control
Current

RF Out

RF In

Connection Diagram

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Parameter Min. Typ. Max. Unit

Frequency 0.8 1 GHz

Insertion loss (0 mA control current) 1 1.5 dB

Attenuation @ 1.2 mA control current (900 MHz) 17.5 21.5 dB

VSWR all ports 1.5 1.8

Input 3rd order intercept 37 40 dBm

Relative phase shift up to 20 dB attenuation(1) 7 10 Deg.

Group delay 0.4 0.9 ns

Electrical Specifications at 25 °C

Parameter(2) Condition Frequency Min. Typ. Max. Unit

Switching characteristics(3)

Rise, fall 10/90% or 90/10% RF 5 µs
On, off 50% CTL to 90/10% RF 8 µs
Video feedthru (peak) 5 mV

Maximum input power for <1 dB 15 dBm
attenuation variation

Operating Characteristics at 25 °C (0, 5 V)

1. When built with external components as shown in the Pin Out diagram.
2. All measurements made in a 50 Ω system, unless otherwise specified.
3. 0–4 mA square wave total control current.
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Characteristic Value

RF input power 0.5 W CW, 4 W @ 12.5%
duty cycle

Control current 50 mA per diode

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Maximum reverse diode voltage -100 V

Electrostatic discharge 125 V

Absolute Maximum Ratings

Recommended Board Layout

RF In/OutRF In/Out

20 mil Diameter
Ground Via

Pin 1

100 nH

Bias Input

220 pF

0.018

680 Ω

SK38531

AV10✳-12

SOIC-8

0.049
(1.24 mm)

0.016
(0.41 mm)

0.016 Max.
(0.41 mm) x 
45˚ Chamfer

Pin 1

0.197 (5.00 mm)
0.189 (4.80 mm)

0.068
(1.73 mm) Max.

0.010 (0.25 mm)
0.004 (0.10 mm)

0.010 (0.25 mm)
0.007 (0.17 mm)

0.158 (4.00 mm)
0.150 (3.80 mm)

8˚
Max.

0.020 (0.51 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.050 (1.27 mm) BSC
Pin 8

Pin 1
Indicator

Material is 10 mil FR4.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
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DATA SHEET

AV113-12, AV113-12LF: HIP3™ Variable Attenuator
2.1–2.3 GHz

Features
● Low Loss 1.4 dB typical
● Attenuation 18 dB typical
● Good VSWR <1.5:1 typical
● Small SOIC-8 package
● For IMT-2000 applications
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AV113-12 is a current controlled, variable attenuator from
Skyworks series of HIP3™ components. It is designed to meet
the wide dynamic range required in IMT-2000 applications. A
monolithic quadrature hybrid is teamed with a silicon PIN diode
pair in a plastic surface mount package, reducing size and
assuring consistency from part to part. AV113-12LF is packaged
in a lead (Pb)-free, fully RoHS-compliant SOIC-8 package and is
electrically identical to AV113-12.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Control
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Connection Diagram

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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Parameter Min. Typ. Max. Unit

Frequency 2.1 2.3 GHz

Insertion loss (0 mA control current) 1.4 1.6 dB

Attenuation @ 1.0 mA control current 16.5 18 dB

VSWR all ports 1.5

Input 3rd order intercept point 40 dBm

Group delay 0.4 0.8 ns

Electrical Specifications at 25 °C

Parameter(1) Condition Frequency Min. Typ. Max. Unit

Switching characteristics(2)

Rise, fall 10/90% or 90/10% RF 5 µs
On, off 50% CTL to 90/10% RF 8 µs
Video feedthru (peak) 2 mV

Maximum input power for <1 dB 15 dBm
attenuation variation

Operating Characteristics at 25 °C (0, 5 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. 0–4 mA square wave total control current.
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Recommended Board Layout
0.1630

0.0200 Dia.
 Via 4 Places

0.0190 Typ.0.0555 Typ.
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Typical Performance Data

Material is 10 mil FR4.
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Characteristic Value

RF input power 0.5 W CW, 4 W @ 12.5%
duty cycle

Control current 50 mA per diode

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Maximum reverse diode voltage -10 V

Electrostatic discharge 125 V

Absolute Maximum Ratings SOIC-8

0.049
(1.24 mm)

0.016
(0.41 mm)

0.016 Max.
(0.41 mm) x 
45˚ Chamfer

Pin 1

0.197 (5.00 mm)
0.189 (4.80 mm)

0.068
(1.73 mm) Max.

0.010 (0.25 mm)
0.004 (0.10 mm)

0.010 (0.25 mm)
0.007 (0.17 mm)

0.158 (4.00 mm)
0.150 (3.80 mm)

8˚
Max.

0.020 (0.51 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.050 (1.27 mm) BSC
Pin 8

Pin 1
Indicator

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.
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SKY12143-315: HIP3™ Variable Attenuator
for AMPS and GSM Base Stations

DATA SHEET

Features
� 23 dB attenuation range
� 1.5 dB insertion loss, 1.5:1 SWR
� 0–12 V control voltage
� 43 dBm IP3
� Small footprint LGA package
� Designed for AMPS and GSM base stations
� Lead (Pb)-free and RoHS-compliant

Description
The SKY12143-315 is a voltage controlled, variable attenuator
from Skyworks series of HIP3™ components. It is specifically
designed and specified for use as a wide dynamic range, low-
distortion attenuator for AMPS and GSM base station applications
centered at 881.5 MHz and 942.5 MHz. The SKY12143-315
employs a monolithic quadrature hybrid and a pair of silicon
PIN diodes to achieve the specified low-distortion performance.
It operates from 0–12 V at 1.6 mA typical control current at
maximum attenuation. The SKY12143-315 is packaged in a
small outline LGA (Land Grid Array) surface mount package with
the internal elements affixed to an organic BT substrate.

Parameter Condition Min. Typ. Max. Unit

AMPS frequency range (BW) 869 894 MHz

GSM frequency range (BW) 925 960 MHz

Control voltage (VCONTROL) range 0 12 V

Insertion loss in BW VCONTROL = 0 V 1.5 dB

Attenuation range At FO, VCONTROL = 10 V 18 22 dB
At FO, VCONTROL = 12 V 23 – dB

VSWR in BW 1.5

IP3 900/905 MHz, VCONTROL = 0 V 43 dBm

IM3 8 dBm -70 dBc

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.
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Typical Performance Data

T = 25 °C, ZO = 50 Ω, unless otherwise noted

Insertion Loss vs. Frequency and
Control Voltage — AMPS Band
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Insertion Loss vs. Frequency and
Control Voltage — GSM Band
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Characteristic Value

RF input power 0.5 W CW, 4 W @ 12.5%
duty cycle

Control voltage 15 V

Control current 50 mA each diode

Operating temperature -40 °C to +85 °C

Storage temperature -40 °C to +85 °C

Maximum reverse diode voltage -10 V

Electrostatic discharge Class 1A

Absolute Maximum Ratings

Terminal No. Terminal Name

A1 (Pin 1) IN/OUT

A2 GND

A3 IN/OUT

B1 GND

B3 GND

C1 Vcontrol

C2 GND

C3 Vcontrol

-315

0.091 (2.32 mm)
± 0.003 (0.091 mm)

0.193 (4.90 mm)
± 0.004 (0.10 mm)

0.126
(3.20 mm)
± 0.004

(0.10 mm)

LC

LC

Pin 1 Indicator

0.107 (2.740 mm)
± 0.004 (0.100 mm)

0.063
(1.60 mm)

8X 0.004
(0.100 mm)

± 0.001
(0.02 mm)

0.030 (0.775 mm)
± 0.002 (0.050 mm)

0.031 (0.800 mm)
± 0.002 (0.050 mm)

Detail
A

Detail A

Detail C

Detail B

0.024 (0.600 mm)
± 0.002 (0.050 mm)

0.031 (0.800 mm)
± 0.002 (0.050 mm)

Detail B

Detail C Mold

Seating
Plane

0.078 (2.00 mm)
± 0.002 (0.05 mm)

0.013 (0.32 mm)
± 0.002 (0.4 mm)

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

B3B1

C1 C2 C3

A1 A2 A3
IN

/O
UT

GN
D

IN
/O

UT

GND GND

Vc
on

tro
l

Vc
on

tro
l

GN
D

Pin Out (Bottom View)

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.
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SKY12144-315: HIP3™ Variable Attenuator
for DCS and PCS Base Stations

DATA SHEET

Features
� 23 dB attenuation range
� 1.5 dB insertion loss, 2:1 SWR
� 0–12 V control voltage
� 43 dBm IP3
� Small footprint LGA package
� Designed for DCS/PCS base stations
� Lead (Pb)-free and RoHS-compliant

Description
The SKY12144-315 is a voltage controlled, variable attenuator
from Skyworks series of HIP3™ components. It is specifically
designed and specified for use as a wide dynamic range, low-
distortion attenuator for DCS and PCS base station applications
centered at 1837.5 MHz and 1960 MHz. The SKY12144-315
employs a monolithic quadrature hybrid and a pair of silicon
PIN diodes to achieve the specified low-distortion performance.
It operates from 0–12 V with 1.6 mA typical control current at
maximum attenuation. The SKY12144-315 is packaged in a small
outline LGA (Land Grid Array) surface mount package with the
internal elements affixed to an organic BT substrate.

Parameter Condition Min. Typ. Max. Unit

DCS frequency range (BW) 1805 1870 MHz

PCS frequency range (BW) FO ± 30 MHz 1930 1990 MHz

Control voltage (VCONTROL) range 0 12 V

Insertion loss in BW VCONTROL = 0 V 2 dB

Attenuation range At FO, VCONTROL = 10 V 18 22 dB
At FO, VCONTROL = 12 V 23 – dB

VSWR in BW 1.5

IP3 1900/1905 MHz, VCONTROL = 0 V 43 dBm

IM3 8 dBm -70 dBc

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.
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Insertion Loss vs. Frequency and
Control Voltage — DCS Band
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Typical Performance Data

T = 25 °C, ZO = 50 Ω, unless otherwise noted
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Insertion Loss vs. Frequency and
Control Voltage — PCS Band
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Characteristic Value

RF input power 0.5 W CW, 4 W @ 12.5%
duty cycle

Control voltage 15 V

Control current 50 mA each diode

Operating temperature -40 °C to +85 °C

Storage temperature -40 °C to +85 °C

Maximum reverse diode voltage -10 V

Electrostatic discharge Class 1A

Absolute Maximum Ratings

Terminal No. Terminal Name

A1 (Pin 1) IN/OUT

A2 GND

A3 IN/OUT

B1 GND

B3 GND

C1 Vcontrol

C2 GND

C3 Vcontrol

-315

0.091 (2.32 mm)
± 0.003 (0.091 mm)

0.193 (4.90 mm)
± 0.004 (0.10 mm)

0.126
(3.20 mm)
± 0.004

(0.10 mm)

LC

LC

Pin 1 Indicator

0.107 (2.740 mm)
± 0.004 (0.100 mm)

0.063
(1.60 mm)

8X 0.004
(0.100 mm)

± 0.001
(0.02 mm)

0.030 (0.775 mm)
± 0.002 (0.050 mm)

0.031 (0.800 mm)
± 0.002 (0.050 mm)

Detail
A

Detail A

Detail C

Detail B

0.024 (0.600 mm)
± 0.002 (0.050 mm)

0.031 (0.800 mm)
± 0.002 (0.050 mm)

Detail B

Detail C Mold

Seating
Plane

0.078 (2.00 mm)
± 0.002 (0.05 mm)

0.013 (0.32 mm)
± 0.002 (0.4 mm)

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Pin Out (Bottom View)

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.
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SKY12145-315: HIP3™ Variable Attenuator 
for UMTS Base Stations 

DATA SHEET

Features
● 23 dB attenuation range 
● 1.5 dB insertion loss, 1.5:1 SWR 
● 0–12 V control voltage  
● 43 dBm IP3
● Small footprint LGA package
● Designed for UMTS base stations
● Lead (Pb)-free and RoHS-compliant 

Description
The SKY12145-315 is a voltage controlled, variable attenuator
from Skyworks series of HIP3™ components. It is specifically
designed and specified for use as a wide dynamic range, low-
distortion attenuator for UMTS base station applications centered
at 2140 MHz. The SKY12145-315 employs a monolithic 
quadrature hybrid and a pair of silicon PIN diodes to achieve the
specified low-distortion performance. It operates from 0–12 V 
at 1.6 mA typical control current at maximum attenuation. The
SKY12145-315 is packaged in a small outline LGA (Land Grid
Array) surface mount package with the internal elements affixed
to an organic BT substrate.

Parameter Condition Min. Typ. Max. Unit

UMTS frequency range (BW) FO ± 12.5 MHz 2110 2170 MHz

Control voltage (VCONTROL) range 0 12 V

Insertion loss in BW VCONTROL = 0 V 1.5 dB

Attenuation range At FO, VCONTROL = 10 V 18 22 dB
At FO, VCONTROL = 12 V 23 – dB

VSWR in BW 1.5

IP3 2140/2145 MHz, VCONTROL = 0 V 43 dBm

IM3 8 dBm -70 dBc

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.
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Insertion Loss vs. Frequency and 
Control Voltage — UMTS Band

-50

-40

-30

-20

-10

0

2.11 2.12 2.13 2.14 2.15 2.16 2.17

Frequency (GHz)

Lo
ss

 (d
B)

0 V

4 V

8 V

12 V

Input/Output Return Loss vs. Frequency 
and Control Voltage — UMTS Band

-40

-35

-30

-25

-20

-15

-10

2.11 2.12 2.13 2.14 2.15 2.16 2.17

Frequency (GHz)

Re
tu

rn
 L

os
s 

(d
B) 0 V

4 V

8 V 12 V

Insertion Loss Flatness vs.
Control Voltage — UMTS Band

-2.0

-1.8

-1.6

-1.4

-1.2

-1.0

-0.8

-0.6

-0.4

-0.2

0

0 42 6 8 10 12

Flatness (dB)

Co
nt

ro
l V

ol
ta

ge
 (V

)

Phase vs. Frequency and
Control Voltage — UMTS Band

0

2

4

6

8

10

12

14

2.11 2.12 2.13 2.14 2.15 2.16 2.17

Frequency (GHz)

Ph
as

e 
(D

eg
re

es
)

8 V

11 V

0 V 4 V

3rd Order Intermod 
Intercept vs. Control Voltage

RF1 = 2.140 GHz, RF2 = 2.145 GHz @ 8 dBm

0 42 6 8 10 12

Control Voltage (V)

IP
3 

(d
Bm

)

30

32

34

36

38

40

42

44

46

48

50

Total Current vs. Control Voltage

0 63 9 12

Control Voltage (V)

To
ta

l C
ur

re
nt

 (m
A)

0

0.5

1.0

1.5

2.0

Typical Performance Data

T = 25 °C, ZO = 50 Ω, unless otherwise noted
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Characteristic Value

RF input power 0.5 W CW, 4 W @ 12.5% 
duty cycle

Control voltage 15 V

Control current 50 mA each diode

Operating temperature -40 °C to +85 °C

Storage temperature -40 °C to +85 °C

Maximum reverse diode voltage -10 V

Electrostatic discharge Class 1A

Absolute Maximum Ratings

Terminal No. Terminal Name

A1 (Pin 1) IN/OUT

A2 GND

A3 IN/OUT

B1 GND

B3 GND

C1 Vcontrol

C2 GND

C3 Vcontrol

-315

0.091 (2.32 mm)
 ± 0.003 (0.091 mm)

0.193 (4.90 mm)
± 0.004 (0.10 mm)

0.126
(3.20 mm)
± 0.004

(0.10 mm)

LC

LC

Pin 1 Indicator

0.107 (2.740 mm)
± 0.004 (0.100 mm)

0.063
(1.60 mm)

8X 0.004
(0.100 mm)

±  0.001
(0.02 mm)

0.030 (0.775 mm) 
± 0.002 (0.050 mm)

0.031 (0.800 mm) 
± 0.002 (0.050 mm)

Detail 
A

Detail A

Detail C

Detail B

0.024 (0.600 mm) 
± 0.002 (0.050 mm)

0.031 (0.800 mm) 
± 0.002 (0.050 mm)

Detail B

Detail C Mold

Seating
Plane

0.078 (2.00 mm)
± 0.002 (0.05 mm) 

0.013 (0.32 mm)
± 0.002 (0.4 mm)

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Pin Out (Bottom View)

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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ATN3580 Series: Fixed Attenuator Pads
DATA SHEET

Features
� Specified flat response to 40 GHz
� Return loss > 16 dB to 40 GHz
� Available at 1–10, 12, 15, 20, 30 and 40 dB
� Power handling to 1 W CW
� Rugged thin-film silicon chips
� Available lead (Pb)-free, RoHS-compliant, and Green

Description
The ATN3580 series of attenuator chips incorporates thin-film
resistors on high-resistivity silicon chips to achieve precision
attenuation, tight flatness and excellent return loss to 40 GHz.
The design uses a balanced TEE resistive structure to assure
broad bandwidth performance. The thin-film technology offers
improved power-handling capability in comparison to the tradi-
tional thick-film printed attenuator. All ATN3580 attenuator
chips are specified for their attenuation at DC. In addition, a
wafer probe sample test is performed to 40 GHz to assure
meeting the flatness specification. Skyworks measurements
indicate that attenuation typically increases with increasing
frequency, as shown in Figure 1.

Characteristic Value

Incident power @ 25 °C 1 W

Operating temperature -55 °C to +150 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Skyworks Green™ products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW
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Typical Performance Data
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Nominal Attenuation Attenuation Flatness

Attenuation Tolerance DC–12 GHz DC–26.5 GHz DC–40 GHz Outline Drawing Part Number
(dB) @ DC (dB) (dB) (dB) (dB)

1 ± 0.15 ± 0.2 ± 0.5 ± 1 516-060 ATN3580-01

2 ± 0.15 ± 0.2 ± 0.5 ± 1 516-060 ATN3580-02

3 ± 0.25 ± 0.2 ± 0.5 ± 1 516-060 ATN3580-03

4 ± 0.25 ± 0.2 ± 0.5 ± 1 516-060 ATN3580-04

5 ± 0.25 ± 0.2 ± 0.5 ± 1 516-060 ATN3580-05

6 ± 0.25 ± 0.4 ± 0.6 ± 1 518-060 ATN3580-06

7 ± 0.25 ± 0.4 ± 0.6 ± 1 518-060 ATN3580-07

8 ± 0.35 ± 0.4 ± 0.6 ± 1 518-060 ATN3580-08

9 ± 0.35 ± 0.4 ± 0.6 ± 1 518-060 ATN3580-09

10 ± 0.35 ± 0.4 ± 0.6 ± 1 518-060 ATN3580-10

12 ± 0.5 ± 0.4 ± 0.6 ± 1 518-060 ATN3580-12

15 ± 0.5 ± 0.4 ± 0.6 ± 1 518-060 ATN3580-15

20 ± 1.1 ± 1 ± 2 ± 4 518-060 ATN3580-20

30 ± 1.6 ± 1 ± 2 ± 4 518-060 ATN3580-30

40 ± 1.6 ± 1 ± 2 ± 4 518-060 ATN3580-40

Electrical Specifications at 25 °C

Return Loss DC–7 GHz (dB) DC–12 GHz (dB) DC–26.5 GHz (dB) DC–40 GHz (dB)
Min. Min. Min. Min.

ATN3580 Series 22 20 18 16
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0.0075 (0.190 mm)
0.0055 (0.140 mm)

0.029 ± 0.002
(0.737 mm)

0.027 ± 0.002
(0.686 mm)

0.022
(0.559 mm)

Schematic
Att. Pads

In Out
Coplanar Resistor

Pads Must
Be Grounded

0.0045 (0.114 mm)
0.0035 (0.089 mm)

2 Places

0.027
(0.686 mm)

0.001
(0.025 mm)

0.005
(0.127 mm)

0.002 (0.051 mm)
See Note 4

0.0055 (0.140 mm)
0.0045 (0.114 mm)

2 Places

0.009

0.030 (0.76 mm)

See Note 3
2 Places

Outline Drawings

518-060 (ATN3580-04)

Schematic Att. Pads

OutIn

0.0075 (0.191 mm)
0.0055 (0.140 mm)

0.012 (0.30 mm)
0.010 (0.25 mm) Typ.

0.032
(0.81 mm)

0.029
(0.74 mm)

0.020 
(0.51 mm)

See Note 3
2 Places

0.026
(0.66 mm)

0.002 (0.05 mm)
Min. Typ.

0.006 (0.15 mm) 
0.004 (0.10 mm)

Typ. Sq.

Coplanar
Resistor,

Pads Must
Be Grounded

0.0075 (0.190 mm)
0.0055 (0.140 mm)

Silicon

Input/Output

516-060 (ATN3580-04)

1. Cross hatching = gold contact areas.
2. Dimensions not specified in this drawing vary per attenuation value.
3. Indicates attenuation value.
4. This DIM. can be as high as 0.012 for high attenuation values.

1. Cross hatching = gold contact areas.
2. Dimensions not specified in this drawing vary per attenuation value.
3. Indicates attenuation value.
4. Back surface is gold, grounding not required.
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SMP1330 Series: Plastic Packaged Limiter Diodes
DATA SHEET

Features
� Low-distortion design
� Limiter performance to 2 GHz and higher
� Low insertion loss
� Low-cost plastic package
� Available in tape and reel packaging
� Available lead (Pb)-free and RoHS-compliant

Description
The SMP1330 series of limiter diodes in plastic packages is
designed for use as a passive receiver protector in wireless and
other RF systems covering 2 GHz and higher. It employs
Skyworks limiter diode technology to produce a gold doped thin
base limiter chip for low-loss, low-distortion performance and
good limiter action. This device has been characterized in limiter
circuits and tightly specified to insure consistent performance.

Characteristic Value

Reverse voltage (VR) 20 V

Forward current (IF) 100 mA

CW incident power @ 25 °C 1 W
lead temperature

Peak incident power @ 1% duty 100 W
factor 1 µs pulse

Power dissipation @ 25 °C lead 250 mW
temperature (PD)

Storage temperature (TST) -65 °C to +150 °C

Operating temperature (TOP) -65 °C to +150 °C

ESD human body model Class 2

Absolute Maximum Ratings

Series Pair Low Inductance

SOT-23 SOT-23

SMP1330-005 SMP1330-007

Marking: PQ2 Marking: PQB

SMP1330-005LF SMP1330-007LF

Marking: RQ2 Marking: RQB

LS = 1.5 nH LS = 0.4 nH

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative
to our standard tin/lead (Sn/Pb) packaging.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Typical 1 GHz Limiter Performance

Input Power (dBm)
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Typical Performance Data Packages
The SMP1330 series is available in two wiring configurations, each
utilizing industry standard SOT-23.

SMP1330-005 Series Pair SOT-23

This series pair is designed for use as antiparallel limiter diodes
by externally connecting pins 1 and 2 of the SOT-23 package.
In a limiter circuit, no DC return is needed and limiting action is
improved because inductance is reduced to approximately
0.8 nH. A small increase in loss occurs from the higher capaci-
tance and conductance.

Typical 1 GHz Limiter Performance
SMP1330 Condition -005

Connection Parallel

Insertion loss P = -20 dBm 0.3 dB

IP3 P = < 0 dBm 30 dBm

1 dB compression 10 dBm

Attenuation at 20 dBm 8.8 dB

Attenuation at 30 dBm 14 dB

SOT-23

3

21

0.035 (0.89 mm) Min.�
	0.044 (1.12 mm) Max.

0.0005 (0.01 mm) Min.�
	0.004 (0.10 mm) Max.

0.012 (0.30 mm) Min.�
0.020 (0.50 mm) Max.

0.003 (0.080 mm) Min.
0.008 (0.20 mm) Max.

8˚ Max.

0.022 (0.55 mm) Ref.

0.110 (2.80 mm) Min.�
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.�
0.104 (2.64 mm) Max.



0.037 (0.95 mm) Ref.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.



0.076 (1.92 mm) Ref.


0.020 (0.51 mm) Ref.


Parameter Condition Min. Typ. Max. Unit

Series resistance (RS) 10 mA, 100 MHz 1.2 1.5 Ω
Capacitance (CT) 0 V, 1 MHz 0.7 1 pF

Capacitance (CT) 0 V, 1 GHz 0.7 pF

Conductance (G) 0 V, 1 GHz 50 µs

Carrier lifetime (TI) IF = 10 mA 4 ns

I region width 3 µm

Breakdown voltage (VBR) IR = 10 µA 20 35 50 V

Electrical Specifications at 25 °C

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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CLA Series: Silicon Limiter Diode Chips
DATA SHEET

Features
● Established Skyworks limiter diode process
● High-power, mid-range and cleanup designs
● Low insertion loss (0.1 dB at 10 GHz)
● Power handling to 66 dBm
● Tight control of basewidth 
● Mesa and planar chip designs
● Available lead (Pb)-free, RoHS-compliant, and Green

Description
Skyworks CLA series of silicon limiter diode chips provides 
passive receiver protection over a wide range of frequencies from
100 MHz to beyond 30 GHz. These devices utilize Skyworks well-
established silicon technology for high resistivity and tightly 
controlled thin base width PIN limiter diodes. Limiter circuits
employing these devices will perform with strong limiting action
and low loss.

The CLA series consists of eight individual chip designs of 
different intrinsic region basewidths and capacitances designed
to accommodate multistage limiter applications. The mesa 
constructed, thin basewidth, low capacitance CLA4601-000,
CLA4602-000, CLA4604-000 and CLA4605-000 are designed 
for low-level and cleanup applications. The CLA4603-000, and
CLA4606-000 through CLA4608-000 are planar designs desig-
nated for high-power and mid-range applications.

0.010 (0.254 mm) Min.
0.014 (0.356 mm) Max. Sq.

Anode Metallized Gold Dot
0.002 (0.051 mm) Dia. Min.

Cathode Metallized Back
Contact: Gold

Silicon

0.004 (0.127 mm) Min.
0.006 (0.152 mm) Max.

Anode
Metallized
Gold Dot

Silicon

Cathode Metallized Back 
Contact: Gold

0.004 (0.127 mm) Min.
0.006 (0.152 mm) Max.

0.010 (0.251 mm) Min.
0.014 (0.356 mm) Max. Sq.

150-801:
0.002 (0.051 mm) Min.

150-806:
0.0011 (0.028 mm) Min.

Outline Drawings

149-801

150 Series

Skyworks Green products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW
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Electrical Specifications at 25 °C

Capacitance, CJ, measured at 1 MHz.
Resistance, RS, measured at 500 MHz.
CW thermal resistance for infinite heat sink.
Pulse thermal resistance for single 1 µs pulse.

Breakdown RS @ TL @ Thermal Impedance (θ) Top Contact
Part Voltage Basewidth CJ @ 0 V CJ @ 6 V 10 mA 10 mA Average 1 µs Diam. Outline 

Number (V) (µm) (pF) (pF) (ΩΩ) (ns) (°C/W) Pulse (°C/W) (mils/mm) Drawing

Min. – Max. Nominal Typ. Max. Max. Typ. Max. Typ. Typ.

CLA4601-000 15–30 1 0.12 0.1 2.5 5 120 15 1.2/0.03 150-806

CLA4602-000 15–30 1 0.2 0.15 2 5 80 10 1.5/0.038 150-806

CLA4603-000 20–45 1.5 0.2 0.15 2 5 100 10 1.5/0.038 149-801

CLA4604-000 30–60 2 0.12 0.1 2.5 7 100 10 1.5/0.038 150-806

CLA4605-000 30–60 2 0.2 0.15 2 7 70 7 2.5/0.064 150-801

CLA4606-000 45–75 2.5 0.2 0.15 2 10 80 7 2.5/0.064 150-801

CLA4607-000 120–180 7 0.2 0.15 @ 50 V 2 50 40 1.2 3/0.076 149-801

CLA4608-000 120–180 7 0.8 0.5 @ 50 V 1.2 100 15 0.3 5/0.127 149-801

Characteristic Value

Power dissipation
Pdiss =                  W 

For CW signals θ = θave

For pulsed signals θ = DF x θave + θ pulse
(θp @1 µS x normalized 

θp from figure 2)

Operating temperature -65 °C to +175 °C

Storage temperature -65 °C to +200 °C

Absolute Maximum Ratings

175-Tamb
θ

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Typical Performance at 25 °C

Insertion Loss Input Power Maximum Output at Maximum
Part @ -10 dBm for 1 dB Loss Pulsed Input Power Max. Pulsed Input CW Input Power Recovery Time

Number (dB) (dBm) (dBm) (dBm) (W) (ns)

CLA4601-000 0.1 7 47 21 2 5

CLA4602-000 0.1 7 50 24 3 5

CLA4603-000 0.1 10 50 22 2 10

CLA4604-000 0.1 12 47 24 3 10

CLA4605-000 0.1 12 50 27 4 10

CLA4606-000 0.1 15 53 27 3 20

CLA4607-000 0.1 20 60 39 6 50

CLA4608-000 0.2 20 66 44 15 100
Insertion loss for CLA4601-000 through CLA4607-000 at 10 GHz; insertion loss for CLA4608-000 at 5 GHz.
Limiter power results at 1 GHz for shunt connected, single limiter diode and DC return in 50 Ω line.
Maximum pulsed power for 1 µs pulse and 0.1% duty factor with chip at 25 °C heat sink. Derate linearly to 0 W at 175 °C.
Maximum CW input power at 25 °C heat sink. Derate linearly to 0 W at 175 °C.
Recovery time to insertion loss from limiting state.
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SMP1345 Series: Very Low Capacitance,
Plastic Packaged Silicon PIN Diodes

DATA SHEET

Characteristic Value

Reverse voltage (VR) 50 V

Power dissipation @ 25 °C lead 250 mW
temperature (PD)

Storage temperature (TST) -65 °C to +150 °C

Operating temperature (TOP) -65 °C to +150 °C

ESD human body model Class 1B

Absolute Maximum Ratings

Features
● Designed for high-isolation LNB, WLAN and wireless
switch applications

● Very low insertion loss (0.4 dB)
● 0.15 pF capacitance
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 250 °C per
JEDEC J-STD-020

● Available in tape and reel packaging

Description
The SMP1345 series of plastic packaged, surface mountable PIN
diodes is designed for high-volume LNB, WLAN and switch applica-
tions from 10 MHz to 6 GHz. The short carrier lifetime of typically
100 ns, combined with its thin I region width of nominally, 10 µm,
results in a fast speed, RF switching PIN diode. The RF perfor-
mance of the SMP1345 series is assured by virtue of its very
low capacitance (0.15 pF) and low resistance (1.5 Ω at 10 mA).

The SMP1345-518 has been specifically designed for WLAN
802.11 a, b, and g applications. It is ideally used for diversity
switch applications.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Total Capacitance vs. Reverse Voltage
Measured in an SC-79 Package
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Typical Performance Data

Parameter Condition Typ. Max. Unit

Reverse current (IR) VR = 50 V 10 µA

Capacitance (CT) F = 1 MHz, V = 1 V 0.19 pF

Capacitance (CT) F = 1 MHz, V = 5 V 0.18 0.2 pF

Resistance (RS) F = 100 MHz, I = 1 mA 3.5 Ω
Resistance (RS) F = 100 MHz, I = 10 mA 1.5 2 Ω
Forward voltage (VF) IF = 10 mA 0.89 V

Carrier lifetime (TI) IF = 10 mA 100 ns

I region width 10 µm

Electrical Specifications at 25 °C

Common Common Series
Anode Cathode Pair Single Ring

SOT-23 SOT-23 SOT-23 SC-79 LGA

SMP1345-003 SMP1345-004 SMP1345-005 SMP1345-079 ��SMP1345-518
Marking: PU9 Marking: PU3 Marking: PU2 Lead (Pb)-Free

Marking: 0

SMP1345-003LF SMP1345-004LF SMP1345-005LF SMP1345-079LF
Marking: RU9 Marking: RU3 Marking: RU2

LS = 1.5 nH LS= 1.5 nH LS= 1.5 nH LS= 0.7 nH LS= 0.6 nH

SC-70

SMP1345-075LF
Marking: RU2

LS= 1.4 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.

Innovation to GoTM 
Select Linear Products (indicated by t) now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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R4 L4

C8

CTR2

VDC = 3.3 V

RF1
C4

C7

L3

R3

VDC = 3.3 V
CTR1

RF4 R1–R4  0402 200 Ω
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Insertion Loss vs. Frequency
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Typical Performance Data For SMP1345-518

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SOT-23

3

21

0.035 (0.89 mm) Min.�
	0.044 (1.12 mm) Max.

0.0005 (0.01 mm) Min.�
	0.004 (0.10 mm) Max.

0.012 (0.30 mm) Min.�
0.020 (0.50 mm) Max.

0.003 (0.080 mm) Min.�
0.008 (0.20 mm) Max.

8˚ Max.


0.022 (0.55 mm) Ref.

0.110 (2.80 mm) Min.�
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.�
0.104 (2.64 mm) Max.



0.037 (0.95 mm) Ref.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.



0.076 (1.92 mm) Ref.


0.020 (0.51 mm) Ref.


SC-79

0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.



0.010�
(0.25 mm) Min.

0.014�
(0.35 mm) Max.



0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.



0.020�
(0.50 mm) Min.

0.028�
(0.70 mm) Max.



0.003�
(0.07 mm) Min.

0.008�
(0.20 mm) Max.

 10˚ Max.

10˚ Max.

0.028�
(0.70 mm) Min.

0.035�
(0.90 mm) Max.



0.006 (0.15 mm) Min.
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Indicator

1 2
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SC-70

 3

 
2

 
1

0.031 (0.80 mm) Min.
0.039 (1.00 mm) Max.



0.000 (0.00 mm) Min.
0.004 (0.10 mm) Max.



0.010 (0.25 mm) Min.
0.016 (0.40 mm) Max.



0.071 (1.80 mm) Min.
0.087 (2.20 mm) Max.



0.071 (1.80 mm) Min.
0.094 (2.40 mm)  Max.



0.045 (1.15 mm) Min.
0.053 (1.35 mm) Max.



0.026 (0.65 mm) Ref.

0.051 (1.30 mm) Ref.

0.004 (0.10 mm) Min.
0.007 (0.18 mm) Max.



0.004 (0.10 mm) Min.
0.012 (0.30 mm) Max.



0.014 (0.35 mm) Ref.
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SMP1340 Series: Fast Switching Speed, Low Capacitance,
Plastic Packaged PIN Diodes

DATA SHEET

Features
� Designed for fast-speed wireless switch applications
� 1.0 Ω resistance, 0.3 pF capacitance
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C(1)

per JEDEC J-STD-020
� Available in tape and reel packaging

Description
The SMP1340 series of plastic packaged, surface mountable
PIN diodes is designed for high-volume switch applications
from 10 MHz to beyond 2 GHz. The short carrier lifetime of typi-
cally 100 ns, combined with its thin I region width of nominally
7 µm, results in a fast-speed RF switching PIN diode. The RF
performance of the SMP1340 series is assured by virtue of its
low capacitance (0.3 pF) and low resistance (1.0 Ω at 10 mA).

The SMP1340-508 has been specifically designed for WLAN
802.11 a, b, and g applications.

Characteristic Value

Reverse voltage (VR) 50 V

Power dissipation @ 25 °C lead 250 mW
temperature (PD)

Storage temperature (TST) -65 °C to +150 °C

Operating temperature (TOP) -65 °C to +150 °C

ESD human body model Class 1B

Absolute Maximum Ratings

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

1. -508 package MSL-1@ 250 °C



Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
December 26, 2007 • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • 200051 Rev. C

DATA SHEET • SMP1340 SERIES

2

Common Common Series Common
Anode Cathode Pair Single Cathode Single Anti-Parallel

SOT-23 SOT-23 SOT-23 SOD-323 SC-70 SC-79 LGA

SMP1340-003 ��SMP1340-004 SMP1340-005 SMP1340-011 SMP1340-074 ��SMP1340-079 SMP1340-508
Marking: PS9 Marking: PS3 Marking: PS2 Marking: PS Marking: PS3 Lead (Pb)-Free

Marking: X

SMP1340-003LF ��SMP1340-004LF SMP1340-005LF SMP1340-011LF SMP1340-074LF ��SMP1340-079LF
Marking: RS9 Marking: RS3 Marking: RS2 Marking: RS Marking: RS3

LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 1.4 nH LS = 0.7 nH LS = 0.6 nH

SC-70

SMP1340-075LF
Marking: RS2

LS = 1.4 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.

Parameter Condition Typ. Max. Unit

Reverse current (IR) VR = 50 V 10 µA

Capacitance (CT) F = 1 MHz, V = 5 V 0.21 0.3 pF

Resistance (RS) F = 100 MHz, I = 1 mA 1.7 Ω
Resistance (RS) F = 100 MHz, I = 5 mA 1 2 Ω
Resistance (RS) F = 100 MHz, I = 10 mA 0.85 1.2 Ω
Forward voltage (VF) IF = 10 mA 0.85 V

Carrier lifetime (TI) IF= 10 mA 100 ns

I region width 7 µm

 Electrical Specifications at 25 °C

Innovation to GoTM 
Select Linear Products (indicated by t) now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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Series Resistance vs. Current @ 100 MHz
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Typical Performance Data

R R R R R R R
IF -55 °C -40 °C -15 °C 25 °C 65 °C 85 °C 100 °C
(mA) (Ω) (Ω) (Ω) (ΩΩ) (ΩΩ) (Ω) (Ω)
0.02 9.92 9.68 9.3 8.95 8.95 9.01 9.12

0.1 3.9 3.86 3.79 3.8 3.85 3.94 4.03

0.3 2.32 2.33 2.3 2.33 2.35 2.43 2.49

0.5 1.91 1.93 1.9 1.92 1.92 1.99 2.05

1 1.54 1.55 1.52 1.53 1.5 1.56 1.61

10 0.95 0.96 0.91 0.9 0.82 0.85 0.89

20 0.86 0.87 0.82 0.81 0.73 0.75 0.79

100 0.72 0.73 0.7 0.68 0.59 0.62 0.65

Resistance vs. Temperature @ 500 MHz Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SOT-23

3

21

0.035 (0.89 mm) Min.�
	0.044 (1.12 mm) Max.

0.0005 (0.01 mm) Min.�
	0.004 (0.10 mm) Max.

0.012 (0.30 mm) Min.�
0.020 (0.50 mm) Max.

0.003 (0.080 mm) Min.�
0.008 (0.20 mm) Max.

8˚ Max.


0.022 (0.55 mm) Ref.

0.110 (2.80 mm) Min.�
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.�
0.104 (2.64 mm) Max.



0.037 (0.95 mm) Ref.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.



0.076 (1.92 mm) Ref.


0.020 (0.51 mm) Ref.


SC-79

0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.



0.010�
(0.25 mm) Min.

0.014�
(0.35 mm) Max.



0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.



0.020�
(0.50 mm) Min.

0.028�
(0.70 mm) Max.



0.003�
(0.07 mm) Min.

0.008�
(0.20 mm) Max.

 10˚ Max.

10˚ Max.

0.028�
(0.70 mm) Min.

0.035�
(0.90 mm) Max.



0.006 (0.15 mm) Min.


Cathode
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1 2

SOD-323

1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045 
(1.15 mm) Min.

0.053 
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

SC-70

 3

 
2

 
1

0.031 (0.80 mm) Min.
0.039 (1.00 mm) Max.



0.000 (0.00 mm) Min.
0.004 (0.10 mm) Max.



0.010 (0.25 mm) Min.
0.016 (0.40 mm) Max.



0.071 (1.80 mm) Min.
0.087 (2.20 mm) Max.



0.071 (1.80 mm) Min.
0.094 (2.40 mm)  Max.



0.045 (1.15 mm) Min.
0.053 (1.35 mm) Max.



0.026 (0.65 mm) Ref.

0.051 (1.30 mm) Ref.

0.004 (0.10 mm) Min.
0.007 (0.18 mm) Max.



0.004 (0.10 mm) Min.
0.012 (0.30 mm) Max.



0.014 (0.35 mm) Ref.
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SMP1320 Series: Low Resistance, Low Capacitance,
Plastic Packaged PIN Diodes

DATA SHEET

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Features
� Designed for high-performance wireless switch applications
� 0.9 Ω resistance, 0.3 pF capacitance
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

� Available in tape and reel packaging

Description
The SMP1320 series of plastic packaged, surface mountable PIN
diodes is designed for high-volume switch applications from
10 MHz to beyond 2 GHz. The low current performance of these
diodes (0.9 Ω maximum at 10 mA and 2 Ω typical at 1 mA)
makes the SMP1320 series particularly suited to battery operated
circuits. Available in a selection of plastic packages and in a
variety of configurations including a low inductance (0.4 nH)
SOT-23 (SMP1320-007), the small footprint SC-79 and the
miniature SC-70.

Characteristic Value

Reverse voltage (VR) 50 V

Power dissipation @ 25 °C lead 250 mW
temperature (PD)

Storage temperature (TST) -65 °C to +150 °C

Operating temperature (TOP) -65 °C to +150 °C

ESD human body model Class 1B

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Series Resistance vs. Current @ 100 MHz
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Typical Performance Data

Parameter Condition Typ. Max. Unit

Reverse current (IR) VR = 50 V 10 µA
Capacitance (CT)(1) F = 1 MHz, V = 30 V 0.3 pF

Resistance (RS) F = 100 MHz, I = 1 mA 2 Ω
Resistance (RS) F = 100 MHz, I = 10 mA 0.9 Ω
Forward voltage (VF) IF = 10 mA 0.85 V

Carrier lifetime (TI) IF = 10 mA 0.4 µs

I region width 8 µm

Electrical Specifications at 25 °C

1. CT @ 30 V is 0.45 pF maximum for the SMP1320-007, SMP1320-007LF, and SMP1320-077. CT @ 30 V is 0.5 pF maximum for the SMP1320-017.

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.

Common Common Low Ultra Low
Single Anode Cathode Series Pair Inductance Single Inductance Single

SOT-23 SOT-23 SOT-23 SOT-23 SOT-23 SOD-323 SOT-143 SC-79

SMP1320-001 SMP1320-003 SMP1320-004 SMP1320-005 SMP1320-007 SMP1320-011 SMP1320-017 ��SMP1320-079
Marking: PL1 Marking: PL9 Marking: PL3 Marking: PL2 Marking: PLB Marking: PL Marking: PLF

SMP1320-001LF SMP1320-003LF SMP1320-004LF SMP1320-005LF SMP1320-007LF SMP1320-011LF SMP1320-017LF ��SMP1320-079LF
Marking: RL1 Marking: RL9 Marking: RL3 Marking: RL2 Marking: RLB Marking: RL Marking: RLF

LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 0.4 nH LS = 1.5 nH LS = 0.2 nH LS = 0.7 nH

SC-70 SC-70 SC-70

SMP1320-074 SMP1320-075 SMP1320-077

SMP1320-074LF SMP1320-075LF SMP1320-077LF
Marking: RL3 Marking: RL2 Marking: RLB

LS = 1.4 nH LS = 1.4 nH LS = 0.4 nH

Innovation to GoTM 
Select Linear Products (indicated by t) now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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Capacitance vs. Reverse Voltage
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IF -55 °C -15 °C 25 °C 65 °C 100 °C

(mA) (Ω) (Ω) (ΩΩ) (Ω) (Ω)

0.02 29.6 29.2 30.8 32 32.7

0.1 7.2 7.7 8.3 8.8 8.8

0.3 3.4 3.6 3.8 4 4.1

0.5 2.5 2.7 2.8 2.9 3

1 1.7 1.8 1.9 2 1.9

10 0.84 0.85 0.76 0.76 0.67

20 0.73 0.73 0.64 0.64 0.56

100 0.59 0.57 0.47 0.48 0.4

Resistance vs. Temperature @ 500 MHz SMP1320-007
In the -007 configuration of the SOT-23 package, the package induc-
tance is effectively reduced to 0.4 nH, in comparison to the 1.5 nH
value of the standard configuration. This lower inductance will be
particularly beneficial when the diodes are used as shunt connected
switches at frequencies higher than 500 MHz, where inductance is
the primary limitation on maximum switch isolation.

To achieve the effective 0.4 nH, the SOT-23 package must be
inserted in the microstrip circuit board with a gap in the trace, as
shown in the figure. Because of the polarity of the diode junction, 
this low inductance feature is
realizable only with the cathode
connected to ground.

Ground

Gap

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SOT-143
0.110 (2.80 mm) Min.
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.
0.104 (2.64 mm) Max.

0.012 (0.30 mm) Min.
0.020 (0.50 mm) Max.

0.0005 (0.01 mm) Min.
0.004 (0.15 mm) Max.

0.031 (0.80 mm) Min.
0.047 (1.20 mm) Max.

0.030 (0.76 mm) Min.
0.035 (0.89 mm) Max.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.

0.003 (0.08 mm) Min.
0.008 (0.20 mm) Max.

0.022 (0.55 mm) Ref.

8˚ Max.

0.020 (0.50 mm) Ref.

0.028 (0.70 mm) Ref.

0.068 (1.72 mm) Ref.

0.076 (1.92 mm) Ref.

4 3

21


SC-79

0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.



0.010�
(0.25 mm) Min.

0.014�
(0.35 mm) Max.



0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.



0.020�
(0.50 mm) Min.

0.028�
(0.70 mm) Max.



0.003�
(0.07 mm) Min.

0.008�
(0.20 mm) Max.

 10˚ Max.

10˚ Max.

0.028�
(0.70 mm) Min.

0.035�
(0.90 mm) Max.



0.006 (0.15 mm) Min.


Cathode
Indicator

1 2

SOT-23

3

21

0.035 (0.89 mm) Min.�
	0.044 (1.12 mm) Max.

0.0005 (0.01 mm) Min.�
	0.004 (0.10 mm) Max.

0.012 (0.30 mm) Min.�
0.020 (0.50 mm) Max.

0.003 (0.080 mm) Min.�
0.008 (0.20 mm) Max.

8˚ Max.


0.022 (0.55 mm) Ref.

0.110 (2.80 mm) Min.�
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.�
0.104 (2.64 mm) Max.



0.037 (0.95 mm) Ref.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.



0.076 (1.92 mm) Ref.


0.020 (0.51 mm) Ref.


SC-70

 3

 
2

 
1

0.031 (0.80 mm) Min.
0.039 (1.00 mm) Max.



0.000 (0.00 mm) Min.
0.004 (0.10 mm) Max.



0.010 (0.25 mm) Min.
0.016 (0.40 mm) Max.



0.071 (1.80 mm) Min.
0.087 (2.20 mm) Max.



0.071 (1.80 mm) Min.
0.094 (2.40 mm)  Max.



0.045 (1.15 mm) Min.
0.053 (1.35 mm) Max.



0.026 (0.65 mm) Ref.

0.051 (1.30 mm) Ref.

0.004 (0.10 mm) Min.
0.007 (0.18 mm) Max.



0.004 (0.10 mm) Min.
0.012 (0.30 mm) Max.



0.014 (0.35 mm) Ref.

SOD-323

1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045 
(1.15 mm) Min.

0.053 
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.
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SMP1321 Series: Low Capacitance,
Plastic Packaged PIN Diodes

DATA SHEET

Features
� Designed for high-performance wireless switch applications
� 0.25 pF capacitance specified
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

� Available in tape and reel packaging

Description
The SMP1321 series of plastic packaged, surface mountable PIN
diodes is designed for high-volume switch applications from
10 MHz to beyond 2 GHz. The low capacitance of these diodes,
(0.25 pF) combined with its low resistance (2.0 Ω maximum at
10 mA) makes the SMP1321 series particularly suited to high-
isolation, series connected PIN diode switches in battery operated
circuits. Available in a selection of plastic packages and in a
variety of configurations including a low inductance (0.4 nH)
SOT-23 (SMP1321-007), the small footprint SC-79 and the
miniature SC-70. The SMP1321-508 has been specifically
designed for WLAN 802.11 a, b, and g applications.

Characteristic Value

Reverse voltage (VR) 100 V

Power dissipation @ 25 °C lead 250 mW
temperature (PD)

Storage temperature (TST) -65 °C to +150 °C

Operating temperature (TOP) -65 °C to +150 °C

ESD human body model Class 1B

Absolute Maximum Ratings

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Common Common Low
Single Anode Cathode Series Pair Inductance Single Single Anti-Parallel

SOT-23 SOT-23 SOT-23 SOT-23 SOT-23 SOD-323 SC-79 LGA

SMP1321-001 SMP1321-003 SMP1321-004 ��SMP1321-005 SMP1321-007 SMP1321-011 SMP1321-079 SMP1321-508
Marking: PM1 Marking: PM9 Marking: PM3 Marking: PM2 Marking: PMB Marking: PM Lead (Pb)-Free

Marking: H

SMP1321-001LF SMP1321-003LF SMP1321-004LF ��SMP1321-005LF SMP1321-007LF SMP1321-011LF SMP1321-079LF
Marking: RM1 Marking: RM9 Marking: RM3 Marking: RM2 Marking: RMB Marking: RM

LS= 1.5 nH LS= 1.5 nH LS= 1.5 nH LS= 1.5 nH LS= 0.4 nH LS= 1.5 nH LS= 0.7 nH LS = 0.6 nH

SC-70 SC-70 SC-70

SMP1321-073 SMP1321-074 SMP1321-075
Marking: PM9 Marking: PM2 Marking: PMB

SMP1321-073LF SMP1321-074LF SMP1321-075LF
Marking: RM9 Marking: RM3 Marking: RM2

LS= 1.4 nH LS= 1.4 nH LS= 1.4 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative
to our standard tin/lead (Sn/Pb) packaging.

Parameter Condition Typ. Max. Unit

Reverse current (IR) VR = 100 V 10 µA

Capacitance (CT)(1) F = 1 MHz, V = 30 V 0.25 pF

Resistance (RS) F = 100 MHz, I = 1 mA 3 Ω
Resistance (RS) F = 100 MHz, I = 10 mA 2 Ω
Forward voltage (VF) IF = 10 mA 0.85 V

Carrier lifetime (TI) IF = 10 mA 0.4 µs

I region width 15 µm

Electrical Specifications at 25 °C

1. The SMP1321-007 maximum capacitance is 0.4 pF.

Innovation to GoTM 
Select Linear Products (indicated by t) now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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R R R R R
IF -55 °C -15 °C 25 °C 65 °C 100 °C
(mA) (Ω) (Ω) (Ω) (Ω) (Ω)
0.02 47.4 50 56.3 61.5 65.1

0.1 12 12.6 13.9 15.4 16.4

0.3 5.2 5.4 5.8 6.4 6.9

0.5 3.6 3.8 4.1 4.5 4.8

1 2.4 2.5 2.6 2.8 3.1

10 1.03 1.04 1.04 1.07 1.15

20 0.871 0.888 0.873 0.889 0.956

100 0.669 0.659 0.642 0.645 0.695

Resistance vs. Temperature @ 500 MHz SMP1321-007
In the -007 configuration of the SOT-23 package, the package
inductance is effectively reduced to 0.4 nH, in comparison to the
1.5 nH value of the standard configuration. This lower inductance
will be particularly beneficial when the diodes are used as shunt
connected switches at frequencies higher than 500 MHz, where
inductance is the primary limitation on maximum switch isolation.

To achieve the effective 0.4 nH, the SOT-23 package must 
be inserted in the microstrip circuit board with a gap in the 
trace, as shown in the figure. Because of the polarity of the 
diode junction, this low 
inductance feature is realiz-
able only with the cathode
connected to ground.

Ground

Gap

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 


Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
December 26, 2007  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice.  •  200048 Rev. E

DATA SHEET  •  SMP1321 SERIES

4

SOT-23

3

21

0.035 (0.89 mm) Min.�
	0.044 (1.12 mm) Max.

0.0005 (0.01 mm) Min.�
	0.004 (0.10 mm) Max.

0.012 (0.30 mm) Min.�
0.020 (0.50 mm) Max.

0.003 (0.080 mm) Min.�
0.008 (0.20 mm) Max.

8˚ Max.


0.022 (0.55 mm) Ref.

0.110 (2.80 mm) Min.�
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.�
0.104 (2.64 mm) Max.



0.037 (0.95 mm) Ref.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.



0.076 (1.92 mm) Ref.


0.020 (0.51 mm) Ref.


SOD-323

1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045 
(1.15 mm) Min.

0.053 
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

LGA

Pin 2

Pin 1

Pin 3

Pin 1

Pin 3

Pin 4

Pin 4
(1.03)

(0.73)

(0.30)

(0.00)

Pin 2

 0.058 (1.47 mm)
0.054 (1.39 mm)

0.028 (0.70 mm)
0.023 (0.58 mm)

Side ViewTop View

0.048 (1.23 mm)
0.044 (1.13 mm)

(0.138 x 45) 

(1
.2

7)

(0
.8

7)

(0
.4

0)

(0
.0

0)

Bottom View

(0.076) All Around

SC-79

0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.



0.010�
(0.25 mm) Min.

0.014�
(0.35 mm) Max.



0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.



0.020�
(0.50 mm) Min.

0.028�
(0.70 mm) Max.



0.003�
(0.07 mm) Min.

0.008�
(0.20 mm) Max.

 10˚ Max.

10˚ Max.

0.028�
(0.70 mm) Min.

0.035�
(0.90 mm) Max.



0.006 (0.15 mm) Min.


Cathode
Indicator

1 2

SC-70

 3

 
2

 
1

0.031 (0.80 mm) Min.
0.039 (1.00 mm) Max.



0.000 (0.00 mm) Min.
0.004 (0.10 mm) Max.



0.010 (0.25 mm) Min.
0.016 (0.40 mm) Max.



0.071 (1.80 mm) Min.
0.087 (2.20 mm) Max.



0.071 (1.80 mm) Min.
0.094 (2.40 mm)  Max.



0.045 (1.15 mm) Min.
0.053 (1.35 mm) Max.



0.026 (0.65 mm) Ref.

0.051 (1.30 mm) Ref.

0.004 (0.10 mm) Min.
0.007 (0.18 mm) Max.



0.004 (0.10 mm) Min.
0.012 (0.30 mm) Max.



0.014 (0.35 mm) Ref.
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SMP1322 Series: Low Resistance,
Plastic Packaged PIN Diodes

DATA SHEET

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Features
� Designed for high-performance wireless switch applications
� RS @ 1 mA 0.8 Ω typical
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

� Available in tape and reel packaging

Description
The SMP1322 series of plastic packaged, surface mountable
PIN diodes are designed for high-volume switch applications
from 10 MHz to beyond 2 GHz. The ultralow resistance of these
diodes (1.5 Ω maximum at 1 mA and 0.5 Ω typical at 10 mA)
makes the SMP1322 series suited to low-loss PIN diode switches
in battery operated circuits. Available in a selection of plastic
packages and in a variety of configurations including an
ultralow inductance (0.2 nH) SOT-143 (SMP1322-017), the
small footprint SC-79 and the miniature SC-70. In addition,
the SMP1322-016 consists of two diodes in a SOT-143 package
configured to enable insertion in a quarter-wave T/R switch with
no crossover connections.

Characteristic Value

Reverse voltage (VR) 50 V

Power dissipation @ 25 °C lead 250 mW
temperature (PD)

Storage temperature (TST) -65 °C to +150 °C

Operating temperature (TOP) -65 °C to +150 °C

ESD human body model Class 1B

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Single Common Anode Common Cathode Series Pair Single T/R Switch Ultralow Inductance Single

SOT-23 SOT-23 SOT-23 SOT-23 SOD-323 SOT-143 SOT-143 SC-79

SMP1322-001 SMP1322-003 SMP1322-004 SMP1322-005 SMP1322-011 SMP1322-016 ��SMP1322-017 SMP1322-079
Marking: PN1 Marking: PN9 Marking: PN3 Marking: PN2 Marking: PN Marking: PN6 Marking: PNF

SMP1322-001LF SMP1322-003LF SMP1322-004LF SMP1322-005LF SMP1322-011LF SMP1322-016LF ��SMP1322-017LF SMP1322-079LF
Marking: RN1 Marking: RN9 Marking: RN3 Marking: RN2 Marking: RN Marking: RN6 Marking: RNF

LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 0.2 nH LS = 0.7 nH

SC-70

SMP1322-074
Marking: PN3

SMP1322-074LF
Marking: RN3

LS = 1.4 nH

Parameter Condition Typ. Max. Unit

Reverse current (IR) VR = 50 V 10 µA

Capacitance (CT)(1) F = 1 MHz, V = 30 V 1 pF

Resistance (RS) F = 100 MHz, I = 1 mA 1.5 Ω
Resistance (RS) F = 100 MHz, I = 10 mA 0.5 Ω
Forward voltage (VF) IF = 10 mA 0.85 V

Carrier lifetime (TI) IF = 10 mA 0.4 µs

I region width 8 µm

Electrical Specifications at 25 °C

1. The SMP1322-016, SMP1322-017 and SMP1322-017LF maximum capacitance is 1.15 pF.

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.

Innovation to GoTM 
Select Linear Products (indicated by t) now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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Series Resistance vs. Current @ 100 MHz

0.1
0.01 0.1 1 10 100

1

10

100

Forward Current (mA)

Se
rie

s 
Re

si
st

an
ce

 (Ω
)

0 1 2 5 10 20 50

Capacitance vs. Reverse Voltage

0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

Reverse Voltage (V)

Ca
pa

ci
ta

nc
e 

(p
F) 1 MHz–1 GHz

400 500 600 700 800 900 1000

DC Characteristic

0.01

0.1

1

10

100

Forward Voltage (mV)

Fo
rw

ar
d 

Cu
rr

en
t (

m
A)

0 500 1000 1500 2000

Conductance vs. Frequency
and Reverse Voltage

0

500

1000

1500

2000

2500

3000

Frequency (MHz)

Co
nd

uc
ta

nc
e 

(µ
S)

0 V

10 V
40 V

Typical Performance Data

R R R R R
IF -55 °C -15 °C 25 °C 65 °C 100 °C

(mA) (Ω) (Ω) (ΩΩ) (Ω) (ΩΩ)

0.02 9.5 9.4 9.9 10.5 10.9

0.1 3 3 3 3.3 3.5

0.3 1.5 1.5 1.5 1.6 1.8

0.5 1.1 1.1 1.2 1.2 1.4

1 0.922 0.914 0.902 0.963 1.1

10 0.568 0.559 0.533 0.563 0.655

20 0.532 0.52 0.494 0.521 0.61

100 0.483 0.469 0.44 0.464 0.565

Resistance vs. Temperature @ 500 MHz
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λ/4 T/R Switch

SMP1322-016 in λ/4 T/R Switch

SMP1322-016 SOT-143 T/R Switch
The SMP1322-016 is a low-cost PIN diode unconnected pair
specifically designed for low-current drain antenna T/R switches
in handheld wireless suits. In the specifically configured 
SOT-143 package, the PIN diodes are oriented to enable connec-
tion as a λ/4 switch with no external crossover connections.

Transmitter

SMP1322-011

Antenna

DC Control

Receiver

SMP1322-017

λ /4

T/R Switch Design 

SMP1322-017 SOT-143 Low Inductance 
PIN Diode
The SMP1322-017 utilizes the SMP1322 PIN diode chip in a 
customized SOT-143 plastic package designed for high-isolation
performance in a shunt connected switch. Its effective inductance,
based on the 3 GHz isolation, is less than 0.2 nH. This diode is
designed to work effectively as a shunt element in SPDT switches,
covering the wireless frequencies from 900 MHz to beyond 2 GHz.
Excellent performance is achievable when used in a quarter-wave
T/R switch with the SMP1322-001 (SOT-23) or SMP1322-011
(SOD-323) PIN diode as the series connected diode.

4

1 3

2

Schematic Switch ConnectionLead Configuration

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SOT-23

3

21

0.035 (0.89 mm) Min.�
	0.044 (1.12 mm) Max.

0.0005 (0.01 mm) Min.�
	0.004 (0.10 mm) Max.

0.012 (0.30 mm) Min.�
0.020 (0.50 mm) Max.

0.003 (0.080 mm) Min.�
0.008 (0.20 mm) Max.

8˚ Max.


0.022 (0.55 mm) Ref.

0.110 (2.80 mm) Min.�
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.�
0.104 (2.64 mm) Max.



0.037 (0.95 mm) Ref.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.



0.076 (1.92 mm) Ref.


0.020 (0.51 mm) Ref.


SOT-143
0.110 (2.80 mm) Min.
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.
0.104 (2.64 mm) Max.

0.012 (0.30 mm) Min.
0.020 (0.50 mm) Max.

0.0005 (0.01 mm) Min.
0.004 (0.15 mm) Max.

0.031 (0.80 mm) Min.
0.047 (1.20 mm) Max.

0.030 (0.76 mm) Min.
0.035 (0.89 mm) Max.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.

0.003 (0.08 mm) Min.
0.008 (0.20 mm) Max.

0.022 (0.55 mm) Ref.

8˚ Max.

0.020 (0.50 mm) Ref.

0.028 (0.70 mm) Ref.

0.068 (1.72 mm) Ref.

0.076 (1.92 mm) Ref.

4 3

21


SOD-323

1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045 
(1.15 mm) Min.

0.053 
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

SC-79

0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.



0.010�
(0.25 mm) Min.

0.014�
(0.35 mm) Max.



0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.



0.020�
(0.50 mm) Min.

0.028�
(0.70 mm) Max.



0.003�
(0.07 mm) Min.

0.008�
(0.20 mm) Max.

 10˚ Max.

10˚ Max.

0.028�
(0.70 mm) Min.

0.035�
(0.90 mm) Max.



0.006 (0.15 mm) Min.


Cathode
Indicator

1 2

SC-70

 3

 
2

 
1

0.031 (0.80 mm) Min.
0.039 (1.00 mm) Max.



0.000 (0.00 mm) Min.
0.004 (0.10 mm) Max.



0.010 (0.25 mm) Min.
0.016 (0.40 mm) Max.



0.071 (1.80 mm) Min.
0.087 (2.20 mm) Max.



0.071 (1.80 mm) Min.
0.094 (2.40 mm)  Max.



0.045 (1.15 mm) Min.
0.053 (1.35 mm) Max.



0.026 (0.65 mm) Ref.

0.051 (1.30 mm) Ref.

0.004 (0.10 mm) Min.
0.007 (0.18 mm) Max.



0.004 (0.10 mm) Min.
0.012 (0.30 mm) Max.



0.014 (0.35 mm) Ref.
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SMP1352 Series: Large Signal Switching,
Plastic Packaged PIN Diodes

DATA SHEET

Features
� Designed for large signal switches in base station and
handset applications

� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

� Available in tape and reel packaging

Description
The SMP1352 series of plastic packaged, surface mountable,
low-capacitance (0.3 pF) silicon PIN diodes is designed for large
signal switch applications from 10 MHz to beyond 2 GHz. These
diodes have a reverse voltage rating of 200 V and are designed
for use in low-distortion switches that are required to hold off
large RF voltages. The nominal 50 µm I region width, combined
with the typical 1.5 µs carrier lifetime, results in a PIN diode with
low forward resistance and low distortion characteristics.

Characterissticc VValue

Reverse voltage (VR) 200 V

Power dissipation @ 25°C lead 250 mW
temperature (PD)

Storage temperature (TST) -65 °C to +150 °C

Operating temperature (TOP) -65 °C to +150 °C

ESD human body model Class 1C

Absolute Maximum Ratings

Single Single

SOD-323 SC-79

SMP1352-011 ��SMP1352-079
Marking: PR

SMP1352-011LF ��SMP1352-079LF
Marking: RR

LS = 1.5 nH LS = 0.7 nH

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.

Innovation to GoTM 
Select Linear Products (indicated by t) now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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Typical Performance Data

Parameter Condition Typ. Max. Unit

Reverse current (IR) VR = 200 V 10 µA

Capacitance (CT) F = 1 MHz, V = 20 V 0.35 pF

Resistance (RS) F = 100 MHz, I = 1 mA 11 15 Ω
Resistance (RS) F = 100 MHz, I = 10 mA 2 2.8 Ω
Resistance (RS) F = 100 MHz, I = 100 mA 1 1.35 Ω
Forward voltage (VF) IF = 10 mA 0.8 V

Carrier lifetime (TI) IF = 10 mA 1 µs

I region width 50 µm

Electrical Specifications at 25 °C
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R R R R R
IF -55 °C -15 °C 25 °C 65 °C 100 °C

(mA) (Ω) (Ω) (ΩΩ) (Ω) (ΩΩ)

0.02 260 276 302 263 240

0.1 60.9 64 70.6 71 70.1

0.3 22.4 23.6 26 27.8 28.2

1 7.9 8.5 9.2 10.3 10.7

10 1.5 1.7 1.9 2.2 2.3

20 1.1 1.2 1.3 1.6 1.7

100 0.55 0.69 0.78 0.98 1.03

Resistance vs. Temperature @ 100 MHz SOD-323

1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045 
(1.15 mm) Min.

0.053 
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

SC-79

0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.



0.010�
(0.25 mm) Min.

0.014�
(0.35 mm) Max.



0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.



0.020�
(0.50 mm) Min.

0.028�
(0.70 mm) Max.



0.003�
(0.07 mm) Min.

0.008�
(0.20 mm) Max.

 10˚ Max.

10˚ Max.

0.028�
(0.70 mm) Min.

0.035�
(0.90 mm) Max.



0.006 (0.15 mm) Min.


Cathode
Indicator

1 2

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SMP1302 Series: Switch and Attenuator
Plastic Packaged PIN Diodes

DATA SHEET

Features
� Designed for base station and handset applications
� Low-distortion design
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C(1)

per JEDEC J-STD-020
� Available in tape and reel packaging

Description
The SMP1302 series of plastic packaged, surface mountable,
low capacitance (0.3 pF) silicon PIN diodes is designed for
high-volume switch and attenuator applications from 10 MHz
to beyond 2 GHz. These diodes are designed for use in low-
distortion PI and TEE attenuators with low drive current
(maximum resistance at 1 mA is 10 Ω) commonly used in TV
distribution and cellular base station applications. The nominal
50 µm I region width, combined with a maximum resistance of
3 Ω at 10 mA, makes these diodes useful in large signal switch
applications. Available as single and dual diodes in a selection
of plastic packages including SOT-23, SOD-323, small footprint
SC-79, an ultralow inductance (0.2 nH) SOT-143 (SMP1302-017)
and miniature SC-70. Available in a SOT-5 (SMP1302-027)
package as a four-diode array designed for insertion in the
commonly used four-diode PI attenuator circuit.

Characteristic Value

Reverse voltage (VR) 200 V

Power dissipation @ 25 °C lead 250 mW
temperature (PD)

Storage temperature (TST) -65 °C to +150 °C

Operating temperature (TOP) -65 °C to +150 °C

ESD human body model Class 1C

Absolute Maximum Ratings

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

1. SOT-5 (-027) MSL to be defined.
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Series Resistance vs. Current @ 100 MHz
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Typical Performance Data

Parameter Condition Typ. Max. Unit

Reverse current (IR) VR = 200 V 10 µA

Capacitance (CT)(1) F = 1 MHz, V = 30 V 0.3 pF

Resistance (RS) F = 100 MHz, I = 1 mA 15 20 Ω
Resistance (RS) F = 100 MHz, I = 10 mA 3 Ω
Resistance (RS) F = 100 MHz, I = 100 mA 1.5 Ω
Forward voltage (VF) IF = 10 mA 0.8 V

Carrier lifetime (TI) IF = 10 mA 0.7 µs

I region width 50 µm

Electrical Specifications at 25 °C

Common Common Series Ultralow
Single Anode Cathode Pair Single Inductance PI Single

SOT-23 SOT-23 SOT-23 SOT-23 SOD-323 SOT-143 SOT-5 SC-79

SMP1302-001 SMP1302-003 SMP1302-004 SMP1302-005 SMP1302-011 SMP1302-017 SMP1302-027 ��SMP1302-079
Marking: PF1 Marking: PF9 Marking: PF3 Marking: PF2 Marking: PF Marking: PFF Marking: PFM

SMP1302-001LF SMP1302-003LF SMP1302-004LF SMP1302-005LF SMP1302-011LF SMP1302-017LF SMP1302-027LF ��SMV1302-079LF
Marking: RF1 Marking: RF9 Marking: RF3 Marking: RF2 Marking: RF Marking: RFF Marking: RFM

LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 0.2 nH LS = 0.7 nH

SC-70 SC-70

SMP1302-074
Marking: PF3

SMP1302-074LF SMP1302-075LF
Marking: RF3 Marking: RF2

LS = 1.4 nH LS = 1.4 nH



1. The SMP1302-017 and SMP1302-027 maximum capacitance is 0.45 pF.

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.

Innovation to GoTM 
Select Linear Products (indicated by t) now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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SMP1302-017:  Low Inductance PIN Diode in 
SOT-143 Package
The SMP1302-017 utilizes the SMP1302 PIN diode chip in a 
customized SOT-143 plastic package designed for high 
performance in high-frequency applications. Its effective 
inductance, based on the 3 GHz isolation, is less than 0.2 nH.

4

1 3

244 33

1 2

Schematic Switch ConnectionLead Configuration

R R R R R
IF -55 °C -15 °C 25 °C 65 °C 100 °C

(mA) (Ω) (Ω) (Ω) (Ω) (Ω)

-55 -15 25 65 100

0.02 599 653 692 715 722

0.1 123 135 143 154 161

0.3 42.2 46.6 49.7 54.3 56.8

1 13.5 15 16.2 17.9 18.8

10 2 2.3 2.6 2.9 3

20 1.34 1.5 1.7 2 2

100 0.6 0.74 1 1.1 1.1

Resistance vs. Temperature @ 100 MHz

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SOT-23

3

21

0.035 (0.89 mm) Min.�
	0.044 (1.12 mm) Max.

0.0005 (0.01 mm) Min.�
	0.004 (0.10 mm) Max.

0.012 (0.30 mm) Min.�
0.020 (0.50 mm) Max.

0.003 (0.080 mm) Min.�
0.008 (0.20 mm) Max.

8˚ Max.


0.022 (0.55 mm) Ref.

0.110 (2.80 mm) Min.�
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.�
0.104 (2.64 mm) Max.



0.037 (0.95 mm) Ref.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.



0.076 (1.92 mm) Ref.


0.020 (0.51 mm) Ref.


SC-79

0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.



0.010�
(0.25 mm) Min.

0.014�
(0.35 mm) Max.



0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.



0.020�
(0.50 mm) Min.

0.028�
(0.70 mm) Max.



0.003�
(0.07 mm) Min.

0.008�
(0.20 mm) Max.

 10˚ Max.

10˚ Max.

0.028�
(0.70 mm) Min.

0.035�
(0.90 mm) Max.



0.006 (0.15 mm) Min.


Cathode
Indicator

1 2

SOD-323

1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045 
(1.15 mm) Min.

0.053 
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

SOT-143
0.110 (2.80 mm) Min.
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.
0.104 (2.64 mm) Max.

0.012 (0.30 mm) Min.
0.020 (0.50 mm) Max.

0.0005 (0.01 mm) Min.
0.004 (0.15 mm) Max.

0.031 (0.80 mm) Min.
0.047 (1.20 mm) Max.

0.030 (0.76 mm) Min.
0.035 (0.89 mm) Max.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.

0.003 (0.08 mm) Min.
0.008 (0.20 mm) Max.

0.022 (0.55 mm) Ref.

8˚ Max.

0.020 (0.50 mm) Ref.

0.028 (0.70 mm) Ref.

0.068 (1.72 mm) Ref.

0.076 (1.92 mm) Ref.

4 3

21


SOT-5



0.074
(1.90 mm)

Ref.



0.118
(3.00 mm)

0.087
(2.20 mm)

0.012
(0.30 mm)

0.000
(0.00 mm)

Min.

0.122 (3.10 mm)
0.106 (2.70 mm)



0.064 (1.63 mm)
0.035 (0.90 mm)

0.020 (0.51 mm)
0.014 (0.35 mm)

1

5 4

2 3

 0.037 (0.95 mm) Ref.

0.069
(1.75 mm)

0.052
(1.30 mm)

0.024
(0.61 mm)

0.004
(0.10 mm)

0.0104 (0.26 mm)
0.0035 (0.09 mm) Min.



0.012 (0.30 mm) Typ.

SC-70

 3

 
2

 
1

0.031 (0.80 mm) Min.
0.039 (1.00 mm) Max.



0.000 (0.00 mm) Min.
0.004 (0.10 mm) Max.



0.010 (0.25 mm) Min.
0.016 (0.40 mm) Max.



0.071 (1.80 mm) Min.
0.087 (2.20 mm) Max.



0.071 (1.80 mm) Min.
0.094 (2.40 mm)  Max.



0.045 (1.15 mm) Min.
0.053 (1.35 mm) Max.



0.026 (0.65 mm) Ref.

0.051 (1.30 mm) Ref.

0.004 (0.10 mm) Min.
0.007 (0.18 mm) Max.



0.004 (0.10 mm) Min.
0.012 (0.30 mm) Max.



0.014 (0.35 mm) Ref.
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SMP1304 Series: Low-Distortion Attenuator
Plastic Packaged PIN Diodes

DATA SHEET

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Features
� Low-distortion design
� Frequency range from HF to > 2 GHz
� Designed for base station applications
� Configured for PI and TEE attenuators
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C(1)

per JEDEC J-STD-020

Description
The SMP1304 series of plastic packaged, surface mountable, low
capacitance (0.3 pF), silicon PIN diodes is designed for use in
attenuator applications from 5 MHz to beyond 2 GHz. The thick
100 µm I region of these PIN diodes makes them very attractive
for use in low-distortion PI and TEE attenuators commonly used
in TV distribution applications. The 1 µs typical carrier lifetime of
these diodes results in resistance of 20 Ω maximum at 1 mA and
7 Ω maximum at 10 mA. Available in a selection of plastic pack-
ages: as a single diode in the small footprint SOD-323 package
and in a variety of configurations in the SOT-23 package,
including a low inductance (0.4 nH) SMP1304-007 package.
Also available in the SOT-143 package are three diode junctions
designed for insertion in TEE attenuators (SMP1304-018) and PI
attenuators (SMP1304-019). Also available in a SOT-5
(SMP1304-027) package as a four-diode array designed for
insertion in the commonly used four-diode PI attenuator circuit.

Characteristic Value

Reverse voltage (VR) 200 V

Power dissipation @ 25 °C lead 250 mW
temperature (PD)

Storage temperature (TST) -65 °C to +150 °C

Operating temperature (TOP) -65 °C to +150 °C

ESD human body model Class 1C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

1. SOT-5 (-027) MSL to be defined.
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Common Low
Single Cathode Series Pair Inductance Single PI PI

SOT-23 SOT-23 SOT-23 SOT-23 SOD-323 SOT-143 SOT-5

SMP1304-001 SMP1304-004 SMP1304-005 SMP1304-007 ��SMP1304-011 SMP1304-019 SMP1304-027
Marking: PG1 Marking: PG3 Marking: PG2 Marking: PGB Marking: PG Marking: PGJ Marking: PGM

SMP1304-001LF SMP1304-004LF SMP1304-005LF SMP1304-007LF ��SMP1304-011LF SMP1304-019LF SMP1304-027LF
Marking: RG1 Marking: RG3 Marking: RG2 Marking: RGB Marking: RG Marking: RGJ Marking: RGM

LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 0.4 nH LS = 1.5 nH

Parameter Condition Typ. Max. Unit

Reverse current (IR) VR = 200 V 10 µA

Capacitance (CT)(1) F = 1 MHz, V = 30 V 0.3 pF

Resistance (RS) F = 100 MHz, I = 1 mA 40 50 Ω
Resistance (RS) F = 100 MHz, I = 10 mA 7 Ω
Resistance (RS) F = 100 MHz, I = 100 mA 2 Ω
Forward voltage (VF) IF = 10 mA 0.8 V

Carrier lifetime (TI) IF = 10 mA 1 µs

I region width 100 µm

Electrical Specifications at 25 °C

1. The SMP1304-019 and SMP1304-027 maximum capacitance is 0.45 pF.

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.

Innovation to GoTM 
Select Linear Products (indicated by t) now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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Series Resistance vs. Current @ 100 MHz
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Typical Performance Data
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SMP1304-019 (PI)

SMP1304-007
In the -007 configuration of the SOT-23 package, the package
inductance is effectively reduced to 0.4 nH, in comparison to the
1.5 nH value of the standard configuration. This lower inductance
will be particularly beneficial when the diodes are used as shunt
connected switches at frequencies higher than 500 MHz, where
inductance is the primary limitation on maximum switch isola-
tion. To achieve the effective 0.4 nH, the SOT-23 package must
be inserted in the microstrip circuit board with a gap in the trace,
as shown in the figure. Because of the polarity of the diode junc-
tion, this low inductance feature is realizable only with the
cathode connected to ground.

SMP1304-019 PI Attenuator PIN Diodes
The SMP1304-019 employs three PIN diode junctions in a 
SOT-143 package. They are configured for ease of insertion in 
PI attenuator circuits commonly used from 10 MHz to beyond 
1 GHz. The SMP1304 PIN diode junction was designed for low
capacitance, wide resistance dynamic range, and low distortion
performance.

R R R R R
IF -55 °C -15 °C 25 °C 65 °C 100 °C

(mA) (Ω) (Ω) (ΩΩ) (Ω) (Ω)

0.02 1590 1660 1752 1770 1760

0.1 315 340 367 396 409

0.3 108 118 128 141 147

1 34.5 37.9 41.6 46.3 48.8

10 4.8 5.3 5.8 6.6 7

20 3 3.3 3.6 4.1 4.3

100 1.3 1.4 1.5 1.7 1.8

Resistance vs. Temperature @ 100 MHz

Ground

Gap

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SOD-323

1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045 
(1.15 mm) Min.

0.053 
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

SOT-23

3

21

0.035 (0.89 mm) Min.�
	0.044 (1.12 mm) Max.

0.0005 (0.01 mm) Min.�
	0.004 (0.10 mm) Max.

0.012 (0.30 mm) Min.�
0.020 (0.50 mm) Max.

0.003 (0.080 mm) Min.�
0.008 (0.20 mm) Max.

8˚ Max.


0.022 (0.55 mm) Ref.

0.110 (2.80 mm) Min.�
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.�
0.104 (2.64 mm) Max.



0.037 (0.95 mm) Ref.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.



0.076 (1.92 mm) Ref.


0.020 (0.51 mm) Ref.


SOT-143
0.110 (2.80 mm) Min.
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.
0.104 (2.64 mm) Max.

0.012 (0.30 mm) Min.
0.020 (0.50 mm) Max.

0.0005 (0.01 mm) Min.
0.004 (0.15 mm) Max.

0.031 (0.80 mm) Min.
0.047 (1.20 mm) Max.

0.030 (0.76 mm) Min.
0.035 (0.89 mm) Max.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.

0.003 (0.08 mm) Min.
0.008 (0.20 mm) Max.

0.022 (0.55 mm) Ref.

8˚ Max.

0.020 (0.50 mm) Ref.

0.028 (0.70 mm) Ref.

0.068 (1.72 mm) Ref.

0.076 (1.92 mm) Ref.

4 3

21


SOT-5



0.074
(1.90 mm)

Ref.



0.118
(3.00 mm)

0.087
(2.20 mm)

0.012
(0.30 mm)

0.000
(0.00 mm)

Min.

0.122 (3.10 mm)
0.106 (2.70 mm)



0.064 (1.63 mm)
0.035 (0.90 mm)

0.020 (0.51 mm)
0.014 (0.35 mm)

1

5 4

2 3

 0.037 (0.95 mm) Ref.

0.069
(1.75 mm)

0.052
(1.30 mm)

0.024
(0.61 mm)

0.004
(0.10 mm)

0.0104 (0.26 mm)
0.0035 (0.09 mm) Min.



0.012 (0.30 mm) Typ.
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SMP1307 Series: Very Low Distortion Attenuator
Plastic Packaged PIN Diodes

DATA SHEET

Features
� Low-distortion design
� Frequency range from HF to > 2 GHz
� Designed for CATV AGC applications
� Designed for high-volume wireless applications
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C(1)

per JEDEC J-STD-020

Description
The SMP1307 series of plastic packaged, surface mountable,
low capacitance (0.3 pF) silicon PIN diodes is designed for use
in attenuator applications from 5 MHz to beyond 2 GHz. The thick
175 µm I region of these PIN diodes makes them very attractive
for use in very low distortion PI and TEE attenuators commonly
used in TV distribution applications. The 1.5 µs typical carrier life-
time of these diodes results in resistance of 100 Ω maximum at
1 mA and 10 Ω maximum at 10 mA. Available in a selection
of plastic packages, as a single diode in the small footprint
SOD-323, and in a variety of configurations in the SOT-23. Also
available in a SOT-5 (SMP1307-027) package as a four-diode
array designed for insertion in the commonly used four-diode PI
attenuator circuit.

Characteristic Value

Reverse voltage (VR) 200 V

Power dissipation @ 25 °C lead 250 mW
temperature (PD)

Storage temperature (TST) -65 °C to +150 °C

Operating temperature (TOP) -65 °C to +150 °C

ESD human body model Class 1C

Absolute Maximum Ratings

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

1. SOT-5 (-027) MSL to be defined.
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Parameter Condition Typ. Max. Unit

Reverse current (IR) VR = 200 V 10 µA

Capacitance (CT)(1) F = 1 MHz, V = 30 V 0.3 pF

Resistance (RS) F = 100 MHz, I = 1 mA 75 100 Ω
Resistance (RS) F = 100 MHz, I = 10 mA 15 Ω
Resistance (RS) F = 100 MHz, I = 100 mA 3 Ω
Forward voltage (VF) IF = 10 mA 0.85 V

Carrier lifetime (TI) IF = 10 mA 1.5 µs

I region width 175 µm

Electrical Specifications at 25 °C

1. The SMP1307-027 maximum capacitance is 0.45 pF.

Common Common Reverse
Single Anode Cathode Series Pair Series Pair Single PI

SOT-23 SOT-23 SOT-23 SOT-23 SOT-23 SOD-323 SOT-5

��SMP1307-001 SMP1307-004 SMP1307-005 SMP1307-011 SMP1307-027
Marking: PJ1 Marking: PJ3 Marking: PJ2 Marking: PJ Marking: PJM

��SMP1307-001LF SMP1307-003LF SMP1307-004LF SMP1307-005LF SMP1307-006LF SMP1307-011LF SMP1307-027LF
Marking: RJ1 Marking: RJ9 Marking: RJ3 Marking: RJ2 Marking: RJ8 Marking: RJ Marking: RJM

LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.

Innovation to GoTM 
Select Linear Products (indicated by t) now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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Series Resistance vs. Current @ 100 MHz
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Typical Performance Data
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R R R R R
IF -55 °C -15 °C 25 °C 65 °C 100 °C

(mA) (Ω) (Ω) (ΩΩ) (Ω) (Ω)

0.02 2386 2360 2546 2520 2440

0.1 560 598 632 633 639

0.3 203 219 236 239 242

1 66.1 71.2 79.3 83.6 85.4

10 9.1 10 10.9 12.2 12.9

20 5.6 6 6.6 7.4 7.8

100 2.2 2.4 2.6 3 3.2

Typical Resistance vs. Temperature @ 100 MHz SMP1307-027 Four-Diode PI Attenuator
The SMP1307-027 employs four PIN diode junctions in a 5-lead
SOT package. It is configured for ease of insertion in the PI 
attenuator circuit commonly used for broadband TV distribution
systems, covering a frequency range from 5 MHz to beyond 
1 GHz. 

A broadband attenuator was designed using the SMP1307-027
showing good performance to 2 GHz. The attenuator was evalu-
ated with a 50 Ω source and load impedance. The following
figure shows the circuit diagram and measured performance.

 C1   
10,000 pF

C2
10,000 pF

C4
10,000 pF

C5
10,000 pF

C6
10,000 pF

C3
10,000 pF

R2
1 k

R1
560 R3

1 k

R5
560

R4
1 k

R6
560

D1

D2

D3

D4

VTUNE
0–20 V

VREF
5 V

RF
Output

RF
Input



4 5

123

A 4-diode PI attenuator utilizing individual SMP1307-011 PIN diodes is described in the “A Wideband General Purpose PIN Diode Attenuator” Application Note.

D1–D4 SMP1307-027
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SOD-323

1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045 
(1.15 mm) Min.

0.053 
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

SOT-23

3

21

0.035 (0.89 mm) Min.�
	0.044 (1.12 mm) Max.

0.0005 (0.01 mm) Min.�
	0.004 (0.10 mm) Max.

0.012 (0.30 mm) Min.�
0.020 (0.50 mm) Max.

0.003 (0.080 mm) Min.�
0.008 (0.20 mm) Max.

8˚ Max.


0.022 (0.55 mm) Ref.

0.110 (2.80 mm) Min.�
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.�
0.104 (2.64 mm) Max.



0.037 (0.95 mm) Ref.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.



0.076 (1.92 mm) Ref.


0.020 (0.51 mm) Ref.


SOT-5

0.110 (2.79 mm) Min.
0.118 (3.00 mm) Max.



0.014�
(0.36 mm)�

Min.
0.020�

(0.51 mm)�
Max.



0.102�
(2.59 mm) �

Min.
0.118 �

(3.00 mm)�
Max.



0.060
(1.52 mm) �

Min.
0.069�

(1.75 mm)�
Max.

0.037�
(0.94 mm) Ref. 0.037�

(0.94 mm) Ref.

1 2 3

45

0.004 (0.10 mm) Min.
0.024 (0.61 mm) Max.



0.134�
(3.4 mm)10˚ Max.

0.035�
(0.89 mm)�

Min.
0.057�

(1.49 mm)�
Max.



0.000 (0.00 mm) Min.
0.006 (0.15 mm) Max.

0.035 (0.89 mm) Min.
0.051 (1.30 mm) Max.
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SMP1307-027 Attenuation vs. Frequency

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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PIN Diode Chips Supplied on Film Frame
DATA SHEET

Features
� Designed for high-performance switch and

attenuator applications
� Preferred device for module applications
� PIN diodes supplied 100% tested, sawn, mounted on film frame
� Low cost
� Available lead (Pb)-free, RoHS-compliant, and Green

Description
The SMP series of PIN diodes is designed for high-volume switch
applications from 10 MHz to beyond 2 GHz. The low current, low
capacitance performance of these diodes makes the SMP series
particularly suited for battery-operated circuits, power amplifier
modules, VCO, T/R switches and other applications. The
SMP1302-099 and SMP1304-099 parts are designed as low-
distortion attenuators used in TV distribution and cellular base
station applications.

Characteristic Value

Reverse voltage (VR) 50 V

Power dissipation @ 25 °C 250 mW
at the base of the chip

Storage temperature -65 °C to +150 °C

Operating temperature -65 °C to +150 °C

ESD human body model Class 1 B

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Skyworks Green™ products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW
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Electrical Specifications at 25 °C

Chip Dimensions

Typ. CJ Max. CJ Max. RS Max. RS Typical Carrier
Part Voltage VR = 0 V VR = 30 V Typ. VF IF = 1 mA IF = 10 mA Lifetime

Number Rating(1) F = 1 MHz F = 1 MHz @ IF = 10 mA F = 100 MHz F = 100 MHz IF = 10 mA
(V) (pF) (pF) (mV) (Ω) (Ω) (nsec)

Switching Applications

SMP1320-099 50 0.23 0.175 850 2 Typ. 0.9 400

SMP1321-099 100 0.18 0.15 860 2 5 Typ. 400

SMP1322-099 50 1.1 0.85 825 1.5 0.45 Typ. 400

SMP1340-099 50 0.2 0.15 @ 10 V 880 1.7 Typ. 1.2 100

SMP1353-099 100 0.35 0.15 @ 10 V 825 15 2.8 1000

Attenuator Applications

SMP1302-099 200 0.27 0.15 800 20 3 700

SMP1304-099 200 0.18 0.15 800 50 7 1000

The above PIN switch diode chips are processed on 100 mm silicon wafers, 100% DC tested, sawn and shipped on 6" film frame hoops.
Electrical rejects are identified with black ink.
Attenuators 100% RS tested @ 1 mA/100 MHz only—other electricals guaranteed but not tested.
1. It is not recommended to drive a PIN diode into avalanche breakdown. Permanent damage to the diode may occur.

Quantity of Good Diodes Per Wafer
Part Number Min. Nom. Chip Size Chip Height Anode

SMP1320-099 40,000 46,000 0.0135 ± 0.001 0.0055 ± 0.0005 0.003 ± 0.0003

SMP1321-099 40,000 46,000 0.0135 ± 0.001 0.0055 ± 0.0005 0.003 ± 0.0003

SMP1322-099 40,000 46,000 0.0135 ± 0.001 0.0055 ± 0.0005 0.0075 ± 0.0003

SMP1340-099 65,000 72,000 0.011 ± 0.001 0.0055 ± 0.0005 0.003 ± 0.0003

SMP1353-099 65,000 72,000 0.011 ± 0.001 0.0055 ± 0.0005 0.008 ± 0.0005

SMP1302-099 40,000 46,000 0.0135 ± 0.001 0.0055 ± 0.0005 0.0085 ± 0.0005

SMP1304-099 40,000 46,000 0.0135 ± 0.001 0.01 ± 0.001 0.0085 ± 0.0005
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Wafer On Film

Grip Ring

0.003 (0.076 mm)
Separation

Between Die 

3.940 (100 mm)
Wafer Dia. 

5.520 (140.2 mm)
Inner Ring I.D. 

5.981 (151.92 mm)
Outer Ring O.D. 

0.236 (5.99 mm)
Ring Thickness 

0.003 (0.076 mm) Nom.
Separation

Between Die 

Wafer Film Frame Description
� Wafer on nitto tape
� Color: light blue
� Thickness: 2.2–3 mils
� Tensile strength: 6.6 (lbs. in width)
� Ring material: plastic
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APD Series: Silicon PIN Diode Chips
DATA SHEET

Features
● Established Skyworks PIN diode process
● For switch and attenuator applications
● Low capacitance designs to 0.05 pF
● Voltage ratings to 100 V
● Chip size smaller than 15 mils square
● Available lead (Pb)-free, RoHS-compliant, and Green

Description
Skyworks APD Series of silicon PIN diode chips is designed for
use as switch and attenuator devices in high-performance hybrid
microwave integrated circuits. These PIN diode designs are
useful over a wide range of frequencies from below 100 MHz to
beyond 30 GHz. These devices utilize Skyworks well-established
silicon technology resulting in high resistivity and tightly con-
trolled I region width PIN diodes. APD0505-00 through
APD0810-000 are primarily designed for fast speed through
moderate speed switch applications. They have low resistance
and capacitance at zero bias and reverse bias. The thick I region
APD2220-000 is primarily designed for low-distortion attenuator
applications.

Characteristic Value

Power dissipation
Pdiss = W

Operating temperature -65 °C to +175 °C

Storage temperature -65 °C to +200 °C

Absolute Maximum Ratings

175-Tamb
θ

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Skyworks Green products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW
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Typical Performance Data
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Capacitance Capacitance RS Voltage
VR = 50 V, VR = 0 V, I = 10 mA, TL Rating Thermal Contact

Part Number 1 MHz 1 MHz 500 MHz I = 10 mA IR = 10 µA I Region Resistance Diameter Outline
(pF) (pF) (ΩΩ) (ns) (V) (µm) (°C/W) (Mils) Drawing

Max. Typ. Max. Typ. Min. Nom. Max. Nom.

Switching Applications

APD0505-000 0.05 0.1 2 20 50 5 100 1.5 150-806

APD0510-000 0.1 0.2 1.5 40 50 5 80 2.5 150-801

APD0520-000 0.2 0.25 1 50 50 5 80 3.5 150-801

APD0805-000 0.05 0.1 2 100 100 8 80 2 150-801

APD0810-000 0.1 0.15 1.5 160 100 8 60 3 150-801

APD1510-000 0.1 0.2 2 300 200 15 60 3 150-813

APD1520-000 0.2 0.25 1.2 900 100 15 30 4 150-802

Attenuator Applications

APD2220-000 0.2 0.2 4 700 100 50 80 7.5 149-815

Electrical Specifications at 25 °C
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0.014 ± 0.001
(0.350 ± 0.025 mm)

0.014 ± 0.001
(0.350 ± 0.025 mm)

Cathode Metallized Back 
Contact: Gold

Anode 
Metallized 
Gold Dot 

0.002 (0.051 mm)
Min. Dia.

0.004 (0.127 mm) Min.
0.006 (0.152 mm) Max.

Outline Drawings

149-815

Anode
Metallized
Gold Dot

Silicon

Cathode Metallized Back 
Contact: Gold

0.004 (0.127 mm) Min.
0.006 (0.152 mm) Max.

0.010 (0.251 mm) Min.
0.014 (0.356 mm) Max. Sq.

150-801:
0.002 (0.051 mm) Min.

150-806:
0.0011 (0.028 mm) Min.

150 Series
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Characteristic Value

Operating temperature -65 °C to +150 °C

Storage temperature -65 °C to +200 °C

Power dissipation (derate 250 mW
linearly to zero @ 175 °C)

Typical lead strength 8 grams pull 

Absolute Maximum Ratings 

Applications:
● Designed for switching applications

Features
● Low capacitance
● Low resistance
● Fast switching
● Oxide–nitride passivated
● Durable construction
● High voltage
● Available lead (Pb)-free, RoHS-compliant, and Green

Description
Skyworks Silicon Mesa Beam-Lead PIN diode is surrounded by a
glass frame for superior strength and electrical performance that
surpasses the standard beam-lead PINs. The DSM8100-000 is
designed for low resistance, low capacitance and fast switching
time. The oxide-nitride passivation layers provide reliable opera-
tion and stable junction parameters that provide complete sealing
of the junction permitting use in assemblies with some degree of
moisture sealing. A layer of glass provides increased mechanical
strength.

The DSM8100 is ideal for microstrip or stripline circuits and for
circuits requiring high isolation from a series-mounted diode
such as broadband multi-throw switches, phase shifters, limiters,
attenuators and modulators.

DSM8100-000: Mesa Beam-Lead PIN Diode
DATA SHEET

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Skyworks Green products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW
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Typical Performance Data
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Capacitance Total Series Resistance (Ω) CLT  Outline
Voltage Rating 10 V, 1 MHz 10 mA,100 MHz IF = 10 mA, IR = 6 mA Drawing

Part Number (V) Min.(1) (pF) Max. Max. (ns) Typ. Number

DSM8100-000 60 0.025 3.5 25 389-003

Mesa Beam-Lead Diode Specifications

1. It is not recommended to drive a PIN diode into avalanche breakdown. Permanent damage to the diode is likely to occur.
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0.009 (0.23 mm) Min.
0.0115 (0.29 mm) Max.

0.009 (0.23 mm) Min.
0.0115 (0.29 mm) Max.

0.032 (0.81 mm) Min.
0.035 (0.89 mm) Max.

0.0002 (0.005 mm) Min.
0.0007 (0.018 mm) Max.

0.0035 (0.09 mm) Min.
0.0070 (0.18 mm) Max.

0.014
(0.36 mm)

Max.

0.005 
(0.13 mm)

Max.

0.011
(0.28 mm)

Max.

389-003

Typical SPDT Circuit Arrangement
Beam-Lead Pin Duroid Substrate 

50 Ω
Glass Bead

Connecting
Lead50 Ω

Transmission LIne

Typical Beam-Lead Mounting

DuroidMetal Conductor

Preferred Beam-
Lead Orientation

Beam-Lead Pin
0.005"
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Beam-Lead Diodes

Handling

Due to their small size, beam-lead devices are fragile and should
be handled with extreme care. The individual plastic packages
should be handled and opened carefully, so that no undue
mechanical strain is applied to the packaged device. It is recom-
mended that the beam-lead devices be handled through use of a
vacuum pencil using an appropriate size vacuum needle or a
pointed wooden stick such as a sharpened Q-tip or match stick.
The device will adhere to the point and can easily be removed
from the container and positioned accurately for bonding without
damage. Such handling should be done under a binocular micro-
scope with magnification in the range of 20X to 30X.

Special handling precautions are also required to avoid electrical
damage, such as static discharge.

Bonding

The DSM8100-000 can best be bonded to substrates by means
of thermocompression bonding. Essentially this type of bonding
involves pressing the gold beam of the device against the gold-
plated metalized substrate under proper conditions of heat and
pressure so that a metallurgical bond joint between the two
occurs.

Procedure

The beam-lead devices to be bonded should be placed on a
clean, hard surface such as a microscope slide. It is recom-
mended that the beam side of the device be down so that this
side will be toward the substrate when bonded. The device can
be picked up by pressing lightly against one beam with the
heated tip. The substrate can then be appropriately positioned
under the tip and the device brought down against the substrate,
with proper pressure applied by means of the weld head.

A bonding tip temperature in the 350 °C to 450 °C range is rec-
ommended along with a bonding force of 50 to 70 grams. The
bonding time is in the range of 2 to 3 seconds. Optimum bonding
conditions should be determined by trial and error to compensate
for slight variations in the condition of the substrate, bonding tip,
and the type of device being bonded.

Equipment

The heat and pressure are obtained through use of a silicon car-
bide bonding tip with a radius of two to three mils. Such an item
is available from several commercial sources. In order to supply
the required tip-travel and apply proper pressure, a standard
miniature weld head can be used. Also available is a heated
wedge shank which is held by the weld head and in turn holds
the tip and supplies heat to it. The wedge shank is heated by
means of a simple AC power supply or a pulse type heated tool.

Substrate

For optimum bonding, a gold-plated surface at least 100
microinches thick is necessary. Although it is possible to bond to
relatively soft metalized substrate material such as epoxy-fiber-
glass, etc., optimum bonding occurs when a hard material such
as ceramic can be used.

Quality

If a good bond has been obtained, it is impossible to separate the
beam-lead device from the metalized substrate without damage.
If the device is destructively removed, the beam will tear away,
leaving the bonded portion attached to the substrate.

Beam–Lead Packaging
The DSM8100-000 is shipped in 2" x 2" black gel packs. The
beam-leads are mounted on the gel, the devices are covered
with a piece of lint-free release paper, on top of which is placed a
piece of conductive foam.
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Characteristic Value

Operating temperature -65 °C to +150 °C

Storage temperature -65 °C to +200 °C

Power dissipation (derate 250 mW
linearly to zero @ 175 °C)

Typical lead strength 8 grams pull

Absolute Maximum Ratings

Features
� Low capacitance
� Low resistance
� Fast switching
� Oxide-nitride passivated
� Durable construction
� High voltage
� Available lead (Pb)-free, RoHS-compliant, and Green

Description
The DSG9500-000 silicon planar beam-lead PIN diode is designed
for low resistance, low capacitance and fast switching time.
The oxide-nitride passivation layers protect the diode junction to
provide excellent reliability and stable electrical performance,
especially when the diode is housed in a hermetically sealed
assembly to further protect the junction from moisture.

The DSG9500-000 is ideal for microstrip or stripline circuits and
for circuits requiring high isolation from a series-mounted diode
such as broadband multithrow switches, phase shifters, limiters,
attenuators and modulators.

DSG9500-000: Planar Beam-Lead PIN Diode
DATA SHEET

Applications
� Designed for switching applications

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Skyworks Green™ products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW
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DuroidMetal Conductor

Preferred Beam-
Lead Orientation

Beam-Lead Pin
0.005"

Figure 1. Typical SPDT Circuit Arrangement

Figure 2. Typical Beam-Lead Mounting

Beam-Lead Pin Duroid Substrate 
50 Ω

Glass Bead

Connecting
Lead50 Ω

Transmission LIne
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Figure 3. Isolation vs. Frequency, SPDT
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Performance Data for DSG9500–000
Figures 1 and 2 show a single-pole, double-throw 1–18 GHz
switch. These diodes are mounted on Alumina, Duroid, or Teflon
fiberglass 50 Ω microstrip circuits. Typical bonding methods
include thermal compression bonding, parallel gap welding, and
soldering.

SPDT isolation curves are shown in Figure 3, and insertion loss in
Figures 4 and 5. With proper transitions and bias circuits, VSWR
is better than 2.0 to 1 through 18 GHz.

Switching Considerations
The typical minority carrier lifetime of the DSG9500 diodes is
250 ns. With suitable drivers, the individual diodes can be
switched from high impedance (off) to low RS (on) in about 10 ns.

Breakdown Capacitance Series Resistance Minority Carrier
Rating(3) Total @ 38 V, (From Ins. Loss Lifetime RF Switching Outline

Part @ IR = 10 µA 1 MHz @ 3 GHz, 50 mA)(1) IF = 10 mA, Time Drawing
Number (V) (pF) (ΩΩ) IR = 6 mA (ns) TS (ns)(2) Number

Min. Max. Max. Typ.

DSG9500–000 100 0.025 4 250 25 169-001

Electrical Specifications

1. Total capacitance calculated from isolation at 9 GHz zero bias. Series resistance and capacitance are measured at microwave frequencies on a sample basis from each lot.
All diodes are characterized for capacitance at –50 V, 1 MHz, and series resistance at 1 kHz, 50 mA, measurements which correlate well with microwave measurements.

2. TS measured from RF transition, 90% to 10%, in series configuration.
3. It is not recommended to drive a PIN diode into avalanche breakdown. Permanent damage to the diode is likely to occur.
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Power Handling for DSG9500–000
Beam-lead diodes are not suitable for high-power operation
because of high internal thermal impedance of about 600 °C/W.

For pulsed operation, the total RF plus bias voltage must not
exceed the rated breakdown. Skyworks has made high-power
tests at 1 GHz with 1 µs pulses, 0.001 duty, with 100 V diodes.
With 50 mA forward bias, there is no increase in insertion loss
over the 0 dBm level with a peak power input of 50 W. In the
open state, reverse bias voltage is required to keep the diode
from “rectifying,” with resultant decrease in isolation and pos-
sible failure. Figure 7 shows allowed peak power versus reverse
bias at 1 GHz. At this frequency, the required reverse voltage is
almost equal to the peak RF voltage; at high frequency, the bias
can be reduced somewhat. Experimentation is necessary.

With maximum CW power dissipation of 250 mW, the 
DSG9500-000 diodes are normally rated at 2 W CW with linear
derating between 25 °C and 150 °C. Figure 6 presents data on
CW power handling as a function of bias and frequency.

0.004 (0.10 mm)
0.002 (0.05 mm)

0.004 (0.10 mm)
0.002 (0.05 mm)

0.035 (0.89 mm)
0.033 (0.84 mm)

0.007
(0.18 mm)

Max.

0.0005
(0.013 mm)

Max.

0.010
(0.25 mm)

Min.

0.010
(0.25 mm)

Min.

0.011
(0.28 mm)

Max.

Cathode End Has
Blunted Point

169-001
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Beam-Lead Diodes

Handling

Due to their small size, beam-lead devices are fragile and should
be handled with extreme care. The individual plastic packages
should be handled and opened carefully, so that no undue
mechanical strain is applied to the packaged device. It is recom-
mended that the beam-lead devices be handled through use of a
vacuum pencil using an appropriate size vacuum needle or a
pointed wooden stick such as a sharpened Q-tip or match stick.
The device will adhere to the point and can easily be removed
from the container and positioned accurately for bonding without
damage. Such handling should be done under a binocular micro-
scope with magnification in the range of 20X to 30X. 

Special handling precautions are also required to avoid electrical
damage, such as static discharge.

Bonding

The DSG9500-000 can best be bonded to substrates by means of
thermocompression bonding. Essentially this type of bonding
involves pressing the gold beam of the device against the gold-
plated metalized substrate under proper conditions of heat and
pressure so that a metallurgical bond joint between the two
occurs.

Procedure

The beam-lead devices to be bonded should be placed on a
clean, hard surface such as a microscope slide. It is recom-
mended that the beam side of the device be down so that this
side will be toward the substrate when bonded. The device can
be picked up by pressing lightly against one beam with the
heated tip. The substrate can then be appropriately positioned
under the tip and the device brought down against the substrate,
with proper pressure applied by means of the weld head.

A bonding tip temperature in the 350 °C to 450 °C range is rec-
ommended along with a bonding force of 50 to 70 grams. The
bonding time is in the range of 2 to 3 seconds. Optimum bonding
conditions should be determined by trial and error to compensate
for slight variations in the condition of the substrate, bonding tip,
and the type of device being bonded.

Equipment

The heat and pressure are obtained through use of a silicon car-
bide bonding tip with a radius of two to three mils. Such an item
is available from several commercial sources. In order to supply
the required tip-travel and apply proper pressure, a standard
miniature weld head can be used. Also available is a heated
wedge shank which is held by the weld head and in turn holds
the tip and supplies heat to it. The wedge shank is heated by
means of a simple AC power supply or a pulse type heated tool.

Substrate

For optimum bonding, a gold-plated surface at least 100
microinches thick is necessary. Although it is possible to bond to
relatively soft metalized substrate material such as epoxy-fiber-
glass, etc., optimum bonding occurs when a hard material such
as ceramic can be used.

Quality

If a good bond has been obtained, it is impossible to separate the
beam-lead device from the metalized substrate without damage.
If the device is destructively removed, the beam will tear away,
leaving the bonded portion attached to the substrate.

Beam–Lead Packaging
The DSG9500-000 is shipped in 2" x 2" black gel packs. The
beam-leads are mounted on the gel, the devices are covered
with a piece of lint-free release paper, on top of which is placed 
a piece of conductive foam.
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DATA SHEET

Surface Mount General-Purpose Schottky Diodes

Features
� Tight parameter distribution
� Available as singles, pairs and dual series pairs
� 100% DC tested
� Designed for high-volume commercial applications
� Available in tape and reel packaging
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
This series of 8, 20 and 70 V rated low-cost plastic packaged
Schottky diodes are designed for general-purpose use in RF
applications as detectors, mixers and switches and in digital
pulse forming applications. All diodes are fully characterized
including SPICE model parameters and deliver tight parameter
distribution, minimizing performance variability. They are avail-
able in SC-70, SC-79, SC-88, SOD-323, SOT-23, SOT-143 and
LGA packages. Wiring configurations include singles, common
cathode, series pairs, unconnected pairs and dual series pairs.
Available in tape and reel for pick and place manufacturing.

Characteristic Value

Reverse voltage (VR) Rated VB

Forward current - steady state (IF) 50 mA

Forward current - 1 ms pulse (IF) 1A

Power dissipation (PD) 75 mW

Storage temperature (TST) -65 °C to +150 °C

Operating temperature (TOP) -65 °C to +150 °C

Junction temperature (TJ) 150 °C

Soldering temperature 260 °C for 5 seconds

Electrostatic Discharge (ESD) Class 0
Human Body Mode (HBM)

Electrostatic Discharge (ESD) Class C4
Charged Device Model (CDM)

Absolute Maximum Ratings

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Electrical Specifications at 25 °C

Per junction, unless otherwise noted

Pair Configuration
Part Number VB @ 10 µA (V) IR CT @ 0 V (pF) VF @ 1 mA (mV) ∆∆VF @ 1 mA (mV) VF

Min. Max. Max.

SMS3922 Series 8 @ 1 V < 100 nA 0.63–1.03 280–340 10 @ 10 mA < 450 mV

SMS3923 Series 20 @ 15 V < 500 nA 0.83–1.23 310–370 10 @ 35 mA < 1000 mV

SMS3924 Series 70 @ 50 V < 200 nA 1.43–1.83 490–550 10 @ 15 mA < 1000 mV

Single Single Single Common Cathode Series Pair Unconnected Pair Unconnected Pair Dual Series Pair

SC-79 SOD-323 SOT-23 SOT-23 SOT-23 SOT-143 LGA SC-88

SMS3922-079 SMS3922-011 SMS3922-001 SMS3922-004 SMS3922-005 SMS3922-015
Marking: Cathode Marking: SA Marking: SA1 Marking: SA3 Marking: SA2 Marking: SA7

SMS3922-079LF SMS3922-011LF SMS3922-001LF SMS3922-004LF SMS3922-005LF SMS3922-015LF
Marking: Cathode Marking: XA Marking: XA1 Marking: XA3 Marking: XA2 Marking: XA7

SMS3923-079 ��SMS3923-011 SMS3923-001 SMS3923-005 SMS3923-015 SMS3923-517
Marking: Cathode Marking: SB Marking: SB1 Marking: SB2 Marking: SB7 Lead (Pb)-Free

Marking: B

SMS3923-079LF ��SMS3923-011LF SMS3923-001LF SMS3923-005LF SMS3923-015LF SMS3923-081LF
Marking: Cathode Marking: XB Marking: XB1 Marking: XB2 Marking: XB7 Marking: XBQ

��SMS3924-079 SMS3924-005 SMS3924-015
Marking: Cathode Marking: SC2 Marking: SC7

��SMS3924-079LF SMS3924-005LF SMS3924-015LF
Marking: Cathode Marking: XC2 Marking: XC7

LS = 0.7 nH LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 0.6 nH LS = 1.8 nH

SC-70

SMS3924-075
Marking: SC2

SMS3924-075LF
Marking: XC2

LS = 1.4 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.

Innovation to GoTM 
Select Linear Products (indicated by t) now available for purchase online.

BUYBUY
NOW

http://www.cdistore.com/skyworks/
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Typical Performance Data
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SMS3922 Reverse Current vs. 
Reverse Voltage

Parameter Unit SMS3922 SMS3923 SMS3924

IS A 3E-8 5E-9 2E-11

RS Ω 9 11 11

N 1.08 1.05 1.08

TT s 8E-11 8E-11 8E-11

CJ0 pF 0.7 0.9 1.5

M 0.26 0.24 0.4

EG eV 0.69 0.69 0.69

XTI 2 2 2

FC 0.5 0.5 0.5

BV V 20 46 100

IBV A 1E-5 1E-5 1E-5

VJ V 0.595 0.64 0.84

SPICE Model Parameters
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SOT-23

3

21

0.035 (0.89 mm) Min.�
	0.044 (1.12 mm) Max.

0.0005 (0.01 mm) Min.�
	0.004 (0.10 mm) Max.

0.012 (0.30 mm) Min.�
0.020 (0.50 mm) Max.

0.003 (0.080 mm) Min.�
0.008 (0.20 mm) Max.

8˚ Max.


0.022 (0.55 mm) Ref.

0.110 (2.80 mm) Min.�
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.�
0.104 (2.64 mm) Max.



0.037 (0.95 mm) Ref.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.



0.076 (1.92 mm) Ref.


0.020 (0.51 mm) Ref.


SC-79

SOT-143

0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.



0.010�
(0.25 mm) Min.

0.014�
(0.35 mm) Max.



0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.



0.020�
(0.50 mm) Min.

0.028�
(0.70 mm) Max.



0.003�
(0.07 mm) Min.

0.008�
(0.20 mm) Max.

 10˚ Max.

10˚ Max.

0.028�
(0.70 mm) Min.

0.035�
(0.90 mm) Max.



0.006 (0.15 mm) Min.


Cathode
Indicator

1 2

0.110 (2.80 mm) Min.
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.
0.104 (2.64 mm) Max.

0.012 (0.30 mm) Min.
0.020 (0.50 mm) Max.

0.0005 (0.01 mm) Min.
0.004 (0.15 mm) Max.

0.031 (0.80 mm) Min.
0.047 (1.20 mm) Max.

0.030 (0.76 mm) Min.
0.035 (0.89 mm) Max.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.

0.003 (0.08 mm) Min.
0.008 (0.20 mm) Max.

0.022 (0.55 mm) Ref.

8˚ Max.

0.020 (0.50 mm) Ref.

0.028 (0.70 mm) Ref.

0.068 (1.72 mm) Ref.

0.076 (1.92 mm) Ref.

4 3

21


SOD-323

1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045 
(1.15 mm) Min.

0.053 
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

SC-70

 3

 
2

 
1

0.031 (0.80 mm) Min.
0.039 (1.00 mm) Max.



0.000 (0.00 mm) Min.
0.004 (0.10 mm) Max.



0.010 (0.25 mm) Min.
0.016 (0.40 mm) Max.



0.071 (1.80 mm) Min.
0.087 (2.20 mm) Max.



0.071 (1.80 mm) Min.
0.094 (2.40 mm)  Max.



0.045 (1.15 mm) Min.
0.053 (1.35 mm) Max.



0.026 (0.65 mm) Ref.

0.051 (1.30 mm) Ref.

0.004 (0.10 mm) Min.
0.007 (0.18 mm) Max.



0.004 (0.10 mm) Min.
0.012 (0.30 mm) Max.



0.014 (0.35 mm) Ref.

LGA (-517)

Pin 4

Pin 3

Pin 1

Pin 3

Pin 1

Pin 2

Pin 2
(1.03)

(0.73)

(0.30)

(0.00)

Pin 4

 0.058 (1.47 mm)
0.054 (1.39 mm)

0.028 (0.70 mm)
0.023 (0.58 mm)

Side ViewTop View

0.048 (1.23 mm)
0.044 (1.13 mm)

(0.138 x 45) 

(1
.2

7)

(0
.8

7)

(0
.4

0)

(0
.0

0)

Bottom View

(0.076) All Around
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SC-88
0.079 (2.00 mm)

± 0.008 (0.20 mm)

0.049 (1.25 mm)
± 0.004 (0.10 mm)

0.008 (0.20 mm)
± 0.004 (0.10 mm)

0.087 (2.20 mm)
± 0.008 (0.20 mm)

0.035 (0.90 mm)
± 0.004 (0.10 mm)

0.002 (0.005 mm)
± 0.002 (0.005 mm) 0.037 (0.95 mm)

± 0.006 (0.15 mm)

0.010 (0.25 mm)
± 0.006 (0.15 mm)

0.0055
(0.14 mm)
± 0.0015
(0.04 mm)

0.0256 (0.65 mm)
BSC

0.009 (0.23 mm) 
Ref

Pin 1 Indicator

SMS3923-081LF Equivalent Circuit

Pin 6

1.0 nH

0.3 nH

0.3 nH

0.3 nH

0.3 nH

1.0 nH

0.07 pF 0.07 pF

0.07 pF 0.07 pF

1.0 nH

1.0 nH

1.0 nH

1.0 nH

Pin 5 Pin 4

Pin 1 Pin 2 Pin 3

SMS3923-081LF Pin Out (Top View)
456

1 2 3

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SMS3925-079, SMS3925-079LF: Low Capacitance,
High-Voltage Schottky Diode

DATA SHEET

Features
● Silicon Schottky diode for detector applications
● Ultrasmall SC-79 package
● Designed for high-volume, low-cost applications
● Available in tape and reel packaging
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The SMS3925-079 is a 40 V, 0.6 pF RF Schottky diode designed
for use as a level detector in wireless handsets and for general-
purpose switching applications. The SMS3925-079 is packaged
in the surface mount miniature SC-79 package and is designated
for low-cost, high-volume applications.

Characteristic Value

Reverse voltage (VR) 40 V

Forward current - 1 ms pulse (IF) 1 A

Forward current - steady state (IF) 50 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -65 °C to +150 °C

Operating temperature (TOP) -65 °C to +150 °C

Junction temperature (TJ) 150 °C

Electrostatic Discharge (ESD) Class 0
Human Body Model (HBM)

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Single

SC-79

SMS3925-079
Marking: Cathode

SMS3925-079LF
Marking: Cathode

LS = 0.7 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.

Parameter Condition Frequency Min. Typ. Max. Unit

Reverse current (IR) VR = 40 V 10 uA

Capacitance (CT)(1) VR = 0 V, F = 1 MHz 0.48 0.6 pF

Forward voltage (VF) IF = 1 mA 0.57 0.62 0.67 V

Electrical Specifications at 25 °C

1. Capacitance is total capacitance (CT), junction capacitance (CJ) + package capacitance (CP).

Total Capacitance vs. Reverse Voltage

Reverse Voltage (V)
Ca

pa
ci

ta
nc

e
(p

F)
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0.6

0 5 10 15

Typical Performance Data

Parameter Units SMS3925

IS A 1.8E-09

RS Ω 5.4

N - 1.7

TT s 8E-11

CJ0 pF 0.36

M - 0.24

EG eV 0.69

XTI - 2

FC - 0.5

BV V 58

IBV A 1E-05

VJ V 0.8

SPICE Model Parameters

0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.



0.010�
(0.25 mm) Min.

0.014�
(0.35 mm) Max.



0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.



0.020�
(0.50 mm) Min.

0.028�
(0.70 mm) Max.



0.003�
(0.07 mm) Min.

0.008�
(0.20 mm) Max.

 10˚ Max.

10˚ Max.

0.028�
(0.70 mm) Min.

0.035�
(0.90 mm) Max.



0.006 (0.15 mm) Min.


Cathode
Indicator

1 2

SC-79

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Surface Mount Mixer and
Detector Schottky Diodes

DATA SHEET

Features
� Designed for high-volume commercial applications
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C(1)

per JEDEC J-STD-020
� Tight parameter distribution
� Available as singles, pairs and dual pairs
� Available in tape and reel packaging

Description
These low-cost, surface mountable, plastic packaged, silicon
mixer Schottky diodes are designed for RF and microwave mixers
and detectors. They include low barrier diodes and zero-bias
detectors, combining Skyworks advanced semiconductor tech-
nology with low-cost packaging techniques. All diodes are 100%
DC tested and deliver tight parameter distribution, minimizing
performance variability. They are available in SC-70, SC-79,
SC-88, SOD-323, SOT-23, SOT-143, and LGA packages. Wiring
configurations include singles, common cathode, series pairs,
unconnected pairs and dual series pairs. Applications include low
noise receivers used in high-sensitivity ID tags, wireless systems,
and radio designs. They may be used at frequencies to 10 GHz.
SPICE model parameters are included as a design tool.

Characteristic Value

Reverse voltage (VR) Rated VB

Forward current - steady state (IF) 50 mA

Power dissipation (PD) 75 mW

Storage temperature (TST) -65 °C to +150 °C

Operating temperature (TOP) -65 °C to +150 °C

Junction temperature (TJ) 150 °C

Soldering temperature 260 °C for 5 seconds

Electrostatic Discharge (ESD) Class 0
Human Body Mode (HBM)

Electrostatic Discharge (ESD) Class C4
Charged Device Model (CDM)

Absolute Maximum Ratings

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

1. SOT-143 (-015) MSL to be defined.
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LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.

Innovation to GoTM

Select Linear Products (indicated by t) now available for purchase online.
BUY
NOW

Single Single Single Common Cathode Series Pair

SC-79 SOD-323 SOT-23 SOT-23

SMS1546-005
Marking: SG2

SMS1546-005LF
Marking: XG2

��SMS7621-079
Marking: Cathode

SMS7621-001
Marking: SH1

��SMS7621-005
Marking: SH2

��SMS7621-079LF
Marking: Cathode

SMS7621-001LF
Marking: XH1

��SMS7621-005LF
Marking: XH2

��SMS7630-079
Marking: Anode

SMS7630-011
Marking: SD

SMS7630-001
Marking: SD1

SMS7630-005
Marking: SD2

��SMS7630-079LF
Marking: Anode

SMS7630-011LF
Marking: XD

SMS7630-001LF
Marking: XD1

SMS7630-005LF
Marking: XD2

LS = 0.7 nH LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH

SC-70 SC-70

SMS7621-074
Marking: SH3

SMS7621-075
Marking: SH2

SMS7621-074LF
Marking: XH3

SMS7621-075LF
Marking: XH2

LS = 1.4 nH LS = 1.4 nH

Reverse Series Pair Unconnected Pair Reverse Unconnected Pair Unconnected Pair Dual Series Pair

SOT-23 SOT-143 SOT-143 LGA SC-88

��SMS7621-006
Marking: SH8

SMS7621-015
Marking: SH7

SMS7621-517
Lead (Pb)-Free
Marking: H

��SMS7621-006LF
Marking: XH8

SMS7621-015LF
Marking: XH7

SMS7621-081LF
Marking: XHQ

��SMS7630-006
Marking: SD8

��SMS7630-020
Marking: SD0

SMS7630-517
Lead (Pb)-Free
Marking: D

��SMS7630-006LF
Marking: XD8

��SMS7630-020LF
Marking: XD0

LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 0.6  nH LS = 1.8  nH
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Low Barrier Mixer and Detectors

Electrical Specifications at 25 °C (Per Junction)

Pair Configuration
Part Number Barrier VB @ 10 µA (V) CT @ 0 V (pF) VF @ 1 mA (mV) ∆∆VF @ 1 mA (mV) RT* (ΩΩ)

Min. Max. Max. Max.

SMS1546 Series Low 2 0.5 200–270 10 8 @ 10 mA

SMS7621 Series Low 2 0.26 260–320 10 18 @ 5 mA

Zero-Bias Detectors

Part Number
Pair Configuration

VB @ 100 µA (V) CT @ 0.15 V (pF) VF @ 0.1 mA (mV) VF @ 1 mA (mV) ∆∆VF @ 1 mA (mV) RV (Ω)
Min. Max. Max. Typ.

SMS7630 Series 1 0.3 60–120 135–240 10 5000

*RT is the slope resistance.

Typical Detector Characteristics @ 1.8 GHz
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SOT-23

3

21

0.035 (0.89 mm) Min.�
	0.044 (1.12 mm) Max.

0.0005 (0.01 mm) Min.�
	0.004 (0.10 mm) Max.

0.012 (0.30 mm) Min.�
0.020 (0.50 mm) Max.

0.003 (0.080 mm) Min.�
0.008 (0.20 mm) Max.

8˚ Max.


0.022 (0.55 mm) Ref.

0.110 (2.80 mm) Min.�
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.�
0.104 (2.64 mm) Max.



0.037 (0.95 mm) Ref.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.



0.076 (1.92 mm) Ref.


0.020 (0.51 mm) Ref.


SC-79

0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.



0.010�
(0.25 mm) Min.

0.014�
(0.35 mm) Max.



0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.



0.020�
(0.50 mm) Min.

0.028�
(0.70 mm) Max.



0.003�
(0.07 mm) Min.

0.008�
(0.20 mm) Max.

 10˚ Max.

10˚ Max.

0.028�
(0.70 mm) Min.

0.035�
(0.90 mm) Max.



0.006 (0.15 mm) Min.


1 2

Anode Indicator for SMS7630-079
Cathode Indicator for SMS7621-079

SOD-323

1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045 
(1.15 mm) Min.

0.053 
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

SC-70

 3

 
2

 
1

0.031 (0.80 mm) Min.
0.039 (1.00 mm) Max.



0.000 (0.00 mm) Min.
0.004 (0.10 mm) Max.



0.010 (0.25 mm) Min.
0.016 (0.40 mm) Max.



0.071 (1.80 mm) Min.
0.087 (2.20 mm) Max.



0.071 (1.80 mm) Min.
0.094 (2.40 mm)  Max.



0.045 (1.15 mm) Min.
0.053 (1.35 mm) Max.



0.026 (0.65 mm) Ref.

0.051 (1.30 mm) Ref.

0.004 (0.10 mm) Min.
0.007 (0.18 mm) Max.



0.004 (0.10 mm) Min.
0.012 (0.30 mm) Max.



0.014 (0.35 mm) Ref.

50 Ω
RF Input

10 M Ω
Video OutputRFC

Parameter Unit SMS1546 SMS7621 SMS7630

IS A 3E-7 4E-8 5E-06

RS Ω 4 12 20

N 1.04 1.05 1.05

TT s 1E-11 1E-11 1E-11

CJ0 pF 0.38 0.1 0.14

M 0.36 0.35 0.4

EG eV 0.69 0.69 0.69

XTI 2 2 2

FC 0.5 0.5 0.5

BV V 3 3 2

IBV A 1E-5 1E-5 1E-4

VJ V 0.51 0.51 0.34

SPICE Model Parameters (Per Junction)
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SOT-143
0.110 (2.80 mm) Min.
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.
0.104 (2.64 mm) Max.

0.012 (0.30 mm) Min.
0.020 (0.50 mm) Max.

0.0005 (0.01 mm) Min.
0.004 (0.15 mm) Max.

0.031 (0.80 mm) Min.
0.047 (1.20 mm) Max.

0.030 (0.76 mm) Min.
0.035 (0.89 mm) Max.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.

0.003 (0.08 mm) Min.
0.008 (0.20 mm) Max.

0.022 (0.55 mm) Ref.

8˚ Max.

0.020 (0.50 mm) Ref.

0.028 (0.70 mm) Ref.

0.068 (1.72 mm) Ref.

0.076 (1.92 mm) Ref.

4 3

21


LGA (-517)

Pin 4

Pin 3

Pin 1

Pin 3

Pin 1

Pin 2

Pin 2
(1.03)

(0.73)

(0.30)

(0.00)

Pin 4

 0.058 (1.47 mm)
0.054 (1.39 mm)

0.028 (0.70 mm)
0.023 (0.58 mm)

Side ViewTop View

0.048 (1.23 mm)
0.044 (1.13 mm)

(0.138 x 45) 

(1
.2

7)

(0
.8

7)

(0
.4

0)

(0
.0

0)

Bottom View

(0.076) All Around

SC-88
0.079 (2.00 mm)

± 0.008 (0.20 mm)

0.049 (1.25 mm)
± 0.004 (0.10 mm)

0.008 (0.20 mm)
± 0.004 (0.10 mm)

0.087 (2.20 mm)
± 0.008 (0.20 mm)

0.035 (0.90 mm)
± 0.004 (0.10 mm)

0.002 (0.005 mm)
± 0.002 (0.005 mm) 0.037 (0.95 mm)

± 0.006 (0.15 mm)

0.010 (0.25 mm)
± 0.006 (0.15 mm)

0.0055
(0.14 mm)
± 0.0015
(0.04 mm)

0.0256 (0.65 mm)
BSC

0.009 (0.23 mm) 
Ref

Pin 1 Indicator

SMS7621-081LF Equivalent Circuit

Pin 6

1.0 nH

0.3 nH

0.3 nH

0.3 nH

0.3 nH

1.0 nH

0.07 pF 0.07 pF

0.07 pF 0.07 pF

1.0 nH

1.0 nH

1.0 nH

1.0 nH

Pin 5 Pin 4

Pin 1 Pin 2 Pin 3

SMS7621-081LF Pin Out (Top View)
456

1 2 3

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.



Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
200271 Rev. D • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • April 19, 2007 1

Chip On Board Mixer Quads
DATA SHEET

Features
● High-volume automatic assembly
● For microwave MIC assembly and automated high-volume
manufacturing

● Mechanically rugged design
● 100% DC tested
● Three barrier heights for customized mixer performance
● Available lead (Pb)-free, RoHS-compliant, and Green

Description
Skyworks ceramic Chip on Board (COB) mixer quads are
designed for high-performance RF and microwave receiver
applications. These devices utilize Skyworks advanced silicon
beamless Schottky technology, combined with precision ceramic
COB assembly techniques, to achieve a high degree of device
reliability in commercial applications.

Characteristic Value

Maximum current (IMAX) 50 mA

Power dissipation (PD) CW 75 mW/junction

Storage temperature (TST) -65 °C to +175 °C

Operating temperature (TOP) -65 °C to +150 °C

Electrostatic Discharge (ESD) Class 0
Human Body Model (HBM)

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Skyworks Green products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW
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VF @ 1 mA (∆∆) VF @ 1 mA1 CJ @ 0 V (∆∆) CT @ 0 V2 RT @ 10 mA Outline
Part Number Barrier (mV) (mV) (pF) (pF) (ΩΩ) Drawing

Min. Max. Max. Min. Max. Max. Max.

Ring Quad (to 6 GHz)

DMF3926-101 Low 200 260 15 0.3 0.5 0.07 8 101

DME3927-101 Medium 300 400 15 0.3 0.5 0.07 8 101

DMJ3928-101 High 525 625 15 0.3 0.5 0.07 8 101

Crossover Ring Quad (to 6 GHz)

DMF3926-100 Low 200 260 15 0.3 0.5 0.07 8 100

DME3927-100 Medium 300 400 15 0.3 0.5 0.07 8 100

DMJ3928-100 High 525 625 15 0.3 0.5 0.07 8 100

Back-to-Back Crossover Quad (to 6 GHz)

DMF3945-103 Low 200 260 15 0.3 0.5 0.07 8 103

DME3946-103 Medium 300 400 15 0.3 0.5 0.07 8 103

DMJ3947-103 High 525 625 15 0.3 0.5 0.07 8 103

VF @ 1 mA (∆∆) VF @ CJ @ 0 V (∆∆) CT @ 0 V2 RT @ 10 mA VB @ 10 µµA Outline
Part Number Barrier (mV) 1 mA1 (mV) (pF) (pF) (ΩΩ) (V) Drawing

Min. Max. Max. Min. Max. Max. Max. Min.

Bridge Quad (to 6 GHz)

DMF3929-102 Low 200 260 15 0.3 0.5 0.07 8 2 102

DME3930-102 Medium 300 400 15 0.3 0.5 0.07 8 3 102

DMJ3931-102 High 525 625 15 0.3 0.5 0.07 8 4 102

Electrical Specifications at 25 °C

SPICE Model Parameters (Per Junction)
DMF3926 DME3927 DMJ3928
DMF3929 DME3930 DMJ3931

Parameter Unit DMF3945 DME3946 DMJ3947

IS A 2.5E–07 1.3E–09 9.0E–13

RS Ω 4 4 4

N 1.04 1.04 1.04

TT s 1E–11 1E–11 1E–11

CJ0 pF 0.42 0.39 0.39

M 0.32 0.37 0.42

EG eV 0.69 0.69 0.69

XTI 2 2 2

FC 0.5 0.5 0.5

BV V 2 3 4

IBV A 1E–05 1E–05 1E–05

VJ V 0.495 0.595 0.8

1. Forward voltage difference between package electrodes.
2. Capacitance difference between package electrodes.
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Surface Mount Schottky Quad Mixer Diodes
DATA SHEET

Features
� Tight parameter distribution
� Available as ring quads, crossover quads, bridge quads
and octoquads

� 100% DC tested
� Designed for high-volume commercial applications
� Available in tape and reel packaging
� Available lead (Pb)-free and RoHS-compliant

Description
Skyworks offers a series of low-cost devices in a SOT-143
package. This series includes low, medium and high barrier junc-
tions as ring quads, crossover quads and bridge quads. Octoquad
rings are also offered for high dynamic range applications. These
devices are constructed utilizing Skyworks monolithic chip tech-
nology, assuring uniformity of electrical characteristics for each
junction. The low capacitance of Skyworks ring and crossover
quads is optimal for double balanced mixer applications covering
wireless frequencies into C-band. The bridge quads are desig-
nated for modulators and frequency multiplier applications.
These diodes are 100% DC tested and deliver tight parameter
distribution, minimizing performance variability. They compliment
Skyworks product line of Schottky singles and pairs available in
SC-70, SC-79, SOD-323, SOT-23 and SOT-143 packages.
Available in tape and reel for pick-and-place manufacturing.

Characteristic Value

Reverse voltage (VR) Rated VB

Forward current - steady state (IF) 50 mA

Power dissipation (PD) 75 mW

Storage temperature (TST) -65 °C to +150 °C

Operating temperature (TOP) -65 °C to +150 °C

Junction temperature (TJ) 150 °C

Soldering temperature 260 °C for 5 seconds

ESD human body model Class 1B

Absolute Maximum Ratings

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.



CJ
VB @ 0 V VF ∆∆ VF RT(1)

@ 10 µA 1 MHz @ 1 mA @ 1 mA @ 10 mA SOT-143

(V) (pF) (mV) (mV) (Ω) Crossover
Barrier Min. Max. Max. Ring Quad Crossover Quad Bridge Quad Octoquad Octoquad

Low 2 0.3–0.5 200–270 10 8 SMS3926-022 ��SMS3926-023 SMS3929-021
Marking: SE4 Marking: SE5 Marking: SQE

SMS3926-022LF ��SMS3926-023LF SMS3929-021LF
Marking: XE4 Marking: XE5 Marking: XQE

Medium 2 0.3–0.5 310–370 10 8 SMS3927-023 SMS3930-021
Marking: SJ5 Marking: SRE

SMS3927-023LF SMS3930-021LF
Marking: XJ5 Marking: XRE

High 4 0.3–0.5 520–580 10 8 ��SMS3928-023 SMS3931-021
Marking: SK5 Marking: SSE

��SMS3928-023LF SMS3931-021LF
Marking: XK5 Marking:XSE

High 8 0.3–0.5 1000–1200 20 16 SMS3940-026
Dual- Marking: STG

Junction
SMS3940-026LF SMS3940-029LF
Marking: XTG Marking: XTN
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SPICE Model Parameters (Per Junction)
SMS3928

SMS3926 SMS3927 SMS3931
Parameter Unit SMS3929 SMS3930 SMS3940

IS A 2.5E-07 1.3E-09 9E-13

RS Ω 4 4 4

N 1.04 1.04 1.04

TT s 1E–11 1E–11 1E–11

CJ0 pF 0.42 0.39 0.39

M 0.32 0.37 0.42

EG eV 0.69 0.69 0.69

XTI 2 2 2

FC 0.5 0.5 0.5

BV V 2 3 4

IBV A 1E–05 1E–05 1E–05

VJ V 0.495 0.595 0.8

All parameters are based upon a single junction.

Electrical Specifications at 25 °C (Per Junction)

1. RT is the slope resistance.
All parameters are based upon a single leg.

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.

Innovation to GoTM 
Select Linear Products (indicated by t) now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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Typical Forward Voltage Characteristics at 25 °C

Part Number
VF @ 0.01 mA (mV) VF @ 0.1 mA (mV) VF @ 1 mA (mV) VF @ 10 mA (mV)

Typ. Typ. Typ. Typ.

SMS3926 100 165 232 324

SMS3927 206 271 338 428

SMS3928 423 488 555 641

SMS3940 862 989 1123 1304

SOT-143
0.110 (2.80 mm) Min.
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.
0.104 (2.64 mm) Max.

0.012 (0.30 mm) Min.
0.020 (0.50 mm) Max.

0.0005 (0.01 mm) Min.
0.004 (0.15 mm) Max.

0.031 (0.80 mm) Min.
0.047 (1.20 mm) Max.

0.030 (0.76 mm) Min.
0.035 (0.89 mm) Max.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.

0.003 (0.08 mm) Min.
0.008 (0.20 mm) Max.

0.022 (0.55 mm) Ref.

8˚ Max.

0.020 (0.50 mm) Ref.

0.028 (0.70 mm) Ref.

0.068 (1.72 mm) Ref.

0.076 (1.92 mm) Ref.

4 3
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Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Schottky Diode Quad Mixer 
Chips Supplied on Film Frame

DATA SHEET

Features
● Designed for high-performance, double-balanced mixers
● Three barrier heights available
● Schottky diodes supplied 100% tested, sawn, mounted on 

film frame
● Low cost
● Available lead (Pb)-free, RoHS-compliant, and Green 

Description
The Skyworks SMS392x-099 family of Si Schottky diodes are
configured as ring quads intended for use in double-balanced
mixers. Each ring quad die is comprised of four Schottky junc-
tions, connected anode to cathode. There are three barrier 
heights available: SMS3926 is composed of low-barrier diodes,
which can be driven with low-power local oscillator signals;
SMS3927 is composed of medium-barrier diodes, for applications
in which moderate-power local oscillator signals are available;
and, SMS3928 is composed of high-barrier diodes for applications
that require very low distortion performance and have higher local
oscillator power available. These ring quads are 100% tested,
sawn and supplied on film frame in wafer quantities.

3

2

1

4

1

2

3

4

Characteristic Value

Forward current (IF) 75 mA

Power dissipation @ 25 °C 75 mW
at the base of the chip per junction

Storage temperature -65 °C to +200 °C

Operating temperature -65 °C to +150 °C

ESD human body model Class 0

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, Electrostatic Discharge (ESD) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Skyworks Green products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW



250 300 350 400

Forward Voltage (mV)

SMS3926 DC Characteristic

Fo
rw

ar
d 

Cu
rr

en
t (

m
A)

200
0

2

4

6

8

01

300 350 450400

Forward Voltage (mV)

SMS3927 DC Characteristic

Fo
rw

ar
d 

Cu
rr

en
t (

m
A)

0

2

4

6

8

01

550 600 650 700

Forward Voltage (mV)

SMS3928 DC Characteristic

Fo
rw

ar
d 

Cu
rr

en
t (

m
A)

500
0

2

4

6

8

01

Typical Performance Data at 25 °C
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Chip Dimensions

Electrical Specifications at 25 °C
Min. VB CJ VR = 0 V Max. Delta Max. RT 

Part IR = 10 µA F = 1 MHz VF @ IF = 1mA VF @ 1 mA IF = 10 mA
Number (V) (pF) (mV) (mV) (ΩΩ)

SMS3926-099 2 0.3–0.5 pF 200–260 10 8

SMS3927-099 3 0.3–0.5 pF 300–400 10 8

SMS3928-099 4 0.3–0.5 pF 500–600 10 8

The above Schottky diode chips are processed on 100 mm silicon wafers, 100% DC tested, sawn and shipped on 6” film frame hoops. Electrical rejects are identified with black ink.
RT is the slope resistance.
All parameters are based upon a single junction.

Quantity of Good Diodes Per Wafer Bonding Pad Chip Size Chip Height 
Part Number Min. Nom. Nominal (In.) Nominal (In.) Nominal (In.)

SMS3926-099 27,000 30,000 0.0035 ± 0.0005 0.0150 ± 0.001 0.006 ± 0.001

SMS3927-099 25,000 28,000 0.0035 ± 0.0005 0.0150 ± 0.001 0.006 ± 0.001

SMS3928-099 27,000 30,000 0.0035 ± 0.0005 0.0150 ± 0.001 0.006 ± 0.001
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SPICE Model Parameters (Per Junction)
Parameter Units SMS3926 SMS3927 SMS3928

IS A 2.5E-07 1.3E-09 9.0E-13

RS Ω 4.00 4.00 4.00

N - 1.04 1.04 1.04

TT s 1E-11 1E-11 1E-11

CJ0 pF 0.42 0.39 0.39

M - 0.32 0.37 0.42

EG eV 0.69 0.69 0.69

XTI - 2.00 2.00 2.00

FC - 0.50 0.50 0.50

BV V 2.00 3.00 4.00

IBV A 1.0E-05 1.0E-05 1.0E-05

VJ V 0.495 0.595 0.800

0.006 (0.18 mm)
± 0.001 (0.025 mm)

0.015 (0.381 mm)
± 0.001 (0.025 mm)

0.015 (0.381 mm)
± 0.001 (0.025 mm)
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4

0.0035 (0.089 mm)
 x 0.0035 (0.089 mm)

4 Places

Schematic

Outline Drawing
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Wafer On Film

Grip Ring

0.003 (0.076 mm)
Separation

Between Die 

3.940 (100.0 mm)
Wafer Dia. 

5.520 (140.20 mm)
Inner Ring I.D. 

5.981 (151.92 mm)
Outer Ring O.D. 

0.236 (5.99 mm)
Ring Thickness 

0.003 (0.076 mm) Nom.
Separation

Between Die 

Wafer Film Frame Description
● Wafer on nitto tape
● Color: light blue
● Thickness: 2.2–3.0 mils
● Tensile strength: 6.6 (lbs. in width)
● Ring material: plastic



Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
200843 Rev. A • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • February 27, 2008 1

Zero Bias Silicon Schottky Barrier
Detector Diodes

DATA SHEET

Features
� High sensitivity
� Low video impedance

Description
Skyworks series of packaged, beam-lead and chip zero bias
Schottky barrier detector diodes are designed for applications
through K band. The choice of barrier metal and process
techniques results in a diode with a wide selection of video
impedance ranges.

The packaged diodes are suitable for use in waveguide, coaxial
and stripline applications. The beam-lead and chip diodes can
also be mounted in a variety of packages.

Unmounted beam-lead diodes are especially well suited for use in
MIC applications. Mounted beam-lead diodes can be easily used in
MIC, stripline and other such circuitry.

A complete line of chips is shown for those MIC applications where
the chip and wire approach is more desirable.

Applications
The zero bias Schottky detector diodes are designed for detector
applications through 26 GHz and are useful to 40 GHz. They require
no bias and operate efficiently even at tangential signal power
levels. Since they require no bias, noise is at a minimum. Their low
video impedance means a short R-C time constant and hence wide
video bandwidth and excellent pulse fidelity. As power monitors
these diodes may also be used to drive metering circuits directly
even at low power input levels. These diodes are categorized by
TSS (Tangential Signal Sensitivity), voltage output and video imped-
ance for detector applications.

TSS is the parameter that best describes a diode’s use as a video
detector. It is defined as the amount of signal power, below a one
milliwatt reference level, required to produce an output pulse
whose amplitude is sufficient to raise the noise fluctuations by an
amount equal to the average noise level. TSS is approximately 4 dB
above the Minimum Detectable Signal.

Voltage output is another useful parameter, since it can be used in
the design of threshold detectors and power monitor circuits. Since
voltage output is a function of the diode’s video impedance, a dif-
ferent minimum value is specified for each video impedance range.

Figure 1 is a plot of the forward DC characteristics. In Figure 2
voltage output is plotted as a function of power input for diodes of
various video impedances. Tangential Signal Sensitivity as a func-
tion of video impedance is shown in Figure 3. Figure 4 shows two
typical detector circuits. The Multi Octave – High Sensitivity circuit
would be used in ECM and similar applications. An RF matching
structure that will present the maximum power at the diode junc-
tion must be incorporated to insure maximum sensitivity. The
broadband – low sensitivity circuit would be used where low input
VSWR is required. In this circuit the low VSWR is accomplished by
the use of the 50 Ω terminating resistor. Sensitivity, however, is
degraded by typically 10 dB from the multi octave – high sensitivity
circuit. The most common use for this circuit is in the broadband,
flat detector used primarily in the laboratory.
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Typical Performance Data at 25 °C
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Chip Dimensions

Electrical Specifications at 25 °C
Min. VB CJ VR = 0 V Max. Delta Max. RT

Part IR = 10 µA F = 1 MHz VF @ IF = 1mA VF @ 1 mA IF = 10 mA
Number (V) (pF) (mV) (mV) (ΩΩ)

SMS3926-099 2 0.3–0.5 pF 200–260 10 8

SMS3927-099 3 0.3–0.5 pF 300–400 10 8

SMS3928-099 4 0.3–0.5 pF 500–600 10 8

The above Schottky diode chips are processed on 100 mm silicon wafers, 100% DC tested, sawn and shipped on 6” film frame hoops. Electrical rejects are identified with black ink.
RT is the slope resistance.
All parameters are based upon a single junction.

Quantity of Good Diodes Per Wafer Bonding Pad Chip Size Chip Height 
Part Number Min. Nom. Nominal (In.) Nominal (In.) Nominal (In.)

SMS3926-099 27,000 30,000 0.0035 ± 0.0005 0.0150 ± 0.001 0.006 ± 0.001

SMS3927-099 25,000 28,000 0.0035 ± 0.0005 0.0150 ± 0.001 0.006 ± 0.001

SMS3928-099 27,000 30,000 0.0035 ± 0.0005 0.0150 ± 0.001 0.006 ± 0.001
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SPICE Model Parameters (Per Junction)
Parameter Units SMS3926 SMS3927 SMS3928

IS A 2.5E-07 1.3E-09 9.0E-13

RS Ω 4.00 4.00 4.00

N - 1.04 1.04 1.04

TT s 1E-11 1E-11 1E-11

CJ0 pF 0.42 0.39 0.39

M - 0.32 0.37 0.42

EG eV 0.69 0.69 0.69

XTI - 2.00 2.00 2.00

FC - 0.50 0.50 0.50

BV V 2.00 3.00 4.00

IBV A 1.0E-05 1.0E-05 1.0E-05

VJ V 0.495 0.595 0.800

0.006 (0.18 mm)
± 0.001 (0.025 mm)

0.015 (0.381 mm)
± 0.001 (0.025 mm)

0.015 (0.381 mm)
± 0.001 (0.025 mm)

3

2

1

4

1

2

3

4

0.0035 (0.089 mm)
 x 0.0035 (0.089 mm)

4 Places

Schematic

Outline Drawing
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Wafer On Film

Grip Ring

0.003 (0.076 mm)
Separation

Between Die 

3.940 (100.0 mm)
Wafer Dia. 

5.520 (140.20 mm)
Inner Ring I.D. 

5.981 (151.92 mm)
Outer Ring O.D. 

0.236 (5.99 mm)
Ring Thickness 

0.003 (0.076 mm) Nom.
Separation

Between Die 

Wafer Film Frame Description
� Wafer on nitto tape
� Color: light blue
� Thickness: 2.2–3.0 mils
� Tensile strength: 6.6 (lbs. in width)
� Ring material: plastic
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Silicon Schottky Diode Chips
DATA SHEET

Features
� For detector and mixer applications
� Low capacitance for usage beyond 40 GHz
� ZBD and low-barrier designs
� P-type and N-type junctions
� Large bond pad chip design
� Available lead (Pb)-free, RoHS-compliant, and Green

Description
Skyworks silicon Schottky diode chips are intended for use
as detector and mixer devices in hybrid integrated circuits at
frequencies from below 100 MHz to higher than 40 GHz.
Skyworks “Universal Chip” design features a 4-mil-diameter
bond pad that is offset from the semiconductor junction
preventing damage to the active junction as a result of
wire bonding.

As power-sensing detectors, these Schottky diode chips all have
the same voltage sensitivity so long as the output video imped-
ance is much higher than the video resistance of the diode.
Figure 1 shows the expected detected voltage sensitivity as a
function of RF source impedance in an untuned circuit. Note that
sensitivity is substantially increased by transforming the source
impedance from 50 Ω to higher values. Maximum sensitivity
occurs when the source impedance equals the video resistance.

In a detector circuit operating at zero bias, depending on the
video load impedance, a ZBD device with RV less than 10 kΩ
may be more sensitive than a low-barrier diode with RV greater
than 100 kΩ. Applying forward bias reduces the diode video
resistance as shown in Figure 2. Lower video resistance also
increases the video bandwidth but does not increase voltage
sensitivity, as shown in Figure 3. Biased Schottky diodes have
better temperature stability and also may be used in temperature
compensated detector circuits.

P-type Schottky diodes generate lower 1/F noise and are
preferred for Doppler mixers and biased detector applications.
The bond pad for the P-type Schottky diode is the cathode.
N-type Schottky diodes have lower parasitic resistance, RS,
and will perform with lower conversion loss in mixer circuits.
The bond pad for the N-type Schottky diode is the anode.

Skyworks Green™ products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW
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Figure 1. Detected Voltage vs. Input
Power and RF Source Impedance

Figure 3. Detected Voltage vs. Forward CurrentFigure 2. Video Resistance vs. Forward Bias Current

Electrical Specifications at 25 °C
CJ(1) RT(2) VF @ 1 mA VB(3) RV @ Zero

Junction (pF) (ΩΩ) (mV) (V) Bias (kΩΩ) Outline
Part Number Barrier Type Max. Max. Min.–Max. Min. Typ. Drawing

CDC7630-000 ZBD P 0.25 30 135–240 1 5.5 571-006

CDC7631-000 ZBD P 0.15 80 150–300 2 7.2 571-006

CDB7619-000 Low P 0.1 40 275–375 2 735 571-006

CDB7620-000 Low P 0.15 30 250–350 2 537 571-006

CDF7621-000 Low N 0.1 20 270–350 2 680 571-011

CDF7623-000 Low N 0.3 10 240–300 2 245 571-011

1. CJ for low barrier diodes specified at 0 V. CJ for ZBDs specified at 0.15 V reverse bias.
2. RT is the slope resistance at 10 mA. RS Max. may be calculated from: RS = RT - 2.6 x N.
3. VB for low barrier diodes is specified at 10 µA. VB for ZBDs is specified at 100 µA. 
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Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

SPICE Model Parameters
Parameter CDB7619 CDB7620 CDF7621 CDF7623 CDC7630 CDC7631 Units

IS 3.70E-08 5.40E-08 4.0E-08 1.1E-07 5.0E-06 3.8E-06 A

RS 9 14 12 6 20 51 Ω
N 1.05 1.12 1.05 1.04 1.05 1.05

TT 1E-11 1E-11 1E-11 1E-11 1E-11 1E-11 s

CJ0 0.08 0.15 0.1 0.22 0.14 0.08 pF

M 0.35 0.35 0.35 0.32 0.4 0.4

EG 0.69 0.69 0.69 0.69 0.69 0.69 eV

XTI 2 2 2 2 2 2

FC 0.5 0.5 0.5 0.5 0.5 0.5

BV 2 4 3 2 2 2 V

IBV 1E-05 1E-05 1E-05 1E-05 1E-04 1E-04 A

VJ 0.495 0.495 0.495 0.495 0.34 0.34 V

Characteristic Value

Reverse voltage (VR) Voltage rating

Forward current (IF) 50 mA

Power dissipation (PD) 75 mW

Storage temperature (TST) -65 °C to +150 °C

Operating temperature (TOP) -65 °C to +150 °C

Electrostatic Discharge (ESD) Class 0
Human Body Mode (HBM)

Electrostatic Discharge (ESD) Class C4
Charged Device Model (CDM)

Absolute Maximum Ratings

Bonding Pad
Diameter 0.0035–0.0045

0.013 (0.33 mm)
0.011 (0.28 mm)

0.013 (0.33 mm)
0.011 (0.28 mm)

0.0085 (0.216 mm)
0.0065 (0.165 mm)

Outline Drawing

571-006 (Cathode Bond Pad), 571-011 (Anode Bond Pad)
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Electrical Specifications at 25 °C

Typical Performance Data

Zero Bias Schottky Detector Diodes
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Figure 1. Typical Forward DC Characteristics

Typical Zero Bias X-Band Detector Diodes
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Figure 2. Voltage Output vs. Power Input
As a Function of Video Impedance
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Figure 3. Tangential Signal Sensitivity vs. VideoImpedance
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Multi Octave – High Sensitivity
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Figure 4. Typical Video Detector Circuits

Part
Number

Min. EO
(mV) ZV (Ω)

Min. TSS
(dBm)

Outling
Drawing

DDC2353-000 8 2000–5000 -52 491-006

DDC2354-000 15 5000–15000 -56 491-006

CDC7630-000 8 2000–5000 -52 571-006

CDC7631-000 15 5000–15000 -56 571-006

Epoxy Stripline
250

Hermetic Pill
207

Hermetic Pill
203

Hermetic
109

Hermetic
220

DDC2353-250 CDC7630-207 CDC7630-203 SMS7630-109 DDC2353-220

DDC2354-250 CDC7631-207 CDC7631-203 SMS7619-109 DDC2354-220

Epoxy and Hermetic Packages
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Typical I-V Characteristics
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Top View
Schematic

0.013 (0.33 mm)
0.011 (0.28 mm)

0.011 (0.28 mm)
0.009 (0.23 mm)

0.009 (0.23 mm)
0.007 (0.18 mm)

0.009 (0.23 mm)
0.007 (0.18 mm)

0.006 (0.015 mm)
0.003 (0.005 mm)

0.006 (0.15 mm)
0.004 (0.10 mm)

2 Plcs.

0.0025 (0.06 mm)
Max.

491–006

Cathode/Bonding Pad
Diameter 0.0035–0.0045

0.013 (0.33 mm)
0.011 (0.28 mm)

0.013 (0.33 mm)
0.011 (0.28 mm)

0.0085 (0.216 mm)
0.0065 (0.165 mm)

Backside Contact (Andode)
Gold Metalization

571–006

-203 (247-001)

0.050 (1.27 mm)
0.040 (1.02 mm)

0.055 (1.40 mm)
0.051 (1.30 mm)

Dia.

Schematic

N-Type

All dimensions in mm

1.00 (Max.)

0.15 Typ.

Side View

Gold Plated
Kovar Lid

Top View

1.43 ± 0.10 X X

1.83 ± 0.10

Bottom View

Cathode
Pin 1 Indicator

0.60 Typ.

0.35 Max. Typ.

21

0.45 ± 0.05 2 Plcs.

0.35 Max. Typ.
0.43 ± 0.05

1 2

-109 (585-006)
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-207 (207-001)

Schematic
N-type

0.076 (2.10 mm)
±0.006 (1.78 mm)

0.200 (5.08 mm)
Nom.

0.086 (2.18 mm)
Max. Dia.0.064 (1.63 mm)

0.060 (1.52 mm)
Dia. 2 Plcs.

0.062 (1.63 mm)
±0.002 (1.52 mm)

2 Plcs

Metal

Ceramic

Metal

Schematic
P-type

21

21

50 Deg.
40 Deg.

Schematic

Colored Dot
Denotes Cathode

Epoxy Encapsulation
Au Plated Leads

Ceramic Base

0.018 (0.45 mm)
0.122 (0.55 mm)

2 Plcs.

0.018 (0.45 mm)
0.122 (0.55 mm)

0.090 (2.28 mm)
0.110 (2.79 mm)

2 Plcs.

0.100 (2.54 mm)
Dia.

0.050 (1.27 mm)
Max.

0.003 (0.08 mm)
0.005 (0.13 mm)

-250 (130-011)

-220 (404-011)

-011 (220)

2 1

Schematic

Colored Dot
Denotes Cathode

0.068 (1.73 mm)
0.064 (1.63 mm)

Dia.

0.022 (0.56 mm)
0.018 (0.46 mm)

3 Plcs.

0.185 (4.70 mm)
0.145 (3.68 mm)

3 Plcs.

0.005 (0.13 mm)
0.003 (0.08 mm)

3 Plcs.

0.042 (1.07 mm)
0.028 (0.71 mm)

0.070 (1.78 mm)
Sq.
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GaAs Flip Chip Schottky Diodes
DATA SHEET

Applications
� Mixer
� Detector

Features
� Designed for high volume designs
� High frequency (20–100 GHz)
� Exceeds environmental requirements for MIC &

hybrid applications
� Designed for low junction capacitance and low

series resistance
� Applications include PCN mixers and circuits, as well as low

power, fast switching
� Low parasitic flip chip configuration
� Available lead (Pb)-free, RoHS-compliant, and Green

Description
This series of Skyworks GaAs Schottky barrier flip chip diodes
produces excellent high frequency performance up to millimeter
wave range in a mechanically robust, small form factor. The
series is comprised of a single junction device, DMK2790-000,
and an antiparallel pair, DMK2308-000. These products offer very
low series resistance and capacitance typically available only in
beam lead devices, but without the fragility of beam leads. The
DMK2308-000 antiparallel pair is well suited for use in subhar-
monically-pumped mixers or in limiting circuits.

These diodes are designed to be mounted on hard or soft sub-
strate printed circuit boards with conductive epoxy or solder.

Typical applications include mixers or detectors in point-to-point
millimeterwave radios, collision avoidance automotive radars,
adaptive cruise control radar systems, etc.

Skyworks Green™ products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW
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Electrical Specifications at 25 °C

1. VB cannot be measured nondestructively in anti-parallel configuration.
2. CT = junction capacitance plus 0.02 pF (overlay).

Recommended VB(1) CT(2)

Frequency @ 10 µA 0 V, 1 MHz RS @ 10 mA VF @ 1 mA
(GHz) (V) (pF) (Ω) (mV) Single Anti-Parallel

Min. Max. Max. Min. Max. 540-011 540-025

20–100 3.0 0.04 0.07 7 650 750 DMK2790-000 DMK2308-000

Histogram
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Aug 0.063 pF SD = 0.002 pF

CJ 0.0063 pF
Average
0.0014 pF SD

Typical Parameter Distribution on Wafer

Spice Parameters (Per Junction)
IS RS TD CJ0 EG VJ BV IBV

Amp Ω n S pF m eV eV XTI FC V A

0.5 E–12 4 1.05 1E–11 0.05 0.26 1.43 0.82 2 0.5 4.0 1E–05
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The Epoxy Die Attach Process For 
GaAs Flip Chip Devices
Epoxy Material – Microelectronic grade conductive epoxy. For
attachment to soft boards, a stress absorbent conductive epoxy
must be used, to produce a consistent process and reliable bond.

Cleanness – Flexible or hard substrate must be clean and free of
contaminates, before epoxy die attachment takes place.

Epoxy Dispensing – Dispense epoxy dot size, approximately
0.008” and a bond like thickness of approximately 0.001”,
between die and substrate.

Die Attachment – Flip device, aligning bond pads of device to
dispensed dots, using even force of approximately 15-30 grams
of bond force.

Epoxy Curing – Cure per manufacture’s recommendations.

Attachment Quality – The strength of the die attachment can be
verified by stressing the attachment joint to failure, by performing
die shear test on a sample base. The force of the shear test
equipment on the die is increased until the component pops from
the surface of the circuit, recording a gram force value at the
time of fracture from substrate. This value for pass or fail criteria
is based on the contact bond pad size of the die and compared
against MIL requirements.

10 Mil Gap

Characteristic Value

Forward current 50 mA 

Storage temperature (TST) -65 °C to +150 °C

Operating temperature (TOP) -65 °C to +125 °C

Junction temperature (TJ) 175 °C

Electrostatic Discharge (ESD) Class 0
Human Body Mode (HBM)

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
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DATA SHEET  •  GAAS FLIP CHIP SCHOTTKY DIODES

4

0.008
(0.20 mm)
± 0.001

(0.025 mm)

0.005 (0.13 mm)
± 0.001 (0.025 mm)

0.026 (0.66 mm)
 ± 0.001 (0.025 mm)

0.013 (0.33 mm)
± 0.001 (0.025 mm)

0.013
(0.33 mm)
± 0.001

(0.025 mm)

0.005 (0.13 mm)
 ± 0.001 (0.025 mm)

Max.

540-011

0.008
(0.20 mm)
 ± 0.001

(0.025 mm)

0.005 (0.13 mm)
 ± 0.001 (0.025 mm)

0.026 (0.66 mm)
 ± 0.001 (0.025 mm)

0.013 (0.33 mm)
 ± 0.001 (0.025 mm)

0.013
(0.33 mm)
 ± 0.001

(0.025 mm)

0.005 (0.13 mm)
 ± 0.001 (0.025 mm) Max.

540-025

Diode
Area = 1

Model = Diode_Model
Mode = Nonlinear

RES
RS

R = RS

IND
LS

L = LSPort
P_Cathode

port = 1
CAP
CSH

C = 0.02 pF

CAP
CSH

C = 0.02 pF

Port
P_Anode
port = 2

DMK2790 SPICE
Diode

Area = 1
Model = Diode_Model

Mode = Nonlinear

Diode
Area = 1

Model = Diode_Model
Mode = Nonlinear

RES
RS

R = RS

RES
RS

R = RS

IND
LS

L = LS

IND
LS

L = LS

Port
port = 1 CAP

C
SH

C = 0.026 pF

Port
port = 2CAP

CSH

C = 0.026 pF

DMK2308 SPICE
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SMV1130-079, SMV1130-079LF:
Hyperabrupt Junction Tuning Varactor

DATA SHEET

Features
● High tuning ratio
● Low series resistance
● SC-79 package
● Designed for high-volume, low-cost applications
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The SMV1130-079 is a surface mount varactor diode in the 
SC-79 plastic package. This varactor is designed for very high
capacitance tuning ratio while having low series resistance,
which makes these devices especially attractive for wideband 
VCO applications.

Characteristic Value

Reverse voltage (VR) 26 V

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C 

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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DATA SHEET  •  SMV1130-079, SMV1130-079LF

2

Parameter Condition Frequency Min. Typ. Max. Unit

Reverse current (IR) VR = 21 V 20 nA

Capacitance (CT) CT @ 1 V, VR = 1 V, F = 1 MHz 17.4 21.2 pF

Capacitance ratio (CTR) CT (1 V)/CT (3 V) 1.47 1.76

Capacitance ratio (CTR) CT (1 V)/CT (9 V) 3.7 4.5

Series resistance (RS) VR = 1 V, F = 500 MHz 0.8 Ω
Breakdown voltage (VBR) IR = 10 µA 26 V

Operating Characteristics at 25°C

Single

SC-79

SMV1130-079
Marking: Cathode

SMV1130-079LF
Marking: Cathode

LS = 0.7 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative
to our standard tin/lead (Sn/Pb) packaging.
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0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.

0.010
(0.25 mm) Min.

0.014
(0.35 mm) Max.

0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.

0.020
(0.50 mm) Min.

0.028
(0.70 mm) Max.

0.003
(0.07 mm) Min.

0.008
(0.20 mm) Max.

10˚ Max.

10˚ Max.

0.028
(0.70 mm) Min.

0.035
(0.90 mm) Max.

0.006 (0.15 mm) Min.Cathode
Indicator

1 2

SC-79

VR (V) CT (pF)

0 27.6

1 18.5

2.5 12.8

5 7.9

10 3.8

15 2.6

20 2

25 1.8

Capacitance vs. Voltage

DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

SPICE Model

Part CJ0 VJ CP RS LS
Number (pF) (V) M (pF) (ΩΩ) (nH)

SMV1130-079 25.8 10 3.7 1.8 0.8 0.7

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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SMV1135-004, SMV1135-004LF:
Hyperabrupt Junction Tuning Varactor

DATA SHEET

Features
● High tuning ratio
● Low series resistance
● SOT-23 package
● Designed for high-volume, low-cost applications
● Available in tape and reel packaging
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The SMV1135-004 is a surface mount varactor diode designed
for very high capacitance tuning ratio while having low series
resistance, which makes this device especially attractive for
wideband VCO applications.

Parameter Condition Min. Typ. Max. Unit

Reverse current (IR) VR = 21 V 20 nA

Capacitance (CT) CT @ 1 V, VR = 1 V, F = 1 MHz 8.2 10 pF

Capacitance ratio (CTR) CT (1 V)/CT (3 V) 1.47 1.76

Capacitance ratio (CTR) CT (1 V)/CT (9 V) 3.7 4.5

Series resistance (RS) VR = 1 V, F = 500 MHz 1.2 Ω
Breakdown voltage (VBR) IR = 10 µA 28 V

Electrical Specifications at 25 °C

Common Cathode

SOT-23

SMV1135-004
Marking: AG3

SMV1135-004LF
Marking: EG3

Characteristic Value

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C 

ESD human body model Class O

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative
to our standard tin/lead (Sn/Pb) packaging.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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DATA SHEET  •  SMV1135-004, SMV1135-004LF
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Series Resistance vs. Voltage
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3

21

0.035 (0.89 mm) Min.
0.044 (1.12 mm) Max.

0.0005 (0.01 mm) Min.
0.004 (0.10 mm) Max.

0.012 (0.30 mm) Min.
0.020 (0.50 mm) Max.

0.003 (0.080 mm) Min.
0.008 (0.20 mm) Max.

8˚ Max.

0.022 (0.55 mm) Ref.

0.110 (2.80 mm) Min.
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.
0.104 (2.64 mm) Max.

0.037 (0.95 mm) Ref.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.

0.076 (1.92 mm) Ref.

0.020 (0.51 mm) Ref.

SOT-23

VR (V) CT (pF)

0.5 10.34

1 8.69

2.5 5.98

3 5.38

6 3.11

10 1.92

20 1.17

Capacitance vs. Voltage

DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

SPICE Model

Part CJ0 VJ CP RS LS
Number (pF) (V) M (pF) (ΩΩ) (nH)

SMV1135 10.3 8.6 2.9 0.8 1.2 1.5

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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SMV1129 and SMV1139: Hyperabrupt Junction
Tuning Varactors

DATA SHEET

Characteristic Value

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C

ESD human body model Class O

Absolute Maximum Ratings

Features
� High Q
� Low series resistance for low phase noise
� Available in SOD-323 and SC-79
� Designed for high-volume commercial applications
� SPICE models are available
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The SMV1129 and SMV1139 silicon hyperabrupt junction varac-
tor diodes are designed for use in VCOs requiring low resistance.
The low resistance of these varactors makes them appropriate
for high Q resonators in wireless system VCOs to frequencies
beyond 2.5 GHz.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Single Single

SOD-323 SC-79

SMV1129-079
Marking: Cathode

SMV1129-079LF
Marking: Cathode

SMV1139-011
Marking: CG

SMV1139-011LF
Marking: HG

LS = 1.5 nH LS = 0.7 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative
to our standard tin/lead (Sn/Pb) packaging.



Reverse Voltage (V)

Capacitance vs. Reverse Voltage
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Typical Performance Data Capacitance vs. Reverse Voltage
SMV1129 SMV1139

VR (V) CT (pF) CT (pF)

0 27.5 8

1 18.9 5.5

2 15 4.4

3 12.5 3.7

4 10.7 3.1

5 9.3 2.7

6 8.1 2.5

7 7.1 2.3

8 6.3 2.2

9 5.7 2.1

10 5.2 2

11 4.9 2

12 4.7 1.9
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DATA SHEET • SMV1129 AND SMV1139

2

CT @ 1 V CT @ 1 V RS @ 1 V
Part CT @ 1 V CT @ 3 V CT @ 6 V 500 MHz

Number (pF) (Ratio) (Ratio) (Ω)

Min. Typ. Max. Min. Typ. Min. Typ. Max.

SMV1129 17.5 19 20.5 1.4 1.53 2 2.5 0.4

SMV1139 4.95 5.4 5.85 1.4 1.53 2 2.5 0.6

Electrical Specifications at 25 °C

Reverse Voltage VR (IR = 10 µA): 12 V minimum.
Reverse Current IR (VR = 10 V): 20 nA maximum.



DATA SHEET  •  SMV1129 AND SMV1139

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
200054 Rev. E  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice.  •  December 26, 2007 3

Part CJO VJ CP RS
Number (pF) (V) M (pF) (ΩΩ)

SMV1129 27.5 2.8 1.1 0 0.4

SMV1139 8 1.2 0.65 0 0.6

SPICE Model

Values extracted from measured performance.
For package inductance (LS) refer to package type.
For more details refer to the “Varactor SPICE Models for RF VCO Applications” 
Application Note.

DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

SOD-323

1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045 
(1.15 mm) Min.

0.053 
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

SC-79

0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.



0.010�
(0.25 mm) Min.

0.014�
(0.35 mm) Max.



0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.



0.020�
(0.50 mm) Min.

0.028�
(0.70 mm) Max.



0.003�
(0.07 mm) Min.

0.008�
(0.20 mm) Max.

 10˚ Max.

10˚ Max.

0.028�
(0.70 mm) Min.

0.035�
(0.90 mm) Max.



0.006 (0.15 mm) Min.


Cathode
Indicator

1 2

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SMV1142–SMV1148: Hyperabrupt Junction
Tuning Varactors

DATA SHEET

Characteristic Value

Reverse voltage (VR) 12 V

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C

ESD human body model Class O

Absolute Maximum Ratings

Features
� Frequency linear design
� Low series resistance
� Available in the SOD-323 and SC-79 packages
� Designed for high-volume commercial applications
� SPICE models are available
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The SMV1142–SMV1148 series of silicon hyperabrupt junction
varactor diodes is specifically designed with an increasing
gamma vs. voltage characteristic. This characteristic will result in
improved VCO frequency-voltage linearity, in comparison to a
conventional hyperabrupt junction varactor. This family of varac-
tors is characterized for capacitance and resistance over
temperature. SPICE models are provided. Performance is guaranteed only under the conditions listed in the specifications table and is

not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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DATA SHEET • SMV1142–SMV1148

2

Single Single

SC-79 SOD-323

SMV1142-011
Marking: BU

SMV1142-011LF
Marking: GU

SMV1143-011
Marking: BV

SMV1143-011LF
Marking: GV

SMV1144-011
Marking: BW

SMV1144-011LF
Marking: GW

SMV1145-079 SMV1145-011
Marking: Cathode Marking: BA

SMV1145-079LF SMV1145-011LF
Marking: Cathode Marking: GA

SMV1147-079 SMV1147-011
Marking: Cathode Marking: BY

SMV1147-079LF SMV1147-011LF
Marking: Cathode Marking: GY

SMV1148-011
Marking: BZ

SMV1148-011LF
Marking: GZ

LS = 0.7 nH LS = 1.5 nH

CT CT CT @ 1 V CT @ 1 V RS @ 3 V Q
Part CT @ 1 V @ 3 V @ 6 V CT @ 3 V CT @ 6 V 500 MHz @ 3 V

Number (pF) (pF) (pF) (Ratio) (Ratio) (ΩΩ) 50 MHz

Min. Max. Typ. Typ. Min. Max. Min. Max. Max. Typ.

SMV1142 8.2 10 5.8 3.5 1.5 1.65 2.43 2.93 0.7 800

SMV1143 11.60 14.20 8.2 4.9 1.5 1.65 2.45 2.95 0.65 600

SMV1144 14.65 17.95 10.4 6.1 1.5 1.65 2.46 2.96 0.65 500

SMV1145 25.5 31.2 18.1 10.6 1.5 1.65 2.5 3 0.6 300

SMV1147 54.6 66.7 38.6 22.6 1.5 1.65 2.5 3 0.55 150

SMV1148 62 76 44.1 25.2 1.5 1.65 2.5 3 0.5 150

Electrical Specifications at 25 °C

Reverse Voltage VR (IR = 10 µA): 12 V minimum.
Reverse Current IR (VR = 9.6 V): 20 nA maximum.

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative
to our standard tin/lead (Sn/Pb) packaging.
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Part CJO VJ CP RS
Number (pF) (V) M (pF) (Ω)

SMV1142 13.38 2.2 1 0 0.7

SMV1143 18.99 2.20 1.0 0 0.65

SMV1144 24.01 2.2 1 0 0.65

SMV1145 41.8 2.5 1.1 0 0.6

SMV1147 89.52 2.5 1.1 0 0.55

SMV1148 104.7 2.25 1.1 0 0.5

Typical Capacitance Values

SPICE Model

VR (V)
SMV1142 SMV1143 SMV1144 SMV1145 SMV1147 SMV1148
CT (pF) CT (pF) CT (pF) CT (pF) CT (pF) CT (pF)

0 13.38 18.99 24.01 41.81 89.52 104.71

0.5 10.7 15.18 19.18 33.38 71.44 83.27

1 9.1 12.90 16.3 28.35 60.65 70.48

1.5 7.98 11.30 14.28 24.82 53.07 61.48

2 7.12 10.08 12.73 22.11 47.27 54.56

2.5 6.42 9.08 11.46 19.91 42.55 48.92

3 5.83 8.24 10.4 18.06 38.58 44.13

3.5 5.32 7.51 9.48 16.45 35.12 39.97

4 4.86 6.87 8.66 15.02 32.06 36.29

4.5 4.45 6.29 7.93 13.73 29.31 32.99

5 4.09 5.76 7.26 12.57 26.81 30.03

5.5 3.75 5.29 6.66 11.53 24.57 27.43

6 3.46 4.87 6.13 10.6 22.58 25.22

6.5 3.21 4.51 5.68 9.81 20.89 23.43

7 3 4.22 5.31 9.17 19.52 22.06

7.5 2.84 3.99 5.02 8.66 18.43 21.01

8 2.72 3.82 4.8 8.29 17.63 20.22

8.5 2.63 3.69 4.63 7.99 16.98 19.61

9 2.56 3.58 4.5 7.76 16.5 19.12

9.5 2.5 3.50 4.4 7.58 16.1 18.72

10 2.45 3.43 4.31 7.43 15.78 18.38

10.5 2.41 3.37 4.24 7.3 15.5 18.11

11 2.36 3.31 4.15 7.15 15.18 17.87

11.5 2.35 3.28 4.15 7.1 15.08 17.65

12 2.32 3.25 4.08 7.02 14.9 17.43

DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

Values extracted from measured performance.
For package inductance (LS) refer to package type.
For more details refer to the  “Varactor SPICE Models for RF VCO Applications” 
Application Note.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SOD-323

1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045 
(1.15 mm) Min.

0.053 
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

SC-79

0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.



0.010�
(0.25 mm) Min.

0.014�
(0.35 mm) Max.



0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.



0.020�
(0.50 mm) Min.

0.028�
(0.70 mm) Max.



0.003�
(0.07 mm) Min.

0.008�
(0.20 mm) Max.

 10˚ Max.

10˚ Max.

0.028�
(0.70 mm) Min.

0.035�
(0.90 mm) Max.



0.006 (0.15 mm) Min.


Cathode
Indicator

1 2
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SMV1211–SMV1215: Hyperabrupt Junction Tuning Varactors
DATA SHEET

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Characteristic Value

Reverse voltage (VR) 12 V

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C

ESD human body model Class 0

Absolute Maximum Ratings

Features
� High capacitance ratio, C1 V/C4 V = 5 typ.
� Multiple packages SOT-23, SOD-323, SC-70 and SC-79
� Designed for high-volume commercial applications
� SPICE models are available
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The SMV1211–SMV1215 series of silicon hyperabrupt junction
varactor diodes is designed for use in VCOs with low tuning voltage
operation. This family of varactors is characterized for capacitance
and resistance over temperature. SPICE models are provided.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce potentials
of several kilovolts on the human body or equipment,
which can discharge without detection. Industry-stan-
dard ESD precautions must be employed at all times.
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CT @ 1 V CT @ 1 V RS @ 4 V Q
Part CT @ 1 V CT @ 2.5 V CT @ 4 V CT @ 2.5 V CT @ 4 V 500 MHz @ 4 V

Number (pF) (pF) (pF) (Ratio) (Ratio) (Ω) 50 MHz

Min. Typ. Min. Max. Typ. Max. Typ. Typ. Typ. Min.

SMV1211 95 100 40 65 20 25 2 5 0.4 80

SMV1212 42 50 18 27 9 12 2 5 0.8 150

SMV1213 17 22 8.5 10.5 4 5.5 2 5 1.4 200

SMV1214 14.5 16 6.5 7.8 3 4.8 2 5 1.7 300

SMV1215 8.7 9.5 4.3 5.5 2 2.9 2 5 2.8 350

Electrical Specifications at 25 °C

Reverse Voltage VR (IR = 10 µA): 12 V minimum.
Reverse Current IR (VR = 8 V): 20 nA maximum.

Single Single Single Common Cathode Common Cathode

SC-79 SOD-323 SOT-23 SOT-23 SC-70

SMV1211-001
Marking: AA1

SMV1211-001LF
Marking: EA1

SMV1212-079 SMV1212-001 SMV1212-004 SMV1212-074
Marking: Cathode Marking: AB1 Marking: AB3 Marking: AB3

SMV1212-079LF SMV1212-001LF SMV1212-004LF SMV1212-074LF
Marking: Cathode Marking: EB1 Marking: EB3 Marking: EB3

SMV1213-079 SMV1213-011 �SMV1213-001 SMV1213-004 SMV1213-074
Marking: Cathode Marking: BD Marking: 86 Marking: BD3 Marking: BD3

SMV1213-079LF SMV1213-011LF �SMV1213-001LF SMV1213-004LF SMV1213-074LF
Marking: Cathode Marking: GD Marking: D86 Marking: GD3 Marking: GD3

SMV1214-001
Marking: VL1

SMV1214-001LF
Marking: DL1

SMV1215-011 SMV1215-001
Marking: VM Marking: VM1

SMV1215-011LF SMV1215-001LF
Marking: DM Marking: DM1

LS = 0.7 nH LS = 1.5 nH LS = 1.5 nH LS = 1.4 nH LS = 1.4 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative
to our standard tin/lead (Sn/Pb) packaging.

Innovation to GoTM 
Select Linear Products (indicated by t) now available for purchase online.

BUYBUY
NOW

http://www.cdistore.com/skyworks/
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Part CJO VJ CP RS
Number (pF) (V) M (pF) (ΩΩ)

SMV1211 163 200 130 9.5 0.4

SMV1212 72.47 110 67 4.5 0.8

SMV1213 28.9 190 105 2.2 1.4

SMV1214 22.74 190 106 1.5 1.7

SMV1215 14.36 190 115 1.1 2.8

Typical Capacitance Values SPICE Model
SMV1211 SMV1212 SMV1213 SMV1214 SMV1215

VR (V) CT (pF) CT (pF) CT (pF) CT (pF) CT (pF)

0 162.6 72.4 30 26 14.8

0.5 122.3 55.3 22.8 19.6 11.3

1 98.6 44.9 18.1 15.6 9.1

1.5 80.4 36.9 15.3 12.4 7.5

2 64.2 29.9 12.3 9.6 6

2.5 48.2 22.9 9.2 6.8 4.5

3 34.1 16.3 6.4 4.7 3.1

3.5 24.7 11.8 4.5 3.5 2.3

4 19.4 9.3 3.5 2.9 1.9

4.5 16.4 7.9 3 2.5 1.7

5 14.6 7 2.6 2.3 1.5

5.5 13.3 6.4 2.4 2.1 1.4

6 12.4 6 2.2 2 1.3

6.5 11.7 5.7 2.1 1.9 1.3

7 11.2 5.5 2 1.8 1.2

7.5 10.8 5.3 1.9 1.8 1.2

8 10.5 5.1 1.9 1.7 1.2

Values extracted from measured performance.
For package inductance (LS) refer to package type.
For more details refer to the “Varactor SPICE Models for RF VCO Applications”
Application Note.

DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SOT-23

3

21

0.035 (0.89 mm) Min.�
	0.044 (1.12 mm) Max.

0.0005 (0.01 mm) Min.�
	0.004 (0.10 mm) Max.

0.012 (0.30 mm) Min.�
0.020 (0.50 mm) Max.

0.003 (0.080 mm) Min.�
0.008 (0.20 mm) Max.

8˚ Max.


0.022 (0.55 mm) Ref.

0.110 (2.80 mm) Min.�
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.�
0.104 (2.64 mm) Max.



0.037 (0.95 mm) Ref.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.



0.076 (1.92 mm) Ref.


0.020 (0.51 mm) Ref.


SOD-323

1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045 
(1.15 mm) Min.

0.053 
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

SC-79

0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.



0.010�
(0.25 mm) Min.

0.014�
(0.35 mm) Max.



0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.



0.020�
(0.50 mm) Min.

0.028�
(0.70 mm) Max.



0.003�
(0.07 mm) Min.

0.008�
(0.20 mm) Max.

 10˚ Max.

10˚ Max.

0.028�
(0.70 mm) Min.

0.035�
(0.90 mm) Max.



0.006 (0.15 mm) Min.


Cathode
Indicator

1 2

SC-70

 3

 
2

 
1

0.031 (0.80 mm) Min.
0.039 (1.00 mm) Max.



0.000 (0.00 mm) Min.
0.004 (0.10 mm) Max.



0.010 (0.25 mm) Min.
0.016 (0.40 mm) Max.



0.071 (1.80 mm) Min.
0.087 (2.20 mm) Max.



0.071 (1.80 mm) Min.
0.094 (2.40 mm)  Max.



0.045 (1.15 mm) Min.
0.053 (1.35 mm) Max.



0.026 (0.65 mm) Ref.

0.051 (1.30 mm) Ref.

0.004 (0.10 mm) Min.
0.007 (0.18 mm) Max.



0.004 (0.10 mm) Min.
0.012 (0.30 mm) Max.



0.014 (0.35 mm) Ref.
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SMV1231–SMV1237: Hyperabrupt Tuning Varactors
DATA SHEET

Characteristic Value

Reverse voltage (VR) 15 V

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C

ESD human body model Class 1B

Absolute Maximum Ratings

Features
� High capacitance ratio
� Low series resistance for low phase noise
� Multiple packages SOT-23, SOD-323, SC-70 and SC-79
� Designed for high-volume commercial applications
� Full characterization with SPICE models
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The SMV1231–SMV1237 series of silicon hyperabrupt junction
varactor diodes is designed for use in VCOs with low tuning voltage
operation. The low resistance of these varactors makes them
appropriate for high Q resonators in wireless system VCOs
to frequencies beyond 2.5 GHz. The SMV1231–SMV1237 series is
fully characterized for capacitance and resistance over tempera-
ture. SPICE model is provided.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Single Single Single Common Cathode Common Anode Common Cathode

SC-79 SOD-323 SOT-23 SOT-23 SC-70 SC-70

SMV1231-079 SMV1231-011 SMV1231-074
Marking: Cathode Marking: JA Marking: JA3

SMV1231-079LF SMV1231-011LF SMV1231-074LF
Marking: Cathode Marking: KA Marking: KA3

SMV1232-079 SMV1232-011 SMV1232-074
Marking: Cathode Marking: CC Marking: CC3

SMV1232-079LF SMV1232-011LF SMV1232-074LF
Marking: Cathode Marking: HC Marking: HC3

SMV1233-079 ��SMV1233-011 SMV1233-001 SMV1233-004 SMV1233-074
Marking: Cathode Marking: VP Marking: VP1 Marking: VP3 Marking: VP3

SMV1233-079LF ��SMV1233-011LF SMV1233-001LF SMV1233-004LF SMV1233-074LF
Marking: Cathode Marking: DP Marking: DP1 Marking: DP3 Marking: DP3

SMV1234-079 ��SMV1234-011 SMV1234-001 SMV1234-004 SMV1234-073
Marking: Cathode Marking: VQ Marking: VQ1 Marking: VQ3 Marking: VQ9

SMV1234-079LF ��SMV1234-011LF SMV1234-001LF SMV1234-004LF SMV1234-073LF
Marking: Cathode Marking: DQ Marking: DQ1 Marking: DQ3 Marking: DQ9

SMV1235-079 SMV1235-011 SMV1235-001 SMV1235-004 SMV1235-074
Marking: Cathode Marking: VR Marking: VR1 Marking: VR3 Marking: VR3

SMV1235-079LF SMV1235-011LF SMV1235-001LF SMV1235-004LF SMV1235-074LF
Marking: Cathode Marking: DR Marking: DR1 Marking: DR3 Marking: DR3

��SMV1236-079 SMV1236-011 SMV1236-001 SMV1236-004 SMV1236-074
Marking: Cathode Marking: AQ Marking: AQ1 Marking: AQ3 Marking: AQ3

��SMV1236-079LF SMV1236-011LF SMV1236-001LF SMV1236-004LF SMV1236-074LF
Marking: Cathode Marking: EQ Marking: EQ1 Marking: EQ3 Marking: EQ3

SMV1237-001
Marking: VT1

SMV1237-001LF
Marking: DT1

LS = 0.7 nH LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH LS = 1.4 nH LS = 1.4 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative
to our standard tin/lead (Sn/Pb) packaging.

Innovation to GoTM 
Select Linear Products (indicated by t) now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/


DATA SHEET  •  SMV1231–SMV1237

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
200058 Rev. J  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice.  •  December 26, 2007 3

0.1

10.0

1.0

100.0

6.0 8.04.0

Reverse Voltage (V)

Capacitance vs. Reverse Voltage

2.00

Ca
pa

ci
ta

nc
e 

(p
F)

SMV1237

SMV1236
SMV1235

SMV1231
SMV1234

SMV1233 SMV1232

-4

-3

-2

-1

0

1

2

3

4

5

-40 -20 0 20 40 60 80

Pe
rc

en
ta

ge
 C

ha
ng

e 
(%

)

Temperature (˚C)

Relative Capacitance Change�
vs. Temperature

VR = 1 V

VR = 3 V

10

8

6

4

2

0

-2

-4

-6

-8
-40 -20 0 20 40 60 80

Pe
rc

en
ta

ge
 C

ha
ng

e 
(%

)

Temperature (˚C)

Relative Series Resistance Change�
vs. Temperature @ 500 MHz

0

1

2

3

Reverse Voltage (V)

Series Resistance vs. Reverse Voltage
@ 500 MHz

0 1 2 3 4 5

R S
 (Ω

) SMV1232

SMV1231

SMV1233
SMV1234

SMV1235

SMV1237
SMV1236

Typical Performance Data

CT CT CT @ 1 V CT @ 1 V RS @ 3 V Q
Part CT @ 1 V @ 3 V @ 6 V CT @ 3 V CT @ 6 V 500 MHz @ 3 V

Number (pF) (pF) (pF) (Ratio) (Ratio) (Ω) 50 MHz

Min. Max. Typ. Typ. Min. Max. Min. Max. Max. Typ.

SMV1231 1.43 1.72 0.97 0.61 1.5 1.8 2.5 2.8 2.9 1500

SMV1232 2.34 2.86 1.5 0.94 1.5 1.9 2.6 3.3 1.5 1400

SMV1233 3 3.6 1.8 1.1 1.5 1.9 2.6 3.3 1.2 1200

SMV1234 5.85 7.15 3.6 2 1.6 2 2.8 3.4 0.8 1000

SMV1235 10.35 12.65 6.4 3.6 1.6 2 2.9 3.4 0.6 750

SMV1236 15.5 18.5 9.2 5.3 1.6 2 3 3.5 0.5 700

SMV1237 45 54 26.9 14.4 1.6 2 3 3.5 0.25 500

Electrical Specifications at 25 °C

Tested in -079 package.
Reverse Voltage VR (IR = 10 µA): 15 V minimum.
Reverse Current IR (VR = 12 V): 20 nA maximum.
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Part CJO VJ CP RS
Number (pF) (V) M (pF) (ΩΩ)

SMV1231 – 1.5 0.8 0 2.5

SMV1232 4.2 1.7 0.9 0 1.5

SMV1233 4.12 1.7 0.9 0.7 1.2

SMV1234 8.75 2.3 1.1 1.2 0.8

SMV1235 16.13 8 4 2 0.6

SMV1236 21.63 8 4.2 3.2 0.5

SMV1237 66.16 10 5.3 9 0.25

Typical Capacitance Values

SPICE Model

SMV1231 SMV1232 SMV1233 SMV1234 SMV1235 SMV1236 SMV1237

VR (V) CT (pF) CT (pF) CT (pF) CT (pF) CT (pF) CT (pF) CT (pF)

0 2.35 4.15 5.08 9.63 18.22 26.75 71.82

0.5 1.87 3.22 3.95 7.53 14.12 20.61 56.1

1 1.58 2.67 3.28 6.28 11.67 17.02 46.89

1.5 1.4 2.28 2.8 5.39 9.91 14.38 40.33

2 1.22 1.97 2.41 4.68 8.52 12.29 35.13

2.5 1.09 1.72 2.09 4.09 7.36 10.56 30.71

3 0.97 1.51 1.82 3.58 6.4 9.16 26.87

3.5 0.882 1.35 1.62 3.15 5.62 8.04 23.57

4 0.794 1.22 1.45 2.81 4.99 7.19 20.83

4.5 0.732 1.13 1.33 2.54 4.5 6.53 18.62

5 0.683 1.05 1.24 2.32 4.11 6.01 16.87

5.5 0.648 0.99 1.16 2.15 3.8 5.61 15.48

6 0.613 0.94 1.1 2.02 3.55 5.28 14.36

6.5 0.59 0.9 1.05 1.9 3.34 5.02 13.46

7 0.567 0.86 1.01 1.8 3.17 4.81 12.72

7.5 0.551 0.84 0.98 1.72 3.03 4.64 12.11

8 0.534 0.81 0.96 1.65 2.91 4.49 11.61

9 0.512 0.78 0.92 1.55 2.73 4.28 10.87 

10 0.497 0.76 0.9 1.47 2.61 4.13 10.38

11 0.492 0.75 0.88 1.42 2.53 4.02 10.06

12 0.487 0.74 0.87 1.38 2.47 3.95 9.84

13 0.48 0.73 0.86 1.35 2.43 3.89 9.68

14 0.472 0.73 0.85 1.33 2.4 3.84 9.56

15 0.466 0.72 0.84 1.32 2.38 3.8 9.47

DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

Values extracted from measured performance.
For package inductance (LS) refer to package type.
For more details refer to the  “Varactor SPICE Models for RF VCO Applications” 
Application Note.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SOT-23

3

21

0.035 (0.89 mm) Min.�
	0.044 (1.12 mm) Max.

0.0005 (0.01 mm) Min.�
	0.004 (0.10 mm) Max.

0.012 (0.30 mm) Min.�
0.020 (0.50 mm) Max.

0.003 (0.080 mm) Min.�
0.008 (0.20 mm) Max.

8˚ Max.


0.022 (0.55 mm) Ref.

0.110 (2.80 mm) Min.�
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.�
0.104 (2.64 mm) Max.



0.037 (0.95 mm) Ref.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.



0.076 (1.92 mm) Ref.


0.020 (0.51 mm) Ref.


SOD-323

1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045 
(1.15 mm) Min.

0.053 
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

SC-79

0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.



0.010�
(0.25 mm) Min.

0.014�
(0.35 mm) Max.



0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.



0.020�
(0.50 mm) Min.

0.028�
(0.70 mm) Max.



0.003�
(0.07 mm) Min.

0.008�
(0.20 mm) Max.

 10˚ Max.

10˚ Max.

0.028�
(0.70 mm) Min.

0.035�
(0.90 mm) Max.



0.006 (0.15 mm) Min.


Cathode
Indicator

1 2

SC-70

 3

 
2

 
1

0.031 (0.80 mm) Min.
0.039 (1.00 mm) Max.



0.000 (0.00 mm) Min.
0.004 (0.10 mm) Max.



0.010 (0.25 mm) Min.
0.016 (0.40 mm) Max.



0.071 (1.80 mm) Min.
0.087 (2.20 mm) Max.



0.071 (1.80 mm) Min.
0.094 (2.40 mm)  Max.



0.045 (1.15 mm) Min.
0.053 (1.35 mm) Max.



0.026 (0.65 mm) Ref.

0.051 (1.30 mm) Ref.

0.004 (0.10 mm) Min.
0.007 (0.18 mm) Max.



0.004 (0.10 mm) Min.
0.012 (0.30 mm) Max.



0.014 (0.35 mm) Ref.



1
Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
200061 Rev. E • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • December 26, 2007

SMV1247–SMV1255: Hyperabrupt Tuning Varactors
DATA SHEET

Characteristic Value

Reverse voltage (VR) 15 V

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C

ESD human body model Class 0

Absolute Maximum Ratings

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Features
� Designed for high-volume commercial applications
� High capacitance ratio, C0.3 V/C4.7 V = 12 typ.
� Multiple packages: SOT-23, SOD-323, SC-70 and SC-79
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

� SPICE models are available
� Available in tape and reel packaging

Description
The SMV1247–SMV1255 series of silicon hyperabrupt junction
varactor diodes is designed for use in VCOs with low tuning voltage
operation. This family of varactors is characterized for capacitance
and resistance over temperature. SPICE models are provided.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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CT CT CT CT CT @ 0.3 V CT @ 1 V RS @ 3 V Q
Part @ 0.3 V @ 4.7 V @ 1 V @ 3 V CT @ 4.7 V CT @ 3 V 500 MHz @ 3 V

Number (pF) (pF) (pF) (pF) (Ratio) (Ratio) (ΩΩ) 50 MHz

Min. Typ. Typ. Max. Typ. Typ. Min. Typ. Typ. Max. Typ.

SMV1247 6.5 7 0.7 0.78 4.4 0.95 9.5 10 4.6 6 1500

SMV1248 15 17 1.5 1.7 12.3 2.6 10.8 12 4.7 3.3 700

SMV1249 28 31 2.6 2.8 18.2 3.4 11 12.1 5.3 2.2 600

SMV1251 38 42 3.4 3.8 28.1 5.8 11 12.2 4.8 1.6 400

SMV1253 48 53 4.3 4.8 37 7.8 11 12.3 4.7 1.4 350

SMV1255 58 64 5.2 5.8 43.3 8.5 11 12.3 5.1 1.3 350

Electrical Specifications at 25 °C

Reverse Voltage VR (IR = 10 µA): 15 V minimum.
Reverse Current IR (VR = 12 V): 20 nA maximum.

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative
to our standard tin/lead (Sn/Pb) packaging.

Single Single Single Common Anode Common Cathode Common Cathode

SC-79 SOD-323 SOT-23 SOT-23 SOT-23 SC-70

��SMV1247-079 SMV1247-011 ��SMV1247-074
Marking: Cathode Marking: BF Marking: BF3

��SMV1247-079LF SMV1247-011LF ��SMV1247-074LF
Marking: Cathode Marking: GF Marking: GF3

SMV1248-079LF SMV1248-001 SMV1248-074
Marking: Cathode Marking: BG1 Marking: GG3

SMV1248-001LF SMV1248-074LF
Marking: GG1 Marking: GG3

��SMV1249-079 SMV1249-011 SMV1249-001 SMV1249-003 SMV1249-004 SMV1249-074
Marking: Cathode Marking: AF Marking: AF1 Marking: AF9 Marking: AF3 Marking: AF3

��SMV1249-079LF SMV1249-011LF SMV1249-001LF SMV1249-003LF SMV1249-004LF SMV1249-074LF
Marking: Cathode Marking: EF Marking: EF1 Marking: EF9 Marking: EF3 Marking: EF3

SMV1251-079 SMV1251-011 SMV1251-004 SMV1251-074
Marking: Cathode Marking: AH Marking: AH3 Marking: AH3

SMV1251-079LF SMV1251-011LF SMV1251-001LF SMV1251-004LF SMV1251-074LF
Marking: Cathode Marking: EH Marking: EH Marking: EH3 Marking: EH3

SMV1253-079 SMV1253-004
Marking: Cathode Marking: AJ3

SMV1253-079LF SMV1253-004LF
Marking: Cathode Marking: EJ3

��SMV1255-079 SMV1255-011 SMV1255-001 SMV1255-004
Marking: Cathode Marking: AK Marking: AK1 Marking: AK3

��SMV1255-079LF SMV1255-011LF SMV1255-001LF SMV1255-004LF
Marking: Cathode Marking: EK Marking: EK1 Marking: EK3

LS = 0.7 nH LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH

Innovation to GoTM 
Select Linear Products (indicated by t) now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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Part CJO VJ CP RS
Number (pF) (V) M (pF) (ΩΩ)

SMV1247 9.22 13 10.5 0 4.9

SMV1248 21.54 13 10.5 0 2.4

SMV1249 39 17 14 0 1.7

SMV1251 60 17 14 0 1.4

SMV1253 70 17 14 0 1.1

SMV1255 82 17 13 0 1

Typical Capacitance Values

SPICE Model

SMV1247 SMV1248 SMV1249 SMV1251 SMV1253 SMV1255

VR (V) CT (pF) CT (pF) CT (pF) CT (pF) CT (pF) CT (pF)

0 8.86 22.62 37.35 53.65 69.32 81.21

0.5 6.17 16.32 25.88 38.23 50.23 58.28

1 4.37 12.33 18.18 28.09 37.07 43.27

1.5 2.96 9.12 12.08 20.13 27.57 31.49

2 1.88 6.27 7.27 13.55 19.37 21.5

2.5 1.22 3.93 4.44 8.6 12.39 13.4

3 0.95 2.57 3.4 5.78 7.77 8.51

3.5 0.83 1.95 2.96 4.57 5.77 6.51

4 0.77 1.71 2.72 3.95 4.86 5.58

4.5 0.73 1.59 2.51 3.58 4.34 5.07

5 0.7 1.49 2.38 3.33 4.01 4.76

5.5 0.68 1.44 2.3 3.16 3.78 4.58

6 0.67 1.4 2.24 3.03 3.62 4.46

6.5 0.66 1.36 2.19 2.94 3.5 4.39

7 0.65 1.33 2.14 2.88 3.41 4.33

7.5 0.64 1.31 2.09 2.83 3.34 4.29

8 0.64 1.3 2.03 2.79 3.28 4.26

Model was designed to fit measured data in the range of up to 4 V.
For package inductance (LS) refer to package type.
For more details refer to the “Varactor SPICE Models for RF VCO Applications” 
Application Note.

DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SOT-23

3

21

0.035 (0.89 mm) Min.�
	0.044 (1.12 mm) Max.

0.0005 (0.01 mm) Min.�
	0.004 (0.10 mm) Max.

0.012 (0.30 mm) Min.�
0.020 (0.50 mm) Max.

0.003 (0.080 mm) Min.�
0.008 (0.20 mm) Max.

8˚ Max.


0.022 (0.55 mm) Ref.

0.110 (2.80 mm) Min.�
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.�
0.104 (2.64 mm) Max.



0.037 (0.95 mm) Ref.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.



0.076 (1.92 mm) Ref.


0.020 (0.51 mm) Ref.


SOD-323

1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045 
(1.15 mm) Min.

0.053 
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

SC-79

0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.



0.010�
(0.25 mm) Min.

0.014�
(0.35 mm) Max.



0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.



0.020�
(0.50 mm) Min.

0.028�
(0.70 mm) Max.



0.003�
(0.07 mm) Min.

0.008�
(0.20 mm) Max.

 10˚ Max.

10˚ Max.

0.028�
(0.70 mm) Min.

0.035�
(0.90 mm) Max.



0.006 (0.15 mm) Min.


Cathode
Indicator

1 2

SC-70

 3

 
2

 
1

0.031 (0.80 mm) Min.
0.039 (1.00 mm) Max.



0.000 (0.00 mm) Min.
0.004 (0.10 mm) Max.



0.010 (0.25 mm) Min.
0.016 (0.40 mm) Max.



0.071 (1.80 mm) Min.
0.087 (2.20 mm) Max.



0.071 (1.80 mm) Min.
0.094 (2.40 mm)  Max.



0.045 (1.15 mm) Min.
0.053 (1.35 mm) Max.



0.026 (0.65 mm) Ref.

0.051 (1.30 mm) Ref.

0.004 (0.10 mm) Min.
0.007 (0.18 mm) Max.



0.004 (0.10 mm) Min.
0.012 (0.30 mm) Max.



0.014 (0.35 mm) Ref.
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SMV1245-011, SMV1245-011LF:
Hyperabrupt Junction Tuning Varactor

DATA SHEET

Features
� High tuning ratio
� Low series resistance
� SOD-323 package
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

� Designed for high-volume, low-cost applications
� Available in tape and reel packaging

Characteristic Value

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C

ESD human body model Class O

Absolute Maximum Ratings

Description
The SMV1245-011 is a surface mount varactor diode in the
SOD-323 plastic package. It is designed for very low series
resistance applications such as RF and microwave VCOs.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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DATA SHEET • SMV1245-011, SMV1245-011LF
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Typical Performance Data

Parameter Condition Min. Typ. Max. Unit

Reverse current (IR) VR = 10 V 20 nA

Capacitance (CT) CT @ 1 V, VR = 1 V, F = 1 MHz 4.4 5.4 pF

Capacitance ratio (CTR) CT (1 V)/CT (3 V) 1.47 1.76

Capacitance ratio (CTR) CT (1 V)/CT (9 V) 3.5 4.2

Series resistance (RS) VR = 1 V, F = 500 MHz 2 Ω
Breakdown voltage (VBR) IR = 10 µA 26 V

Electrical Specifications at 25 °C

Single

SOD-323

SMV1245-011
Marking: CL

SMV1245-011LF
Marking: HL

LS = 1.5 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative
to our standard tin/lead (Sn/Pb) packaging.
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1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045
(1.15 mm) Min.

0.053
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008
(0.20 mm) Nom.

0.008
(0.20 mm) Nom.

0.008
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

SOD-323

Capacitance vs. Voltage
VR (V) CT (pF)

0 7.37

0.5 5.84

1 4.93

1.5 4.28

2 3.79

2.5 3.4

3 3.06

3.5 2.76

4 2.51

4.5 2.28

5 2.09

5.5 1.92

6 1.78

6.5 1.66

7 1.55

7.5 1.46

8 1.38

8.5 1.32

9 1.26

9.5 1.2

10 1.16

10.5 1.12

11 1.08

11.5 1.05

12 1.02

DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

SPICE Model

Part CJ0 VJ CP RS LS
Number (pF) (V) M (pF) (ΩΩ) (nH)

SMV1245-011 6.9 3.5 1.7 0.47 2 1.7

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
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DATA SHEET

SMV1265-011, SMV1265-011LF:
Hyperabrupt Junction Tuning Varactors

Features
� High tuning ratio
� Low series resistance
� SOD-323
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

� Designed for high-volume, low-cost applications
� Available in tape and reel packaging

Description
The SMV1265-011 is designed for very high capacitance tuning
ratio with low series resistance, which makes this device espe-
cially attractive for wideband VCO applications.

Characteristic Value

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C

ESD human body model Class 0

Absolute Maximum Ratings

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Capacitance vs. Voltage

Typical Performance Data

Single

SOD-323

SMV1265-011
Marking: CM

SMV1265-011LF
Marking: HM

LS = 1.7 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.

Parameter Symbol Condition Min. Typ. Max. Unit

Reverse Current IR VR = 26 V 20 nA

Capacitance CT1 VR = 1 V, F = 1 MHz 12.5 13.8 14.7 pF

Capacitance CT26 VR = 26 V, F = 1 MHz0.58 0.7 0.83 pF

Capacitance Ratio CT1/CT26 CT (1 V)/CT (26 V) 17.7 19.5

Series Resistance RS VR = 1 V, F = 470 MHz 2.4 Ω
Breakdown Voltage VB IR = 10 µA 28 V

Operating Characteristics at 25°C
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1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045
(1.15 mm) Min.

0.053
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008
(0.20 mm) Nom.

0.008
(0.20 mm) Nom.

0.008
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

SOD-323

DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

SPICE Model Capacitance vs. Voltage
VR (V) CT (pF)

0 22.47

0.5 17.41

1 14.26

2 10.23

3 7.4

4 5.15

5 3.38

6 2.37

7 1.86

8 1.61

9 1.45

10 1.3

12 1.12

14 1.05

16 0.97

18 0.91

20 0.83

22 0.78

24 0.75

26 0.73

28 0.73

30 0.71

Part CJO VJ CP RS LS
Number (pF) (V) M (pF) (Ω) (nH)

SMV1265 22.5 30 13 0.71 2.4 1.7

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
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DATA SHEET

SMV1281 Series: Hyperabrupt Junction Tuning Varactors

Features
� High tuning ratio
� SC-79 and SOD-323 packages
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

� Designed for high-volume, low-cost applications
� Available in tape and reel packaging

Description
The SMV1281 series are surface mount varactor diodes in the
SC-79 and SOD-323 plastic packages. They are designed for very
high capacitance tuning ratio while having low series resistance,
which makes these devices especially attractive for wideband
VCO applications.

Characteristic Value

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C

ESD human body model Class 0

Absolute Maximum Ratings

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Typical Performance Data

DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

SPICE Model

Part CJ0 VJ CP RS LS
Number (pF) (V) M (pF) (Ω) (nH)

SMV1281 13 14 6 0.62 1.7 1.2

Single Single

SOD-323 SC-79

SMV1281-011
Marking: CP

SMV1281-011LF SMV1281-079LF
Marking: HP Marking: Cathode

LS = 1.5 nH LS = 0.7 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.

Parameter Condition Min. Typ. Max. Unit

Reverse Current (IR) VR = 20 V 20 nA

Capacitance (CT) VR = 1 V 7.8 8.6 9.5 pF

Capacitance (CT) VR = 20 V 0.6 0.7 0.8 pF

Capacitance Ratio (CTR) VR = 1 V/20 V 12

Series Resistance (RS) VR = 1 V, F = 500 MHz 1.7 Ω
Breakdown Voltage (VBR) IR = 10 µA 24 V

Electrical Specifications at 25 °C
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1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045 
(1.15 mm) Min.

0.053 
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

SOD-323

0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.



0.010�
(0.25 mm) Min.

0.014�
(0.35 mm) Max.



0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.



0.020�
(0.50 mm) Min.

0.028�
(0.70 mm) Max.



0.003�
(0.07 mm) Min.

0.008�
(0.20 mm) Max.

 10˚ Max.

10˚ Max.

0.028�
(0.70 mm) Min.

0.035�
(0.90 mm) Max.



0.006 (0.15 mm) Min.


Cathode
Indicator

1 2

SC-79
VR (V) CT (pF)

0 13.3

1 8.6

2 6.3

3 4.8

4 3.6

5 2.7

6 2

7 1.6

8 1.4

9 1.2

10 1.1

11 1

12 0.94

13 0.89

14 0.85

15 0.81

16 0.78

17 0.75

18 0.73

19 0.71

20 0.69

Capacitance vs. Reverse Voltage

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
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SMV1283-011, SMV1283-011LF:
Hyperabrupt Junction Tuning Varactor

DATA SHEET

Features
� High tuning ratio
� SOD-323 package
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

� Designed for high-volume, low-cost applications
� Available in tape and reel packaging

Description
The SMV1283-011 is a surface mount varactor diode in the
SOD-323 plastic package. It is designed for very high capacitance
tuning ratio while having low series resistance, which makes this
device especially attractive for wideband VCO applications.

Characteristic Value

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C

ESD human body model Class 0

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Capacitance vs. Voltage
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Typical Performance Data

Parameter Condition Min. Typ. Max. Unit

Reverse current (IR) VR = 26 V 20 nA

Capacitance (CT) CT @ 1 V, VR = 1 V, F = 1 MHz 8.5 9.1 9.7 pF

Capacitance (CT) CT @ 26 V, VR = 26 V, F = 1 MHz 0.5 0.62 0.75 pF

Capacitance ratio (CTR) CT (1 V)/CT (26 V) 14.7

Series resistance (RS) VR = 1 V, F = 500 MHz 2.4 Ω
Breakdown voltage (VBR) IR = 10 µA 28 V

Electrical Specifications at 25 °C

Single

SOD-323

SMV1283-011
Marking: CQ

SMV1283-011LF
Marking: HQ

LS = 1.7 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.
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Capacitance vs. Voltage
VR (V) CT (pF)

0 18.882

1 8.7

2 6.14

3 4.33

4 2.95

5 2.04

6 1.568

7 1.325

8 1.188

9 1.087

10 1.0123

12 0.904

14 0.8295

16 0.772

18 0.728

20 0.688

22 0.658

24 0.623

26 0.616

28 0.606

30 0.604

DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

SPICE Model

1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045
(1.15 mm) Min.

0.053
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008
(0.20 mm) Nom.

0.008
(0.20 mm) Nom.

0.008
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

SOD-323

Part CJ0 VJ CP RS LS
Number (pF) (V) M (pF) (Ω) (nH)

SMV1283-011 19 3 2.6 0.58 2.4 1.7

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
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SMV1702: Hyperabrupt Junction Tuning Varactors
DATA SHEET

Features
� Designed for high-volume, low-cost battery applications
� Low series resistance
� High capacitance ratio
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020
� SOD-323 package
� Available in tape and reel packaging

Description
The SMV1702 devices are silicon hyperabrupt junction varactor
diodes specifically designed for battery operation. The specified
high capacitance ratio and low RS of these varactors make them
appropriate for low noise VCOs used at frequencies in wireless
systems. Applications include low-noise and wideband UHF and
VHF VCOs.

Characteristic Value

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C

ESD human body model Class 0

Absolute Maximum Ratings

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Typical Performance Data Capacitance vs. Voltage
VR (V) CT (pF)

0 103.3

1 65.1

2 46.38

3 33.57

4 24.2

5 18.08

6 15.01

7 13.8

8 13.21

9 12.84

10 12.58

Parameter Condition Min. Typ. Max. Unit

Reverse Current (IR) VR = 8 V < 0.01 20 nA

Capacitance (CT) VR = 0.1 V, F = 1 MHz 90 100 110 pF

Capacitance (CT) VR = 2 V, F = 1 MHz 41 46 50 pF

Capacitance (CT) VR = 4 V, F = 1 MHz 22 25 29 pF

Capacitance Ratio (CTR) CT (0.1 V)/CT (4 V) 3.6 4

Series Resistance (RS) VR = 5 V, F = 470 MHz 0.45 1.25 Ω
Breakdown Voltage (VBR) IR = 10 µA 10 V

Electrical Specifications at 25 °C

Single

SOD-323

SMV1702-011

Marking: CJ

SMV1702-011LF

Marking: HJ

LS = 1.5 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_Cathode
port = 1

PORT
P_Anode
port = 2

SPICE Model

Parameter Description Unit Value Default

IS Saturation current (with N, determine the DC characteristics of the diode) A 1e-14

RS Series resistance 0.5 0

N Emission coefficient (with IS, determines the DC characteristics of the diode) - 1

TT Transit time s 0

CJO Zero-bias junction capacitance (with VJ and M define nonlinear F 120e-12 0
junction capacitance of the diode)

VJ Junction potential (with VJ and M define nonlinear junction capacitance of the diode) V 0.89 1

M Grading coefficient (with VJ and M define nonlinear junction capacitance of the diode) - 0.925 0.5

EG Energy gap (with XTI, helps define the dependence of IS on temperature) eV 1.11

XTI Saturation current temperature exponent (with EG, helps define the - 3
dependence of IS on temperature)

KF Flicker noise coefficient - 0

AF Flicker noise exponent - 1

FC Forward-bias depletion capacitance coefficient - 0.5

BV Reverse breakdown voltage V 18

IBV Current at reverse breakdown voltage A 1e-5 1e-3

ISR Recombination current parameter A 0

NR Emission coefficient for ISR - 2

IKF High-injection knee current A

NBV Reverse breakdown ideality factor - 1

IBVL Low-level reverse breakdown knee current A 0

NBVL Low-level reverse breakdown ideality factor – 1

TNOM Nominal ambient temperature at which these model parameters were derived °C 27

FFE Flicker noise frequency exponent – 1

Cpkg pF 0.12

LS nH 1.5

The table contains typical SPICE parameters for SMV1720-011. The default value should be used for any parameter for which the “value” column is blank.

SPICE Model Parameters

SOD-323

1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045
(1.15 mm) Min.

0.053
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008
(0.20 mm) Nom.

0.008
(0.20 mm) Nom.

0.008
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.
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SMV2022–SMV2023: Hyperabrupt Junction Tuning Varactors
DATA SHEET

Features
� Low series resistance
� High capacitance ratio at low reverse voltage
� Multiple packages: SOT-23 and SOD-323
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

� Designed for high-volume, low-cost battery applications
� Available in tape and reel packaging

Description
The SMV2022 and SMV2023 devices are silicon hyperabrupt
junction varactor diodes. The specified high capacitance ratio and
low RS of these varactors make them attractive for low phase
noise VCOs in wireless systems.

Characteristic Value

Reverse voltage (VR) 22 V

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C

ESD human body model Class 0

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Capacitance vs. Voltage
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SMV2022
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Typical Performance Data

CT @ 4 V
CT @ 4 V CT @ 20 V CT @ 20 V

Part Number (pF) (pF) (Ratio) Q @ 4 V

Min. Max. Min. Max. Min. 50 MHz

SMV2022 2.5 3.3 0.6 0.85 3 500

SMV2023 4.4 5.4 0.9 1.2 4.2 500

Electrical Specifications at 25 °C

Reverse current IR (VR = 16 nA): 50 nA maximum.
Performance is guaranteed only under the conditions listed in the Electrical Specifications table.

Single Common Cathode Single

SOT-23 SOT-23 SOD-323

SMV2022-004
Marking: VJ3

SMV2022-004LF
Marking: DJ3

SMV2023-001 SMV2023-004 SMV2023-011
Marking: VK1 Marking: VK3 Marking: VK1

SMV2023-001LF SMV2023-004LF SMV2023-011LF
Marking: DK1 Marking: DK3 Marking: DK1

LS = 1.5 nH LS = 1.5 nH LS = 1.5 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative
to our standard tin/lead (Sn/Pb) packaging.
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DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

SPICE Model
VR (V) SMV2022 CT (pF) SMV2023 CT (pF)

0 7.41 12.33

0.5 5.94 9.9

1 5.14 8.6

1.5 4.56 7.62

2 4.14 6.94

2.5 3.78 6.34

3 3.49 5.88

3.5 3.23 5.45

4 3.01 5.09

5 2.54 4.42

6 2.18 3.77

7 1.8 3.18

8 1.5 2.63

9 1.29 2.21

10 1.11 1.86

11 1.03 1.68

12 0.96 1.54

13 0.91 1.44

14 0.87 1.37

15 0.83 1.3

16 0.81 1.25

17 0.78 1.2

18 0.76 1.16

19 0.75 1.13

20 0.73 1.09

Part CJ0 VJ CP RS LS
Number (pF) (V) M (pF) (Ω)) (nH)

SMV2022 7.3 4 1.4 0 2.2 1.5

SMV2023 12.23 4 1.4 0 1.6 1.5

Capacitance vs. Voltage

3

21

0.035 (0.89 mm) Min.�
	0.044 (1.12 mm) Max.

0.0005 (0.01 mm) Min.�
	0.004 (0.10 mm) Max.

0.012 (0.30 mm) Min.�
0.020 (0.50 mm) Max.

0.003 (0.080 mm) Min.�
0.008 (0.20 mm) Max.

8˚ Max.


0.022 (0.55 mm) Ref.

0.110 (2.80 mm) Min.�
0.120 (3.04 mm) Max.

0.083 (2.10 mm) Min.�
0.104 (2.64 mm) Max.



0.037 (0.95 mm) Ref.

0.047 (1.20 mm) Min.
0.055 (1.40 mm) Max.



0.076 (1.92 mm) Ref.


0.020 (0.51 mm) Ref.


SOT-23

1 2

0.090 (2.30 mm) Min.
0.108 (2.74 mm) Max.

0.045 
(1.15 mm) Min.

0.053 
(1.35 mm) Max.

0.010
(0.25 mm) Min.

0.016
(0.40 mm) Max.

Cathode
Indicator

0.050
(1.25 mm) Max.

0.006
(0.15 mm) Typ.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.008 
(0.20 mm) Nom.

0.063 (1.60 mm) Min.
0.071 (1.80 mm) Max.

SOD-323

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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DATA SHEET

SMV1263 Series: Hyperabrupt Junction Tuning Varactors

Characteristic Value

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C 

ESD human body model Class 1A

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Features
● High capacitance ratio at low reverse voltage
● Designed for high-volume, low-cost battery applications
● Multiple packages: SC-79 and SC-70
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020
● Available in tape and reel packaging

Description
The SMV1263 devices are silicon hyperabrupt junction varactor
diodes specifically designed for 3 V platforms. The specified high
capacitance ratio and low RS of these varactors make them 
attractive for low phase noise VCOs in wireless systems up to 
and beyond 2.5 GHz. Applications include low-noise and wideband
UHF and VHF VCO for GSM, PCS, CDMA and analog phones.

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Capacitance vs. Voltage
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VVAR = 1 V

VVAR = 2.5 V

VVAR = 4 V

Typical Performance Data

Common Cathode Single

SC-70 SC-79

SMV1263-079
Marking: Cathode

SMV1263-074LF SMV1263-079LF
Marking: EN3 Marking: Cathode

LS = 1.4 nH LS = 0.7 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.

Parameter Condition Min. Typ. Max. Unit

Reverse Current (IR) VR = 15 V 20 nA

Capacitance (CT) CT @ 0.5 V, VR = 0.5 V, F = 1 MHz 6.2 6.7 7.2 pF

Capacitance (CT) CT @ 2.5 V, VR = 2.5 V, F = 1 MHz 2.3 2.6 2.9 pF

Capacitance Ratio (CTR) CT (0.5 V)/CT (2.5 V) 2.3 2.5

Series Resistance (RS) VR = 1 V, F = 900 MHz 1.2 Ω
Breakdown Voltage (VBR) IR = 10 µA 20 V

Electrical Specifications at 25 °C

Innovation to GoTM 
Select Linear Products (indicated by �) now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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1

0.031 (0.80 mm) Min.
0.039 (1.00 mm) Max.

0.000 (0.00 mm) Min.
0.004 (0.10 mm) Max.

0.010 (0.25 mm) Min.
0.016 (0.40 mm) Max.

0.071 (1.80 mm) Min.
0.087 (2.20 mm) Max.

0.071 (1.80 mm) Min.
0.094 (2.40 mm)  Max.

0.045 (1.15 mm) Min.
0.053 (1.35 mm) Max.

0.026 (0.65 mm) Ref.

0.051 (1.30 mm) Ref.

0.004 (0.10 mm) Min.
0.007 (0.18 mm) Max.

0.004 (0.10 mm) Min.
0.012 (0.30 mm) Max.

0.014 (0.35 mm) Ref.

SC-70

0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.

0.010
(0.25 mm) Min.

0.014
(0.35 mm) Max.

0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.

0.020
(0.50 mm) Min.

0.028
(0.70 mm) Max.

0.003
(0.07 mm) Min.

0.008
(0.20 mm) Max.

10˚ Max.

10˚ Max.

0.028
(0.70 mm) Min.

0.035
(0.90 mm) Max.

0.006 (0.15 mm) Min.Cathode
Indicator

1 2

SC-79

DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

VR (V) CT (pF)

0 8.87

0.25 7.68

0.5 6.68

0.75 5.83

1 5.11

1.25 4.5

1.5 3.99

1.75 3.54

2 3.17

2.25 2.84

2.5 2.57

2.75 2.33

3 2.12

3.25 1.94

3.5 1.79

3.75 1.65

4 1.54

4.25 1.44

4.5 1.35

4.75 1.27

5 1.2

Part CJ0 VJ CP RS LS
Number (pF) (V) M (pF) (ΩΩ) (nH)

SMV1263-079 8.2 15 9.5 0.67 1.2 1.7

Capacitance vs. VoltageSPICE Model

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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DATA SHEET

SMV1269-074, SMV1269-074LF:
Hyperabrupt Junction Tuning Varactor

Features
● High capacitance ratio
● Ultrasmall SC-70 package 
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020
● Designed for high-volume, low-cost battery applications
● Available in tape and reel packaging

Description
The SMV1269-074 is a dual silicon hyperabrupt junction varactor
diode in a common cathode configuration specifically designed for
battery operation.The specified high capacitance ratio and low RS
of this varactor make it appropriate for low noise VCOs used at 
frequencies in wireless systems to beyond 2.5 GHz. Applications
include low noise and wideband UHF and VHF VCO for GSM, PCS,
CDMA and analog phones.

Characteristic Value

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C 

ESD human body model Class 0

Absolute Maximum Ratings

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Varactor (SMV1269-074)
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VVAR = 1 V

VVAR = 2.5 V

VVAR = 4 V

Typical Performance Data

Parameter Condition Min. Typ. Max. Unit

Reverse current (IR) VR = 8 V 20 nA

Capacitance (CT) CT @ 0.5 V, VR = 0.5 V, F = 1 MHz 19.2 20.5 21.8 pF

Capacitance (CT) CT @ 2.5 V, VR = 2.5 V, F = 1 MHz 6.5 7.3 8.1 pF

Capacitance ratio (CTR) CT (0.5 V)/CT (2.5 V) 2.5 2.8

Series resistance (RS) VR = 1 V, F = 900 MHz 0.6 0.8 Ω
Breakdown voltage (VBR) IR = 10 µA 10 V

Electrical Specifications at 25°C

Common Cathode

SC-70

SMV1269-074
Marking: AE3

SMV1269-074LF
Marking: EE3

LS = 1.4 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.
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DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

SPICE Model

 3

 
2

 
1

0.031 (0.80 mm) Min.
0.039 (1.00 mm) Max.

0.000 (0.00 mm) Min.
0.004 (0.10 mm) Max.

0.010 (0.25 mm) Min.
0.016 (0.40 mm) Max.

0.071 (1.80 mm) Min.
0.087 (2.20 mm) Max.

0.071 (1.80 mm) Min.
0.094 (2.40 mm)  Max.

0.045 (1.15 mm) Min.
0.053 (1.35 mm) Max.

0.026 (0.65 mm) Ref.

0.051 (1.30 mm) Ref.

0.004 (0.10 mm) Min.
0.007 (0.18 mm) Max.

0.004 (0.10 mm) Min.
0.012 (0.30 mm) Max.

0.014 (0.35 mm) Ref.

SC-70

Capacitance vs. Voltage
VR (V) CT (pF)

0 29

0.2 25.3

0.4 22.4

0.6 20.1

0.8 18

1 16.2

1.2 14.6

1.4 13.2

1.6 11.9

1.8 10.7

2 9.6

2.2 8.7

2.4 7.8

2.6 7

2.8 6.3

3 5.7

3.2 5.2

3.4 4.8

3.6 4.4

3.8 4.1

4 3.9

4.2 3.7

4.4 3.5

4.6 3.3

4.8 3.2

5 3.1  

Part CJO VJ
M

CP RS LS
Number (pF) (V) (pF) (Ω) (nH)

SMV1269-074 28.5 6.3 4.2 0.5 0.6 1.4

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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SMV1270-079, SMV1270-079LF:
Hyperabrupt Junction Tuning Varactor

DATA SHEET

Features
● High capacitance ratio
● Ultrasmall SC-79 package 
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020
● Designed for high-volume, low-cost battery applications
● Available in tape and reel packaging

Description
The SMV1270-079 is a silicon hyperabrupt junction varactor diode
specifically designed for battery operation.The specified high
capacitance ratio and low RS of this varactor make it appropriate
for low noise VCOs used at frequencies in wireless systems to
beyond 2.5 GHz. Applications include low noise and wideband UHF
and VHF VCO for GSM, PCS, CDMA and analog phones.

Characteristic Value

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C 

ESD human body model Class O

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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VVAR = 1 V

VVAR = 2.5 V

VVAR = 4 V

Typical Performance Data

Parameter Condition Min. Typ. Max. Unit

Reverse current (IR) VR = 20 V 20 nA

Capacitance (CT) CT @ 0.5 V, VR = 0.5 V, F = 1 MHz 22.1 23.6 25.1 pF

Capacitance (CT) CT @ 2.5 V, VR = 2.5 V, F = 1 MHz 7.7 8.6 9.8 pF

Capacitance ratio (CTR) CT (0.5 V)/CT (2.5 V) 2.3 2.7

Series resistance (RS) VR = 1 V, F = 470 MHz 0.7 Ω
Breakdown voltage (VBR) IR = 10 µA 20 V

Electrical Specifications at 25 °C

Single

SC-79

SMV1270-079
Marking: Cathode

SMV1270-079LF
Marking: Cathode

LS = 1.7 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative
to our standard tin/lead (Sn/Pb) packaging.
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0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.

0.010
(0.25 mm) Min.

0.014
(0.35 mm) Max.

0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.

0.020
(0.50 mm) Min.

0.028
(0.70 mm) Max.

0.003
(0.07 mm) Min.

0.008
(0.20 mm) Max.

10˚ Max.

10˚ Max.

0.028
(0.70 mm) Min.

0.035
(0.90 mm) Max.

0.006 (0.15 mm) Min.Cathode
Indicator

1 2

SC-79

DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

SPICE Model Capacitance vs. Voltage
VR (V) CT (pF)

0.5 23.64

1 17.81

1.5 13.69

2 10.74

2.5 8.6

3 7.03

3.5 5.87

4 5

4.5 4.35

5 3.85

Part CJO VJ CP RS LS
Number (pF) (V) M (pF) (Ω) (nH)

SMV1270-079 30 12 8 2 0.7 1.7

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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SMV1705 Series: Hyperabrupt Junction Tuning Varactors
DATA SHEET

Features
● Designed for high-volume, low-cost battery applications
● Low series resistance
● High capacitance ratio
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020
● Ultrasmall SC-79 package
● Available in tape and reel packaging

Description
The SMV1705 devices are silicon hyperabrupt junction varactor
diodes specifically designed for battery operation. The speci-
fied high capacitance ratio and low RS of these varactors make
them appropriate for low noise VCOs used at frequencies in
wireless systems to beyond 2.5 GHz. Applications include low
noise and wideband UHF and VHF VCO for GSM, PCS, CDMA
and analog phones.

Characteristic Value

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C 

ESD human body model Class 0

Absolute Maximum Ratings

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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DATA SHEET  •  SMV1705 SERIES
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VVAR = 1 V

VVAR = 2.5 V

VVAR = 4 V

Typical Performance Data

Parameter Condition Min. Typ. Max. Unit

Reverse current (IR) VR = 8 V < 0.01 20 nA

Capacitance (CT) VR = 1 V, F = 1 MHz 17.3 18.3 19.3 pF

Capacitance (CT) VR = 4 V, F = 1 MHz 5.3 6.1 6.6 pF

Capacitance ratio (CTR) CT (1 V)/CT (4 V) 2.8 3

Series resistance (RS) VR = 1 V, F = 470 MHz 0.32 Ω
Breakdown voltage (VBR) IR = 10 µA 12 V

Electrical Specifications at 25 °C

Common Cathode Common Cathode Single

SOT-23 SC-70 SC-79

SMV1705-004 SMV1705-074 SMV1705-079
Marking: CY3 Marking: CY3 Marking: Cathode

SMV1705-004LF SMV1705-074LF SMV1705-079LF
Marking: HY3 Marking: HY3 Marking: Cathode

LS = 1.4 nH LS = 0.7 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative
to our standard tin/lead (Sn/Pb) packaging.
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DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

SPICE Model Capacitance vs. Voltage
VR (V) CT (pF)

0 31.5

0.5 23.5

1 18.3

1.5 14.3

2 11.9

2.5 9.7

3 8.3

3.5 7.1

4 6.1

4.5 5.5

5 5.2

Part CJO VJ CP RS LS
Number (pF) (V) M (pF) (Ω) (nH)

SMV1705 31 3 2 0.5 0.32 0.8

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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DATA SHEET  •  SMV1705 SERIES
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0.051 (1.30 mm) Ref.

0.004 (0.10 mm) Min.
0.007 (0.18 mm) Max.

0.004 (0.10 mm) Min.
0.012 (0.30 mm) Max.

0.014 (0.35 mm) Ref.

SC-70
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SMV1763-079, SMV1763-079LF:
Hyperabrupt Junction Tuning Varactor

DATA SHEET

Features
● Designed for high-volume, low-cost battery applications
● Low series resistance
● High capacitance ratio at low reverse voltage
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020
● Ultrasmall SC-79 package
● Available in tape and reel packaging

Description
The SMV1763-079 is a silicon hyperabrupt junction varactor
diode specifically designed for 3 V platforms. The specified high
capacitance ratio and low RS of this varactor make it attractive
for low phase noise VCOs in wireless systems up to and beyond
2.5 GHz. Applications include low noise and wideband UHF and
VHF VCO for GSM, PCS, CDMA and analog phones.

Characteristic Value

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C 

ESD human body model Class 0

Absolute Maximum Ratings

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Capacitance vs. Voltage
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VVAR = 1 V
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Typical Performance Data

Parameter Condition Min. Typ. Max. Unit

Reverse current (IR) VR = 8 V 20 nA

Capacitance (CT) CT @ 0.5 V, VR = 0.5 V, F = 1 MHz 6.2 6.7 7.2 pF

Capacitance (CT) CT @ 2.5 V, VR = 2.5 V, F = 1 MHz 2.3 2.6 2.9 pF

Capacitance ratio (CTR) CT (0.5 V)/CT (2.5 V) 2.3 2.5

Series resistance (RS) VR = 1 V, F = 900 MHz 0.5 0.7 Ω
Breakdown voltage (VBR) IR = 10 µA 10 V

Electrical Specifications at 25 °C

Single

SC-79

SMV1763-079
Marking: Cathode

SMV1763-079LF
Marking: Cathode

LS = 0.7 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative to our
standard tin/lead (Sn/Pb) packaging.

Innovation to GoTM 
Select Linear Products (indicated by �) now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.

0.010
(0.25 mm) Min.

0.014
(0.35 mm) Max.

0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.

0.020
(0.50 mm) Min.

0.028
(0.70 mm) Max.

0.003
(0.07 mm) Min.

0.008
(0.20 mm) Max.

10˚ Max.

10˚ Max.

0.028
(0.70 mm) Min.

0.035
(0.90 mm) Max.

0.006 (0.15 mm) Min.Cathode
Indicator

1 2

SC-79

DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

SPICE Model
VR (V) CT (pF)

0 9

0.5 6.7

1 5.2

1.5 4

2 3.2

2.5 2.6

3 2.2

3.5 2

4 1.9

4.5 1.8

5 1.8

Part CJ0 VJ CP RS LS
Number (pF) (V) M (pF) (Ω) (nH)

SMV1763 8.2 15 9.5 0.67 0.5 0.8

Capacitance vs. Voltage

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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SMV1770-079, SMV1770-079LF:
Hyperabrupt Junction Tuning Varactors

DATA SHEET

Features
● Designed for high-volume, low-cost battery applications
● Low series resistance
● High capacitance ratio
● Ultrasmall SC-79 package 
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020
● Available in tape and reel packaging

Description
The SMV1770-079 is a silicon hyperabrupt junction varactor
diode specifically designed for battery operation. The specified
high capacitance ratio and low RS of these varactors make them 
appropriate for low noise VCOs used at frequencies in wireless
systems to beyond 2.5 GHz. Applications include low noise 
and wideband UHF and VHF VCO for GSM, PCS, CDMA and 
analog phones.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Characteristic Value

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C 

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Typical Performance Data

Single

SC-79

SMV1770-079
Marking: Cathode

SMV1770-079LF
Marking: Cathode

LS = 0.7 nH

Parameter Condition Min. Typ. Max. Unit

Reverse current (IR) VR = 8 V 20 nA

Capacitance (CT) CT @ 0.5 V, VR = 0.5 V, F = 1 MHz 22.1 23.6 25.1 pF

Capacitance (CT) CT @ 2.5 V, VR = 2.5 V, F = 1 MHz 7.7 8.6 9.8 pF

Capacitance ratio (CTR) CT (0.5 V)/CT (2.5 V) 2.3 2.7

Series resistance (RS) VR = 1 V, F = 470 MHz 0.4 0.5 Ω
Breakdown voltage (VBR) IR = 10 µA 12 V

Electrical Specifications at 25 °C

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative
to our standard tin/lead (Sn/Pb) packaging.
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Capacitance vs. Voltage
VR (V) CT (pF)

0 31.2

0.5 23.6

1 17.8

1.5 13.7

2 10.7

2.5 8.6

3 7

3.5 5.9

4 5.5

4.5 5.2

5 5

0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.

0.010
(0.25 mm) Min.

0.014
(0.35 mm) Max.

0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.

0.020
(0.50 mm) Min.

0.028
(0.70 mm) Max.

0.003
(0.07 mm) Min.

0.008
(0.20 mm) Max.

10˚ Max.

10˚ Max.

0.028
(0.70 mm) Min.

0.035
(0.90 mm) Max.

0.006 (0.15 mm) Min.Cathode
Indicator

1 2

SC-79

DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

SPICE Model

Part CJO VJ CP RS LS
Number (pF) (V) M (pF) (Ω) (nH)

SMV1770 31 12 8 2 0.4 0.8

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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SMV1771-079, SMV1771-079LF:
Hyperabrupt Junction Tuning Varactor

DATA SHEET

Features
● Low series resistance
● High capacitance ratio
● Ultrasmall SC-79 package 
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020
● Designed for high-volume, low-cost battery applications
● Available in tape and reel packaging

Description
The SMV1771-079 is a silicon hyperabrupt junction varactor
diode specifically designed for battery operation.The specified
high capacitance ratio and low RS of this varactor make it 
appropriate for low noise VCOs used at frequencies in wireless
systems to beyond 2.5 GHz. Applications include low noise 
and wideband UHF and VHF VCO for GSM, PCS, CDMA and 
analog phones.

Characteristic Value

Forward current (IF) 20 mA

Power dissipation (PD) 250 mW

Storage temperature (TST) -55 °C to +150 °C

Operating temperature (TOP) -55 °C to +125 °C 

ESD human body model Class O

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW



DATA SHEET  •  SMV1771-079, SMV1771-079LF

2
Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
February 23, 2006  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  200073 Rev. C

0

10

15

5

20

25

30

35

Volts (V)

Capacitance MEAN Test Data

Ca
pa

ci
ta

nc
e 

(p
F)

0.5  1.0  2.5  3.0  3.5  4.0  4.5  5.0

Typical Performance Data

Parameter Condition Min. Typ. Max. Unit

Reverse current (IR) VR = 8 V 20 nA

Capacitance (CT) VR = 1 V, F = 1 MHz 22 24 pF

Capacitance (CT) VR = 2.5 V, F = 1 MHz 9.5 12.5 pF

Capacitance ratio (CTR) CT (0.5 V)/CT (2.5 V) 2.3 2.7

Series resistance (RS) VR = 1 V, F = 470 MHz 0.4 0.5 Ω
Breakdown voltage (VBR) IR = 10 µA 12 V

Electrical Specifications at 25 °C

Single

SC-79

SMV1771-079
Marking: Cathode

SMV1771-079LF
Marking: Cathode

LS = 0.7 nH

LF denotes lead (Pb)-free, RoHS-compliant packaging option as an alternative
to our standard tin/lead (Sn/Pb) packaging.
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0.060 (1.50 mm) Min.
0.067 (1.70 mm) Max.

0.010
(0.25 mm) Min.

0.014
(0.35 mm) Max.

0.043 (1.10 mm) Min.
0.051 (1.30 mm) Max.

0.020
(0.50 mm) Min.

0.028
(0.70 mm) Max.

0.003
(0.07 mm) Min.

0.008
(0.20 mm) Max.

10˚ Max.

10˚ Max.

0.028
(0.70 mm) Min.

0.035
(0.90 mm) Max.

0.006 (0.15 mm) Min.Cathode
Indicator

1 2

SC-79

DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

IND
LS

L = LS

CAP
CP

C = CP

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = 0
N = 1
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 0
IBV = 1e-3
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

SPICE Model Capacitance vs. Voltage
VR (V) CT (pF)

0.5 29.8

1 22.9

2 14.07

2.5 11.23

3 9.23

3.5 7.86

4 6.9

4.5 6.25

5 5.8

Part CJO VJ CP RS LS
Number (pF) (V) M (pF) (Ω) (nH)

SMV1771-079 31 12 8 2 0.4 0.8

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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SMV2019 to SMV2023: Silicon Hyperabrupt 
Varactor Diode Chips

DATA SHEET

Features
● High Q for low loss resonators
● Low leakage current
● High tuning ratio for wideband VCOs 
● SPICE model parameters
● Small footprint chip design
● Available lead (Pb)-free, RoHS-compliant, and Green 

Description
Skyworks silicon hyperabrupt junction varactor diode chips are
processed using established ion-implantation technology
resulting in low RS wide tuning ratio devices with high Q values.
These planar chips have a small outline size (12 x 12 mils 
nominal) and are fully passivated, resulting in low leakage current
and high reliability. These varactor chips are intended for assembly
in hybrid integrated circuit resonators used in VCOs and analog
tuned filters.

Characteristic Value

Reverse Voltage (VR) 22 V

Forward Current (IF) 100 mA

Power Dissipation at 25°C (PD) 250 mW

Operating Temperature (TOP) -55 °C to +150 °C

Storage Temperature (TST) -65 °C to +200 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

0.010 (0.254 mm) Min.
0.014 (0.356 mm) Max. Sq.

Anode Metallized Gold Dot
0.002 (0.051 mm) Dia. Min.

Cathode Metallized Back
Contact: Gold

Silicon

0.004 (0.127 mm) Min.
0.006 (0.152 mm) Max.

Outline Drawing

149-801

Skyworks Green products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW
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DATA SHEET  •  SMV2019–SMV2023
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Series Resistance vs. Voltage @ 1 GHz
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Typical Performance Data

Electrical Specifications at 25 °C
CJ @ 0 V CJ @ 4 V CJ @ 20 V Q @ 4 V 1 GHz IR @17.6 V Contact

Part Number (pF)(1) (pF) (pF) 50 MHz(2) RS @ 4 V (ΩΩ) (nA)(3) Diam. (mils)(4)

Typ. Min. Max. Min. Max. Min. Typ. Max. Nom.

SMV2019-000 2.3 0.68 0.88 0.13 0.23 500 4.8 50 2

SMV2020-000 3.1 1.13 1.43 0.23 0.33 500 4.1 50 2.5

SMV2021-000 4.5 1.58 1.98 0.32 0.44 500 2.8 50 3

SMV2022-000 7.1 2.48 3.08 0.48 0.68 400 2.2 50 3.75

SMV2023-000 10.8 4.28 5.28 0.78 1.08 400 1.4 50 5

1. All capacitance values specified at 1 MHz.
2. 50 MHz Q calculated from 1 GHz RS and 1 MHz CJ.

3. VB at 10 µA specified at 22 V Min.
4. Outline drawing 149-801.
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DIODE
Varactor_Diode
AREA = 1
MODEL = Diode_Model
MODE = nonlinear

RES
RS

R = RS

PORT
P_anode
port = 1

PORT
P_Cathode
port = 2

DIODEM
Diode_Model
IS = 1.00e-14
RS = RS
N = 1, 2
TT = 0
CJO = CJO
M = M
VJ = VJ
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.5
BV = 22
IBV = 1e-5
ISR = 0
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

SPICE Model

Part CJO VJ RS
Number (pF) (V) M (ΩΩ)

SMV2019 2.3 3.5 1.4 4.8

SMV2020 3.3 3.6 1.3 4.1

SMV2021 4.5 3.9 1.34 2.8

SMV2022 7.1 4 1.4 2.2

SMV2023 10.8 4.6 1.45 1.4

Typical Capacitance Values

SMV2019 SMV2020 SMV2021 SMV2022 SMV2023
VR (V) CJ (pF) CJ (pF) CJ (pF) CJ (pF) CJ (pF)

0 2.25 3.14 4.48 7.08 10.76

0.5 1.79 2.5 3.57 5.66 8.76

1 1.53 2.16 3.09 4.88 7.67

2 1.19 1.72 2.45 3.89 6.31

3 0.99 1.44 2.09 3.19 5.38

4 0.84 1.24 1.83 2.71 4.75

5 0.71 1.07 1.6 2.3 4.21

6 0.57 0.9 1.37 1.87 3.66

7 0.46 0.74 1.17 1.52 3.17

8 0.38 0.61 0.97 1.25 2.68

9 0.33 0.52 0.81 1.07 2.25

10 0.29 0.46 0.69 0.94 1.89

11 0.26 0.42 0.61 0.85 1.66

12 0.24 0.38 0.56 0.78 1.49

13 0.23 0.36 0.51 0.73 1.35

14 0.21 0.34 0.48 0.69 1.24

15 0.2 0.32 0.45 0.65 1.16

16 0.19 0.31 0.43 0.62 1.1

17 0.19 0.29 0.41 0.59 1.04

18 0.18 0.28 0.39 0.57 0.99

19 0.17 0.27 0.38 0.55 0.95

20 0.16 0.26 0.36 0.54 0.91

SPICE model parameters extracted from measured characteristics may not reflect exact
physical or electronic properties. See application note APN1004.

CV =
1+

CJ0
MVR

VJ
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DC08-73, DC08-73LF: Directional Coupler 0.3–2.7 GHz
DATA SHEET

Features
● Low cost
● Low profile
● Small SOT-6 package
● Available on tape and reel
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The DC08-73 is a monolithic directional coupler optimized for the
0.81–0.96 GHz band. It offers low loss, good isolation, good
input/output matching and exceptional coupling repeatability. It
may be used at higher frequencies when stronger coupling is
required. It is available in the SOT-6 surface mount package.

Parameter Min. Typ. Max. Unit

Frequency 0.81 0.96 GHz

Insertion loss(1) 0.35 0.45 dB

Isolation 21 22 dB

Input VSWR 1.05:1 1.3:1

Output VSWR 1.05:1 1.3:1

Coupling 14 15 16 dB

Coupled port VSWR 1.2:1 1.3:1

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted
1

2
3

6
5

4

GND

GND

Coupled

OUT

GND

RF IN

Pin Out

Out

Coupled

In

Block Diagram

1. Coupling loss included.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Typical Performance Data

ZO = 50 Ω, unless otherwise noted

Frequency (GHz)
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Characteristic Value

Input power 4 W

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Electrostatic discharge 125 V

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Board Layout

0.075

0.020
0.018 Typ.

0.015

0.039 Typ.

0.0200 Dia. 
Via 3 Places

SOT-6
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

Material is 10 mil FR4.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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DC09-73, DC09-73LF: Directional Coupler 0.81–0.96 GHz
DATA SHEET

Features
● Low cost
● Low profile
● Available in small SOT-6 package
● Available on tape and reel
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The DC09-73 is a monolithic directional coupler tailored to the
0.81–0.96 GHz band. It offers low loss, good isolation, good
input/output matching and exceptional coupling repeatability.
It is available in the SOT-6 surface mount package.

Parameter Min. Typ. Max. Unit

Frequency 0.81 0.96 GHz

Insertion loss 0.2 0.3 dB

Isolation 27 30 dB

Input VSWR 1.1:1 1.3:1

Output VSWR 1.1:1 1.3:1

Coupling 20.8 19.8 18.8 dB

Coupled port VSWR 1.1:1 1.3:1

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

IN

GND

Coupled

OUT

GNDGND

1
2

3

6
5

4

Pin Out

Out

Coupled

In

Block Diagram

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

http://www.cdistore.com/skyworks/
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Typical Performance Data

ZO = 50 Ω, unless otherwise noted
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Characteristic Value

Input Power(1) 4.0 W CW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

1. When operating with a 2.0:1 maximum VSWR on all ports.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

SOT-6
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

Recommended Board Layout

Material is 10 mil FR4.

0.075

0.015 Typ. 0.020 Dia.
Via 3 Places

0.039 Typ.

0.018 Typ.

0.020

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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DC15-73, DC15-73LF: Directional Coupler 1.42–1.66 GHz
DATA SHEET

Parameter Frequency Min. Typ. Max. Unit

Frequency 1.42 1.66 GHz

Insertion loss 0.2 0.3 dB

Isolation 30 34 dB

Input VSWR 1.1:1 1.3:1

Output VSWR 1.1:1 1.3:1

Coupling 19.4 18.4 17.4 dB

Coupled port VSWR 1.1:1 1.3:1

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

Features
● Low cost
● Low profile
● Available in small SOT-6 package
● Available on tape and reel
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The DC15-73 is a monolithic directional coupler tailored to the
1.42–1.66 GHz band. It offers low loss, good isolation, good
input/output matching and exceptional coupling repeatability.
It is available in the SOT-6 surface mount package.

IN
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GNDGND

1
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Out
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Block Diagram

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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ZO = 50 Ω, unless otherwise noted
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Characteristic Value

Input power(1) 4 W CW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

1. When operating with a 2.0:1 maximum VSWR on all ports.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Board Layout

Material is 10 mil FR4.

0.075

0.015 Typ.
0.020 Dia.

Via 3 Places

0.039 Typ.

0.018 Typ.

0.020

SOT-6
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
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DC16-73, DC16-73LF: Directional Coupler 0.3–2.7 GHz
DATA SHEET

Features
● Low cost
● Low profile
● Small SOT-6 package
● Available on tape and reel
● Available lead (Pb)-free, RoHS-compliant, MSL-1 @ 260 °C per

JEDEC J-STD-020

Description
The DC16-73 is a monolithic directional coupler for low-cost
wireless applications. It offers low loss, good isolation, good
input/output matching and exceptional coupling repeatability.
It is available in the SOT-6 surface mount package.

Parameter Min. Typ. Max. Unit Min. Typ. Max. Unit

Frequency 1.42 1.66 GHz 1.71 1.99 GHz

Insertion loss(1) .25 .35 dB 0.35 0.45 dB

Isolation 23 24 dB 22 23 dB

Input VSWR 1.1:1 1.3:1 1.1:1 1.3:1

Output VSWR 1.1:1 1.3:1 1.1:1 1.3:1

Coupling 14.6 15.6 16.6 dB 13.8 14.8 15.8 dB

Coupled port VSWR 1.1:1 1.3:1 1.1:1 1.3:1

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

1
2

3

6
5

4

GND

GND

Coupled

OUT

GND

RF IN

Pin Out

Out

Coupled
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1. Coupling loss included.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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DATA SHEET  •  DC16-73, DC16-73LF

2

Typical Performance Data

ZO = 50 Ω, unless otherwise noted
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Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Characteristic Value

Input power 4 W

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Electrostatic discharge 125 V

Absolute Maximum Ratings Recommended Board Layout
0.075

0.020
0.018 Typ.

0.015

0.039 Typ.

0.0200 Dia. 
Via 3 Places

Material is 10 mil FR4.

SOT-6
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
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DC18-73, DC18-73LF: Directional Coupler 1.71–1.99 GHz
DATA SHEET

Parameter Frequency Min. Typ. Max. Unit

Frequency 1.71 1.99 GHz

Insertion loss 0.2 0.3 dB

Isolation 30 38 dB

Input VSWR 1.1:1 1.3:1

Output VSWR 1.1:1 1.3:1

Coupling 19.8 18.8 17.8 dB

Coupled port VSWR 1.2:1 1.4:1

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

Features
● Low cost
● Low profile
● Available in small SOT-6 package
● Available on tape and reel
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The DC18-73 is a monolithic directional coupler tailored to the
1.71–1.99 GHz band. It offers low loss, good isolation, good
input/output matching and exceptional coupling repeatability.
It is available in the SOT-6 surface mount package.
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Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Typical Performance Data

ZO = 50 Ω, unless otherwise noted
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Characteristic Value

Input power(1) 4 W CW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

1. When operating with a 2.0:1 maximum VSWR on all ports.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Board Layout

0.075

0.015 Typ. 0.020 Dia.
Via 3 Places

0.039 Typ.

0.018 Typ.

0.020

Material is 10 mil FR4.

SOT-6
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
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DC25-73, DC25-73LF: Directional Coupler 2.3–2.6 GHz
DATA SHEET

Parameter Frequency Min. Typ. Max. Unit

Frequency 2.3 2.6 GHz

Insertion loss 0.2 0.3 dB

Isolation 30 33 dB

Input VSWR 1.1:1 1.3:1

Output VSWR 1.1:1 1.3:1

Coupling 19 18 17 dB

Coupled port VSWR 1.3:1 1.5:1

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

Features
● Low cost
● Low profile
● Available in small SOT-6 package
● Available on tape and reel
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The DC25-73 is a monolithic directional coupler tailored to the
2.3–2.6 GHz band. It offers low loss, good isolation, good
input/output matching and exceptional coupling repeatability.
It is available in the SOT-6 surface mount package.

IN

GND

Coupled

OUT

GNDGND

1
2

3

6
5

4

Pin Out

Out

Coupled

In

Block Diagram

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

http://www.cdistore.com/skyworks/
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DATA SHEET  •  DC25-73, DC25-73LF
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Typical Performance Data

ZO = 50 Ω, unless otherwise noted
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Characteristic Value

Input Power(1) 4 W CW

Operating Temperature -40 °C to +85 °C

Storage Temperature -65 °C to +150 °C

Absolute Maximum Ratings

1. When operating with a 2.0:1 maximum VSWR on all ports.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Board Layout

0.075

0.015 Typ.
0.020 Dia.

Via 3 Places

0.039 Typ.

0.018 Typ.

0.020

Material is 10 mil FR4.

SOT-6
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
200035 Rev. E  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  December 1, 2006 1

DD02-999, DD02-999LF: 650 MHz–3 GHz 
Directional Detector

DATA SHEET

Features
● Frequency coverage: 650 MHz to 3 GHz
● Low insertion loss: 0.2 dB typ. up to 2 GHz
● Directivity: 23 dB typ.
● Small outline SC-88 (6-Lead SC-70)
● Built-in temperature compensating diode
● Low cost for high-volume handset applications
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The DD02-999 directional detector is designed to operate from
650 MHz to 3 GHz. It contains a high-directivity directional 
coupler, the coupled arm of which drives a GaAs Schottky
detector diode. It also contains an identical GaAs Schottky diode
used for temperature compensation. This part is packaged in the
miniature SC-88 package. The DD02-999LF is packaged in the
lead (Pb)-free SC-88 package and is fully compliant with current
RoHS requirements.

The DD02-999 provides detection of the input signal amplitude
only, by virtue of the directivity of the on-chip directional coupler.
The sensitivity of the detector diode is improved through the
application of an external 5 µA (nominal) forward bias current
produced by an external 1 V (nominal) voltage source. This bias
current is also applied to the temperature compensation diode.
Temperature compensation of the detected output voltage can be
accomplished by subtracting the output voltage from the temper-
ature compensation Schottky diode, which is thermally coupled
to the detector Schottky diode via their common substrate, from
the detected output voltage.

This part is rated to operate from -40 °C to 85 °C.

An evaluation board is available upon request.
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Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Innovation to GoTM 
Now available for purchase online.

BUY
NOW
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DATA SHEET  •  DD02-999, DD02-999LF

2

Parameter Frequency Min. Typ. Max. Unit

Detected output voltage @ 10 dBm 0.8–1.2 GHz 60 80 105 mV
1.8–2.0 GHz 130 160 190 mV

Insertion loss 0.8–1.2 GHz 0.1 0.2 dB
1.8–2.0 GHz 0.2 0.3 dB

Input return loss 0.8–1.2 GHz 30 22 dB
1.8–2.0 GHz 25 20 dB

Output return loss 0.8–1.2 GHz 30 22 dB
1.8–2.0 GHz 25 20 dB

Directivity 0.8–1.2 GHz 17 20 dB
1.8–2.0 GHz 16 13 dB

Schottky noise voltage (1 MHz bandwidth) RF power off 200 µV

Schottky diode DC voltage RF power off 510 mV

DC offset voltage RF power off -5 0 5 mV

Video resistance RF power off 7500 Ω

Electrical Specifications at 25 °C

TA = 25 C, Z0 = 50 Ω, PIN = 10 dBm, VBIAS = 1 V at pins 2 and 5, RLOAD = 100 kΩ, unless otherwise noted

Conditions: 10 dBm input power, 1 V applied to Pin 2 and 5 (See test circuit).
All data was taken with RLOAD = 100 kΩ.

Detected output voltage is the difference between VREF and VDET. A digital voltmeter was used
as a differential amplifier.
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Typical Performance Data

TA = 25 C, Z0 = 50 Ω, unless otherwise noted

Insertion Loss vs. Frequency
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Application Circuit

Characteristic Value

Incident power (CW) 4 W @ < 1 GHz 
@ SWR = 2 max. 2 W @ 1–2.5 GHz

DC bias current 10 mA

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

ESD 200 V

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Differential amplifier not included on test board.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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SPD1101-111, SPD1102-111, SPD1103-111:
Sampling Phase Detectors

DATA SHEET

Features
● For phase locked VCOs to 22 GHz 
● Reference frequencies below 50 MHz 
● New surface mount package design
● Small footprint (90 x 110 mils)
● Automated chip on board construction
● Available on tape and reel
● Available lead (Pb)-free, RoHS-compliant, and Green

Characteristic Value

Incident power 27 dBm

Operating temperature -65 °C to +150 °C

Storage temperature -65 °C to +175 °C

ESD human body model Class 1B

Absolute Maximum Ratings

Description
Skyworks family of sampling phase detectors, SPD1101-111,
SPD1102-111 and SPD1103-111, consists of a step recovery
diode (SRD), a series pair of Schottky mixer diodes and a pair
of coupling capacitors. These chip on board components are
manufactured using automated pick-and-place techniques to
provide uniformly performing, surface mountable, small foot-
print devices with excellent high-frequency performance.

Sampling phase detectors are typically used in systems which
lock the output signal of a high-frequency voltage controlled
oscillator (VCO) to a lower frequency, stable reference oscillator
output signal. The reference oscillator signal is applied to the
SRD, which produces outputs at the harmonics of the reference
oscillator frequency. This comb of harmonics is coupled to the
Schottky series pair, which comprises a singly balanced mixer,
via the on-board coupling capacitors. The high-frequency signal
from the VCO is applied to the center node of the Schottky
diode pair. The high-frequency VCO signal is mixed with the
harmonics of the low-frequency, stable reference oscillator
signal in the Schottky diode pair. The desired output signal,
which is typically the different frequency signal that is produced
by the VCO signal and the harmonic of the reference oscillator
signal nearest to it in frequency, is present at pin 4 of the 
sampling phase detector, along with the other mixer products
produced by the other harmonics of the reference oscillator
signal and the VCO signal, all of which are higher in frequency
than the desired output signal. The desired output signal is
selected by an external low pass filter, and can be utilized to
lock the frequency and the phase of the VCO signal to the
stable reference oscillator signal.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Schematic Diagram

1

2 3

4

5

Skyworks Green products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW
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Typical Performance
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Input transformer: 10:1 step down impedance ratio.

Electrical Characteristics at 25 °C

Microwave Signal Schottky Diode Capacitor Step Recovery Diode

Part Number Drive Level VF @ 1 mA CJ @ 0 V RT @ 5 mA CC CJ @ 6 V TL TT
(dBm) Barrier (mV) (pF) (ΩΩ) (pF) (pF) (ns) (ps)

Typ. Max. Max. Typ. Max. Typ. Typ.

SPD1101-111 -3 to 0 Low 270–350 0.1 24 0.5 0.25 10 70

SPD1102-111 0 to 3 Medium 370–550 0.1 24 0.5 0.25 10 70

SPD1103-111 0 to 13 High 600–700 0.1 24 0.5 0.25 10 70 

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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SKY33100-360LF: BAW Band Pass Filter 2.4 GHz
PRELIMINARY DATA SHEET

Applications
� 802.11 b/g/n Tx band
� 2.4 GHz ISM band

Features
� Bandwidth: 70 MHz
� Low mid-band insertion loss: 1 dB typical
� High near-band rejection
� Input and output impedance: 50 Ω nominal
� Lead (Pb)-free and RoHS-compliant QFN 8L 2 x 2 mm package

Description
The SKY33100-360LF is a bulk acoustic wave (BAW) band pass
filter in a QFN 8L 2 x 2 mm package. This filter has very low
in-band insertion loss, excellent near-band rejection and very low
input and output return loss.

This filter is intended for use in the 2.4 GHz WLAN and
ISM bands.

The filter can operate over the temperature range of
-40 to +85 °C.

The SKY33100-360LF is available in a lead (Pb)-free,
RoHS-compliant package.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Parameter Condition Frequency Min. Typ. Max. Unit

Insertion loss Pass band 2.402–2.472 GHz 2 3 dB

Return loss Pass band 2.402–2.472 GHz 9 10 dB

Attenuation Lower stop band 2.3900 GHz 12 14 dB
Upper stop band 2.4835 GHz 12 14 dB

DC withstand voltage 100 V

Electrical Specifications

T = 25 °C, PINPUT = 0 dBm, ZO = 50 Ω, unless otherwise noted

Functional Block Diagram

Innovation to GoTM

Now available for purchase online.
BUY
NOW

http://www.cdistore.com/skyworks/
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Typical Performance Data

T = 25 °C, PINPUT = 0 dBm, ZO = 50 Ω, unless otherwise noted
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QFN 8L 2 x 2 mm Package
Characteristic Value

Input power 33 dBm

Operating temperature -40 °C to +85 °C

Storage temperature -40 °C to +125 °C

ESD
HBM 1000 V
Machine Model 1500 V

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Theory of Operation
Bulk acoustic wave (BAW) filters make use of very low loss
electromechanical resonators to perform very highly selective RF
filtering. The typical configuration for a BAW filter is the ladder
network, which contains series and shunt resonators with slightly
differing resonant frequencies to form a band pass filter with
steep near band rolloff.

BAW resonators consist of a thin film layer of piezoelectric material
sandwiched between two metal electrodes. These layers are formed
on top of an acoustic mirror comprised of several alternating layers
of high and low acoustic impedance materials, the composition and
thickness of which are both very tightly controlled.

Simplified BAW Resonator Cross Section

Top ElectrodePiezoelectric
Layer

Bottom 
Electrode

Acoustic 
Mirror
Layers

Silicon
Substrate

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

Part Marking (Top View)

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 


BAW Ladder Network

The construction of BAW resonators is similar to that of parallel
plate capacitors. This geometry allows for very robust filters to be
constructed, with tolerance of higher DC voltages and static dis-
charges than those tolerated by typical SAW filters. BAW filter
losses and temperature coefficients of frequency can also be
lower than those of typical SAW filters so that more aggressive
near band rejection requirements can be addressed.
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Electrical signals are coupled into the piezoelectric layer via the
electrodes and due to the piezoelectricity, that layer changes
dimension, primarily thickness. The longitudinal acoustic wave
created is resonant in the layered structure and as such the fre-
quency of operation is dictated by the layer thicknesses and
acoustic properties of the layers used. The large currents that
result at the acoustic resonance produce the sizeable impedance
changes that are used in the design RF filters.

The substrate on top of which the electrode-peizoelectric-elec-
trode "sandwich" is formed is an important part of the BAW
structure. Alternating layers of high and low acoustic impedance
materials are deposited to a total thickness of about one fourth of
the acoustic wavelength of the resonant frequency. These layers,
known as the acoustic mirror or the Bragg Stack, act in a manner
analogous to an electrical quarter-wave transmission line termi-
nated in a short circuit. Construction of optimized acoustic
reflections is vital to the low loss operation of BAW filters.

A simplified electrical equivalent circuit of a single BAW resonator
and its impedance versus frequency are shown below.

BAW Resonator Equivalent Circuit and Impedance vs. Frequency

This structure produces a series resonance, fSERIES, as well as a
parallel resonance, fPARALLEL. The spacing between resonance
and antiresonance and the magnitude of the impedance excur-
sions is determined by layer construction.

A filter is formed by cascading series and shunt resonators in a
ladder configuration. Simplistically one places the series low
impedance and the shunt high impedance frequencies roughly
mid band resulting in a band pass shape. The number of seg-
ments used is determined by required rejection and tolerable
insertion loss. The impedance, band shape, and out of band
rejection of the filter are determined by optimizing the properties
of the various resonators.

The evaluation board for the SKY33100-360LF BAW filter allows
the part to be fully exercised and evaluated. Although the RF
ports on the evaluation board are marked "Input" and "Output",
the filter is actually fully bilateral, so either RF port can be uti-
lized as the RF input or the RF output with no degradation in
performance.

Evaluation Board
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SKY73201-364LF, SKY73202-364LF: Programmable 1–28 MHz
6th Order Low Pass Filters

PRELIMINARY DATA SHEET

Applications
� High performance direct conversion receivers
• Software defined radio baseband
• High definition television tuners
• Medical imaging
• Flexible anti-aliasing and reconstruction filters

Features
• 6th order Butterworth low pass filter
• Exceptionally high dynamic range
• Auto-calibrated with 20 or 40 MHz clock reference
• Programmable in 1 MHz steps from 1–28 MHz
• Single or dual channel configuration
• Serial bus control
• 5 x 5 mm QFN package
� Lead (Pb)-free, RoHS-compliant, and Green
MSL-3 @ 260 °C per JEDEC J-STD-020

SKY73201-364LF Functional Block Diagram
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Description
The SKY73201-364LF and SKY73202-364LF are high-performance,
programmable, monolithic, clock-referenced low-pass filters. They
are configured as a 6th order Butterworth to provide extremely high
stop-band isolation while maximizing pass-band flatness and
minimizing group delay distortion. The cutoff frequency is
programmable in 1 MHz steps, from 1–28 MHz, via the 3-wire Serial
Peripheral Interface (SPI). Nearly ideal Butterworth performance is
maintained over temperature and process via a proprietary internal
cal bration circuit which derives its timing accuracy from a 20 or
40 MHz reference clock.

Additionally, the SKY73201-364LF and SKY73202-364LF offer
excellent linearity and input noise level (83 dB SNR at 1 MHz corner
setting), making them suitable for extremely high-dynamic range
applications such as adjacent channel rejection filters in direct con-
version receivers. The I/O interface is completely differential, but
may also be used single-ended, and on-chip input/output drivers
allow easy integration between modern system components such as
mixers, data converters, and variable gain amplifiers.

The dual configuration of SKY73202-364LF offers the convenience of
having two channels (such as the I and Q in vector demodulation)
with closely matched characteristics that track each other. Both filters
are programmed to the same settings by the common SPI interface.

SKY73202-364LF Functional Block Diagram
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Skyworks Green™ products are lead (Pb)-free,
RoHS (Restriction of Hazardous Substances)-com-
pliant, conform to the EIA/EICTA/JEITA Joint Industry
Guide (JIG) Level A guidelines, and are free from
antimony trioxide and brominated flame retardants.

NEW
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Parameter Condition Frequency Min. Typ. Max. Unit

DC operating conditions

Supply voltage 3 3.3 3.6 V

DC current SKY73201-364LF
SKY73202-364LF

32
59

mA
mA

Signal performance

Lowpass filter corner 6-pole Butterworth 1 28 MHz

Lowpass filter step size 1 MHz

Lowpass corner accuracy Using an accurate 20 or 40 MHz
clock reference

1 5 %

Lowpass rejection Suppression at 2 X (3 dB cutoff frequency) 35 dB

Ultimate rejection level Measured differentially 80 dB

Lowpass ripple 10 kHz to 0.8 X (3 dB cutoff frequency) 0.5 dB

Lowpass group delay variation(2)
For 10 MHz setting; Over 10 kHz to 0.8 X
(3 dB cutoff frequency)

35 ns

Isolation Between channel 1 and channel 2
(SKY73202-364LF) measured differentially

60 dB

Interface specifications

Gain Selectable(1) 0 6 dBv

Input load Differential 10k, 2 Ω, pF

Input-referred noise At 6 dB gain setting 25 nV/√Hz

Input common mode voltage range 0.8 2.5

Input 1dB compression 0 dB gain setting 1.2 V DPP

Input SNR At 1 MHz corner setting 80 83 dB

Output drive capability(3) Differential 1000 5000 Ω

Output load capacitance 15 pF

Common mode voltage 1.55 1.65 1.7 V

Output linear signal swing 1 dB compression level; differential 1.2 2.0 V DPP

Operating Characteristics

VDD = 3.3 V, T = 25 °C, unless otherwise noted

1. Gain in dBV = 20log10 (VOUT_RMS/VIN_RMS), independent of impedance.
2. Group delay scales inverse-linearly with cutoff frequency; average group delay variation = 350 ns/Cutoff_in_MHz
3. You may drive a 50 + 50 Ω load but the voltage gain may be reduced and the signal-linearity may be affected. The overall filter shape should be preserved.
4. The reference clock signal needs to have a duty cycle of 50%.
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Characteristic Value

Supply voltage 4.5 V

Supply current 100 mA

Signal input level 3 VPP
Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +85 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Typical Performance Data

VDD = 3.3 V, T = 25 °C, unless otherwise noted

Programmable Filter Amplitude Response
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Filter Response with 3 dB Cutoff Tuned to 14 MHz
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SKY73201-364LF Pin Descriptions
Pin # Name Description

1 N/C No connection

2 N/C No connection

3 N/C No connection

4 N/C No connection

5 N/C No connection

6 VSS Ground

7 In_n Filter input -

8 In_p Filter input +

9 ManSel_0 Connect to GND in auto tuning mode(1)

10 ManSel_1 Connect to GND in auto tuning mode(1)

11 ManSel_2 Connect to GND in auto tuning mode(1)

12 ManSel_3 Connect to GND in auto tuning mode(1)

13 ManSel_4 Connect to GND in auto tuning mode(1)

14 ManSel_5 Connect to GND in auto tuning mode(1)

15 VSS Ground

16 VSS Ground

17 SPI_LE SPI latch enable (see timing diagram)

18 SPI_CLK SPI clock Input

19 SPI_DATA SPI serial data (bi-directional I/O)

20 CLR_reg Normally set LOW; set HIGH to clear all
registers to zero

21 Tuned Filter tuned indication; HIGH when filter is
settled

22 LowEdge No connect (filter settle error indicator,
debug only)

23 HighEdge No connect (filter settle error indicator,
debug only)

24 ManSel/Cal_EN Manual mode enable/ calibration enable; it
is set HIGH for manual mode(1). In automat-
ic mode, it is normally LOW but needs to be
toggled HIGH then LOW to start/reset the
AutoCal circuit (see timing diagram)

25 Out_n Filter output -

26 Out_p Filter output +

27 Clk_sel Reference clock select; connect to VDD if
Ref_Clk is 40 MHz, connect to VSS if
Ref_Clk is 20 MHz

28 Ref_Clk Reference clock; selectable 20 or 40 MHz
(needed during calibration only)

29 VDD Power supply (+3.3 VDC)

30 VDD Power supply (+3.3 VDC)

31 ENABLE Chip enable; chip is enabled when HIGH
(VDD), standby mode when LOW (VSS)

32 VSS Ground (GND)

Paddle Must be connected via lowest possible
impedance to ground for proper electrical
and thermal performance

1. The manual select pins are for manual fine tuning of the filter corner frequency. Normally
these inputs are grounded since tuning is performed by the automatic calibration circuit
operating with the reference clock. If the “ManSel” pin (24) is set high, then pins 9-14
would be active to perform fine tuning by the user (but in this case auto cal would not be
operational and the filter would not be clock referenced).

Filter Response with 3 dB Cutoff Tuned to 8 MHz
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SKY73202-364LF Pin Out Diagram
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SKY73202-364LF Pin Descriptions
Pin # Name Description

1 ENABLE Chip enable; chip is enabled when HIGH
(VDD), standby mode when LOW (VSS)

2 ManSel_0 Connect to GND in auto tuning mode(1)

3 ManSel_1 Connect to GND in auto tuning mode(1)

4 ManSel_2 Connect to GND in auto tuning mode(1)

5 ManSel_3 Connect to GND in auto tuning mode(1)

6 ManSel_4 Connect to GND in auto tuning mode(1)

7 ManSel_5 Connect to GND in auto tuning mode(1)

8 VSS Ground

9 In_1_p Filter No. 1 input +

10 In_1_n Filter No. 1 input -

11 VDD Power supply (+3.3 VDC)

12 VDD Power supply (+3.3 VDC)

13 In_2_p Filter No. 2 input +

14 In_2_n Filter No. 2 input -

15 VSS Ground

16 VSS Ground

17 SPI_LE SPI latch enable (see timing diagram)

18 SPI_CLK SPI clock Input

19 SPI_DATA SPI serial data (bi-directional I/O)

20 CLR_reg Normally set LOW; set HIGH to clear all reg-
isters to zero

21 Tuned Filter tuned indication; HIGH when filter is
settled

22 LowEdge No connect (filter settle error indicator,
debug only)

23 HighEdge No connect (filter settle error indicator,
debug only)

24 ManSel/Cal_EN Manual mode enable/ calibration enable; it
is set HIGH for manual mode(1). In automat-
ic mode, it is normally LOW but needs to be
toggled HIGH then LOW to start/reset the
AutoCal circuit (see timing diagram)

25 Out_2_n Filter No. 2 output -

26 Out_2_p Filter No. 2 output +

27 Clk_sel Reference clock select; connect to VDD if
Ref_Clk is 40 MHz, connect to VSS if
Ref_Clk is 20 MHz

28 Ref_Clk Reference clock; selectable 20 or 40 MHz
(needed during calibration only)

29 VDD Power supply (+3.3 VDC)

30 VDD Power supply (+3.3 VDC)

31 Out_1_n Filter No. 1 output -

32 Out_1_p Filter No. 1 output +

Paddle Must be connected via lowest possible
impedance to ground for proper electrical
and thermal performance

1. The manual select pins are for manual fine tuning of the filter corner frequency. Normally
these inputs are grounded since tuning is performed by the automatic calibration circuit
operating with the reference clock. If the “ManSel” pin (24) is set high, then pins 2–7 would
be active to perform fine tuning by the user (but in this case auto cal would not be
operational and the filter would not be clock referenced).
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Parameter Description Min Unit

T1 LE to DATA setup time 5 ns

T2 DATA_IN to CLK hold time 5 ns

T3 DATA_IN to CLK setup time 5 ns

T4 LE Width 10 ns

T5 Calibration enable 10 ns

Serial I/O Interface and Programming
Information
Serial Interface (CLK, DATA, LE, CE):

The main control interface is a three-wire bidirectional serial
interface. The three write-controls are CLK, DATA_IN and LE. LE
is asserted by a rising edge—this allows two modes of operation
(see Figure 1).

The serial interface operates as slowly as DC, and as fast as
100 Mbps. The Data signal is latched at each CLK rising edge.
The minimum setup time for any control is 5 ns from the CLK
rising edge. There are 16 registers, each register containing
8 bits. Figure 1 depicts the timing diagram.

SPI Register Map Detail

CLK

DATA

LE

Cal
Enable**

*R/W bit sets direction of data line for serial readback; Read = 0, Write = 1.
**Cal enable line is toggled after all registers are written.
Register readback is optional and is not required in normal application.

R/W*001 A3 A0 D7 D0

t1 t2 t3 t4 t5

Addr 0

MSB LSB

Addr 1

MSB

Rsvd (7)

LSB

ResDacCtr (7:3) See filter programming table (Address 0 column)
ResSkewCtr (2:0) See filter programming table (Address 0 column)

Reserved (7) Set to zeros
BandSel (6:5) See filter programming table (Address 1 column)
ResCtr (2:0) See filter programming table (Address 1 column)

Reserved (7) Set to zero
See filter programming table (Address 2 column)

GainCtr (4:0) See filter programming table; Sets filter gain=2*(GainCtr/ResCtr)

ResDacCtr (7:3) ResSkewCtr (2:0)

BandSel (6:5) ResCtr (4:0)

Addr 2

MSB

Reserved (7 5)

LSB

GainCtr (4 0)

Figure 1. SPI Register Configuration Input Timing Diagram
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6 dB Gain Configuration Register Lookup Table
3 dB Cutoff Address 0 Address 1 Address 2

(MHz) (Hex) (Hex) (Hex)

1 0F 01 01

2 17 02 02

3 1F 03 03

4 27 04 04

5 2F 05 05

6 37 06 06

7 3F 07 07

8 47 08 08

9 4F 09 09

10 57 0A 0A

11 64 0C 0C

12 6C 0D 0D

13 75 0E 0E

14 7D 0F 0F

15 80 10 10

16 88 11 11

17 90 12 12

18 A4 14 14

19 AC 15 15

20 B5 16 16

21 BD 17 17

22 C5 18 18

23 CD 19 19

24 DC 1A 1A

25 E4 1B 1B

26 EC 1C 1C

27 F4 1D 1D

28 F0 1E 1E

660 kHz
(uncalibrated) 10 62 02

330 kHz
(uncalibrated) 08 61 01

0 dB Gain Configuration Register Lookup Table
3 dB Cutoff Address 0 Address 1 Address 2

(MHz) (Hex) (Hex) (Hex)

1 0F 01 tbd

2 17 02 01

3 1F 03 tbd

4 27 04 02

5 2F 05 tbd

6 37 06 03

7 3F 07 tbd

8 47 08 04

9 4F 09 04

10 57 0A 05

11 64 0C 06

12 6C 0D 07

13 75 0E 07

14 7D 0F 08

15 80 10 08

16 88 11 08

17 90 12 09

18 A4 14 0A

19 AC 15 0B

20 B5 16 0B

21 BD 17 0C

22 C5 18 0C

23 CD 19 0D

24 DC 1A 0D

25 E4 1B 0E

26 EC 1C 0E

27 F4 1D 0F

28 F0 1E 0F

660 kHz
(uncalibrated) 10 62 01

330 kHz
(uncalibrated) TBD TBD TBD



QFN 5 x 5 (-364)

Pin 1
Indicator

5.00 ± 0.05

5.00 ± 0.05

0.90 ± 0.10

Seating Plane

0.02 + 0.03
0.02 - 0.02

0.20 Ref.

Exposed Pad

Detail BDetail A

1.575 + 0.050
1.575 - 0.075

1.575 + 0.050
1.575 - 0.075

3.15 + 0.10
3.15 - 0.15

3.15 + 0.10
3.15 - 0.15

R0.30

0.40 ± 0.01

0.25 + 0.05
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Detail C

Detail B
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Datum A or B
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C Code Listing
/* this is the SPI write function */
/* all variables are global 8-bit, unsigned */

void spi_write(void)
{
PORTA &= ~0x08; /* drop clear_reg */
PORTA &= ~0x04; /* drop Latch Enable */
for (k=0; k<length; k++)
{
for(j=0; j<8; j++)
{
for(cphase=0; cphase<2;cphase++)
{
out_word=0;
out_word= ((((( _BV(7-j)&spi_word[k]))&&1)<<1) | cphase) ;
/* _BV(n) is equivalent to (1<<n) */
PORTA=out_word;
}

}
}
PORTA &= ~0x01; /*drop Clock*/
for(r=0; r<254; r++)
{
dummy=r+1;
}
PORTA |= 0x04; /*Raise Latch Enable*/
}

void write_registers(void)
{
length=2;
spi_word[0]=0x90; /*address 0 */
spi_word[1]=0x10;
spi_write();

spi_word[0]=0x91; /*address 1 */
spi_word[1]=0x04;
spi_write();

spi_word[0]=0x92; /*address 2 */
spi_word[1]=0x24 ;
spi_write();

}

int main (void)
{
Write_registers();
}

Bit 0 SPI_CLK

Bit 1 SPI_DATA

Bit 2 SPI_LE

Bit 3 CLR_Reg

SKY73201-364LF/SKY73202-364LF Example Code

Land Pattern

QFN 32-Lead 5 x 5 mm (-310, -364)
Surface Mount Land Pattern

0.013
(0.33 mm)

Typ.
GND Via.

0.063
(1.60 mm) Typ.

0.020
(0.50 mm)

0.020
(0.50 mm)

0.122
(3.10 mm)

Sq.

0.020
(0.50 mm)

0.020
(0.50 mm)

0.013
(0.33 mm)
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Basic Application Diagram
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SKY73201-364LF Evaluation Circuit Schematic
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Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SKY73202-364LF Evaluation Circuit Schematic
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Single-Ended Test Configuration
This set-up uses conventional RF test equipment (RF signal
generator and spectrum analyzer may be used instead of VNA).

Fully Differential Test Configuration

Differential Arbitrary
Waveform Generator
(Agilent ESG4438C,

RS AMIQ, etc.)

SKY73201
Evaluation Board

500 mV Differential,
Peak-Peak

DC Common Mode = 1.7 V
Sinusoidal Output

IN+

IN-

4 Channel
Oscilloscope

Function 1 = (Ch1-Ch2)
Function 2 = (Ch3-Ch4)

Ch 1

Ch 2

Ch 3

Ch 4

Out+

Out-

3.3 V DC Power
Supply, 250 mA

Vector Network Analyzer
(power = -20 dBm)

Port 1
(AC Coupled)

Port 2
(AC Coupled)

DC Block
or

Bias-Tee

50 Ohm
Term.

SKY73201
Evaluation Board

IN+

IN-

Out+

Out-

3.3 V DC Power
Supply, 250 mA

DC Block
or

Bias-Tee

50 Ohm
Term.

Note: DC blocks and terminations are placed on unused differential ports.
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Application Notes

Demonstration Board Operating Instructions
1) Connect 3.3 V power supply to 4 pin edge connector.
Pins 1 and 2 (the top two pins) are shorted together and
are both 3.3 V. Pins 3 and 4 (the bottom two pins) are ground.
Normal current consumption is about 70 mA (includes the
microcontroller, TCXO, and LEDs)

2) The LED display should display “- -”. Press “UP” or “DOWN”
button to set a filter state. The LED display shows the
frequency in MHz. The three LEDs on the very button of
the board indicate the filter’s internal auto calibration status.
Since the 300 kHz and 600 kHz states are not clock refer-
enced, the red LED should light. The white LED will light for
all other states.

3) Apply either a differential or a single-ended input waveform
(as shown above), and observe the result at the output.
Differential waveforms should be about 500 mV differential
peak-to-peak with a common mode DC offset of about 1.7 V.
Single-ended waveforms should be AC-coupled (using a DC
block or bias-tee), where the unused input/output ports are AC
coupled to a termination (usually 50 Ω). Arbitrary waveform
generators, function generators, oscilloscopes, spectrum
analyzers, and vector network analyzers are all acceptable
test instruments.

Optimizing Performance on
Demonstration Boards
On the demonstration boards, a microcontroller and a reference
clock and a frequency readout are provided for convenience in
programming the device. In the current sample demonstration
boards, the reference clock and the microcontroller clock are
active continuously. In applications demanding high signal purity,
various methods are used to reduce the possibility of clock noise
adding to the signal chain. To test the device without the refer-
ence clock and the other active circuits such as the
microcontroller and the display, the following procedure is rec-
ommended:

1) Un-short the top two pins of the dc power connector (there is
a piece of wire soldered across these two pins on the PCB),

2) Connect two separate 3.3 V supplies to these two pins—the
top pin powers the microcontroller and the clock; the second
pin is for the filter,

3) Set the filter to the desired cut-off setting (the white LED indi-
cates that the filter is tuned),

4) Disable the power supply connected to the top pin—this will
disable the microcontroller and the clock, but the filter will
hold the correct state,

5) In this configuration, any possible spurs due to clock signals
will not interfere with the measurements.

Programming and Calibration Procedure
and Intervals
Register configuration time: This operation may take up to 50
SPI clock cycles to complete (the SPI clock may be up to 100 MHz).

Automatic calibration: After the registers have been written, the
Cal_EN line is toggled (i.e. raised high and then low). The auto cal
starts when the signal goes from high to low.

During this process, the (20 MHz) reference clock needs to be
present to provide the timing information. The calibration process
may take up to 50 reference clock cycles. When calibration is
complete, the “Tuned” pin will go high, indicating that the cali-
bration is complete. After this point, the reference clock is not
needed and may be gated off. This is preferred in applications
where possible spurs related to the clock and its harmonics may
cause undesired degradation of the signal.

For devices used in the auto tuning mode, the ManSel_0 through
ManSel_5 pins should be grounded (not left floating).

Set-up time: As an approximate example of total set-up time, if
the SPI clock is also selected to be 20 MHz, then the entire filter
corner set & cal procedure may take up to 5 µs (corresponding to
50 + 50 = 100 clock cycles).

Manual calibration: After the registers are configured, the
device may also be calibrated (fine-tuned) manually through the
use of the ManSel pins. In the manual tuning mode (which is
activated by setting the ManSel pin high), the ManSel_0 through
ManSel_5 pins are connected to the controller. For more details
on this mode of operation, please consult Skyworks.

General Layout Recommendations:
1) Keep all analog traces differential (equal length, no ground in
between)

2) Place a lot of vias on the outside of the differential pairs (but
not between the differential lines)

3) Route all other traces perpendicularly across the differential
pair, and never between the analog lines and their ground ref-
erence

4) Locate all decoupling caps as close to the device as possible,
place many ground vias on the caps

5) Place as many ground vias under the filter paddle as possible.
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Reference Clock Selection
For best filter corner accuracy, a clock that is crystal-based (as
opposed to ceramic), with an accuracy better than 1000 ppm
over temperature, aging, and process is recommended. The clock
input to the SKY73202-364LF/SKY73202-364LF is CMOS logic
(threshold approx. 1.7 V) so most clocks that operate on a 3.3 V
supply should be compatible. In addition, the duty cycle of the
clock affects filter corner accuracy. The closer the duty cycle is to
50%, the more accurate the filter corner setting.

Output Drive Capability
The SKY73202-364LF and SKY73202-364LF have op-amp based
output drivers, whose effective source impedance is in the few
10s of Ω range. While it is intended to drive a high impedance
data converter or a PGA, it can also drive a 100 Ω differential
load (or a 50 Ω single-ended load). Please note that the gain
values that are specified in the data sheet are based on specified
(high) input and output impedances. If a low impedance output
load is used, the gain will be slightly lower than specified.

Filter Gain Setting
The SKY73201-364LF allows a certain amount of adjustment
over its gain in addition to the ability to set the 3-dB cut-off fre-
quency for fine-tuning the filter gain.

The gain may be controlled by setting five of the bits (bits 4, 3, 2,
1, 0) in Address2 of the register map. Then the gain is a linear
ratio expressed in terms of the values set by these bits and those
in Address1 that are used to set the filter cut-off:

Address2<4:0> SPI_bits<20:16>
Gain = 2 • ---------------------- = 2 • ----------------------

Address1<4:0> SPI_bits<12:08>

Note: For the linear gain calculation, please use the decimal
equivalents of the binary representations in the above ratio.

The configuration procedure would typically involve determining
the appropriate values for the desired corner frequency (from
register configuration tables) and then modifying the bits in
address2 for the desired gain and then writing the final sequence
into the SKY73201-364LF through the SPI port.

Example (For a 14 MHz filter cutoff setting):

Gain Address0 Address1 Address2

6 dB 7D 0F 0E

3 dB 7D 0F 0B

0 dB 7D 0F 08

Input and Output Interface and
Common Mode Voltage
At the input, the common mode voltage needs to be supplied by
the previous device interfacing into the filter. At the output, the
filter biases itself to a common mode voltage that is half of the
Vcc. (e.g. 3.3/2 = 1.65 V. The output common mode setting is
independent from the input. But the differential mode will pass
through the filter (amplified, if it is set to have gain).
The device can drive a minimum of 1 kΩ (500 Ω each arm). This
accommodates a majority of data converters in the market.
If the device immediately before the programmable filter has a
different common mode voltage (e.g. 3.5 V from a 5 V device),
then a matching network may be used to convert the 3.5 V offset
to 1.65 V. This may be done with two series resistors into the +
and – arms and a shunt resistor between the two. (Shunt resistor
value of the order of 1 kΩ). You should be careful about the val-
ues of the resistors so as not to add extra noise at the input and
degrade the input referred noise of the device. (The input referred
noise is specified assuming 1–2 kΩ input loading resistors.)

Single-Ended to Differential Configuration
To use the programmable filter with a single input signal and a
differential output signal, simply apply the single ended input sig-
nal to one of the input ports and apply a DC midpoint voltage
(equal to the average level of the signal) to the other input port.

SKY73201-364LF Gain vs. Register Setting

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

5

10

0 5 10 15 20 25 30

Gain Control Register Setting (0–31 decimal)
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As an example, the effect of the gain control bit settings (in
Address 2<4:0> of the register map) at the 28 MHz corner set-
ting is shown in the plot below (The 0 setting corresponds to
open circuit and all 1’s setting corresponds to maximum gain.)



Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
October 16, 2007 • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • 200755 Rev. B

PRELIMINARY DATA SHEET • SKY73201-364LF, SKY73202-364LF

14

Interfacing to the SKY73201-364LF and
SKY73202-364LF Filters
Figure 1 shows a simplified schematic of the inputs to the
SKY73201-364LF filter. The input stage is a 2-stage op-amp with
bipolar input, which implies that the preceding stage must supply
base current and a common-mode voltage. We suggest a com-
mon-mode base voltage of 1.65 V be applied to the inputs. Any
external resistance in series with pins 7 and 8 will reduce the
gain of the filter. (The same recommendations apply to the inputs
of the SKY73202-364LF filter.)
Figure 2 shows a simplified schematic of the output buffer of the
SKY73201-364LF. The device generates a common-mode voltage
of 1.65 V at the output and the output buffers are designed to
drive a minimum of 5 kΩ impedance. If the device is loaded with
a resistance lower than 5 kΩ, it will cause loss in signal swing,
which may reduce the gain and affect the signal-linearity. (The
same recommendations apply to the SKY73202-364LF filter.)

If the stage following the SKY73201-364LF or SKY73202-364LF
requires a common-mode voltage that is lower or higher than
1.65 V, the new common-mode voltage can be established by
simple resistive-division. Figure 3 shows a simple application cir-
cuit in which the SKY73201-364LF filter is used to drive a 1.8 V
data converter with an input common mode voltage of 0.9 V. It is
important to design adequate supply bypassing by means of
bypassing capacitors as any noise coupled into the device may
affect the corner frequency accuracy. The exact values of the
bypass capacitors will depend on the application environment.

ibib
Pin 8
1.65 V

Pin 7
1.66 V

SKY73201

Figure 1. Simplified Schematic of Input

Pin 26
1.65 V

Pin 25
1.65 V

CM Feedback
Amplifier

SKY73201

Figure 2. Simplified Schematic of the Filter Output
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Figure 3. SKY73201-364LF Application Circuit with
0.9 V Output Common-mode Voltage



1
Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com

200236 Rev. A  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  June 8, 2006

HY86-12, HY86-12LF: 90-Degree Hybrid 0.82–0.90 GHz
DATA SHEET

Parameter Frequency Min. Typ. Max. Unit

Frequency 0.82 0.9 GHz

Insertion loss(1) 0.4 0.5 dB

Isolation 25 30 dB

VSWR all ports 1.15:1 1.2:1

Amplitude balance ±0.5 ±0.8 dB

Phase balance ±1 ±2 Deg.

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

1. Less 3 dB power split.

Features
● Low cost
● Low profile
● Small SOIC-8 package
● Available on tape and reel
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The HY86-12 is a 90-degree hybrid tuned for the 0.82–0.90 GHz
band. The monolithic circuitry is 100% passive and offers low
loss, high isolation and exceptional phase/amplitude balance.
It is available in the SOIC-8 surface mount package.

1
2

3
4

RF In

GND

ISOL.

GND

8
7

6
5

GND

Coupled

Direct

GND

Pin Out

Direct

Coupled

In

Isolated

Block Diagram

The Pin Out diagram shows the HY86-12 configured for a
Divider/Coupler with Pin 1 as the input port and a 50 Ω
termination to be placed at Pin 3. Since the HY86-12 is 
symmetric, any nonground pin may be used as the input 
port. The following table shows the possible pin connection 
combinations for the HY86-12 used as a divider/coupler:

Input Termination Direct Coupled 

Pin 1 Pin 4 Pin 8 Pin 5

Pin 4 Pin 1 Pin 5 Pin 8

Pin 5 Pin 8 Pin 4 Pin 1 

Pin 8 Pin 5 Pin 1 Pin 4

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Path Losses vs. Frequency
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Typical Performance Data

ZO = 50 Ω, unless otherwise noted
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Characteristic Value

Input power(1) 4 W

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Electrostatic discharge 125 V

Absolute Maximum Ratings

1. Exceeding these parameters may cause irreversible damage.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Board Layout
0.1630

0.0282

0.0180
Typ.

0.0424

0.0200 Dia.
Via 12 Places

SOIC-8

0.049
(1.24 mm)

0.016
(0.41 mm)

0.016 Max.
(0.41 mm) x 
45˚ Chamfer

Pin 1

0.197 (5.00 mm)
0.189 (4.80 mm)

0.068
(1.73 mm) Max.

0.010 (0.25 mm)
0.004 (0.10 mm)

0.010 (0.25 mm)
0.007 (0.17 mm)

0.158 (4.00 mm)
0.150 (3.80 mm)

8˚
Max.

0.020 (0.51 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.050 (1.27 mm) BSC
Pin 8

Pin 1
Indicator

Materials 10 mil FR-4.
Dimensions are in inches.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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HY92-12, HY92-12LF: 90-Degree Hybrid 0.88–0.96 GHz
DATA SHEET

Parameter Frequency Min. Typ. Max. Unit

Frequency 0.88 0.96 GHz

Insertion loss(1) 0.4 0.5 dB

Isolation 20 25 dB

VSWR all ports 1.1:1 1.2:1

Amplitude balance ±0.5 ±0.8 dB

Phase balance ±1 ±2 Deg.

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

Features
� Low cost
� Low profile
� Small SOIC-8 package
� Available on tape and reel
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The HY92-12 is a 90-degree hybrid tuned for the 0.88–0.96 GHz
band. The monolithic circuitry is 100% passive and offers low
loss, high isolation and exceptional phase/amplitude balance. It is
available in the SOIC-8 surface mount package.

1. Less 3 dB power split.
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Block Diagram

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

The Pin Out diagram shows the HY92-12 configured for a
divider/coupler with Pin 1 as the input port and a 50 Ω
termination to be placed at Pin 3. Since the HY92-12 is
symmetric, any nonground pin may be used as the input
port. The following table shows the possible pin connection
combinations for the HY92-12 used as a divider/coupler:

Input Termination Direct Coupled

Pin 1 Pin 4 Pin 8 Pin 5

Pin 4 Pin 1 Pin 5 Pin 8

Pin 5 Pin 8 Pin 4 Pin 1

Pin 8 Pin 5 Pin 1 Pin 4
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Path Losses vs. Frequency
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Typical Performance Data

ZO = 50 Ω, unless otherwise noted
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Characteristic Value

Input power(1) 4 W

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Electrostatic discharge 125 V

Absolute Maximum Ratings

1. Exceeding these parameters may cause irreversible damage.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Board Layout
0.1630

0.0282

0.0180
Typ.

0.0424

0.0200 Dia.
Via 12 Places

SOIC-8

0.049
(1.24 mm)

0.016
(0.41 mm)

0.016 Max.
(0.41 mm) x 
45˚ Chamfer

Pin 1

0.197 (5.00 mm)
0.189 (4.80 mm)

0.068
(1.73 mm) Max.

0.010 (0.25 mm)
0.004 (0.10 mm)

0.010 (0.25 mm)
0.007 (0.17 mm)

0.158 (4.00 mm)
0.150 (3.80 mm)

8˚
Max.

0.020 (0.51 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.050 (1.27 mm) BSC
Pin 8

Pin 1
Indicator

Materials 10 mil FR-4.
Dimensions are in inches.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
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HY17-12, HY17-12LF: 90-Degree Hybrid 1.71–1.88 GHz
DATA SHEET

Parameter Frequency Min. Typ. Max. Unit

Frequency 1.71 1.88 GHz

Insertion loss(1) 0.5 0.6 dB

Isolation 19 20 dB

VSWR all ports 1.2:1 1.3:1

Amplitude balance +0.5 +1 dB

Phase balance +1 +2 Deg.

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

1. Less 3 dB power split.

Features
● Low cost
● Low profile
● Small SOIC-8 package
● Available on tape and reel
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The HY17-12 is a 90-degree hybrid tuned for the 1.71–1.88 GHz
band. The monolithic circuitry is 100% passive and offers low
loss, high isolation and exceptional phase/amplitude balance. It 
is available in the SOIC-8 surface mount package.

1
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3
4

RF In

GND

ISOL.

GND

8
7

6
5

GND

Coupled

Direct

GND

Pin Out

Direct

Coupled

In

Isolated

Block Diagram

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

The Pin Out diagram shows the HY17-12 configured for a
divider/coupler with Pin 1 as the input port and a 50 Ω
termination to be placed at Pin 3. Since the HY17-12 is 
symmetric, any nonground pin may be used as the input 
port. The following table shows the possible pin connection 
combinations for the HY17-12 used as a divider/coupler:

Input Termination Direct Coupled 

Pin 1 Pin 4 Pin 8 Pin 5

Pin 4 Pin 1 Pin 5 Pin 8

Pin 5 Pin 8 Pin 4 Pin 1 

Pin 8 Pin 5 Pin 1 Pin 4
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DATA SHEET  •  HY17-12, HY17-12LF
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Typical Performance Data

ZO = 50 Ω, unless otherwise noted
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Characteristic Value

Input power 4 W

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Electrostatic discharge 125 V

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Board Layout
0.1630

0.0282

0.0180
Typ.

0.0424

0.0200 Dia.
Via 12 Places

SOIC-8

0.049
(1.24 mm)

0.016
(0.41 mm)

0.016 Max.
(0.41 mm) x 
45˚ Chamfer

Pin 1

0.197 (5.00 mm)
0.189 (4.80 mm)

0.068
(1.73 mm) Max.

0.010 (0.25 mm)
0.004 (0.10 mm)

0.010 (0.25 mm)
0.007 (0.17 mm)

0.158 (4.00 mm)
0.150 (3.80 mm)

8˚
Max.

0.020 (0.51 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.050 (1.27 mm) BSC
Pin 8

Pin 1
Indicator

Materials 10 mil FR-4.
Dimensions are in inches.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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HY19-12, HY19-12LF: 90-Degree Hybrid 1.85–1.99 GHz
DATA SHEET

Parameter Frequency Min. Typ. Max. Unit

Frequency 1.85 1.99 GHz

Insertion loss(1) 0.5 0.6 dB

Isolation 17 20 dB

VSWR All ports 1.3:1 1.5:1

Amplitude balance ±0.5 ±1.1 dB

Phase balance ±1 ±2 Deg.

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

1. Less 3 dB power split.

Direct

Coupled

In

Isolated

Block DiagramFeatures
● Low cost
● Low profile
● Small SOIC-8 package
● Available on tape and reel
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The HY19-12 is a 90-degree hybrid tuned for the 1.85–1.99 GHz
band. The monolithic circuitry is 100% passive and offers low
loss, high isolation and exceptional phase/amplitude balance. It 
is available in the SOIC-8 surface mount package.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Typical Performance Data

ZO = 50 Ω, unless otherwise noted
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Pin Out The Pin Out diagram shows the HY19-12 configured for a
divider/coupler with Pin 1 as the input port and a 50 Ω
termination to be placed at Pin 3. Since the HY19-12 is 
symmetric, any nonground pin may be used as the input 
port. The following table shows the possible pin connection 
combinations for the HY19-12 used as a divider/coupler:

Input Termination Direct Coupled 

Pin 1 Pin 4 Pin 8 Pin 5

Pin 4 Pin 1 Pin 5 Pin 8

Pin 5 Pin 8 Pin 4 Pin 1 

Pin 8 Pin 5 Pin 1 Pin 4
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Characteristic Value

Input power(1) 4 W

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Electrostatic discharge 125 V

Absolute Maximum Ratings

1. Exceeding these parameters may cause irreversible damage.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Board Layout
0.1630

0.0282

0.0180
Typ.

0.0424

0.0200 Dia.
Via 12 Places

SOIC-8

0.049
(1.24 mm)

0.016
(0.41 mm)

0.016 Max.
(0.41 mm) x 
45˚ Chamfer

Pin 1

0.197 (5.00 mm)
0.189 (4.80 mm)

0.068
(1.73 mm) Max.

0.010 (0.25 mm)
0.004 (0.10 mm)

0.010 (0.25 mm)
0.007 (0.17 mm)

0.158 (4.00 mm)
0.150 (3.80 mm)

8˚
Max.

0.020 (0.51 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.050 (1.27 mm) BSC
Pin 8

Pin 1
Indicator
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Materials 10 mil FR-4.
Dimensions are in inches.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
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HY22-73, HY22-73LF: 90-Degree Hybrid 2.1–2.3 GHz
DATA SHEET

Parameter Frequency Min. Typ. Max. Unit

Frequency 2.1 2.3 GHz

Insertion loss less 3 dB split 0.55 0.7 dB

Isolation 20 23 dB

Input VSWR 1.2:1 1.5:1

Output VSWR 1.2:1 1.5:1

Amplitude balance ±0.4 ±1.1 dB

Phase balance ±2 ±4 Deg.

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

Features
● Low cost
● Low profile
● Small SOT-6 package
● Available on tape and reel
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The HY22-73 is a 50 Ω, 90-degree hybrid tuned for the 
2.1–2.3 GHz band. The monolithic circuitry is 100% passive 
and offers low loss, high isolation and exceptional phase/
amplitude balance. It is available in the SOT-6 surface 
mount package. HY22-73LF is packaged in a lead (Pb)-free,
fully RoHS-compliant SOT-6 package and is electrically identical
to HY22-73.

In

Termination

Direct

Coupled

Block Diagram

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Typical Performance Data

ZO = 50 Ω, unless otherwise noted
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2

The Pin Out diagram shows the HY22-73 configured for a
divider/coupler with Pin 1 as the input port and a 50 Ω
termination to be placed at Pin 3. Since the HY22-73 is 
symmetric, any nonground pin may be used as the input 
port. The following table shows the possible pin connection 
combinations for the HY22-73 used as a divider/coupler:

In

GND

Termination

Direct

GND

Coupled

1
2

3

6
5

4

Pin Out

Input Termination Direct Coupled 

Pin 1 Pin 3 Pin 6 Pin 4

Pin 3 Pin 1 Pin 4 Pin 6

Pin 4 Pin 6 Pin 3 Pin 1 

Pin 6 Pin 4 Pin 1 Pin 3
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Characteristic Value

Input power(1) 2 W CW

Input power(2) 1 W CW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

SOT-6

0.091

0.020

0.018

To 50 Ω
Termination

In

Coupled

Direct

HY22

Recommended Board Layout

1. When used as a power divider with a 2.0:1 maximum VSWR on all ports.
2. When used as a power combiner with a 2.0:1 maximum VSWR on all ports.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Material is FR-4. Dimensions are in inches.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.
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SKY65120: 2110–2170 MHz High Linearity
2 W Power Amplifier

DATA SHEET

Applications
� WCDMA/PCS/DCS/UMTS/TD-SCDMA
� Repeaters
� ISM band transmitter
� WCS fixed wireless

Features
� High linearity: OIP3 = 48 dBm
� OP1 dB = 33.5 dBm
� ACLR = -45 dBc for POUT = +25.4 dBm
� High efficiency: PAE 42%
� High gain: 24.6 dB
� Internal RF match and bias circuits
� Single DC supply: 5 V
� Low cost 6 x 6 mm SMT package
� Available lead (Pb)-free and RoHS-compliant

Functional Block Diagram
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Description
The SKY65120 is a fully matched 20-pin, lead-free, surface
mount, Multi-Chip Module (MCM) Power Amplifier (PA) designed
for WCDMA/PCS/DCS/UTMS/TD-SCDMA Radio, repeaters,
transmitters, and WCS fixed wireless units operating in the
2110–2170 MHz bandwidth.

All active circuitry in the module is contained in a single Gallium
Arsenide (GaAs) Microwave Monolithic Integrated Circuit (MMIC).

The device is manufactured with Skyworks Aluminum (Al) GaAs
Heterojunction Bipolar Transistor (HBT) process, which allows for
single supply operation while maintaining high efficiency and
good linearity.

The module can operate over the temperature range of -40˚C to
+85˚C. A populated evaluation board is available upon request.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2110 2170 MHz

Gain lS21l Small signal 23 24.6 dB

Input return loss lS11l Small signal 10 16.8 dB

Output power @ P1 dB P1 dB CW 32.5 33.5 dBm

Output 3rd order intercept OIP3 POUT/tone = 24 dBm 44 48 dBm

Noise figure NF CW 8.4 9 dB

POUT at ALCR = -45 dBc POUT_ACLR WCDMA test tone #1: 64 DPCH 25 25.4 dBm

PAE at ALCR = -45 dBc PAE_ACLR WCDMA test tone #1: 64 DPCH 12 %

Quiescent current Iccq No RF signal 420 447 470 mA

Power added efficiency PAE CW, POUT @ P1 dB 33 42 %

Thermal resistance ΘJC Junction to case 24 °C/W

Electrical Specifications

VCC1, VCC2, VREF1, VREF2, VC_BIAS = 5 V, Tc = 25 °C, unless otherwise specified.

Characteristic Value

RF input power (PIN) 5 dBm(1)

Power dissipation (PDISS) 2.7 W

RF output power (POUT) 29.6 dBm

Supply voltage (VCC) 5.5 V

Supply current (ICC) 1100 mA

Operating case temperature (TC) -40 °C to +85 °C

Storage temperature (TST) -55 °C to +125 °C

Junction temperature (TJ) 150 °C

Absolute Maximum Ratings

1. For pulsed operation with duty cycle < 25%.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty. Each absolute maximum rating listed is an
individual parameter. Biasing and driving the amplifier with more than one absolute maximum
rating listed may result in permanent damage to the device. Exposure to maximum rating
conditions for extended periods may reduce device reliability.

CAUTION: Although this device is designed to be as robust as
possible, Electrostatic Discharge (ESD) can damage
this device. This device must be protected at all
times from ESD. Static charges may easily produce
potentials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions should be
employed at all times.

Recommended Operating Conditions

Parameter Symbol Conditions Min. Typ. Max. Unit

Supply voltage VCC, VREF, VC_BIAS 5 5.5 V

Operating frequency FO 2110 2170 MHz

Operating case temperature TC -40 +25 +85 °C
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Typical Performance Data

VCC1, VCC2, VREF1, VREF2, VC_BIAS = 5 V, Frequency = 2140 MHz, Tc = 25 °C, unless otherwise specified.
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Typical Performance Data

VCC1, VCC2, VREF1, VREF2, VC_BIAS = 5 V, Frequency = 2140 MHz, Tc = 25 °C, unless otherwise specified.
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Typical Performance Data

VCC1, VCC2, VREF1, VREF2, VC_BIAS = 5 V, Frequency = 2140 MHz, Tc = 25 °C, unless otherwise specified.
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Typical Performance Data

VCC1, VCC2, VREF1, VREF2, VC_BIAS = 5 V, Frequency = 2140 MHz, Tc = 25 °C, unless otherwise specified.
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Typical Performance Data

VCC1, VCC2, VREF1, VREF2, VC_BIAS = 5 V, Frequency = 2140 MHz, Tc = 25 °C, unless otherwise specified.

Theory of Operation
The SKY65120 is comprised of two amplifier stages. The
matching circuits for the input stage, inter-stage, and output
stage are contained within the device. An in module active bias
circuit is included within the device for both input and output
stages providing for excellent gain tracking over temperature
and voltage variations.

The SKY65120 is internally matched for optimum linearity and
efficiency. The input and output stages are independently sup-
plied using the VCC1 and VCC2 supply lines, pins 13 and 11,
respectively. The bias reference voltages for stages 1 and 2 are
supplied using common lines VREF1 and VREF2 (pins 6 an 7) line.
The DC control voltage that sets the bias to stages 1 and 2 is
supplied via VC_BIAS, pin 4.

Application Circuit Notes
Center Ground. It is extremely important that the device paddle
be sufficiently grounded for both thermal and stability reasons.
Multiple small vias are acceptable and will work well under the
device if solder migration is an issue.

Ground (Pins 1, 2, 3, 8, 10, 17, 19, 20). Attach all ground pins
to the RF ground plane with the largest diameter and lowest
inductance via that the layout will allow. Multiple small vias are
also acceptable and will work well under the device if solder
migration is an issue.

No Connect (Pins 5, 12, 14, 15, 18). The pins are open and may
or may not be connected to ground.

VC_BIAS (Pin 4). VC_BIAS is the bias supply voltage for stages 1
and 2. Typically set to 5 V.

VREF1 (Pin 6). Bias reference voltage for amplifier stage 1. VREF1
should be operated over the same voltage range as VCC, with a
nominal voltage of 5 V.

VREF2 (Pin 7). Bias reference voltage for amplifier stage 2. VREF1
should be operated over the same voltage range as VCC, with a
nominal voltage of 5 V.

RF_OUT (Pin 9). Amplifier RF Output Pin. ZO = 50 Ω. The module
includes an onboard internal DC blocking capacitor. All imped-
ance matching is provided internal to the module.

VCC2 (Pin 11). Supply voltage for the output (final) stage collector
bias (typically 5 V). Bypassing of VCC2 is accomplished with C10,
C11 and C12 and should be placed in the approximate location
shown on the evaluation board, but placement is not critical.

VCC1 (Pin 13). Supply voltage for the first stage collector bias
(typically 5 V). Bypassing of VCC1 is accomplished with C6, C7
and C8 and should be placed in the approximate location shown
on the evaluation board, but placement is not critical.

RF_IN (Pin 16). Amplifier RF Input Pin. ZO = 50 Ω. The module
includes an onboard internal DC blocking capacitor. All imped-
ance matching is provided internal to the module.
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Electrostatic Discharge (ESD) Sensitivity
The SKY65120 is a static-sensitive electronic device. Do not
operate or store near strong electrostatic fields. Take proper ESD
precautions.

Application Circuit

GND3
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Package and Handling Information
Since the device package is sensitive to moisture absorption, it
is baked and vacuum packed before shipping. Instructions on the
shipping container label regarding exposure to moisture after the
container seal is broken must be followed. Otherwise, problems
related to moisture absorption may occur when the part is sub-
jected to high temperature during solder assembly.

Please refer to Skyworks’ Solder Reflow application note, avail-
able at www.skyworksinc.com, for instructions on mounting the
SKY65120 to a printed circuit board.

Production quantities of this product are shipped in a standard
tape and reel format. For packaging details, refer to the Skyworks
Tape and Reel application note, document number 101568.
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Pin Assignments
Pin Pin Name Description

1 GND Low inductance ground connection

2 GND Low inductance ground connection

3 GND Low inductance ground connection

4 VC_BIAS Bias voltage

5 N/C No connect

6 VREF1 Bias reference voltage 1

7 VREF2 Bias reference voltage 2

8 GND Low inductance ground connection

9 RF_OUT RF output

10 GND Low inductance ground connection

11 VCC2 Stage 2 collector voltage

12 N/C No connect

13 VCC1 Stage 1 collector voltage

14 N/C No connect

15 N/C No connect

16 RF_IN RF input

17 GND Low inductance ground connection

18 N/C No connect

19 GND Low inductance ground connection

20 GND Low inductance ground connection

Evaluation Board Description
The Skyworks SKY65120 Evaluation Board is used to test the
performance of the SKY65120 power amplifier module. The fol-
lowing design considerations are general in nature and must be
followed regardless of final use or configuration.

1. Paths to ground should be made as short as possible.

2. The ground pad of the SKY65120 power amplifier module has
special electrical and thermal grounding requirements. This
pad is the main thermal conduit for heat dissipation. Since the
circuit board acts as the heat sink, it must shunt as much heat
as possible from the amplifiers. As such, design the connection
to the ground pad to dissipate the maximum wattage produced
to the circuit. Multiple vias to the grounding layer are required.

NOTE: Junction temperature (TJ) of the device increases with a
poor connection to the slug and ground. This reduces the
lifetime of the device.

Center attachment pad must have a low inductance and low thermal resistance connection to
the customer's printed circuit board ground plane.

Evaluation Board
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VCC2
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RFIN

VCC DET
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Evaluation Board Test Procedure
Step 1. Connect RF test equipment to amplifier input/output

SMA connectors.

Step 2. Connect DC ground.

Step 3. Connect all VCC, VREG and VC_BIAS lines to 5 V supply.
Verify the ICQ current is approximately 447 mA.

Step 4. Apply RF signal data -20 dBm level and observe that the
output level is approximately 4.6 dBm or the gain of the
device is approximately 24.6 dB.

NOTE: It is important that the VCC1 and VCC2 voltage source be
adjusted such that 5 V is measured at the board. The
high collector currents will drop the collector voltage
significantly if long leads are used. Adjust the bias
voltage to compensate.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Evaluation Board Stack-Up
Cross Section Name Thickness (mils) Material εr

L1 1.4 Cu –

Lam1 12 Rogers 4003-12 3.38

L2_GND 1.4 Cu, 1 oz. –

Lam2 4 FR4-4 4.35

L3_GND 1.4 Cu, 1 oz. –

Lam3 12 FR4-12 4.35

L4 1.4 Cu, 1 oz. –

Branding Specifications

SKY65120-21
EXXXXX.XX
YYWW MX

Manufacturing Part Number
Revision Number

Mark Pin 1
Identifier

Lot Number

YY = Manufacture Year
WW = Week Packaged

Sealed
MX = Country Code

Bill of Material for Evaluation Board

Part ID QTY Size Value Units Product Number Manufacturer
Manufacturer's Part

Number Characteristics

1 C1 1 0603 6.8 pF 5404R23-045 Murata GRM1885C1H6R8CD01J COG, 50 V, ± 0.25 pF

2 C2 1 0603 1200 pF SK204-000-002 Murata GRM1887U1H122J U2J, 50 V, ± 5%

3 C3 1 0603 1200 pF SK204-000-002 Murata GRM1887U1H122J U2J, 50 V, ± 5%

4 C6 1 0603 8.2 pF 5404R23-046 Murata GRM1885C1H6R8CZ01D COG, 50 V, ± 0.25 pF

5 C7 1 0603 3300 pF 5404R28-015 Murata GRM188R71H332KD01J X7R, 50 V, ± 10%

6 C8 1 1206 10 µF 5404R91-005 TDK C3216X5R0J106KT X5R, 6 V, ± 10%

7 C10 1 0603 8.2 pF 5404R23-046 Murata GRM1885C1H6R8CZ01D COG, 50 V, ± 0.25 pF

8 C11 1 0603 1500 pF 5404R24-015 AVX 06031C152MATMA X7R, 100 V, ± 20%

9 C12 1 1206 10 µF 5404R91-005 TDK C3216X5R0J106KT X5R, 6 V, ± 10%

10 C13 1 1206 10 µF 5404R91-005 TDK C3216X5R0J106KT X5R, 6 V, ± 10%

11 R1 1 0603 470 Ω 5424R20-041 Rohm MCR03EZHUJ470 50 V, 0.063 W, ± 5%

12 R2 1 0603 150 Ω 5424R19-114 Rohm MCR03EZHUF150 50 V, 0.063 W, ± 1%
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Package Dimensions

All dimensions are in millimeters
Dimensioning and tolerancing according
to ASME Y14.5M-1994

Detail A

Metal Pad
Edge

0.5 ± 0.1
0.1

0.5 ± 0.05

Pin 1
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Top

1.45 ± 0.1
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(2.75)

(2
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75
)
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2X 1.9

8X 2.9

4X R0.2

12
X

2.
9

4X
1.
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4X
0.

5

2X
1.

9

Solder Mask Opening

20X SMT Pad

Pin 1

Pin 20 (0.3) Solder Mask Opening

Ø0.15 Metal Pad
Pin 1

Solder Mask

Package Outline

1 mm Typ.

2X 1.7 mm

Pin 1

Pin 20

2X 1.7 mm

6.4 mm

20X 0.85 mm

20X 0.6 mm

6.4 mm

Recommended Footprint

Package Outline

Pin 1

Pin 20

20X 0.5 mm

20X 0.75 mm

0.25 mm
Typ.

1 mm Typ.

6.3 mm

Thermal Via Array Ø0.3 mm
On 0.6 mm Pitch Will

Improve Thermal Performance

0.6 mm Typ.

0.6 mm Typ.

6.3 mm

Stencil Pattern

Package Outline

Pin 1
Pin 20

6.3 mm

1 mm Typ.

20X 0.75 mm

20X 0.5 mm

2X 1.7 mm

2X 1.7 mm

Stencil Aperture Size of
80 to 100% of the
Module/Pkg. Solder

Mask Opening

6.3 mm
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1. Carrier tape: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.3 mm width
4. All dimensions are in millimeters

Section A-A

4.00 (Po)

7° max

6.35 (Bo)

1.59 (Ko)

6.35 (Ao)

8° Max.

Section B-B

B

0.3 ± 0.02 Ø1.50 ± 0.10

A

8.00 (P1)

A

B

Ø1.50 Min.

12.00 ± 0.30

2.00 ± 0.05

5.50 ± 0.05

1.75 ± 0.10

Pin 1

Tape and Reel Dimensions
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Copyright © 2008, Skyworks Solutions, Inc. All Rights Reserved.

Information in this document is provided in connection with Skyworks Solutions, Inc. (“Skyworks”) products or services. These materials, including the information contained herein, are provided
by Skyworks as a service to its customers and may be used for informational purposes only by the customer. Skyworks assumes no responsibility for errors or omissions in these materials or the
information contained herein. Skyworks may change its documentation, products, services, specifications or product descriptions at any time, without notice. Skyworks makes no commitment to
update the materials or information and shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes.

No license, whether express, implied, by estoppel or otherwise, is granted to any intellectual property rights by this document. Skyworks assumes no liability for any materials, products or
information provided hereunder, including the sale, distribution, reproduction or use of Skyworks products, information or materials, except as may be provided in Skyworks Terms and
Conditions of Sale.

THE MATERIALS, PRODUCTS AND INFORMATION ARE PROVIDED “AS IS”WITHOUT WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE, INCLUDING FITNESS FOR A
PARTICULAR PURPOSE OR USE, MERCHANTABILITY, PERFORMANCE, QUALITY OR NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY
DISCLAIMED. SKYWORKS DOES NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS CONTAINED WITHIN THESE MATERIALS. SKYWORKS
SHALL NOT BE LIABLE FOR ANY DAMAGES, INCLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT LIMITATION,
LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM THE USE OF THE MATERIALS OR INFORMATION, WHETHER OR NOT THE RECIPIENT OF MATERIALS HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

Skyworks products are not intended for use in medical, lifesaving or life-sustaining applications, or other equipment in which the failure of the Skyworks products could lead to personal injury,
death, physical or environmental damage. Skyworks customers using or selling Skyworks products for use in such applications do so at their own risk and agree to fully indemnify Skyworks for any
damages resulting from such improper use or sale.

Customers are responsible for their products and applications using Skyworks products, which may deviate from published specifications as a result of design defects, errors, or operation of
products outside of published parameters or design specifications. Customers should include design and operating safeguards to minimize these and other risks. Skyworks assumes no liability for
applications assistance, customer product design, or damage to any equipment resulting from the use of Skyworks products outside of stated published specifications or parameters.

Skyworks, the Skyworks symbol, and “Breakthrough Simplicity” are trademarks or registered trademarks of Skyworks Solutions, Inc., in the United States and other countries. Third-party brands and
names are for identification purposes only, and are the property of their respective owners. Additional information, including relevant terms and conditions, posted at www.skyworksinc.com, are
incorporated by reference.

Ordering Information

Model Name Manufacturing Part Number Evaluation Kit Part Number

SKY65120: 2110–2170 MHz High Linearity 2 W Power Amplifier SKY65120-21 (Pb-free package) TW16-D190



Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
103155 Rev. G • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • May 23, 2008 1

SKY65004: 250–2700 MHz Linear Power Amplifier Driver
DATA SHEET

Applications
� UHF TV broadcasts
� TETRA radios
� GSM450, GSM480, GSM750 handsets
� AMPS, PCS, DCS, 2.5G, 3G handsets
� ISM band transmitters
� WCS fixed wireless
� 802.11b/g WLANs

Features
� Wideband frequency range: 250–2700 MHz
� High linearity: OIP3 > 40 dBm and P1 dB > 24 dBm
� High efficiency: PAE 48%
� High gain: 20 dB
� Single DC supply, 3 V or 5 V
� Available lead (Pb)-free MCM (3-pin, 4 x 4 mm) package
(SKY65004-21)

Description
Skyworks SKY65004 is a high performance, ultra-wideband amplifier
with superior output power, linearity, and efficiency. The device is fab-
ricated using Skyworks high reliability Aluminum Gallium Arsenide
(AlGaAs) Heterojunction Bipolar Transistor (HBT) technology.

The SKY65004 achieves a high linearity and superior Adjacent
Channel Power Rejection/Adjacent Channel Leakage Ratio
(ACPR/ACLR) performance. This makes it ideal for use in the driver
stage of infrastucture transmit chains for Trans-European Trunked
Radio (TETRA) transceivers, multi-band (GSM, AMPS, PCS, DCS)
handsets, and many other wireless applications.

The SKY65004 uses a lead (Pb)-free 3-pin, 4 x 4 mm Multi-Chip
Module (MCM) package.

Pinout – 3-Pin MCM Package (Top View)

1 2 3

GNDRF_IN RF_OUT

Package Dimensions (3-Pin MCM)
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All measurements are in millimeters

Bottom View

Side View

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Parameter Symbol Test Conditions Min. Typ. Max. Unit

Test Frequency = 450 MHz

Small signal gain G CW 27 dB

Output power @ 1 dB compression P1 dB CW 24 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 42 dBm

Test Frequency = 900 MHz

Small signal gain G CW 22 dB

Output power @ 1 dB compression P1 dB CW 24 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 42 dBm

Noise figure NF 4 dB

Output power @ ACPR = -45 dBc, POUT IS-95. Nine forward channels 18 dBm
750 kHz offset

Test Frequency = 1960 MHz

Small signal gain G CW 14.5 16 dB

Output power @ 1 dB compression P1 dB CW 23 25 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 39 42 dBm

Noise figure NF 5.5 6.5 dB

Power added efficiency PAE CW @ POUT = P1 dB 42 48 %

Supply current IS 125 145 mA

Output power @ ACPR = -45 dBc, POUT IS-95. Nine forward channels 17 19 dBm
885 kHz offset

Test Frequency = 2140 MHz

Small signal gain G CW 15 dB

Output power @ 1 dB compression P1 dB CW 25 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 42 dBm

Output power @ ACLR = -45 dBc, POUT WCDMA. Test model #1; 64 DPCH 17 dBm
5 MHz offset

Test Frequency = 2450 MHz

Small signal gain G CW 14.5 dB

Output power @ 1 dB compression P1 dB CW 25 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 42 dBm

Noise figure NF 5 dB

Power added efficiency PAE CW, POUT = 26 dBm 50 %

Test Frequency = 2600 MHz

Small signal gain G CW 14 dB

Output power @ 1 dB compression P1 dB CW 25 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 41 dBm

Electrical Characteristics

VCC = 5 V, TC = 25 °C, unless otherwise noted
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Pin # Name Description

1 RF_In RF input

2 GND Ground

3 RF_Out RF output

4 GND Ground

Pin Descriptions

Characteristic Value

RF input power (PIN) 15 dBm max.

RF output power (POUT) 27 dBm

Supply voltage (VCC) 6 V

Supply current (ICC) 160 mA

Power dissipation (PD) 1.2 W

Operating case temperature (TC) -40 °C to +85 °C

Storage temperature (TST) -55 °C to +125 °C

Junction temperature (TJ) 150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty. Each absolute maximum rating listed is an
individual parameter. Biasing and driving the amplifier with more than one absolute maximum
rating listed may result in permanent damage to the device. Exposure to maximum rating
conditions for extended periods may reduce device reliability.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Parameter Symbol Min. Typ. Max. Unit

Supply voltage VCC 5 V

Frequency range F 250 2700 MHz

Junction temperature TJ 140 °C

Thermal resistance ΘJC 36 °C/W

Recommended Operating Conditions

Package and Handling Information
Since the device package is sensitive to moisture absorption, it is
baked and vacuum packed before shipping. Instructions on the
shipping container label regarding exposure to moisture after the
container seal is broken must be followed. Otherwise, problems
related to moisture absorption may occur when the part is sub-
jected to high temperature during solder assembly.

For details on attachment techniques, precautions, and
handling procedures recommended by Skyworks, please refer to
Skyworks Application Note, PCB Design and SMT Assembly/
Rework Guidelines for MCM-L Packages, document number
101752. Additional information on standard SMT reflow profiles
can also be found in the JEDEC Standard J-STD-020.

Electrostatic Discharge (ESD) Sensitivity
The SKY65028-70LF is a static-sensitive electronic device. Do
not operate or store near strong electrostatic fields. Take proper
ESD precautions.

Theory of Operation
The SKY65004 is comprised of a single amplifier stage. All
matching structures are external to the amplifier to accommo-
date a wide frequency range of tuning over the 250–2700 MHz
band. The part has excellent linearity at low power levels and
high efficiency at P1 dB. Utilizing the matching and bias circuits
shown the evaluation board schematic, the part can be tuned for
a specific frequency band and operate single positive supply
voltage of typically 3–5 V.

The amplifier collector voltage is supplied through an RF choke
to the output. The reference voltage is supplied through a sepa-
rate RF choke to the amplifier input. A voltage divider (R2/R3)
sets the proper bias level to the input. Capacitors C7, C8 and C9
provide DC bias decoupling for VCC. In some applications, if a
series DC blocking cap is not part of the input or output RF
matching circuits, a blocking cap of 100 pF, should be included
to provide DC blocking to the RF ports.
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Typical Performance Data

VCC = 5 V, TC = 25 °C, unless otherwise noted
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Typical Performance Data

VCC = 5 V, TC = 25 °C, unless otherwise noted
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Evaluation Board Description
The Skyworks SKY65004 Evaluation Board is used to test the
performance of the SKY65004 power amplifier driver.

The following design considerations are general in nature and
must be followed regardless of final use or configuration.

1. Paths to ground should be made as short as possible.
2. The ground pad of the SKY65004 power amplifier has special
electrical and thermal grounding requirements. This pad is the
main thermal conduit for heat dissipation. Since the circuit board
acts as the heat sink, it must shunt as much heat as possible
from the amplifier. As such, design the connection to the ground
pad to dissipate the maximum wattage produced to the circuit
board. Multiple vias to the grounding layer are required.

NOTE: Junction temperature (TJ) of the device increases with a
poor connection to the slug and ground. This reduces the
lifetime of the device.

Testing Procedure
Use the following procedure to set up the SKY65004 Evaluation
Board for testing:

1. Connect a 5.0 V supply to VCC. If available, enable the current
limiting function of the power supply to 240 mA.

2. Connect a signal generator to the RF signal input port. Set it to
the desired RF frequency at a power level of -15 dBm or less
to the evaluation board but do NOT enable the RF signal.

3. Connect a spectrum analyzer to the RF signal output port.

4. Enable the power supply.

5. Enable the RF signal.

6. Take measurements.

CAUTION: If any of the output signals exceed the rated maximum
values, the SKY65004 evaluation board can be
permanently damaged.

GN
D

V C
C

GN
D

GN
D

R3

R2

R1

C7

C1 C2

C3

C8
C9

C5

C6C4L2

L1
J1 (RF In)

JP1

J2 (RF Out)

Evaluation Board Assembly

Layer 3: Ground

Layer 4: Solid Ground Plane

Layer 1: Top - Metal

Layer 2: Ground

Evaluation Board Layer Detail
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Cross Section Name Thickness (mils) Material εr

L1 1.4 Cu –

Lam1 12 Rogers 4003-12 3.38

L2_GND 1.4 Cu, 1 oz. –

Lam2 4 FR4-4 4.35

L3_GND 1.4 Cu, 1 oz. –

Lam3 12 FR4-12 4.35

L4 1.4 Cu, 1 oz. –

Evaluation Board Stack-Up

SKY65004-21

Lot#

YYWWCC YY = Manufacture Year
WW = Week Packaged Sealed
CC = Country Code

Manufacture Part Number
Revision Number

Pin 1

Branding Specifications

C7C8C9

L1

OutputInput

VCC = 5 V or 3.3 V

1

2

3

4

M2

M1 M3 M4

M5

M6

R1

L2

R2

R3

Evaluation Board Schematic

Refer to Evaluation Board Component Values vs. Frequency Table for component values.

Component Evaluation Board Frequency (MHz)

450 900 1960 2140 2450 2450 2600

VCC = 5 V VCC = 3.3 V VCC = 5 V

R1 0 Ω 0 Ω 0 Ω 0 Ω 0 Ω 0 Ω 0 Ω
R2 390 Ω 390 Ω 390 Ω 390 Ω 390 Ω 220 Ω 390 Ω
R3 180 Ω 180 Ω 180 Ω 180 Ω 180 Ω 200 Ω 180 Ω
C7 0.1 µF 0.1 µF 0.1 µF 0.1 µF 0.1 µF 0.1 µF 0.1 µF

C8 1000 pF 1000 pF 1000 pF 1000 pF 1000 pF 1000 pF 1000 pF

C9 68 pF 68 pF 18 pF 18 pF 18 pF 18 pF 18 pF

L1 39 nH 39 nH 27 nH 27 nH 27 nH 27 nH 27 nH

L2 39 nH 39 nH 27 nH 27 nH 27 nH 27 nH 27 nH

M1 6.8 nH 6.8 nH 5.6 nH 6.8 nH 0.5 pF 0.5 pF 0.5 pF

M2 15 pF 6.8 pF 1 pF 1 pF 1 pF 1 pF 1 pF

M3 DNI 10 pF 1 pF 0.5 pF DNI DNI DNI

M4 DNI DNI DNI 2.7 pF DNI DNI DNI

M5 330 pF 8.2 pF 22 pF 2.7 pF 20 pF 20 pF 20 pF

M6 56 nH 8.2 nH 0.5 pF 2.2 nH 0.5 pF 0.5 pF 0.5 pF

Evaluation Board Component Values vs. Frequency

DNI: Do Not Install.
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Tape and Reel Dimensions

S583

8.00 ± 0.10 4.00 ± 0.10 2.00 ± 0.05 1.75 ± 0.10
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Reference Pin
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4.35 ± 0.10
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1.73 ± 0.10

4.35 ± 0.10

Notes:
1. Carrier tape material: black conductive polycarbonate

or polysterene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.3 mm width
4. All measurements are in millimeters
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Skyworks products are not intended for use in medical, lifesaving or life-sustaining applications, or other equipment in which the failure of the Skyworks products could lead to personal injury,
death, physical or environmental damage. Skyworks customers using or selling Skyworks products for use in such applications do so at their own risk and agree to fully indemnify Skyworks for any
damages resulting from such improper use or sale.

Customers are responsible for their products and applications using Skyworks products, which may deviate from published specifications as a result of design defects, errors, or operation of
products outside of published parameters or design specifications. Customers should include design and operating safeguards to minimize these and other risks. Skyworks assumes no liability for
applications assistance, customer product design, or damage to any equipment resulting from the use of Skyworks products outside of stated published specifications or parameters.

Skyworks, the Skyworks symbol, and “Breakthrough Simplicity” are trademarks or registered trademarks of Skyworks Solutions, Inc., in the United States and other countries. Third-party brands and
names are for identification purposes only, and are the property of their respective owners. Additional information, including relevant terms and conditions, posted at www.skyworksinc.com, are
incorporated by reference.

Ordering Information
Model Name Ordering Part Number Evaluation Kit Part Number

SKY65004 250-2700 MHz Linear PA Driver
(3-pin MCM package)

SKY65004-21 (Pb-free package) TW13-D391-011 (450 MHz)

TW13-D391-021 (900 MHz)

TW13-D391-031 (1960 MHz)

TW13-D391-041 (2140 MHz)

TW13-D391-061 (2450 MHz, VCC = 3.3 V)

TW13-D391-071 (2450 MHz, VCC = 5 V)

TW13-D391-081 (2600 MHz)
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SKY65008: 250 – 2700 MHz Linear, Low Current Power
Amplifier Driver

PRELIMINARY DATA SHEET

Applications
� AMPS, PCS, DCS, 2.5G, 3G, WCDMA, WLANs
� ISM band
� Fixed WCS
� 802.11b/g WLANs
� WiMax

Features
• Wideband frequency range: 250 to 2700 MHz
• High efficiency: PAE 48%
• High gain: 18 dB
• Single DC supply, 3 V
• MCM (3-pin, 4 x 4 mm) Pb-free package

(MSL3, 250 °C per JEDEC J-STD-0-20)

Figure 1. SKY65008 Pinout—3-Pin MCM Package
(Top View)

1 2 3

GNDRF_IN RF_OUT

Figure 2. SKY65008 Block Diagram

21 3

RF_IN GND RF_OUT

Description
Skyworks SKY65008 is a high performance, ultra-wideband power
amplifier driver with superior output power, linearity, low current
consumption, and efficiency. The high linearity and superior
Adjacent Channel Power Rejection/Adjacent Channel Leakage Ratio
(ACPR/ACLR) performance make the SKY65008 ideal for use in the
driver stage of infrastucture transmit chains.

The SKY65008 is fabricated using Skyworks high reliability InGaP
Heterojunction Bipolar Transistor (HBT) technology in the form of a
Pb-free, 3-pin, 4 x 4 mm Multi-Chip Module (MCM) package. The
device package and pinout are shown in Figure 1. A functional
block diagram is provided in Figure 2.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Table 1. SKY65008 Signal Descriptions

Table 2. SKY65008 Absolute Maximum Ratings

TA = 25 °C, unless otherwise noted

Electrical and Mechanical Specifications
Signal pin assignments and functional pin descriptions for the
SKY65008 are provided in Table 1. The absolute maximum ratings
are provided in Table 2, and the recommended operating conditions
in Table 3. Electrical characteristics of the SKY65008 are provided
in Table 4.

The typical performance of the SKY65008 at various operating fre-
quencies is illustrated in Figures 3 through 9. Package dimensions
for the 3-pin MCM are shown in Figure 13, and tape and reel
dimensions are shown in Figure 14.

Package and Handling Information
Since the device package is sensitive to moisture absorption, it is
baked and vacuum packed before shipping. Instructions on the
shipping container label regarding exposure to moisture after the
container seal is broken must be followed. Otherwise, problems
related to moisture absorption may occur when the part is sub-
jected to high temperature during solder assembly.

The SKY65008 can be used for lead or lead-free soldering. If the
part is attached in a reflow oven, the temperature ramp rate should
not exceed 5 °C per second. Maximum temperature should not
exceed 225 °C and the time spent at a temperature that exceeds
210 °C should be limited to less than 10 seconds. If the part is
manually attached, precaution should be taken to ensure that the
part is not subjected to a temperature that exceeds 300 °C for
more than 10 seconds.

For details on both attachment techniques, precautions, and han-
dling procedures recommended by Skyworks, please refer to
Skyworks Application Note, PCB Design and SMT Assembly/
Rework Guidelines for MCM-L Packages, document number
101752. Additional information on standard SMT reflow profiles
can also be found in the JEDEC Standard J-STD-020.

Production quantities of both package types for this product are
shipped in standard tape and reel formats. For packaging details,
refer to the Skyworks Application Note, Tape and Reel, document
number 101568.

Electrostatic Discharge (ESD) Sensitivity
The SKY65008 is a static-sensitive electronic device. Do not
operate or store near strong electrostatic fields. Take proper
ESD precautions.

Pin # Name Description

1 RF_IN RF input

2 GND Ground

3 RF_OUT RF output

Parameter Symbol Min. Typ. Max. Units

Supply voltage VCC 4 V

RF output power POUT 23 dBm

Supply current ICC 110 mA

Power dissipation PD 400 mW

Operating case temperature TC -40 85 °C

Storage temperature TST -55 125 °C

Junction temperature TJ 150 °C

Table 3. SKY65008 Recommended Operating Conditions

Parameter Symbol Min. Typ. Max. Units

Supply voltage VCC 3 3.3 3.6 V

Frequency range F 250 2700 MHz

Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other parameters set at or
below their nominal values.
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Parameter Symbol Test Conditions Min. Typ. Max. Units

Test frequency = 900 MHz

Small signal gain G CW 28.5 dB

Output power @ 1 dB compression P1 dB CW 19.5 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 14 dBm/output tone 34 dBm

Noise figure NF 3.3 dB

Test frequency = 1960 MHz

Small signal gain G CW 20 dB

Output power @ 1 dB compression P1 dB CW 21 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 5 dBm/output tone 33 dBm

Noise Figure NF 3 dB

Power-added efficiency PAE CW, POUT = 20 dBm 42 %

Quiescent current IQ No RF input 76 mA

Output power @ ACPR = –45 dBc POUT IS-95. Nine forward channels 14 dBm

Test frequency = 2140 MHz

Small signal gain G CW 20 dB

Output power @ 1 dB compression P1 dB CW 21 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 5 dBm/output tone 32 dBm

Noise figure NF 3 dB

Output power @ ACLR = –45 dBc POUT 3G-WCDMA. Downlink test model #1 with 64 DPCH 11 dBm

Test frequency = 2450 MHz

Small signal gain G CW 18.5 dB

Output power @ 1 dB compression P1 dB CW 20 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 5 dBm/output tone 33 dBm

Noise figure NF 3 dB

Test frequency = 2650 MHz

Small signal gain G CW 18 dB

Output power @ 1 dB compression P1 dB CW 19 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 5 dBm/output tone 32 dBm

Noise figure NF 3 dB

Table 4. SKY65008 Electrical Characteristics

VCC = 3.3 V, TC = 25 °C, input and output load < -8 dB, unless otherwise noted
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Evaluation Board Description
The Skyworks SKY65008 Evaluation Board is used to test the
performance of the SKY65008 power amplifier driver. An assembly
drawing for the Evaluation Board is shown in Figure 10 and the
layer detail is provided in Figure 11.

Circuit Design Configurations

The following design considerations are general in nature and must
be followed regardless of final use or configuration.

1. Paths to ground should be made as short as possible.

2. The ground pad of the SKY65008 power amplifier has special
electrical and thermal grounding requirements. This pad is the
main thermal conduit for heat dissipation. Since the circuit board
acts as the heat sink, it must shunt as much heat as possible
from the amplifier. As such, design the connection to the ground
pad to dissipate the maximum wattage produced to the circuit
board. Multiple vias to the grounding layer are required.

NOTE: Junction temperature (TJ) of the device increases with a
poor connection to the slug and ground. This reduces the
lifetime of the device.

A suggested matching circuit is shown in Figure 12 with
component values listed in Table 5.

Testing Procedure

Use the following procedure to set up the SKY65008 Evaluation
Board for testing:

1. Connect a 3.3 V supply to VCC. If available, enable the current
limiting function of the power supply to 240 mA.

2. Connect a signal generator to the RF signal input port. Set it to
the desired RF frequency at a power level of -15 dBm or less to
the Evaluation Board but do NOT enable the RF signal.

3. Connect a spectrum analyzer to the RF signal output port.

4. Enable the power supply.

5. Enable the RF signal.

6. Take measurements.

CAUTION: If any of the output signals exceed the rated maximum
values, the SKY65008 Evaluation Board can be perma-
nently damaged.
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Layer 3: Ground

Layer 4: Solid Ground Plane

Layer 1: Top - Metal

Layer 2: Ground

Figure 11. Evaluation Board Layer Detail
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Figure 12. SKY65008 Evaluation Board Schematic (Refer to Table 5 for Component Values)

Component

Evaluation Board Frequency (MHz)

900 1960 2140 2450 2650

R1 0 Ω 0 Ω 0 Ω 0 Ω 0 Ω

R2 750 Ω 750 Ω 750 Ω 750 Ω 750 Ω

R3 680 Ω 680 Ω 680 Ω 680 Ω 680 Ω

C1 1.0 µF 1.0 µF 1.0 µF 1.0 µF 1.0 µF

C2 10 pF 36 pF 6.8 pF 6.8 pF 6.8 pF

C3 18 pF 6.8 pF 36 pF 18 pF 18 pF

L1 47 nH 27 nH 27 nH 18 nH 18 nH

L2 47 nH 27 nH 27 nH 18 nH 18 nH

M1 4.7 nH 1 pF 1 pF 0.5 pF 0.5 pF

M2 5.6 pF 3.9 pF 1.8 pF 1.2 pF 1.0 pF

M3 7.5 pF DNC DNC DNC DNC

M4 1.0 pF DNC DNC DNC DNC

M5 18 pF 6.8 pF 15 pF 12 pF 12 pF

M6 5.6 nH DNC 1 pF 1 pF 1 pF

Table 5. SKY65008 Evaluation Board Component Values vs Frequency
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Figure 13. SKY65008 Package Dimensions
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Figure 14. SKY65008 Tape and Reel Dimensions
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Information in this document is provided in connection with Skyworks Solutions, Inc. (“Skyworks”) products or services. These materials, including the information contained herein, are provided
by Skyworks as a service to its customers and may be used for informational purposes only by the customer. Skyworks assumes no responsibility for errors or omissions in these materials or the
information contained herein. Skyworks may change its documentation, products, services, specifications or product descriptions at any time, without notice. Skyworks makes no commitment to
update the materials or information and shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes.

No license, whether express, implied, by estoppel or otherwise, is granted to any intellectual property rights by this document. Skyworks assumes no liability for any materials, products or
information provided hereunder, including the sale, distribution, reproduction or use of Skyworks products, information or materials, except as may be provided in Skyworks Terms and
Conditions of Sale.

THE MATERIALS, PRODUCTS AND INFORMATION ARE PROVIDED “AS IS” WITHOUT WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE, INCLUDING FITNESS FOR A
PARTICULAR PURPOSE OR USE, MERCHANTABILITY, PERFORMANCE, QUALITY OR NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY
DISCLAIMED. SKYWORKS DOES NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS CONTAINED WITHIN THESE MATERIALS. SKYWORKS
SHALL NOT BE LIABLE FOR ANY DAMAGES, INCLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT LIMITATION,
LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM THE USE OF THE MATERIALS OR INFORMATION, WHETHER OR NOT THE RECIPIENT OF MATERIALS HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

Skyworks products are not intended for use in medical, lifesaving or life-sustaining applications, or other equipment in which the failure of the Skyworks products could lead to personal injury,
death, physical or environmental damage. Skyworks customers using or selling Skyworks products for use in such applications do so at their own risk and agree to fully indemnify Skyworks for any
damages resulting from such improper use or sale.

Customers are responsible for their products and applications using Skyworks products, which may deviate from published specifications as a result of design defects, errors, or operation of
products outside of published parameters or design specifications. Customers should include design and operating safeguards to minimize these and other risks. Skyworks assumes no liability for
applications assistance, customer product design, or damage to any equipment resulting from the use of Skyworks products outside of stated published specifications or parameters.

Skyworks, the Skyworks symbol, and “Breakthrough Simplicity” are trademarks or registered trademarks of Skyworks Solutions, Inc., in the United States and other countries. Third-party brands and
names are for identification purposes only, and are the property of their respective owners. Additional information, including relevant terms and conditions, posted at www.skyworksinc.com, are
incorporated by reference.

Model Name Ordering Part Number Evaluation Kit Part Number

SKY65008 250-2700 MHz linear, low current PA driver SKY65008-21 TW13-D781-001 (836 MHz)
TW13-D782-001 (900 MHz)

TW13-D783-001 (1960 MHz)
TW13-D784-001 (2140 MHz)
TW13-D786-001 (2450 MHz)
TW13-D787-001 (2650 MHz)

Ordering Information
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SKY65009: 250–2500 MHz Linear 
Power Amplifier Driver

DATA SHEET

Applications
● UHF TV broadcast
● TETRA radio
● GSM 450/GSM 480/GSM 750
● AMPS/PCS/DCS/2.5 G/3 G
● ISM band transmitter
● WCS fixed wireless
● WLAN 802.11b/g

Features
● Wideband frequency operation: 250 MHz–2500 MHz
● High linearity: OIP3 > 40 dBm; P1 dB > 24 dBm
● High efficiency: PAE 48%
● High gain: 20 dB
● Single DC supply: 5 V or  3 V
● Available lead (Pb)-free and RoHS-compliant

Pin Out - SOT-89 Package (Top View)

321

RF In RF OutGND

Functional Block Diagram

Active Bias

321
RF In RF OutGND

Description
Skyworks SKY65009 is a high-performance, ultrawideband 
amplifier with superior output power, linearity and efficiency. The
device is fabricated using Skyworks high-reliability Aluminum
Gallium Arsenide (AlGaAs) Heterojunction Bipolar Transistor (HBT)
technology. The device utilizes a low-cost Surface Mount
Technology (SMT) 4 x 4 mm MCM package. The MCM package is
lead (Pb)-free and pin-compatible to the popular SOT-89 package.

The device’s high linearity and superior ACPR/ACLR performance
make it ideal for use in the driver stage of infrastructure 
transmit chains.

ESD Sensitivity
The SKY65009 is a static-sensitive electronic device. Do not
operate or store near strong electrostatic fields. Take proper ESD
precautions.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW



Parameter Symbol Condition Min. Typ. Max. Unit

Supply voltage VCC 5 V

Frequency range F 250 2500 MHz

Junction temperature Tj 140 °C

Recommended Operating Conditions
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Pin Number Symbol Description

1 RF_In RF input pin

2 GND Ground

3 RF_Out RF output pin

Pin Descriptions
Characteristic Value

RF output power (POUT) 25 dBm

Supply voltage(VCC) 6 V

Supply current (ICC) 200 mA

Power dissipation 1.2 W

Junction temperature (Tj) 150 °C

Case operating temperature range (TC) -40 to +85 °C

Storage temperature range (TST) -55 to +125 °C

Absolute Maximum Ratings

1. No damage to device if only one parameter is applied at a time with other parameters at
nominal conditions.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Parameter Symbol Condition Min. Typ. Max. Unit

Test Frequency = 450 MHz 

Small signal gain G CW 21.5 dB

Output power at 1 dB P1 dB CW 24 dBm

Output 3rd order intercept point OIP3 2 tones, 7 dBm /tone 41 dBm

Noise figure NF 4.5 dB

Test Frequency = 900 MHz

Small signal gain G CW 17.5 dB

Output power at 1 dB P1 dB CW 27 dBm

Output 3rd order intercept point OIP3 2 tones, 9 dBm/tone 43 dBm

POUT @ ACPR = -45 dBc POUT IS-95; 9 forward channels 20 dBm

Test Frequency = 1960 MHz (OIP3 Match)

Small signal gain G CW 10.5 12 13.5 dB

Output power at 1 dB P1 dB CW 23.5 25 dBm

Output 3rd order intercept point OIP3 2 tones, 7 dBm/tone 38 44 dBm

Noise figure NF 4.5 6 dB

Power added efficiency PAE CW, POUT = 25 dBm 29 34 %

Quiescent current Iq No RF input 110 130 mA

Test Frequency = 1960 MHz (ACPR Match)

Output power at 1 dB P1 dB CW 28 dBm

POUT @ ACPR = -45 dBc POUT IS-95; 9 forward channels 22 dBm

Test Frequency = 2140 MHz

Small signal gain G CW 11.5 dB

Output power at 1 dB P1 dB CW 28.0 dBm

Output 3rd order intercept point OIP3 2 tones, 7 dBm/tone 42 dBm

POUT @ ACLR = -45 dBc POUT 3G-WCDMA; downlink test model #1 with 64 DPCH 20 dBm

Test Frequency = 2450 MHz

Small signal gain G CW 9.5 dB

Output power at 1 dB P1 dB CW 28 dBm

Output 3rd order intercept point OIP3 2 tones, 7 dBm/tone 42 dBm

Power added efficiency PAE CW, POUT = 28 dBm 42 %

Electrical Characteristics

VCC = 5 V, TC = 25 °C, Z0 = 50 Ω, unless otherwise noted 
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C1 C2 C3
R1

VCC = 5 V

L1

1Input Output

M1

M2 M5

M3 M4 M6
2

4

Evaluation Board Schematic

Frequency 

1960 MHz 1960 MHz
Component 450 MHz 900 MHz ( OIP3 ) ( ACPR ) 2140 MHz 2450 MHz

R1 0 Ω 0 Ω 0 Ω 0 Ω 0 Ω 0 Ω
C1 0.1 µF 0.1 µF 0.1 µF 0.1 µF 0.1 µF 0.1 µF

C2 1000 pF 1000 pF 1000 pF 1000 pF 1000 pF 1000 pF

C3 120 pF 68 pF 18 pF 18 pF 18 pF 18 pF

L1 100 nH 39 nH 27 nH 27 nH 27 nH 27 nH

M1 12 nH 8.2 nH DNC 1 pF 1 pF 1 pF

M2 12 pF 3.9 pF 2.7 pF 4.7 pF 4.7 pF 3.3 pF

M3 15 pF DNC 1.0 pF DNC DNC DNC

M4 DNC DNC DNC 0.5 pF 0.5 pF DNC

M5 82 pF 56 pF 15 pF 10 pF 10 pF 10 pF

M6 6.8 pF DNC DNC DNC DNC DNC

Evaluation Board Component Values vs. Frequency
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Typical Small Signal Gain 
vs. Frequency vs. Temperature
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Typical ACPR vs. POUT (@ 900 MHz) 
Using IS-95 Signal with 9 Forward Channels
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Typical ACPR vs. POUT (@ 2140 MHz) Using
3G-WCDMA Test  Model #1 with 64 Forward Channels

POUT (dBm)

AC
PR

 (d
Bc

)

-65

-60

-55

-50

-45

-40

-35

10 12 14 16 18 20 22

Typical EVM vs. POUT (@ 2450 MHz) Using
802.11g Signal (64-QAM, 54 Mbps)

POUT (dBm)

EV
M

 (%
)

0

3

2

1

4

5

6

7

8

13 14 15 16 17 18 19 20 21 2322

Typical Performance Data

TA = 25° C, Z0 = 50 Ω, unless otherwise noted 
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Spectral Response Using 802.11g
Signal (64-QAM, 54 Mbps)
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Package Dimensions

Model Name Ordering Part Number Package Description

SKY65009, 250–2500 MHz Linear Power Amplifier Driver SKY65009-21 TW13-D281 (450 MHz)
TW13-D282 (900 MHz)
TW13-D283 (1960 MHz -OIP3)
TW13-D284 (1960 MHz -ACPR)
TW13-D284 (2140 MHz)
TW13-D286 (2450 MHz) 

Ordering Information 

All measurements are in millimeters.
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SKY65028-70LF: 250–2700 MHz
Linear Power Amplifier Driver

DATA SHEET

Applications
� UHF TV broadcasts
� TETRA radios
� GSM450, GSM480, GSM750 basestations
� AMPS, PCS, DCS, 2.5G, 3G basestations
� ISM band transmitters
� WCS fixed wireless
� 802.11b/g WLANs

Features
� Wideband frequency range: 250–2700 MHz
� High linearity: OIP3 > 40 dBm and P1 dB > 24 dBm
� High efficiency: PAE 48%
� High gain: 20 dB
� Single DC supply, 3 V or 5 V
� Available lead (Pb)-free, RoHS-compliant, and Green™
MSL-1 @ 260 °C per JEDEC J-STD-020

Description
Skyworks SKY65028-70LF is a high performance, ultra-wideband
linear amplifier with superior output power, linearity, and efficiency.
The device is fabricated using Skyworks high reliability Aluminum
Gallium Arsenide (AlGaAs) Heterojunction Bipolar Transistor
(HBT) technology.

The SKY65028-70LF achieves a high linearity and superior
Adjacent Channel Power Rejection/Adjacent Channel Leakage Ratio
(ACPR/ACLR) performance. This makes it ideal for use in the driver
stage of infrastructure transmit chains for Trans-European Trunked
Radio (TETRA) transceivers, multi-band (GSM, AMPS, PCS, DCS)
handsets, and many other wireless applications.

The SKY65028-70LF is a lead (Pb)-free and Green™ SOT-89
industry standard package.

Skyworks Green™ products are lead (Pb)-free,
RoHS (Restriction of Hazardous Substances)-com-
pliant, conform to the EIA/EICTA/JEITA Joint Industry
Guide (JIG) Level A guidelines, and are free from
antimony trioxide and brominated flame retardants.

NEW

Pin Out — 4-Pin SOT-89 Package (Top View)
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Parameter Symbol Test Conditions Min. Typ. Max. Unit

Test Frequency = 450 MHz

Small signal gain G CW 27 dB

Output power @ 1 dB compression P1 dB CW 24 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 42 dBm

Test Frequency = 900 MHz

Small signal gain G CW 22 dB

Output power @ 1 dB compression P1 dB CW 24 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 42 dBm

Noise figure NF 4 dB

Output power @ ACPR = -45 dBc, POUT IS-95. Nine forward channels 18 dBm
750 kHz offset

Test Frequency = 1960 MHz

Small signal gain G CW 14.5 16 dB

Output power @ 1 dB compression P1 dB CW 23 25 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 39 42 dBm

Noise figure NF 5.5 6.5 dB

Power added efficiency PAE CW @ POUT = P1 dB 42 48 %

Supply current IS 125 145 mA

Output power @ ACPR = -45 dBc, POUT IS-95. Nine forward channels 17 19 dBm
885 kHz offset

Test Frequency = 2140 MHz

Small signal gain G CW 15 dB

Output power @ 1 dB compression P1 dB CW 25 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 42 dBm

Output power @ ACLR = -45 dBc, POUT WCDMA. Test model #1; 64 DPCH 17 dBm
5 MHz offset

Test Frequency = 2450 MHz

Small signal gain G CW 14.5 dB

Output power @ 1 dB compression P1 dB CW 25 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 42 dBm

Noise figure NF 5 dB

Power added efficiency PAE CW, POUT = 26 dBm 50 %

Test Frequency = 2600 MHz

Small signal gain G CW 14 dB

Output power @ 1 dB compression P1 dB CW 25 dBm

Output 3rd order intercept point OIP3 Two tones, each @ 7 dBm output power 41 dBm

Electrical Characteristics

VCC = 5 V, TC = 25 °C, unless otherwise noted



DATA SHEET • SKY65028-70LF

Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
200445 Rev. C • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • April 21, 2008 3

Pin # Name Description

1 RF_In RF input

2 GND Ground

3 RF_Out RF output

4 GND Ground

Pin Descriptions

Characteristic Value

RF input power (PIN) 15 dBm max.

RF output power (POUT) 27 dBm

Supply voltage (VCC) 6 V

Supply current (ICC) 160 mA

Power dissipation (PD) 1.2 W

Operating case temperature (TC) -40 °C to +85 °C

Storage temperature (TST) -55 °C to +125 °C

Junction temperature (TJ) 150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty. Each absolute maximum rating listed is an
individual parameter. Biasing and driving the amplifier with more than one absolute maximum
rating listed may result in permanent damage to the device. Exposure to maximum rating
conditions for extended periods may reduce device reliability.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Parameter Symbol Min. Typ. Max. Unit

Supply voltage VCC 5 V

Frequency range F 250 2700 MHz

Junction temperature TJ 140 °C

Thermal resistance ΘJC 36 °C/W

Recommended Operating Conditions

Package and Handling Information
Since the device package is sensitive to moisture absorption, it is
baked and vacuum packed before shipping. Instructions on the
shipping container label regarding exposure to moisture after the
container seal is broken must be followed. Otherwise, problems
related to moisture absorption may occur when the part is sub-
jected to high temperature during solder assembly.

For details on attachment techniques, precautions, and
handling procedures recommended by Skyworks, please refer to
Skyworks Application Note, PCB Design and SMT Assembly/
Rework Guidelines for MCM-L Packages, document number
101752. Additional information on standard SMT reflow profiles
can also be found in the JEDEC Standard J-STD-020.

Electrostatic Discharge (ESD) Sensitivity
The SKY65028-70LF is a static-sensitive electronic device. Do
not operate or store near strong electrostatic fields. Take proper
ESD precautions.

Theory of Operation
The SKY65028-70LF is comprised of a single amplifier stage. All
matching structures are external to the amplifier to accommo-
date a wide frequency range of tuning over the 250–2700 MHz
band. The part has excellent linearity at low power levels and
high efficiency at P1 dB. Utilizing the matching and bias circuits
shown the evaluation board schematic, the part can be tuned for
a specific frequency band and operate single positive supply
voltage of typically 3–5 V.

The amplifier collector voltage is supplied through an RF choke
to the output. The reference voltage is supplied through a sepa-
rate RF choke to the amplifier input. A voltage divider (R2/R3)
sets the proper bias level to the input. Capacitors C7, C8 and C9
provide DC bias decoupling for VCC. In some applications, if a
series DC blocking cap is not part of the input or output RF
matching circuits, a blocking cap of 100 pF, should be included
to provide DC blocking to the RF ports.
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Typical Performance Data

VCC = 5 V, TC = 25 °C, unless otherwise noted
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Typical Performance Data

VCC = 5 V, TC = 25 °C, unless otherwise noted
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Evaluation Board Description
The Skyworks SKY65028-70LF Evaluation Board is used to test
the performance of the SKY65028-70LF power amplifier driver.

The following design considerations are general in nature and
must be followed regardless of final use or configuration.

1. Paths to ground should be made as short as possible.
2. The ground pad of the SKY65028-70LF power amplifier has
special electrical and thermal grounding requirements. This pad
is the main thermal conduit for heat dissipation. Since the circuit
board acts as the heat sink, it must shunt as much heat as pos-
sible from the amplifier. As such, design the connection to the
ground pad to dissipate the maximum wattage produced to the
circuit board. Multiple vias to the grounding layer are required.

NOTE: Junction temperature (TJ) of the device increases with a
poor connection to the slug and ground. This reduces the
lifetime of the device.

Testing Procedure
Use the following procedure to set up the SKY65028-70LF
Evaluation Board for testing:

1. Connect a 5.0 V supply to VCC. If available, enable the current
limiting function of the power supply to 240 mA.

2. Connect a signal generator to the RF signal input port. Set it to
the desired RF frequency at a power level of -15 dBm or less
to the evaluation board but do NOT enable the RF signal.

3. Connect a spectrum analyzer to the RF signal output port.

4. Enable the power supply.

5. Enable the RF signal.

6. Take measurements.

CAUTION: If any of the output signals exceed the rated maximum
values, the SKY65028-70LF evaluation board can be
permanently damaged.

GN
D

V C
C

GN
D

GN
D

R3

R2

R1

C7

C1 C2

C3

C8
C9

C5

C6C4L2

L1
J1 (RF In)

JP1

J2 (RF Out)

Evaluation Board Assembly

Layer 3: Ground

Layer 4: Solid Ground Plane

Layer 1: Top - Metal

Layer 2: Ground

Evaluation Board Layer Detail
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Cross Section Name Thickness (mils) Material εr

L1 1.4 Cu –

Lam1 12 Rogers 4003-12 3.38

L2_GND 1.4 Cu, 1 oz. –

Lam2 4 FR4-4 4.35

L3_GND 1.4 Cu, 1 oz. –

Lam3 12 FR4-12 4.35

L4 1.4 Cu, 1 oz. –

Evaluation Board Stack-Up

SK28
YYWW YY = Calendar Year

WW = Week
Packaged Sealed

Branding Specifications

C7C8C9

L1

OutputInput

VCC = 5 V or 3.3 V

1

2

3

4

M2

M1 M3 M4

M5

M6

R1

L2

R2

R3

Evaluation Board Schematic

Refer to Evaluation Board Component Values vs. Frequency Table for component values.

Component Evaluation Board Frequency (MHz)

450 900 1960 2140 2450 2450 2600

VCC = 5 V VCC = 3.3 V VCC = 5 V

R1 0 Ω 0 Ω 0 Ω 0 Ω 0 Ω 0 Ω 0 Ω
R2 390 Ω 390 Ω 390 Ω 390 Ω 390 Ω 220 Ω 390 Ω
R3 180 Ω 180 Ω 180 Ω 180 Ω 180 Ω 200 Ω 180 Ω
C7 0.1 µF 0.1 µF 0.1 µF 0.1 µF 0.1 µF 0.1 µF 0.1 µF

C8 1000 pF 1000 pF 1000 pF 1000 pF 1000 pF 1000 pF 1000 pF

C9 68 pF 68 pF 18 pF 18 pF 18 pF 18 pF 18 pF

L1 39 nH 39 nH 27 nH 27 nH 27 nH 27 nH 22 nH

L2 39 nH 39 nH 27 nH 27 nH 27 nH 27 nH 22 nH

M1 6.8 nH 6.8 nH 15 nH 6.8 nH 1 pF 1 pF 1 pF

M2 15 pF 6.8 pF 12 pF 1 pF 1.5 pF 1.5 pF 1.2 pF

M3 DNI 10 pF 1.5 pF 1 pF DNI DNI DNI

M4 DNI DNI DNI 2.2 pF DNI DNI DNI

M5 39 pF 10 pF 2.2 pF 3.3 pF 20 pF 20 pF 20 pF

M6 33 nH 8.2 nH 3.9 nH 2.2 nH 0.5 pF 0.5 pF 0.5 pF

Evaluation Board Component Values vs. Frequency

DNI: Do Not Install.
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Package Dimensions
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Tape and Reel Dimensions

8.00 ± 0.10 4.00 ± 0.10
2.00 ± 0.05

1.75 ± 0.10

12.0 ± 0.30

5.50 ± 0.05

0.30 ± 0.05

1.90 ± 0.10

7° Max.

8° Max.
B

A A

B

B

B

Pin #1
Indicator

4.90 ± 0.10

4.60 ± 0.10

Notes:
1. Carrier tape material: black conductive polycarbonate
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.2 mm width
4. All measurements are in millimeters

∅1.50 ± 0.10

∅1.00 Min.
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Information in this document is provided in connection with Skyworks Solutions, Inc. (“Skyworks”) products or services. These materials, including the information contained herein, are provided
by Skyworks as a service to its customers and may be used for informational purposes only by the customer. Skyworks assumes no responsibility for errors or omissions in these materials or the
information contained herein. Skyworks may change its documentation, products, services, specifications or product descriptions at any time, without notice. Skyworks makes no commitment to
update the materials or information and shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes.

No license, whether express, implied, by estoppel or otherwise, is granted to any intellectual property rights by this document. Skyworks assumes no liability for any materials, products or
information provided hereunder, including the sale, distribution, reproduction or use of Skyworks products, information or materials, except as may be provided in Skyworks Terms and
Conditions of Sale.

THE MATERIALS, PRODUCTS AND INFORMATION ARE PROVIDED “AS IS”WITHOUT WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE, INCLUDING FITNESS FOR A
PARTICULAR PURPOSE OR USE, MERCHANTABILITY, PERFORMANCE, QUALITY OR NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY
DISCLAIMED. SKYWORKS DOES NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS CONTAINED WITHIN THESE MATERIALS. SKYWORKS
SHALL NOT BE LIABLE FOR ANY DAMAGES, INCLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT LIMITATION,
LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM THE USE OF THE MATERIALS OR INFORMATION, WHETHER OR NOT THE RECIPIENT OF MATERIALS HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGE.

Skyworks products are not intended for use in medical, lifesaving or life-sustaining applications, or other equipment in which the failure of the Skyworks products could lead to personal injury,
death, physical or environmental damage. Skyworks customers using or selling Skyworks products for use in such applications do so at their own risk and agree to fully indemnify Skyworks for any
damages resulting from such improper use or sale.

Customers are responsible for their products and applications using Skyworks products, which may deviate from published specifications as a result of design defects, errors, or operation of
products outside of published parameters or design specifications. Customers should include design and operating safeguards to minimize these and other risks. Skyworks assumes no liability for
applications assistance, customer product design, or damage to any equipment resulting from the use of Skyworks products outside of stated published specifications or parameters.

Skyworks, the Skyworks symbol, and “Breakthrough Simplicity” are trademarks or registered trademarks of Skyworks Solutions, Inc., in the United States and other countries. Third-party brands and
names are for identification purposes only, and are the property of their respective owners. Additional information, including relevant terms and conditions, posted at www.skyworksinc.com, are
incorporated by reference.

Ordering Information
Model Name Manufacturing Part Number Evaluation Kit Part Number

SKY65028-70LF: 250–2700 MHz
Linear Power Amplifier Driver

SKY65028-70LF (Pb-free and Green package) TW11-D631 (900 MHz)

TW11-D632 (1960 MHz)

TW11-D633 (2140 MHz)

TW11-D634 (450 MHz)

TW11-D636 (2450 MHz, VCC = 5 V)

TW11-D638 (2450 MHz, VCC = 3.3 V)

TW11-D637 (2600 MHz)
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SKY72300: Spur-Free, 2.1 GHz Dual Fractional-N Frequency 
Synthesizer 
Applications 

• General purpose RF systems 

• 2.5G and 3G wireless infrastructure 

• Broadband wireless access 

• Low bit rate wireless telemetry 

• Instrumentation 

• L-band receivers 

• Satellite communications 

Features 

• Spur-free operation 

• 2.1 GHz maximum operating frequency 

• 500 MHz maximum auxiliary synthesizer 

• Ultra-fine step size, 100 Hz or less 

• High internal reference frequency enables large loop bandwidth 
implementations 

• Very fast switching speed (e.g., below 100 µs) 

• Phase noise to –91 dBc/Hz inside the loop filter bandwidth 
@ 1800 MHz 

• Software programmable power-down modes 

• High-speed serial interface up to 100 Mbps 

• Three-wire programming 

• Programmable division ratios on reference frequency 

• Phase detectors with programmable gain to provide a 
programmable loop bandwidth 

• Frequency power steering further enhances rapid acquisition 
time 

• On-chip crystal oscillator 

• Frequency adjust for temperature compensation 
 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Innovation to GoTM

Now available for purchase online. 

• Direct digital modulation 

• 3 V operation 

• 5 V output to loop filter 

• EP-TSSOP (28-pin, 9.7 x 6.4 x 1.1 mm) Pb-free (MSL3, 260 °C 
per JEDEC J-STD-020)  package 

Description 
Skyworks SKY72300 direct digital modulation fractional-N 
frequency synthesizer provides ultra-fine frequency resolution, 
fast switching speed, and low phase-noise performance. This 
synthesizer is a key building block for high-performance radio 
system designs that require low power and fine step size. 

The ultra-fine step size of less than 100 Hz allows this synthesizer 
to be used in very narrowband wireless applications. With proper 
temperature sensing or through control channels, the 
synthesizer’s fine step size can compensate for crystal oscillator 
or Intermediate Frequency (IF) filter drift. As a result, crystal 
oscillators or crystals can replace temperature-compensated or 
ovenized crystal oscillators, reducing parts count and associated 
component cost. The device’s fine step size can also be used for 
Doppler shift corrections. 

The SKY72300 has a phase noise floor of –90 dBc/Hz up to 
2.1 GHz operation as measured inside the loop bandwidth. This is 
permitted by the on-chip low noise dividers and low divide ratios 
provided by the device’s high fractionality. 

Reference crystals or oscillators up to 50 MHz can be used with 
the SKY72300. The crystal frequency is divided down by 
independent programmable dividers (1 to 32) for the main and 
auxiliary synthesizers. The phase detectors can operate at a 
maximum speed of 25 MHz, which allows better phase noise due 
to the lower division value. With a high reference frequency, the 
loop bandwidths can also be increased. Larger loop bandwidths 
improve the settling times and reduce in-band phase noise. 
Therefore, typical switching times of less than 100 µs can be 
achieved. The lower in-band phase noise also permits the use of 
lower cost Voltage Controlled Oscillators (VCOs) in customer 
applications. 
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The SKY72300 has a frequency power steering circuit that helps 
the loop filter to steer the VCO when the frequency is too fast or 
too slow, further enhancing acquisition time. 

The unit operates with a three-wire, high-speed serial interface. A 
combination of large bandwidth, fine resolution, and the three-
wire, high-speed serial interface allows for a direct frequency 
modulation of the VCO. This supports any continuous phase, 
constant envelope modulation scheme such as Frequency 
Modulation (FM), Frequency Shift Keying (FSK), Minimum Shift 
Keying (MSK), or Gaussian Minimum Shift Keying (GMSK). 

This capability can eliminate the need for In-phase and 
Quadrature (I/Q) Digital-to-Analog Converters (DACs), quadrature 
upconverters, and IF filters from the transmitter portion of the 
radio system. 

A functional block diagram for the SKY72300 is shown in 
Figure 1. Recommended operating conditions are provided in 
Table 1. Package dimensions for the 9.7 x 6.4 mm Exposed Pad 
Thin Shrink Small Outline Package (EP-TSSOP) are shown in 
Figure 2. 
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Figure 1. SKY72300 Functional Block Diagram 

Table 1. Recommended Operating Conditions 

Parameter Min Max Units 

Analog RF supplies 2.7 3.3 VDC 

Digital supply 2.7 3.3 VDC 

Charge pump supplies 2.7 5.0 (Note 1) VDC 

Operating temperature (TA) –40 +85 °C 

Note 1: When power steering is enabled, the charge pump must be 4.5 V maximum. 
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Figure 2. SKY72300 28-Pin EP-TSSOP Package Dimensions 

Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY72300 2.1 GHz Frequency Synthesizer SKY72300-21 (Pb-free package) PH00-D112 
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SKY74038: 2.6 GHz/800 MHz Dual Fractional-N/lnteger-N 
Frequency Synthesizer 
Applications 

• Multi-slot GSM/DCS 

• PCS/W-CDMA 

• Portable communication systems 

• Dual-mode cellular telephone systems 

• Spread spectrum receivers 

• Wireless LAN systems 

• Wireless routers and WLL systems 

• SATCOM receivers 

Features 

• Maximum operating frequency: 2.6 GHz 

• Maximum IF synthesizer frequency: 800 MHz 

• Supply voltage as low as 2.6 V 

• Fast frequency settling time with fractional-N operation 

• Internal fractional spur reduction 

• Programmable charge pump currents 

• Digital lock detector 

• Power saving at lower frequency 

• TSSOP (20-pin, 6.5 x 4.4 x 1.0 mm) Pb-free (MSL3, 260 °C per 
JEDEC J-STD-020) package 

 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

 

Description 
Skyworks SKY74038 is a complete, low-power 2.6 GHz/800 MHz 
dual frequency synthesizer. The device provides both Radio 
Frequency (RF) channels and Intermediate Frequency (IF) 
channels. Fractional-N operation offers low phase noise, fast 
settling time, and low spurious tones for RF channels. A standard 
integer-N division is used for IF channels. 

The three-wire serial interface provides programmable control of 
the frequency synthesizer to support dual-conversion 
transceivers. 

A functional block diagram for the SKY74038 is shown in 
Figure 1. Recommended operating conditions are provided in 
Table 1. Package dimensions for the 6.5 x 4.4 mm Thin Shrink 
Small Outline Package (TSSOP) are shown in Figure 2. 
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Figure 1. SKY74038 Block Diagram 

Table 1. Recommended Operating Conditions 

Parameter Min Max Units 

Power supply 2.6 3.6 V 

Operating junction temperature –40 +100 °C 

Operating ambient temperature (TA) –40 +85 °C 
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Figure 2. SKY74038 20-Pin TSSOP Package Dimensions 

Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY74038 2.6 GHz/800 MHz Frequency Synthesizer SKY74038-21 (Pb-free package) PH00-D222 
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SKY72300-362: Spur-Free, 2.1 GHz Dual Fractional-N 
Frequency Synthesizer 
Applications 

• General purpose RF systems 

• 2.5G and 3G wireless infrastructure 

• Broadband wireless access 

• Low bit rate wireless telemetry 

• Instrumentation 

• L-band receivers 

• Satellite communications 

Features 

• Spur-free operation 

• 2.1 GHz maximum operating frequency 

• 500 MHz maximum auxiliary synthesizer 

• Ultra-fine step size, 100 Hz or less 

• High internal reference frequency enables large loop bandwidth 
implementations 

• Very fast switching speed (e.g., below 100 µs) 

• Phase noise to –91 dBc/Hz inside the loop filter bandwidth 
@ 1800 MHz 

• Software programmable power-down modes 

• High-speed serial interface up to 100 Mbps 

• Three-wire programming 

• Programmable division ratios on reference frequency 

• Phase detectors with programmable gain to provide a 
programmable loop bandwidth 

• Frequency power steering further enhances rapid acquisition 
time 

• On-chip crystal oscillator 

• Frequency adjust for temperature compensation 

 

 

 

Skyworks offers lead (Pb)-free RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

 

• Direct digital modulation 

• 3 V operation 

• 5 V output to loop filter 

• QFN (24-pin, 4 x 4 mm) Pb-free (MSL3, 260 °C per JEDEC J-
STD-020) package 

Description 
Skyworks SKY72300-362 direct digital modulation fractional-N 
frequency synthesizer provides ultra-fine frequency resolution, 
fast switching speed, and low phase-noise performance. This 
synthesizer is a key building block for high-performance radio 
system designs that require low power and fine step size. 

The ultra-fine step size of less than 100 Hz allows this synthesizer 
to be used in very narrowband wireless applications. With proper 
temperature sensing or through control channels, the 
synthesizer’s fine step size can compensate for crystal oscillator 
or Intermediate Frequency (IF) filter drift. As a result, crystal 
oscillators or crystals can replace temperature-compensated or 
ovenized crystal oscillators, reducing parts count and associated 
component cost. The device’s fine step size can also be used for 
Doppler shift corrections. 

The SKY72300-362 has a phase noise floor of –90 dBc/Hz up to 
2.1 GHz operation as measured inside the loop bandwidth. This is 
permitted by the on-chip low noise dividers and low divide ratios 
provided by the device’s high fractionality. 

Reference crystals or oscillators up to 50 MHz can be used with 
the SKY72300-362. The crystal frequency is divided down by 
independent programmable dividers (1 to 32) for the main and 
auxiliary synthesizers. The phase detectors can operate at a 
maximum speed of 25 MHz, which allows better phase noise due 
to the lower division value. With a high reference frequency, the 
loop bandwidths can also be increased. Larger loop bandwidths 
improve the settling times and reduce in-band phase noise. 
Therefore, typical switching times of less than 100  s can be 
achieved. The lower in-band phase noise also permits the use of 
lower cost Voltage Controlled Oscillators (VCOs) in customer 
applications. 

The SKY72300-362 has a frequency power steering circuit that 
helps the loop filter to steer the VCO when the frequency is too 
fast or too slow, further enhancing acquisition time. 
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The unit operates with a three-wire, high-speed serial interface. A 
combination of large bandwidth, fine resolution, and the three-
wire, high-speed serial interface allows for a direct frequency 
modulation of the VCO. This supports any continuous phase, 
constant envelope modulation scheme such as Frequency 
Modulation (FM), Frequency Shift Keying (FSK), Minimum Shift 
Keying (MSK), or Gaussian Minimum Shift Keying (GMSK). 

This capability can eliminate the need for In-phase and 
Quadrature (I/Q) Digital-to-Analog Converters (DACs), quadrature 
upconverters, and IF filters from the transmitter portion of the 
radio system. 

Figure 1 shows a functional block diagram for the SKY72300-362. 
The device package and pinout for the 24-pin Quad Flat No-Lead 
(QFN) package are shown in Figure 2. 
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Figure 1. SKY72300-362 Functional Block Diagram 
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Figure 2. SKY72300-362 Pinout, 24-Pin QFN 
 

Technical Description 
The SKY72300-362 is a fractional-N frequency synthesizer using 
a ∆Σ modulation technique. The fractional-N implementation 
provides low in-band noise by having a low division ratio and fast 
frequency settling time. In addition, the SKY72300-362 provides 
arbitrarily fine frequency resolution with a digital word, so that the 
frequency synthesizer can be used to compensate for crystal 
frequency drift in the RF transceiver. 

Serial Interface 

The serial interface is a versatile three-wire interface consisting of 
three pins: Clock (serial clock), Data (serial input), and CS (chip 
select). It enables the SKY72300-362 to operate in a system 
where one or multiple masters and slaves are present. To perform 
a loopback test at startup and to check the integrity of the board 
and processor, the serial data is fed back to the master device 
(e.g., a microcontroller or microprocessor unit) through a 
programmable multiplexer. This facilitates hardware and software 
debugging. 

Registers 

There are ten 16-bit registers in the SKY72300-362. For more 
information, see the Register Descriptions section of this 
document. 

Main and Auxiliary ∆Σ Modulators 

The fractionality of the SKY72300-362 is accomplished by the use 
of a proprietary, configurable 10-bit or 18-bit ∆Σ modulator for 

the main synthesizer and 10-bit ∆Σ modulator for the auxiliary 
synthesizer. 

Main and Auxiliary Fractional Units 

The SKY72300-362 provides fractionality through the use of main 
and auxiliary ∆Σ modulators. The output from the modulators is 
combined with the main and auxiliary divider ratios through their 
respective fractional units. 

VCO Prescalers 

The VCO prescalers provide low-noise signal conditioning of the 
VCO signals. They translate from an off-chip, single-ended or 
differential signal to an on-chip differential Current Mode Logic 
(CML) signal. The SKY72300-362 has independent main and 
auxiliary VCO prescalers. 

Main and Auxiliary VCO Dividers 

The SKY72300-362 provides programmable dividers that control 
the CML prescalers and supply the required signals to the charge 
pump phase detectors. Programmable divide ratios ranging from 
38 to 537 are possible in fractional-N mode and from 32 to 543 in 
integer-N mode. 

Reference Frequency Oscillator 

The SKY72300-362 has a self-contained, low-noise crystal 
oscillator. This crystal oscillator is followed by the clock 
generation circuitry that generates the required clock for the 
programmable reference frequency dividers. 
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Reference Frequency Dividers 

The crystal oscillator signal can be divided by a ratio of 1 to 32 to 
create the reference frequencies for the phase detectors. The 
SKY72300-362 has both a main and an auxiliary frequency 
synthesizer, and provides independently configurable dividers of 
the crystal oscillator frequency for both the main and auxiliary 
phase detectors. The divide ratios are programmed by the 
Reference Frequency Dividers Register. 

NOTE: The divided crystal oscillator frequencies (which are the 
internal reference frequencies), Fref_main and Fref_aux, 
are referred to as reference frequencies throughout this 
document. 

Phase Detectors and Charge Pumps 

The SKY72300-362 uses a separate charge pump phase detector 
for each synthesizer which provides a programmable gain, Kd, 
from 31.25 to 1000 µA/2π radians in 32 steps programmed using 
the Phase Detector/Charge Pump Control Register. 

Frequency Steering 

When programmed for frequency power steering, the SKY72300-
362 has a circuit that helps the loop filter steer the VCO, through 
the LD/PSmain signal (pin 4). In this configuration, the LD/PSmain 
signal can provide for more rapid acquisition. 

When programmed for lock detection, internal frequency steering 
is implemented and provides frequency acquisition times 
comparable to conventional phase/frequency detectors. 

Lock Detection 

When programmed for lock detection, the SKY72300-362 
provides an active low, pulsing open collector output using the 
LD/PSmain signal (pin 4) to indicate the out-of-lock condition. 
When locked, the LD/PSmain signal is tri-stated (high 
impedance). 

Power Down 

The SKY72300-362 supports a number of power-down modes 
through the serial interface. For more information, see the 
Register Descriptions section of this document. 

Serial Interface Operation 
The serial interface consists of three pins: Clock (pin 22), Data 
(pin 20), and CS (pin 21). The Clock signal controls data on the 
two serial data lines (Data and CS). The Data pin bits shift into a 
temporary register on the rising edge of Clock. The CS line allows 
individual selection transfers that synchronize and sample the 
information of slave devices on the same bus. 

Figure 3 depicts how a serial transfer takes place functionally. 

A serial transfer is initiated when a microcontroller or 
microprocessor forces the CS line to a low state. This is followed 
immediately by an address/data stream sent to the Data pin that 
coincides with the rising edges of the clock presented on the 
Clock line. 

Each rising edge of the Clock signal shifts in one bit of data on the 
Data line into a shift register. At the same time, one bit of data is 
shifted out of the Mux_out pin (if the serial bit stream is selected) 
at each falling edge of Clock. To load any of the registers, 16 bits 
of address or data must be presented to the Data line with the 
LSB last while the CS signal is low. If the CS signal is low for 
more than 16 clock cycles, only the last address or data bits are 
used to load the registers. 

If the CS signal is brought to a high state before the 13th Clock 
edge, the bit stream is assumed to be modulation data samples. 
In this case, it is assumed that no address bits are present and 
that all the bits in the stream should be loaded into the 
Modulation Data Register. 

Register Programming 

Register programming equations, described in this section, use 
the following variables and constants: 

Nfractional Desired VCO division ratio in fractional-N applications. 
This is a real number and can be interpreted as the 
reference frequency (Fref) multiplying factor such that 
the resulting frequency is equal to the desired VCO 
frequency. 

Ninteger Desired VCO division ratio in integer-N applications. 
This number is an integer and can be interpreted as 
the reference frequency (Fref) multiplying factor so that 
the resulting frequency is equal to the desired VCO 
frequency. 

Nreg Nine-bit unsigned input value to the divider ranging 
from 0 to 511 (integer-N mode) and from 6 to 505 
(fractional-N mode). 

divider This constant equals 262144 when the ∆Σ modulator 
is in 18-bit mode, and 1024 when the ∆Σ modulator is 
in 10-bit mode. 

dividend When in 18-bit mode, this is the 18-bit signed input 
value to the ∆Σ modulator, ranging from 
–131072 to +131071 and providing 262144 steps, 
each step equal to Fdiv_ref/218 Hz. 

 When in 10-bit mode, this is the 10-bit signed input 
value to the ∆Σ modulator, ranging from 
–512 to +511 and providing 1024 steps, each step 
equal to Fdiv_ref/210 Hz. 
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Figure 3. Serial Transfer Timing Diagram 
 

FVCO Desired VCO frequency (either Fvco_main or Fvco_aux). 

Fdiv_ref Divided reference frequency presented to the phase 
detector (either Fref_main or Fref_aux). 

Fractional-N Applications. The desired division ratio for the 
main and auxiliary synthesizers is given by: 

 
ref_div

VCO
fractional F

F
N =  

where Nfractional must be between 37.5 and 537.5. 

The value to be programmed by the Main or Auxiliary Divider 
Register is given by: 

 32)N(RoundN fractionalreg −=  

NOTE: The Round function rounds the number to the nearest 
integer. 

When in fractional mode, allowed values for Nreg are from 6 to 505 
inclusive. 

The value to be programmed by either of the MSB/LSB Dividend 
Registers or the Auxiliary Dividend Register is given by: 

 )]32NN(divider[Rounddividend regfractional −−×=  

where the divider is either 1024 in 10-bit mode or 262144 in 
18-bit mode. Therefore, the dividend is a signed binary value 
either 10 or 18 bits long. 

NOTE: Because of the high fractionality of the SKY72300-362, 
there is no practical need for any integer relationship 
between the reference frequency and the channel spacing 
or desired VCO frequencies. 

Sample calculations for two fractional-N applications are provided 
in Figure 4. 

Integer-N Applications. The desired division ratio for the main or 
auxiliary synthesizer is given by: 

 
ref_div

main_vco
egerint F

F
N =  

where Ninteger is an integer number from 32 to 543. 

The value to be programmed by the Main or Auxiliary Divider 
Register is given by: 

 32NN egerintreg −=  

When in integer mode, allowed values for Nreg are from 0 to 511 
for both the main and auxiliary synthesizers. 

NOTE: As with all integer-N synthesizers, the minimum step size 
is related to the crystal frequency and reference frequency 
division ratio. 

A sample calculation for an integer-N application is provided in 
Figure 5. 

Register Loading Order. In applications where the main 
synthesizer is in 18-bit mode, the Main Dividend MSB Register 
holds the 10 MSBs of the dividend and the Main Dividend LSB 
Register holds the 8 LSBs of the dividend. The registers that 
control the main synthesizer’s divide ratio are to be loaded in the 
following order: 

• Main Divider Register 

• Main Dividend LSB Register 

• Main Dividend MSB Register (at which point the new divide ratio 
takes effect) 

In applications where the main synthesizer is in 10-bit mode, the 
Main Dividend MSB Register holds the 10 bits of the dividend. The 
registers that control the main synthesizer’s divide ratio are to be 
loaded in the following order: 

• Main Divider Register 

• Main Dividend MSB Register (at which point the new divide ratio 
takes effect) 
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Case 1: To achieve a desired Fvco_main frequency of 902.4530 MHz using a crystal frequency of 40 MHz with operation
 of the synthesizer in 18-bit mode. Since the maximum internal reference frequency (Fdiv_ref) is 25 MHz, the crystal
 frequency is divided by 2 to obtain a Fdiv_ref of 20 MHz. Therefore:

  Nfractional = Fvco_main

     Fdiv_ref

    = 902.4530
     20

    = 45.12265

 The value to be programmed in the Main Divider Register is:

  Nreg = Round[Nfractional] – 32

   = Round[45.12265] – 32

   = 45 – 32

   = 13 (decimal)

   = 000001101 (binary)

 With the modulator in 18-bit mode, the value to be programmed in the Main Dividend Registers is:

 dividend = Round[divider × (Nfractional – Nreg – 32)]

  = Round[262144 × (45.12265 – 13 – 32)]

  = Round[262144 × (0.12265)]

  = Round[32151.9616]

  = 32152 (decimal)

  = 000111110110011000 (binary)

 where 00 0111 1101 is loaded in the MSB of the Main Dividend Register and 1001 1000 is loaded in the LSB of the
 Main Dividend Register.

 Summary:

 · Main Divider Register = 0 0000 1101
 · Main Dividend Register, LSB = 1001 1000
 · Main Dividend Register, MSB = 00 0111 1101
 · The resulting main VCO frequency is 902.453 MHz
 · Step size is 76.3 Hz

 Note: The frequency step size for this case is 20 MHz divided by 218, giving 76.3 Hz.

C1414
 

Figure 4. Fractional-N Applications: Sample Calculation (1 of 2) 
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Case 2: To achieve a desired Fvco_main frequency of 917.7786 MHz using a crystal frequency of 19.2 MHz with operation
 of the synthesizer in 10-bit mode. Since the maximum internal reference frequency (Fdiv_ref) is 25 MHz, the crystal
 frequency does not require the internal division to be greater than 1, which makes Fdiv_ref = 19.2 MHz. Therefore:

  Nfractional = Fvco_main

     Fdiv_ref

    = 917.7786
     19.2

    = 47.80097

 The value to be programmed in the Main Divider Register is:

  Nreg = Round[Nfractional] – 32

   = Round[47.80087] – 32

   = 48 – 32

   = 16 (decimal)

   = 000010000 (binary)

 With the modulator in 10-bit mode, the value to be programmed in the Main Dividend Registers is:

 dividend = Round[divider × (Nfractional – Nreg – 32)]

  = Round[1024 × (47.80087 – 16 – 32)]

  = Round[1024× (–0.1990312)]

  = Round[–203.808]

  = 204 (decimal)

  = 1100110100 (binary)

 where 11 0011 0100 is loaded in the MSB of the Main Dividend Register.

 Summary:

 · Main Divider Register = 0 0001 0000
 · Main Dividend Register, MSB = 11 0011 0100
 · The resulting main VCO frequency is 917.775 MHz
 · Step size is 18.75 kHz

 Note: The frequency step size for this case is 19.2 MHz divided by 210, giving 18.75 kHz.
C1415

 

Figure 4. Fractional-N Applications: Sample Calculation (2 of 2) 
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Case 1: To achieve a desired Fvco_aux frequency of 400 MHz using a crystal frequency of 16 MHz. Since the minimum
 divide ratio is 32, the reference frequency (Fdiv_ref) must be a maximum of 12.5 MHz. Choosing a reference
 frequency divide ratio of 2 provides a reference frequency of 8 MHz. Therefore:

  Ninteger = Fvco_aux

     Fdiv_ref

    = 400
     8

    = 50

 The value to be programmed in the Auxiliary Divider Register is:

  Nreg = Ninteger – 32

   = 50 – 32

   = 18 (decimal)

   = 000010010 (binary)

 Summary:

 · Auxiliary Divide Register = 0 0001 0010
C1416

 

Figure 5. Integer-N Applications: Sample Calculation 
 

For the auxiliary synthesizer, the Auxiliary Dividend Register holds 
the 10 bits of the dividend. The registers that control the auxiliary 
synthesizer’s divide ratio are to be loaded in the following order: 

• Auxiliary Divider Register 

• Auxiliary Dividend Register (at which point the new divide ratio 
takes effect) 

NOTE: When in integer mode, the new divide ratios take effect as 
soon as the Main or Auxiliary Divider Register is loaded. 

Direct Digital Modulation 

The high fractionality and small step size of the SKY72300-362 
allow the user to tune to practically any frequency in the VCO’s 
operating range. This allows direct digital modulation by 
programming the different desired frequencies at precise instants. 
Typically, the channel frequency is programmed by the Main 
Divider and MSB/LSB Dividend Registers, and the instantaneous 
frequency offset from the carrier is programmed by the 
Modulation Data Register. 

The Modulation Data Register can be accessed in three ways as 
defined in the following subsections. 

Normal Register Write. A normal 16-bit serial interface write 
occurs when the CS signal is 16 clock cycles wide. The 
corresponding 16-bit modulation data is simultaneously 

presented to the Data pin. The content of the Modulation Data 
Register is passed to the modulation unit at the next falling edge 
of the divided main VCO frequency (Fpd_main). 

Short CS Through Data Pin (No Address Bits Required). A 
shortened serial interface write occurs when the CS signal is from 
2 to 12 clock cycles wide. The corresponding modulation data (2 
to 12 bits) is simultaneously presented to the Data pin. The Data 
pin is the default pin used to enter modulation data directly in the 
Modulation Data Register with shortened CS strobes. 

This method of data entry eliminates the register address 
overhead on the serial interface. All serial interface bits are re-
synchronized internally at the reference oscillator frequency. The 
content of the Modulation Data Register is passed to the 
modulation unit at the next falling edge of the divided main VCO 
frequency (Fpd_main). 

Short CS Through Mod_in Pin (No Address Bits Required). A 
shortened serial interface write occurs when the CS signal is from 
2 to 12 clock cycles wide. The corresponding modulation data (2 
to 12 bits) is simultaneously presented on the Mod_in pin, an 
alternate pin used to enter modulation data directly into the 
Modulation Data Register with shortened CS strobes. This mode is 
selected through the Modulation Control Register. 
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Table 1. SKY72300-362 Register Map 

Address (Hex) Register (Note 1) Length (Bits) Address (Bits) 

0 Main Divider Register 12 4 

1 Main Dividend MSB Register 12 4 

2 Main Dividend LSB Register 12 4 

3 Auxiliary Divider Register 12 4 

4 Auxiliary Dividend Register 12 4 

5 Reference Frequency Dividers Register 12 4 

6 Phase Detector/Charge Pump Control Register 12 4 

7 Power Down/Multiplexer Output Select Control Register 12 4 

8 Modulation Control Register 12 4 

9 

— 

Modulation Data Register 

Modulation Data Register (Note 2) — direct input 

12 

2 ≤ length ≤ 12 bits 

4 

0 

Note 1: All registers are write only. 

Note 2: No address bits are required for modulation data. Any serial data between 2 and 12 bits long is considered modulation data. 

 

This method of data entry also eliminates the register address 
overhead on the serial interface and allows a different device than 
the one controlling the channel selection to enter the modulation 
data (e.g., a microcontroller for channel selection and a digital 
signal processor for modulation data). 

All serial interface bits are internally re-synchronized at the 
reference oscillator frequency and the content of the Modulation 
Data Register is passed to the modulation unit at the next falling 
edge of the divided main VCO frequency (Fpd_main). 

Modulation data samples in the Modulation Data Register can be 
from 2 to 12 bits long, and enable the user to select how many 
distinct frequency steps are to be used for the desired modulation 
scheme. 

The user can also control the frequency deviation through the 
modulation data magnitude offset in the Modulation Control 
Register. This allows shifting of the modulation data to 
accomplish a 2m multiplication of frequency deviation. 

NOTE: The programmable range of –0.5 to +0.5 of the main 
∆Σ modulator can be exceeded up to the condition where 
the sum of the dividend and the modulation data conform 
to: 

 5625.0)dividendN(5625.0 mod +≤+≤−  

When the sum of the dividend and modulation data lie outside this 
range, the value of Ninteger must be changed. 

For a more detailed description of direct digital modulation 
functionality, refer to the Skyworks Application Note, Direct Digital 
Modulation Using the SKY72300, SKY72301, and SKY72302 Dual 
Synthesizers/PLLs (document number 101349). 

Register Descriptions 
Table 1 lists the 10 16-bit registers that are used to program the 
SKY72300-362. All register writes are programmed address first, 
followed directly with data. MSBs are entered first. On power up, 
all registers are reset to 0x000 except registers at addresses 0x0 
and 0x3, which are set to 0x006. 

Main Synthesizer Registers 

The Main Divider Register contains the integer portion closest to 
the desired fractional-N (or the integer-N) value minus 32 for the 
main synthesizer. This register, in conjunction with the Main 
Dividend MSB and LSB Registers (which control the fraction offset 
from –0.5 to +0.5), allows selection of a precise frequency. As 
shown in Figure 6, the value to be loaded is: 

• Main Synthesizer Divider Index = Nine-bit value for the integer 
portion of the main synthesizer dividers. Valid values for this 
register are from 6 to 505 (fractional-N) or 0 to 511 (integer-N). 

The Main Dividend MSB and LSB Registers control the fraction 
part of the desired fractional-N value and allow an offset of –0.5 
to +0.5 to the main integer selected through the Main Divider 
Register. As shown in Figures 7 and 8, values to be loaded are: 

• Main Synthesizer Dividend (MSBs) = Ten-bit value for the MSBs 
of the 18-bit dividend for the main synthesizer. 

• Main Synthesizer Dividend (LSBs) = Eight-bit value for the LSBs 
of the 18-bit dividend for the main synthesizer. 

The Main Dividend Register MSB and LSB values are 2's 
complement format. 

NOTE: When in 10-bit mode, the Main Dividend LSB Register is 
not required. 
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Figure 6. Main Divider Register (Write Only) 
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Figure 7. Main Dividend MSB Register (Write Only) 
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Figure 8. Main Dividend LSB Register (Write Only) 
 

Auxiliary Synthesizer Registers 

The Auxiliary Divider Register contains the integer portion closest 
to the desired fractional-N (or integer-N) value minus 32 for the 
auxiliary synthesizer. This register, in conjunction with the 
Auxiliary Dividend Register (which controls the fraction offset from 
–0.5 to +0.5), allows selection of a precise frequency. As shown 
in Figure 9, the value to be loaded is: 

Auxiliary Synthesizer Divider Index = Nine-bit value for the integer 
portion of the auxiliary synthesizer dividers. Valid values for this 
register are from 6 to 505 (fractional-N) or from 0 to 511 (integer-
N).The Auxiliary Dividend Register controls the fraction part of the 
desired fractional-N value and allows an offset of –0.5 to +0.5 to 
the auxiliary integer selected through the Auxiliary Divider 
Register. As shown Figure 10, the value to be loaded is: 

• Auxiliary Synthesizer Dividend = Ten-bit value for the auxiliary 
synthesizer dividend. 

General Synthesizer Registers 

The dual-programmable reference frequency dividers provide the 
reference frequencies to the phase detectors by dividing the 
crystal oscillator frequency. The lower five bits hold the reference 
frequency divide index for the main phase detector. The next five 
bits hold the reference frequency divide index for the auxiliary 
phase detector. Divide ratios from 1 to 32 are possible for each 
reference frequency divider (see Tables 2 and 3). 

The Reference Frequency Dividers Register configures the dual-
programmable reference frequency dividers for the main and 
auxiliary synthesizers. As shown in Figure 11, the values to be 
loaded are: 

• Main Reference Frequency Divider Index = Desired main 
oscillator frequency division ratio –1. Default value on power up 
is 0, signifying that the reference frequency is not divided for 
the main phase detector. 

• Auxiliary Reference Frequency Divider Index = Desired auxiliary 
oscillator frequency division ratio –1. Default value on power up 
is 0, signifying that the reference frequency is not divided for 
the auxiliary phase detector. 
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Figure 9. Auxiliary Divider Register (Write Only) 
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Figure 10. Auxiliary Dividend Register (Write Only) 
 

Table 2. Programming the Main Reference Frequency Divider 

Decimal Bit 4 (MSB) Bit 3 Bit 2 Bit 1 Bit 0 (LSB) Reference Divider 
Ratio 

0 0 0 0 0 0 1 

1 0 0 0 0 1 2 

2 0 0 0 1 0 3 

— — — — — — — 

— — — — — — — 

— — — — — — — 

31 1 1 1 1 1 32 

 

Table 3. Programming the Auxiliary Reference Frequency Divider 

Decimal Bit 9 (MSB) Bit 8 Bit 7 Bit 6 Bit 5 (LSB) Reference Divider 
Ratio 

0 0 0 0 0 0 1 

1 0 0 0 0 1 2 

2 0 0 0 1 0 3 

— — — — — — — 

— — — — — — — 

— — — — — — — 

31 1 1 1 1 1 32 
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Figure 11. Reference Frequency Dividers Register (Write Only) 
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Figure 12. Phase Detector/Charge Pump Control Register (Write Only) 
 

The Phase Detector/Charge Pump Control Register allows control 
of the gain for both phase detectors and configuration of the 
LD/PSmain and LD/PSaux signals for frequency power steering or 
lock detection. As shown in Figure 12, the values to be loaded 
are: 

• Main Phase Detector Gain = Five-bit value for programmable 
main phase detector gain. Range is from 0 to 31 decimal for 
31.25 to 1000 µA/ 2π radian, respectively. 

• Main Power Steering Enable = One-bit flag to enable the 
frequency power steering circuitry of the main phase detector. 
When this bit is cleared, the LD/PSmain pin is configured to be 
a lock detect, active low, open collector pin. When this bit is set, 
the LD/PSmain pin is configured to be a frequency power 
steering pin and can be used to bypass the external main loop 
filter to provide faster frequency acquisition. 

• Auxiliary Phase Detector Gain = Five-bit value for 
programmable auxiliary phase detector gain. Range is from 0 to 
31 decimal for 31.25 to 1000 µA/2π radians, respectively. 

• Auxiliary Power Steering Enable = One-bit flag to enable the 
frequency power steering circuitry of the auxiliary phase 
detector. When this bit is cleared, the LD/PSaux pin is 
configured to be a lock detect, active low, open collector pin. 
When this bit is set, the LD/PSaux pin is configured to be a 

frequency power steering pin and may be used to bypass the 
external auxiliary loop filter to provide faster frequency 
acquisition. 

The Power Down/Multiplexer Output Select Control Register 
allows control of the power-down modes, internal multiplexer 
output, and main ∆Σ synthesizer fractionality. As shown in 
Figure 13, the values to be loaded are: 

• Full Power Down = One-bit flag to power down the SKY72300-
362 except for the reference oscillator and the serial interface. 
When this bit is cleared, the SKY72300-362 is powered up. 
When this bit is set, the SKY72300-362 is in full power-down 
mode excluding the Mux_out signal (pin 24). 

• Main Synthesizer Power Down = One-bit flag to power down 
the main synthesizer. When this bit is cleared, the main 
synthesizer is powered up. When this bit is set, the main 
synthesizer is in power-down mode. 

• Main Synthesizer Mode = One-bit flag to power down the main 
synthesizer’s ∆Σ modulator and fractional unit to operate as an 
integer-N synthesizer. When this bit is cleared, the main 
synthesizer is in fractional-N mode. When this bit is set, the 
main synthesizer is in integer-N mode. 
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Figure 13. Power Down and Multiplexer Output Register (Write Only) 
 

Table 4. Multiplexer Output 

Multiplexer Output Select 
(Bit 8) 

Multiplexer Output Select 
(Bit 7) 

Multiplexer Output Select 
(Bit 6) 

Multiplexer Output 
(Mux_out) 

0 0 0 Reference Oscillator 

0 0 1 Auxiliary Reference Frequency (Fref_aux) 

0 1 0 Main Reference Frequency (Fref_main) 

0 1 1 Auxiliary Phase Detector Frequency (Fpd_aux) 

1 0 0 Main Phase Detector Frequency (Fpd_main) 

1 0 1 Serial data out 

1 1 0 Serial interface test output 

1 1 1 Unused 

 

• Main Synthesizer ∆Σ Fractionality = One-bit flag to configure 
the size of the main ∆Σ modulator. This has a direct effect on 
power consumption, and on the level of fractionality and step 
size. When this bit is cleared, the main ∆Σ modulator is 18-bit 
with a fractionality of 218 and a step size of Fref_main/262144. 
When this bit is set, the main ∆Σ modulator is 10-bit with a 
fractionality of 210 and a step size of Fref_main/1024. 

• Auxiliary Synthesizer Power Down = One-bit flag to power down 
the auxiliary synthesizer. When this bit is cleared, the auxiliary 
synthesizer is powered up. When this bit is set, the auxiliary 
synthesizer is in power-down mode. 

• Auxiliary Synthesizer Mode = One-bit flag to power down the 
auxiliary synthesizer’s ∆Σ modulator and fractional unit to 
operate as an integer-N synthesizer. When this bit is cleared, 
the auxiliary synthesizer is in fractional-N mode. When this bit is 
set, the auxiliary synthesizer is in integer-N mode. 

NOTE: There are no special power-up sequences required for the 
SKY72300-362. 

• Multiplexer Output Selection = Three-bit value that selects 
which internal signal is output to the Mux_out pin. The following 
internal signals are available on this pin: 
− Reference oscillator: Fref 
− Main or auxiliary divided reference (post-reference frequency 

main or auxiliary dividers): Fref_main or Fref_aux 
− Main or auxiliary phase detector frequency (post-main or 

auxiliary frequency dividers): Fpd_main or Fpd_aux 
− Serial data out for loop-back and test purposes 

Refer to Table 4 for more information. 

• Mux_out Pin Tri-State Enable = One-bit flag to tri-state the 
Mux_out pin. When this bit is cleared, the Mux_out pin is 
enabled. When this bit is set, the Mux_out pin is tri-stated. 
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Figure 14. Modulation Control Register (Write Only) 
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Figure 15. Modulation Data Register (Write Only) 
 

The Modulation Control Register is used to configure the 
modulation unit of the main synthesizer. The modulation unit adds 
or subtracts a frequency offset to the selected center frequency at 
which the main synthesizer operates. The size of the modulation 
data sample, controlled by the duration of the CS signal, can be 
from 2 to 12 bits wide to provide from 4 to 4096 selectable 
frequency offset steps. 

The modulation data magnitude offset selects the magnitude 
multiplier for the modulation data and can be from 0 to 8. As 
shown in Figure 14, the values to be loaded are: 

• Modulation Data Magnitude Offset = Four-bit value that 
indicates the magnitude multiplier (m) for the modulation data 
samples. Valid values range from 0 to 13, effectively providing a 
2m multiplication of the modulation data sample. 

• Modulation Data Input Select = One-bit flag to indicate the pin 
on which modulation data samples are serially input when the 
CS signal is between 2 and 12 bits long. When this bit is 
cleared, modulation data samples are to be presented on the 
Data pin. When this bit is set, modulation data samples are to 
be presented on the Mod_in pin. 

• Modulation Address Disable = One-bit flag to indicate the 
presence of the address as modulation data samples are 
presented on either the Mod_in or Data pins. When this bit is 
cleared, the address is presented with the modulation data 
samples (i.e., all transfers are 16 bits long). When this bit is set, 

no address is presented with the modulation data samples (i.e., 
all transfers are 2 to 12 bits long). 

The Modulation Data Register is used to load the modulation data 
samples to the modulation unit. These values are transferred to 
the modulation unit on the falling edge of Fpd_main where they are 
passed to the main ∆Σ modulator at the selected magnitude 
offset on the next falling edge of Fpd_main. Modulation Data Register 
values are 2's complement format. As shown in Figure 15, the 
value to be loaded is: 

• Modulation Data Bits = Modulation data samples that represent 
the instantaneous frequency offset to the selected main 
synthesizer frequency (selected channel) before being affected 
by the modulation data magnitude offset. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

The SKY72300-362 is rated to Moisture Sensitivity Level 3 (MSL3) 
at 260 °C. It can be used for lead or lead-free soldering. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
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Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Electrical and Mechanical Specifications 
The SKY72300-362 is supplied as a 24-pin QFN. The exposed 
pad is located on the bottom side of the package and must be 
connected to ground for proper operation. The exposed pad 
should be soldered directly to the circuit board. 

Signal pin assignments and functional pin descriptions are 
described in Table 5. The absolute maximum ratings of the 
SKY72300-362 are provided in Table 6. The recommended 

operating conditions are specified in Table 7 and electrical 
specifications are provided in Table 8. 

Figure 16 provides a schematic diagram for the SKY72300-362. 
Figure 17 shows the package dimensions for the 24-pin QFN and 
Figure 18 provides the tape and reel dimensions. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY72300-362 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 

 

Table 5. SKY72300-362 Signal Descriptions (1 of 2) 

Pin # Pin Name Type Description 

1 VCCcml_main Power and ground Emitter Coupled Logic/Current Mode Logic (ECL/CML), 3 V. Removing power safely powers down the 
associated divider chain and charge pump. 

2 Fvco_main Input Main VCO differential input. 

3 Fvco_main Input Main VCO complimentary differential input. 

4 LD/PS_main Analog output Programmable output pin. Indicates phase detector out-of-lock as an active low pulsing open collector 
output (high impedance when lock is detected), or helps the loop filter steer the VCO. This pin is 
configured using the Phase Detector/Charge Pump Control Register. 

5 VCCcp_main 
(Note 1) 

Power and ground Charge pump supply, 3 to 5 V. Removing power safely powers down the associated divider chain and 
charge pump. 

6 CPout_main Analog output Charge pump output. The gain of the charge pump phase detector is controlled by the Phase 
Detector/Charge Pump Control Register. 

7 N/C – No connection 

8 Xtalacgnd/OSC Ground/input Reference crystal AC ground or external oscillator differential input. 

9 Xtalin/OSC Input Reference crystal input or external oscillator differential input. 

10 Xtalout/NC Input Reference crystal output or no connect. 

11 VCCxtal Power and ground Crystal oscillator ECL/CML, 3 V. 

12 GNDxtal Power and ground Crystal oscillator ground. 

13 LD/PS_aux Analog output Programmable output pin. Indicates auxiliary phase detector out-of-lock as an active low pulsing open 
collector output (high impedance when lock is detected), or helps the loop filter steer the auxiliary VCO. 
This pin is configured using the Phase Detector/Charge Pump Control Register. 

14 VCCcp_aux (Note 1) Power and ground Auxiliary charge pump supply, 3 to 5 V. Removing power safely powers down the associated divider chain 
and charge pump. 

15 CPout_aux Analog output Auxiliary charge pump output. The gain of the auxiliary charge pump phase detector is controlled by the 
Phase Detector/Charge Pump Control Register. 

16 Fvco_aux Input Auxiliary VCO complimentary differential input. 

17 Fvco_aux Input Auxiliary VCO differential input. 

18 VCCcml_aux 
(Note 1) 

Power and ground ECL/CML, 3 V. Removing power safely powers down the associated divider chain and charge pump. 

19 VCCdigital (Note 1) Power and ground Digital supply, 3 V. 

20 Data Digital input Serial address and data input pin. Address bits are followed by data bits. 
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Table 5. SKY72300-362 Signal Descriptions (2 of 2) 

Pin # Pin Name Type Description 

21 CS Digital input Active low enable pin. Enables loading of address and data on the Data pin on the rising edge of Clock. 
When CS goes high, data is transferred to the register indicated by the address. Subsequent clock edges 
are ignored. 

22 Clock Digital input Clock signal pin. When CS is low, the register address and data are shifted in address bits first on the 
Data pin on the rising edge of Clock. 

23 Mod_in Digital input Alternate serial modulation data input pin. Address bits are followed by data bits. 

24 Mux_out Digital output Internal multiplexer output. Selects from oscillator frequency, reference frequency, divided VCO 
frequency, serial data out, or testability signals. This pin can be tri-stated from the synthesizer registers. 

Note 1: Associated pairs of power and ground pins must be decoupled using 0.1 µF capacitors. 

Table 6. Absolute Maximum Ratings 

Parameter Min Max Units 

Maximum analog RF supply voltage  3.6 VDC 

Maximum digital supply voltage  3.6 VDC 

Maximum charge pump supply voltage  5.25 VDC 

Storage temperature –65 +150 °C 

Operating temperature –40 +85 °C 

Note: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal values. 

Table 7. Recommended Operating Conditions 

Parameter Min Max Units 

Analog RF supplies 2.7 3.3 VDC 

Digital supply 2.7 3.3 VDC 

Charge pump supplies 2.7 5.0 (Note 1) VDC 

Operating temperature (TA) –40 +85 °C 

Note 1: When power steering is enabled, the charge pump must be 4.5 V maximum. 

Table 8. Electrical Characteristics (1 of 2) 
(VDD = 3 V, TA = 25 °C, Unless Otherwise Noted) 

Parameter Symbol Test Conditions Min Typ Max Units 

Power Consumption 

Charge pump currents of 
200 µA. Both synthesizers 
fractional, 
FREF_MAIN = 20 MHz, 
FREF_AUX = 1 MHz 

 37.5  mW Total power consumption PTOTAL 

Auxiliary synthesizer 
power down 

 27  mW 

Power-down current ICC_PWDN   10 (Note 1)  µA 

Reference Oscillator 

Reference oscillator frequency FOSC    50 MHz 

Oscillator sensitivity (as a buffer) VOSC AC coupled, single-ended 0.1  2.0 Vpp 

Frequency shift versus supply voltage FSHIFT_SUPPLY 2.7 V ≤ VXTAL ≤ 3.3 V   ±0.3 ppm 
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Table 8. Electrical Characteristics (2 of 2) 
(VDD = 3 V, TA = 25 °C, Unless Otherwise Noted) 

Parameter Symbol Test Conditions Min Typ Max Units 

VCOs 

Main synthesizer operating frequency FVCO_MAIN Sinusoidal, –40 C to 
+85 C 

100 (Note 2)  2100 MHz 

Auxiliary synthesizer operating frequency FVCO_AUX Sinusoidal, –40 C to 
+85 C 

100 (Note 2)  500 MHz 

RF input sensitivity VVCO AC coupled 50  250 mVPEAK 

RF input impedance ZVCO_IN   94 – j140 
@ 1200 MHz 

 Ω 

Main fractional-N tuning step size ∆FSTEP_MAIN  FREF_MAIN/218 or FREF_MAIN/210 Hz 

Auxiliary fractional-N tuning step size ∆FSTEP_AUX  FREF_AUX/210 Hz 

Noise 

Phase noise floor PNF Measured inside the loop 
bandwidth using 25 MHz 
reference frequency, 
–40 C to +85 C 

 –128 
+ 20 Log (N) 

 dBc/Hz 

Phase Detectors and Charge Pumps 

Main phase detector frequency FREF_MAIN –40 C to +85 C   25 MHz 

Auxiliary phase detector frequency FREF_AUX –40 C to +85 C   25 MHz 

Charge pump output source current ICP-SOURCE VCP = 0.5 VCCCP 125  1000 µA 

Charge pump output sink current ICP-SINK VCP = 0.5 VCCCP –125  –1000 µA 

Charge pump accuracy ICP-ACCURACY   ±20  % 

Charge pump output voltage linearity range ICP vs VCP 0.5 V ≤ VCP ≤ (VCCCP 
– 0.5 V) 

GND + 400  VCCCP – 400 mV 

Charge pump current versus temperature ICP vs T VCP = 0.5 VCCCP 
–40 C < T < +85 C 

  5 % 

Charge pump current versus voltage ICP vs VCP 0.5 V ≤ VCP ≤ (VCCCP 
– 0.5 V) 

  8 % 

Digital Pins 

High level input voltage VIH  0.7 VDIGITAL   V 

Low level input voltage VIL    0.3 VDIGITAL V 

High level output voltage VOH IOH = –2 mA VDIGITAL  –0.2   V 

Low level output voltage VOL IOL = +2 mA   GND + 0.2 V 

Timing – Serial Interface 

Clock frequency fCLOCK    100 MHz 

Data and CS set up time to Clock rising tSU  3   ns 

Data and CS hold time after Clock rising tHOLD  0   ns 

Note 1: A 5 V charge pump power supply (on pin 5) results in higher power-down leakage current. 

Note 2: The minimum synthesizer frequency is 12 x FOSC, where FOSC is the frequency at the Xtalin/OSC pin. 
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Figure 16. SKY72300-362 Application Schematic 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY72300-362 2.1 GHz Frequency Synthesizer SKY72300-362 (Pb-free package) TW14-D790 
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DATA SHEET 

SKY72302: Spur-Free, 6.1 GHz Dual Fractional-N Frequency 
Synthesizer 
Applications 

• General purpose RF systems 

• 2.5G and 3G wireless infrastructures 

• Broadband wireless access 

• Low bit rate wireless telemetry 

• Wireless Local Loop (WLL) 

• Instrumentation 

Features 

• Spur-free operation 

• 6.1 GHz maximum operating frequency 

• 1000 MHz maximum auxiliary synthesizer 

• Ultra-fine step size, 400 Hz or less 

• High internal reference frequency enables large loop bandwidth 
implementations 

• Very fast switching speed (e.g., below 100 µs) 

• Phase noise to –80 dBc/Hz inside loop filter bandwidth 
@ 6100 MHz 

• Software programmable power-down modes 

• High speed serial interface up to 100 Mbps 

• Three-wire programming 

• Programmable division ratios on reference frequency 

• Phase detectors with programmable gains to provide a 
programmable loop bandwidth 

• Frequency power steering further enhances rapid acquisition 
time 

• On-chip crystal oscillator 

• Frequency adjust for temperature compensation 

• Direct digital modulation 
 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Innovation to GoTM

Now available for purchase online. 

• 3 V operation 

• 5 V output to loop filter 

• EP-TSSOP (28-pin, 9.7 x 6.4 x 1.1 mm) Pb-free (MSL3, 260 °C 
per JEDEC J-STD-020)  package 

Description 
Skyworks SKY72302 direct digital modulation fractional-N 
frequency synthesizer provides ultra-fine frequency resolution, 
fast switching speed, and low phase-noise performance. This 
synthesizer is a key building block for high-performance radio 
system designs that require low power and fine step size. 

The ultra-fine step size of less than 400 Hz allows this synthesizer 
to be used in very narrowband wireless applications. With proper 
temperature sensing or through control channels, the 
synthesizer’s fine step size can compensate for crystal oscillator 
or Intermediate Frequency (IF) filter drift. As a result, crystal 
oscillators or crystals can replace temperature-compensated or 
ovenized crystal oscillators, reducing parts count and associated 
component cost. The device’s fine step size can also be used for 
Doppler shift corrections. 

The SKY72302 has a phase noise floor of –80 dBc/Hz up to 
6.1 GHz operation as measured inside the loop bandwidth. This is 
permitted by the on-chip low noise dividers and low divide ratios 
provided by the device’s high fractionality. 

Reference crystals or oscillators up to 50 MHz can be used with 
the SKY72302. The crystal frequency is divided down by 
independent programmable dividers (1 to 32) for the main and 
auxiliary synthesizers. The phase detectors can operate at a 
maximum speed of 25 MHz, which allows better phase noise due 
to the lower division value. With a high reference frequency, the 
loop bandwidths can also be increased. Larger loop bandwidths 
improve the settling times and reduce in-band phase noise. 
Therefore, typical switching times of less than 100 µs can be 
achieved. The lower in-band phase noise also permits the use of 
lower cost Voltage Controlled Oscillators (VCOs) in customer 
applications. 

The SKY72302 has a frequency power steering circuit that helps 
the loop filter to steer the VCO when the frequency is too fast or 
too slow, further enhancing acquisition time. 
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The unit operates with a three-wire, high-speed serial interface. A 
combination of a large bandwidth, fine resolution, and the three-
wire, high-speed serial interface allows for a direct frequency 
modulation of the VCO. This supports any continuous phase, 
constant envelope modulation scheme such as Frequency 
Modulation (FM), Frequency Shift Keying (FSK), Minimum Shift 
Keying (MSK), or Gaussian Minimum Shift Keying (GMSK). 

This capability can eliminate the need for In-Phase and 
Quadrature (I/Q) Digital-to-Analog Converters (DACs), quadrature 

upconverters, and IF filters from the transmitter portion of the 
radio system. 

A functional block diagram for the SKY72302 is shown in 
Figure 1. Recommended operating conditions are provided in 
Table 1. Package dimensions for the 9.7 x 6.4 mm Exposed Pad 
Thin Shrink Small Outline Package (EP-TSSOP) are shown in 
Figure 2. 
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Figure 1. SKY72302 Functional Block Diagram 

Table 1. Recommended Operating Conditions 

Parameter Min Max Units 

Analog RF supplies 2.7 3.3 VDC 

Digital supply 2.7 3.3 VDC 

Charge pump supplies 2.7 5.0 (Note 1) VDC 

Operating temperature (TA) –40 +85 °C 

Note 1: When power steering is enabled, the charge pump supply must be 4.5 V maximum. 
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Figure 2. SKY72302 28-Pin EP-TSSOP Package Dimensions 

Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY72302 6.1 GHz Frequency Synthesizer SKY72302-21 (Pb-free package) PH00-D122 
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DATA SHEET 

SKY72301: Spur-Free, 1.0 GHz Dual Fractional-N Frequency 
Synthesizer 
Applications 

• General purpose RF systems 

• Low bit rate wireless telemetry 

• Instrumentation 

• Specialized Mobile Radios (SMRs) and Private Mobile Radios 
(PMRs) 

Features 

• Spur-free operation 

• 1.0 GHz maximum operating frequency 

• 500 MHz maximum auxiliary synthesizer 

• Ultra-small step size, 100 Hz or less 

• High internal reference frequency enables large loop bandwidth 
implementations 

• Very fast switching speed (e.g., below 100 µs) 

• Phase noise to –96 dBc/Hz inside the loop filter bandwidth 
@ 950 MHz 

• Software programmable power-down modes 

• High-speed serial interface up to 100 Mbps 

• Three-wire programming 

• Programmable division ratios on reference frequency 

• Phase detectors with programmable gain provide a 
programmable loop bandwidth 

• Frequency power steering further enhances rapid acquistion 
time 

• On-chip crystal oscillator 

• Frequency adjust for temperature compensation 

• Direct digital modulation 

• 3 V operation 
 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Innovation to GoTM

Now available for purchase online. 

• 5 V output to loop filter 

• EP-TSSOP (28-pin, 9.7 x 6.4 x 1.1 mm) Pb-free (MSL3, 260 °C 
per JEDEC J-STD-020) package 

Description 
Skyworks SKY72301 direct digital modulation fractional-N 
frequency synthesizer provides ultra-fine frequency resolution, 
fast switching speed, and low phase-noise performance. This 
synthesizer is a key building block for high-performance radio 
system designs that require low power and fine step size. 

The ultra-fine step size of less than 100 Hz allows this synthesizer 
to be used in very narrowband wireless applications. With proper 
temperature sensing or through control channels, the 
synthesizer’s fine step size can compensate for crystal oscillator 
or Intermediate Frequency (IF) filter drift. As a result, crystal 
oscillators or crystals can replace temperature- compensated or 
ovenized crystal oscillators, reducing parts count and associated 
component cost. The device’s fine step size can also be used for 
Doppler shift corrections. 

The SKY72301 has a phase noise floor of –95 dBc/Hz up to 
1.0 GHz operation as measured inside the loop bandwidth. This is 
permitted by the on-chip low noise dividers and low divide ratios 
provided by the device’s high fractionality. 

Reference crystals or oscillators up to 50 MHz can be used with 
the SKY72301. The crystal frequency is divided down by 
independent programmable divider ratios of 1 to 32 for the main 
and auxiliary synthesizers. The phase detectors can operate at a 
maximum speed of 25 MHz, which allows better phase noise due 
to the lower division value. With a high reference frequency, the 
loop bandwidths can also be increased. Larger loop bandwidths 
improve the settling times and reduce in-band phase noise. 
Therefore, typical switching times of less than 100 µs can be 
achieved. The lower in-band phase noise also permits the use of 
lower cost Voltage Controlled Oscillators (VCOs) in customer 
applications. 

The SKY72301 has a frequency power steering circuit that helps 
the loop filter steer the VCO when the frequency is too fast or too 
slow, further enhancing acquisition time. 
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The unit operates with a three-wire, high-speed serial interface. A 
combination of a large bandwidth, fine resolution, and the three-
wire, high-speed serial interface allows for a direct frequency 
modulation of the VCO. This supports any continuous phase, 
constant envelope modulation scheme such as Frequency 
Modulation (FM), Frequency Shift Keying (FSK), Minimum Shift 
Keying (MSK), or Gaussian Minimum Shift Keying (GMSK). 

The capability to support such modulation schemes eliminates the 
need for In-Phase and Quadrature (I/Q) Digital-To-Analog 

Converters (DACs), quadrature upconverters, and IF filters from 
the transmitter portion of the radio system. 

A functional block diagram for the SKY72301 is shown in 
Figure 1. Recommended operating conditions are provided in 
Table 1. Package dimensions for the 9.7 x 6.4 mm Exposed Pad 
Thin Shrink Small Outline Package (EP-TSSOP) are shown in 
Figure 2. 
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Figure 1. SKY72301 Functional Block Diagram 

Table 1. Recommended Operating Conditions 

Parameter Min Max Units 

Analog RF supplies 2.7 3.3 VDC 

Digital supply 2.7 3.3 VDC 

Charge pump supplies 2.7 5.0 (Note 1) VDC 

Operating temperature (TA) –40 +85 °C 

Note 1: When power steeing is enabled, the charge pump supply must be 4.5 V maximum. 
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Figure 2. SKY72301 28-Pin EP-TSSOP Package Dimensions 

Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY72301 1.0 GHz Frequency Synthesizer SKY72301-21 (Pb-free package) PH00-D102 
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DATA SHEET 

SKY72310: Spur-Free, 2.1 GHz Single Fractional-N Frequency 
Synthesizer 
Applications 

• General purpose RF systems 

• 2.5G and 3G wireless infrastructure 

• Broadband wireless access 

• Low bit rate wireless telemetry 

• Instrumentation 

• L-band receivers 

• Satellite communications 

Features 

• Spur-free operation 

• 2.1 GHz maximum operating frequency 

• Ultra-fine step size, 100 Hz or less 

• High internal reference frequency enables large loop bandwidth 
implementations 

• Very fast switching speed (e.g., below 100 µs) 

• Phase noise to –91 dBc/Hz inside the loop filter bandwidth 
@ 1800 MHz 

• Software programmable power-down modes 

• High-speed serial interface up to 100 Mbps 

• Three-wire programming 

• Programmable division ratios on reference frequency 

• Phase detector with programmable gain to provide a 
programmable loop bandwidth 

• Frequency power steering further enhances rapid acquisition 
time 

• On-chip crystal oscillator 

• Frequency adjust for temperature compensation 

• 3 V operation 

• 5 V output to loop filter 

• QFN (24-pin, 4 x 4 mm) Pb-free (MSL3, 260 °C per JEDEC J-
STD-020)  package 

 

Description 
Skyworks SKY72310 fractional-N frequency synthesizer provides 
ultra-fine frequency resolution, fast switching speed, and low 
phase-noise performance. This synthesizer is a key building block 
for high-performance radio system designs that require low 
power and fine step size. 

The ultra-fine step size of less than 100 Hz allows this synthesizer 
to be used in very narrowband wireless applications. With proper 
temperature sensing or through control channels, the 
synthesizer’s fine step size can compensate for crystal oscillator 
or Intermediate Frequency (IF) filter drift. As a result, crystal 
oscillators or crystals can replace temperature-compensated or 
ovenized crystal oscillators, reducing parts count and associated 
component cost. The device’s fine step size can also be used for 
Doppler shift corrections. 

The SKY72310 has a phase noise floor of –90 dBc/Hz up to 
2.1 GHz operation as measured inside the loop bandwidth. This is 
permitted by the on-chip low noise dividers and low divide ratios 
provided by the device’s high fractionality. 

Reference crystals or oscillators up to 50 MHz can be used with 
the SKY72310. The crystal frequency is divided down by 
independent programmable dividers (1 to 32) for the synthesizer. 
The phase detector can operate at a maximum speed of 25 MHz, 
which allows better phase noise due to the lower division value. 
With a high reference frequency, the loop bandwidths can also be 
increased. Larger loop bandwidths improve the settling times and 
reduce in-band phase noise. Therefore, typical switching times of 
less than 100 µs can be achieved. The lower in-band phase noise 
also permits the use of lower cost Voltage Controlled Oscillators 
(VCOs) in customer applications. 

The SKY72310 has a frequency power steering circuit that helps 
the loop filter to steer the VCO when the frequency is too fast or 
too slow, further enhancing acquisition time. 

The device package and pinout for the 24-pin Quad Flat No-Lead 
(QFN) package are shown in Figure 1. Figure 2 shows a functional 
block diagram for the SKY72310. 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 
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Figure 1. SKY72310 Pinout, 24-Pin QFN 
(Bottom View) 
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Figure 2. SKY72310 Functional Block Diagram 
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Technical Description 
The SKY72310 is a fractional-N frequency synthesizer using a ∆Σ 
modulation technique. The fractional-N implementation provides 
low in-band noise by having a low division ratio and fast 
frequency settling time. In addition, the SKY72310 provides 
arbitrarily fine frequency resolution with a digital word, so that the 
frequency synthesizer can be used to compensate for crystal 
frequency drift in the RF transceiver. 

Serial Interface 

The serial interface is a versatile three-wire interface consisting of 
three pin signals: Clock (serial clock), Data (serial input), and CS 
(chip select). It enables the SKY72310 to operate in a system 
where one or multiple masters and slaves are present. To perform 
a loopback test at startup and to check the integrity of the board 
and processor, the serial data is fed back to the master device 
(e.g., a microcontroller or microprocessor unit) through a 
programmable multiplexer. This facilitates hardware and software 
debugging. 

∆Σ Modulator 

The SKY72310 provides fractionality through the use of a 
proprietary, configurable 10-bit or 18-bit ∆Σ modulator. The 
output from the modulator is combined with the divider ratio 
through its fractional units. 

VCO Prescaler 

The VCO prescaler provides low-noise signal conditioning of the 
VCO signal. It translates an off-chip, single-ended or differential 
signal to an on-chip differential Current Mode Logic (CML) signal. 

VCO Divider 

The SKY72310 provides a programmable divider that controls the 
CML prescaler and supplies the required signal to the charge 
pump phase detector. Programmable divide ratios ranging from 
38 to 537 are possible in fractional-N mode and from 32 to 543 in 
integer-N mode. 

Reference Frequency Oscillator 

The SKY72310 has a self-contained, low-noise crystal oscillator. 
This crystal oscillator is followed by the clock generation circuitry 
that generates the required clock for the programmable reference 
frequency divider. 

Reference Frequency Divider 

The crystal oscillator signal can be divided by a ratio of 1 to 32 to 
create the reference frequency for the phase detector. The divide 
ratio is programmed using the Reference Frequency Dividers 
Register. 

NOTE: The divided crystal oscillator frequency (the internal 
reference frequency), Fref_main, is referred to as 
“reference frequency” throughout this document. 

Phase Detector and Charge Pump 

The SKY72310 uses a charge pump phase detector that provides 
a programmable gain, Kd, from 31.25 to 1000 µA/2π radians in 
32 steps. The phase detector is programmed using the Phase 
Detector/Charge Pump Control Register. 

Frequency Steering 

When programmed for frequency power steering, the SKY72310 
has a circuit that helps the loop filter steer the VCO using the 
LD/PSmain signal (pin 4). In this configuration, the LD/PSmain 
signal can provide a more rapid acquisition. 

When programmed for lock detection, internal frequency steering 
is implemented and provides frequency acquisition times 
comparable to conventional phase/frequency detectors. 

Lock Detection 

When programmed for lock detection, the SKY72310 provides an 
active low, pulsing open collector output using the LD/PSmain 
signal (pin 4) to indicate the out-of-lock condition. When locked, 
the LD/PSmain signal is tri-stated (high impedance). 

Power Down 

The SKY72310 supports a number of power-down modes through 
the serial interface. For more information, see the Register 
Descriptions section of this document. 

Serial Interface Operation 
The serial interface consists of three pins: Clock (pin 22), Data 
(pin 20), and CS (pin 21). The Clock signal controls data on the 
two serial data lines (Data and CS). The Data pin shifts bits into a 
temporary register on the rising edge of Clock. The CS signal 
allows individual selection transfers that synchronize and sample 
the information of slave devices on the same bus. 

Figure 3 functionally depicts how a serial transfer takes place. A 
serial transfer is initiated when a microcontroller or 
microprocessor forces the CS signal to a low state. This is 
followed immediately by an address/data stream sent to the Data 
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pin that coincides with the rising edges of the clock presented at 
the Clock pin. 

Each rising edge of the Clock signal shifts in one bit of data on the 
Data line into a shift register. At the same time, one bit of data is 
shifted out of the Mux_out pin (if the serial bit stream is selected) 
at each falling edge of Clock. To load any of the registers, 16 bits 
of address or data must be presented to the Data line with the 
LSB last while the CS signal is low. If the CS signal is low for 
more than 16 clock cycles, only the last address or data bits are 
used to load the registers. 

Register Programming 

Register programming equations, described in this section, use 
the following variables and constants: 

Nfractional Desired VCO division ratio in fractional-N applications. 
This is a real number and can be interpreted as the 
reference frequency (Fref) multiplying factor so that the 
resulting frequency is equal to the desired VCO 
frequency. 

Ninteger Desired VCO division ratio in integer-N applications. 
This number is an integer and can be interpreted as 
the reference frequency (Fref) multiplying factor so that 
the resulting frequency is equal to the desired VCO 
frequency. 

Nreg Nine-bit unsigned input value to the divider ranging 
from 0 to 511 (integer-N mode) and from 6 to 505 
(fractional-N mode). 

divider This constant equals 262144 when the ∆Σ modulator 
is in 18-bit mode, and 1024 when the ∆Σ modulator is 
in 10-bit mode. 

dividend When in 18-bit mode, this is the 18-bit signed input 
value to the ∆Σ modulator, ranging from –131072 to 
+131071 and providing 262144 steps, each step equal 
to Fdiv_ref/218 Hz. 

 When in 10-bit mode, this is the 10-bit signed input 
value to the ∆Σ modulator, ranging from –512 to +511 
and providing 1024 steps, each step equal to 
Fdiv_ref/210 Hz. 

FVCO Desired VCO frequency. 

Fdiv_ref Divided reference frequency presented to the phase 
detector. 

Fractional-N Applications. The desired division ratio for the 
synthesizer is given by: 

 
ref_div

VCO
fractional F

FN =  

where Nfractional must be between 37.5 and 537.5. 

The value to be programmed in the Divider Register is given by: 

 
32)N(RoundN fractionalreg −=

 

NOTE: The Round function rounds the number to the nearest 
integer. 

When in fractional mode, allowed values for Nreg are from 6 to 505 
inclusive. 

The value to be programmed by either of the Dividend Registers 
(MSB or LSB) is given by: 

 
)]32NN(divider[Rounddividend regfractional −−×=

 
where the divider is either 1024 in 10-bit mode or 262144 in 
18-bit mode. Therefore, the dividend is a signed binary value 
either 10 or 18 bits long. 

NOTE: Because of the high fractionality of the SKY72310, there is 
no practical need for any integer relationship between the 
reference frequency and the channel spacing or desired 
VCO frequencies. 

Sample calculations for two fractional-N applications are provided 
in Figure 4. 

X A3 A2 A1 A0 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0 XXX

Clock

Last

Data

CS

C1413

 

Figure 3. Serial Transfer Timing Diagram 
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Case 1: To achieve a desired Fvco_main frequency of 902.4530 MHz using a crystal frequency of 40 MHz with operation
 of the synthesizer in 18-bit mode. Since the maximum internal reference frequency (Fdiv_ref) is 25 MHz, the crystal
 frequency is divided by 2 to obtain a Fdiv_ref of 20 MHz. Therefore:

  Nfractional = Fvco_main

     Fdiv_ref

    = 902.4530
     20

    = 45.12265

 The value to be programmed in the Divider Register is:

  Nreg = Round[Nfractional] – 32

   = Round[45.12265] – 32

   = 45 – 32

   = 13 (decimal)

   = 000001101 (binary)

 With the modulator in 18-bit mode, the value to be programmed in the Dividend Registers is:

 dividend = Round[divider × (Nfractional – Nreg – 32)]

  = Round[262144 × (45.12265 – 13 – 32)]

  = Round[262144 × (0.12265)]

  = Round[32151.9616]

  = 32152 (decimal)

  = 000111110110011000 (binary)

 where 00 0111 1101 is loaded in the Dividend MSB Register and 1001 1000 is loaded in the Dividend LSB Register.

 Summary:

 · Divider Register = 0 0000 1101
 · Dividend LSB Register = 1001 1000
 · Dividend MSB Register = 00 0111 1101
 · The resulting VCO frequency is 902.453 MHz
 · Step size is 76.3 Hz

 Note: The frequency step size for this case is 20 MHz divided by 218, giving 76.3 Hz.

S1059
 

Figure 4. Fractional-N Applications: Sample Calculation (1 of 2) 
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Case 2: To achieve a desired Fvco_main frequency of 917.7786 MHz using a crystal frequency of 19.2 MHz with operation
 of the synthesizer in 10-bit mode. Since the maximum internal reference frequency (Fdiv_ref) is 25 MHz, the crystal
 frequency does not require the internal division to be greater than 1, which makes Fdiv_ref = 19.2 MHz. Therefore:

  Nfractional = Fvco_main

     Fdiv_ref

    = 917.7786
     19.2

    = 47.80097

 The value to be programmed in the Divider Register is:

  Nreg = Round[Nfractional] – 32

   = Round[47.80087] – 32

   = 48 – 32

   = 16 (decimal)

   = 000010000 (binary)

 With the modulator in 10-bit mode, the value to be programmed in the Dividend Registers is:

 dividend = Round[divider × (Nfractional – Nreg – 32)]

  = Round[1024 × (47.80087 – 16 – 32)]

  = Round[1024× (–0.1990312)]

  = Round[–203.808]

  = 204 (decimal)

  = 1100110100 (binary)

 where 11 0011 0100 is loaded in the Dividend MSB Register.

 Summary:

 · Divider Register = 0 0001 0000
 · Dividend MSB Register = 11 0011 0100
 · The resulting VCO frequency is 917.775 MHz
 · Step size is 18.75 kHz

 Note: The frequency step size for this case is 19.2 MHz divided by 210, giving 18.75 kHz.
S1060

 

Figure 4. Fractional-N Applications: Sample Calculation (2 of 2) 
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Table 1. SKY72310 Register Map 

Address (Hex) Register (Note 1) Length (Bits) Address (Bits) 

0 Divider Register 12 4 

1 Dividend MSB Register 12 4 

2 Dividend LSB Register 12 4 

3 Unused   

4 Unused   

5 Reference Frequency Dividers Register 12 4 

6 Phase Detector/Charge Pump Control Register 12 4 

7 Power Down/Multiplexer Output Select Control Register 12 4 

Note 1: All registers are write only. 

 

Integer-N Applications. The desired division ratio for the 
synthesizer is given by: 

 ref_div

main_vco
egerint F

F
N =

 
where Ninteger is an integer number from 32 to 543. 

The value to be programmed in the Divider Register is given by: 

 
32NN egerintreg −=

 
When in integer mode, allowed values for Nreg are from 0 to 511. 

NOTE: As with all integer-N synthesizers, the minimum step size 
is related to the crystal frequency and reference frequency 
division ratio. 

Register Loading Order. In applications where the synthesizer is 
in 18-bit mode, the Dividend MSB Register holds the 10 MSBs of 
the dividend and the Dividend LSB Register holds the 8 LSBs of 
the dividend. The registers that control the synthesizer’s divide 
ratio are to be loaded in the following order: 

• Divider Register 

• Dividend LSB Register 

• Dividend MSB Register (at which point the new divide ratio 
takes effect) 

In applications where the synthesizer is in 10-bit mode, the 
Dividend MSB Register holds the 10 bits of the dividend. The 
registers that control the synthesizer’s divide ratio are to be 
loaded in the following order: 

• Divider Register 

• Dividend MSB Register (at which point the new divide ratio 
takes effect) 

NOTE: When in integer mode, the new divide ratios take effect as 
soon as the Divider Register is loaded. 

Register Descriptions 
Table 1 lists the eight 16-bit registers that are used to program 
the SKY72310. All register writes are programmed address first, 
followed directly with data. MSBs are entered first. On power up, 
all registers are reset to 0x000 except the Divider Register at 
address 0x0, which is set to 0x006. 

Synthesizer Registers 

The Divider Register contains the integer portion closest to the 
desired fractional-N (or the integer-N) value minus 32. This 
register, in conjunction with the Dividend Registers (which control 
the fraction offset from –0.5 to +0.5), allows selection of a 
precise frequency. As shown in Figure 5, the value to be loaded 
is: 

• Synthesizer Divider Index = Nine-bit value for the integer 
portion of the synthesizer divider. Valid values for this register 
are from 6 to 505 (fractional-N) or 0 to 511 (integer-N). 

The Dividend MSB and LSB Registers control the fraction part of 
the desired fractional-N value and allow an offset of –0.5 to +0.5 
to the main integer selected through the Divider Register. As 
shown in Figures 6 and 7, values to be loaded are: 

• Synthesizer Dividend (MSBs) = Ten-bit value for the MSBs of 
the 18-bit dividend for the synthesizer. 

• Synthesizer Dividend (LSBs) = Eight-bit value for the LSBs of 
the 18-bit dividend for the synthesizer. 

The Dividend Register MSB and LSB values are 2's complement 
format. 

NOTE: When in 10-bit mode, the Dividend LSB Register is not 
required. 
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The reference frequency divider provides the reference frequency 
to the phase detector by dividing the crystal oscillator frequency. 
Divide ratios from 1 to 32 are possible for the reference frequency 
divider (see Table 2). 

The Reference Frequency Dividers Register configures the 
reference frequency divider for the synthesizer. As shown in 
Figure 8, the values to be loaded are: 

• Reference Frequency Divider Index = Desired oscillator 
frequency division ratio –1. Default value on power up is 0, 
signifying that the reference frequency is not divided for the 
phase detector. 

 

A3 A2 A1 A0 11 10 9 8 7 6 5 4 3 2 1 0

0 0 0 0 X X X MSB LSB

Synthesizer Divider Index

S1061
 

Figure 5. Divider Register (Write Only) 
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Figure 6. Dividend MSB Register (Write Only) 
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Figure 7. Dividend LSB Register (Write Only) 

Table 2. Programming the Reference Frequency Divider 

Decimal Bit 4 (MSB) Bit 3 Bit 2 Bit 1 Bit 0 (LSB) Reference Divider 
Ratio 

0 0 0 0 0 0 1 

1 0 0 0 0 1 2 

2 0 0 0 1 0 3 

— — — — — — — 

— — — — — — — 

— — — — — — — 

31 1 1 1 1 1 32 
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S1064
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Figure 8. Reference Frequency Dividers Register (Write Only) 
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Figure 9. Phase Detector/Charge Pump Control Register (Write Only) 
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Figure 10. Power Down/Multiplexer Output Select  Control Register (Write Only) 
 

The Phase Detector/Charge Pump Control Register allows control 
of the gain for the phase detector and configuration of the 
LD/PSmain signal (pin 4) for frequency power steering or lock 
detection. As shown in Figure 9, the values to be loaded are: 

• Phase Detector Gain = Five-bit value for programmable phase 
detector gain. Range is from 0 to 31 decimal for 31.25 to 1000 
µA/ 2π radian, respectively. 

• Power Steering Enable = One-bit flag to enable the frequency 
power steering circuitry of the phase detector. When this bit is 
cleared, the LD/PSmain pin is configured to be a lock detect, 
active low, open collector pin. When this bit is set, the 
LD/PSmain pin is configured to be a frequency power steering 
pin and can be used to bypass the external loop filter to provide 
faster frequency acquisition. 

The Power Down/Multiplexer Output Select Control Register 
allows control of the power-down modes, internal multiplexer 
output, and ∆Σ synthesizer fractionality. As shown in Figure 10, 
the values to be loaded are: 

• Full Power Down = One-bit flag to power down the SKY72310 
except for the reference oscillator and the serial interface. When 
this bit is cleared, the SKY72310 is powered up. When this bit is 
set, the SKY72310 is in full power-down mode excluding the 
Mux_out signal (pin 24). 

• Synthesizer Power Down = One-bit flag to power down the 
synthesizer. When this bit is cleared, the synthesizer is powered 
up. When this bit is set, the synthesizer is in power-down mode. 

 

 



DATA SHEET  •  SKY72310 FREQUENCY SYNTHESIZER 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
10 February 4, 2008  •  Skyworks Proprietary and Confidential information  •  Products and Product Information are Subject to Change Without Notice  •  200705D 

Table 3. Multiplexer Output 

Multiplexer Output Select 
(Bit 8) 

Multiplexer Output Select 
(Bit 7) 

Multiplexer Output Select 
(Bit 6) 

Multiplexer Output 
(Mux_out, Pin 24) 

0 0 0 Reference Oscillator 

0 0 1 Unused 

0 1 0 Reference Frequency (Fref_main) 

0 1 1 Unused 

1 0 0 Phase Detector Frequency (Fpd_main) 

1 0 1 Serial data out 

1 1 0 Serial interface test output 

1 1 1 Unused 

 

• Synthesizer Mode = One-bit flag to power down the ∆Σ 
modulator and fractional unit. When this bit is cleared, the 
synthesizer is in fractional-N mode. When this bit is set, the 
synthesizer is in integer-N mode. 

• Synthesizer ∆Σ Fractionality = One-bit flag to configure the size 
of the ∆Σ modulator. This has a direct effect on power 
consumption, and on the level of fractionality and step size. 
When this bit is cleared, the ∆Σ modulator is 18-bit with a 
fractionality of 218 and a step size of Fref_main/262144. When this 
bit is set, the ∆Σ modulator is 10-bit with a fractionality of 210 
and a step size of Fref_main/1024. 

NOTE: There are no special power-up sequences required for the 
SKY72310. 

• Multiplexer Output Selection = Three-bit value that selects 
which internal signal is output to the Mux_out pin. The following 
internal signals are available on this pin: 
− Reference oscillator: Fref 
− Divided reference (post-reference frequency divider): Fref_main 
− Phase detector frequency (post-frequency divider): Fpd_main 
− Serial data out for loop-back and test purposes 

Refer to Table 3 for more information. 

• Mux_out Pin Tri-State Enable = One-bit flag to tri-state the 
Mux_out pin. When this bit is cleared, the Mux_out pin is 
enabled. When this bit is set, the Mux_out pin is tri-stated. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 

shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

The SKY72310 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Electrical and Mechanical Specifications 
Signal pin assignments and functional pin descriptions are 
described in Table 4. The absolute maximum ratings of the 
SKY72310 are provided in Table 5. The recommended operating 
conditions are specified in Table 6 and electrical specifications 
are provided in Table 7. 

Figure 11 provides a schematic diagram for the SKY72310. 
Figure 12 shows the package dimensions for the 28-pin 
EP-TSSOP and Figure 13 provides the tape and reel dimensions. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY72310 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 

 



DATA SHEET  •  SKY72310 FREQUENCY SYNTHESIZER 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
 200705D  •  Skyworks Proprietary and Confidential information  •  Products and Product Information are Subject to Change Without Notice  •  February 4, 2008 11 

Table 4. SKY72310 Signal Descriptions 

Pin # Pin Name Type Description 

1 VCCecl/cml Power and ground ECL/CML, 3 V. Removing power safely powers down the associated divider chain and charge pump. 

2 Fvco_main Input Main VCO differential input. 

3 Fvco_main Input Main VCO complimentary differential input. 

4 LD/PS_main Analog output Programmable output pin. Indicates phase detector out-of-lock as an active low pulsing open collector 
output (high impedance when lock is detected), or helps the loop filter steer the VCO. This pin is 
configured using the Phase Detector/Charge Pump Control Register. 

5 VCCcp_main 
(Note 1) 

Power and ground Charge pump supply, 3 to 5 V. Removing power safely powers down the associated divider chain and 
charge pump. 

6 CPout_main Analog output Charge pump output. The gain of the charge pump phase detector is controlled by the Phase 
Detector/Charge Pump Control Register. 

7 N/C – No connection 

8 Xtalacgnd/OSC Ground/input Reference crystal AC ground or external oscillator differential input. 

9 Xtalin/OSC Input Reference crystal input or external oscillator differential input. 

10 Xtalout/NC Input Reference crystal output or no connect. 

11 VCCxtal Power and ground Crystal oscillator ECL/CML, 3 V. 

12 GNDxtal Power and ground Crystal oscillator ground. 

13 N/C – No connection 

14 N/C – No connection 

15 N/C – No connection 

16 N/C – No connection 

17 N/C – No connection 

18 N/C – No connection 

19 VCCdigital (Note 1) Power and ground Digital supply, 3 V. 

20 Data Digital input Serial address and data input pin. Address bits are followed by data bits. 

21 CS Digital input Active low enable pin. Enables loading of address and data on the Data pin on the rising edge of Clock. 
When CS goes high, data is transferred to the register indicated by the address. Subsequent clock edges 
are ignored. 

22 Clock Digital input Clock signal pin. When CS is low, the register address and data are shifted in address bits first on the 
Data pin on the rising edge of Clock. 

23 N/C – No connection 

24 Mux_out Digital output Internal multiplexer output. Selects from oscillator frequency, reference frequency, divided VCO 
frequency, serial data out, or testability signals. This pin can be tri-stated from the synthesizer registers. 

Note 1: Associated pairs of power and ground pins must be decoupled using 0.1 µF capacitors. 
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Table 5. Absolute Maximum Ratings 

Parameter Min Max Units 

Maximum analog RF supply voltage  3.6 VDC 

Maximum digital supply voltage  3.6 VDC 

Maximum charge pump supply voltage  5.25 VDC 

Storage temperature –65 +150 °C 

Operating temperature –40 +85 °C 

Note: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal values. 

 

Table 6. Recommended Operating Conditions 

Parameter Min Max Units 

Analog RF supplies 2.7 3.3 VDC 

Digital supply 2.7 3.3 VDC 

Charge pump supplies 2.7 5.0 VDC 

Operating temperature (TA) –40 +85 °C 

 

Table 7. Electrical Characteristics (1 of 2) 
(VDD = 3 V, TA = 25 °C, unless otherwise noted) 

Parameter Symbol Test Conditions Min Typ Max Units 

Power Consumption 

Total power consumption PTOTAL Charge pump current of 
200 µA, synthesizer 
fractional, 
FREF_MAIN = 20 MHz 

 37.5  mW 

Power-down current ICC-PWDN   10 (Note 1)  µA 

Reference Oscillator 

Reference oscillator frequency FOSC    50 MHz 

Oscillator sensitivity (as a buffer) VOSC AC coupled, single-ended 0.1  2.0 Vpp 

Frequency shift versus supply voltage FSHIFT_SUPPLY 2.7 V ≤ VXTAL ≤ 3.3 V   ±0.3 ppm 

VCO 

Synthesizer operating frequency FVCO_MAIN Sinusoidal, –40 C to 
+85 C 

100 (Note 2)  2100 MHz 

RF input sensitivity VVCO AC coupled 50  250 mVpeak 

RF input impedance ZVCO_IN   94 – j140 
@ 1200 MHz 

 Ω 

Fractional-N tuning step size ∆FSTEP_MAIN  FREF_MAIN/218 or FREF_MAIN/210 Hz 

Noise 

Phase noise floor Pnf Measured inside the loop 
bandwidth using 25 MHz 
reference frequency, 
–40 C to +85 C 

 –128 
+ 20 Log (N) 

 dBc/Hz 
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Table 7. Electrical Characteristics (2 of 2) 
(VDD = 3 V, TA = 25 °C, unless otherwise noted) 

Parameter Symbol Test Conditions Min Typ Max Units 

Phase Detector and Charge Pump 

Phase detector frequency FREF_MAIN  –40 C to +85 C   25 MHz 

Charge pump output source current ICP-SOURCE VCP = 0.5 VCCCP 125  1000 µA 

Charge pump output sink current ICP-SINK VCP = 0.5 VCCCP –125  –1000 µA 

Charge pump accuracy ICP-ACCURACY   ±20  % 

Charge pump output voltage linearity range ICP vs VCP 0.5 V ≤ VCP ≤ (VCCCP 

– 0.5 V) 
GND + 400  VCCCP – 400 mV 

Charge pump current versus temperature ICP vs T VCP = 0.5 VCCCP 
–40 C < T < +85 C 

  5 % 

Charge pump current versus voltage ICP vs VCP 0.5 V ≤ VCP ≤ (VCCCP 
– 0.5 V) 

  8 % 

Digital Pins 

High level input voltage VIH  0.7 VDIGITAL   V 

Low level input voltage VIL    0.3 VDIGITAL V 

High level output voltage VOH IOH = –2 mA VDIGITAL  –0.2   V 

Low level output voltage VOL IOL = +2 mA   GND + 0.2 V 

Timing – Serial Interface 

Clock frequency fCLOCK    100 MHz 

Data and CS set up time to Clock rising tSU  3   ns 

Data and CS hold time after Clock rising tHOLD  0   ns 

Note 1: A 5 V charge pump power supply on pin 5 results in higher power-down leakage current. 

Note 2: The minimum synthesizer frequency is 12 x FOSC, where FOSC is the frequency at the Xtalin/OSC pin. 

 

 



DATA SHEET  •  SKY72310 FREQUENCY SYNTHESIZER 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
14 February 4, 2008  •  Skyworks Proprietary and Confidential information  •  Products and Product Information are Subject to Change Without Notice  •  200705D 

VT

RF
OU

TVCC

GND

OUTIN

GN
D

GN
D GN

D GN
D GN

D

VCC

1

2

3

4

5

6

18

17

16

15

14

13

7

VCCecl/cml

Fvco_main

N/C

LD/PSmain

VCCcpmain

CPoutmain

N/
C

8

Xt
al

ac
gn

d/
OC

S

9

Xt
al

in
/O

SC

10

Xt
al

ou
t/N

C

11

VC
Cx

ta
l

12

24 23 22 21 20 19

GN
DX

ta
l

M
ux

_o
ut

N/
C

Cl
oc

k

Da
ta

VC
Cd

ig
ita

l

T2

ETC1 1 13

V614ME01

OSC2

1

3

2
4

1

2

3

3

1

2
4 5 7 8

1

2

4

6

5

C15
1 μF

C25
1 μF

C34
1 μF

C36
1 μF

C37
1 nF

C53
0 022 μF

C50
1 μF

C46
470 pF

R30
10 Ω

R51
750 Ω

R21
0 Ω

R69
0 Ω

L7
BLM21A601S

L6
BLM21A601S

L3
BLM21A601S

L10
BLM21A601S

L8
BLM21A601S

L11
BLM21A601S

L12
BLM21A601S

R71
0 Ω

R68
0 Ω

R13
DNI

R48
2 kΩ

R46
0 Ω

R39
18 Ω

R47
2 kΩ

R32
18 Ω

R52
DNI

R40
10 Ω

R83
0 Ω

R44
10 Ω

R16
10 Ω

R84
0 Ω

R49
DNI

R34
18 ΩR33

18 Ω

R74
18 Ω

R73
120 Ω

R58
0 Ω

R26
120 Ω

R36
120 Ω

C16
100 pF

C21
1 nF

C26
100 pF

C35
100 pF

L1
DNI

L2
DNI

C52
DNI

C55
DNI

C56
DNI

C57
DNI

C58
DNI

Y1
24 MHz

C47
330 pF

C30
39 pF

C45
100 pF

C18
22 pF

C20
22 pF

C42
22 pF

C5
68 pF

VCCMecl/cml
3 V

VCCXA
3 V

VCCMecl cml
3 V

VCCD FNFS

VCCMec /cml
3 V

VCCEXT1
VCCMecl cml

3 V

JP1

VCCCPM
3 V

C43
DNI

C51
DNI

C74
DNI

C54
DNI

C44
DNI

C9
1 μF

C10
100 pF

C22
DNI

C48
68 pF

C49
1 nF

C41
22 pF

C14
DNI

R22
DNI

C13
DNI

VCCMecl/cml
3 V

VNA 25
DNI

VNA 25
DNI

VCCMec /cml
3 V

C1
DNI

R4
DNI

C2
DNI

VCCMecl/cml
3 V

×

×

×

N/C ×

N/C ×

N/C ×

N/C ×

×

× × × ×

N/C ×

R24
18 Ω

R76
18 Ω

R63
DNI

R57
DNI

R61
DNI

R2
DNI

R1
DNI

R75
120 Ω

R56
DNI

R80
10 Ω

VCCCPM
3V

VCCD FNFS

+

R59
DNI

R72
DNI

R60
DNI

TTS05V 19 2MHz
DNI

3

12

4

VCCMecl/cml
3 V

R62
DNI

1

2

JP5

1

2

JP4

1

2

JP7

OUT IN
GN

D
GN

D

GN
D

GN
D

GN
D

VCC
3

1

2457
8

6

A1
ERA 3SM

DNI

OUT

VDD

GND

OUT

VCONT

IN
GN

D

GN
D

1

2
4

3

J1

J3

J6
DNI

Fvco_main

CS

1 2 3 4 5 6 7 8 9 10 11 12 13
14 15 16 17 18 19 20 21 22 23 24 25

P1
Connector DB25

R10
10 kΩ

R5
10 kΩ

R9
4 7 kΩ

R6
4 7 kΩ

R11
10 kΩ
NO

R12
10 kΩ
NO

+

Power Supply

C66
0 1 μF

C64
0 1 μF

C60
0 1 μF

C65
10 μF

+C71
10 μF

+C70
0 1 μFC72

0 1 μF

C63
10 μF

VCXA
3 V

+C59
10 μF

VCCMecl/cml
3 V

+C68
10 μF

S1058

 

Figure 11. SKY72310 Application Schematic 
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Figure 13. SKY72310 Tape and Reel Dimensions 



DATA SHEET  •  SKY72310 FREQUENCY SYNTHESIZER 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
16 February 4, 2008  •  Skyworks Proprietary and Confidential information  •  Products and Product Information are Subject to Change Without Notice  •  200705D 

Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY72310 2.1 GHz Frequency Synthesizer SKY72310-362LF TW14-D880 
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PRELIMINARY DATA SHEET 

SKY73100: 865-960 MHz High Performance VCO/Synthesizer 
With Integrated Switch 
Applications 

• 2G, 2.5G, and 3G base station transceivers: 
− GSM, EDGE, CDMA, WCDMA 

• General purpose RF systems 

Features 

• Wideband frequency operation: 865 to 960 MHz 

• Process-tolerant compensation for VCO 

• 24-bit Σ∆ fractional-N synthesizer 

• Ultra-fine frequency resolution of 0.001 ppm 

• Flexible reference frequency selection 

• Three-wire serial interface up to 20 MHz clock frequency 

• Integrated PLL supply regulation for spur isolation 

• MCM (38-pin, 9 x 12 mm) Pb-free free (MSL3, 260 °C per 
JEDEC J-STD-020) SMT package 

 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

 

Description 
Skyworks SKY73100 Voltage-Controlled Oscillator 
(VCO)/Synthesizer is a fully integrated, high performance signal 
source for high dynamic range transceivers. The device provides 
ultra-fine frequency resolution, fast switching speed, and low 
phase noise performance for 2G, 2.5G, and 3G base station 
transceivers. 

The SKY73100 VCO/Synthesizer is a key building block for high-
performance radio system designs that require low power and a 
fine step size. Reference clock generators with an output 
frequency up to 52 MHz can be used with the SKY73100. The 
input clock frequency is divided down by programmable dividers 
(1 to 8) for the synthesizer. The phase detector can operate at a 
maximum speed of 26 MHz, which allows better phase noise due 
to the lower division value. 

The SKY73100 VCO/Synthesizer is provided in a compact, 38-pin 
Multi-Chip Module (MCM). The device package and pinout are 
shown in Figure 1. A functional block diagram is shown in 
Figure 2. Signal pin assignments and functional pin descriptions 
are provided in Table 1. 
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Figure 1. SKY73100 Pinout– 38-Pin MCM Package 
(Top View) 
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Figure 2. SKY73100 Functional Block Diagram 
 

Table 1. SKY73100 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 GND Ground 20 GND Ground 

2 GND Ground 21 N/C No connection 

3 GND Ground 22 LD Lock detect output 

4 SW_EN Synthesizer RF output switch enable 23 FREF Frequency reference input 

5 GND Ground 24 GND Ground 

6 GND Ground 25 GND Ground 

7 GND Ground 26 GND Ground 

8 GND Ground 27 N/C No connection 

9 GND Ground 28 GND Ground 

10 RF_OUT Synthesizer output 29 GND Ground 

11 GND Ground 30 GND Ground 

12 GND Ground 31 GND Ground 

13 GND Ground 32 GND Ground 

14 N/C No connection 33 N/C No connection 

15 GND Ground 34 GND Ground 

16 GND Ground 35 GND Ground 

17 CLK Serial port clock 36 GND Ground 

18 DATA Serial port data 37 VDD +5 V power supply 

19 LE Serial port latch enable 38 GND Ground 
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Technical Description 
The SKY73100 is a fractional-N frequency synthesizer using a 
Σ∆ modulation technique. The fractional-N implementation 
provides low in-band noise by having a low division and fast 
frequency settling time. The device also provides programmable, 
arbitrary fine frequency resolution. This compensates the 
frequency synthesizer for crystal frequency drift. 

Serial I/O Control Interface 

The SKY73100 is programmed through a three-wire serial bus 
control interface using four 26-bit words. The three-wire interface 
consists of three signals: CLK (pin 17), LE (pin 19), and the bit 
serial data line DATA (pin 18). The convention is to load data from 
the most significant bit to the least significant bit (MSB to LSB). A 
serial data input timing diagram is shown in Figure 3. Preset 
timing parameter values are provided in Table 2. 

Figure 4 depicts the serial bus, which consists of one 26-bit load 
register and four separate 24-bit registers. Data is initially clocked 
into the load register starting with the MSB and ending with the 
LSB. The LE signal is used to gate the clock to the load register, 
requiring the LE signal to be brought low before the data load. 
Data is shifted on the rising edge of CLK. 

The two final LSBs are decoded to determine which holding 
register should latch the data. The falling edge of LE latches the 
data into the appropriate holding register. This programming 
sequence must be repeated to fill all four holding registers. 

Loading new data into a holding register not associated with the 
synthesizer frequency programming does not reset or change the 
synthesizer. The synthesizer should not lose lock before, during, 
or after a new serial word load that does not change the 
programmed frequency. 

VCO Tuning Loop 

A VCO auto-tuning loop provides the proper 7-bit coarse tuning 
setting for the VCO switch capacitors in the VCO output. This sets 
the oscillation frequency as close to target as possible before 
starting fine analog tuning. 

The auto-tuning loop is designed to compensate process variation 
so that the VCO fine tuning range can be reduced to cover 
temperature variation only. It significantly reduces VCO gain (Kv) 
which reduces VCO phase noise. 
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Figure 3. SKY73100 Serial Data Input Timing Diagram (MSB First) 
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Table 2. CLK, DATA, LE Preset Timing Parameters 

Parameter Value 

Input high voltage (VIH) 1.6 V 

Input low voltage (VIL) 0.3 V 

Input current (lDIG) 1 µA (maximum) 

Clock frequency 15 MHz (maximum) 

Clock high (tCKH) 15 ns (minimum) 

Clock low (tCKL) 15 ns (minimum) 

Data set up (tDSU) 20 ns (minimum) 

Data hold (tDHD) 10 ns (minimum) 

Clock to latch enable (tCLE) 20 ns (minimum) 

Latch enable width (tLEW) 15 ns (minimum) 

Latch enable to clock (tLEC) 15 ns (minimum) 

Word length 26 bits 

Number of words 4 

Current drain 2 µA 

Bits [25:2]
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Figure 4. Serial Bus Block Diagram 
 

VCO Prescalers 

The VCO prescalers divide the VCO output signal by either 16/17 
or 8/9. The Σ∆ modulator determines whether to divide by 16 or 
17 in the 16/17 mode, or whether to divide by 8 or 9 in the 8/9 
mode. 

N-Counter 

The N-counter consists of two asynchronous ripple counters, a 
6-bit M-counter and a 4-bit A-counter. The M-counter determines 
the counts using the lower division ratio in the prescaler (8 or 16); 
the A-counter determines the counts using the upper division ratio 
(9 or 17). 

By changing the counter setting at each reference clock cycle, the 
Modulated Fractional Divider (MFD) achieves the desired noise 
shaping. 

VCO MFD Block 

The MFD block divides down the prescaler output to the Phase 
Locked Loop (PLL) reference frequency. A third order cascaded 
Σ∆ modulation technique minimizes spurs through randomization 
of the division ratio. 

The MFD block controls the division ratio by dynamically 
programming the M and A counters in the N-counter. 

Phase Detector and Charge Pump 

The phase detector and charge pump detect and integrate the 
phase and frequency errors of the divided down VCO output 
versus the reference clock. This results in a feedback adjustment 
of the control voltage for the VCO. 
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Lock Detect 

Lock detection circuitry provides a CMOS logic level indication 
when the PLL is frequency locked (high when locked). 

Reference Input Divider 

The R-counter (reference input clock divider) consists of three 
divide-by-two blocks and one multiplexer controlled by the 
RDIV[1:0] parameter in Legacy Word 2. The R-counter is used to 
select a divide-by-one to a divide-by-eight function. 

Synthesizer Output Switch 

An on-chip switch is integrated into the SKY73100 RF output after 
the balun and is controlled by the SW_EN signal (pin 4) as 
indicated below: 

SW_EN Input Synthesizer Output 

High On 

Low Off 

 

The switch provides >50 dB isolation at the synthesizer RF 
output. This allows the SKY73100 to be used for GSM 
applications. 

Synthesizer Programming 

To program the synthesizer to the correct frequency, values for 
the N-counter (both M and A portions), fractional divisor (FN), and 
fractional modulus extender (ME) are needed. These values are 
used to determine the total divider ratio, DTotal, according to 
Equation 1: 

 DTotal = Nactual + FNactual + MEactual + 3.5 (1) 

Where: Nactual = the actual value of the N-counter 

 FNactual = the actual fractional divisor 

 MEactual = the actual fractional modulus extender 

Because of the way the ∆Σ modulator is implemented in the 
SKY73103, the number 3.5 must be added to the division number 
to obtain the final division ratio. 

The calculated value for DTotal can then be used to determine the 
correct synthesizer frequency, RF: 

 Total
REF D
R1

FRF ×=  (2) 

Where: FREF = the reference frequency 

 R1 = the reference divider radio 

The 6-bit M-counter and the 4-bit A-counter portions of the N-
counter are calculated according to the following relationships: 

Nactual is the actual N-counter value and is the integer portion of 
(DTotal – 3.5): 

 Nactual = Mactual × P + Aactual (3) 

If: M = Mactual (binary number, fit to six bits) 

 A = Aactual (binary number, fit to four bits) 

Then: N = M × 24 + A 

Where: N is the number to be programmed into the N-counter. 

The synthesizer has a selectable prescaler of 8/9 or 16/17. If the 
16/17 prescaler is used: 

P = 24 = 16 

In this case, N is the same as Nactual, M is equal to the six MSBs of 
Nactual, and A is equal to the four LSBs of Nactual. 

If the 8/9 prescaler is used: 

P = 8 

Here, N is not equal to Nactual. The A-counter portion only uses the 
three LSBs (the 4th bit of the A-counter is a “don’t care” bit). 

The fractional divisor code (FN) sets the fractional-N modulo up to 
256 modulo according to the following equation: 
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The value of FN is equal to the binary representation of 256 (or 28) 
× FNactual, or: 

 FN = D7 × 27 + D6 × 26 + D5 × 25+ . . . D0 

The fractional modulo can be extended up to 223 using the modulo 
extender (ME) if required: 

 MEactual = D14(1/29) + D13(1/210) + D12(1/211) + . . . + D0(1/223) 

The value of ME is equal to the binary representation of the 
integer part of 223 × MEactual, or: 

 ME = D14 × 214 + D13 × 213 + D12 × 212 + . . .D0 

 

Example 1: 

A desired synthesizer frequency of 2640.45 MHz is required using 
a crystal frequency of 16 MHz and a 16/17 prescaler. Since the 
maximum internal reference frequency is 25 MHz, the crystal 
frequency does not need to be divided. However, a reference 
divider ratio of 2 is used for this example. 

Restating Equation 2 as a function of DTotal: 

 DTotal  = (2640.45 × 2)/16 = 330.05625 

Where: RF = 2640.45 

 R1 = 2 

 FREF = 16 

Determine Nactual by subtracting 3.5 from DTotal and removing the 
fractional portion: 
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 DTotal – 3.5 = 326.55625 

Using Equation 3: 

 Nactual = 326 = Mactual × P + Aactual 

Where: Mactual = 20 

 P = 16 

 Aactual = 6 

M = Mactual = 20 = 010100b (the six MSBs) 

A = Aactual = 6 = 0110b (the four LSBs) 

N = M × 24 + A = 0101000110b (this is the same as Nactual) 

Multiply the fractional portion that was removed in the previous 
step by 256 and remove the fractional portion of the result to 
determine FN: 

0.55625 × 256 = 142.4 

FN = 142 = 10001110b 

Divide FN by 256 to determine the actual fractional part, FNactual: 

FNactual = 142/256 = 0.5546875 

Subtract this result from the fractional portion of (DTotal – 3.5) to 
determine the actual fractional modulus extender, MEactual: 

MEactual = (DTotal – 3.5 – Nactual) – FNactual 

 = 0.55625 – 0.5546875 

 = 0.0015625 

Multiply this result by 8388608 (the 23-bit ∆Σ modulator value, 
223) and remove the fractional portion to determine the value of 
ME: 

0.0015625 × 8388608 = 13107.2 

ME = 13107 = 011001100110011b 

 

Example 2: 

A desired synthesizer frequency of 725 MHz is required using a 
crystal frequency of 13 MHz and an 8/9 prescaler. Since the 
maximum internal reference frequency is 25 MHz, the crystal 
frequency does not need to be divided. However, a reference 
divider ratio of 2 is used for this example. 

Restating Equation 2 as a function of DTotal: 

 DTotal  = (725 × 2)/13 = 111.538461538 

Where: RF = 725 

 R1 = 2 

 FREF = 13 

Determine Nactual by subtracting 3.5 from DTotal and removing the 
fractional portion: 

 DTotal – 3.5 = 108.038461538 

Using Equation 3: 

 Nactual = 108 = Mactual × P + Aactual 

Where: Mactual = 13 

 P = 8 

 Aactual = 4 

 

M = Mactual = 13 = 001101b (the six MSBs) 

A = Aactual = 4 = 0100b (the four LSBs) 

N = M × 24 + A = 0011010100b (the value programmed) 

Multiply the fractional portion that was removed in the previous 
step by 256 and remove the fractional portion of the result to 
determine FN: 

0.038461538 × 256 = 9.846153728 

FN = 9 = 00001001b 

Divide FN by 256 to determine the actual fractional part, FNactual: 

FNactual = 9/256 = 0.03515625 

Subtract this result from the fractional portion of (DTotal – 3.5) to 
determine the actual fractional modulus extender, MEactual: 

MEactual = (DTotal – 3.5 – Nactual) – FNactual 

 = 0.038461538 – 0.03515625 

 = 0.003305288 

Multiply this result by 8388608 (the 23-bit ∆Σ modulator value, 
223) and remove the fractional portion to determine the value of 
ME: 

0. 003305288 × 8388608 = 27726.7653 

ME = 27726 = 110110001001110b 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

The SKY73100 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to Skyworks Application Note, PCB 
Design and SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
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tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Circuit Design Considerations 
The following design considerations are general in nature and 
must be followed regardless of final use or configuration 

1. Paths to ground should be made as short and as low 
impedance as possible. 

2. The ground pad of the SKY73100 provides critical electrical 
grounding requirements. Design the connection to the ground 
pad to provide the best electrical connection to the circuit 
board. Multiple vias to the grounding layer are recommended 
to connect the top layer ground area to the main ground layer. 

3. Skyworks recommends including external bypass capacitors 
on the VDD voltage input (pin 37) of the device. These 
capacitors should be placed as close as possible to the VDD 
input pin. 

4. A 50 Ω impedance trace is needed for the RF_OUT (pin 10) 
line. 

Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73100 are provided in 
Table 3. The recommended operating conditions are specified in 
Table 4 and electrical specifications are provided in Table 5. Spur 
suppression measurements are provided in Table 6. 
Measurement plots for single sideband phase noise and settling 
time are shown in Figures 5 and 6, respectively. 

A typical application schematic for the SKY73100 is provided in 
Figure 7. Figure 8 shows the package dimensions for the 38-pin 
MCM and Figure 9 provides the tape and reel dimensions. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73100 ESD threshold level is 2500 VDC using Human 
Body Model (HBM) testing. This level applies to RF signal lines 
>100 MHz, analog and RF lines <100 MHz, digital lines, power 
supply lines, and ground pins. 

To avoid latent or visible ESD damage, always follow proper ESD 
handling precautions. 

 

 

Table 3. SKY73100 Absolute Maximum Ratings (Note 1) 

Parameter Symbol Min Typical Max Units 

Supply voltage VCC 0  5.5 V 

Operating temperature, full performance TOP –40  +85 °C 

Storage temperature TST –40  +150 °C 

Note 1: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal values. 

 

Table 4. SKY73100 Recommended Operating Conditions 

Parameter Symbol Min Typical Max Units 

Supply voltage VCC 4.75 5.00 5.25 V 

Input voltage (CLK, DATA, LE): 
 Low level 
 High level 

  
 

1.4 

  
0.6 

 
V 
V 

Output voltage (LD) with 18 kΩ load from 
VCC PLL: 
 Low level, unlocked 
 High level, unlocked 

  
 
 

2.4 

  
 

0.4 

 
 
V 
V 

Reference frequency input voltage (FREF, 
pin 23) 

FREFIN 0.5 1.0 1.5 Vp-p 

Load connected to RF output  50 Ω, maximum VSWR (load input) 2.0:1, all phases 

RF output switch enable: 
 High 
 Low 

 
SWENH 
SWENL 

 
2.2 

  
 

0.8 

 
V 
V 
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Table 5. SKY73100 Electrical Characteristics (Note 1) 
(VCC = 5 V, TC = 25 °C, Charge Pump Current = 600 µA, FREF = 52 MHz, Reference Input Divider = 8, Prescale Divider = 8/9, Unless 
Otherwise Noted) 

Parameter Symbol Test Conditions Min Typical Max Units 

Oscillation frequency   865  960 MHz 

Reference frequency    13 52 MHz 

Phase detector frequency    6.5  MHz 

PLL loop bandwidth    25  kHz 

Output level    0  dBm 

Output impedance    50  Ω 

Output VSWR     *** TBD *** – 

Reference frequency input (FREF) 
impedance 

  470   Ω 

Harmonic suppression     –20 dBc 

Integrated phase noise  100 Hz to 100 kHz   1 degrees RMS 

Single sideband phase noise offset: 
 @ 1 kHz 
 @ 5 kHz 
 @ 10 kHz 
 @ 200 kHz 
 @ 400 kHz 
 @ 600 kHz 
 @ 800 kHz 
 @ 1.8 MHz 
 @6 MHz 

    
–91 
–90 
–90 

–127 
–140 
–145 
–148 
–153 
–165 

  
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 

PLL-reference spurious suppression     –100 dBc 

Frequency settling time  Within ±2 kHz  250  µs 

Phase settling time  Within ±5 deg  300 530 µs 

Peak phase error     5 degrees 

Current consumption    120  mA 

Note 1: Characterized performance may change if the SKY73100 is configured differently than the test conditions specified here. This characterization used a  6.5 MHz fixed comparison 
frequency for the PLL phase loop filter. The PLL synthesizer is programmable up to a maximum comparison frequency of 26 MHz but with degraded performance. 

 

Table 6. SKY73100 Spur Suppression Measurements 
(VCC = 5 V, TC = 25 °C, Charge Pump Current = 600 µA, FREF = 52 MHz, Reference Input Divider = 8, Prescale Divider = 8/9) 

Frequency (MHz) 
Spurious Power (kHz) 

869 881.5 894 920 940 960 

≥ 200 No spur No spur No spur No spur No spur No spur 

≥ 400 No spur No spur No spur No spur No spur No spur 

≥ 600 No spur No spur No spur No spur No spur No spur 

≥ 800 No spur No spur No spur No spur No spur No spur 

≥ 1000 No spur 2272.95 kHz, 
–100 dBc 

2575.45 kHz, 
–105 dBc 

2232.74 kHz, 
–106 dBc 

No spur No spur 

≥ 3000 3366.14 kHz, 
–107 dBc 

No spur No spur 3615.26 kHz, 
–107 dBc 

9649.31 kHz, 
–105 dBc 

8669.31 kHz, 
–106 dBc 

No spur 
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Figure 5. Single Sideband Phase Noise Measurements 
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Figure 6. Settling Time Measurements 
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Figure 7. SKY73100 Typical Application Schematic 
 



PRELIMINARY DATA SHEET  •  SKY73100 VCO/SYNTHESIZER 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
 200361A  •  Skyworks Proprietary and Confidential Information  •  Products and Product Information are Subject to Change Without Notice  •  June 20, 2007 11 

Solder Mask Edges

Solder Mask Edges

Metal Pad Edge

Pin 1 Indicator B9

12

1.75 ± 0.1

0.5 ± 0.1

0.65 ± 0.12X (0.1)

0.5 ± 0.05

0.5 ± 0.1 (0.1)

Side View Bottom View

Detail A Detail B Detail C

Detail D Detail E

Top View

0.5 ± 0.1

0.65 ± 0.12X (0.1)

All measurements are in millimeters.

Dimensioning and tolerancing according to ASME Y14.5M-1994. S960

Metal Pad Edge

Metal Pad Edge

A

C

0

0

C

A

B

18X  5.9

24
X 

 4
.4

2X
  1

.7
5

4X
  3

4X
  2

4X
  1

4X  4.5

4X  3.5

4X  2.5

4X  1.5

4X  0.5

2X  1.25

2X  3.75

See Detail E

2.375
2.375

3.375
3.3750.2 x 0.2

0.1
0.15   A  B  C

8X Solder Mask Openings

38X  SMT Pad

Pin 38

Pin 1

Pin 1 Indicator
See Detail D

0.2  A  B  C

A  B  C0.1

Solder Mask Edges

 

Figure 8. SKY73100 38-Pin MCM Package Dimensions 
 



PRELIMINARY DATA SHEET  •  SKY73100 VCO/SYNTHESIZER 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
12 June 20, 2007  •  Skyworks Proprietary and Confidential Information  •  Products and Product Information are Subject to Change Without Notice  •  200361A 

S961

1.80

12.30

9.35

12.00
4.00 2.00 ± 0.05

1.75 ± 0.10

11
.5

0 
±

 0
.0

5

24
.0

0 
±

 0
.3

0

∅1.50 Min.

∅1.55 ± 0.05

0.30 ± 0.05

Notes:
1. Carrier tape material: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 21.3 mm width
4. All measurements are in millimeters

Pin #1
indicator

B

A

A

B

B

A

 

Figure 9. SKY73100 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73100 865-960 MHz VCO/Synthesizer SKY73100-11 (Pb-free package)  
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PRELIMINARY DATA SHEET 

SKY73120: 890-960 MHz Voltage Controlled Oscillator 
Applications 

• ISM band base station transceivers 

• RFID transceivers 

• Fixed wireless 

• AMR radios 

• TETRA termials and mobile stations 

• General purpose RF systems 

Features 

• Frequency range: 890 to 960 MHz 

• Integrated band selection 

• Output power = 0 dBm 

• Very low phase noise: –110 dBc/Hz @ 25 kHz offset 

• MCM (28-pin, 6 x 6 mm) Pb-free free (MSL3, 260 °C per JEDEC 
J-STD-020) SMT package 

 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

 

Description 
Skyworks SKY73120 Voltage-Controlled Oscillator (VCO) is a high 
performance signal source for high dynamic range transceivers. 
With a wide frequency operating range from 890 to 960 MHz, and 
0 dBm output power and low phase noise (–110 dBc/Hz @ 
25 kHz offset), the SKY73120 is an ideal solution for ISM band 
base station transceivers, RFID transceivers, and 2G/3G base 
station transceivers. 

The SKY73120 VCO is manufactured using a robust silicon 
BiCMOS process and has been designed for optimum long-term 
reliability. The device is provided in a compact, 28-pin 6 x 6 mm 
Multi-Chip Module (MCM) package. The device package and 
pinout are shown in Figure 1. A functional block diagram is shown 
in Figure 2. Signal pin assignments and functional pin 
descriptions are provided in Table 1. 
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Figure 1. SKY73120 Pinout– 28-Pin MCM Package 
(Top View) 
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Figure 2. SKY73120 Functional Block Diagram 
 

Table 1. SKY73120 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 GND Ground 15 BS0 Band select 0 

2 GND Ground 16 BS1 Band select 1 

3 GND Ground 17 NC No connection 

4 GND Ground 18 NC No connection 

5 GND Ground 19 NC No connection 

6 GND Ground 20 VDD Power supply 

7 GND Ground 21 GND Ground 

8 GND Ground 22 GND Ground 

9 GND Ground 23 GND Ground 

10 VTUNE Tune voltage 24 GND Ground 

11 GND Ground 25 GND Ground 

12 GND Ground 26 GND Ground 

13 GND Ground 27 GND Ground 

14 GND Ground 28 RF_OUT RF output 

 

Technical Description 
The SKY73120 is a fully integrated VCO that includes varactors, a 
band select module, oscillator, output buffer, and RF balun. The 
output power from the RF balun is 0 dBm and the output 
impedance is designed to be 50 Ω. 

The band select module can be used to change the center 
operation frequency of the VCO by controlling the BS1 and BS0 
pin signals. This allows the total frequency range to be extended 
by keeping the same Kv and phase noise performance. The 
control logic for the BS1 and BS0 pins is shown in Table 2 and 
illustrated in Figure 3. 
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Table 2. Band Select Logic Table 

BS1 
(Pin 16) 

BS0 
(Pin 15) 

Minimum Output Frequency Range (MHz) 
(VTUNE = 0.2 to 2.8 V) 

0 0 940 to 960 

0 1 928 to 940 

1 0 902 to 928 

1 1 890 to 902 
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Figure 3. SKY73120 Operation Frequency vs Tuning Voltage and Band Select 
 

 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

The SKY73120 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to Skyworks Application Note, PCB 
Design and SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73120 are provided in 
Table 3. The recommended operating conditions are specified in 
Table 4 and electrical specifications are provided in Table 5. 
Phase noise characteristics are shown in Figure 4. 

A typical application schematic for the SKY73120 is provided in 
Figure 5. The PCB layout footprint for the SKY73120 is provided in 
Figure 6. Figure 7 shows the package dimensions for the 28-pin 
MCM and Figure 8 provides the tape and reel dimensions. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73120 ESD threshold level is 2500 VDC using Human 
Body Model (HBM) testing. This level applies to RF signal lines 
>100 MHz, analog and RF lines <100 MHz, digital lines, power 
supply lines, and ground pins. 

To avoid latent or visible ESD damage, always follow proper ESD 
handling precautions. 
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Table 3. SKY73120 Absolute Maximum Ratings (Note 1) 

Parameter Symbol Min Typical Max Units 

Supply voltage VCC   5.5 V 

Storage temperature TST –40  +150 °C 

Operating case temperature TC –40  +85 °C 

Note 1: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal values. 

 

Table 4. SKY73120 Recommended Operating Conditions 

Parameter Symbol Min Typical Max Units 

Supply voltage VCC 3.1 3.3 3.6 V 

Tuning voltage VTUNE 0.2  2.8 V 

Load connected to RF output  50 Ω, maximum VSWR (load input) 2.0:1, all phases 

Band-select voltage level  
BSHIGH 
BSLOW 

 
2.3 

  
 

0.1 

 
V 
V 

 

Table 5. SKY73120 Electrical Characteristics 
(VDD = 3.3 V, TC = 25 °C Unless Otherwise Noted) 

Parameter Symbol Test Conditions Min Typical Max Units 

Oscillation frequency   890  960 MHz 

Tuning voltage: 
 @ 890 MHz 
 @ 960 MHz 

  
Band select = 11b 
Band select = 00b 

  
1 
2 

  
V 
V 

Tuning sensitivity    28  MHz/V 

Output level    0  dBm 

Output impedance    50  Ω 

Harmonic suppression: 
 2nd harmonic 
 3rd harmonic 

    
–30 
–35 

  
dBc 
dBc 

Single sideband phase noise: 
 @ 10 kHz offset 
 @ 25 kHz offset 
 @ 100 kHz offset 
 @ 1 MHz offset 

    
–100 
–110 
–124 
–144 

  
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 

Pushing  VCC = 3.1-3.6 V  1.8  MHzp-p 

Pulling  12 dB RL  120  kHzp-p 

Current consumption    26  mA 
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Figure 4. Single Sideband Phase Noise Measurements @ 951 MHz, VTUNE = 1.5 V, and Band Select = 00b 
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*** TBD *** 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. SKY73120 Typical Application Schematic 
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Figure 6. PCB Layout Footprint for the SKY73120 6 x 6 MCM 
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All measurements are in millimeters

Dimensioning and tolerancing according to ASME Y14.5M-1994

6
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Side View
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Figure 7. SKY73120 28-Pin MCM Package Dimensions 
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C1222

Notes:
1. Carrier tape: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.3 mm width
4. All dimensions are in millimeters A

B
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Figure 8. SKY73120 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73120 890-960 MHz VCO SKY73120-11 (Pb-free package)  
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PRELIMINARY DATA SHEET 

SKY73101: 1930-1990 MHz High Performance 
VCO/Synthesizer With Integrated Switch 
Applications 

• 2G, 2.5G, and 3G base station transceivers: 
− GSM, EDGE, CDMA, WCDMA 

• General purpose RF systems 

Features 

• Wideband frequency operation: 1930 to 1990 MHz 

• Process-tolerant compensation for VCO 

• 24-bit Σ∆ fractional-N synthesizer 

• Ultra-fine frequency resolution of 0.001 ppm 

• Flexible reference frequency selection 

• Three-wire serial interface up to 20 MHz clock frequency 

• Integrated PLL supply regulation for spur isolation 

• MCM (38-pin, 9 x 12 mm) Pb-free free (MSL3, 260 °C per 
JEDEC J-STD-020) SMT package 

 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Description 
Skyworks SKY73101 Voltage-Controlled Oscillator 
(VCO)/Synthesizer is a fully integrated, high performance signal 
source for high dynamic range transceivers. The device provides 
ultra-fine frequency resolution, fast switching speed, and low 
phase noise performance for 2G, 2.5G, and 3G base station 
transceivers. 

The SKY73101 VCO/Synthesizer is a key building block for high-
performance radio system designs that require low power and a 
fine step size. Reference clock generators with an output 
frequency up to 52 MHz can be used with the SKY73101. The 
input clock frequency is divided down by programmable dividers 
(1 to 8) for the synthesizer. The phase detector can operate at a 
maximum speed of 26 MHz, which allows better phase noise due 
to the lower division value. 

The SKY73101 VCO/Synthesizer is provided in a compact, 38-pin 
Multi-Chip Module (MCM). The device package and pinout are 
shown in Figure 1. A functional block diagram is shown in 
Figure 2. Signal pin assignments and functional pin descriptions 
are provided in Table 1. 
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Figure 1. SKY73101 Pinout– 38-Pin MCM Package 
(Top View) 
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Figure 2. SKY73101 Functional Block Diagram 
 

Table 1. SKY73101 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 GND Ground 20 GND Ground 

2 GND Ground 21 N/C No connection 

3 GND Ground 22 LD Lock detect output 

4 SW_EN Synthesizer RF output switch enable 23 FREF Frequency reference input 

5 GND Ground 24 GND Ground 

6 GND Ground 25 GND Ground 

7 GND Ground 26 GND Ground 

8 GND Ground 27 N/C No connection 

9 GND Ground 28 GND Ground 

10 RF_OUT Synthesizer output 29 GND Ground 

11 GND Ground 30 GND Ground 

12 GND Ground 31 GND Ground 

13 GND Ground 32 GND Ground 

14 N/C No connection 33 N/C No connection 

15 GND Ground 34 GND Ground 

16 GND Ground 35 GND Ground 

17 CLK Serial port clock 36 GND Ground 

18 DATA Serial port data 37 VDD +5 V power supply 

19 LE Serial port latch enable 38 GND Ground 
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Technical Description 
The SKY73101 is a fractional-N frequency synthesizer using a 
Σ∆ modulation technique. The fractional-N implementation 
provides low in-band noise by having a low division and fast 
frequency settling time. The device also provides programmable, 
arbitrary fine frequency resolution. This compensates the 
frequency synthesizer for crystal frequency drift. 

Serial I/O Control Interface 

The SKY73101 is programmed through a three-wire serial bus 
control interface using four 26-bit words. The three-wire interface 
consists of three signals: CLK (pin 17), LE (pin 19), and the bit 
serial data line DATA (pin 18). The convention is to load data from 
the most significant bit to the least significant bit (MSB to LSB). A 
serial data input timing diagram is shown in Figure 3. Preset 
timing parameter values are provided in Table 2. 

Figure 4 depicts the serial bus, which consists of one 26-bit load 
register and four separate 24-bit registers. Data is initially clocked 
into the load register starting with the MSB and ending with the 
LSB. The LE signal is used to gate the clock to the load register, 
requiring the LE signal to be brought low before the data load. 
Data is shifted on the rising edge of CLK. 

The two final LSBs are decoded to determine which holding 
register should latch the data. The falling edge of LE latches the 
data into the appropriate holding register. This programming 
sequence must be repeated to fill all four holding registers. 

Loading new data into a holding register not associated with the 
synthesizer frequency programming does not reset or change the 
synthesizer. The synthesizer should not lose lock before, during, 
or after a new serial word load that does not change the 
programmed frequency. 

VCO Tuning Loop 

A VCO auto-tuning loop provides the proper 7-bit coarse tuning 
setting for the VCO switch capacitors in the VCO output. This sets 
the oscillation frequency as close to target as possible before 
starting fine analog tuning. 

The auto-tuning loop is designed to compensate process variation 
so that the VCO fine tuning range can be reduced to cover 
temperature variation only. It significantly reduces VCO gain (Kv) 
which reduces VCO phase noise. 
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Figure 3. SKY73101 Serial Data Input Timing Diagram (MSB First) 
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Table 2. CLK, DATA, LE Preset Timing Parameters 

Parameter Value 

Input high voltage (VIH) 1.6 V 

Input low voltage (VIL) 0.3 V 

Input current (lDIG) 1 µA (maximum) 

Clock frequency 15 MHz (maximum) 

Clock high (tCKH) 15 ns (minimum) 

Clock low (tCKL) 15 ns (minimum) 

Data set up (tDSU) 20 ns (minimum) 

Data hold (tDHD) 10 ns (minimum) 

Clock to latch enable (tCLE) 20 ns (minimum) 

Latch enable width (tLEW) 15 ns (minimum) 

Latch enable to clock (tLEC) 15 ns (minimum) 

Word length 26 bits 

Number of words 4 

Current drain 2 µA 

Bits [25:2]
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Frequency
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Figure 4. Serial Bus Block Diagram 
 

VCO Prescalers 

The VCO prescalers divide the VCO output signal by either 16/17 
or 8/9. The Σ∆ modulator determines whether to divide by 16 or 
17 in the 16/17 mode, or whether to divide by 8 or 9 in the 8/9 
mode. 

N-Counter 

The N-counter consists of two asynchronous ripple counters, a 
6-bit M-counter and a 4-bit A-counter. The M-counter determines 
the counts using the lower division ratio in the prescaler (8 or 16); 
the A-counter determines the counts using the upper division ratio 
(9 or 17). 

By changing the counter setting at each reference clock cycle, the 
Modulated Fractional Divider (MFD) achieves the desired noise 
shaping. 

VCO MFD Block 

The MFD block divides down the prescaler output to the Phase 
Locked Loop (PLL) reference frequency. A third order cascaded 
Σ∆ modulation technique minimizes spurs through randomization 
of the division ratio. 

The MFD block controls the division ratio by dynamically 
programming the M and A counters in the N-counter. 

Phase Detector and Charge Pump 

The phase detector and charge pump detect and integrate the 
phase and frequency errors of the divided down VCO output 
versus the reference clock. This results in a feedback adjustment 
of the control voltage for the VCO. 
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Lock Detect 

Lock detection circuitry provides a CMOS logic level indication 
when the PLL is frequency locked (high when locked). 

Reference Input Divider 

The R-counter (reference input clock divider) consists of three 
divide-by-two blocks and one multiplexer controlled by the 
RDIV[1:0] parameter in Legacy Word 2. The R-counter is used to 
select a divide-by-one to a divide-by-eight function. 

Synthesizer Output Switch 

An on-chip switch is integrated into the SKY73101 RF output after 
the balun and is controlled by the SW_EN signal (pin 4) as 
indicated below: 

SW_EN Input Synthesizer Output 

High On 

Low Off 

 

The switch provides >50 dB isolation at the synthesizer RF 
output. This allows the SKY73101 to be used for GSM 
applications. 

Synthesizer Programming 

To program the synthesizer to the correct frequency, values for 
the N-counter (both M and A portions), fractional divisor (FN), and 
fractional modulus extender (ME) are needed. These values are 
used to determine the total divider ratio, DTotal, according to 
Equation 1: 

 DTotal = Nactual + FNactual + MEactual + 3.5 (1) 

Where: Nactual = the actual value of the N-counter 

 FNactual = the actual fractional divisor 

 MEactual = the actual fractional modulus extender 

Because of the way the ∆Σ modulator is implemented in the 
SKY73101, the number 3.5 must be added to the division number 
to obtain the final division ratio. 

The calculated value for DTotal can then be used to determine the 
correct synthesizer frequency, RF: 

 Total
REF D
R1

FRF ×=  (2) 

Where: FREF = the reference frequency 

 R1 = the reference divider radio 

The 6-bit M-counter and the 4-bit A-counter portions of the N-
counter are calculated according to the following relationships: 

Nactual is the actual N-counter value and is the integer portion of 
(DTotal – 3.5): 

 Nactual = Mactual × P + Aactual (3) 

If: M = Mactual (binary number, fit to six bits) 

 A = Aactual (binary number, fit to four bits) 

Then: N = M × 24 + A 

Where: N is the number to be programmed into the N-counter. 

The synthesizer has a selectable prescaler of 8/9 or 16/17. If the 
16/17 prescaler is used: 

P = 24 = 16 

In this case, N is the same as Nactual, M is equal to the six MSBs of 
Nactual, and A is equal to the four LSBs of Nactual. 

If the 8/9 prescaler is used: 

P = 8 

Here, N is not equal to Nactual. The A-counter portion only uses the 
three LSBs (the 4th bit of the A-counter is a “don’t care” bit). 

The fractional divisor code (FN) sets the fractional-N modulo up to 
256 modulo according to the following equation: 

 ⎟
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The value of FN is equal to the binary representation of 256 (or 28) 
× FNactual, or: 

 FN = D7 × 27 + D6 × 26 + D5 × 25+ . . . D0 

The fractional modulo can be extended up to 223 using the modulo 
extender (ME) if required: 

 MEactual = D14(1/29) + D13(1/210) + D12(1/211) + . . . + D0(1/223) 

The value of ME is equal to the binary representation of the 
integer part of 223 × MEactual, or: 

 ME = D14 × 214 + D13 × 213 + D12 × 212 + . . .D0 

 

Example 1: 

A desired synthesizer frequency of 2640.45 MHz is required using 
a crystal frequency of 16 MHz and a 16/17 prescaler. Since the 
maximum internal reference frequency is 25 MHz, the crystal 
frequency does not need to be divided. However, a reference 
divider ratio of 2 is used for this example. 

Restating Equation 2 as a function of DTotal: 

 DTotal  = (2640.45 × 2)/16 = 330.05625 

Where: RF = 2640.45 

 R1 = 2 

 FREF = 16 

Determine Nactual by subtracting 3.5 from DTotal and removing the 
fractional portion: 
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 DTotal – 3.5 = 326.55625 

Using Equation 3: 

 Nactual = 326 = Mactual × P + Aactual 

Where: Mactual = 20 

 P = 16 

 Aactual = 6 

M = Mactual = 20 = 010100b (the six MSBs) 

A = Aactual = 6 = 0110b (the four LSBs) 

N = M × 24 + A = 0101000110b (this is the same as Nactual) 

Multiply the fractional portion that was removed in the previous 
step by 256 and remove the fractional portion of the result to 
determine FN: 

0.55625 × 256 = 142.4 

FN = 142 = 10001110b 

Divide FN by 256 to determine the actual fractional part, FNactual: 

FNactual = 142/256 = 0.5546875 

Subtract this result from the fractional portion of (DTotal – 3.5) to 
determine the actual fractional modulus extender, MEactual: 

MEactual = (DTotal – 3.5 – Nactual) – FNactual 

 = 0.55625 – 0.5546875 

 = 0.0015625 

Multiply this result by 8388608 (the 23-bit ∆Σ modulator value, 
223) and remove the fractional portion to determine the value of 
ME: 

0.0015625 × 8388608 = 13107.2 

ME = 13107 = 011001100110011b 

 

Example 2: 

A desired synthesizer frequency of 725 MHz is required using a 
crystal frequency of 13 MHz and an 8/9 prescaler. Since the 
maximum internal reference frequency is 25 MHz, the crystal 
frequency does not need to be divided. However, a reference 
divider ratio of 2 is used for this example. 

Restating Equation 2 as a function of DTotal: 

 DTotal  = (725 × 2)/13 = 111.538461538 

Where: RF = 725 

 R1 = 2 

 FREF = 13 

Determine Nactual by subtracting 3.5 from DTotal and removing the 
fractional portion: 

 DTotal – 3.5 = 108.038461538 

Using Equation 3: 

 Nactual = 108 = Mactual × P + Aactual 

Where: Mactual = 13 

 P = 8 

 Aactual = 4 

 

M = Mactual = 13 = 001101b (the six MSBs) 

A = Aactual = 4 = 0100b (the four LSBs) 

N = M × 24 + A = 0011010100b (the value programmed) 

Multiply the fractional portion that was removed in the previous 
step by 256 and remove the fractional portion of the result to 
determine FN: 

0.038461538 × 256 = 9.846153728 

FN = 9 = 00001001b 

Divide FN by 256 to determine the actual fractional part, FNactual: 

FNactual = 9/256 = 0.03515625 

Subtract this result from the fractional portion of (DTotal – 3.5) to 
determine the actual fractional modulus extender, MEactual: 

MEactual = (DTotal – 3.5 – Nactual) – FNactual 

 = 0.038461538 – 0.03515625 

 = 0.003305288 

Multiply this result by 8388608 (the 23-bit ∆Σ modulator value, 
223) and remove the fractional portion to determine the value of 
ME: 

0. 003305288 × 8388608 = 27726.7653 

ME = 27726 = 110110001001110b 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

The SKY73101 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to Skyworks Application Note, PCB 
Design and SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
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tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Circuit Design Considerations 
The following design considerations are general in nature and 
must be followed regardless of final use or configuration 

1. Paths to ground should be made as short and as low 
impedance as possible. 

2. The ground pad of the SKY73101 provides critical electrical 
grounding requirements. Design the connection to the ground 
pad to provide the best electrical connection to the circuit 
board. Multiple vias to the grounding layer are recommended 
to connect the top layer ground area to the main ground layer. 

3. Skyworks recommends including external bypass capacitors 
on the VDD voltage input (pin 37) of the device. These 
capacitors should be placed as close as possible to the VDD 
input pin. 

4. A 50 Ω impedance trace is needed for the RF_OUT (pin 10) 
line. 

Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73101 are provided in 
Table 3. The recommended operating conditions are specified in 
Table 4 and electrical specifications are provided in Table 5. Spur 
suppression measurements are provided in Table 6. 
Measurement plots for single sideband phase noise and settling 
time are shown in Figures 5 and 6, respectively. 

A typical application schematic for the SKY73101 is provided in 
Figure 7. Figure 8 shows the package dimensions for the 38-pin 
MCM and Figure 9 provides the tape and reel dimensions. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73101 ESD threshold level is 2500 VDC using Human 
Body Model (HBM) testing. This level applies to RF signal lines 
>100 MHz, analog and RF lines <100 MHz, digital lines, power 
supply lines, and ground pins. 

To avoid latent or visible ESD damage, always follow proper ESD 
handling precautions. 

 

 

Table 3. SKY73101 Absolute Maximum Ratings (Note 1) 

Parameter Symbol Min Typical Max Units 

Supply voltage VCC 0  5.5 V 

Operating temperature, full performance TOP –40  +85 °C 

Storage temperature TST –40  +150 °C 

Note 1: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal values. 

 

Table 4. SKY73101 Recommended Operating Conditions 

Parameter Symbol Min Typical Max Units 

Supply voltage VCC 4.75 5.00 5.25 V 

Input voltage (CLK, DATA, LE): 
 Low level 
 High level 

  
 

1.4 

  
0.6 

 
V 
V 

Output voltage (LD) with 18 kΩ load from 
VCC PLL: 
 Low level, unlocked 
 High level, unlocked 

  
 
 

2.4 

  
 

0.4 

 
 
V 
V 

Reference frequency input voltage (FREF, 
pin 23) 

FREFIN 0.5 1.0 1.5 Vp-p 

Load connected to RF output  50 Ω, maximum VSWR (load input) 2.0:1, all phases 

RF output switch enable: 
 High 
 Low 

 
SWENH 
SWENL 

 
4.75 

0 

  
5.25 
0.8 

 
V 
V 
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Table 5. SKY73101 Electrical Characteristics (Note 1) 
(VCC = 5 V, TC = 25 °C, Charge Pump Current = 1600 µA, FREF = 52 MHz, Reference Input Divider = 8, Prescale Divider = 8/9, Unless 
Otherwise Noted) 

Parameter Symbol Test Conditions Min Typical Max Units 

Oscillation frequency   1930  1990 MHz 

Reference frequency    13 52 MHz 

Phase detector frequency    6.5  MHz 

PLL loop bandwidth    25  kHz 

Output level    –10  dBm 

Output impedance    50  Ω 

Output VSWR     *** TBD *** – 

Reference frequency input (FREF) 
impedance 

  470   Ω 

Harmonic suppression     –20 dBc 

Integrated phase noise  100 Hz to 100 kHz   1 degrees RMS 

Single sideband phase noise offset: 
 @ 1 kHz 
 @ 5 kHz 
 @ 10 kHz 
 @ 200 kHz 
 @ 400 kHz 
 @ 600 kHz 
 @ 800 kHz 
 @ 1.8 MHz 
 @6 MHz 

    
–87 
–87 
–87 

–112 
–130 
–136 
–139 
–146 
–158 

  
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 

PLL-reference spurious suppression     –100 dBc 

Frequency settling time  Within ±2 kHz  250  µs 

Phase settling time  Within ±5 deg  300 450 µs 

Peak phase error     3 degrees 

Current consumption    120  mA 

Note 1: Characterized performance may change if the SKY73101 is configured differently than the test conditions specified here. This characterization used a  6.5 MHz fixed comparison 
frequency for the PLL phase loop filter. The PLL synthesizer is programmable up to a maximum comparison frequency of 26 MHz but with degraded performance. 

 

Table 6. SKY73101 Spur Suppression Measurements 
(VCC = 5 V, TC = 25 °C, Charge Pump Current = 1600 µA, FREF = 52 MHz, Reference Input Divider = 8, Prescale Divider = 8/9) 

Frequency (MHz) 
Spurious Power (kHz) 

1930 1960 1990 

≥ 200 No spur No spur No spur 

≥ 400 
498.51 kHz, 

–92 dBc 
No spur No spur 

≥ 600 No spur No spur No spur 

≥ 800 No spur No spur No spur 

≥ 1000 
2575.45 kHz, 

–95 dBc 
No spur 1000.00 kHz, 

–91 dBc 

≥ 3000 
No spur 6515.59 kHz, 

–100 dBc 
No spur 
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Figure 5. Single Sideband Phase Noise Measurements 
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Figure 6. Settling Time Measurements 
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Figure 7. SKY73101 Typical Application Schematic 
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Figure 8. SKY73101 38-Pin MCM Package Dimensions 
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Figure 9. SKY73101 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73101 1930-1990 MHz VCO/Synthesizer SKY73101-11 (Pb-free package) *** TBD *** 
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PRELIMINARY DATA SHEET 

SKY73103: 1460-1665 MHz High Performance 
VCO/Synthesizer With Integrated Switch 
Applications 

• 2G, 2.5G, and 3G base station transceivers: 
− GSM, EDGE, CDMA, WCDMA 

• General purpose RF systems 

Features 

• Wideband frequency operation: 1460 to 1665 MHz 

• Process-tolerant compensation for VCO 

• 24-bit Σ∆ fractional-N synthesizer 

• Ultra-fine frequency resolution of 0.001 ppm 

• Flexible reference frequency selection 

• Three-wire serial interface up to 20 MHz clock frequency 

• Integrated PLL supply regulation for spur isolation 

• MCM (38-pin, 9 x 12 mm) Pb-free free (MSL3, 260 °C per 
JEDEC J-STD-020) SMT package 

 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Description 
Skyworks SKY73103 Voltage-Controlled Oscillator 
(VCO)/Synthesizer is a fully integrated, high performance signal 
source for high dynamic range transceivers. The device provides 
ultra-fine frequency resolution, fast switching speed, and low 
phase noise performance for 2G, 2.5G, and 3G base station 
transceivers. 

The SKY73103 VCO/Synthesizer is a key building block for high-
performance radio system designs that require low power and a 
fine step size. Reference clock generators with an output 
frequency up to 52 MHz can be used with the SKY73103. The 
input clock frequency is divided down by programmable dividers 
(1 to 8) for the synthesizer. The phase detector can operate at a 
maximum speed of 26 MHz, which allows better phase noise due 
to the lower division value. 

The SKY73103 VCO/Synthesizer is provided in a compact, 38-pin 
Multi-Chip Module (MCM). The device package and pinout are 
shown in Figure 1. A functional block diagram is shown in 
Figure 2. Signal pin assignments and functional pin descriptions 
are provided in Table 1. 
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Figure 1. SKY73103 Pinout– 38-Pin MCM Package 
(Top View) 

 



PRELIMINARY DATA SHEET  •  SKY73103 VCO/SYNTHESIZER 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
2 April 15, 2008  •  Skyworks Proprietary and Confidential Information  •  Products and Product Information are Subject to Change Without Notice  •  200649C 

Vtune Lr
Cal

Vtune

R1 SP1 SC1

FN

ME

N PS

CPO RF

Calibration
Complete

cap [6:0]

R1
Divider

RF
PFD

Mux
(LD/Test)

RF Charge
Pump

N
Divider

ΔΣ
Modulator

cap [6:0]

Flag

7

7

7

2 2 2

2

Lr

Va
ra

ct
or

S1040

Divide-by-2

P/P+1
Prescaler

Buffer
VCO Out + RF Output

Z = 1:4

VCO Out –

SR Out +

SR Out –

PLL
Low Pass Filter

3-Wire
Serial

Interface

Digital
Coarse

Calibration

FREF

RFIN

CLK

SW_EN

LE

DAT

RFINB

LD

 

Figure 2. SKY73103 Functional Block Diagram 
 

Table 1. SKY73103 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 GND Ground 20 GND Ground 

2 GND Ground 21 N/C No connection 

3 GND Ground 22 LD Lock detect output 

4 SW_EN Synthesizer RF output switch enable 23 FREF Frequency reference input 

5 GND Ground 24 GND Ground 

6 GND Ground 25 GND Ground 

7 GND Ground 26 GND Ground 

8 GND Ground 27 N/C No connection 

9 GND Ground 28 GND Ground 

10 RF_OUT Synthesizer output 29 GND Ground 

11 GND Ground 30 GND Ground 

12 GND Ground 31 GND Ground 

13 GND Ground 32 GND Ground 

14 N/C No connection 33 N/C No connection 

15 GND Ground 34 GND Ground 

16 GND Ground 35 GND Ground 

17 CLK Serial port clock 36 GND Ground 

18 DATA Serial port data 37 VDD +5 V power supply 

19 LE Serial port latch enable 38 GND Ground 
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Technical Description 
The SKY73103 is a fractional-N frequency synthesizer using a 
Σ∆ modulation technique. The fractional-N implementation 
provides low in-band noise by having a low division and fast 
frequency settling time. The device also provides programmable, 
arbitrary fine frequency resolution. This compensates the 
frequency synthesizer for crystal frequency drift. 

Serial I/O Control Interface 

The SKY73103 is programmed through a three-wire serial bus 
control interface. The three-wire interface consists of three 
signals: CLK (pin 17), LE (pin 19), and the bit serial data line DATA 
(pin 18). A serial data input timing diagram is shown in Figure 3. 
Timing parameter values are provided in Table 2. 

Figure 4 depicts the serial bus, which consists of one 26-bit load 
register and four separate 24-bit hold registers. Data is initially 
clocked into the load register starting with the Most Significant Bit 
(MSB) and ending with the Least Significant Bit (LSB). 

The LE signal is used to gate the clock to the load register, 
requiring the LE signal to be brought low before the data load. 
Data is shifted on the rising edge of CLK. The falling edge of LE 
latches the data into the appropriate hold register from the load 
register. This programming sequence must be repeated to fill all 
four hold registers. 

The specific hold register addresses are determined by the wd_0 
and wd_1 parameters in the load register. These are the two 
LSBs (bits [1:0]) as shown in Figure 4. Table 3 lists the four hold 
registers and their respective addresses as determined in the load 
register. 

The contents of each word in the load register are used to 
program the four hold registers described in Tables 4 through 7. 
The dpll_ctrl parameter (bits [19:2] of Word 1) programs the 
Digital Phase Locked Loop (DPLL) block. Each of the 18 bits that 

comprise the dpll_ctrl parameter map directly to the signal ports 
on the DPLL block as shown in Table 8 (except for the 
dpll_flag_override and dpll_flag_value parameters). 

Loading new data into a hold register not associated with the 
synthesizer frequency programming does not reset or change the 
synthesizer. The synthesizer should not lose lock before, during, 
or after a new serial word load that does not change the 
programmed frequency. 

VCO Auto-Tuning Loop 

An auto-tuning loop provides the proper 7-bit coarse tuning 
setting for the switch capacitors in the VCO tank circuits. This sets 
the oscillation frequency as close to target as possible before 
starting fine analog tuning. 

The auto-tuning loop is designed to compensate for process 
variation so that the VCO fine tuning range can be reduced to 
cover minor variations only. The auto-tuning loop reduces VCO 
gain (KV), which reduces the VCO phase noise. 

The loop includes an analog part and a digital part (referred to as 
the DPLL). The analog part includes the VCO, a high-speed 
divider, and a VCO tuning voltage control block. The high-speed 
divider consists of the prescaler (divide by 16/17 or divide by 8/9) 
followed by an additional divide-by-2 block to generate the low 
frequency internal signal, vco_clk. 

There are two conditions that enable the VCO auto-tuning 
function: a Power-On-Reset (POR) and a change in frequency. The 
difference in the program flow under each of these conditions is 
illustrated in Figure 5. Under either condition, dpll_en (bit [20] of 
Word 1) should first be cleared so that a rising edge pulse can be 
generated. Following this pulse, set dpll_en to enable VCO auto-
tuning. 

 

DATA

CLK

LE

tDSU

tDHD tCKH

tCLE

tLEW

tLEC

tCKL

S1053
 

Figure 3. SKY73103 Serial Data Input Timing Diagram (MSB First) 
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Table 2. CLK, DATA, LE Timing Parameters 

Parameter Value 

Input high voltage (VIH) 1.6 V 

Input low voltage (VIL) 0.3 V 

Input current (lDIG) 1 µA (maximum) 

Clock frequency 15 MHz (maximum) 

Clock high (tCKH) 15 ns (minimum) 

Clock low (tCKL) 15 ns (minimum) 

Data set up (tDSU) 20 ns (minimum) 

Data hold (tDHD) 10 ns (minimum) 

Clock to latch enable (tCLE) 20 ns (minimum) 

Latch enable width (tLEW) 15 ns (minimum) 

Latch enable to clock (tLEC) 15 ns (minimum) 

Word length 26 bits 

Number of words 4 

Current drain 2 µA 

Bits [25:2]

S918

Power-On
Preset

CLK

DATA
(Words 0-3, bits [25:0])

LE

Word 0
Bits [25:2]

Words 0-3
Bits [1:0]

Word 1
Bits [25:2]

Word 2
Bits [25:2]

Word 3
Bits [25:2]Load

Register
Operation

Mode
Register

Auto
Calibration

Control
Register

2 LSB Decode
(Register Address,

Bits [1:0])

Latch Latch

Frequency
Control 1
Register

Latch

Frequency
Control 2
Register

Latch

 

Figure 4. Serial Bus Block Diagram 
 

Table 3. SKY73103 Hold Registers and Addresses 

Hold Register Address (Binary) in Load Register Words 
Hold Register Name 

Bit [1] Bit [0] 

Operation Mode 0 0 

Auto Calibration Control 0 1 

Frequency Control 1 1 0 

Frequency Control 2 1 1 
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Table 4. Load Register Word 0 (Programs the Operation Mode Register) (1 of 2) 

Parameter Function State Description Recommended 
Operational Value 

(Binary) 

wd_0, wd_1 Address bits [1:0]. Must be set to 00b (see 
Table 3) 

 00 

cp_output Charge pump setting [4:2] Bits [4:2]: 

0 0 0 = 200 µA 
0 0 1 = 400 µA 
0 1 0 = 600 µA 
0 1 1 = 800 µA 
1 0 0 = 1000 µA 
1 0 1 = 1200 µA 
1 1 0 = 1400 µA 
1 1 1 = 1600 µA 

Application 
dependent 

(see Table 11) 

cp_delay Charge pump delay [6:5] Bits [6:5]: 

0 0 = 2 nsec 
0 1 = 4 nsec 
1 0 = 7 nsec 
1 1 = 9 nsec 

00 

pd_polar Polarity of phase detector [7] Bit [7]: 

0 = negative 
1 = positive 

0 

cp_tristate Tri-state selection for the transmit PLL 
charge pump output [8] 

Bit [8]: 

0 = charge pump in normal functional mode 
1 = charge pump disabled/tri-stated 

0 

rsvd Reserved [9] Reserved 0 

sd_sel Internal operating voltage control bit for Σ∆ 
synthesizer [10] 

Note: this bit needs to be programmed 
together with bits [11] and [12]. 

Bit [12] Bit [11] Bit [10]: N-Cntr/R-Divider Mod Dig 
   Voltage Voltage 

 0 X X = 0 V 0 V 
 1 0 0 = 1.8 V 1.8 V 
 1 0 1 = 1.8 V 2.4 V 
 1 1 0 = 2.4 V 1.8 V 
 1 1 1 = 2.4 V 2.4 V 

100 

nr_sel Internal operating voltage control bit for N-
counter and R-divider [11] 

See sd_sel parameter (bit [10]) 

This bit needs to be programmed together with bits [10] and [12]. – 

pll_en Internal operating voltage control bit for PLL 
[12] 

See sd_sel parameter (bit [10]) 

This bit needs to be programmed together with bits [10] and [11]. – 

ref_bw_sel Reference buffer bandwidth [14:13] Bits [14:13]: 

0 0 = 20 MHz 
0 1 = 30 MHz 
1 0 = 40 MHz 
1 1 = 50 MHz 

Application 
dependent 

(see Table 11) 

test_mux Lock detect and diagnostic output select 
[17:15] 

Bits [17:15]: 

0 0 0 = lock detect output 
0 0 1 = R-divider output 
0 1 0 = N-divider output 
0 1 1 = not used 
1 0 0 = not used 
1 0 1 = not used  
1 1 0 = not used 
1 1 1 = DPLL test 

000 
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Table 4. Load Register Word 0 (Programs the Operation Mode Register) (2 of 2) 

Parameter Function State Description Recommended 
Operational Value 

(Binary) 

rsvd Reserved [20:18] Reserved 000 

pre_curr_sel Prescaler current bias [22:21] Bits [22:21]: 

0 0 = 20 µA 
0 1 = 22 µA 
1 0 = 24 µA 
1 1 = 26 µA 

00 

prescale_sel Prescaler mode select [23] Bit [23]: 

0 = Prescaler in 8/9 divide mode 
1 = Prescaler in 16/17 divide mode 

Application 
dependent 

(see Table 11) 

rsvd Reserved [25:24] Reserved 00 

 

Table 5. Load Register Word 1 (Programs the Auto Calibration Control Register) 

Parameter Function State Description Recommended 
Operational Value 

(Binary) 

wd_0, wd_1 Address bits [1:0]. Must be set to 01b (see 
Table 3) 

 01 

dpll_ctrl DPLL control [19:2] Refer to Table 8 – 

dpll_en VCO auto tuning enable flag [20] 0 = disable VCO auto tuning 
1 = enable VCO auto tuning 

Refer to Figure 5 

rsvd Reserved [25:21] Reserved 00000 

 

Table 6. Load Register Word 2 (Programs the Frequency Control 1 Register) (1 of 2) 

Parameter Function State Description Recommended 
Operational Value 

(Binary) 

wd_0, wd_1 Address bits [1:0]. Must be set to 10b (see 
Table 3) 

 10 

rdiv Reference divider ratio [3:2] Bits [3:2]: 

0 0 = 8 
0 1 = 4 
1 0 = 2 
1 1 = 1 

Application 
dependent 

(see Table 11) 

rsvd Reserved [5:4] Reserved – 

ndiv N-divider/prescaler mode for control of M 
and A counters [15:6] 

Bits [15:6]: 

 Bits [15:10] Bits [9:6] 

 M bits [5:0] A bits [3:0] = use 16/17 prescaler 
 M bits [5:0] A bits [2:0] = use 8/9 prescaler 

Note: The six MSBs of ndiv denote the M counter value and the four 
LSBs denote the A counter value. For the 8/9 prescaler mode, the A 
counter value requires only three bits. Therefore, bit [9] of ndiv is a 
“don’t care” bit. 

Application 
dependent 

rsvd Reserved [16] Reserved 0 
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Table 6. Load Register Word 2 (Programs the Frequency Control 1 Register) (2 of 2) 

Parameter Function State Description Recommended 
Operational Value 

(Binary) 

mod_reset_f Modulator reset/fractional mode select [17] Bit [17]: 

0 = modulator is reset or disabled 
1 = modulator is in fractional mode 

1 

fract_int_sel Fractional/integer mode select [18] Bit [18]: 

0 = modulator is in integer mode 
1 = modulator is in functional mode 

1 

rsvd Reserved [19] Reserved. This bit should always remain set (logic high). 1 

me Modulus extender [23:20] These four bits need to be programmed together with bits [12:2] of 
Word 3. Bits [23:20] represent the four LSBs ([3:0]) of the 15-bit 
modulus extender value (ME [14:0]). Refer to the Synthesizer 
Programming section of this Data Sheet for further information. 

Application 
dependent 

rsvd Reserved [25:24] Reserved 00 

 

Table 7. Load Register Word 3 (Programs the Frequency Control 2 Register) 

Parameter Function State Description Recommended 
Operational Value 

(Binary) 

wd_0, wd_1 Address bits [1:0]. Must be set to 11b (see 
Table 3) 

 11 

me Modulus extender [12:2] These 11 bits need to be programmed together with bits [23:20] of 
Word 2. Bits [12:2] represent the 11 MSBs ([14:4]) of the 15-bit 
modulus extender value (ME [14:0]). Refer to the Synthesizer 
Programming section of this Data Sheet for further information. 

Application 
dependent 

fn Fractional divisor code [20:13] Bits [20:13] represent the 8-bit fractional divisor code (FN [7:0]). 
Refer to the Synthesizer Programming section of this Data Sheet for 
information. 

Application 
dependent 

rsvd Reserved [23:21] These three bits should always remain cleared (logic low). 0 

rsvd Reserved [25:24] Reserved 00 
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Table 8. DPLL Signal Mapping 

Serial Port Name Load Register Word 1 Bit DPLL Signal Port Name 

dpll_clk_dly(0) 2 clk_dly(0) 

dpll_clk_dly(1) 3 clk_dly(1) 

dpll_temp_comp(0) 4 temp_comp_val(0) 

dpll_temp_comp(1) 5 temp_comp_val(1) 

dpll_temp_comp(2) 6 temp_comp_val(2) 

dpll_temp_comp(3) 7 temp_comp_val(3) 

dpll_temp_comp(4) 8 temp_comp_val(4) 

dpll_temp_comp_en 9 temp_comp_en 

dpll_ext_test(0) 10 ext_test(0) 

dpll_ext_test(1) 11 ext_test(1) 

dpll_ext_test(2) 12 ext_test(2) 

dpll_ext_test(3) 13 ext_test(3) 

dpll_ext_test(4) 14 ext_test(4) 

dpll_ext_test(5) 15 ext_test(5) 

dpll_ext_test(6) 16 ext_test(6) 

dpll_ext_test(7) 17 ext_test(7) 

dpll_flag_override 18 N/A 

dpll_flag_value 19 N/A 

dpll_en 20 cal_en 

 

 

VCO Prescalers 

The VCO prescalers divide the VCO output signal by either 16/17 
or 8/9. The Σ∆ modulator determines whether to divide by 16 or 
17 in the 16/17 mode, or whether to divide by 8 or 9 in the 8/9 
mode. The prescaler mode is determined by bit [23] of Word 0 
(Operation Mode Register). 

N-Counter 

The N-counter consists of two asynchronous ripple counters, a 6-
bit M-counter and a 4-bit A-counter. The M-counter determines 
the counts using the lower division ratio in the prescaler (8 or 16); 
the A-counter determines the counts using the upper division ratio 
(9 or 17). 

By changing the counter setting at each reference clock cycle, the 
Modulated Fractional Divider (MFD) achieves the desired noise 
shaping. 

VCO MFD Block 

The MFD block divides down the prescaler output to the internal 
PLL comparison frequency. A third order cascaded Σ∆ modulation 
technique minimizes spurs through randomization of the division 
ratio. 

The MFD block controls the division ratio by dynamically 
programming the M and A counters. 

Phase Detector and Charge Pump 

The phase detector and charge pump detect and integrate the 
phase and frequency errors of the divided-down VCO output 
versus the reference clock. This results in a feedback adjustment 
of the control voltage for the VCO. 

Lock Detect 

Lock detection circuitry provides a CMOS logic level indication 
when the PLL is frequency locked (high when locked). 
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S998

DC Power On

Hardware Auto Reset

Clear dpll_en 
(Word 1, Bit [20])

Clear dpll_en 
(Word 1, Bit [20])

Send Word 0, 1, 2, and 3

Send Word 1

Frequency Change

Set dpll_en 
(Word 1, Bit [20])

Set dpll_en 
(Word 1, Bit [20])

Lock on New Frequency

Send Only Changed 
Words

Send Word 1

Lock on New Frequency

 

Figure 5. VCO Auto-Tuning Enable Process Flow Due to POR or Frequency Change 
 

 

Reference Input Divider 

The R-counter (reference input clock divider) consists of three 
divide-by-two blocks and one multiplexer controlled by the rdiv 
parameter in Word 2 (Frequency Control 1 Register). The R-
counter is used to select a divide-by-one or a divide-by-eight 
function. 

Synthesizer Output Switch 

An on-chip switch is integrated into the SKY73103 RF output after 
the balun and is controlled by the SW_EN signal (pin 4) as 
indicated below: 

 

SW_EN Input Synthesizer Output 

High On 

Low Off 

 

The switch provides >50 dB isolation at the synthesizer RF 
output. This allows the SKY73103 to be used for GSM 
applications. 

Synthesizer Programming 

To program the synthesizer to the correct frequency, values for 
the N-counter (both M and A portions), fractional divisor (FN), and 
fractional modulus extender (ME) are needed. These values are 
used to determine the total divider ratio, DTotal, according to 
Equation 1: 

 DTotal = Nactual + FNactual + MEactual + 3.5 (1) 

Where: Nactual = the actual value of the N-counter 

 FNactual = the actual fractional divisor 

 MEactual = the actual fractional modulus extender 

Because of the way the ∆Σ modulator is implemented in the 
SKY73103, the number 3.5 must be added to the division number 
to obtain the final division ratio. 

The calculated value for DTotal can then be used to determine the 
correct synthesizer frequency, RF: 

 Total
REF D
R1

FRF ×=  (2) 
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Where: FREF = the reference frequency 

 R1 = the reference divider radio 

The 6-bit M-counter and the 4-bit A-counter portions of the N-
counter are calculated according to the following relationships: 

Nactual is the actual N-counter value and is the integer portion of 
(DTotal – 3.5): 

 Nactual = Mactual × P + Aactual (3) 

If: M = Mactual (binary number, fit to six bits) 

 A = Aactual (binary number, fit to four bits) 

Then: N = M × 24 + A 

Where: N is the number to be programmed into the N-counter. 

The synthesizer has a selectable prescaler of 8/9 or 16/17. If the 
16/17 prescaler is used: 

P = 24 = 16 

In this case, N is the same as Nactual, M is equal to the six MSBs of 
Nactual, and A is equal to the four LSBs of Nactual. 

If the 8/9 prescaler is used: 

P = 8 

Here, N is not equal to Nactual. The A-counter portion only uses the 
three LSBs (the 4th bit of the A-counter is a “don’t care” bit). 

The fractional divisor code (FN) sets the fractional-N modulo up to 
256 modulo according to the following equation: 

 ⎟
⎠

⎞
⎜
⎝

⎛
++⎟

⎠

⎞
⎜
⎝

⎛
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⎞
⎜
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⎛
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1

D
2
1

D
2
1

DFN  (4) 

The value of FN is equal to the binary representation of 256 (or 28) 
× FNactual, or: 

 FN = D7 × 27 + D6 × 26 + D5 × 25+ . . . D0 

The fractional modulo can be extended up to 223 using the modulo 
extender (ME) if required: 

 MEactual = D14(1/29) + D13(1/210) + D12(1/211) + . . . + D0(1/223) 

The value of ME is equal to the binary representation of the 
integer part of 223 × MEactual, or: 

 ME = D14 × 214 + D13 × 213 + D12 × 212 + . . .D0 

 

Example 1: 

A desired synthesizer frequency of 2640.45 MHz is required using 
a crystal frequency of 16 MHz and a 16/17 prescaler. Since the 
maximum internal reference frequency is 25 MHz, the crystal 
frequency does not need to be divided. However, a reference 
divider ratio of 2 is used for this example. 

Restating Equation 2 as a function of DTotal: 

 DTotal  = (2640.45 × 2)/16 = 330.05625 

Where: RF = 2640.45 

 R1 = 2 

 FREF = 16 

Determine Nactual by subtracting 3.5 from DTotal and removing the 
fractional portion: 

 DTotal – 3.5 = 326.55625 

Using Equation 3: 

 Nactual = 326 = Mactual × P + Aactual 

Where: Mactual = 20 

 P = 16 

 Aactual = 6 

M = Mactual = 20 = 010100b (the six MSBs) 

A = Aactual = 6 = 0110b (the four LSBs) 

N = M × 24 + A = 0101000110b (this is the same as Nactual) 

Multiply the fractional portion that was removed in the previous 
step by 256 and remove the fractional portion of the result to 
determine FN: 

0.55625 × 256 = 142.4 

FN = 142 = 10001110b 

Divide FN by 256 to determine the actual fractional part, FNactual: 

FNactual = 142/256 = 0.5546875 

Subtract this result from the fractional portion of (DTotal – 3.5) to 
determine the actual fractional modulus extender, MEactual: 

MEactual = (DTotal – 3.5 – Nactual) – FNactual 

 = 0.55625 – 0.5546875 

 = 0.0015625 

Multiply this result by 8388608 (the 23-bit ∆Σ modulator value, 
223) and remove the fractional portion to determine the value of 
ME: 

0.0015625 × 8388608 = 13107.2 

ME = 13107 = 011001100110011b 

 

Example 2: 

A desired synthesizer frequency of 725 MHz is required using a 
crystal frequency of 13 MHz and an 8/9 prescaler. Since the 
maximum internal reference frequency is 25 MHz, the crystal 
frequency does not need to be divided. However, a reference 
divider ratio of 2 is used for this example. 
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Restating Equation 2 as a function of DTotal: 

 DTotal  = (725 × 2)/13 = 111.538461538 

Where: RF = 725 

 R1 = 2 

 FREF = 13 

Determine Nactual by subtracting 3.5 from DTotal and removing the 
fractional portion: 

 DTotal – 3.5 = 108.038461538 

Using Equation 3: 

 Nactual = 108 = Mactual × P + Aactual 

Where: Mactual = 13 

 P = 8 

 Aactual = 4 

 

M = Mactual = 13 = 001101b (the six MSBs) 

A = Aactual = 4 = 0100b (the four LSBs) 

N = M × 24 + A = 0011010100b (the value programmed) 

Multiply the fractional portion that was removed in the previous 
step by 256 and remove the fractional portion of the result to 
determine FN: 

0.038461538 × 256 = 9.846153728 

FN = 9 = 00001001b 

Divide FN by 256 to determine the actual fractional part, FNactual: 

FNactual = 9/256 = 0.03515625 

Subtract this result from the fractional portion of (DTotal – 3.5) to 
determine the actual fractional modulus extender, MEactual: 

MEactual = (DTotal – 3.5 – Nactual) – FNactual 

 = 0.038461538 – 0.03515625 

 = 0.003305288 

Multiply this result by 8388608 (the 23-bit ∆Σ modulator value, 
223) and remove the fractional portion to determine the value of 
ME: 

0. 003305288 × 8388608 = 27726.7653 

ME = 27726 = 110110001001110b 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

The SKY73103 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to Skyworks Application Note, PCB 
Design and SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Circuit Design Considerations 
The following design considerations are general in nature and 
must be followed regardless of final use or configuration 

1. Paths to ground should be made as short and as low 
impedance as possible. 

2. The ground pad of the SKY73103 provides critical electrical 
grounding requirements. Design the connection to the ground 
pad to provide the best electrical connection to the circuit 
board. Multiple vias to the grounding layer are recommended 
to connect the top layer ground area to the main ground layer. 

3. Skyworks recommends including external bypass capacitors 
on the VDD voltage input (pin 37) of the device. These 
capacitors should be placed as close as possible to the VDD 
input pin. 

4. A 50 Ω impedance trace is needed for the RF_OUT (pin 10) 
line. 
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Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73103 are provided in 
Table 9. The recommended operating conditions are specified in 
Table 10 and electrical specifications are provided in Table 11. 
Spur suppression measurements are provided in Table 12. 
Measurement plots for single sideband phase noise and settling 
time are shown in Figures 6 and 7, respectively. 

A typical application schematic for the SKY73103 is provided in 
Figure 8. Figure 9 shows the package dimensions for the 38-pin 
MCM and Figure 10 provides the tape and reel dimensions. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73103 ESD threshold level is 2500 VDC using Human 
Body Model (HBM) testing. This level applies to RF signal lines 
>100 MHz, analog and RF lines <100 MHz, digital lines, power 
supply lines, and ground pins. 

To avoid latent or visible ESD damage, always follow proper ESD 
handling precautions. 

 

 

Table 9. SKY73103 Absolute Maximum Ratings (Note 1) 

Parameter Symbol Min Typical Max Units 

Supply voltage VCC 0  5.5 V 

Operating temperature, full performance TOP –40  +85 °C 

Storage temperature TST –40  +150 °C 

Note 1: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal values. 

 

Table 10. SKY73103 Recommended Operating Conditions 

Parameter Symbol Min Typical Max Units 

Supply voltage VCC 4.75 5.00 5.25 V 

Input voltage (CLK, DATA, LE): 
 Low level 
 High level 

  
 

1.4 

  
0.6 

 
V 
V 

Output voltage (LD) with 18 kΩ load from 
VCC PLL: 
 Low level, unlocked 
 High level, unlocked 

  
 
 

2.4 

  
 

0.4 

 
 
V 
V 

Reference frequency input voltage (FREF, 
pin 23) 

FREFIN 0.5 1.0 1.5 Vp-p 

Load connected to RF output  50 Ω, maximum VSWR (load input) 2.0:1, all phases 

RF output switch enable: 
 High 
 Low 

 
SWENH 
SWENL 

 
2.2 

  
 

0.8 

 
V 
V 
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Table 11. SKY73103 Electrical Characteristics (Note 1) 
(VCC = 5 V, TC = 25 °C, cp_output = 1000 µA, FREF = 52 MHz, ref_bw_sel = 50 MHz, rdiv = 8, prescale_sel = 8/9, Unless Otherwise Noted) 

Parameter Symbol Test Conditions Min Typical Max Units 

Oscillation frequency   1460  1665 MHz 

Reference frequency FREF   13 52 MHz 

Phase detector frequency    6.5  MHz 

PLL loop bandwidth    25  kHz 

Output level    –10  dBm 

Output impedance    50  Ω 

Output VSWR     *** TBD *** – 

Reference frequency (FREF) input impedance   470   Ω 

Harmonic suppression     –20 dBc 

Integrated phase noise  100 Hz to 100 kHz   1 degrees RMS 

Single sideband phase noise offset: 
 @ 1 kHz 
 @ 5 kHz 
 @ 10 kHz 
 @ 200 kHz 
 @ 400 kHz 
 @ 600 kHz 
 @ 800 kHz 
 @ 1.8 MHz 
 @6 MHz 

    
–86 
–87 
–86 

–121 
–135 
–141 
–144 
–151 
–162 

  
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 

PLL-reference spurious suppression     –100 dBc 

Frequency settling time  Within ±2 kHz  250  µs 

Phase settling time  Within ±5 deg  300 450 µs 

Peak phase error     3 degrees 

Current consumption    120  mA 

Note 1: Characterized performance may change if the SKY73103 is configured differently than the test conditions specified here. This characterization used a  6.5 MHz fixed comparison 
frequency for the PLL phase loop filter. The PLL synthesizer is programmable up to a maximum comparison frequency of 26 MHz but with degraded performance. 
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Figure 6. SKY73103 Single Sideband Phase Noise Measurements 
 

Table 12. SKY73103 Spur Suppression Measurements 
(VCC = 5 V, TC = 25 °C, cp_output = 1000 µA, FREF = 52 MHz, rdiv = 8) 

Frequency (MHz) 
Spurious Power (kHz) 

1461 1499 1537 1600 1631 1662 

≥ 1 No spur No spur No spur No spur No spur No spur 

≥ 200 No spur No spur No spur No spur No spur No spur 

≥ 400 No spur No spur No spur No spur 498.51 kHz, 
–97 dBc 

No spur 

≥ 600 No spur No spur No spur No spur No spur No spur 

≥ 800 No spur No spur No spur No spur No spur No spur 

≥ 1000 2232.74 kHz, 
–100 dBc 

2355.55 kHz, 
–103 dBc 

2866.58 kHz, 
–101 dBc 

No spur 2272.95 kHz, 
–103 dBc 

No spur No spur 

≥ 3000 No spur No spur 3551.30 kHz, 
–105 dBc 

4478.81 kHz, 
–107 dBc 

3306.59 kHz, 
–106 dBc 

5074.89 kHz, 
–102 dBc 
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Figure 7. SKY73103 Settling Time Measurements 
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Figure 8. SKY73103 Typical Application Schematic 
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Figure 9. SKY73103 38-Pin MCM Package Dimensions 
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Figure 10. SKY73103 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73103 1460-1665 MHz VCO/Synthesizer SKY73103-11 (Pb-free package) *** TBD *** 
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PRELIMINARY DATA SHEET 

SKY73112: 750-850 MHz High Performance VCO/Synthesizer 
With Integrated Switch 
Applications 

• 2G, 2.5G, and 3G base station transceivers: 
− GSM, EDGE, CDMA, WCDMA 

• General purpose RF systems 

Features 

• Wideband frequency operation: 750 to 850 MHz 

• Process-tolerant compensation for VCO 

• 24-bit Σ∆ fractional-N synthesizer 

• Ultra-fine frequency resolution of 0.001 ppm 

• Flexible reference frequency selection 

• Three-wire serial interface up to 20 MHz clock frequency 

• Integrated PLL supply regulation for spur isolation 

• MCM (38-pin, 9 x 12 mm) Pb-free free (MSL3, 260 °C per 
JEDEC J-STD-020) SMT package 

 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

 

Description 
Skyworks SKY73112 Voltage-Controlled Oscillator 
(VCO)/Synthesizer is a fully integrated, high performance signal 
source for high dynamic range transceivers. The device provides 
ultra-fine frequency resolution, fast switching speed, and low 
phase noise performance for 2G, 2.5G, and 3G base station 
transceivers. 

The SKY73112 VCO/Synthesizer is a key building block for high-
performance radio system designs that require low power and a 
fine step size. Reference clock generators with an output 
frequency up to 52 MHz can be used with the SKY73112. The 
input clock frequency is divided down by programmable dividers 
(1 to 8) for the synthesizer. The phase detector can operate at a 
maximum speed of 26 MHz, which allows better phase noise due 
to the lower division value. 

The SKY73112 VCO/Synthesizer is provided in a compact, 38-pin 
Multi-Chip Module (MCM). The device package and pinout are 
shown in Figure 1. A functional block diagram is shown in 
Figure 2. Signal pin assignments and functional pin descriptions 
are provided in Table 1. 
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Figure 1. SKY73112 Pinout– 38-Pin MCM Package 
(Top View) 
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Figure 2. SKY73112 Functional Block Diagram 
 

Table 1. SKY73112 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 GND Ground 20 GND Ground 

2 GND Ground 21 N/C No connection 

3 GND Ground 22 LD Lock detect output 

4 SW_EN Synthesizer RF output switch enable 23 FREF Frequency reference input 

5 GND Ground 24 GND Ground 

6 GND Ground 25 GND Ground 

7 GND Ground 26 GND Ground 

8 GND Ground 27 N/C No connection 

9 GND Ground 28 GND Ground 

10 RF_OUT Synthesizer output 29 GND Ground 

11 GND Ground 30 GND Ground 

12 GND Ground 31 GND Ground 

13 GND Ground 32 GND Ground 

14 N/C No connection 33 N/C No connection 

15 GND Ground 34 GND Ground 

16 GND Ground 35 GND Ground 

17 CLK Serial port clock 36 GND Ground 

18 DATA Serial port data 37 VDD +5 V power supply 

19 LE Serial port latch enable 38 GND Ground 
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Technical Description 
The SKY73112 is a fractional-N frequency synthesizer using a 
Σ∆ modulation technique. The fractional-N implementation 
provides low in-band noise by having a low division and fast 
frequency settling time. The device also provides programmable, 
arbitrary fine frequency resolution. This compensates the 
frequency synthesizer for crystal frequency drift. 

Serial I/O Control Interface 

The SKY73112 is programmed through a three-wire serial bus 
control interface using four 26-bit words. The three-wire interface 
consists of three signals: CLK (pin 17), LE (pin 19), and the bit 
serial data line DATA (pin 18). The convention is to load data from 
the most significant bit to the least significant bit (MSB to LSB). A 
serial data input timing diagram is shown in Figure 3. Preset 
timing parameter values are provided in Table 2. 

Figure 4 depicts the serial bus, which consists of one 26-bit load 
register and four separate 24-bit registers. Data is initially clocked 
into the load register starting with the MSB and ending with the 
LSB. The LE signal is used to gate the clock to the load register, 
requiring the LE signal to be brought low before the data load. 
Data is shifted on the rising edge of CLK. 

The two final LSBs are decoded to determine which holding 
register should latch the data. The falling edge of LE latches the 
data into the appropriate holding register. This programming 
sequence must be repeated to fill all four holding registers. 

Loading new data into a holding register not associated with the 
synthesizer frequency programming does not reset or change the 
synthesizer. The synthesizer should not lose lock before, during, 

or after a new serial word load that does not change the 
programmed frequency. 

VCO Tuning Loop 

A VCO auto-tuning loop provides the proper 7-bit coarse tuning 
setting for the VCO switch capacitors in the VCO output. This sets 
the oscillation frequency as close to target as possible before 
starting fine analog tuning. 

The auto-tuning loop is designed to compensate process variation 
so that the VCO fine tuning range can be reduced to cover 
temperature variation only. The auto-tuning loop reduces VCO 
gain (KV), which reduces the VCO phase noise. 

VCO Prescalers 

The VCO prescalers divide the VCO output signal by either 16/17 
or 8/9. The Σ∆ modulator determines whether to divide by 16 or 
17 in the 16/17 mode, or whether to divide by 8 or 9 in the 8/9 
mode. 

N-Counter 

The N-counter consists of two asynchronous ripple counters, a 
6-bit M-counter and a 4-bit A-counter. The M-counter determines 
the counts using the lower division ratio in the prescaler (8 or 16); 
the A-counter determines the counts using the upper division ratio 
(9 or 17). 

By changing the counter setting at each reference clock cycle, the 
Modulated Fractional Divider (MFD) achieves the desired noise 
shaping. 
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Figure 3. SKY73112 Serial Data Input Timing Diagram (MSB First) 
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Table 2. CLK, DATA, LE Preset Timing Parameters 

Parameter Value 

Input high voltage (VIH) 1.6 V 

Input low voltage (VIL) 0.3 V 

Input current (lDIG) 1 µA (maximum) 

Clock frequency 15 MHz (maximum) 

Clock high (tCKH) 15 ns (minimum) 

Clock low (tCKL) 15 ns (minimum) 

Data set up (tDSU) 20 ns (minimum) 

Data hold (tDHD) 10 ns (minimum) 

Clock to latch enable (tCLE) 20 ns (minimum) 

Latch enable width (tLEW) 15 ns (minimum) 

Latch enable to clock (tLEC) 15 ns (minimum) 

Word length 26 bits 

Number of words 4 

Current drain 2 µA 

Bits [25:2]
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Figure 4. Serial Bus Block Diagram 
 

VCO MFD Block 

The MFD block divides down the prescaler output to the Phase 
Locked Loop (PLL) reference frequency. A third order cascaded 
Σ∆ modulation technique minimizes spurs through randomization 
of the division ratio. 

The MFD block controls the division ratio by dynamically 
programming the M and A counters in the N-counter. 

Phase Detector and Charge Pump 

The phase detector and charge pump detect and integrate the 
phase and frequency errors of the divided down VCO output 
versus the reference clock. This results in a feedback adjustment 
of the control voltage for the VCO. 

Lock Detect 

Lock detection circuitry provides a CMOS logic level indication 
when the PLL is frequency locked (high when locked). 

Reference Input Divider 

The R-counter (reference input clock divider) consists of three 
divide-by-two blocks and one multiplexer controlled by the 
RDIV[1:0] parameter in Legacy Word 2. The R-counter is used to 
select a divide-by-one to a divide-by-eight function. 
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Synthesizer Output Switch 

An on-chip switch is integrated into the SKY73112 RF output after 
the balun and is controlled by the SW_EN signal (pin 4) as 
indicated below: 

SW_EN Input Synthesizer Output 

High On 

Low Off 

 

The switch provides >50 dB isolation at the synthesizer RF 
output. This allows the SKY73112 to be used for GSM 
applications. 

Synthesizer Programming 

To program the synthesizer to the correct frequency, values for 
the N-counter (both M and A portions), fractional divisor (FN), and 
fractional modulus extender (ME) are needed. These values are 
used to determine the total divider ratio, DTotal, according to 
Equation 1: 

 DTotal = Nactual + FNactual + MEactual + 3.5 (1) 

Where: Nactual = the actual value of the N-counter 

 FNactual = the actual fractional divisor 

 MEactual = the actual fractional modulus extender 

Because of the way the ∆Σ modulator is implemented in the 
SKY73103, the number 3.5 must be added to the division number 
to obtain the final division ratio. 

The calculated value for DTotal can then be used to determine the 
correct synthesizer frequency, RF: 

 Total
REF D
R1

FRF ×=  (2) 

Where: FREF = the reference frequency 

 R1 = the reference divider radio 

The 6-bit M-counter and the 4-bit A-counter portions of the N-
counter are calculated according to the following relationships: 

Nactual is the actual N-counter value and is the integer portion of 
(DTotal – 3.5): 

 Nactual = Mactual × P + Aactual (3) 

If: M = Mactual (binary number, fit to six bits) 

 A = Aactual (binary number, fit to four bits) 

Then: N = M × 24 + A 

Where: N is the number to be programmed into the N-counter. 

The synthesizer has a selectable prescaler of 8/9 or 16/17. If the 
16/17 prescaler is used: 

P = 24 = 16 

In this case, N is the same as Nactual, M is equal to the six MSBs of 
Nactual, and A is equal to the four LSBs of Nactual. 

If the 8/9 prescaler is used: 

P = 8 

Here, N is not equal to Nactual. The A-counter portion only uses the 
three LSBs (the 4th bit of the A-counter is a “don’t care” bit). 

The fractional divisor code (FN) sets the fractional-N modulo up to 
256 modulo according to the following equation: 

 ⎟
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The value of FN is equal to the binary representation of 256 (or 28) 
× FNactual, or: 

 FN = D7 × 27 + D6 × 26 + D5 × 25+ . . . D0 

The fractional modulo can be extended up to 223 using the modulo 
extender (ME) if required: 

 MEactual = D14(1/29) + D13(1/210) + D12(1/211) + . . . + D0(1/223) 

The value of ME is equal to the binary representation of the 
integer part of 223 × MEactual, or: 

 ME = D14 × 214 + D13 × 213 + D12 × 212 + . . .D0 

 

Example 1: 

A desired synthesizer frequency of 2640.45 MHz is required using 
a crystal frequency of 16 MHz and a 16/17 prescaler. Since the 
maximum internal reference frequency is 25 MHz, the crystal 
frequency does not need to be divided. However, a reference 
divider ratio of 2 is used for this example. 

Restating Equation 2 as a function of DTotal: 

 DTotal  = (2640.45 × 2)/16 = 330.05625 

Where: RF = 2640.45 

 R1 = 2 

 FREF = 16 

Determine Nactual by subtracting 3.5 from DTotal and removing the 
fractional portion: 

 DTotal – 3.5 = 326.55625 

Using Equation 3: 

 Nactual = 326 = Mactual × P + Aactual 

Where: Mactual = 20 

 P = 16 

 Aactual = 6 

M = Mactual = 20 = 010100b (the six MSBs) 

A = Aactual = 6 = 0110b (the four LSBs) 



PRELIMINARY DATA SHEET  •  SKY73112 VCO/SYNTHESIZER 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
6 July 9, 2007  •  Skyworks Proprietary and Confidential Information  •  Products and Product Information are Subject to Change Without Notice  •  200736A 

N = M × 24 + A = 0101000110b (this is the same as Nactual) 

Multiply the fractional portion that was removed in the previous 
step by 256 and remove the fractional portion of the result to 
determine FN: 

0.55625 × 256 = 142.4 

FN = 142 = 10001110b 

Divide FN by 256 to determine the actual fractional part, FNactual: 

FNactual = 142/256 = 0.5546875 

Subtract this result from the fractional portion of (DTotal – 3.5) to 
determine the actual fractional modulus extender, MEactual: 

MEactual = (DTotal – 3.5 – Nactual) – FNactual 

 = 0.55625 – 0.5546875 

 = 0.0015625 

Multiply this result by 8388608 (the 23-bit ∆Σ modulator value, 
223) and remove the fractional portion to determine the value of 
ME: 

0.0015625 × 8388608 = 13107.2 

ME = 13107 = 011001100110011b 

 

Example 2: 

A desired synthesizer frequency of 725 MHz is required using a 
crystal frequency of 13 MHz and an 8/9 prescaler. Since the 
maximum internal reference frequency is 25 MHz, the crystal 
frequency does not need to be divided. However, a reference 
divider ratio of 2 is used for this example. 

Restating Equation 2 as a function of DTotal: 

 DTotal  = (725 × 2)/13 = 111.538461538 

Where: RF = 725 

 R1 = 2 

 FREF = 13 

Determine Nactual by subtracting 3.5 from DTotal and removing the 
fractional portion: 

 DTotal – 3.5 = 108.038461538 

Using Equation 3: 

 Nactual = 108 = Mactual × P + Aactual 

Where: Mactual = 13 

 P = 8 

 Aactual = 4 

 

M = Mactual = 13 = 001101b (the six MSBs) 

A = Aactual = 4 = 0100b (the four LSBs) 

N = M × 24 + A = 0011010100b (the value programmed) 

Multiply the fractional portion that was removed in the previous 
step by 256 and remove the fractional portion of the result to 
determine FN: 

0.038461538 × 256 = 9.846153728 

FN = 9 = 00001001b 

Divide FN by 256 to determine the actual fractional part, FNactual: 

FNactual = 9/256 = 0.03515625 

Subtract this result from the fractional portion of (DTotal – 3.5) to 
determine the actual fractional modulus extender, MEactual: 

MEactual = (DTotal – 3.5 – Nactual) – FNactual 

 = 0.038461538 – 0.03515625 

 = 0.003305288 

Multiply this result by 8388608 (the 23-bit ∆Σ modulator value, 
223) and remove the fractional portion to determine the value of 
ME: 

0. 003305288 × 8388608 = 27726.7653 

ME = 27726 = 110110001001110b 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

The SKY73112 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to Skyworks Application Note, PCB 
Design and SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Circuit Design Considerations 
The following design considerations are general in nature and 
must be followed regardless of final use or configuration 

1. Paths to ground should be made as short and as low 
impedance as possible. 
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2. The ground pad of the SKY73112 provides critical electrical 
grounding requirements. Design the connection to the ground 
pad to provide the best electrical connection to the circuit 
board. Multiple vias to the grounding layer are recommended 
to connect the top layer ground area to the main ground layer. 

3. Skyworks recommends including external bypass capacitors 
on the VDD voltage input (pin 37) of the device. These 
capacitors should be placed as close as possible to the VDD 
input pin. 

4. A 50 Ω impedance trace is needed for the RF_OUT (pin 10) 
line. 

Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73112 are provided in 
Table 3. The recommended operating conditions are specified in 
Table 4 and electrical specifications are provided in Table 5. Spur 
suppression measurements are provided in Table 6. 

Measurement plots for single sideband phase noise and settling 
time are shown in Figures 5 and 6, respectively. 

A typical application schematic for the SKY73112 is provided in 
Figure 7. Figure 8 shows the package dimensions for the 38-pin 
MCM and Figure 9 provides the tape and reel dimensions. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73112 ESD threshold level is 2500 VDC using Human 
Body Model (HBM) testing. This level applies to RF signal lines 
>100 MHz, analog and RF lines <100 MHz, digital lines, power 
supply lines, and ground pins. 

To avoid latent or visible ESD damage, always follow proper ESD 
handling precautions. 

 

 

Table 3. SKY73112 Absolute Maximum Ratings (Note 1) 

Parameter Symbol Min Typical Max Units 

Supply voltage VCC 0  5.5 V 

Operating temperature, full performance TOP –40  +85 °C 

Storage temperature TST –40  +150 °C 

Note 1: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal values. 

 

Table 4. SKY73112 Recommended Operating Conditions 

Parameter Symbol Min Typical Max Units 

Supply voltage VCC 4.75 5.00 5.25 V 

Input voltage (CLK, DATA, LE): 
 Low level 
 High level 

  
 

1.4 

  
0.6 

 
V 
V 

Output voltage (LD) with 18 kΩ load from 
VCC PLL: 
 Low level, unlocked 
 High level, unlocked 

  
 
 

2.4 

  
 

0.4 

 
 
V 
V 

Reference frequency input voltage (FREF, 
pin 23) 

FREFIN 0.5 1.0 1.5 Vp-p 

Load connected to RF output  50 Ω, maximum VSWR (load input) 2.0:1, all phases 

RF output switch enable: 
 High 
 Low 

 
SWENH 
SWENL 

 
4.75 

  
5.25 
0.80 

 
V 
V 
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Table 5. SKY73112 Electrical Characteristics (Note 1) 
(VCC = 5 V, TC = 25 °C, Charge Pump Current = 600 µA, FREF = 52 MHz, Reference Input Divider = 8, Prescale Divider = 8/9, Unless 
Otherwise Noted) 

Parameter Symbol Test Conditions Min Typical Max Units 

Oscillation frequency   750  850 MHz 

Reference frequency    13 52 MHz 

Phase detector frequency    6.5  MHz 

PLL loop bandwidth    25  kHz 

Output level    0  dBm 

Output impedance    50  Ω 

Output VSWR     *** TBD *** – 

Reference frequency input (FREF) 
impedance 

  470   Ω 

Harmonic suppression     –20 dBc 

Integrated phase noise  100 Hz to 100 kHz   1 degrees RMS 

Single sideband phase noise offset: 
 @ 1 kHz 
 @ 5 kHz 
 @ 10 kHz 
 @ 200 kHz 
 @ 400 kHz 
 @ 600 kHz 
 @ 800 kHz 
 @ 1.8 MHz 
 @6 MHz 

    
–92 
–92 
–91 

–132 
–145 
–149 
–152 
–158 
–168 

  
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 

PLL-reference spurious suppression     –100 dBc 

Frequency settling time  Within ±2 kHz  250  µs 

Phase settling time  Within ±5 deg  300 530 µs 

Peak phase error     5 degrees 

Current consumption    110  mA 

Note 1: Characterized performance may change if the SKY73112 is configured differently than the test conditions specified here. This characterization used a  6.5 MHz fixed comparison 
frequency for the PLL phase loop filter. The PLL synthesizer is programmable up to a maximum comparison frequency of 26 MHz but with degraded performance. 

 

Table 6. SKY73112 Spur Suppression Measurements 
(VCC = 5 V, TC = 25 °C, Charge Pump Current = 600 µA, FREF = 52 MHz, Reference Input Divider = 8, Prescale Divider = 8/9) 

Frequency (MHz) 
Spurious Power (kHz) 

753 768 783 814 829 844 

≥ 200 No spur No spur No spur No spur No spur No spur 

≥ 400 No spur No spur No spur No spur No spur No spur 

≥ 600 No spur No spur No spur No spur No spur No spur 

≥ 800 No spur No spur No spur No spur No spur No spur 

≥ 1000 No spur No spur No spur 2529.88 kHz, 
–104 dBc 

No spur 2766.05 kHz, 
–106 dBc 

≥ 3000 4810.28 kHz, 
–109 dBc 

3306.59 kHz, 
–109 dBc 

8825.44 kHz, 
–110 dBc 

4896.91 kHz, 
–111 dBc 

No spur 4096.41 kHz 
–112 dBc 

No spur 
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Figure 5. Single Sideband Phase Noise Measurements 
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Figure 6. SKY73112 Settling Time Measurements 
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Figure 7. SKY73112 Typical Application Schematic 
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Solder Mask Edges

Solder Mask Edges

Metal Pad Edge

Pin 1 Indicator B9

12

1.75 ± 0.1

0.5 ± 0.1

0.65 ± 0.12X (0.1)

0.5 ± 0.05

0.5 ± 0.1 (0.1)

Side View Bottom View

Detail A Detail B Detail C

Detail D Detail E

Top View

0.5 ± 0.1

0.65 ± 0.12X (0.1)

All measurements are in millimeters.

Dimensioning and tolerancing according to ASME Y14.5M-1994. S960

Metal Pad Edge
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38X  SMT Pad

Pin 38

Pin 1
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Figure 8. SKY73112 38-Pin MCM Package Dimensions 
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Notes:
1. Carrier tape material: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 21.3 mm width
4. All measurements are in millimeters
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Figure 9. SKY73112 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73112 750-850 MHz VCO/Synthesizer SKY73112-11 (Pb-free package)  
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SKY73013-306: Direct Quadrature Demodulator
4.9–5.925 GHz Featuring “No-Pull” LO Architecture

PRELIMINARY DATA SHEET

Applications
� WiMAX, WLAN receivers
� UNII Band OFDM receivers
� RFID, DSRC applications
� Proprietary radio links

Features
� RF is non-integer multiple of LO frequency
� Broadband RF: 4.9–5.925 GHz, LO: 3.268–3.952 GHz,

IF: DC–100 MHz
� Single 3.3 V supply
� Very low LO drive level (-15 dBm)
� High dynamic range, low noise figure
� Excellent linearity and quadrature accuracy—suitable for

64-QAM OFDM
� Low current consumption
� Small 4 x 4 mm 16-lead QFN package
� Available lead (Pb)-free and RoHS-compliant

Functional Block Diagram

LNA
x 3/2

Frequency
Multiplier

2/3 FRF

Local
Oscillator

I+ I-

Q+ Q-

RF
Input

Gain Control
(on/off)

Baseband Output

Baseband Output

Description
The Skyworks SKY73013-306 is an integrated receiver down-
converter subsystem for the 4.9–5.925 GHz band. Its exceptional
dynamic range and quadrature accuracy make this device an
ideal solution for direct conversion and low-IF OFDM and single-
carrier communications systems (including 64-QAM WiMax
and WLAN).

The SKY73013-306 employs an innovative “no-pull” local
oscillator (LO) architecture which offsets the required synthesizer
frequency from that of the receiver center frequency by the
non-integer factor of 3/2. This greatly improves the performance
of direct conversion receiver architecture by eliminating dynamic
DC offsets (caused by LO-RF leakage) and VCO pulling. This
receiver frequency plan is compatible with the 3/2 “no-pull”
modulator frequency plan.

The SKY73013-306 contains a low noise amplifier at the RF
input, the gain of which can be set to a high or low value via the
gain control input. This LNA drives a highly linear quadrature
mixer pair. The quadrature local oscillator signals to these mixer
stages are provided by the 3/2 frequency conversion stage.

The nominal supply voltage for SKY73013-306 is 3.3 V. This part
can operate over the temperature range of -40 °C to 85 °C.

An evaluation board is available upon request.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW



Electrical Specifications

VCC = 3.3 V, T = 25 °C, LO Input Power = -15 dBm, ZOUT = 1000 Ω Differential unless otherwise noted
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Parameter Condition Min. Typ. Max. Unit

DC Operating Conditions

Supply voltage 3 3.3 3.6 V

DC current 33 mA

RF Performance

RF input frequency 4.9 5.925 GHz

LO input frequency 3.268 3.952 GHz

LO drive level -20 -15 -10 dBm

RF input impedance Differential 100

LO input impedance Differential 100

IQ amplitude imbalance 0.15 0.25 dB

IQ phase error 2 3 Deg

Noise figure Direct conversion measurement (no image), 6.0 8.5 dB
LNA Gain control voltage = VCC
Direct conversion measurement (no image), 26 27 dB
LNA Gain control voltage = 0 V

Voltage conversion gain(1) LNA gain control voltage = VCC 22.5 24.5 26 dB
LNA gain control voltage = 0 V 0 2 4 dB

Input 1 dB compression point LNA gain control voltage = VCC -17 -15 dBm
LNA gain control voltage = 0 V -16 -14 dBm

Input IP2 LNA gain control voltage = VCC 28 dBm
LNA gain control voltage = 0 V 32 dBm

Input IP3 LNA gain control voltage = VCC 0 dBm
LNA gain control voltage = 0 V 3 dBm

BB load impedance Differential 500 || 15 Ω || pF

IF output common mode voltage 1.55 1.65 1.75 V

IF DC offset 10 20 mV

IF output linear signal swing Differential 2 Vpp

IF frequency range DC 100 MHz

LO-to-RF isolation 61 dB

1. Voltage conversion gain = 20 log10 (VOUTrms/VINrms), independent of impedance.
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Voltage Conversion Gain vs. Frequency
Frequency (MHz)
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Typical Performance Data

VCC = 3.3 V, T = 25 °C, LO Input Power = -15 dBm, ZOUT = 1000 Ω Differential unless otherwise noted
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Pin # Name Description

1 RBIAS Bias resistor. Nominal value = 1.2 k, 1%

2 LNA+ RF input +

3 LNA1 RF input -

4 GND Ground

5 VCC Supply voltage

6 Q+ BB/IF Q+ output

7 Q- BB/IF Q- output

8 CTR1 Debug pin; connect to ground

9 CTR2 Debug pin; connect to ground

10 LO+ Local oscillator input +

11 LO- Local oscillator input -

12 N/C No connection

13 I+ BB/IF I+ output

14 I- BB/IF I- output

15 GainC Gain control; LNA is ON with VCC applied to
this pin, off when grounded

16 EN Chip enable; chip is enabled with VCC applied
to this pin and disabled when this pin is
grounded

Paddle Must be connected via lowest possible
impedance to ground for proper electrical
and thermal performance

Pin Descriptions

1316 15 14

12

11

10

9

765

1

2

3

4

8

EN
Gain

C I- I+

RBIAS

LNA+

LNA-

GND

VCC Q+ Q- CTR

CTR2

LO+

LO-

N/C

Pin Out

RF+ 

RF- 

LO+ 

LO- 

VCC
VGC (LNA On/Off) 

IF Outputs: 
[I-, I+, Q+, Q-] 

Op-Amp
IF Outputs: 

[I-, I+, Q+, Q-] 

High Gain Op-Amps to
Observe very Small 

Signals on an Oscilloscope  

Op-Amp Power Header 
[+5 V, +1.5 V, GND, -5 V]

Evaluation Circuit PCB Characteristic Value

RF Input Power 0 dBm

Supply voltage 4.5 V

Supply current 60 mA

LO input power 0 dBm

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +85 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Evaluation Board
The SKY73013 Evaluation Board is used to test the performance
of the SKY73013 Direct Quadrature Demodulator. The evaluation
board BOM is as shown in the table below.

The evaluation board for SKY73013 allows the part to be fully
exercised. The board is populated with several components
which are not required for normal operation but facilitate special
testing of the SKY73013, such as two high gain, differential
baseband amplifiers which are well-suited for differential-to-
single-ended conversion, and are included for noise figure
measurements.

The evaluation board requires a power supply voltage of 3.3 V
nominal, that is capable of sourcing 50 mA.
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C1, C3, C8, C10 not installed. Zero Ω resistors installed in positions L5, L6, and L8.
U2, U3, and associated components are installed to facilitate noise figure measurements.

Evaluation Circuit Schematic

Evaluation Board Test Procedure for Gain,
Quadrature Accuracy, and Input Compression
Use the following testing procedure to set up the SKY73013
evaluation board for testing.

1. Connect a 3.3 V DC power supply to VCC and either 3.3 V or 0 V
to VGAIN CONTROL (for high or low gain).

2. Connect a 100 Ω balun (recommended: Krytar 4020080 180°
Hybrid, with the Summing port terminated with 50 Ω) to the
RF input input. Connect a vector signal generator to the input
of the balun. Alternatively, at the expense of 3 dB signal loss, it
is possible to drive the RF input single-ended with a 50 Ω
source, as long as the opposite input is terminated with 50 Ω.
Set this source to -20 dBm.

3. Connect a CW sine wave source, at 2/3 the RF frequency, to
the LO. It is less critical to use a balun on this port, although it
is still recommended. Set this source to -15 dBm .

4. Connect oscilloscope probes on the I+, I-, Q+ and Q- pins of
header 1

5. Enable power supply.

6. Enable RF (set to CW) and LO power sources.

7. Observe quadrature amplitude balance and phase accuracy.

8. Adjust RF drive level to observe signal compression.
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Evaluation Board Test Procedure for Evaluating
Noise Floor
This is procedure assumes that circuit is set up according to the
procedure described above.

1. Reduce the input RF level to -60 dBm

2. Connect 5 V to the 5 V pin on header 4 to power the
differential amplifiers U2 and U3.

3. Move the Oscilloscope probes to the I+, I-, Q+ and Q- pins of
header 3. The differential amplifiers are included in the signal
path because the IF output signals directly from the I and Q
baseband outputs of the SKY73013 are smaller than the
minimum required by most oscilloscopes to make a reasonable
measurement, although these signal levels are well within the
dynamic range of almost any op amp or variable gain amplifier.

4. Adjust RF signal generator level until demodulated noise is
approximately equal to that of the downconverted sinusoid
output level. This input signal level corresponds to the input-
referred noise floor, the input level at which the output SNR
is 0 dB.

Circuit Design Considerations
The following design considerations are general in nature and
must be followed regardless of final use or configuration.

1. Paths to ground should be made as short as possible, with
lowest possible impedance.

2. The ground pad of the SKY73013 direct quadrature
demodulator has special electrical and thermal grounding
requirements. This pad is the main thermal conduit for heat
flow from the die to the circuit board. As such, design the
printed circuit board ground pad to dissipate the maximum
heat produced by the SKY73013 and ensure that the method
used to electrically and mechanically connect the SKY73010
package to this ground pad is adequate to allow for this
heat flow.

3. Two external bypass capacitors on the Vcc pin are recom-
mended. One larger-value capacitor should be used for low
frequency bypassing and the other, smaller value capacitor
for high frequency bypassing. The smaller capacitor should
be physically located as near as possible to the SKY73013
VCC pin. Special attention should be given to ensure that the
selected smaller capacitor does not go into parallel self
resonance at the RF frequency.

4. The RF and LO inputs must be driven differentially for optimal
performance. A 1:1 impedance balun is recommended for each
with a center tap on the secondary side that is DC grounded.
Special attention should be paid to ensure that the center tap
has access to as “clean” a ground as possible.

Component Description Default

C1, C3, C8, C10, C12, C17 Do not place

C2, C4 0.5 pF 0201

C6 10 pF 0805

C7 100 pF 0603

C13, C14 2.7 pF 0402

C15, C18, C22, C24 1000 pF 0402

C19 5.1 pF 0402

C20 1 pF 0402

C21 0 Ω 0402

C23 100 pF 0402

C25, C26, C27 5.1 pF 0201

C28, C29, C30 0.1 µF 0402

H1, H3 8-pin SMT header

H2, H4 4-pin header

L5, L6, L8 0 Ω 0402

R1 1.2 k Ω 1% 0402

R2 510 Ω 0402

R3, R5, R6, R9 39k Ω 0402

R4, R7, R8 510 Ω 0402

RFC1, RFC2, RFC3, RFC4 SMA connector

U1 SKY73013

U2, U3 AD83138ARM

Evaluation Board Components

Exposed Pad

0.008 (0.20 mm)
Seating Plane

0.0008
(0.02 mm)

+0.001
(0.03 mm)
-0.0008

(0.02 mm)

0.035 (0.90 mm)
± 0.004 (0.10 mm)

0.157
(4.00 mm)

0.157
(4.00 mm)

Pin 1
Indicator

0.077
(1.950 mm)

0.077 (1.950 mm)

0.042
(1.075 mm)

0.085 (2.15 mm)
+ 0.004 (0.10 mm)
- 0.006 (0.15 mm)

0.085 (2.15 mm)
+ 0.004 (0.10 mm)
- 0.006 (0.15 mm)

QFN-16 (4 X 4mm)
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SKY73012: 400 – 3900 MHz Direct Quadrature Demodulator 
Applications 
• WiMAX (802.16) receivers 

• CDMA macro and pico base stations 

• PCS, DCS, GSM/GPRS, and EDGE receivers 

• Third Generation (3G) wireless communications 

• Power amplifier feedback/linearization 

• Wireless Local Loops (WLLs) 

• Wireless Local Area Networks (WLANs) 

• RFID readers 

Features 
• High IIP2 and IIP3 

• Wideband RF input frequency range (400 to 3900 MHz) 

• Wideband LO input frequency range (400 to 3900 MHz) 

• Integrated LO balun 

• Integrated LO amplifier 

• On-chip I/Q phase splitter 

• Differential IF output supports direct interface to A/D circuitry 

• AM demodulation immunity 

• Single +3.0 V supply 

• RFLGA™ (32 pin, 5 x 5 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 

C1469

RF+ 0

180

90

I+ I–

RF–

Q+ Q–

LO

 

Figure 1. SKY73012 Functional Block Diagram 

Description 
Skyworks SKY73012 is an integrated, broadband, high-dynamic 
range quadrature demodulator for use in various wireless 
communication system applications. The SKY73012 can perform 
quadrature demodulation of RF input signals from 400 to 
3900 MHz directly to baseband frequencies. The quadrature 
outputs are differential and can be directly connected to most 
commonly available A/D converters. 

The high dynamic range and second order Input Intercept Point 
(IIP2) value of the SKY73012 make it ideal for use in direct 
conversion and low Intermediate Frequency (IF) receivers. 

Figure 1 shows a functional block diagram for the SKY73012. The 
device package and pinout for the 32-pin RF Land Grid Array 
(RFLGA) are shown in Figure 2. 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 
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Figure 2. SKY73012 Pinout– 32-Pin RFLGA Package 
(Top View) 
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Table 1. SKY73012 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 GND Ground 17 GND Ground 

2 GND Ground 18 IFQN Negative quadrature IF output 

3 GND Ground 19 GND Ground 

4 VCC +3 VDC supply 20 IFQP Positive quadrature IF output 

5 VCC +3 VDC supply 21 GND Ground 

6 VCC +3 VDC supply 22 IFIN Negative in-phase IF output 

7 GND Ground 23 GND Ground 

8 GND Ground 24 IFIP Positive in-phase IF output 

9 GND Ground 25 GND Ground 

10 GND Ground 26 GND Ground 

11 GND Ground 27 GND Ground 

12 GND Ground 28 RF– Negative RF input 

13 GND Ground 29 GND Ground 

14 LO LO input 30 RF+ Positive RF input 

15 GND Ground 31 GND Ground 

16 GND Ground 32 GND Ground 

 

 

Electrical and Mechanical Specifications 
Signal pin assignments and functional pin descriptions are 
provided in Table 1. The absolute maximum ratings of the 
SKY73012 are provided in Table 2 and the recommended 
operating conditions provided in Table 3. Electrical characteristics 
of the SKY73012 are provided in Table 4. 

Typical performance characteristics of the SKY73012 are 
illustrated in Figures 3 through 59. 

Figure 67 provides the package dimensions for the 32-pin RFLGA, 
and Figure 68 provides the tape and reel dimensions. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

The SKY73012 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to the Skyworks Application Note, 
PCB Design & SMT Assembly/Rework Guidelines for RFLGA 
Packages, document number 103147. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note Tape and Reel, document number 101568. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73012 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 
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Table 2. SKY73012 Absolute Maximum Ratings 
(TA = +25 °C, unless otherwise noted) 

Parameter Symbol Min Typical Max Units 

+3 V supply voltage VCC 2.7  3.6 V 

Power dissipation PD  210 320 mW 

RF input power PRFIN   18 dBm 

LO input power PLOIN  0 6 dBm 

Operating case temperature TOPR –40  +85 °C 

Storage case temperature TSTG –40 0 +125 °C 

Note: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal values. 

 

Table 3. SKY73012 Recommended Operating Conditions 

Parameter Symbol Min Typical Max Units 

+3 V supply voltage VCC 2.7 3.0 3.3 V 

Current consumption ICC  75  mA 

Operating case temperature TOPR –40  +85 °C 

 

Table 4. SKY73012 Electrical Characteristics (1 of 3) 
(VCC = 3 V, IF = 10 MHz, LO Input Power = 0 dBm, TC = 25 °C, unless otherwise noted) 

Parameter Symbol Test Conditions Min Typical Max Units 

RF input frequency range   400  3900 MHz 

LO input frequency range   400  3900 MHz 

IF frequency range   DC  250 MHz 

I/Q amplitude imbalance   –0.3  +0.3 dB 

I/Q phase error   –3 +1 +3 deg 

IF output impedance (Note 1)    500  Ω 

IF output DC level  Over process and 
operating temperature 

0.95 1.20 1.55 V 

900 MHz RF Input (Note 2) 

Voltage conversion gain    1  dB 

Power conversion gain   –10.5 –9.0  dB 

SSB Noise Figure NF   15.5 17.5 dB 

2nd Order Input Intercept Point IIP2  55 60  dBm 

3rd Order Input Intercept Point IIP3  26 29  dBm 

Input 1 dB compression   10.5 12  dBm 

RF input VSWR  With external matching 
components, ZO = 50 Ω 

 1.5:1   

LO input VSWR  With external matching 
components, ZO = 50 Ω 

 1.5:1   

IF output noise floor    –167  dBm/Hz 

RF to LO isolation    68  dB 

LO to IF isolation    44  dB 
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Table 4. SKY73012 Electrical Characteristics (2 of 3) 
(VCC = 3 V, IF = 10 MHz, LO Input Power = 0 dBm, TC = 25 °C, unless otherwise noted) 

Parameter Symbol Test Conditions Min Typical Max Units 

1900 MHz RF Input (Note 2) 

Voltage conversion gain    1.1  dB 

Power conversion gain   –10.5 –8.9  dB 

SSB Noise Figure NF   16.0 17.5 dB 

2nd Order Input Intercept Point IIP2  49 54  dBm 

3rd Order Input Intercept Point IIP3  23 25  dBm 

Input 1 dB compression   10.0 11.2  dBm 

RF input VSWR  With external matching 
components, ZO = 50 Ω 

 1.5:1   

LO input VSWR  With external matching 
components, ZO = 50 Ω 

 1.5:1   

IF output noise floor    –166  dBm/Hz 

RF to LO isolation    61  dB 

LO to IF isolation    31  dB 

2600 MHz RF Input (Note 2) 

Voltage conversion gain    –0.5  dB 

Power conversion gain   –11.5 –10.5  dB 

SSB Noise Figure NF   18.5 20.0 dB 

2nd Order Input Intercept Point IIP2  43 48  dBm 

3rd Order Input Intercept Point IIP3  23.0 25.5  dBm 

Input 1 dB compression   12.0 13.5  dBm 

RF input VSWR  With external matching 
components, ZO = 50 Ω 

 1.5:1   

LO input VSWR  With external matching 
components, ZO = 50 Ω 

 2.5:1   

IF output noise floor    –166  dBm/Hz 

RF to LO isolation    55  dB 

LO to IF isolation    30  dB 
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Table 4. SKY73012 Electrical Characteristics (2 of 3) 
(VCC = 3 V, IF = 10 MHz, LO Input Power = 0 dBm, TC = 25 °C, unless otherwise noted) 

Parameter Symbol Test Conditions Min Typical Max Units 

3600 MHz RF Input (Note 2) 

Voltage conversion gain    –0.5  dB 

Power conversion gain   –11.5 –10.5  dB 

SSB Noise Figure NF   19.0 20.5 dB 

2nd Order Input Intercept Point (Note 3) IIP2  44 50  dBm 

3rd Order Input Intercept Point (Note 3) IIP3  19.0 21.5  dBm 

Input 1 dB compression   11.5 12.5  dBm 

RF input VSWR  With external matching 
components, ZO = 50 Ω 

 1.5:1   

LO input VSWR  With external matching 
components, ZO = 50 Ω 

 3.0:1   

IF output noise floor    –165  dBm/Hz 

RF to LO isolation    58  dB 

LO to IF isolation    24  dB 

Note 1: Differential IFI and IFQ output impedance without the use of a 9:1 impedance ratio balun. 

Note 2: The recommended LO input power level can vary from –3 dBm to +3 dBm for the 900, 1900, and 2600 MHz RF input frequencies. Above 3300 MHz, better performance is achieved by 
using a higher LO input power level such as +5 dBm. 

Note 3: When a +5 dBm LO input power level is applied at 3600 MHz, the typical IIP2 value is 51 dBm and the typical IIP3 value is 22.5 dBm. 
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Figure 3. Power Conversion Gain vs Frequency and LO Power 
@ 900 MHz 
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Figure 5. Power Conversion Gain vs Frequency and 
Supply Voltage @ 900 MHz 
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Figure 7. Noise Figure vs Frequency and Temperature @ 900 MHz 
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Figure 4 Power Conversion Gain vs Frequency and Temperature 
@ 900 MHz 
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Figure 6. Noise Figure vs Frequency and LO Power @ 900 MHz 
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Figure 8. Noise Figure vs Frequency and Supply Voltage 
@ 900 MHz 
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Figure 9. IIP2 vs Frequency and LO Power @ 900 MHz 

800

68

67

66

65

64

63

62

61

60

59

58
850

Frequency (MHz)

IIP
2 

(d
Bm

)

900 950 1000

2.7 V
3.0 V
3.3 V

 

Figure 11. IIP2 vs Frequency and Supply Voltage @ 900 MHz 
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Figure 13. IIP3 vs Frequency and Temperature @ 900 MHz 
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Figure 10. IIP2 vs Frequency and Temperature @ 900 MHz 
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Figure 12. IIP3 vs Frequency and LO Power @ 900 MHz 
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Figure 14. IIP3 vs Frequency and Supply Voltage @ 900 MHz 
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Figure 15. Input 1 dB Compression Point vs Frequency and LO 
Power @ 900 MHz 
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Figure 17. Input 1 dB Compression Point vs Frequency and 
Supply Voltage @ 900 MHz 
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Figure 19. LO to IF Isolation vs Frequency and Temperature 
@ 900 MHz 
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Figure 16 Input 1 dB Compression Point vs Frequency and 
Temperature @ 900 MHz 

800

80

78

76

74

72

70

68

66

64

62

60
850

Frequency (MHz)

RF
 to

 L
O 

Is
ol

at
io

n 
(d

B)

900 950 1000

–40 oC
+25 oC
+85 oC

 

Figure 18. RF to LO Isolation vs Frequency and Temperature 
@ 900 MHz 
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Figure 20. IQ Amplitude Imbalance vs Frequency and 
Temperature @ 900 MHz 
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Figure 21. I/Q Phase Error vs Frequency and Temperature 
@ 900 MHz 
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Figure 23. Power Conversion Gain vs Frequency and Temperature 
@ 1900 MHz 
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Figure 25. Noise Figure vs Frequency and LO Power @ 1900 MHz 
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Figure 22. Power Conversion Gain vs Frequency and LO Power 
@ 1900 MHz 
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Figure 24. Power Conversion Gain vs Frequency and 
Supply Voltage @ 1900 MHz 
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Figure 26. Noise Figure vs Frequency and Temperature 
@ 1900 MHz 
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Figure 27. Noise Figure vs Frequency and Supply Voltage 
@ 1900 MHz 
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Figure 29. IIP2 vs Frequency and Temperature @ 1900 MHz 
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Figure 31. IIP3 vs Frequency and LO Power @ 1900 MHz 
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Figure 28. IIP2 vs Frequency and LO Power @ 1900 MHz 
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Figure 30. IIP2 vs Frequency and Supply Voltage @ 1900 MHz 
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Figure 32. IIP3 vs Frequency and Temperature @ 1900 MHz 
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Figure 33. IIP3 vs Frequency and Supply Voltage @ 1900 MHz 
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Figure 35. Input 1 dB Compression Point vs Frequency and 
Temperature @ 1900 MHz 

1800

70

68

66

64

62

60

58

54

56

52

50

1850

Frequency (MHz)

RF
 to

 L
O 

Is
ol

at
io

n 
(d

B)

1900 1950 2000

–40 oC
+25 oC
+85 oC

 

Figure 37. RF to LO Isolation vs Frequency and Temperature 
@ 1900 MHz 
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Figure 34. Input 1 dB Compression Point vs Frequency and LO 
Power @ 1900 MHz 
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Figure 36. Input 1 dB Compression Point vs Frequency and 
Supply Voltage @ 1900 MHz 
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Figure 38. LO to IF Isolation vs Frequency and Temperature 
@ 1900 MHz 
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Figure 39. I/Q Amplitude Imbalance vs Frequency and 
Temperature @ 1900 MHz 
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Figure 41. Power Conversion Gain vs Frequency and LO Power 
@ 2600 MHz 
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Figure 43. Power Conversion Gain vs Frequency and 
Supply Voltage @ 2600 MHz 
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Figure 40. I/Q Phase Error vs Frequency and Temperature 
@ 1900 MHz 
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Figure 42. Power Conversion Gain vs Frequency and Temperature 
@ 2600 MHz 
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Figure 44. Noise Figure vs Frequency and LO Power @ 2600 MHz 
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Figure 45. Noise Figure vs Frequency and Temperature 
@ 2600 MHz 
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Figure 47. IIP2 vs Frequency and LO Power @ 2600 MHz 
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Figure 49. IIP2 vs Frequency and Supply Voltage @ 2600 MHz 
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Figure 46. Noise Figure vs Frequency and Supply Voltage 
@ 2600 MHz 
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Figure 48. IIP2 vs Frequency and Temperature @ 2600 MHz 
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Figure 50. IIP3 vs Frequency and LO Power @ 2600 MHz 
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Figure 51. IIP3 vs Frequency and Temperature @ 2600 MHz 
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Figure 53. Input 1 dB Compression Point vs Frequency and LO 
Power @ 2600 MHz 
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Figure 55. Input 1 dB Compression Point vs Frequency and 
Supply Voltage @ 2600 MHz 
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Figure 52. IIP3 vs Frequency and Supply Voltage @ 2600 MHz 
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Figure 54. Input 1 dB Compression Point vs Frequency and 
Temperature @ 2600 MHz 
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Figure 56. RF to LO Isolation vs Frequency and Temperature 
@ 2600 MHz 
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Figure 57. LO to IF Isolation vs Frequency and Temperature 
@ 2600 MHz 
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Figure 59. I/Q Phase Error vs Frequency and Temperature 
@ 2600 MHz 
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Figure 58. I/Q Amplitude Imbalance vs Frequency and 
Temperature @ 2600 MHz 
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Evaluation Board Description 
The SKY73012 Evaluation Board is used to test the performance 
of the SKY73012 direct quadrature demodulator. There are three 
Evaluation Boards for this device, each configured for a specific 
frequency range. Each of these boards is described by the 
following Figures and Tables: 

• 800 to 1000 MHz: Figure 60 (schematic), Table 5 (component 
values), and Figure 61 (assembly diagram) 

• 1800 to 3900 MHz: Figure 62 (schematic), Table 6 (component 
values), and Figure 63 (assembly diagram) 

• Custom Frequency: Figure 64 (schematic), Table 7 (component 
values), and Figure 65 (assembly diagram) 

Circuit Design Considerations 

The following design considerations are general in nature and 
must be followed regardless of final use or configuration. 

1. Paths to ground should be made as short as possible. 

2. The ground pad of the SKY73012 direct quadrature 
demodulator has special electrical and thermal grounding 
requirements. This pad is the main thermal conduit for heat 
dissipation. Since the circuit board acts as the heat sink, it 
must shunt as much heat as possible from the device. As 
such, design the connection to the ground pad to dissipate the 
maximum wattage produced to the circuit board. 

3. Two external output bypass capacitors are required on the 
VCC pin. The values of these capacitors will change with 
respect to the desired RF frequency. One capacitor should be 
used for low frequency bypassing and the other capacitor for 
high frequency bypassing. Special attention should be given 
so that the smaller value capacitor does not go into self-
resonance at the desired RF frequency. 

4. The RF input must be driven differentially. A 1:1 impedance 
ratio balun is recommended with a center tap on the 
secondary side that is DC grounded. 

Testing Procedure 

Use the following procedure to set up the SKY73012 Evaluation 
Board for testing. Refer to Figure 66 for guidance: 

1. Connect a +3.0 VDC power supply using an insulated supply 
cable. If available, enable the current limiting function of the 
power supply to 100 mA. 

2. Connect a signal generator to the RF signal input port. Set it to 
the desired RF frequency at a power level of 0 dBm to the 
Evaluation Board but do NOT enable the RF signal. 

3. Connect a signal generator to the LO signal input port. Set to 
the desired LO frequency at a power level of 0 dBm, but do 
not enable. 

4. Connect a spectrum analyzer to the IFI signal output port and 
terminate the IFQ signal input port in 50 Ω. 

5. Enable the power supply. 

6. Enable the LO input signal. 

7. Enable the RF signal. 

8. Take measurements and repeat these steps for channel Q. 

CAUTION: If any of the input signals exceed the rated maximum 
values, the SKY73012 Evaluation Board can be 
permanently damaged. 
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Figure 60. SKY73012 Evaluation Board Schematic (800 to 1000 MHz) 
 

Table 5. SKY73012 Evaluation Board Component Values (800 to 1000 MHz) 

Reference 
Designator 

Quantity Value Manufacturer Part Number 

C1 1 33 pF (0603)   

C2 1 1000 pF (0603)   

J1 1 Two-pin header connector   

J2 1 SMA connector   

J3 1 SMA connector   

J4 1 SMA connector   

J5 1 SMA connector   

R1 1 0 Ω (0603)   

T1 1 1:1 (800-1000 MHz) Murata LDB31900M05C-417 

T2 1 9:1 Mini-Circuits TCM-9-1 

T3 1 9:1 Mini-Circuits TCM-9-1 

U1 1 – Skyworks SKY73012-11 
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Figure 61. SKY73012 Evaluation Board Assembly Diagram (800 to 1000 MHz) 
(Top View) 

 

 



DATA SHEET  •  SKY73012 DEMODULATOR 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
 200473B  •  Skyworks Proprietary and Confidential information  •  Products and Product Information are Subject to Change Without Notice  •  January 12, 2007 19 

S731

J1
2-Pin Header

T2

T1

T3

J5 
SMA

I_IF

Q_IF

J2
SMA

GN
D

C1 
33 pF

R1 
0 Ω

C2 
1000 pF

GND

GND

GND

VCC

VCC

VCC

GND

GND

GND

GND

IFIP

GND

IFIN

GND

IFQP

GND

IFQN

GND

GN
D

RF
+

RF
–

GN
D

U1

GN
D

GN
D

1
2

2, 5 1

1

J3
SMA

1

J4
SMA

1

3

32

1

2

3

4

5

6

7

8

9

25

3

2

1

6

4

3

2

1

6

4

24

23

22

21

20

19

18

17

31 30 29 28 27 26

GN
D

GN
D

GN
D

LO GN
D

GN
D

GN
D

10 11 12 13 14 15 16

1

4

 

Figure 62. SKY73012 Evaluation Board Schematic (1800 to 3900 MHz) 
 

Table 6. SKY73012 Evaluation Board Component Values (1800 to 3900 MHz) 

Reference 
Designator 

Quantity Value Manufacturer Part Number 

C1 1 33 pF (0603)   

C2 1 1000 pF (0603)   

J1 1 Two-pin header connector   

J2 1 SMA connector   

J3 1 SMA connector   

J4 1 SMA connector   

J5 1 SMA connector   

R1 1 0 Ω (0603)   

T1 1 1:1 (1800-2000 MHz), or 
1:1 (2500-2700 MHz), or 
1:1 (3600-3800 MHz) 

Murata 
Murata 
Johanson 

LDB211G9005C-001 
LDB212G4005C-001 
3700BL15B050SX 

T2 1 9:1 Mini-Circuits TCM-9-1 

T3 1 9:1 Mini-Circuits TCM-9-1 

U1 1 – Skyworks SKY73012-11 
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Figure 63. SKY73012 Evaluation Board Assembly Diagram (1800 to 3900 MHz) 
(Top View) 
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Figure 64. SKY73012 Evaluation Board Schematic (Custom Frequency) 
 

Table 7. SKY73012 Evaluation Board Component Values (Custom Frequency) (1 of 2) 

Reference 
Designator 

Quantity Value Manufacturer Part Number 

C1 1 33 pF (0603)   

C2 1 1000 pF (0603)   

C3  Adjusted for best match at 
desired frequency 

  

J1 1 Two-pin header connector   

J2 1 SMA connector   

J3 1 SMA connector   

J4 1 SMA connector   

J5 1 SMA connector   

L1 1 Adjusted for best match at 
desired frequency 

  

L2 1 Adjusted for best match at 
desired frequency 

  

L3 1 Adjusted for best match at 
desired frequency 
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Table 7. SKY73012 Evaluation Board Component Values (Custom Frequency) (2 of 2) 

Reference 
Designator 

Quantity Value Manufacturer Part Number 

R1 1 0 Ω (0603)   

T1 1 1:1 (4.5-3000 MHz), M/A-COM ETC1-1-13 

T2 1 9:1 Mini-Circuits TCM-9-1 

T3 1 9:1 Mini-Circuits TCM-9-1 

U1 1 – Skyworks SKY73012-11 

J4J3

J2
J5

Component Placement

Top Layer Bottom Layer

S922

J1

T2

T1

U1

T3

R1
C3

C2

C1

L1

L2 L3

 

Figure 65. SKY73012 Evaluation Board Assembly Diagram (Custom Frequency) 
(Top View) 
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Figure 66. SKY73012 Evaluation Board Testing Configuration 
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Figure 67. SKY73012 32-Pin RFLGA Package Dimensions 
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S461

Notes:
1. Carrier tape: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.3 mm width
4. All dimensions are in millimeters A
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Figure 68. SKY73012 32-Pin RFLGA Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73012 400-3900 MHz Direct Quadrature Modulator SKY73012-11 (Pb-free package) TW16-D151-001 (800 to 1000 MHz) 

TW16-D166-001 (1800 to 2000 MHz) 

TW16-D167-001 (2400 to 2700 MHz) 

TW16-D168-001 (3200 to 3900 MHz) 

TW16-D171-001 (Custom Frequency) 
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DATA SHEET 

SKY73009: 400 – 3000 MHz Direct Quadrature Demodulator 
Applications 
• PCS, DCS, GSM/GPRS, and EDGE receivers 

• Third Generation (3G) wireless communications 

• Power amplifier feedback/linearization 

• Wireless Local Loops (WLLs) 

• Wireless Local Area Networks (WLANs) 

Features 
• High IIP2 and IIP3 

• Wideband RF input frequency range (400 to 3000 MHz) 

• Wideband LO input frequency range (400 to 3000 MHz) 

• Integrated LO balun 

• Integrated LO amplifier 

• On-chip I/Q phase splitter 

• Differential IF output supports direct interface to A/D circuitry 

• AM demodulation immunity 

• Single +3.0 V supply 

• RFLGA™ (32 pin, 5 x 5 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 

Description 
Skyworks SKY73009 is an integrated, broadband, high-dynamic 
range quadrature demodulator for use in various wireless 
communication system applications. The SKY73009 can perform 
quadrature demodulation of RF input signals from 400 to 
3000 MHz directly to baseband frequencies. The quadrature 
outputs are differential and can be directly connected to most 
commonly available A/D converters. 

The high dynamic range and second order Input Intercept Point 
(IIP2) value of the SKY73009 make it ideal for use in direct 
conversion and low Intermediate Frequency (IF) receivers. 

A functional block diagram for the SKY73009 is shown in 
Figure 1. Recommended operating conditions are provided in 
Table 1. Package dimensions for the 5 x 5 mm RF Land Grid Array 
(RFLGA) are shown in Figure 2. 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 
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Figure 1. SKY73009 Functional Block Diagram 
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Table 1. SKY73009 Recommended Operating Conditions 

Parameter Symbol Min Typical Max Units 

+3 V supply voltage VCC 2.7 3.0 3.3 V 

Current consumption ICC  75  mA 

Operating case temperature TOPR –40  +85 °C 
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Figure 2. SKY73009 32-Pin RFLGA Package Dimensions 

Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73009 400-3000 MHz Direct Quadrature Modulator SKY73009-11 (Pb-free package) TW11-D982 (tuned for 800 to 1000 MHz) 

TW11-D992 (tuned for 1800 to 2000 MHz) 

TW12-D275 (custom frequency board) 
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DATA SHEET 

SKY73001: 2 – 3500 MHz Direct Conversion Mixer 
Applications 
• PCS, DCS, and GSM/GPRS, and EDGE base station receivers 

• CDMA and W-CDMA receivers 

• Third Generation (3G) wireless communications 

• Mobile base stations 

• Wireless Local Loops 

• Wireless Local Area Networks 

• Direct conversion receivers 

Features 
• High IIP2 and IIP3 

• Wideband RF and LO input frequency range (2 to 3500 MHz) 

• Single +3.0 V supply 

• Operating temperature range –40 °C to +85 °C 

• Zero IF architecture eliminates need for image rejection filter 

• Differential IF output supports direct interface to A/D circuitry 

• AM demodulation immunity 

• Low power consumption 

• RFLGA™ (32 pin, 5 x 5 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 
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Figure 1. SKY73001 Functional Block Diagram 

Description 
Skyworks SKY73001 direct conversion mixer is an integrated, 
high-dynamic range, zero Intermediate Frequency (IF) 
architecture down-converter for use in wireless communication 
applications. High second and third order input intercept points 
(IIP2 and IIP3, respectively) allow seamless integration into high 
performance systems. The SKY73001 has a wide RF and Local 
Oscillator (LO) frequency range of 2 to 3500 MHz. 

Figure 1 shows a functional block diagram for the SKY73001. The 
device package and pinout for the 32-pin RF Land Grid Array 
(RFLGA) are shown in Figure 2. 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 
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Figure 2. SKY73001 Pinout– 32-Pin RFLGA Package 
(Top View) 
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Electrical and Mechanical Specifications 
Signal pin assignments and functional pin descriptions are 
provided in Table 1. The absolute maximum ratings of the 
SKY73001 are provided in Table 2 and the recommended 
operating conditions provided in Table 3. Electrical characteristics 
of the SKY73001 are provided in Table 4. 

The typical performance of the SKY73001 with respect to varying 
conditions are illustrated in Figures 3 through 7. Figure 12 
provides the package dimensions for the 32-pin RFLGA, and 
Figure 13 provides the tape and reel dimensions. 

 

 

Table 1. SKY73001 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 GND Ground 17 GND Ground 

2 GND Ground 18 IFQN Negative quadrature IF output 

3 GND Ground 19 GND Ground 

4 VCC +3 VDC supply 20 IFQP Positive quadrature IF output 

5 VCC +3 VDC supply 21 GND Ground 

6 VCC +3 VDC supply 22 IFIN Negative in-phase IF output 

7 GND Ground 23 GND Ground 

8 GND Ground 24 IFIP Positive in-phase IF output 

9 GND Ground 25 GND Ground 

10 LOIN Negative LO input 26 GND Ground 

11 GND Ground 27 GND Ground 

12 LOIP Positive LO input 28 RFN Negative RF input 

13 GND Ground 29 GND Ground 

14 LOQP Positive quadrature LO input 30 RFP Positive RF input 

15 GND Ground 31 GND Ground 

16 LOQN Negative quadrature LO input 32 GND Ground 

 

Table 2. SKY73001 Absolute Maximum Ratings 
(TA = +25 °C, unless otherwise noted) 

Parameter Symbol Min Typical Max Units 

+3 V supply voltage VCC 2.7  3.6 V 

Power dissipation PD  140 230 mW 

RF input power PRFIN   20 dBm 

LO input power PLOIN   6 dBm 

Thermal resistance θjc  36  °C/W 

Operating case temperature TOPR –40  +85 °C 

Storage case temperature TSTG –40 0 +125 °C 

Note: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal values. 

 

Table 3. SKY73001 Recommended Operating Conditions 

Parameter Symbol Min Typical Max Units 

+3 V supply voltage VCC 2.7 3.0 3.3 V 

Operating case temperature TOPR –40  +85 °C 
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Table 4. SKY73001 Electrical Characteristics 
(IF = 10 MHz, LO Input Power = 0 dBm, TC = 25 °C, unless otherwise noted) 

Parameter Symbol Test Conditions Min Typical Max Units 

RF input frequency range   2  3500 MHz 

LO input frequency range   2  3500 MHz 

IF frequency range   DC  100 MHz 

I/Q amplitude imbalance   –0.3  +0.3 dB 

I/Q phase error    1  deg 

Image rejection (Note 1)      dB 

IF output impedance    500  Ω 

RF Input (900 MHz) 

Voltage conversion gain   –4.8 –3.5  dB 

SSB Noise Figure    14.7 16.2 dB 

IIP2    67  dBm 

IIP3   25 27  dBm 

–1 dB compression point   13 15  dBm 

RF input impedance    1.5:1 2.0:1 VSWR 

LO input impedance    1.5:1 2.0:1 VSWR 

RF Input (1900 MHz) 

Voltage conversion gain   –5.7 –4.4  dB 

SSB Noise Figure    17 18.5 dB 

IIP2    70  dBm 

IIP3   23 25  dBm 

–1 dB compression point   12.5 14.5  dBm 

RF input impedance    1.5:1 2.0:1 VSWR 

LO input impedance    1.5:1 2.0:1 VSWR 

Note 1: Image rejection is determined using the following equation: 
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Figure 3. Voltage Conversion Gain vs Frequency 
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Figure 5. IIP3 vs Frequency (100 kHz Tone Spacing) 
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Figure 4. 1 dB Compression Point vs Frequency 
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Figure 6. IIP2 vs Frequency 
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Figure 7. Noise Figure vs Frequency 
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Evaluation Board Description 
The SKY73001 Evaluation Board is used to test the performance 
of the SKY73001 direct conversion mixer. An Evaluation Board 
schematic diagram (500-2500 MHz) is shown in Figure 8. 
Evaluation Board assembly diagrams are shown in Figure 9 
(2-2500 MHz) and Figure 10 (3200-3500 MHz). Bills of Material 
(BOMs) are provided in Table 5 (2-500 MHz and 500-2500 MHz) 
and Table 6 (3200-3500 MHz). 

Circuit Design Configurations 

The following design considerations are general in nature and 
must be followed regardless of final use or configuration. 

1. Paths to ground should be made as short as possible. 

2. The ground pad of the SKY73001 direct conversion mixer has 
special electrical and thermal grounding requirements. This 
pad is the main thermal conduit for heat dissipation. Since the 
circuit board acts as the heat sink, it must shunt as much 
heat as possible from the mixer. As such, design the 
connection to the ground pad to dissipate the maximum 
wattage produced to the circuit board. Multiple vias to the 
grounding layer are required. 

3. Two external output bypass capacitors are required on the 
VCC pins. The values of these capacitors will change with 
respect to the desired RF frequency. One capacitor should be 
used for low frequency bypassing and the other capacitor for 
high frequency bypassing. Special attention should be given 
so that the smaller value capacitor does not go into self-
resonance at the desired RF frequency. 

4. Wire wound balanced transformers (baluns) were used during 
the test and characterization of the SKY73001. Ceramic 
baluns can be used to create the differential input signals (i.e., 
RF and LO). However, their performance will limit the overall 
system performance of the SKY73001. 

Testing Procedure 

Use the following procedure to set up the SKY73001 Evaluation 
Board for testing. Refer to Figure 11 for guidance: 

1. Connect a +3.0 VDC power supply using an insulated supply 
cable. If available, enable the current limiting function of the 
power supply to 100 mA. 

2. Connect a signal generator to the RF signal input port. Set it to 
the desired RF frequency at a power level of 0 dBm to the 
Evaluation Board but do NOT enable the RF signal. 

3. Connect a signal generator to the LOQ signal input port. Set to 
the desired LO frequency at a power level of 0 dBm, but do 
not enable. 

4. Connect a spectrum analyzer to the IFQ signal output port and 
terminate the IFI signal input port in 50 Ω. 

5. Enable the power supply. 

6. Enable the LO input signal. 

7. Enable the RF signal. 

8. Take measurements and repeat these steps for channel I. 

CAUTION: If any of the input signals exceed the rated maximum 
values, the SKY73001 Evaluation Board can be 
permanently damaged. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

The SKY73001 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to the Skyworks Application Note, 
PCB Design & SMT Assembly/Rework Guidelines for RFLGA 
Packages, document number 103147. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73001 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 
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Figure 8. SKY73001 Evaluation Board Schematic 
(500-2500 MHz) 
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Figure 9. SKY73001 Evaluation Board Assembly Diagram 
(2-2500 MHz) 
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Table 5. SKY73001 Evaluation Board Component Values (2-2500 MHz) 

Reference Designator Quantity Value Manufacturer Part Number 

2-500 MHz 

C1 1 33 pF (0603)   

C2 1 1000 pF (0603)   

J1 1 2-pin header connector   

J2, J3, J4, J5, J6 5 SMA connector   

T1, T4, T5 3 4:1 (3-800 MHz) Mini-Circuits TC4-1W 

T2, T3 2 9:1 (2-280 MHz) Mini-Circuits TCM9-1 

U1 1 Direct Conversion Mixer Skyworks SKY73001-11 

500-2500 MHz 

C1 1 33 pF (0603)   

C2 1 1000 pF (0603)   

J1 1 2-pin header connector   

J2, J3, J4, J5, J6 5 SMA connector   

T1, T4, T5 3 4:1 (500-2500 MHz) Mini-Circuits TCM4-25 

T2, T3 2 9:1 (2-280 MHz) Mini-Circuits TCM9-1 

U1 1 Direct Conversion Mixer Skyworks SKY73001-11 
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Figure 10. SKY73001 Evaluation Board Assembly Diagram 
(3200-3500 MHz) 

 

 

 



DATA SHEET  •  SKY73001 DIRECT CONVERSION MIXER 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
10 March 15, 2006  •  Skyworks Proprietary and Confidential information  •  Products and Product Information are Subject to Change Without Notice  •  101907E 

Table 6. SKY73001 Evaluation Board Component Values (3200-3500 MHz) 

Reference Designator Quantity Value Manufacturer Part Number 

C1 1 33 pF (0603)   

C2 1 1000 pF (0603)   

J1 1 2-pin header connector   

J2, J3, J4, J5, J6 5 SMA connector   

T1, T4, T5 3 4:1 (3200-3500 MHz) Johanson 3700BL15B100 

T2, T3 2 9:1 (2-280 MHz) Mini-Circuits TCM9-1 

U1 1 Direct Conversion Mixer Skyworks SKY73001-11 
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Figure 11. SKY73001 Evaluation Board Testing Configuration 
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Figure 12. SKY73001 32-Pin RFLGA Package Dimensions 

S461

Notes:
1. Carrier tape: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.3 mm width
4. All dimensions are in millimeters A
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Figure 13. SKY73001 32-Pin RFLGA Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73001 2-3500 MHz Direct Conversion Mixer SKY73001-11 (Pb-free package) TW10-D913 (tuned for 2-500 MHz) 
TW10-D912 (tuned for 500-2500 MHz) 
TW12-D342 (tuned for 3200-3500 MHz) 
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DATA SHEET 

SKY73010: 300 – 2500 MHz Direct Quadrature Modulator 
Applications 
• QPSK/GMSK/QAM/DQPSK modulators 

• Single-sideband modulators 

• Image reject mixers 

• CDMA base stations 

• GSM/EDGE, TDMA/TDMA-EDGE, and Trans-European Trunked 
Radio (TETRA) base stations 

• First upconverter in dual conversion receivers 

Features 
• Broad RF and LO frequency range: 300 to 2500 MHz 

• Carrier suppression greater than 35 dBc 

• Sideband suppression greater than 45 dBc 

• Modulation bandwidth DC to 250 MHz 

• Noise floor less than –153 dBm/Hz 

• Broadband LO/RF flatness 

• RFLGA™ (16-pin, 4 x 4 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 

Description 
The SKY73010 is an integrated quadrature modulator for direct 
modulation of high frequency Amplitude Modulated (AM), Phase 
Modulated (PM), or compound carriers. A SiGe Bipolar 
Complementary Metal Oxide Semiconductor (BiCMOS) process is 
used to offer excellent linearity, noise floor, and carrier 
suppression performance. 

A functional block diagram for the SKY73010 is shown in 
Figure 1. Recommended operating conditions are provided in 
Table 1. Package dimensions for the 4 x 4 mm RF Land Grid Array 
(RFLGA) are shown in Figure 2. 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 
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Figure 1. SKY73010 Functional Block Diagram 
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Table 1. SKY73010 Recommended Operating Conditions 

Parameter Symbol Min Typical Max Units 

+5 V supply voltage VCC 4.5 5.0 5.5 V 

Current consumption ICC  90 110 mA 

Operating case temperature TOPR –40  +85 °C 
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Figure 2. SKY73010 16-Pin RFLGA Package Dimensions 

Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73010 300-2500 MHz Direct Quadrature Modulator SKY73010-21 (Pb-free package) TW12-D692 
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SKY65225-11: WLAN 802.11n 2 x 2 MIMO Intera™
Front-End Module

DATA SHEET

Features
� Two full dual-band transmit/receive chains
� PCIe, miniPCI, Cardbus, and access point applications
� Backward-compatible with 802.11a/b/g standards
� POUT @ 2.5% EVM: 16 dBm (-11a); 19 dBm (-11b);
19 dBm (-11g)

� Gain matching: <1.0 dB @ 2 GHz, 2.0 dB @ 5 GHz
� Single 3.0–3.6 V power supply, internal voltage regulation
� Temperature-compensated PA bias networks and directional
power detection

� Separate digital controls for each PA
� Package size: 10 x 14 x 0.9 mm
� Lead (Pb)-free and RoHS-compliant MSL-3 @ 250 °C
per JEDEC J-STD-020

Description
The SKY65225-11 Intera nFEM combines two complete dual-band
transmit/receive chains in one compact RF front end module
optimized for 2 x 2 MIMO (multiple in – multiple out) operation, in
compliance with the 802.11n draft standard. The SKY65225-11
includes two 5 GHz PAs and two 2 GHz PAs, each with integrated
input filtering for 3–4 GHz rejection, and two temperature-
compensated, directional power detectors with 20 dB dynamic
range. Also included are low loss, high rejection GaAs diplexers
and switches which provide high linearity in all transmit paths and
low loss in all receive paths. All RF ports are matched to 50 Ω.

The SKY65225-11 Intera nFEM achieves outstanding gain
matching between both 2 GHz transmit paths and both 5 GHz
transmit paths, which is a critical requirement for MIMO operation.
This is accomplished though mirrored layout symmetry.

The SKY65225-11 is packaged in a lead (Pb)-free, RoHS-compliant
laminate package, which measures 140 mm2. This tiny footprint
enables more functionality in less PCB space.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.
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Parameter Symbol Condition Min. Typ. Max. Unit

Total 802.11g Tx supply current, T0g or T1g ICC-g POUT = 18 dBm, 54 Mbps OFDM, 190 mA
PU0g or PU1g = 3.3 V
PU0a or PU1a = 0 V

Total 802.11g Tx quiescent current, T0g or T1g ICQ-g No RF 95 mA

Total 802.11b Tx supply current, T0g or T1g ICC-b POUT = 18 dBm, 11 Mbps CCK 190 mA
PU0g or PU1g = 3.3 V
PU0a or PU1a = 0 V

Total 802.11a Tx supply current, T0a or T1a ICC-a POUT = 15 dBm, 54 Mbps OFDM, 180 mA
PU0g or PU1g = 0 V
PU0a or PU1a = 3.3 V

Total 802.11a Tx quiescent current, T0g or T1g ICQ-a No RF 135 mA

DC Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Logic high voltage for PU0g, PU1g, 2 VCC V
PU0a, PU1a (Tx On)

Logic low voltage for PU0g, PU1g, 0 0.5 V
PU0a, PU1a (Tx Off)

Input current logic high voltage for PU0g, 100 200 µA
PU1g, PU0a, PU1a

Input current logic low voltage for PU0g, 0.2 µA
PU1g, PU0a, PU1a

PA Logic Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

VCC VCC -0.3 5.5 V

PU0g, PU1g, PU0a, PU1a PU -0.3 5.5 V

T0g,T1g,T0a,T1a RFin 10 dBm

Operating temperature range TOP 0 85 ºC

Storage temperature range TSTO -65 125 ºC

Moisture sensitivity level MSL-3 250 °C

Thermal resistance θJC 60 °C/W

Absolute Maximum Ratings

Parameter Symbol Condition Min. Typ. Max. Unit

Supply Voltage VCC 3 3.3 3.6 V

Operating Temperature TOP 0 25 85 ºC

Recommended Operating Conditions

Performance is guaranteed only under the conditions listed in the specifications table and is not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent damage to the device and will void the warranty.
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Parameter Symbol Condition Min. Typ. Max. Unit

Control voltage - ON state VCTL_on 3 3.3 3.6 V

Control voltage - OFF state VCTL_off 0 0.2 V

Control current - ON state ICTL_on RF ON 10 75 uA

Control current - ON state ICTL_on RF OFF 2 20 uA

Switch Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

Mode VCC PU0g PU0a Rx0ag Tx0ag PU1g PU1a Rx1ag Tx1ag

Sleep 3.3 0 0 0 0 0 0 0 0

T0g–A0 3.3 3.3 0 0 3.3 0 0 0 0

T0a–A0 3.3 0 3.3 0 3.3 0 0 0 0

R0g–A0 3.3 0 0 3.3 0 0 0 0 0

R0a–A0 3.3 0 0 3.3 0 0 0 0 0

T1g–A1 3.3 0 0 0 0 3.3 0 0 3.3

T1a–A1 3.3 0 0 0 0 0 3.3 0 3.3

R1g–A1 3.3 0 0 0 0 0 0 3.3 0

R1a–A1 3.3 0 0 0 0 0 0 3.3 0

802.11n Operation

T0a–A0 & T1a–A1 3.3 0 3.3 0 3.3 0 3.3 0 3.3

T0g–A0 & T1g–A1 3.3 3.3 0 0 3.3 3.3 0 0 3.3

R0g–A0 & R1g–A1 0 or 3.3 0 0 3.3 0 0 0 3.3 0

R0a–A0 & R1a–A1 0 or 3.3 0 0 3.3 0 0 0 3.3 0

Mode Control Voltage Table (V)

CAUTION: Although this device is designed to be as robust as possible, ESD (Electrostatic Discharge) can damage this device. This
device must be protected at all times from ESD. Static charges may easily produce potentials of several kilovolts on the
human body or equipment, which can discharge without detection. Industry-standard ESD precautions must be employed at
all times.
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Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Linear output power - g Plin_g 54 Mbps OFDM, 64 QAM, EVM = 2.5 % 19 dBm

Compliant output power - b POUT_b 11 Mbps CCK 19 dBm

Backed off EVM BEVM 54 Mbps OFDM, 64 QAM, POUT = 8 dBm 1.5 %

1 dB compression point P1 dB 22.5 25 dBm

Small signal gain lS21l 25 dB

Small signal gain variation over frequency band l∆S21l 1 2.5 dB

Gain matching, T0g to A0 vs. T1g to A1 lS21l - M Compared frequency by frequency 1 dB

Gain, 3.2–3.3 GHz lS21l - 3.2 -2 3 dB

Harmonics 2f, 3f POUT = 18 dBm, 1 Mbps, CCK, 802.11b -50 -42 dBm/MHz

Tx switching time t_sw 50 % of VCTL to 90/10 % RF output 500 ns
power level

Input return loss lS11l T0g or T1g -10 dB

Output return loss lS22l A0 or A1 -8 dB

Isolation between T0g and A1 ISO-A1 CW power into T0g and measure ratio -25 dBc
of power at A0 to A1

Isolation between T1g and A0 ISO-A0 CW power into T1g and measure ratio -25 dBc
of power at A1 to A0

Stability STAB POUT < 18 dBm, load VSWR = 3:1 All non-harmonically related outputs
less than -50 dBc/1 MHz

802.11b,g Transmit Specifications (Tx Chain 0, Tx Chain 1)

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and control voltages set according to Mode Control Voltage table.
Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Insertion loss lS21l 1.5 2.0 dB

Input return loss lS11l R0g or R1g -20 dB

Output return loss lS22l A0 or A1 -15 dB

Insertion loss delta l∆S21l A0 to R0g and A1 to R1g 0.5 dB

802.11b,g Receive Specifications (Rx Chain 0, Rx Chain 1)

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables & Tx control voltages = 0 V. Rx0ag or Rx1ag = 3.3 V. Measurements made
on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Power detect range PDR A0 or A1 0 20 dBm

Power detector accuracy PDacc2 Over 3:1 VSWR 1 dB

DC load impedance Zload 3 kΩ
Output voltage, no RF 0.85 0.95 V

Output voltage, 20 dBm 0.35 V

Power detector -3 dB corner frequency LPF-3 dB 10 kΩ load 270 300 400 kHz

802.11b,g Power Detector Specification

Conditions: VCC = 3.3 V, TOP = 25 ºC. PU0g and Tx0ag or PU1g and Tx1ag = 3.3 V. RX0ag or RX1ag = 0 V. Measurements
made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless otherwise specified.
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Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 4.9 5.85 GHz

Power detect range PDR A0 or A1 0 20 dBm

Power detector accuracy PDacc5 Over 3:1 VSWR 0.7 dB

DC load impedance Zload 3 kΩ
Output voltage, no RF 0.85 0.95 V

Output voltage, 18 dBm 0.35 V

Power detector -3 dB corner frequency LPF-3 dB 10 kΩ load 270 300 400 kHz

802.11a Power Detector Specification

Conditions: VCC = 3.3 V, TOP = 25 ºC. PU0a and Tx0ag or PU1a and Tx1ag = 3.3 V. RX0ag or RX1ag = 0 V. Measurements
made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 4.9 5.85 GHz

Linear output power - a Plin_a 54 Mbps OFDM, 64 QAM, EVM = 2.5 % 16 dBm

Backed off EVM BEVM 54 Mbps OFDM, 64 QAM, POUT = 7 dBm 1.5 %

1 dB compression point P1 dB 21.5 24 dBm

Small signal gain lS21l 24 dB

Small signal gain variation over any 20 MHz band l∆S21l 0.5 dB

Gain matching, T0g to A0 vs. T1g to A1 lS21l - M Compared frequency by frequency 2 dB

Gain, 3.2–3.9 GHz lS21 - 3.9 0 dB

Harmonics 2f, 3f POUT = 18 dBm, 1 Mbps, CCK, 802.11b -50 -42 dBm/MHz

Tx switching time t_sw 50 % of VCTL to 90/10 % RF output 500 ns
power level

Input return loss lS11l T0a or T1a -6 dB

Output return loss lS22l A0 or A1 -10 dB

Isolation between T0g and A1 ISO-A1 CW power into T0a and measure ratio -25 dBc
of power at A0 to A1

Isolation between T1g and A0 ISO-A0 CW power into T1a and measure ratio -25 dBc
of power at A1 to A0

Stability STAB POUT < 18 dBm, load VSWR = 3:1 All non-harmonically related outputs
less than -50 dBc/1 MHz

802.11a Transmit Specifications (Tx Chain 0, Tx Chain 1)

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and control voltages set according to Mode Control Voltage table.
Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 4.9 5.85 GHz

Insertion loss lS21l 2.5 3 dB

Input return loss lS11l R0g or R1g -20 dB

Output return loss lS22l A0 or A1 -15 dB

Insertion loss delta l∆S21l A0 to R0g and A1 to R1g 0.5 dB

802.11a Receive Specifications (Rx Chain 0, Rx Chain 1)

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables & Tx control voltages = 0 V. Rx0ag or Rx1ag = 3.3 V. Measurements made
on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless otherwise specified.
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Typical Performance Data (2.4–2.5 GHz)

VCC = 3.3 V, TA = 25 °C, OFDM 54 Mbps, Z0 = 50 Ω, unless otherwise noted
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Typical Performance Data (4.9–5.85 GHz)

VCC = 3.3 V, TA = 25 °C, OFDM 54 Mbps, Z0 = 50 Ω, unless otherwise noted

EVM vs. Frequency (POUT = 15 dBm)
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Pin # Name Description EVB Label

1 R0g Receiver output R0g

2 GND Ground GND

3 R0a Receiver output R0a

4 GND Ground GND

5 T0g Transmitter input T0g

6 T0a Transmitter input T0a

7 GND Ground GND

8 GND Ground GND

9 T1a Transmitter input T1a

10 T1g Transmitter input T1g

11 GND Ground GND

12 R1a Receiver output R1a

13 GND Ground GND

14 R1g Receiver output R1g

15 GND Ground GND

16 PU1g Power amp enable input VEN1g

17 PU1a Power amp enable input VEN1a

18 VCC 3.3 V None. Tied
to Pin 47

19 PD1ag Power detector 1 output VD1ag

20 GND Ground GND

21 VCC 3.3 V None

22 GND PA1a Ground GND

23 Rx1ag Switch control input Rx1ag

24 Tx1ag Switch control input Tx1ag

25 GND Ground GND

26 GND Ground GND

27 A1 Antenna 1 A1

28 GND Ground GND

29 GND Ground GND

30 GND Ground GND

31 GND Ground GND

32 GND Ground GND

33 GND Ground GND

34 GND Ground GND

35 GND Ground GND

36 A0 Antenna 0 A0

37 GND Ground GND

38 GND Ground GND

39 Tx0ag Switch control input Tx0ag

40 Rx0ag Switch control input Rx0ag

41 GNDPA0a Ground GND

42 VCC 3.3 V None

43 GND Ground GND

44 PD0ag Power detector 0 output VD0ag

45 PU0g Power amp enable input VEN0g

46 PU0a Power amp enable input VEN0a

47 VCC 3.3 V VCC
48 GND Ground GND

49 GND Ground GND
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Solder Mask

Package Outline

0.20 X 45

Pin 48

Pin 1

48X 0.6 mm
10.44 mm

LC

0.425 mm

14.44 mm

0.85 mm Typ.

LC

48X 0.85 mm

2X 1.525 mm

2X 1.875 mm

2X 4.075 mm

6X 2.1 mm
6X 5 mm

2.2 mm Typ.

6X 0.725 mm

0.425 mm

8X 2.3 mm

2 mm Typ.

Recommended Footprint

Pin 47

Pin 1

Thermal Via Array
0.3 mm on 0.7 mm Pitch

Pad Will Improve Thermal Performance
Additional Vias in Common Ground 

10.34 mm

24X 0.5 mm 24X 0.75 mm

14.34 mm

0.425 mm

0.85 mm Typ.

0.25 mm
Typ.

0.175 mm
Typ.

CL

CL0.35 mm
1.4 mm

1.4 mm

0.7 mm

0.7 mm

0.35mm

Thermal vias should be tented and filled with solder mask 30–35 µm
copper plating recommended.

Stencil Pattern
10.34 mm

14.34 mm

48X 0.75 mm

48X 0.5 mm
0.425 mm

0.85 mm Typ.

0.20 X 45 mm

0.425 mm

6X 2.1 mm

6X 5 mm

8X 2.3 mm

CL

LC

2X 2.975 mm

Package
OutlineStencil Aperture

Size of 80–100%
of the Module/Pkg.

Solder Mask Openings
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Package Outline

Pin 1
A

Pin 48

48x SMT Pad

6x 5

6x 2.1

0
4x 1.275
4x 2.975
4x 4.675

20x 6.92

4x 0.425

See Detail B
See Detail C
See Detail D

4x 2.125

4x 3.825

4x 5.525

15x Solder
Mask Openings

0.2x45
Pin 1 Indicator 04x

2.
12
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97

5
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2.
3
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1.

27
5
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42
4
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3.

82
5

28
x

4.
92

Bottom View

Pin 1 Indicator 

10 ± 0.1
0.9 ± 0.1

Top View

Skyworks
SKY65225-11 R8 
Lot #
YYWWCC14

±
0.

1

Side View

Detail C
Scale: Full

Detail A
Pad Scale: 2X
14X Rotated 180°
10X Rotated 90° CW
10X Rotated 90° CCW

0.5 ± 0.075

Metal
Pad Edge0.5 ± 0.03

(0.1)

R 0.05 Max.
1.45 ± 0.03

3.05 ± 0.03

Detail D
Scale: Full
2X

Detail B
Scale: Full
12X

R 0.05
Max.2.2 ± 0.03

2 ± 0.03

R 0.05 Max.

2.2 ± 0.03

1.45 ± 0.03
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SKY65227-11: WLAN 802.11n Single Band 2.4 GHz
MIMO Intera™ Front-End Module

DATA SHEET

Features
� Two full 2.4 GHz transmit/receive chains
� PCIe, miniPCI, Cardbus and Access Point applications
� Backward-compatible with 802.11b/g standards
� Pin compatible with SKY65225-11 (2.4 GHz)
� POUT @ 2.5% EVM: 19 dBm (-11b); 19 dBm (-11g)
� Gain matching: < 1.0 dB
� Internal voltage regulation
� Single 3.0–3.6 V power supply
� Temperature-compensated PA bias networks and directional
power detection

� Separate digital controls for each PA
� Package size: 10 x 14 x 0.9 mm
� Lead (Pb)-free and RoHS-compliant MSL-3 @ 250 °C
per JEDEC J-STD-020

Description
The SKY65227-11 Intera nFEM contains two complete 2.4 GHz
transmit/receive chains in one compact RF front-end module
optimized for single band 2.4 GHz MIMO (multiple in—multiple out)
operation, in compliance with the 802.11n draft standard. The
SKY65227-11 includes two 2 GHz PAs with integrated input fil-
tering for 3–4 GHz rejection, and temperature-compensated,
directional power detector with 20 dB dynamic range. Also
included are low loss, high rejection GaAs harmonic filters and T/R
switches which provide high linearity in all transmit paths and low
loss in all receive paths.

The SKY65227-11 Intera nFEM achieves outstanding gain
matching which is a critical requirement for MIMO operation. This
is accomplished though mirrored layout symmetry.

The SKY65227-11 is packaged in a lead (Pb)-free, RoHS-compliant
laminate package, which measures 140 mm2. This FEM is
designed as a pin to pin compatible version of the SKY65225-11
for 2.4 GHz only.Skyworks offers lead (Pb)-free, RoHS (Restriction of

Hazardous Substances)-compliant packaging.
NEW

Functional Block Diagram
Rx0ag Tx0ag 

A1

A0

R0g

R1g

T0g

PD0g

PD1g

PU0g

PU1g

T1g

PA 
Controller 

Dir 
Det  

2 GHz

2 GHz

Rx1ag Tx1ag 

Dir 
Det 

Innovation to GoTM

Now available for purchase online.
BUY
NOW

http://www.cdistore.com/skyworks/
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Parameter Symbol Condition Min. Typ. Max. Unit

Total 802.11g Tx supply current, T0g or T1g ICC-g POUT = 18 dBm, 54 Mbps OFDM, 190 mA
PU0g or PU1g = 3.3 V
PU0a or PU1a = 0 V

Total 802.11g Tx quiescent current, T0g or T1g ICQ-g No RF 95 mA

Total 802.11b Tx supply current, T0g or T1g ICC-b POUT = 18 dBm, 11 Mbps CCK 190 mA
PU0g or PU1g = 3.3 V
PU0a or PU1a = 0 V

DC Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Logic high voltage for PU0g, PU1g, (Tx On) 2 VCC V

Logic low voltage for PU0g, PU1g, (Tx Off) 0 0.5 V

Input current logic high voltage for PU0g, PU1g 100 200 µA

Input current logic low voltage for PU0g,PU1g 0.2 µA

PA Logic Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

VCC VCC -0.3 5.5 V

PU0g, PU1g PU -0.3 5.5 V

T0g,T1g RFin 10 dBm

Operating temperature range TOP 0 85 ºC

Storage temperature range TSTO -65 125 ºC\

Moisture sensitivity level MSL-3 250 °C

Thermal resistance θJC 55 °C/W

Absolute Maximum Ratings

Parameter Symbol Condition Min. Typ. Max. Unit

Supply Voltage VCC 3 3.3 3.6 V

Operating Temperature TOP 0 25 85 ºC

Recommended Operating Conditions

Performance is guaranteed only under the conditions listed in the specifications table and is not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent damage to the device and will void the warranty.
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Parameter Symbol Condition Min. Typ. Max. Unit

Control voltage - ON state VCTL_on 3 3.3 3.6 V

Control voltage - OFF state VCTL_off 0 0.2 V

Control current - ON state ICTL_on RF ON 10 75 uA

Control current - ON state ICTL_on RF OFF 2 20 uA

Switch Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

Mode VCC PU0g Rx0g Tx0g PU1g Rx1G Tx1g

Sleep 3.3 0 0 0 0 0 0

T0g - ANT0 3.3 3.3 0 3.3 0 0 0

R0g - ANT0 3.3 0 3.3 0 0 0 0

T1g - ANT1 3.3 0 0 0 3.3 0 3.3

R1g - ANT1 3.3 0 0 0 0 3.3 0

802.11n Operation

T0g - ANT0 & T1g - ANT1 3.3 3.3 0 3.3 3.3 0 3.3

R0g - ANT0 & R1g - ANT1 0 or 3.3 0 3.3 0 0 3.3 0

Mode Control Voltage Table (V)

CAUTION: Although this device is designed to be as robust as possible, Electrostatic Discharge (ESD) can damage this device. This
device must be protected at all times from ESD. Static charges may easily produce potentials of several kilovolts on the
human body or equipment, which can discharge without detection. Industry-standard ESD precautions should be employed
at all times.
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Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Linear output power - g Plin_g 54 Mbps OFDM, 64 QAM, EVM = 2.5 % 19 dBm

Compliant output power - b POUT_b 11 Mbps CCK 19 dBm

Backed off EVM BEVM 54 Mbps OFDM, 64 QAM, POUT = 8 dBm 1.5 %

1 dB compression point P1 dB 22.5 25 dBm

Small signal gain lS21l 25 dB

Small signal gain variation over frequency band ∆lS21l 1 2.5 dB

Gain matching, T0g to A0 vs. T1g to A1 lS21l - M Compared frequency by frequency 1 dB

Gain, 3.2–3.3 GHz lS21l - 3.2 -2 3 dB

Harmonics 2f, 3f POUT = 18 dBm, 1 Mbps, CCK, 802.11b -50 -42 dBm/MHz

Tx switching time t_sw 50 % of VCTL to 90/10 % RF output 500 ns

Input return loss lS11l T0g or T1g -10 dB

Output return loss lS22l A0 or A1 -8 dB

Isolation between T0g and A1 ISO-A1 CW power into T0g and measure ratio -25 dBc
of power at A0 to A1

Isolation between T1g and A0 ISO-A0 CW power into T1g and measure ratio -25 dBc
of power at A1 to A0

Stability STAB POUT < 18 dBm, load VSWR = 3:1 All non-harmonically related outputs
less than -50 dBc/1 MHz

802.11b,g Transmit Specifications (Tx Chain 0, Tx Chain 1)

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and control voltages set according to Mode Control Voltage table.
Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Insertion loss lS21l 1.5 2.0 dB

Input/output lS11l, lS22l R0g or R1g, A0 or A1 -15 dB

Insertion loss delta l∆S21l A0 to R0g and A1 to R1g 0.5 dB

Ant. isolation ANT_ISO A0 to R0g and A1 to R1g 25 dB

TR isolation TR_ISO Transmit A0 or A1, measure R0g or R1g 24 dB

802.11b,g Receive Specifications (Rx Chain 0, Rx Chain 1)

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables & Tx control voltages = 0 V. Rx0ag or Rx1ag = 3.3 V. Measurements made
on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Power detect range PDR A0 or A1 0 20 dBm

Power detector accuracy PDacc2 Over 3:1 VSWR 1 dB

DC load impedance Zload 3 kΩ
Output voltage, no RF 0.85 0.95 V

Output voltage, 20 dBm 0.35 V

Power detector -3 dB corner frequency LPF-3 dB 10 kΩ load 270 300 400 kHz

802.11b,g Power Detector Specification

Conditions: VCC = 3.3 V, TOP = 25 ºC. PU0g and Tx0ag or PU1g and Tx1ag = 3.3 V. RX0ag or RX1ag = 0 V. Measurements
made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless otherwise specified.



DATA SHEET • SKY65227-11

Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
200553 Rev. E • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • October 9, 2007 5

Typical Performance Data (2.4–2.5 GHz)

VCC = 3.3 V, TA = 25 °C, OFDM 54 Mbps, Z0 = 50 Ω, unless otherwise noted
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Pin # Pin Name Description EVB Label

1 R0g Receiver output R0g

2 GND Ground GND

3 NC No connection R0a

4 GND Ground GND

5 T0g Transmitter input T0g

6 NC No connection T0a

7 GND Ground GND

8 GND Ground GND

9 NC No connection T1a

10 T1g Transmitter input T1g

11 GND Ground GND

12 NC No connection R1a

13 GND Ground GND

14 R1g Receiver output R1g

15 GND Ground GND

16 PU1g Power amplifier enable input VEN1g

17 NC No connection VEN1a

18 VCC 3.3 V None.
Tied to Pin 47

19 PD1g Power detector output voltage VD1ag
from PA1

20 GND Ground GND

21 VCC 3.3 V None

22 GND Ground GND

23 RX1g Switch control input Rx1ag

24 TX1g Switch control input Tx1ag

25 GND Ground GND

26 GND Ground GND

27 A1 Antenna 1 A1

28 GND Ground GND

29 GND Ground GND

30 GND Ground GND

31 GND Ground GND

32 GND Ground GND

33 GND Ground GND

34 GND Ground GND

35 GND Ground GND

36 A0 Antenna 0 A0

37 GND Ground GND

38 GND Ground GND

39 Tx0g Switch control input TX0ag

40 Rx0g Switch control input RX0ag

41 GND Ground GND

42 VCC 3.3 V None

43 GND Ground GND

44 PD0g Power detector output voltage VD0ag
from PA0

45 PU0g Power amplifier enable input VEN0g

46 NC No connection VEN0a

47 VCC 3.3 V VCC
48 GND Ground GND

49 GND Ground GND
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Solder Mask

Package Outline
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SKY65228-11: WLAN 802.11n Single Band 4.9–5.85 GHz
MIMO Intera™ Front-End Module

DATA SHEET

Features
� Single band 4.9–5.85 GHz MIMO architecture
� Two full 4.9–5.85 GHz transmit/receive chains
� Backward-compatible with 802.11a standards
� Pin compatible with SKY65225-11 (4.9–5.85 GHz)
� POUT @ 2.5% EVM: 16 dBm (-11a)
� Gain matching: <2 dB
� Internal voltage regulation
� Single 3.0–3.6 V power supply
� Temperature-compensated PA bias networks
� Separate digital controls for each PA
� Temperature-compensated directional power detection
� Package size: 10 x 14 x 0.9 mm
� Lead (Pb)-free and RoHS-compliant MSL-3 @ 250 °C
per JEDEC J-STD-020

Description
The SKY65228-11 Intera nFEM contains two complete
4.9–5.85 GHz transmit/receive chains in one compact RF front-end
module optimized for single band 4.9–5.85 GHz MIMO (multiple
in—multiple out) operation, in compliance with the 802.11n draft
standard. The SKY65228-11 includes two 4.9–5.85 GHz PAs with
integrated input filtering for 3–4 GHz rejection, and temperature-
compensated, directional power detector with 20 dB dynamic
range. Also included are low loss, high rejection GaAs harmonic
filters and T/R switches which provide high linearity in all transmit
paths and low loss in all receive paths.

The SKY65228-11 Intera nFEM achieves outstanding gain
matching which is a critical requirement for MIMO operation.
This is accomplished though mirrored layout symmetry.

The SKY65228-11 is packaged in a lead (Pb)-free, RoHS-compliant
laminate package, which measures 10 x 14 x 0.9 mm. This
FEM is designed as a pin to pin compatible version of the
SKY65225-11 for 4.9–5.85 GHz only.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Functional Block Diagram
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Innovation to GoTM

Now available for purchase online.
BUY
NOW

http://www.cdistore.com/skyworks/
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Parameter Symbol Condition Min. Typ. Max. Unit

Total 802.11a Tx supply current, T0a or T1a ICC-a POUT = 15 dBm, 54 Mbps OFDM, 180 mA
PU0g or PU1g = 0 V
PU0a or PU1a = 3.3 V

Total 802.11a Tx quiescent current, T0a or T1a ICQ-a No RF 135 mA

DC Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Logic high voltage for PU0a, PU1a (Tx On) 2 VCC V

Logic low voltage for PU0a, PU1a (Tx Off) 0 0.5 V

Input current logic high voltage for PU0a, PU1a 100 200 µA

Input current logic low voltage for PU0a, PU1a 0.2 µA

PA Logic Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

VCC VCC -0.3 5.5 V

PU0a, PU1a PU -0.3 5.5 V

T0a,T1a RFin 10 dBm

Operating temperature range TOP 0 85 ºC

Storage temperature range TSTO -65 125 ºC

Moisture sensitivity level MSL-3 250 °C

Thermal resistance θJC 60 °C/W

Absolute Maximum Ratings

Parameter Symbol Condition Min. Typ. Max. Unit

Supply Voltage VCC 3 3.3 3.6 V

Operating Temperature TOP 0 25 85 ºC

Recommended Operating Conditions

Performance is guaranteed only under the conditions listed in the specifications table and is not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent damage to the device and will void the warranty.
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Parameter Symbol Condition Min. Typ. Max. Unit

Control voltage - ON state VCTL_on 3 3.3 3.6 V

Control voltage - OFF state VCTL_off 0 0.2 V

Control current - ON state ICTL_on RF ON 10 75 uA

Control current - ON state ICTL_on RF OFF 2 20 uA

Switch Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

Mode VCC PU0a Rx0a Tx0a PU1a Rx1a Tx1a

Sleep 3.3 0 0 0 0 0 0

T0a - ANT0 3.3 3.3 0 3.3 0 0 0

R0a - ANT0 3.3 0 3.3 0 0 0 0

T1a - ANT1 3.3 0 0 0 3.3 0 3.3

R1a - ANT1 3.3 0 0 0 0 3.3 0

802.11n Operation

T0a - ANT0 & T1a - ANT1 3.3 3.3 0 3.3 3.3 0 3.3

R0a - ANT0 & R1a - ANT1 0 or 3.3 0 3.3 0 0 3.3 0

Mode Control Voltage Table (V)

CAUTION: Although this device is designed to be as robust as possible, Electrostatic Discharge (ESD) can damage this device. This
device must be protected at all times from ESD. Static charges may easily produce potentials of several kilovolts on the
human body or equipment, which can discharge without detection. Industry-standard ESD precautions should be employed
at all times.
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Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 4.9 5.85 GHz

Power detect range PDR A0 or A1 0 20 dBm

Power detector accuracy PDacc5 Over 3:1 VSWR 0.7 dB

DC load impedance Zload 3 kΩ
Output voltage, no RF 0.90 V

Output voltage, 18 dBm 0.35 V

Power detector -3 dB corner frequency LPF-3 dB 10 kΩ load 270 300 400 kHz

802.11a Power Detector Specification

Conditions: VCC = 3.3 V, TOP = 25 ºC. PU0a and Tx0ag or PU1a and Tx1ag = 3.3 V. RX0ag or RX1ag = 0 V. Measurements
made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 4.9 5.85 GHz

Linear output power - a Plin_a 54 Mbps OFDM, 64 QAM, EVM = 2.5 % 16 dBm

Backed off EVM BEVM 54 Mbps OFDM, 64 QAM, POUT = 7dBm 1.5 %

1 dB compression point P1 dB 21.5 24 dBm

Small signal gain lS21l 24 dB

Small signal gain variation over any 20 MHz band l∆S21l 0.5 dB

Gain matching, T0g to A0 vs. T1g to A1 lS21l - M Compared frequency by frequency 2 dB

Gain, 3.2–3.9 GHz lS21l - 3.9 0 dB

Harmonics 2f, 3f POUT = 18 dBm, 1 Mbps, CCK, 802.11b -50 -42 dBm/MHz

Tx switching time t_sw 50 % of VCTL to 90/10 % RF output 500 ns
power level

Input return loss lS11l T0a or T1a -6 dB

Output return loss lS22l A0 or A1 -10 dB

Isolation between T0g and A1 ISO-A1 CW power into T0a and measure ratio -25 dBc
of power at A0 to A1

Isolation between T1g and A0 ISO-A0 CW power into T1a and measure ratio -25 dBc
of power at A1 to A0

Stability STAB POUT < 18 dBm, load VSWR = 3:1 All non-harmonically related outputs
less than -50 dBc/1 MHz

802.11a Transmit Specifications (Tx Chain 0, Tx Chain 1)

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and control voltages set according to Mode Control Voltage table.
Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 4.9 5.85 GHz

Insertion loss lS21l 2.5 3 dB

Input return loss lS11l R0g or R1g -20 dB

Output return loss lS22l A0 or A1 -15 dB

Insertion loss delta l∆S21l A0 to R0g and A1 to R1g 0.5 dB

802.11a Receive Specifications (Rx Chain 0, Rx Chain 1)

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables & Tx control voltages = 0 V. Rx0ag or Rx1ag = 3.3 V. Measurements made
on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless otherwise specified.
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Typical Performance Data (4.9–5.85 GHz)

VCC = 3.3 V, TA = 25 °C, OFDM 54 Mbps, Z0 = 50 Ω, unless otherwise noted
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Pin # Pin Name Description EVB Label
1 NC No connection NC
2 GND Ground GND
3 ROa Receiver output R0a
4 GND Ground GND
5 NC No connection NC
6 T0a Transmitter input T0a
7 GND Ground GND
8 GND Ground GND
9 T1a Transmitter input T1a
10 NC No connection NC
11 GND Ground GND
12 R1a Receiver output R1a
13 GND Ground GND
14 NC No connection NC
15 GND Ground GND
16 NC No connection NC
17 PU1a Power amplifier enable input VEN1a
18 VCC 3.3 V None.

Tied to Pin 47
19 PD1a Power detector output voltage VD1ag

from PA1
20 GND Ground GND
21 VCC 3.3 V None.

Tied to Pin 47
22 GND Ground GND
23 Rx1a Switch control input Rx1ag
24 Tx1a Switch control input Tx1ag
25 GND Ground GND
26 GND Ground GND
27 A1 Antenna 1 A1
28 GND Ground GND
29 GND Ground GND
30 GND Ground GND
31 GND Ground GND
32 GND Ground GND
33 GND Ground GND
34 GND Ground GND
35 GND Ground GND
36 A0 Antenna 0 A0
37 GND Ground GND
38 GND Ground GND
39 Tx0a Switch control input Tx0ag
40 Rx0a Switch control input Rx0ag
41 GND Ground GND
42 VCC 3.3 V None.

Tied to Pin 47
43 GND Ground GND
44 PD0a Power detector output voltage VDOag

from PA0
45 NC No connection VEN0g
46 PU0a Power amplifier enable input VEN0a
47 VCC 3.3 V VCC
48 GND Ground GND
49 GND Ground GND
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Solder Mask

Package Outline

0.20 X 45

Pin 48

Pin 1

48X 0.6 mm
10.44 mm

LC

0.425 mm

14.44 mm

0.85 mm Typ.

LC

48X 0.85 mm

2X 1.525 mm

2X 1.875 mm

2X 4.075 mm

6X 2.1 mm
6X 5 mm

2.2 mm Typ.

6X 0.725 mm

0.425 mm

8X 2.3 mm

2 mm Typ.

Recommended Footprint

Pin 47

Pin 1

Thermal Via Array
0.3 mm on 0.7 mm Pitch

Pad Will Improve Thermal Performance
Additional Vias in Common Ground 

10.34 mm

24X 0.5 mm 24X 0.75 mm

14.34 mm

0.425 mm

0.85 mm Typ.

0.25 mm
Typ.

0.175 mm
Typ.
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CL0.35 mm
1.4 mm

1.4 mm

0.7 mm

0.7 mm

0.35mm

Thermal vias should be tented and filled with solder mask 30–35 µm
copper plating recommended.

Stencil Pattern
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0.425 mm

0.85 mm Typ.

0.20 X 45 mm

0.425 mm
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8X 2.3 mm

CL

LC
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Package
OutlineStencil Aperture

Size of 80–100%
of the Module/Pkg.
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SKY65230-11: WLAN 802.11n 2 x 2 MIMO Intera™ Front-End
Module with 3 Antenna Ports

DATA SHEET

Features
� 2 x 2 MIMO architecture
� Two full dual-band transmit/receive chains
� 3rd antenna provides switch diversity on both chains
� Backward-compatible with 802.11a/b/g standards
� POUT @ 2.5% EVM: 16 dBm (-11a); 19 dBm (-11b);

19 dBm (-11g)
� Gain matching: <1.5 dB @ 2 GHz, < 2 dB @ 5 GHz
� Single 3.0–3.6 V power supply, internal voltage regulation
� Temperature-compensated PA bias networks and directional

power detection
� Separate digital controls for each PA
� Package size: 10 x 14 x 0.9 mm
� Lead (Pb)-free and RoHS-compliant MSL-3 @ 250 °C

per JEDEC J-STD-020

Description
The SKY65230-11 Intera nFEM combines two complete dual-band
transmit/receive chains in one compact RF front end module
optimized for 2 x 2 MIMO (multiple in—multiple out) operation, in
compliance with the 802.11n draft standard. The SKY65230-11
includes two 5 GHz PAs and two 2 GHz PAs, each with integrated
input filtering for 3–4 GHz rejection, and two temperature-
compensated, directional power detectors with 20 dB dynamic
range. Also included are low loss, high rejection GaAs diplexers and
diversity switches which provide high linearity in all transmit paths
and low loss in all receive paths. Additionally, a third antenna port
is added to provide switch diversity capability on both chains. All
RF ports are matched to 50 Ω.

The SKY65230-11 Intera nFEM achieves outstanding gain
matching between both 2 GHz transmit paths and both 5 GHz
transmit paths, which is a critical requirement for MIMO operation.
This is accomplished though mirrored layout symmetry.

The SKY65230-11 is packaged in a lead (Pb)-free, RoHS-compliant
laminate package, which measures 140 mm2. This tiny footprint
enables more functionality in less printed circuit board space.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Functional Block Diagram
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Parameter Symbol Condition Min. Typ. Max. Unit

Total 802.11g Tx supply current, T0g or T1g ICC-g POUT = 18 dBm, 54 Mbps OFDM, 190 mA
PU0g or PU1g = 3.3 V
PU0a or PU1a = 0 V

Total 802.11g Tx quiescent current, T0g or T1g ICQ-g No RF 95 mA

Total 802.11b Tx supply current, T0g or T1g ICC-b POUT = 18 dBm, 11 Mbps CCK 190 mA
PU0g or PU1g = 3.3 V
PU0a or PU1a = 0 V

Total 802.11a Tx supply current, T0a or T1a ICC-a POUT = 15 dBm, 54 Mbps OFDM, 180 mA
PU0g or PU1g = 0 V
PU0a or PU1a = 3.3 V

Total 802.11a Tx quiescent current, T0g or T1g ICQ-a No RF 135 mA

DC Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Logic high voltage for PU0g, PU1g, 2 VCC V
PU0a, PU1a (Tx On)

Logic low voltage for PU0g, PU1g, 0 0.5 V
PU0a, PU1a (Tx Off)

Input current logic high voltage for PU0g, 100 200 µA
PU1g, PU0a, PU1a

Input current logic low voltage for PU0g, 0.2 µA
PU1g, PU0a, PU1a

PA Logic Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

VCC VCC -0.3 5.5 V

PU0g, PU1g, PU0a, PU1a PU -0.3 5.5 V

T0g,T1g,T0a,T1a RFin 10 dBm

Operating temperature range TOP 0 85 ºC

Storage temperature range TSTO -65 125 ºC

Moisture sensitivity level MSL-3 250 °C

Thermal resistance θJC 60 °C/W

Absolute Maximum Ratings

Parameter Symbol Condition Min. Typ. Max. Unit

Supply Voltage VCC 3 3.3 3.6 V

Operating Temperature TOP 0 25 85 ºC

Recommended Operating Conditions

Performance is guaranteed only under the conditions listed in the specifications table and is not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent damage to the device and will void the warranty.
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Control Pin Logic Level = 1 (3 V) Logic Level = 0 (0 V)

PU0g g Band PA0 On g Band PA0 Off

PU0a a Band PA0 On a Band PA0 Off

PU1g g Band PA1 On g Band PA1 Off

PU1a a Band PA1 On a Band PA1 Off

PA Bias Control Line Truth Table

Path RxMain0 TxMain0 RxAux0 TxAux0 Ctrl0A2 Ctrl1A2

A0-R0g H L L L X X

A0-R0a H L L L X X

A2-R0g L L H L H L

A2-R0a L L H L H L

A0-T0g L H L L X X

A0-T0a L H L L X X

A2-T0g L L L H H L

A2-T0a L L L H H L

Path RxMain1 TxMain1 RxAux1 TxAux1 Ctrl0A2 Ctrl1A2

A1-R1g H L L L X X

A1-R1a H L L L X X

A2-R1g L L H L L H

A2-R1a L L H L L H

A1-T1g L H L L X X

A1-T1a L H L L X X

A2-T1g L L L H L H

A2-T1a L L L H L H

Switch Control Line Truth Tables

H = 3 V, L = 0 V, X = Don’t Care

CAUTION: Although this device is designed to be as robust as possible, ESD (Electrostatic Discharge) can damage this device. This
device must be protected at all times from ESD. Static charges may easily produce potentials of several kilovolts on the
human body or equipment, which can discharge without detection. Industry-standard ESD precautions must be employed
at all times.
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Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Linear output power - g Plin_g 54 Mbps OFDM, 64 QAM, EVM = 2.5 % 19 dBm

Compliant output power - b POUT_b 11 Mbps CCK 19 dBm

Backed off EVM BEVM 54 Mbps OFDM, 64 QAM, POUT = 8 dBm 1.5 %

1 dB compression point P1 dB 22.5 25 dBm

Small signal gain lS21l 25 dB

Small signal gain variation over frequency band l∆S21l 1 2.5 dB

Gain matching, T0g to A0 vs. T1g to A1 lS21l - M Compared frequency by frequency 1 dB

Gain, 3.2–3.3 GHz lS21l - 3.2 -2 dB

Harmonics 2f, 3f POUT = 18 dBm, 1 Mbps, CCK, 802.11b -50 -42 dBm/MHz

Tx switching time t_sw 50 % of VCTL to 90/10 % RF output 500 nS
power level

Input return loss lS11l T0g or T1g -10 dB

Output return loss lS22l A0 or A1 -8 dB

Isolation between T0g and A1 ISO-A1 CW power into T0g and measure ratio -25 dBc
of power at A0 to A1

Isolation between T1g and A0 ISO-A0 CW power into T1g and measure ratio -25 dBc
of power at A1 to A0

Stability STAB POUT < 18 dBm, load VSWR = 3:1 All non-harmonically related outputs
less than -50 dBc/1 MHz

802.11b,g Transmit Specifications (Tx Chain 0, Tx Chain 1)

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and switch control voltages set according to Truth Tables in this
document. Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Insertion loss lS21l 1.5 2.0 dB

Input return loss lS11l R0g or R1g -20 dB

Output return loss lS22l A0 or A1 -15 dB

Insertion loss delta l∆S21l A0 to R0g and A1 to R1g 0.5 dB

802.11b,g Receive Specifications (Rx Chain 0, Rx Chain 1)

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and switch control voltages set according to Truth Tables in this
document. Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Power detect range PDR A0 or A1 0 20 dBm

Power detector accuracy PDacc2 Over 3:1 VSWR 1 dB

DC load impedance Zload 3 kΩ
Output voltage, no RF 0.80 0.95 V

Output voltage, 20 dBm 0.35 V

Power detector -3 dB corner frequency LPF-3 dB 10 kΩ load 270 300 400 kHz

802.11b,g Power Detector Specification

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and switch control voltages set according to Truth Tables in this
document. Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω.
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Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Linear output power - g Plin_g 54 Mbps OFDM, 64 QAM, EVM = 2.5 % 18.5 dBm

Compliant output power - b POUT_b 11 Mbps CCK 18.5 dBm

Backed off EVM BEVM 54 Mbps OFDM, 64 QAM, POUT = 8 dBm 1.5 %

1 dB compression point P1 dB 22 25 dBm

Small signal gain lS21l 25 dB

Small signal gain variation over frequency band l∆S21l 1 2.5 dB

Gain matching, T0g to A0 vs. T1g to A1 lS21l - M Compared frequency by frequency 1 dB

Gain, 3.2–3.3 GHz lS21l - 3.2 -2 dB

Harmonics 2f, 3f POUT = 18 dBm, 1 Mbps, CCK, 802.11b -48 -42 dBm/MHz

Tx switching time t_sw 50 % of VCTL to 90/10 % RF output 500 nS
power level

Input return loss lS11l T0g or T1g -10 dB

Output return loss lS22l A2 -8 dB

Isolation between T0g and A1 ISO-A1 CW power into T0g and measure ratio -25 dBc
of power at A0 to A1

Isolation between T1g and A0 ISO-A0 CW power into T1g and measure ratio -25 dBc
of power at A1 to A0

Stability STAB POUT < 18 dBm, load VSWR = 3:1 All non-harmonically related outputs
less than -50 dBc/1 MHz

802.11b,g Transmit Specifications (Tx Chain 2)

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and switch control voltages set according to Truth Tables in this
document. Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Insertion loss lS21l 1.8 2.5 dB

Input return loss lS11l R0g or R1g -20 dB

Output return loss lS22l A2 -15 dB

Insertion loss delta l∆S21l A2 to R0g and A2 to R1g 0.5 dB

802.11b,g Receive Specifications (Rx Chain 2)

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and switch control voltages set according to Truth Tables in this
document. Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Power detect range PDR A0 or A1 0 20 dBm

Power detector accuracy PDacc2 Over 3:1 VSWR 1 dB

DC load impedance Zload 3 kΩ
Output voltage, no RF 0.80 0.95 V

Output voltage, 20 dBm 0.35 V

Power detector -3 dB corner frequency LPF-3 dB 10 kΩ load 270 300 400 kHz

802.11b,g Power Detector Specification

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and switch control voltages set according to Truth Tables in this
document. Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω.
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Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 4.9 5.85 GHz

Power detect range PDR A0 or A1 0 20 dBm

Power detector accuracy PDacc5 Over 3:1 VSWR 0.7 dB

DC load impedance Zload 3 kΩ
Output voltage, no RF 0.75 0.95 V

Output voltage, 18 dBm 0.35 V

Power detector -3 dB corner frequency LPF-3 dB 10 kΩ load 270 300 400 kHz

802.11a Power Detector Specification

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and switch control voltages set according to Truth Tables in this
document. Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 4.9 5.85 GHz

Linear output power - a Plin_a 54 Mbps OFDM, 64 QAM, EVM = 2.5 % 16 dBm

Backed off EVM BEVM 54 Mbps OFDM, 64 QAM, POUT = 7 dBm 1.5 %

1 dB compression point P1 dB 21.5 24 dBm

Small signal gain lS21l 24 dB

Small signal gain variation over any 20 MHz band l∆S21l 0.5 dB

Gain matching, T0g to A0 vs. T1g to A1 lS21l - M Compared frequency by frequency 2 dB

Gain, 3.2–3.9 GHz lS21l - 3.9 0 dB

Harmonics 2f, 3f POUT = 15 dBm, OFDM542 -50 -42 dBm/MHz

Tx switching time t_sw 50 % of VCTL to 90/10 % RF output 500 nS
power level

Input return loss lS11l T0a or T1a -6 dB

Output return loss lS22l A0 or A1 -10 dB

Isolation between T0g and A1 ISO-A1 CW power into T0a and measure ratio -25 dBc
of power at A0 to A1

Isolation between T1g and A0 ISO-A0 CW power into T1a and measure ratio -25 dBc
of power at A1 to A0

Stability STAB POUT < 18 dBm, load VSWR = 3:1 All non-harmonically related outputs
less than -50 dBc/1 MHz

802.11a Transmit Specifications (Tx Chain 0, Tx Chain 1)

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and switch control voltages set according to Truth Tables in this
document. Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 4.9 5.85 GHz

Insertion loss lS21l 2.5 3 dB

Input return loss lS11l R0g or R1g -20 dB

Output return loss lS22l A0 or A1 -15 dB

Insertion loss delta l∆S21l A0 to R0g and A1 to R1g 0.5 dB

802.11a Receive Specifications (Rx Chain 0, Rx Chain 1)

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and switch control voltages set according to Truth Tables in this
document. Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω.
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Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 4.9 5.85 GHz

Power detect range PDR A0 or A1 0 20 dBm

Power detector accuracy PDacc5 Over 3:1 VSWR 0.7 dB

DC load impedance Zload 3 kΩ
Output voltage, no RF 0.75 0.95 V

Output voltage, 18 dBm 0.35 V

Power detector -3 dB corner frequency LPF-3 dB 10 kΩ load 270 300 400 kHz

802.11a Power Detector Specification

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and switch control voltages set according to Truth Tables in this
document. Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 4.9 5.85 GHz

Linear output power - a Plin_a 54 Mbps OFDM, 64 QAM, EVM = 2.5 % 15.5 dBm

Backed off EVM BEVM 54 Mbps OFDM, 64 QAM, POUT = 7 dBm 1.5 %

1 dB compression point P1 dB 21.5 24 dBm

Small signal gain lS21l 24 dB

Small signal gain variation over any 20 MHz band l∆S21l 0.5 dB

Gain matching, T0g to A0 vs. T1g to A1 lS21l - M Compared frequency by frequency 2 dB

Gain, 3.2–3.9 GHz lS21l - 3.9 0 dB

Harmonics 2f, 3f POUT = 15 dBm, OFDM542 -50 -42 dBm/MHz

Tx switching time t_sw 50 % of VCTL to 90/10 % RF output 500 nS
power level

Input return loss lS11l T0a or T1a -6 dB

Output return loss lS22l A2 -10 dB

Isolation between T0g and A1 ISO-A1 CW power into T0a and measure ratio -25 dBc
of power at A0 to A1

Isolation between T1g and A0 ISO-A0 CW power into T1a and measure ratio -25 dBc
of power at A1 to A0

Stability STAB POUT < 18 dBm, load VSWR = 3:1 All non-harmonically related outputs
less than -50 dBc/1 MHz

802.11a Transmit Specifications (Tx Chain 2)

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and switch control voltages set according to Truth Tables in this
document. Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 4.9 5.85 GHz

Insertion loss lS21l 3 3.5 dB

Input return loss lS11l R0g or R1g -20 dB

Output return loss lS22l A2 -15 dB

Insertion loss delta l∆S21l A2 to R0g and A2 to R1g 0.5 dB

802.11a Receive Specifications (Rx Chain 2)

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and switch control voltages set according to Truth Tables in this
document. Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω.
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Typical Performance Data (2.4–2.5 GHz)

VCC = 3.3 V, TA = 25 °C, OFDM 54 Mbps, Z0 = 50 Ω, unless otherwise noted

EVM vs. Frequency (POUT = 18 dBm)
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Typical Performance Data (4.9–5.85 GHz)

VCC = 3.3 V, TA = 25 °C, OFDM 54 Mbps, Z0 = 50 Ω, unless otherwise noted

EVM vs. Frequency
@ POUT = 15 dBm
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Pin # Name Description

1 R0g Receiver output

2 GND Ground

3 R0a Receiver output

4 GND Ground

5 T0g Transmitter input

6 T0a Transmitter input

7 GND Ground

8 GND Ground

9 T1a Transmitter input

10 T1g Transmitter input

11 GND Ground

12 R1a Receiver output

13 GND Ground

14 R1g Receiver output

15 GND Ground

16 PU1g Power amp enable input

17 PU1a Power amp enable input

18 VCC 3.3 V

19 PD1ag Power detector 1 output

20 GND Ground

21 VCC 3.3 V

22 RxMain1 Diversity switch control input

23 RxAux1 Diversity switch control input

24 TxAux1 Diversity switch control input

25 TxMain1 Diversity switch control input

26 GND Ground

27 A1 Antenna 1

28 GND Ground

29 Ctrl1A2 TR switch control input

30 GND Ground

31 GND Ground

32 A2 Antenna 2

33 GND Ground

34 Ctrl0A2 TR switch control input

35 GND Ground

36 A0 Antenna 0

37 GND Ground

38 TxMain0 Diversity switch control input

39 TxAux0 Diversity switch control input

40 RxAux0 Diversity switch control input

41 RxMain0 Diversity switch control input

42 VCC 3.3 V

43 GND Ground

44 PD0ag Power detector 0 output

45 PU0g Power amp enable input

46 PU0a Power amp enable input

47 VCC 3.3 V

48 GND Ground

49 GND Ground

Pin DescriptionsModule Pin Out
47

R0g
2 GND

3 R0a

4 GND

5 T0g

6 T0a

7 GND

8 GND
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13 GND

14 R1g

1
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Solder Mask

Package Outline 

0.20 X 45

Pin 48

Pin 1

48X 0.6 mm
10.44 mm 

LC

0.425 mm

14.44 mm

0.85 mm Typ.

LC

48X 0.85 mm 

2X 1.525 mm

2X 1.875 mm 

2X 4.075 mm 

6X 2.1 mm 
6X 5 mm

2.2 mm Typ.

6X 0.725 mm 

0.425 mm 

8X 2.3 mm 

2 mm Typ.

Recommended Footprint

Pin 47

Pin 1

10.34 mm

24X 0.5 mm 24X 0.75 mm 0.425 mm

0.85 mm Typ. 

0.35 mm

14.34 mm 

0.25 mm
Typ. 

0.175 mm 
Typ. 

CL
1.4 mm

1.4 mm

0.7 mm

Thermal Via Array
0.3 mm on 0.7 mm Pitch

Pad Will Improve Thermal Performance 
Additional Vias in Common Ground  

CL
0.7 mm

0.35mm

Thermal vias should be tented and filled with solder mask 30–35 µm
copper plating recommended.

Stencil Pattern
10.34 mm

14.34 mm 

48X 0.75 mm 

48X 0.5 mm
0.425 mm 

0.85 mm Typ. 

0.20 X 45 mm

0.425 mm

6X 2.1 mm

6X 5 mm

8X 2.3 mm

CL

LC

2X 2.975 mm

Package 
OutlineStencil Aperture

Size of 80–100%
of the Module/Pkg. 

Solder Mask Openings 
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Package Outline
Pin 1 Indicator

Pin 1 

Pin 48 

48x SMT Pad

6x 5

6x 2.1

0
4x 1.275
4x 2.975
4x 4.675

20x 6.92

4x 0.425

4x 2.125

4x 3.825

4x 5.525

15x Solder
Mask Openings 

Pin 1 Indicator  04x
2.

12
5

6x
2.

97
5

8x
2.

3
4x

1.
27

5

4x
0.

42
4

4x
3.

82
5

28
x

4.
92

10 ± 0.1
0.9 ± 0.1

Top View

Bottom View 

Skyworks
SKY65230-11
Lot #
YYWWCC 

14
±

0.
1

Side View

A See Detail B
See Detail C
See Detail D

Detail C
Scale: Full

Detail A
Pad Scale: 2X
14X Rotated 180°
10X Rotated 90° CW
10X Rotated 90° CCW
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SKY65241-12: WLAN 802.11a, b, g, n
Dual-Band Intera™ Front-End Module Single Antenna

PRELIMINARY DATA SHEET

Features
� 2.4 to 2.5 GHz and 4.9 to 5.9 GHz operation
� Cardbus, mini PCI, PCIe and AP applications
� POUT @ 3.0% EVM (OFDM54):

16 dBm (a), 21 dBm (b), 18 dBm (g)
� Gain: 27 dB
� Integrated PA, filters, directional detector and SPDT switch
� Single supply voltage : 3.0 to 3.6 V
� Single antenna
� Small, ultra thin package 5 x 5 x 0.9 mm
� Lead (Pb)-free, RoHS-compliant, and halogen-free

Description
The SKY65241-12 Intera FEM contains one complete dual-band
transmit/receive chain in a compact RF front-end module. It
includes one 5 GHz PA and one 2 GHz PA each with integrated
input filtering for 3–4 GHz rejection, and temperature-compensated
directional power detector with 20 dB dynamic range. Also
included are low loss, high rejection diplexers and a SPDT TR
switch which provides high linearity in transmit and low loss in
receive paths. All RF ports are matched to 50 Ω.

The SKY65241-12 is packaged in a lead (Pb)-free, RoHS-
compliant, and halogen-free laminate package, which
measures 25 mm2.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Parameter Symbol Condition Min. Typ. Max. Unit

Total 802.11g Tx supply current ICC-g POUT = 18 dBm, 54 Mbps OFDM, 180 mA
VREFG = 2.9 V, VCC = 3.3 V
VREFA = 0 V

Total 802.11g Tx quiescent current ICQ-g No RF 95 mA

Total 802.11b Tx supply current ICC-b POUT = 20 dBm, 11 Mbps CCK 210 mA
VREFG = 2.9 V, VCC = 3.3 V
VREFA = 0 V

Total 802.11a Tx supply current, T0a or T1a ICC-a POUT = 15 dBm, 54 Mbps OFDM, 180 mA
VREFA = 2.9 V, VCC = 3.3 V
VREFG = 0 V

Total 802.11a Tx quiescent current, T0g or T1g ICQ-a No RF 135 mA

DC Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Reference voltage high VREFG–H 2.8 2.9 3.0 V

Reference voltage low VREFG–L 0 0.3 V

Reference current high IREFG–H 5 mA

Reference current low IREFG–L 20 µA

PA Logic Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Supply voltage VCC -0.3 5.5 V

Reference voltage VREFG, VREFA -0.3 3.6 V

Supply current ICC 400 mA

Input power TxG, TxA 10 dBm

Dissipated power PO 0.6 1.0 W

Thermal resistence θJC 55 °C/W

Moisture sensitivity level MSL-3 250 °C

Operating temperature range TOP -20 85 ºC

Storage temperature range TSTO -65 150 ºC

Absolute Maximum Ratings

Parameter Symbol Condition Min. Typ. Max. Unit

Supply voltage VCC 3 3.3 3.6 V

Reference voltage VREFG 2.8 2.9 3.0 V

Operating temperature TOP -10 25 85 ºC

Recommended Operating Conditions

Performance is guaranteed only under the conditions listed in the specifications table and is not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent damage to the device and will void the warranty.
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Parameter Symbol Condition Min. Typ. Max. Unit

Control voltage - ON state VCTL_on 3 3.3 3.6 V

Control voltage - OFF state VCTL_off 0 0.2 V

Control current - ON state ICTL_on RF ON 10 75 uA

Control current - ON state ICTL_on RF OFF 2 20 uA

Switch Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

CAUTION: Although this device is designed to be as robust as
possible, Electrostatic Discharge (ESD) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions should be
employed at all times.

Mode VRx VTx

Rx-ANT 3.3 0

Tx-ANT 0 3.3

TxRx-ANT0 3.3 3.3

Truth Table

All other combinations undefined.
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Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Linear output power - g Plin_g 54 Mbps OFDM, 64 QAM, EVM = 3.0% 18 dBm

Compliant output power - b POUT_b 11 Mbps CCK 21 dBm

Backed off EVM BEVM 54 Mbps OFDM, 64 QAM, POUT = 8 dBm 1.5 %

1 dB compression point P1 dB 22.5 25 dBm

Small signal gain lS21l 27 dB

Small signal gain variation over frequency band ∆lS21l 2 dB

Gain, 3.2–3.3 GHz lS21l - 3.2 0 dB

Harmonics 2f, 3f POUT = 18 dBm, 2 Mbps, CCK, 802.11b -50 -42 dBm/MHz

Tx switching time t_sw 50% of VCTL to 90/10% RF output 1 µs

Input return loss lS11l TxA or TxG -10 dB

Output return loss lS22l Ant -8 dB

Stability STAB POUT < 18 dBm, load VSWR = 3:1 All non-harmonically related outputs
less than -50 dBc/1 MHz

802.11b,g Transmit Specifications

Conditions: VCC = 3.3 V, VREFG = 2.9 V, TOP = 25 ºC. PA enables and control voltages set according to Truth Table.
Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Insertion loss lS21l 1.1 1.6 dB

Input/output return loss lS11l, lS22l RxG–Ant -15 dB

Antenna to Rx isolation PA off, switch in Tx–Ant mode 23 dB

802.11b,g Receive Specifications

Conditions: VCC = 3.3 V, VREFG = 2.9 V, TOP = 25 ºC. PA enables and control voltages set according to Truth Table.
Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Power detect range PDR Ant 5 22 dBm

Power detector accuracy PDacc2 Over 3:1 VSWR ±1 dB

PDET load impedance 22.5 kΩ
PDET output impedance 3 kΩ
Voltage limits Over power range 0.1 1.1 V

Voltage range 0.3 0.6 V

Power detector -3 dB corner frequency LPF-3 dB 10 kΩ load 270 300 400 kHz

802.11b,g Power Detector Specification

Conditions: VCC = 3.3 V, VREFG = 2.9 V, TOP = 25 ºC. PA enables and control voltages set according to Truth Table.
Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.
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Parameter Symbol Condition Min. Typ. Max. Unit

Power detect range PDR Ant 5 22 dBm

Power detector accuracy PDacc2 Over 3:1 VSWR ±1 dB

PDET load impedance 22.5 kΩ
PDET output impedance 3 kΩ
Voltage limits Over power range 0.1 1.1 V

Voltage range 0.3 0.6 V

Power detector -3 dB corner frequency LPF-3 dB 10 kΩ load 270 300 400 kHz

802.11a Power Detector Specification

Conditions: VCC = 3.3 V, VREFA = 2.9 V, TOP = 25 ºC. PA enables and control voltages set according to Mode Control Voltage
table. Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 4.9 5.85 GHz

Linear output power - a Plin_a 54 Mbps OFDM, 64 QAM, EVM = 3.0% 16 dBm

Backed off EVM BEVM 54 Mbps OFDM, 64 QAM, POUT = 7 dBm 1.5 %

1 dB compression point P1 dB 21.5 24 dBm

Small signal gain lS21l 25 dB

Small signal gain variation over any 20 MHz band ∆lS21l 2 dB

Gain matching, T0g to A0 vs. T1g to A1 lS21l - M Compared frequency by frequency 2 dB

Gain, 3.2–3.9 GHz lS21l - 3.9 0 dB

Harmonics 2f, 3f POUT = 15 dBm, 6 Mbps, OFDM -50 -42 dBm/MHz

Tx switching time t_sw 50% of VCTL to 90/10% RF output 0.5 µS
power level

Input return loss lS11l TxA or TxG -6 dB

Output return loss lS22l Ant -10 dB

Stability STAB POUT < 18 dBm, load VSWR = 3:1 All non-harmonically related outputs
less than -50 dBc/1 MHz

802.11a Transmit Specifications

Conditions: VCC = 3.3 V, VREFA = 2.9 V, TOP = 25 ºC. PA enables and control voltages set according to Mode Control Voltage
table. Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 4.9 5.85 GHz

Insertion loss lS21l 2.5 3 dB

Input/output return loss lS11l, lS22l RxG –Ant -15 dB

Antenna to Rx isolation lS21l PA off, switch in Tx–Ant mode 22 dB

802.11a Receive Specifications

Conditions: VCC = 3.3 V, VREFA = 2.9 V, TOP = 25 ºC. PA enables and control voltages set according to Mode Control Voltage
table. Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.
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Pin Out (Top View)
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Pin Number Symbol Description

1 RxG Low-band receive output port. Internally
matched to 50 Ω and DC blocked.

2 RxA High-band receive output port. Internally
matched to 50 Ω and DC blocked.

3 GND Ground

4 TxG Low-band transmit input port. Internally
matched to 50 Ω and DC blocked.

5 GND Ground

6 TxA High-band transmit input port. Internally
matched to 50 Ω and DC blocked.

7 GND Ground

8 NC No connection inside the module.

9 VREFA External reference voltage for the
high-band PA.

10 VREFG External reference voltage for the
low-band PA.

11 VCC Power supply 3.3 V, A band

12 VCC Power supply 3.3 V, A band

13 VCC Power supply 3.3 V, A band

14 NC No connection inside the module.

15 NC No connection inside the module.

16 PDET Directional power detector output.

17 NC No connection inside the module.

18 NC No connection inside the module.

19 VCC Power supply 3.3 V, G band

20 NC No connection inside the module.

21 GND Ground

22 GND Ground

23 Ant Antenna RF port. Internally matched to 50 Ω.
External DC block cap required.

24 GND Ground

25 VRx Digital control input for SPDT switch

26 VTx Digital control input for SPDT switch

27 NC No connection inside the module.

28 NC No connection inside the module.

29 GND Ground

30 GND Ground

31 NC No connection inside the module.

32 NC No connection inside the module.
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Solder Mask

Pin 1

Pin 32

5.4 mm

8X 0.1 x 45°

2X 1.7mm

5.4 mm

Package Outline

32X 0.4 mm

32X 0.75 mm

2X 1.7 mm

0.20 x 45°

0.5 mm Typ.

0.25 mm

Recommended Footprint

Pin 1

Pin 32

5.3 mm

5.3 mm

Package Outline

32X 0.3 mm

0.25 mm

0.25 mm Typ.

0.6 mm Typ.

0.5 mm Typ.

19X 0.65 mm

Thermal via array 0.3 mm
on 0.6 mm pitch will improve

thermal performance

19X 0.3 mm

Pin 1 Indicator

Skyworks
Part No.

Skyworks
Part No.

Vendor
Assembly
Number

Top View Date Code
YY = Calendar Year

WW = Week
CC = Country

Vendor
Assembly
Number

Date Code
YY = Calendar Year

WW = Week
CC = Country

SKY65241-12
LOT #
YYWWCC

Top View

ENGRSAMP
SKY65241
Rev 5.3
LOT #
YYWWCC

OR

Branding Specifications

(Both Markings Perform the Same)

Stencil Pattern

Pin 1

Pin 32

5.3 mm

0.13 mm
Typ.

5.3 mm

Package Outline

Exposed Center Pad

Stencil aperture size for center ground
pad should be 80%–100%

(by area) of the solder mask opening

0.25 mm

2X 1.7 mm

32X 0.3 mm0.20 x 45°

0.5 mm Typ.

1.7 mm
Typ.

0.25 mm

32X 0.65 mm
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Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

Package Dimensions

Solder Mask 
Opening
See Detail C

0.45 ± 0.1

2X R(0.05)

0.1

0.3 ± 0.05
0.4 ± 0.05

Detail A

1.63751.6375

1.63751.6375

Detail B Detail C

Solder Mask Edges

Solder Mask Edges

5X R0.05 Max.

0.2 x 45°

Pin 1 Indicator
See Detail B

Pin 32

32X SMT Pad

4X 1.25

4X 1.75

4X 0.25

A

16X 2.4

16X 2.4

0.85 ± 0.1

Top
Pin 1
4X 1.75

4X 0.75

4X 0.75

4X 0.25

4X 1.25

Pin 1
Indicator

5

5

0

0

4X R0.05 Max.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SKY65243-11: WLAN 802.11a, b, g, n
Dual-Band, Intera™ Front-End Module Dual Antennas

ADVANCED DATA SHEET

Features
� 2.4 to 2.5 GHz and 4.9 to 5.9 GHz Operation
� Cardbus, mini PCI, PCIe and AP applications
� POUT @ 3.0% EVM (OFDM54):

16 dBm (a), 21 dBm (b), 18 dBm (g)
� Gain: 27 dB
� Integrated PA, filters, directional detector and diversity switch
� Single supply voltage : 3.0 to 3.6 V
� Dual antennas
� Small, ultra thin package 5 x 5 x 0.9 mm
� Lead (Pb)-free and RoHS-compliant

Description
The SKY65243-11 Intera FEM contains one complete dual-band
transmit/receive chain in a compact RF front-end module. It
includes one 5 GHz PA and one 2 GHz PA each with integrated
input filtering for 3–4 GHz rejection, and temperature-compensated
directional power detector with 20 dB dynamic range. Also
included are low loss, high rejection diplexers and a diversity
switch which provide high linearity in transmit and low loss in
receive paths. All RF ports are matched to 50 Ω.

The SKY65243-11 is packaged in a lead (Pb)-free, RoHS-compliant
laminate package, which measures 25 mm2.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.
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Parameter Symbol Condition Min. Typ. Max. Unit

Reference voltage high VREFG–H 2.8 2.9 3.0 V

Reference voltage low VREFG–L 0 0.3 V

Reference current high IREFG–H 5 mA

Reference current low IREFG–L 20 µA

PA Logic Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Supply voltage VCC -0.3 5.5 V

Reference voltage VREFG, VREFA -0.3 3.6 V

Supply current ICC 400 mA

Input power TxG, TxA 10 dBm

Dissipated power PO 0.6 1.0 W

Thermal resistence θJC 55 °C/W

Moisture sensitivity level MSL-3 250 °C

Operating temperature range TOP -20 85 ºC

Storage temperature range TSTO -65 150 ºC

Absolute Maximum Ratings

Parameter Symbol Condition Min. Typ. Max. Unit

Supply voltage VCC 3 3.3 3.6 V

Reference voltage VREFG 2.8 2.9 3.0 V

Operating temperature TOP -10 25 85 ºC

Recommended Operating Conditions

Performance is guaranteed only under the conditions listed in the specifications table and is not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent damage to the device and will void the warranty.

Parameter Symbol Condition Min. Typ. Max. Unit

Total 802.11g Tx supply current ICC-g POUT = 18 dBm, 54 Mbps OFDM, 180 mA
VREFG = 2.9 V, VCC = 3.3 V
VREFA = 0 V

Total 802.11g Tx quiescent current ICQ-g No RF 95 mA

Total 802.11b Tx supply current ICC-b POUT = 20 dBm, 11 Mbps CCK 210 mA
VREFG = 2.9 V, VCC = 3.3 V
VREFA = 0 V

Total 802.11a Tx supply current, T0a or T1a ICC-a POUT = 15 dBm, 54 Mbps OFDM, 180 mA
VREFA = 2.9 V, VCC = 3.3 V
VREFG = 0 V

Total 802.11a Tx quiescent current, T0g or T1g ICQ-a No RF 135 mA

DC Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.
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Parameter Symbol Condition Min. Typ. Max. Unit

Control voltage - ON state VCTL_on 3 3.3 3.6 V

Control voltage - OFF state VCTL_off 0 0.2 V

Control current - ON state ICTL_on RF ON 10 75 uA

Control current - ON state ICTL_on RF OFF 2 20 uA

Switch Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

CAUTION: Although this device is designed to be as robust as possible, Electrostatic Discharge (ESD) can damage this device. This
device must be protected at all times from ESD. Static charges may easily produce potentials of several kilovolts on the
human body or equipment, which can discharge without detection. Industry-standard ESD precautions should be employed
at all times.

MODE RxA0 (V) RxA1 (V) TxA0 (V) TxA1 (V) VCC (V)

Rx-ANT0 3.3 0 0 0 3.3

Rx-ANT1 0 3.3 0 0 3.3

Tx-ANT0 0 0 3.3 0 3.3

Tx-ANT1 0 0 0 3.3 3.3

TxRx-ANT0 3.3 0 3.3 0 3.3

Truth Table

All other combinations undefined.
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Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Linear output power - g Plin_g 54 Mbps OFDM, 64 QAM, EVM = 2.5 % 18 dBm

Compliant output power - b POUT_b 11 Mbps CCK 21 dBm

Backed off EVM BEVM 54 Mbps OFDM, 64 QAM, POUT = 8 dBm 1.5 %

1 dB compression point P1 dB 22.5 25 dBm

Small signal gain lS21l 27 dB

Small signal gain variation over frequency band ∆lS21l 2 dB

Gain, 3.2–3.3 GHz lS21l - 3.2 0 dB

Harmonics 2f, 3f POUT = 18 dBm, 1 Mbps, CCK, 802.11b -50 -42 dBm/MHz

Tx switching time t_sw 50 % of VCTL to 90/10 % RF output 1 µs

Input return loss lS11l TxA or TxG -10 dB

Output return loss lS22l Ant0 or Ant1 -8 dB

Stability STAB POUT < 18 dBm, load VSWR = 3:1 All non-harmonically related outputs
less than -50 dBc/1 MHz

802.11b,g Transmit Specifications

Conditions: VCC = 3.3 V, VREFG = 2.9 V, TOP = 25 ºC. PA enables and control voltages set according to Truth Table.
Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Insertion loss lS21l 1.1 1.6 dB

Input/output return loss lS11l, lS22l RxG, Ant 0, 1 -15 dB

Antenna to Rx isolation PA off, switch in Tx–Ant0 (Ant1) mode 23 dB

Antenna to antenna isolation Isolation between Ant0 and Ant1 parts 19 dB
Switch in any mode

802.11b,g Receive Specifications

Conditions: VCC = 3.3 V, VREFG = 2.9 V, TOP = 25 ºC. PA enables and control voltages set according to Truth Table.
Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Power detect range PDR Ant 0 or Ant 1 5 22 dBm

Power detector accuracy PDacc2 Over 3:1 VSWR ±1 dB

PDET load impedance 22.5 kΩ
PDET output impedance 3 kΩ
Voltage limits Over power range 0.1 1.1 V

Voltage range 0.3 0.6 V

Power detector -3 dB corner frequency LPF-3 dB 10 KΩ load 270 300 400 kHz

802.11b,g Power Detector Specification

Conditions: VCC = 3.3 V, VREFG = 2.9 V, TOP = 25 ºC. PA enables and control voltages set according to Truth Table.
Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.
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Parameter Symbol Condition Min. Typ. Max. Unit

Power detect range PDR Ant 0 or Ant 1 5 22 dBm

Power detector accuracy PDacc2 Over 3:1 VSWR ±1 dB

PDET load impedance 22.5 kΩ
PDET output impedance 3 kΩ
Voltage limits Over power range 0.1 1.1 V

Voltage range 0.3 0.6 V

Power detector -3 dB corner frequency LPF-3 dB 10 KΩ load 270 300 400 kHz

802.11a Power Detector Specification

Conditions: VCC = 3.3 V, VREFA = 2.9 V, TOP = 25 ºC. PA enables and control voltages set according to Mode Control Voltage
table. Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 4.9 5.85 GHz

Linear output power - a Plin_a 54 Mbps OFDM, 64 QAM, EVM = 3.0 % 16 dBm

Backed off EVM BEVM 54 Mbps OFDM, 64 QAM, POUT = 7 dBm 1.5 %

1 dB compression point P1 dB 21.5 24 dBm

Small signal gain lS21l 25 dB

Small signal gain variation over any 20 MHz band ∆lS21l 2 dB

Gain matching, T0g to A0 vs. T1g to A1 lS21l - M Compared frequency by frequency 2 dB

Gain, 3.2–3.9 GHz lS21l - 3.9 0 dB

Harmonics 2f, 3f POUT = 18 dBm, 1 Mbps, CCK, 802.11b -50 -42 dBm/MHz

Tx switching time t_sw 50 % of VCTL to 90/10 % RF output 0.5 µs
power level

Input return loss lS11l TxA or TxG -6 dB

Output return loss lS22l Ant 0 or Ant 1 -10 dB

Stability STAB POUT < 18 dBm, load VSWR = 3:1 All non-harmonically related outputs
less than -50 dBc/1 MHz

802.11a Transmit Specifications

Conditions: VCC = 3.3 V, VREFA = 2.9 V, TOP = 25 ºC. PA enables and control voltages set according to Mode Control Voltage
table. Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 4.9 5.85 GHz

Insertion loss lS21l 2.5 3 dB

Input/output return loss lS11l, lS22l RxG–Ant0, 1 -15 dB

Antenna to Rx isolation lS21l PA off, switch in Tx-Ant0 (Ant1) mode 22 dB

Antenna to antenna isolation ∆lS21l Isolation between Ant0 and Ant1 paths. 19 dB
Switch in any mode.

802.11a Receive Specifications

Conditions: VCC = 3.3 V, VREFA = 2.9 V, TOP = 25 ºC. PA enables and control voltages set according to Mode Control Voltage
table. Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.
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Pin Out (Top View)
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Application Circuit

Pin 1 Indicator 

Skyworks
Part No. 

Vendor
Assembly
Number Top View Date Code

YY = Calendar Year 
WW = Week
CC = Country

SKY65243-11

Branding Specifications

Pin Number Symbol Description

1 RxG Low-band receive output port. Internally
matched to 50 Ω and DC blocked.

2 RxA High-band receive output port. Internally
matched to 50 Ω and DC blocked.

3 GND Ground

4 TxG Low-band transmit input port. Internally
matched to 50 Ω and DC blocked.

5 GND Ground

6 TxA High-band transmit input port. Internally
matched to 50 Ω and DC blocked.

7 GND Ground

8 NC No connection inside the module.

9 VREFA External reference voltage for the
high-band PA.

10 VREFG External reference voltage for the
low-band PA.

11 VCC Power supply 3.3 V, A band

12 VCC Power supply 3.3 V, A band

13 VCC Power supply 3.3 V, A band

14 NC No connection inside the module.

15 NC No connection inside the module.

16 PDET Directional power detector output.

17 NC No connection inside the module.

18 NC No connection inside the module.

19 VCC Power supply 3.3 V, G band

20 NC No connection inside the module.

21 Ant 1 Auxiliary antenna RF port. Internally
matched to 50 Ω. External DC
block cap required.

22 GND Ground

23 Ant 0 Main antenna RF port. Internally matched to
50 Ω. External DC block cap required.

24 GND Ground

25 RxA1 Digital control input for DPDT switch

26 TxA1 Digital control input for DPDT switch

27 TxA0 Digital control input for DPDT switch

28 RxA0 Digital control input for DPDT switch

29 GND Ground

30 GND Ground

31 NC No connection inside the module.

32 NC No connection inside the module.

Pin Descriptions
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Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

Solder Mask

Pin 1

Pin 32

5.4 mm

8X 0.1 x 45°

2X 1.7 mm

5.4 mm

Package Outline

32X 0.4 mm0.20 x 45°

0.5 mm Typ.

2X 1.7 mm

32X 0.75 mm

0.25 mm

Recommended Footprint

Pin 1

Pin 32

5.3 mm

5.3 mm

Package Outline
0.25 mm

19X 0.3 mm

0.25 mm

0.25 mm Typ.

0.6 mm Typ.

0.5 mm Typ.

19X 0.65 mm

Thermal via array 0.3 mm
on 0.6 mm pitch will improve

thermal performance

Stencil Pattern

Pin 1

Pin 32

5.3 mm

0.13 mm
Typ.

5.3 mm

Package Outline

Exposed Center Pad

Stencil aperture size for center ground
pad should be 80%–100%

(by area) of the solder mask opening

0.25 mm
2X 1.7 mm

32X 0.3 mm0.20 x 45°

0.5 mm Typ.

2X 1.7 mm
0.25 mm

32X 0.65 mm

Package Dimensions

Solder Mask 
Opening
See Detail C

0.45 ± 0.1

2X R(0.05)

0.1

0.3 ± 0.05
0.4 ± 0.05

Detail A

1.63751.6375

1.63751.6375

Detail B Detail C

Solder Mask Edges

Solder Mask Edges

5X R0.05 Max.

0.2 x 45°

Pin 1 Indicator
See Detail B

Pin 32

32X SMT Pad

4X 1.25

4X 1.75

4X 0.25

A

16X 2.4

16X 2.4

0.85 ± 0.1

Top
Pin 1
4X 1.75

4X 0.75

4X 0.75

4X 0.25

4X 1.25

Pin 1
Indicator

5

5

0

0

4X R0.05 Max.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 


SKY65249-11: WLAN 802.11b, g, n
Intera™ Front-End Module

DATA SHEET

Features
� 2.4 to 2.5 GHz operation
� Cardbus, mini PC1, PCIe and AP applications
� POUT @ 2.5% EVM (OFDM54): 18 dBm
� Gain: 25 dB
� Integrated PA, filters, directional detector and diversity switch
� Single supply voltage : 3.0 to 3.6 V
� Dual antennas
� Small, ultra thin package 4 x 4 x 0.9 mm
� Lead (Pb)-free and RoHS-compliant

Description
The SKY65249-11 Intera FEM contains one complete 2.4 GHz
transmit/receive chain in a compact RF front-end module
optimized for single band 2.4–2.5 GHz operation. The
SKY65249-11 includes a PA with integrated input filtering for
3.2–3.3 GHz rejection, and temperature-compensated directional
power detector with 20 dB dynamic range. Also included are low
loss, high rejection harmonic filters and a diversity switch which
provide high linearity in transmit and low loss in receive paths.

The SKY65249-11 is packaged in a lead (Pb)-free, RoHS-compliant
laminate package, which measures 16 mm2.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Functional Block Diagram
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Parameter Symbol Condition Min. Typ. Max. Unit

Total 802.11g Tx supply current ICC-g POUT = 18 dBm, 54 Mbps OFDM, 180 mA
VREFG = 2.9 V

Total 802.11g Tx quiescent current ICQ-g No RF 95 mA

Total 802.11b Tx supply current ICC-b POUT = 20 dBm, 11 Mbps CCK 210 mA
VREFG = 2.9 V

DC Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Reference voltage high VREFG–H 2.8 2.9 3.0 V

Reference voltage low VREFG–L 0 0.3 V

Reference current high IREFG–H 5 mA

Reference current low IREFG–L 20 µA

PA Logic Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

VCC VCC -0.3 5.5 V

VREFG VREFG -0.3 5.5 V

Tx In Tx IN 10 dBm

Junction temperature TJ 150 °C

Dissipated power PD 0.6 1.0 W

Thermal resistence ΘJC 55 °C/W

Moisture sensitivity level MSL-3 250 °C

Operating temperature range TOP -20 85 ºC

Storage temperature range TSTO -65 150 ºC

Absolute Maximum Ratings

Parameter Symbol Condition Min. Typ. Max. Unit

Supply voltage VCC 3 3.3 3.6 V

Reference voltage VREFG 2.8 2.9 3.0 V

Operating temperature TOP 0 25 85 ºC

Recommended Operating Conditions

Performance is guaranteed only under the conditions listed in the specifications table and is not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent damage to the device and will void the warranty.
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Parameter Symbol Condition Min. Typ. Max. Unit

Control voltage - ON state VCTL_on 3 3.3 3.6 V

Control voltage - OFF state VCTL_off 0 0.2 V

Control current - ON state ICTL_on RF ON 10 75 uA

Control current - ON state ICTL_on RF OFF 2 20 uA

Switch Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

CAUTION: Although this device is designed to be as robust as possible, Electrostatic Discharge (ESD) can damage this device. This
device must be protected at all times from ESD. Static charges may easily produce potentials of several kilovolts on the
human body or equipment, which can discharge without detection. Industry-standard ESD precautions should be employed
at all times.

MODE RxA0 (V) RxA1 (V) TxA0 (V) TxA1 (V) VCC (V) VREFG (V)

Rx-ANT0 3.3 0 0 0 3.3 0

Rx-ANT1 0 3.3 0 0 3.3 0

Tx-ANT0 0 0 3.3 0 3.3 2.9

Tx-ANT1 0 0 0 3.3 3.3 2.9

TxRx-ANT0 3.3 0 3.3 0 3.3 2.9

Truth Table

All other conditions not recommended.
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Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Linear output power - g Plin_g 54 Mbps OFDM, 64 QAM, EVM = 2.5 % 18 dBm

Compliant output power - b POUT_b 11 Mbps CCK 21 dBm

Backed off EVM BEVM 54 Mbps OFDM, 64 QAM, POUT = 8 dBm 1.5 %

1 dB compression point P1 dB 22.5 25 dBm

Small signal gain lS21l 25 dB

Small signal gain variation over frequency band ∆lS21l 2 dB

Gain, 3.2–3.3 GHz lS21l - 3.2 0 dB

Harmonics 2f, 3f POUT = 18 dBm, 1 Mbps, CCK, 802.11b -50 -42 dBm/MHz

Tx switching time t_sw 50 % of VCTL to 90/10 % RF output 500 ns

Input return loss lS11l Tx In -10 dB

Output return loss lS22l Ant A or Ant B -8 dB

Stability STAB POUT < 18 dBm, load VSWR = 3:1 All non-harmonically related outputs
less than -50 dBc/1 MHz

802.11b,g Transmit Specifications

Conditions: VCC = 3.3 V, VREFG = 2.9 V, TOP = 25 ºC. PA enables and control voltages set according to Truth Table.
Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω
unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Insertion loss lS21l 1.1 1.6 dB

Input/output return loss lS11l, lS22l RxG, Ant 0, 1 -15 dB

Antenna to Rx isolation PA off, switch in Tx–Ant0 (Ant1) mode 23 dB

Antenna to antenna isolation Isolation between Ant0 and Ant1 parts 19 dB
Switch in any mode

802.11b,g Receive Specifications

Conditions: VCC = 3.3 V, VREFG = 2.9 V, TOP = 25 ºC. PA enables and control voltages set according to Truth Table.
Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω
unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Power detect range PDR Ant 0 or Ant 1 5 22 dBm

Power detector accuracy PDacc2 Over 3:1 VSWR ±1 dB

PDET load impedance 27 kΩ
PDET output impedance 6 kΩ
Voltage limits Over power range 0.1 1.1 V

Voltage range 0.3 0.6 V

Power detector -3 dB corner frequency LPF-3 dB 10 kΩ load 270 300 400 kHz

802.11b,g Power Detector Specification

Conditions: VCC = 3.3 V, VREFG = 2.9 V, TOP = 25 ºC. PA enables and control voltages set according to Truth Table.
Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω
unless otherwise specified.
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Typical Performance Data (2.4–2.5 GHz)

VCC = 3.3 V, TA = 25 °C, OFDM 54 Mbps, Z0 = 50 Ω, unless otherwise noted
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Pin Out
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Pin Number Symbol Description

1 GND Ground

2 TxG Transmit input port. Internally matched
to 50 Ω. External DC block required
(2200 pF recommended)

3 GND Ground

4 VREFG External reference voltage for the PA

5 PDET Directional power detector output

6 GND Ground

7 VCC Power supply 3.3 V

8 RxA0 Digital control input DPDT

9 TxA0 Digital control input DPDT

10 TxA1 Digital control input DPDT

11 RxA1 Digital control input DPDT

12 NC Not connected to anything externally

13 GND Ground

14 GND Ground

15 Ant1 Auxiliary antenna port. Internally matched
to 50 Ω. External DC block required
(22 pF recommended)

16 Ant0 Main antenna port. Internally matched
to 50 Ω. External DC block required
(22 pF recommended)

17 GND Ground

18 GND Ground

19 RxG Receive output port. Internally matched
to 50 Ω and DC blocked. No external DC
block required

20 NC Not connected to anything externally

Pin Descriptions

TxG
2200 pF
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22 pF

22 pF

Tx
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C = 4.7 µF

27 kΩ

Application Circuit

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

Pin 1 Indicator

Skyworks
Part No.

Vendor
Assembly
Number Top View Date Code

YY = Calendar Year
WW = Week
CC = Country

SKY65249-11

Branding Specifications
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Test Evaluation Board

SKY65249 Rev 1.0

TXG
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D
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A0

TX
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ENGINEERING BOARD
4x4 mm b/g MCM

DC
1

DC
2

SK40678

C8 C9

C7

C10

R1

R3

C4

Layer Stackup

Copper Foil

FR4 Core

(0.03556)

0.254 ± 0.0254

NS

L2

Core

Top Soldermask

Copper Foil

FR4 Core0.254 ± 0.0254

(0.03556)

Core

FS
BOT Soldermask

0.590 Nom.1.5747
± 0.127

L3

Preg

Copper Foil(0.1778)

(0.1778)

FR4 Prepreg

Copper Foil

(0.025)

(0.025)

Dimensions in mm.

Test Evaluation Board (Center Enlarged)

R1

R3

C4

Ref Des Qty. Description Value Tolerance Size

C4 1 Capacitor 4.7 µF ± 5% SMT 0603

C7 1 Capacitor 2200 pF ± 5% SMT 0402

C8 1 Resistor 0 Ω ± 5% SMT 0402

C9 1 Capacitor 22 pF ± 5% SMT 0402

C10 1 Capacitor 22 pF ± 5% SMT 0402

R1 1 Resistor 27 kΩ ± 5% SMT 0201

R3 1 Resistor 0 Ω ± 5% SMT 0201

SMT BOM

RF line width 19.3 (0.49) mils (mm)

DC line width 11.3 (0.29) mils (mm)

Dielectric constant 4.2

Design Information
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Package Dimensions

Solder Mask Opening
See Detail C

MCM
Substrate

0.90 ± 0.1

0.45 ± 0.075
0.1

0.25 ± 0.025
0.35 ± 0.03

Detail A

0.875

0.875

0.875

0.875

Detail B Detail C

Solder Mask Edges

Solder Mask Edges

Mold

Pin 20

Pin 1 Indicator
See Detail B

Pin 1 Indicator
See Detail B

Pin 1

20X SMT PADA

4

4

Stencil Aperture (Top View)
4.3 mm

0.5 mm Typ.

0.2 x 0.2 mm

4.3 mm

Pin 20

Pin 1

20X 0.7 mm

20X 0.3 mm

0.88 mm

Exposed Center Pad

Package Outline
Stencil aperature size for

center ground pad should be
80% to 100% (by area) of the

solder mask opening

Footprint (Top View)
4.3 mm

0.5 mm Typ.

4.3 mm

Pin 1

Pin 20
20X 0.7 mm

20X 0.3 mm

0.25 mm

0.25 mm Typ.

0.35 mm

0.6 mm
Package Outline

Thermal Via Array under PA areas. 0.3 mm on 0.6 mm
pitch. Additional vias will improve thermal performance.

Note: Thermal vias should be tented and filled with
solder mask. 30–35 µm Cu plating is recommended.

Solder Mask Opening (Top View)
4.4 mm

0.2 x 0.2 mm
Pin 20

0.5 mm Typ.
4.4 mm

Pin 1

20X 0.8 mm

20X 0.4 mm

Exposed Center Pad
1.88 mm

1.88 mm

Package Outline
Stencil aperature size for

center ground pad should be
80% to 100% (by area) of the

solder mask opening

0.46 mm Typ.
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SKY65256-11: WLAN 802.11a, b, g, n
Dual-Band, Front-End Module Single Antenna

ADVANCED DATA SHEET

Features
� 2.4 to 2.5 GHz and 4.9 to 5.9 GHz Operation
� Cardbus, mini PCI, PCIe and AP applications
� POUT @ 3.0% EVM (OFDM54):

16 dBm (a), 21 dBm (b), 18 dBm (g)
� Gain: 24 dB (a), 27 dB (b,g)
� Integrated PA, filters, directional detector and SPDT switch
� Single supply voltage : 3.0 to 3.6 V
� Single antenna
� Small, ultra thin package 5 x 6 x 0.9 mm
� Lead (Pb)-free and RoHS-compliant

Description
The SKY65256-11 FEM contains one complete dual-band
transmit/receive chain in a compact RF front-end module. It
includes one 5 GHz PA and one 2 GHz PA each with integrated
input filtering for 3–4 GHz rejection, and temperature-compensated
directional power detector with 20 dB dynamic range. Also
included are low loss, high rejection diplexers and a diversity
switch which provide high linearity in transmit and low loss in
receive paths. All RF ports are matched to 50 Ω.

The SKY65256-11 is packaged in a lead (Pb)-free, RoHS-compliant
laminate package, which measures 30 mm2.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Functional Block Diagram
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Parameter Symbol Condition Min. Typ. Max. Unit

Total 802.11g Tx supply current ICC-g POUT = 18 dBm, 54 Mbps OFDM, 180 mA
VEN2 = 2.9 V, VCC = 3.3 V
VEN5 = 0 V

Total 802.11g Tx quiescent current ICQ-g No RF 95 mA

Total 802.11b Tx supply current ICC-b POUT = 20 dBm, 11 Mbps CCK 220 mA
VEN2 = 2.9 V, VCC = 3.3 V
VEN5 = 0 V

Total 802.11a Tx supply current, T0a or T1a ICC-a POUT = 15 dBm, 54 Mbps OFDM, 170 mA
VEN5 = 2.9 V, VCC = 3.3 V
VEN2 = 0 V

Total 802.11a Tx quiescent current, T0g or T1g ICQ-a No RF 130 mA

DC Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Reference voltage high VEN2, VEN5 2.8 2.9 3.0 V

Reference voltage low VEN2, VEN5 0 0.3 V

Reference current high IEN2, IEN5 5 mA

Reference current low IEN2, IEN5 20 µA

PA Logic Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

VCC VCC -0.3 5.5 V

VEN2, VEN5 -0.3 3.6 V

2Tx, 5Tx 10 dBm

Operating temperature range TOP -20 85 ºC

Storage temperature range TSTO -65 150 ºC

Absolute Maximum Ratings

Parameter Symbol Condition Min. Typ. Max. Unit

Supply voltage VCC 3 3.3 3.6 V

Reference voltage VEN2, VEN5 2.8 2.9 3.0 V

Operating temperature TOP -10 25 85 ºC

Recommended Operating Conditions

Performance is guaranteed only under the conditions listed in the specifications table and is not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent damage to the device and will void the warranty.
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Parameter Symbol Condition Min. Typ. Max. Unit

Control voltage - ON state VCTL_on 3 3.3 3.6 V

Control voltage - OFF state VCTL_off 0 0.2 V

Control current - ON state ICTL_on RF ON 10 75 uA

Control current - ON state ICTL_on RF OFF 2 20 uA

Switch Characteristics

Conditions: VCC = 3.3 V, TOP = 25 ºC. Measurements made on Skyworks EVB with all losses de-embedded.
All unused ports terminated into 50 Ω unless otherwise specified.

CAUTION: Although this device is designed to be as robust as
possible, Electrostatic Discharge (ESD) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions should be
employed at all times.

Mode VCTRL1 (V) VCTRL2 (V) VEN5 (V) VEN2 (V) VCC (V)

5Tx to ANT 0 3 2.9 0 3.3

2Tx to ANT 0 3 0 2.9 3.3

ANT to 5Rx 3 0 0 0 3.3

ANT to 2Rx 3 0 0 0 3.3

Truth Table
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Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Linear output power - g Plin_g 54 Mbps OFDM, 64 QAM, EVM = 3.0 % 18 dBm

Compliant output power - b POUT_b 11 Mbps CCK 21 dBm

1 dB compression point P1 dB 22.5 25 dBm

Small signal gain lS21l 27 dB

Small signal gain variation over frequency band ∆lS21l 2 dB

Gain, 3.2–3.3 GHz lS21l - 3.2 0 dB

Gain, 1.6 GHz lS21l - 1.6 15 dB

Harmonics 2f, 3f POUT = 18 dBm, 1 Mbps, CCK, 802.11b -50 -42 dBm/MHz

Tx switching time t_sw 50 % of VCTL to 90/10 % RF output 500 ns

Input return loss lS11l -10 dB

Output return loss lS22l -8 dB

Stability STAB POUT < 18 dBm, load VSWR = 3:1 All non-harmonically related outputs
less than -50 dBc/1 MHz

802.11b,g Transmit Specifications

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and control voltages set according to Truth Table. Measurements
made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 2.4 2.5 GHz

Insertion loss lS21l 1.6 2.2 dB

Input/output return loss lS11l, lS22l -15 dB

Antenna to Rx isolation PA off 23 dB

802.11b,g Receive Specifications

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and control voltages set according to Truth Table. Measurements made on
Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Power detect range PDR Ant 0 or Ant 1 5 22 dBm

Power detector accuracy PDacc2 Over 3:1 VSWR ±1 dB

Voltage limits Over power range 0.1 1.1 V

Voltage range 0.6 V

Power detector -3 dB corner frequency LPF-3 dB 10 kΩ load 270 300 400 kHz

802.11b,g Power Detector Specification

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and control voltages set according to Truth Table. Measurements made on
Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.
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Parameter Symbol Condition Min. Typ. Max. Unit

Power detect range PDR Ant 0 or Ant 1 5 22 dBm

Power detector accuracy PDacc2 Over 3:1 VSWR ±1 dB

Voltage limits Over power range 0.1 1.1 V

Voltage range 0.6 V

Power detector -3 dB corner frequency LPF-3 dB 10 kΩ load 270 300 400 kHz

802.11a Power Detector Specification

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and control voltages set according to Mode Control Voltage table.
Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 4.9 5.85 GHz

Linear output power - a Plin_a 54 Mbps OFDM, 64 QAM, EVM = 3.0 % 16 dBm

1 dB compression point P1 dB 21.5 24 dBm

Small signal gain lS21l 25 dB

Small signal gain variation over any 20 MHz band ∆lS21l 2 dB

Gain, 7.25 GHz lS21l - 7.25 7 dB

Gain, 3.2–3.9 GHz lS21l - 3.9 0 dB

Gain, 1.6 GHz lS21l - 1.6 5 dB

Harmonics 2f, 3f POUT = 15 dBm, 54 Mbps OFDM -50 -42 dBm/MHz

Tx switching time t_sw 50 % of VCTL to 90/10 % RF output 500 nS
power level

Input return loss lS11l -6 dB

Output return loss lS22l -10 dB

Stability STAB POUT < 15 dBm, load VSWR = 3:1 All non-harmonically related outputs
less than -50 dBc/1 MHz

802.11a Transmit Specifications

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and control voltages set according to Mode Control Voltage table.
Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.

Parameter Symbol Condition Min. Typ. Max. Unit

Frequency range F 4.9 5.85 GHz

Insertion loss lS21l 2.5 3 dB

Input/output return loss lS11l, lS22l -15 dB

Antenna to Rx isolation lS22l PA off 55 dB

802.11a Receive Specifications (Rx Chain 0, Rx Chain 1)

Conditions: VCC = 3.3 V, TOP = 25 ºC. PA enables and control voltages set according to Mode Control Voltage table.
Measurements made on Skyworks EVB with all losses de-embedded. All unused ports terminated into 50 Ω unless
otherwise specified.
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Typical Performance Data (2.4–2.5 GHz)

VCC = 3.3 V, TA = 25 °C, OFDM 54 Mbps, Z0 = 50 Ω, unless otherwise noted
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Typical Performance Data (4.9–5.85 GHz)

VCC = 3.3 V, TA = 25 °C, OFDM 54 Mbps, Z0 = 50 Ω, unless otherwise noted
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Pin Out (Top View)
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Pin Number Symbol Description

1 GND Ground

2 2Rx Low-band receive output port. Internally
matched to 50 Ω and DC blocked. No
external DC block required.

3 GND Ground

4 5Rx High-band receive output port. Internally
matched to 50 Ω and DC blocked. No
external DC block required.

5 GND Ground

6 2Tx Low-band transmit input port. Internally
matched to 50 Ω and DC blocked. No
external DC block required.

7 GND Ground

8 5Tx High-band transmit input port. Internally
matched to 50 Ω f and DC blocked. No
external DC block required.

9 GND Ground

10 NC No connection inside the module.

11 VCC Power supply 3.3 V

12 GND Ground

13 VEN5 External reference voltage for the
high-band PA.

14 VEN2 External reference voltage for the
low-band PA.

15 NC No connection inside the module.

16 PDET Directional power detector output.

17 NC No connection inside the module.

18 GND Ground

19 NC No connection inside the module.

20 NC No connection inside the module.

21 GND Ground

22 Ant Antenna RF port. Internally matched to 50 Ω.
External DC block required.

23 GND Ground

24 VCTL1 Digital control input for SPDT switch

25 VCTL2 Digital control input for SPDT switch

26 GND Ground

27 GND Ground

28 NC No connection inside the module.

29 NC No connection inside the module.

30 NC No connection inside the module.

Pin Descriptions
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Application Circuit

Pin 1 Indicator

Skyworks
Part No.

Vendor
Assembly
Number Top View Date Code

YY = Calendar Year
WW = Week
CC = Country

SKY65256-11

Branding Specifications
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Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

Package Dimensions

Solder Mask
Opening
See Detail C

2X R(0.05)

0.1

0.425 ± 0.025

0.425 ± 0.075

0.525 ± 0.03

Detail A

0.875
0.875

0.875
0.875

Detail B Detail C

Solder Mask Edges

Solder Mask Edges

5X R0.05 Max.

0.2 x 45°

Pin 1 Indicator
See Detail B

Pin 30

30X SMT Pad
4X 1.5625

8X 10

4X 0.3125

A
18X 2.4

12X 2.9

6X 1.5

6X 0.5

0.85 ± 0.1

Mold
MCM

Substrate

Pin 1

4X 1.875

4X 0.625

4X 1.25

0

4X 2.5

Pin 1
Indicator

5

6

4X R0.05 Max.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SC Series: MIS Chip Capacitors
DATA SHEET

Description
Skyworks MIS Chip Capacitors are available in a wide range of
sizes and capacitance values. They are frequently used in
applications requiring DC blocking, RF bypassing, or as a fixed
capacitance tuning element in filters, oscillators, and matching
networks. The devices have a dielectric composed of thermally
grown silicon dioxide over which a layer of silicon nitride is
deposited. This dielectric possesses a low temperature coefficient
of capacitance and very high insulation resistance. The devices
also exhibit excellent long-term stability making them suitable for
high-reliability applications. The capacitors have a high dielectric
breakdown which permits the use of thin dielectrics resulting in
large capacitance per unit area. The temperature coefficient is
less that 50 ppm/°C, and operation is suitable from -65 °C to
200 °C. Compared to ceramic capacitors, Skyworks MIS chip
capacitors offer higher Q, and a lower insertion loss of 0.04 dB,
in a 50 Ω system. Insulation resistance is greater than
105 M Ω. To accommodate high-volume automated assembly
methods, wafers can be supplied on expanded film frame. To
reduce cost, chips can be supplied packaged in vials with
sample testing only. Packaging in waffle packs with 100%
electrical test and visual inspection is available.

Features
� Readily available from stock
� High reliability silicon oxide–nitride dielectric
� Low loss—typically 0.04 dB in a 50 Ω system
� Operation through 26 GHz
� Wide temperature operation
� Available lead (Pb)-free, RoHS-compliant, and Green

Characteristic Value

Operating temperature range (TOP) -65 °C to +200 °C

Storage temperature range (TSTG) -65 °C to +200 °C

Dielectric withstanding voltage 100 V

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Electrical Specifications
Capacitance range: 0.8 to 1000 pF

Temperature coefficient: 50 ppm/°C typical

Capacitance tolerance: ±20%

Operating temperature: -65 °C to +200 °C

Dielectric withstanding voltage: 100 V

Insulation resistance: 105 megohms typical

Leakage current: typ. < 1 nA

Skyworks Green™ products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW
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Electrical Specifications

Performance Data
Tests on typical MIS capacitors at L and S band show insertion
loss to be 1/2 to 1/3 that of equivalent ceramic-type capacitors,
without any of the associated resonance problems. Power tests
indicate that the only limitation is the actual breakdown voltage
of the device (see data section). A typical insertion loss versus
frequency graph is shown in Figure 1. This data is taken from
an actual test circuit with series mounted beam-lead or chip
capacitors on a 50 Ω microstrip transmission line. The apparent
higher loss at lower frequencies on the lower capacitance units
is strictly due to the capacitive reactance of the capacitor.

Capacitance Chip Dimensions
Part Number (±20%) pF (±1 mil)

SC00080912 0.8 9 mil pad/12 mil chip

SC00120912 1.2 9 mil pad/12 mil chip

SC00180912 1.8 9 mil pad/12 mil chip

SC00260912 2.6 9 mil pad/12 mil chip

SC00380912 3.8 9 mil pad/12 mil chip

SC00560912 5.6 9 mil pad/12 mil chip

SC00680912 6.8 9 mil pad/12 mil chip

SC00820710 8.2 7 mil pad/10 mil chip

SC00821518 8.2 15 mil pad/18 mil chip

SC01000710 10 7 mil pad/10 mil chip

SC01000912 10 9 mil pad/12 mil chip

SC01001518 10 15 mil pad/18 mil chip

SC01501518 15 15 mil pad/18 mil chip

SC02201518 22 15 mil pad/18 mil chip

SC03301518 33 15 mil pad/18 mil chip

SC04701518 47 15 mil pad/18 mil chip

SC06801518 68 15 mil pad/18 mil chip

SC10002430 100 24 mil pad/30 mil chip

SC33303440 333 34 mil pad/40 mil chip

SC50004450 500 44 mil pad/50 mil chip

SC99906068 1000 60 mil pad/68 mil chip

Example
Part Number Structure — SCXXXXYYZZ

where:

SC = Silicon Capacitor

XXXX = Capacitance (pF)

YY = Square Contact Size (mils)

ZZ = Square Chip Size (mils)

Bias Bias

Output

Input 1 Input 2

C1 D1 D2

C2

C4

C3

Typical SPDT Switch

C2, C3 — Chip MIS capacitor
C1, C4 — Chip or beam-lead MIS capacitor
D1, D2 DSG9500 beam-lead PIN diode
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DATA SHEET 

SKY73020: 700 – 1000 MHz High Gain and Linearity Diversity 
Downconversion Mixer for 2G/3G Base Station Transceiver 
Applications 
Applications 

• 2G/3G base station transceivers: 
− GSM/EDGE, CDMA, UMTS/WCDMA, iDEN 

• Land mobile radio 

• ISM band transceivers 

• High performance radio links 

• RF identification 

Features 

• Operating frequency range: 700 to 1000 MHz 

• IF frequency range: 50 to 300 MHz 

• Conversion gain: 7.5 dB 

• Input IP3: 26.5 dBm 

• Output IP3: 34.0 dBm 

• Noise figure: 10.2 dB 

• Integrated LO drivers 

• Integrated low loss RF baluns 

• High linearity IF amplifiers 

• On-chip SPDT LO switch (greater than 55 dB LO-to-LO isolation) 

• Small, MCM (36-pin, 6 x 6 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 

 

 

 

Skyworks offers lead (Pb)-free RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Description 
The SKY73020 is a fully integrated diversity mixer that includes 
Local Oscillator (LO) drivers, an LO switch, high linearity mixers, 
and large dynamic range Intermediate Frequency (IF) amplifiers. 
Low loss RF baluns have also been included to reduce design 
complications and lower system cost. 

The SKY73020 features an input IP3 of 26.5 dBm and a Noise 
Figure (NF) of 10.2 dB, making the device an ideal solution for 
high dynamic range systems such as 2G/3G base station 
receivers. The LO switch provides more than 55 dB of isolation 
between LO inputs and supports the switching time required for 
GSM/EDGE base stations. 

The SKY73020 is manufactured using a robust silicon BiCMOS 
process and has been designed for optimum long-term reliability. 
The SKY73020 diversity downconversion mixer is provided in a 
compact, 36-pin Multi-Chip Module (MCM). A functional block 
diagram is shown in Figure 1. Recommended operating 
conditions are provided in Table 1. Package dimensions for the 6 
x 6 mm MCM are shown in Figure 2. 

S643
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RFB

IFB+ IFB–

LO1

LO2
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(Switch Enable)

IFA+ IFA–

 

Figure 1. SKY73020 Block Diagram 
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Table 1. SKY73020 Recommended Operating Conditions 

Parameter Symbol Minimum Typical Maximum Units 

Supply voltage, +5 V (VCC1 – VCC7) VCC  5  V 

Supply current ICC  370  mA 

LO input power PLO  0  dBm 

LO select logic: 
 high 
 low 

 
LO_SELH 
LO_SELL 

 
2.2 

  
 

0.8 

 
V 
V 

Operating case temperature TC –40  +85 C 

All measurements are in millimeters

Pads are solder mask defined on one edge and metal
defined on three edges.

Dimensioning and tolerancing according to ASME Y14.5M-1994

S689
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2X 1.9
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0.2    A  B  C
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C
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0.1

 

Figure 2. SKY73020 36-Pin MCM Package Dimensions 

Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73020 Downconversion Mixer SKY73020-11 (Pb-free package)  

 



 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com 
 200691C  •  Skyworks Proprietary and Confidential information  •  Products and Product Information are Subject to Change Without Notice  •  September 21, 2007 1 

PRELIMINARY DATA SHEET 

SKY73025: 2300 – 2700 MHz High Gain and Linearity 
Diversity Downconversion Mixer 
Applications 

• 2G/3G base station transceivers: 
− GSM/EDGE, CDMA, UMTS/WCDMA 

• WiFi (802.11) 

• WiMAX (802.16) 

• 3GPP long-term evolution 

• Land mobile radio 

• Wireless Local Loop 

• High performance radio links 

• Private mobile radio 

Features 

• Operating frequency range: 2300 to 2700 MHz 

• IF frequency range: 50 to 500 MHz 

• Conversion gain: 8.6 dB 

• Input IP3: +23.5 dBm 

• Output IP3: +32.1 dBm 

• Noise Figure: 9.8 dB 

• Integrated LO drivers 

• Integrated low loss RF baluns 

• High linearity IF amplifiers 

• On-chip SPDT LO switch (greater than 45 dB LO-to-LO isolation) 

• Small, MCM (36-pin, 6 x 6 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 

 

 

 

Skyworks offers lead (Pb)-free RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Description 
The SKY73025 is a fully integrated diversity mixer that includes 
Local Oscillator (LO) drivers, an LO switch, high linearity mixers, 
and large dynamic range Intermediate Frequency (IF) amplifiers. 
Low loss RF baluns have also been included to reduce design 
complications and lower system cost. 

The SKY73025 features an input IP3 of +23.5 dBm and a Noise 
Figure (NF) of 9.8 dB, making the device an ideal solution for high 
dynamic range systems such as 2G/3G base station receivers. 
The LO switch provides more than 45 dB of isolation between LO 
inputs and supports the switching time required for GSM/EDGE 
base stations. 

The SKY73025 is manufactured using a robust silicon BiCMOS 
process and has been designed for optimum long-term reliability. 
The SKY73025 diversity downconversion mixer is provided in a 
compact, 36-pin 6 x 6 mm Multi-Chip Module (MCM). A functional 
block diagram is shown in Figure 1. The pin configuration and 
package are shown in Figure 2. Signal pin assignments and 
functional pin descriptions are provided in Table 1. 
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Figure 1. SKY73025 Block Diagram 
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Figure 2. SKY73025 Pinout – 36-Pin MCM 

Table 1. SKY73025 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 RFA Channel A RF input 19 LO1 Local oscillator 1 input 

2 NC No connect 20 GND Ground 

3 GND Ground 21 VCC_LO DC supply, +5 V 

4 VCC_LO DC supply, +5 V 22 GND Ground 

5 GND Ground 23 LO_SEL Local oscillator select switch control 

6 VCC_LO DC supply, +5 V 24 GND Ground 

7 GND Ground 25 GND Ground 

8 NC No connect 26 GND Ground 

9 RFB Channel B RF input 27 LO2 Local oscillator 2 input 

10 VCC_RFB Channel B RF DC supply, +5 V 28 NC No connect 

11 NC No connect 29 RIFA Channel A IF bias adjust 

12 GND Ground 30 VCC_IFA Channel A IF DC supply, +5 V 

13 IFB+ Positive channel B IF output 31 NC No connect 

14 IFB– Negative channel B IF output 32 IFA+ Positive channel A IF output 

15 NC No connect 33 IFA– Negative channel A IF output 

16 VCC_IFB Channel B IF DC supply, +5 V 34 GND Ground 

17 RIFB Channel B IF bias adjust 35 NC No connect 

18 NC No connect 36 VCC_RFA Channel A RF DC supply, +5 V 
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Functional Description 
The SKY73025 is a high gain diversity mixer, optimized for base 
station receiver applications. The device consists of two diversity 
channels (A and B), each consisting of a low loss RF balun, high 
linearity passive mixer, and a low noise IF amplifier. 

Two LO amplifiers (independent of channels A and B) are also 
included that allow the SKY73025 to connect directly to the output 
of a Voltage Controlled Oscillator (VCO). This eliminates the extra 
gain stages needed by most discrete passive mixers. A Single 
Pole, Double Throw (SPDT) switch has been included to select 
between two different LO inputs for frequency hopping 
applications (i.e., GSM). 

RF Baluns and Passive Mixer 

The RF baluns provide a single ended input, which can easily be 
matched to 50 Ω using a simple external matching circuit. The RF 
baluns offer very low loss, and excellent amplitude and phase 
balance. 

The high linearity SKY73025 is a passive, double balanced mixer 
that provides a very low conversion loss and an excellent 3rd 
Order Input Intercept Point (IIP3). 

Additionally, the balanced nature of the mixer provides for high 
port-to-port isolation. 

LO Buffers and SPDT LO Switch 

The LO buffers allow the input power of the SKY73025 to be in 
the range of ±6 dBm. The LO section is optimized for low-side LO 
injection. However, each of the two LOs can be driven over a wide 
frequency range with only slight degradation in performance. 

A high isolation SPDT switch allows the SKY73025 to be used for 
frequency hopping applications. This switch provides greater than 
45 dB of LO1 to LO2 isolation: 

 

LO_SEL Input LO Path Selected 

High LO1 (pin 19) enabled 

Low LO2 (pin 27) enabled 

 

For applications that do not require frequency hopping, LO_SEL is 
fixed to one state and the appropriate LO input is used. An internal 
pull-down resistor enables the LO2 input. 

IF Amplifier 

The SKY73025 includes high dynamic range IF amplifiers that 
follow the passive mixers in the signal path. The outputs require a 
supply voltage connection using inductive chokes. These choke 
inductors should be high-Q and have the ability to handle 200 mA 
or greater. 

A simple matching network allows the output ports to be matched 
to a balanced 200 Ω impedance. The IF amplifiers are optimized 
for IF frequencies between 50 and 500 MHz. The IF amplifiers can 
be operated outside of this range, but with a slight degradation in 
performance. 

The RIFA and RIFB pins (29 and 17, respectively) can be 
connected to external resistors (R1 and R2 – see Figure 3) to 
reduce the IF amplifier bias current. When a resistor is connected 
to pin 29 (R2), the Channel A IF amplifier current is reduced. 
When a resistor is connected to pin 17 (R1), the Channel B IF 
amplifier current is reduced. The total amount of current reduced 
for Channel A and B IF amplifiers is the amount of mixer current 
that is reduced. 

Table 2 shows the change in Channel A and/or B amplifier current 
from using either of three different external resistors. 

For example, if a 10 kΩ resistor is used on pin 29 and a 5.1 kΩ 
resistor is used on pin 17, the Channel A IF amplifier current is 
reduced by 7 mA and the Channel B IF amplifier current is 
reduced by 14 mA. The total mixer current is reduced by 21 mA 
(7 mA + 14 mA). 

Note that the use of any external resistors on either of these two 
pins also degrades IIP3 performance. Skyworks recommends 
using external resistors no smaller than 1 kΩ. 

Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73025 are provided in 
Table 3 and the recommended operating conditions in Table 4. 
Electrical characteristics for the SKY73025 are provided in 
Table 5. 
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Table 2. IF Amplifier Bias Current Adjustment 

External Resistor Connected to Pin 17 and/or Pin 29 
(kΩ) 

Channel A and/or Channel B IF Amplifier Bias Current Change 
(mA) 

No external resistor 0 

10 –7 

5.1 –14 

2.2 –33 

Note: The resistor values listed here were those tested. Other resistor values can be used with similar reductions in bias current. 

 

Table 3. SKY73025 Absolute Maximum Ratings 

Parameter Symbol Minimum Maximum Units 

Supply voltage, +5 V VCC 4.5 5.5 V 

Supply current ICC  440 mA 

RF input power PRF  +20 dBm 

LO input power PLO  +20 dBm 

Operating case temperature TC –40 +85 C 

Junction temperature TJ  +150 C 

Storage case temperature TSTG –40 +125 C 

Notes: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal value. 

 Nominal thermal resistance (junction to center ground pad) is 5.1 C/W. 

 

Table 4. SKY73025 Recommended Operating Conditions 

Parameter Symbol Minimum Typical Maximum Units 

Supply voltage, +5 V (VCC1 – VCC7) VCC 4.75 5.00 5.25 V 

Supply current ICC  375  mA 

LO input power PLO –6 0 +6 dBm 

LO select input: 
 high 
 low 

 
LO_SELH 
LO_SELL 

 
2.2 

  
 

0.8 

 
V 
V 

Operating case temperature TC –40  +85 C 

RF frequency range FRF 2300  2700 MHz 

LO frequency range (Note 1) FLO 1800  2600 MHz 

IF frequency range FIF 50  500 MHz 

Note 1: The SKY73025 has been optimized for low-side LO injection. However, the LO can be used outside of the specified frequency range with degraded performance. 
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Table 5. SKY73025 Electrical Specifications 
(Voltage Supply = +5 V, TC = +25 °C, LO = 0 dBm, RF Frequency = 2570 MHz, IF Frequency = 450 MHz, LO Frequency = 2120 MHz, Unless 
Otherwise Noted) 

Parameter Symbol Test Condition Min Typical Max Units 

Conversion gain G   8.6  dB 

Noise Figure NF   9.8  dB 

Noise Figure with a blocker signal NFBLK Blocking signal input 
power = +8 dBm 

  25 dB 

Third order input intercept point IIP3 FRF = 2570 MHz and 
2570.8 MHz, 
PRF = –10 dBm/tone 

 +23.5  dBm 

Third order output intercept point OIP3 FRF = 2570 MHz and 
2570.8 MHz, 
PRF = –10 dBm/tone 

 +32.1  dBm 

2RF – 2LO 2x2 PRF = –10 dBm  –62  dBc 

3RF – 3LO 3x3 PRF = –10 dBm  –73  dBc 

Input 1 dB compression point IP1dB   +12.3  dBm 

Output 1 dB compression point OP1dB   +19.9  dBm 

LO1-to-LO2 isolation    45  dB 

Channel-to-channel isolation    25  dB 

RF-to IF-isolation    30  dB 

LO leakage: 
 @ RF port 
 @ IF port 

    
–30 
–20 

  
dBm 
dBm 

LO_SEL input   –20 150 250 µA 

LO switching time     0.5 µs 

RF port input return loss ZIN_RF With external matching 
components 

14   dB 

LO port input return loss ZIN_LO With external matching 
components 

14   dB 

IF port input return loss ZOUT_IF With external matching 
components 

14   dB 
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Application Circuit Design Considerations 

RF Input and IF Output Matching 

For best performance, RF and IF matching circuits are needed 
either for a differential output application or for a single-ended 
output application. A typical single-ended output application 
circuit is shown in Figure 3. 

The 200 Ω differential IF output impedance could be used to 
connect to a differential input Surface Acoustic Wave (SAW) filter 
or Variable Gain Amplifier (VGA). A 4:1 balun transformer could 
also be used to match the impedance to 50 Ω for a single-ended 
output application. 

As noted in Figure 3, components C1, C2, L1, L2, L3, and L4 are 
RF matching components; C8, C10, L9, and L10 are IF matching 
components; T1 and T2 are 4:1 IF baluns. 

IF Bias Resistor 

Components R1 and R2 (see Figure 3) are for the IF amplifier bias 
current adjustment. To operate the SKY73025 as specified in 
Tables 4 and 5, these resistors are not required. 

PCB Layout 

The following design considerations are general in nature and 
must be followed regardless of final use or configuration. 

1. Paths to ground should be made as short and as low 
impedance as possible. 

2. The ground pad of the SKY73025 provides critical electrical 
and thermal functionality. This pad is the main thermal 
conduit for heat dissipation. Since the circuit board acts as the 
heat sink, it must shunt as much heat as possible from the 
device. Therefore, design the connection to the ground pad to 
dissipate the maximum heat produced by the circuit board. 
For more information on soldering the SKY73025, refer to the 
Package and Handling Information section of this Data Sheet. 

DC Power Supply 

1. Skyworks recommends including external bypass capacitors 
on the VCC voltage inputs of the device. Place the bypass 
capacitors close to the VCC supply pins. 

2. Components L5, L6, L7, and L8 (see Figure 3) are high-Q, low 
loss inductors. These inductors must be able to pass currents 
in excess of 200 mA DC. 

Evaluation Board Description 
The SKY73025 Evaluation Board is used to test the performance 
of the SKY73025 downconversion mixer. An assembly drawing for 
the Evaluation Board is shown in Figure 4 and the layer detail is 
provided in Figure 5. A schematic diagram for the SKY73025 
Evaluation Board is shown in Figure 6. 
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Figure 3. Typical Single-Ended Application Circuit 
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Figure 4. SKY73025 Evaluation Board Assembly Diagram 
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S1009

Layer 1: Top – Metal

Layer 2: Ground

Layer 3: Power Plane

Layer 4: Solid Ground Plane

 

Figure 5. SKY73025 Evaluation Board Layer Detail 
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Note: The Evaluation Board can be converted to
 provide a differential output by removing components
 T1, T2, R3, and R4.

 Some component labels may be different than the
 corresponding component symbol shown here.
 Component values, however, are accurate as of the
 date of this Data Sheet.

SKY73025

 

Figure 6. SKY73025 Evaluation Board Schematic 
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Package Dimensions 
The PCB footprint for the SKY73025 is provided in Figure 7. 
Figure 8 shows the package dimensions for the 36-pin MCM, and 
Figure 9 provides the tape and reel dimensions. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

THE SKY73025 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to the Skyworks Application Note, 

PCB Design & SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73025 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 
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Figure 7. PCB Layout Footprint for the SKY73025 6 x 6 mm MCM 
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All measurements are in millimeters

Pads are solder mask defined on one edge and metal
defined on three edges.

Dimensioning and tolerancing according to ASME Y14.5M-1994 S689_A
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Figure 8. SKY73025 36-Pin MCM Package Dimensions 
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C1222

Notes:
1. Carrier tape: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.3 mm width
4. All dimensions are in millimeters A
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Figure 9. SKY73025 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73025 Downconversion Mixer SKY73025-11 (Pb-free package)  
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DATA SHEET 

SKY73021: 1700 – 2200 MHz High Gain and Linearity 
Diversity Downconversion Mixer for 2G/3G Base Station 
Transceiver Applications 
Applications 

• 2G/3G base station transceivers: 
− GSM/EDGE, CDMA, UMTS/WCDMA, PHS 

• Land mobile radio 

• Wireless Local Loop 

• High performance radio links 

• Private mobile radio 

Features 

• Operating frequency range: 1700 to 2200 MHz 

• IF frequency range: 40 to 300 MHz 

• Conversion gain: 6.0 dB 

• Input IP3: 26.0 dBm 

• Output IP3: 32.0 dBm 

• Noise figure: 9.6 dB 

• Integrated LO drivers 

• Integrated low loss RF baluns 

• High linearity IF amplifiers 

• On-chip SPDT LO switch (greater than 50 dB LO-to-LO isolation) 

• Small, MCM (36-pin, 6 x 6 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 

 

 

 

Skyworks offers lead (Pb)-free RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Description 
The SKY73021 is a fully integrated diversity mixer that includes 
Local Oscillator (LO) drivers, an LO switch, high linearity mixers, 
and large dynamic range Intermediate Frequency (IF) amplifiers. 
Low loss RF baluns have also been included to reduce design 
complications and lower system cost. 

The SKY73021 features an input IP3 of 26.0 dBm and a Noise 
Figure (NF) of 9.6 dB, making the device an ideal solution for high 
dynamic range systems such as 2G/3G base station receivers. 
The LO switch provides more than 50 dB of isolation between LO 
inputs and supports the switching time required for GSM/EDGE 
base stations. 

The SKY73021 is manufactured using a robust silicon BiCMOS 
process and has been designed for optimum long-term reliability. 
The SKY73021 diversity downconversion mixer is provided in a 
compact, 36-pin 6 x 6 mm Multi-Chip Module (MCM). A functional 
block diagram is shown in Figure 1. The pin configuration and 
package are shown in Figure 2. Signal pin assignments and 
functional pin descriptions are provided in Table 1. 
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Figure 1. SKY73021 Block Diagram 
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Figure 2. SKY73021 Pinout – 36-Pin MCM 

Table 1. SKY73021 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 RFA Channel A RF input 19 LO1 Local oscillator 1 input 

2 NC No connect 20 GND Ground 

3 GND Ground 21 VCC_LO DC supply, +5 V 

4 VCC_LO DC supply, +5 V 22 GND Ground 

5 GND Ground 23 LO_SEL Local oscillator select switch control 

6 VCC_LO DC supply, +5 V 24 GND Ground 

7 GND Ground 25 GND Ground 

8 NC No connect 26 GND Ground 

9 RFB Channel B RF input 27 LO2 Local oscillator 2 input 

10 VCC_RFB Channel B RF DC supply, +5 V 28 NC No connect 

11 NC No connect 29 RIFA Channel A IF bias adjust 

12 GND Ground 30 VCC_IFA Channel A IF DC supply, +5 V 

13 IFB+ Positive channel B IF output 31 NC No connect 

14 IFB– Negative channel B IF output 32 IFA+ Positive channel A IF output 

15 NC No connect 33 IFA– Negative channel A IF output 

16 VCC_IFB Channel B IF DC supply, +5 V 34 GND Ground 

17 RIFB Channel B IF bias adjust 35 NC No connect 

18 NC No connect 36 VCC_RFA Channel A RF DC supply, +5 V 
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Functional Description 
The SKY73021 is a high gain diversity mixer, optimized for base 
station receiver applications. The device consists of two diversity 
channels (A and B), each consisting of a low loss RF balun, high 
linearity passive mixer, and a low noise IF amplifier. 

Two LO amplifiers (independent of channels A and B) are also 
included that allow the SKY73021 to connect directly to the output 
of a Voltage Controlled Oscillator (VCO). This eliminates the extra 
gain stages needed by most discrete passive mixers. A Single 
Pole, Double Throw (SPDT) switch has been included to select 
between two different LO inputs for frequency hopping 
applications (i.e., GSM). 

RF Baluns and Passive Mixer 

The RF baluns provide a single ended input, which can easily be 
matched to 50 Ω using a simple external matching circuit. The RF 
baluns offer very low loss, and excellent amplitude and phase 
balance. 

The high linearity SKY73021 is a passive, double balanced mixer 
that provides a very low conversion loss and an excellent 3rd 
Order Input Intercept Point (IIP3). 

Additionally, the balanced nature of the mixer provides for high 
port-to-port isolation. 

LO Buffers and SPDT LO Switch 

The LO buffers allow the input power of the SKY73021 to be in 
the range of ±3 dBm. The LO section is optimized for low-side LO 
injection. However, each of the two LOs can be driven over a wide 
frequency range with only slight degradation in performance. 

A high isolation SPDT switch allows the SKY73021 to be used for 
frequency hopping applications. This switch provides greater than 
50 dB of LO1 to LO2 isolation: 

LO_SEL Input LO Path Selected 

High LO1 (pin 19) enabled 

Low LO2 (pin 27) enabled 

 

For applications that do not require frequency hopping, LO_SEL is 
fixed to one state and the appropriate LO input is used. An internal 
pull-down resistor enables the LO2 input. 

IF Amplifier 

The SKY73021 includes high dynamic range IF amplifiers that 
follow the passive mixers in the signal path. The outputs require a 
supply voltage connection using inductive chokes. These choke 
inductors should be high-Q and have the ability to handle 200 mA 
or greater. 

A simple matching network allows the output ports to be matched 
to a balanced 200 Ω impedance. The IF amplifiers are optimized 
for IF frequencies between 40 and 300 MHz. The IF amplifiers can 
be operated outside of this range, but with a slight degradation in 
performance. 

Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73021 are provided in 
Table 2 and the recommended operating conditions in Table 3. 
Electrical characteristics for the SKY73021 are provided in 
Table 4. 

Typical performance characteristics of the SKY73021 are 
illustrated in Figures 3 through 35. 

 

 

Table 2. SKY73021 Absolute Maximum Ratings 

Parameter Symbol Minimum Maximum Units 

Supply voltage, +5 V (VCC_LO, VCC_RFA, 
VCC_RFB, VCC_IFA, VCC_IFB) 

VCC 4.5 5.5 V 

Supply current ICC  440 mA 

RF input power PRF  20 dBm 

LO input power PLO  20 dBm 

Operating case temperature TC –40 +85 C 

Junction temperature TJ  150 C 

Storage case temperature TSTG –40 +125 C 

Note: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal value. 

 Nominal thermal resistance (junction to center ground pad) is 5.1 C/W. 
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Table 3. SKY73021 Recommended Operating Conditions 

Parameter Symbol Minimum Typical Maximum Units 

Supply voltage, +5 V (VCC_LO, VCC_RFA, 
VCC_RFB, VCC_IFA, VCC_IFB) 

VCC 4.75 5.00 5.25 V 

Supply current ICC  380  mA 

LO input power PLO –6 0 +6 dBm 

LO select input: 
 high 
 low 

 
LO_SELH 
LO_SELL 

 
2.2 

  
 

0.8 

 
V 
V 

Operating case temperature TC –40  +85 C 

RF frequency range FRF 1700  2200 MHz 

LO frequency range (Note 1) FLO 1460  2000 MHz 

IF frequency range FIF 40  300 MHz 

Note 1: The SKY73021 has been optimized for low side LO injection. However, the LO can be used outside of the specified frequency range with degraded performance. 

 

Table 4. SKY73021 Electrical Specifications (1 of 2) 
(Voltage Supply = +5 V, TC = +25 °C, LO = 0 dBm, RF Frequency = 1750 MHz, IF Frequency = 201 MHz, LO Frequency = 1549 MHz, Unless 
Otherwise Noted) 

Parameter Symbol Test Condition Min Typical Max Units 

Conversion gain G  5.6 6.0 6.6 dB 

Gain versus temperature  –40 to +85 °C  ±0.7  dB 

Noise Figure NF   9.6 10.9 dB 

Noise Figure versus temperature  –40 to +85 °C  ±0.8  dB 

Noise Figure with a blocker signal NFBLK Blocking signal input 
power = +8 dBm 

 21 23 dB 

Third order input intercept point IIP3 FRF = 1750.0 MHz and 
1750.8 MHz, 
PRF = –10 dBm/tone 

25.0 26.0  dBm 

Third order input intercept point versus 
temperature 

 –40 to +85 °C  ±0.6  dB 

Third order output intercept point OIP3 FRF = 1750.0 MHz and 
1750.8 MHz, 
PRF = –10 dBm/tone 

 32.0  dBm 

2RF – 2LO 2x2 PRF = –10 dBm  –66 –57 dBc 

3RF – 3LO 3x3 PRF = –10 dBm  –80  dBc 

Input 1 dB compression point IP1dB  15.5 17.0  dBm 

Output 1 dB compression point OP1dB   22.0  dBm 

LO1-to-LO2 isolation   40 50  dB 

Channel-to-channel isolation   30 47  dB 

RF-to IF-isolation   30 66  dB 
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Table 4. SKY73021 Electrical Specifications (2 of 2) 
(Voltage Supply = +5 V, TC = +25 °C, LO = 0 dBm, RF Frequency = 1750 MHz, IF Frequency = 201 MHz, LO Frequency = 1549 MHz, Unless 
Otherwise Noted) 

Parameter Symbol Test Condition Min Typical Max Units 

LO leakage: 
 @ RF port 
 @ IF port 

    
–41 
–50 

 
–24 
–27 

 
dBm 
dBm 

LO_SEL input   –20 +150 +250 µA 

LO switching time     0.5 µs 

RF port input return loss Zin_rf With external matching 
components 

14   dB 

LO port input return loss Zin_lo With external matching 
components 

14   dB 

IF port input return loss Zout_if With external matching 
components 

14   dB 
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Figure 3. Mixer A Gain vs Frequency and Supply Voltage 
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Figure 5. Mixer A Gain vs Frequency and LO Power 
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Figure 4. Mixer A Gain vs Frequency and Temperature 
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Figure 6. Mixer B Gain vs Frequency and Supply Voltage 
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Figure 7. Mixer B Gain vs Frequency and Temperature 
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Figure 9. Mixer A Noise Figure vs Frequency and Supply Voltage 
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Figure 11. Mixer A Noise Figure vs Frequency and LO Power 
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Figure 8. Mixer B Gain vs Frequency and LO Power 
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Figure 10. Mixer A Noise Figure vs Frequency and Temperature 
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Figure 12. Mixer B Noise Figure vs Frequency and Supply Voltage 
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Figure 13. Mixer B Noise Figure vs Frequency and Temperature 
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Figure 15. Mixer A IIP3 vs Frequency and Supply Voltage 
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Figure 17. Mixer A IIP3 vs Frequency and LO Power 
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Figure 14. Mixer B Noise Figure vs Frequency and LO Power 
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Figure 16. Mixer A IIP3 vs Frequency and Temperature 
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Figure 18. Mixer B IIP3 vs Frequency and Supply Voltage 
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Figure 19. Mixer B IIP3 vs Frequency and Temperature 
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Figure 21. Mixer A Input P1dB vs Frequency and Supply Voltage 
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Figure 23. Mixer A Input P1dB vs Frequency and LO Power 
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Figure 20. Mixer B IIP3 vs Frequency and LO Power 
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Figure 22. Mixer A Input P1dB vs Frequency and Temperature 
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Figure 24. Mixer B Input P1dB vs Frequency and Supply Voltage 
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Figure 25. Mixer B Input P1dB vs Frequency and Temperature 
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Figure 27. Mixer A and B 2RF – 2LO vs Frequency 
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Figure 29. Mixer B RF to IF Isolation vs Frequency and Supply 
Voltage 
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Figure 26. Mixer B Input P1dB vs Frequency and LO Power 
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Figure 28. Mixer A RF to IF Isolation vs Frequency and Supply 
Voltage 
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Figure 30. Mixer A LO to IF Leakage vs Frequency and 
Temperature 
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Figure 31. Mixer B LO to IF Leakage vs Frequency and 
Temperature 
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Figure 33. Mixer B LO to RF Leakage vs Frequency and 
Temperature 
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Figure 35. Channel A to Channel B IF Isolation vs Frequency and 
Supply Voltage 
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Figure 32. Mixer A LO to RF Leakage vs Frequency and 
Temperature 
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Figure 34. LO1 to LO2 Isolation vs Frequency and Supply Voltage 
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Evaluation Board Description 
The SKY73021 Evaluation Board is used to test the performance 
of the SKY73021 downconversion mixer. An assembly drawing for 
the Evaluation Board is shown in Figure 36 and the layer detail is 
provided in Figure 37. 

Circuit Design Configurations 

The following design considerations are general in nature and 
must be followed regardless of final use or configuration: 

1. Paths to ground should be made as short and as low 
impedance as possible. 

2. The ground pad of the SKY73021 provides critical electrical 
and thermal functionality. This pad is the main thermal 
conduit for heat dissipation. Since the circuit board acts as 
the heat sink, it must shunt as much heat as possible from 
the device. Therefore, design the connection to the ground 

pad to dissipate the maximum heat produced by the circuit 
board. For more information on soldering the SKY73021, refer 
to the Package and Handling Information section of this Data 
Sheet. 

3. Skyworks recommends including external bypass capacitors 
on the VCC voltage inputs of the device. 

4. Components L5, L6, L14, and L15 (see Figure 38) are high-Q, 
low loss inductors. These inductors must be able to pass 
currents in excess of 200 mA DC. 

5. Components R1 and R2 (see Figure 38) allow for external 
adjustment of the IF amplifier bias points. For operation as 
specified in Tables 3 and 4, these resistors are not required. 

A schematic diagram for the SKY73021 Evaluation Board is 
shown in Figure 38. 
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Figure 36. SKY73021 Evaluation Board Assembly Diagram 
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Layer 1: Top -- Metal

Layer 2: Ground

Layer 3: Power Plane

Layer 4: Solid Ground Plane

 

Figure 37. SKY77021 Evaluation Board Layer Detail 
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Notes: Some component labels may be different than the corresponding
 component symbol shown here. Component values, however, are
 accurate as of the date of this Data Sheet.
 
 The Evaluation Board can be converted to provide a differential
 output by removing components T1, T2, R3, and R4.

SKY73021 VCC

VCC

VCC

 

Figure 38. SKY73021 Evaluation Board Schematic 
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Package Dimensions 
The PCB layout footprint for the SKY73021 is provided in 
Figure 39. Figure 40 shows the package dimensions for the 
36-pin MCM, and Figure 41 provides the tape and reel 
dimensions. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

THE SKY73021 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 

additional information, refer to the Skyworks Application Note, 
PCB Design & SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73021 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 
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Figure 39. PCB Layout Footprint for the SKY73021 6 x 6 mm MCM 
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All measurements are in millimeters

Pads are solder mask defined on one edge and metal
defined on three edges.

Dimensioning and tolerancing according to ASME Y14.5M-1994 S689_A
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Figure 40. SKY73021 36-Pin MCM Package Dimensions 
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C1222

Notes:
1. Carrier tape: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.3 mm width
4. All dimensions are in millimeters A
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Figure 41. SKY73021 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Board Part Number 

SKY73021 Downconversion Mixer SKY73021-11 (Pb-free package) TW16-D670 
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DATA SHEET 

SKY73023-11: 1700 – 2200 MHz High Gain and Linearity 
Diversity Downconversion Mixer 
Applications 

• 2G/3G base station transceivers: 
− GSM/EDGE, CDMA, UMTS/WCDMA, PHS 

• Land mobile radio 

• Wireless Local Loop 

• High performance radio links 

• Private mobile radio 

Features 

• Operating frequency range: 1700 to 2200 MHz 

• IF frequency range: 40 to 300 MHz 

• Conversion gain: 9.7 dB 

• Input IP3: +25.7 dBm 

• Output IP3: +35.4 dBm 

• Noise figure: 9.9 dB 

• Integrated LO drivers 

• Integrated low loss RF baluns 

• High linearity IF amplifiers 

• On-chip SPDT LO switch (greater than 45 dB LO-to-LO isolation) 

• Small, MCM (36-pin, 6 x 6 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 

 

 

 

Skyworks offers lead (Pb)-free RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Description 
The SKY73023-11 is a fully integrated diversity mixer that 
includes Local Oscillator (LO) drivers, an LO switch, high linearity 
mixers, and large dynamic range Intermediate Frequency (IF) 
amplifiers. Low loss RF baluns have also been included to reduce 
design complications and lower system cost. 

The SKY73023-11 features an input IP3 of +25.7 dBm and a 
Noise Figure (NF) of 9.9 dB, making the device an ideal solution 
for high dynamic range systems such as 2G/3G base station 
receivers. The LO switch provides more than 45 dB of isolation 
between LO inputs and supports the switching time required for 
GSM/EDGE base stations. 

The SKY73023-11 is manufactured using a robust silicon BiCMOS 
process and has been designed for optimum long-term reliability. 
The SKY73023-11 diversity downconversion mixer is provided in 
a compact, 36-pin 6 x 6 mm Multi-Chip Module (MCM). A 
functional block diagram is shown in Figure 1. The pin 
configuration and package are shown in Figure 2. Signal pin 
assignments and functional pin descriptions are provided in 
Table 1. 
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Figure 1. SKY73023-11 Block Diagram 
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Figure 2. SKY73023-11 Pinout – 36-Pin MCM 

Table 1. SKY73023-11 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 RFA Channel A RF input 19 LO1 Local oscillator 1 input 

2 NC No connect 20 GND Ground 

3 GND Ground 21 VCC_LO DC supply, +5 V 

4 VCC_LO DC supply, +5 V 22 GND Ground 

5 GND Ground 23 LO_SEL Local oscillator select switch control 

6 VCC_LO DC supply, +5 V 24 GND Ground 

7 GND Ground 25 GND Ground 

8 NC No connect 26 GND Ground 

9 RFB Channel B RF input 27 LO2 Local oscillator 2 input 

10 VCC_RFB Channel B RF DC supply, +5 V 28 NC No connect 

11 NC No connect 29 RIFA Channel A IF bias adjust 

12 GND Ground 30 VCC_IFA Channel A IF DC supply, +5 V 

13 IFB+ Positive channel B IF output 31 NC No connect 

14 IFB– Negative channel B IF output 32 IFA+ Positive channel A IF output 

15 NC No connect 33 IFA– Negative channel A IF output 

16 VCC_IFB Channel B IF DC supply, +5 V 34 GND Ground 

17 RIFB Channel B IF bias adjust 35 NC No connect 

18 NC No connect 36 VCC_RFA Channel A RF DC supply, +5 V 
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Functional Description 
The SKY73023-11 is a high gain diversity mixer, optimized for 
base station receiver applications. The device consists of two 
diversity channels (A and B), each consisting of a low loss RF 
balun, high linearity passive mixer, and a low noise IF amplifier. 

Two LO amplifiers (independent of channels A and B) are also 
included that allow the SKY73023-11 to connect directly to the 
output of a Voltage Controlled Oscillator (VCO). This eliminates the 
extra gain stages needed by most discrete passive mixers. A 
Single Pole, Double Throw (SPDT) switch has been included to 
select between two different LO inputs for frequency hopping 
applications (i.e., GSM). 

RF Baluns and Passive Mixer 

The RF baluns provide a single ended input, which can easily be 
matched to 50 Ω using a simple external matching circuit. The RF 
baluns offer very low loss, and excellent amplitude and phase 
balance. 

The high linearity SKY73023-11 is a passive, double balanced 
mixer that provides a very low conversion loss and an excellent 
3rd Order Input Intercept Point (IIP3). 

Addtionally, the balanced nature of the mixer provides for high 
port-to-port isolation. 

LO Buffers and SPDT LO Switch 

The LO buffers allow the input power of the SKY73023-11 to be in 
the range of ±3 dBm. The LO section is optimized for low-side LO 
injection. However, each of the two LOs can be driven over a wide 
frequency range with only slight degradation in performance. 

A high isolation SPDT switch allows the SKY73023-11 to be used 
for frequency hopping applications. This switch provides greater 
than 45 dB of LO1 to LO2 isolation: 

 

LO_SEL Input LO Path Selected 

High LO1 (pin 19) enabled 

Low LO2 (pin 27) enabled 

 

For applications that do not require frequency hopping, LO_SEL is 
fixed to one state and the appropriate LO input is used. An internal 
pull-down resistor enables the LO2 input. 

IF Amplifier 

The SKY73023-11 includes high dynamic range IF amplifiers that 
follow the passive mixers in the signal path. The outputs require a 
supply voltage connection using inductive chokes. These choke 
inductors should be high-Q and have the ability to handle 200 mA 
or greater. 

A simple matching network allows the output ports to be matched 
to a balanced 200 Ω impedance. The IF amplifiers are optimized 
for IF frequencies between 40 and 300 MHz. The IF amplifiers can 
be operated outside of this range, but with a slight degradation in 
performance. 

Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73023-11 are provided 
in Table 2 and the recommended operating conditions in Table 3. 
Electrical characteristics for the SKY73023-11 are provided in 
Table 4. 

Typical performance characteristics of the SKY73023-11 are 
illustrated in Figures 3 through 34. 

 

Table 2. SKY73023-11 Absolute Maximum Ratings 

Parameter Symbol Minimum Maximum Units 

Supply voltage, +5 V (VCC_RFA, VCC_RFB, 
VCC_IFA, VCC_IFB, VCC_LO) 

VCC 4.5 5.5 V 

Supply current ICC  440 mA 

RF input power PRF  +20 dBm 

LO input power PLO  +20 dBm 

Operating case temperature TC –40 +85 C 

Junction temperature TJ  150 C 

Storage case temperature TSTG –40 +125 C 

Notes: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal value. 

 Nominal thermal resistance (junction to center ground pad) is 5.1 C/W. 
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Table 3. SKY73023-11 Recommended Operating Conditions 

Parameter Symbol Minimum Typical Maximum Units 

Supply voltage, +5 V (VCC_RFA, VCC_RFB, 
VCC_IFA, VCC_IFB, VCC_LO) 

VCC 4.75 5.00 5.25 V 

Supply current ICC  375  mA 

LO input power PLO –6 0 +6 dBm 

LO select input: 
 high 
 low 

 
LO_SELH 
LO_SELL 

 
2.2 

  
 

0.8 

 
V 
V 

Operating case temperature TC –40  +85 C 

RF frequency range FRF 1700  2200 MHz 

LO frequency range (Note 1) FLO 1460  2000 MHz 

IF frequency range FIF 40  300 MHz 

Note 1: The SKY73023-11 has been optimized for low-side LO injection. However, the LO can be used outside of the specified frequency range with degraded performance. 

 

Table 4. SKY73023-11 Electrical Specifications (1 of 2) 
(Voltage Supply = +5 V, TA = +25 °C, LO = 0 dBm, RF Frequency = 1880 MHz, IF Frequency = 201 MHz, LO Frequency = 1679 MHz, Unless 
Otherwise Noted) 

Parameter Symbol Test Condition Min Typical Max Units 

Conversion gain G FRF = 1710 to 1980 MHz, 
PLO = –3 to +3 dBm, 
VCC = 4.75 to 5.25 V 

8.2 9.7  dB 

Gain variation over temperature  TA = –40 to +85 C  ±0.7  dB 

Noise Figure NF FRF = 1880 MHz  9.9  dB 

Noise Figure variation over temperature  FRF = 1880 MHz, 
TA = –40 to +85 C 

 ±0.8  dB 

Noise Figure with a blocker signal NFBLK Blocking signal input 
power = +8 dBm 

 18  dB 

Third order input intercept point IIP3 FRF = 1880 and 
1880.8 MHz, 
PRF = –10 dBm/each tone,
PLO = –3 to +3 dBm, 
VCC = 4.75 to 5.25 V 

+23.8 +25.7  dBm 

Third order input intercept point variation 
over temperature 

 FRF = 1880 and 
1880.8 MHz, 
TA = –40 to +85 C 

 ±0.2  dB 

Third order output intercept point OIP3 FRF = 1880 and 
1880.8 MHz, 
PRF = –10 dBm/each tone,
PLO = –3 to +3 dBm, 
VCC = 4.75 to 5.25 V 

 +35.4  dBm 

2RF – 2LO 2x2 PRF = –10 dBm  –73 –63 dBc 

3RF – 3LO 3x3 PRF = –10 dBm  –80  dBc 

Input 1 dB compression point IP1dB FRF = 1710 to 1980 MHz, 
PLO = –3 to +3 dBm, 
VCC = 4.75 to 5.25 V 

+12.0 +13.6  dBm 

Output 1 dB compression point OP1dB FRF = 1710 to 1980 MHz, 
PLO = –3 to +3 dBm, 
VCC = 4.75 to 5.25 V 

 +22.3  dBm 
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Table 4. SKY73023-11 Electrical Specifications (2 of 2) 
(Voltage Supply = +5 V, TA = +25 °C, LO = 0 dBm, RF Frequency = 1880 MHz, IF Frequency = 201 MHz, LO Frequency = 1679 MHz, Unless 
Otherwise Noted) 

Parameter Symbol Test Condition Min Typical Max Units 

LO1-to-LO2 isolation    45  dB 

Channel-to-channel isolation    52  dB 

RF-to IF-isolation   30 59  dB 

LO leakage: 
 @ RF port 
 @ IF port 

    
–38 
–45 

 
–20 
–23 

 
dBm 
dBm 

LO_SEL input   –20 150 250 µA 

LO switching time     0.5 µs 

RF port input return loss ZIN_RF With external matching 
components 

14   dB 

LO port input return loss ZIN_LO With external matching 
components 

14   dB 

IF port input return loss ZOUT_IF With external matching 
components 

14   dB 
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Figure 3. Mixer A Gain vs Frequency and Supply Voltage 
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Figure 5. Mixer A Gain vs Frequency and LO Power 
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Figure 4. Mixer A Gain vs Frequency and Temperature 
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Figure 6. Mixer B Gain vs Frequency and Supply Voltage 
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Figure 7. Mixer B Gain vs Frequency and Temperature 
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Figure 9. Mixer A Noise Figure vs Frequency and Supply Voltage 
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Figure 11. Mixer B Noise Figure vs Frequency and Supply Voltage 
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Figure 13. Mixer A IIP3 vs Frequency and Supply Voltage 
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Figure 8. Mixer B Gain vs Frequency and LO Power 

9

11

13

7

5

15

1710 1740 1770 1800 1830 1860 1890 1920 1950 1980

RF Frequency (MHz)

M
ix

er
 A

 N
oi

se
 F

ig
ur

e 
(d

B)

 –40 oC
+25 oC
+85 oC

 

Figure 10.Mixer A Noise Figure vs Frequency and Temperature 
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Figure 12. Mixer B Noise Figure vs Frequency and Temperature 
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Figure 14. Mixer A IIP3 vs Frequency and Temperature 
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Figure 15. Mixer A IIP3 vs Frequency and LO Power 
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Figure 17. Mixer B IIP3 vs Frequency and Temperature 
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Figure 19. Mixer A Input P1dB vs Frequency and Supply Voltage 
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Figure 21. Mixer A Input P1dB vs Frequency and LP Power 
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Figure 16. Mixer B IIP3 vs Frequency and Supply Voltage 
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Figure 18. Mixer B IIP3 vs Frequency and LO Power 
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Figure 20. Mixer A Input P1dB vs Frequency and Temperature 
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Figure 22. Mixer B Input P1dB vs Frequency and Supply Voltage 
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Figure 23. Mixer B Input P1dB vs Frequency and Temperature 
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Figure 25. Mixer A 2RF-2LO vs Frequency and Temperature 
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Figure 27. Mixer A RF to IF Isolation vs Frequency and 
Temperature 
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Figure 29. Mixer A LO to IF Leakage vs Frequency and 
Temperature 
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Figure 24. Mixer B Input P1dB vs Frequency and LO Power 
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Figure 26. Mixer B 2RF-2LO vs Frequency and Temperature 
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Figure 28. Mixer B RF to IF Isolation vs Frequency and 
Temperature 
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Figure 30. Mixer B LO to IF Leakage vs Frequency and 
Temperature 
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Figure 31. Mixer A LO to RF Leakage vs Frequency and 
Temperature 
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Figure 33. LO1 to LO2 Isolation vs Frequency and Supply Voltage 
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Figure 32. Mixer B LO to RF Leakage vs Frequency and 
Temperature 

60

56

52

48

44

40
1710 1740 1770 1800 1830 1860 1890 1920 1950 1980

RF Frequency (MHz)

Ch
an

 A
 -

 C
ha

n 
B 

Is
ol

at
io

n 
(d

B)
 –40 oC
+25 oC
+85 oC

 

Figure 34. Channel A to Channel B IF Isolation vs Frequency and 
Supply Voltage 

 

 

Evaluation Board Description 
The SKY73023-11 Evaluation Board is used to test the 
performance of the SKY73023-11 downconversion mixer. An 
assembly drawing for the Evaluation Board is shown in Figure 35 
and the layer detail is provided in Figure 36. A schematic diagram 
for the SKY73023-11 Evaluation Board is shown in Figure 37. 

Circuit Design Configurations 

The following design considerations are general in nature and 
must be followed regardless of final use or configuration: 

1. Paths to ground should be made as short and as low 
impedance as possible. 

2. The ground pad of the SKY73023-11 provides critical 
electrical and thermal functionality. This pad is the main 
thermal conduit for heat dissipation. Since the circuit board 

acts as the heat sink, it must shunt as much heat as possible 
from the device. Therefore, design the connection to the 
ground pad to dissipate the maximum heat produced by the 
circuit board. For more information on soldering the 
SKY73023-11, refer to the Package and Handling Information 
section of this Data Sheet. 

3. Skyworks recommends including external bypass capacitors 
on the VCC voltage inputs of the device. 

4. Components L5, L6, L14, and L15 (see Figure 37) are high-Q, 
low loss inductors. These inductors must be able to pass 
currents in excess of 200 mA DC. 

5. Components R1 and R2 (see Figure 37) allow for external 
adjustment of the IF amplifier bias points. For operation as 
specified in Tables 3 and 4, these resistors are not required. 
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Figure 35. SKY73023-11 Evaluation Board Assembly Diagram 
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S904

Layer 1: Top -- Metal

Layer 2: Ground

Layer 3: Power Plane

Layer 4: Solid Ground Plane

 

Figure 36. SKY73023-11 Evaluation Board Layer Detail 
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Note: The Evaluation Board can be converted to
 provide a differential output by removing components
 T1, T2, R3, and R4.

SKY73023-11

 

Figure 37. SKY73023-11 Evaluation Board Schematic 
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Package Dimensions 
The PCB layout footprint for the SKY73023-11 is provided in 
Figure 38. Figure 39 shows the package dimensions for the 
36-pin MCM, and Figure 40 provides the tape and reel 
dimensions. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

THE SKY73023-11 is rated to Moisture Sensitivity Level 3 (MSL3) 
at 260 °C. It can be used for lead or lead-free soldering. For 

additional information, refer to the Skyworks Application Note, 
PCB Design & SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73023-11 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 
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Figure 38. PCB Layout Footprint for the SKY73023-11 6 x 6 MCM 
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All measurements are in millimeters

Pads are solder mask defined on one edge and metal
defined on three edges.

Dimensioning and tolerancing according to ASME Y14.5M-1994
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Figure 39. SKY73023-11 36-Pin MCM Package Dimensions 
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C1222

Notes:
1. Carrier tape: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.3 mm width
4. All dimensions are in millimeters A

B

2.00 ± 0.05

∅1.55 ± 0.05
0.30 ± 0.05

5o Max.

5o Max.

6.
30

1.75 ± 0.10

∅1.50 Min.

5.
50

 ±
 0

.0
5

8.00 4.00

A

B

B

A

1.70

12
.0

0 
±

 0
.3

0

6.30

Pin #1
Indicator

 

Figure 40. SKY73023-11 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73023-11 Downconversion Mixer SKY73023-11 (Pb-free package) TW16-D730 
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DATA SHEET 

SKY73022-11: 700 – 1000 MHz High Gain and Linearity 
Diversity Downconversion Mixer 
Applications 

• 2G/3G base station transceivers: 
− GSM/EDGE, CDMA, UMTS/WCDMA, iDEN 

• Land mobile radio 

• ISM band transceivers 

• High performance radio links 

• RF identification 

Features 

• Operating frequency range: 700 to 1000 MHz 

• IF frequency range: 40 to 300 MHz 

• Conversion gain: 9.4 dB 

• Input IP3: +25.3 dBm 

• Output IP3: +34.7 dBm 

• Noise figure: 9.0 dB 

• Integrated LO drivers 

• Integrated low loss RF baluns 

• High linearity IF amplifiers 

• On-chip SPDT LO switch (greater than 53 dB LO-to-LO isolation) 

• Small, MCM (36-pin, 6 x 6 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 

 

 

 

Skyworks offers lead (Pb)-free RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Description 
The SKY73022-11 is a fully integrated diversity mixer that 
includes Local Oscillator (LO) drivers, an LO switch, high linearity 
mixers, and large dynamic range Intermediate Frequency (IF) 
amplifiers. Low loss RF baluns have also been included to reduce 
design complications and lower system cost. 

The SKY73022-11 features an input IP3 of +25.3 dBm and a 
Noise Figure (NF) of 9.0 dB, making the device an ideal solution 
for high dynamic range systems such as 2G/3G base station 
receivers. The LO switch provides more than 53 dB of isolation 
between LO inputs and supports the switching time required for 
GSM/EDGE base stations. 

The SKY73022-11 is manufactured using a robust silicon BiCMOS 
process and has been designed for optimum long-term reliability. 
The SKY73022-11 diversity downconversion mixer is provided in 
a compact, 36-pin 6 x 6 mm Multi-Chip Module (MCM). A 
functional block diagram is shown in Figure 1. The pin 
configuration and package are shown in Figure 2. Signal pin 
assignments and functional pin descriptions are provided in 
Table 1. 
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Figure 1. SKY73022-11 Block Diagram 
 



DATA SHEET  •  SKY73022-11 DOWNCONVERSION MIXER 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
2 November 5, 2007  •  Skyworks Proprietary and Confidential information  •  Products and Product Information are Subject to Change Without Notice  •  200518D 

S646

27

26

25

24

23

22

21

20

19

1

2

3

4

5

6

7

8

9

10 11 12 13 14 15 16 17 18

36 35 34 33 32 31 30 29 28

NC

RFA

VCC_LO

GND

VCC_LO

GND

NC

RFB

VC
C_

RF
B NC

GN
D

IF
B+ IF
B– NC

VC
C_

IF
B

RI
FB NC

VC
C_

RF
A

NC GN
D

IF
A–

IF
A+

NC VC
C_

IF
A

RI
FA

NC

GND

GND

LO2

GND

GND

GND

LO_SEL

GND

LO1

VCC_LO

 

Figure 2. SKY73022-11 Pinout – 36-Pin MCM 
 

Table 1. SKY73022-11 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 RFA Channel A RF input 19 LO1 Local oscillator 1 input 

2 NC No connect 20 GND Ground 

3 GND Ground 21 VCC_LO DC supply, +5 V 

4 VCC_LO DC supply, +5 V 22 GND Ground 

5 GND Ground 23 LO_SEL Local oscillator select switch control 

6 VCC_LO DC supply, +5 V 24 GND Ground 

7 GND Ground 25 GND Ground 

8 NC No connect 26 GND Ground 

9 RFB Channel B RF input 27 LO2 Local oscillator 2 input 

10 VCC_RFB Channel B RF DC supply, +5 V 28 NC No connect 

11 NC No connect 29 RIFA Channel A IF bias adjust 

12 GND Ground 30 VCC_IFA Channel A IF DC supply, +5 V 

13 IFB+ Positive channel B IF output 31 NC No connect 

14 IFB– Negative channel B IF output 32 IFA+ Positive channel A IF output 

15 RIFB Channel B IF bias adjust 33 IFA– Negative channel A IF output 

16 VCC_IFB Channel B IF DC supply, +5 V 34 GND Ground 

17 NC No connect 35 NC No connect 

18 NC No connect 36 VCC_RFA Channel A RF DC supply, +5 V 
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Functional Description 
The SKY73022-11 is a high gain diversity mixer, optimized for 
base station receiver applications. The device consists of two 
diversity channels (A and B), each consisting of a low loss RF 
balun, high linearity passive mixer, and a low noise IF amplifier. 

Two LO amplifiers (independent of channels A and B) are also 
included that allow the SKY73022-11 to connect directly to the 
output of a Voltage Controlled Oscillator (VCO). This eliminates the 
extra gain stages needed by most discrete passive mixers. A 
Single Pole, Double Throw (SPDT) switch has been included to 
select between two different LO inputs for frequency hopping 
applications (i.e., GSM). 

RF Baluns and Passive Mixer 

The RF baluns provide a single ended input, which can easily be 
matched to 50 Ω using a simple external matching circuit. The RF 
baluns offer very low loss, and excellent amplitude and phase 
balance. 

The high linearity SKY73022-11 is a passive, double balanced 
mixer that provides a very low conversion loss, and excellent 3rd 
Order Input Insertion Point (IIP3). 

Addtionally, the balanced nature of the mixer provides for high 
port-to-port isolation. 

LO Buffers and SPDT LO Switch 

The LO buffers allow the input power of the SKY73022-11 to be in 
the range of ±6 dBm. The LO section is optimized for high-side 
LO injection. However, each of the two LOs can be driven over a 
wide frequency range with only slight degradation in 
performance. 

A high isolation SPDT switch allows the SKY73022-11 to be used 
for frequency hopping applications. This switch provides greater 
than 53 dB of LO1 to LO2 isolation: 

 

LO_SEL Input LO Path Selected 

High LO1 (pin 19) enabled 

Low LO2 (pin 27) enabled 

 

For applications that do not require frequency hopping, LO_SEL is 
fixed to one state and the appropriate LO input is used. An internal 
pull-down resistor enables the LO2 input. 

IF Amplifier 

The SKY73022-11 includes high dynamic range IF amplifiers that 
follow the passive mixers in the signal path. The outputs require a 
supply voltage connection using inductive chokes. These choke 
inductors should be high-Q and have the ability to handle 200 mA 
or greater. 

A simple matching network allows the output ports to be matched 
to a balanced 200 Ω impedance. The IF amplifiers are optimized 
for IF frequencies between 40 and 300 MHz. The IF amplifiers can 
be operated outside of this range, but with a slight degradation in 
performance. 

Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73022-11 are provided 
in Table 2 and the recommended operating conditions in Table 3. 
Electrical characteristics for the SKY73022-11 are provided in 
Table 4. 

Typical performance characteristics of the SKY73022-11 are 
illustrated in Figures 3 through 33. 

 

 

Table 2. SKY73022-11 Absolute Maximum Ratings 

Parameter Symbol Minimum Maximum Units 

Supply voltage, +5 V (VCC_LO, VCC_RFA, 
VCC_RFB, VCC_IFA, and VCC_IFB) 

VCC 4.5 5.5 V 

Supply current ICC  420 mA 

RF input power PRF  20 dBm 

LO input power PLO  20 dBm 

Operating case temperature TC –40 +85 C 

Junction temperature TJ  150 C 

Storage case temperature TSTG –40 +125 C 

Notes: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal value. 

 Nominal thermal resistance (junction to center ground pad) is 5.1 C/W. 
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Table 3. SKY73022-11 Recommended Operating Conditions 

Parameter Symbol Minimum Typical Maximum Units 

Supply voltage, +5 V (VCC_LO, VCC_RFA, 
VCC_RFB, VCC_IFA, and VCC_IFB) 

VCC 4.75 5.00 5.25 V 

Supply current ICC  380  mA 

LO input power PLO –6 0 +6 dBm 

LO select input: 
 high 
 low 

 
LO_SELH 
LO_SELL 

 
2.2 

  
 

0.8 

 
V 
V 

Operating case temperature TC –40  +85 C 

RF frequency range FRF 700  1000 MHz 

LO frequency range (Note 1) FLO 900  1250 MHz 

IF frequency range FIF 40  300 MHz 

Note 1: The SKY73022-11 has been optimized for high-side LO injection. However, the LO can be used outside of the specified frequency range with degraded performance. 

 

Table 4. SKY73022-11 Electrical Specifications (1 of 2) 
(Voltage Supply = +5 V, TC = +25 °C, LO = 0 dBm, RF Frequency = 900 MHz, IF Frequency = 201 MHz, LO Frequency = 1101 MHz, Unless 
Otherwise Noted) 

Parameter Symbol Test Condition Min Typical Max Units 

Conversion gain G FRF = 824 to 915 MHz, 
VCC = 4.75 to 5.25 V, 
PLO = –3 to +3 dBm 

7.7 9.4  dB 

Gain variation over temperature  FRF = 900 MHz, 
TC = –40 to +85 C 

 ±1.0  dB 

Noise Figure NF FRF = 900 MHz  9.0  dB 

Noise Figure variation over temperature  FRF = 900 MHz, 
TC = –40 to +85 C 

 ±0.9  dB 

Noise Figure with a blocker signal NFBLK Blocking signal input 
power = +8 dBm 

 20.5  dB 

Third order input intercept point IIP3 FRF = 900 and 900.8 MHz, 
PRF = –10 dBm/each tone,
VCC = 4.75 to 5.25 V, 
PLO = –3 to +3 dBm 

22.6 25.3  dBm 

Input IP3 variation over temperature  FRF = 900 and 900.8 MHz,
TC = –40 to +85 C 

 ±0.1  dB 

Third order output intercept point OIP3 FRF = 900 and 900.8 MHz, 
PRF = –10 dBm/each tone,
VCC = 4.75 to 5.25 V, 
PLO = –3 to +3 dBm 

 34.7  dBm 

2RF – 2LO 2x2 PRF = –10 dBm  –75 –63 dBc 

3RF – 3LO 3x3 PRF = –10 dBm  –80 –70 dBc 

Input 1 dB compression point IP1dB FRF = 824 to 915 MHz, 
VCC = 4.75 to 5.25 V, 
PLO = –3 to +3 dBm 

12.6 13.3  dBm 

Output 1 dB compression point OP1dB   21.7  dBm 

LO1-to-LO2 isolation  FRF = 900 MHz, 
FLO = 1101 MHz 

 53  dB 
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Table 4. SKY73022-11 Electrical Specifications (2 of 2) 
(Voltage Supply = +5 V, TC = +25 °C, LO = 0 dBm, RF Frequency = 900 MHz, IF Frequency = 201 MHz, LO Frequency = 1101 MHz, Unless 
Otherwise Noted) 

Parameter Symbol Test Condition Min Typical Max Units 

Channel-to-channel isolation  FRF = 900 MHz, 
FLO = 1101 MHz 

 56  dB 

RF to IF isolation  FRF = 900 MHz 30 52  dB 

LO leakage: 
 @ RF port 
 @ IF port 

 FRF = 900 MHz, 
FLO = 1101 MHz 

  
–46 
–44 

 
–20 
–23 

 
dBm 
dBm 

LO_SEL input   –20 +150 +250 µA 

LO switching time     0.5 µs 

RF port input return loss ZIN_RF With external matching 
components 

14   dB 

LO port input return loss ZIN_LO With external matching 
components 

14   dB 

IF port input return loss ZOUT_IF With external matching 
components 

14   dB 

 

10.0

10.5

11.0

11.5

8.0

8.5

7.0

7.5

9.0

9.5

12.0

824 834 844 854 864 874 884 894 904 914

RF Frequency (MHz)

M
ix

er
 A

 G
ai

n 
(d

B)

4.75 V
5.00 V
5.25 V

 

Figure 3. Mixer A Gain vs Frequency and Supply Voltage 
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Figure 5. Mixer A Gain vs Frequency and LO Power 
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Figure 4. Mixer A Gain vs Frequency and Temperature 
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Figure 6. Mixer B Gain vs Frequency and Supply Voltage 
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Figure 7. Mixer B Gain vs Frequency and Temperature 
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Figure 9. Mixer A Noise Figure vs Frequency and Supply Voltage 
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Figure 11. Mixer B Noise Figure vs Frequency and Supply Voltage 
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Figure 13. Mixer A IIP3 vs Frequency and Supply Voltage 
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Figure 8. Mixer B Gain vs Frequency and LO Power 
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Figure 10. Mixer A Noise Figure vs Frequency and Temperature 
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Figure 12. Mixer B Noise Figure vs Frequency and Temperature 
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Figure 14. Mixer A IIP3 vs Frequency and Temperature 
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Figure 15. Mixer A IIP3 vs Frequency and LO Power 
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Figure 17. Mixer B IIP3 vs Frequency and Temperature 
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Figure 19. Mixer A Input P1dB vs Frequency and Supply Voltage 
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Figure 21. Mixer A Input P1dB vs Frequency and LO Power 
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Figure 16. Mixer B IIP3 vs Frequency and Supply Voltage 
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Figure 18. Mixer B IIP3 vs Frequency and LO Power 

13.0

13.5

14.5

14.5

11.0

11.5

10.0

10.5

12.0

12.5

15.0

824 834 844 854 864 874 884 894 904 914

RF Frequency (MHz)

M
ix

er
 A

 IP
1d

B 
(d

Bm
)

–40 ˚C
+25 ˚C
+85 ˚C

 

Figure 20. Mixer A Input P1dB vs Frequency and Temperature 
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Figure 22. Mixer B Input P1dB vs Frequency and Supply Voltage 
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Figure 23. Mixer B Input P1dB vs Frequency and Temperature 
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Figure 25. Mixer A 2RF-2LO vs Frequency and Temperature 
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Figure 27. Mixer A RF to IF Isolation vs Frequency and 
Temperature 
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Figure 29. Mixer A LO to IF Leakage vs Frequency and 
Temperature 
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Figure 24. Mixer B Input P1dB vs Frequency and LO Power 
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Figure 26. Mixer B 2RF-2LO vs Frequency and Temperature 
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Figure 28. Mixer B RF to IF Isolation vs Frequency and 
Temperature 
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Figure 30. Mixer A LO to RF Leakage vs Frequency and 
Temperature 
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Figure 31. Mixer B LO to RF Leakage vs Frequency and 
Temperature 
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Figure 33. Channel A to Channel B IF Isolation vs Frequency and 
Supply Voltage 
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Figure 32. LO1 to LO2 Isolation vs Frequency and Supply Voltage 
 

  

Evaluation Board Description 
The SKY73022-11 Evaluation Board is used to test the 
performance of the SKY73022-11 downconversion mixer. An 
assembly drawing for the Evaluation Board is shown in Figure 34 
and the layer detail is provided in Figure 35. 

Circuit Design Configurations 

The following design considerations are general in nature and 
must be followed regardless of final use or configuration: 

1. Paths to ground should be made as short and as low 
impedance as possible. 

2. The ground pad of the SKY73022-11 provides critical 
electrical and thermal functionality. This pad is the main 
thermal conduit for heat dissipation. Since the circuit board 
acts as the heat sink, it must shunt as much heat as possible 
from the device. Therefore, design the connection to the 

ground pad to dissipate the maximum heat produced by the 
circuit board. For more information on soldering the 
SKY73022-11, refer to the Package and Handling Information 
section of this Data Sheet. 

3. Skyworks recommends including external bypass capacitors 
on the VCC voltage inputs of the device. 

4. Components L5, L6, L14, and L15 (see Figure 36) are high-Q, 
low loss inductors. These inductors must be able to pass 
currents in excess of 200 mA DC. 

5. Components R1 and R2 (see Figure 36) allow for external 
adjustment of the IF amplifier bias points. For operation as 
specified in Tables 3 and 4, these resistors are not required. 

A schematic diagram for the SKY73022-11 Evaluation Board is 
shown in Figure 36. 
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Figure 34. SKY73022-11 Evaluation Board Assembly Diagram 
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S904

Layer 1: Top -- Metal

Layer 2: Ground

Layer 3: Power Plane

Layer 4: Solid Ground Plane

 

Figure 35. SKY73022-11 Evaluation Board Layer Detail 
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Note: The Evaluation Board can be converted to
 provide a differential output by removing components
 T1, T2, R3, and R4.

 Some component labels may be different than the
 corresponding component symbol shown here.
 Component values, however, are accurate as of the
 date of this Data Sheet.
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Figure 36. SKY73022-11 Evaluation Board Schematic 
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Package Dimensions 
The PCB layout footprint for the SKY73022-11 is provided in 
Figure 37. Figure 38 shows the package dimensions for the 36-
pin MCM, and Figure 39 provides the tape and reel dimensions. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

THE SKY73022-11 is rated to Moisture Sensitivity Level 3 (MSL3) 
at 260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to the Skyworks Application Note, 

PCB Design & SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73022-11 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 
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Figure 37. PCB Layout Footprint for the SKY73022-11 6 x 6 mm MCM 
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All measurements are in millimeters

Pads are solder mask defined on one edge and metal
defined on three edges.

Dimensioning and tolerancing according to ASME Y14.5M-1994
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Figure 38. SKY73022-11 36-Pin MCM Package Dimensions 
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S1183

Notes:
1. Carrier tape: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.3 mm width
4. All dimensions are in millimeters
5. Pin 1 orientation is in top left corner for the following Skyworks products:

 SKY73022-21
 SKY73023-21
 SKY65205-11
 SKY65208-11
 SKY65215-11

 For all other 6 x 6 mm MCM/RFLGA products, pin 1 orientation is
 in top right corner. 
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Figure 39. SKY73022-11 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73022-11 700-1000 MHz Downconversion Mixer SKY73022-11 (Pb-free package) TW16-D720 
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SKY73013-306: Direct Quadrature Demodulator
4.9–5.925 GHz Featuring “No-Pull” LO Architecture

PRELIMINARY DATA SHEET

Applications
� WiMAX, WLAN receivers
� UNII Band OFDM receivers
� RFID, DSRC applications
� Proprietary radio links

Features
� RF is non-integer multiple of LO frequency
� Broadband RF: 4.9–5.925 GHz, LO: 3.268–3.952 GHz,

IF: DC–100 MHz
� Single 3.3 V supply
� Very low LO drive level (-15 dBm)
� High dynamic range, low noise figure
� Excellent linearity and quadrature accuracy—suitable for

64-QAM OFDM
� Low current consumption
� Small 4 x 4 mm 16-lead QFN package
� Available lead (Pb)-free and RoHS-compliant

Functional Block Diagram

LNA
x 3/2

Frequency
Multiplier

2/3 FRF

Local
Oscillator

I+ I-

Q+ Q-

RF
Input

Gain Control
(on/off)

Baseband Output

Baseband Output

Description
The Skyworks SKY73013-306 is an integrated receiver down-
converter subsystem for the 4.9–5.925 GHz band. Its exceptional
dynamic range and quadrature accuracy make this device an
ideal solution for direct conversion and low-IF OFDM and single-
carrier communications systems (including 64-QAM WiMax
and WLAN).

The SKY73013-306 employs an innovative “no-pull” local
oscillator (LO) architecture which offsets the required synthesizer
frequency from that of the receiver center frequency by the
non-integer factor of 3/2. This greatly improves the performance
of direct conversion receiver architecture by eliminating dynamic
DC offsets (caused by LO-RF leakage) and VCO pulling. This
receiver frequency plan is compatible with the 3/2 “no-pull”
modulator frequency plan.

The SKY73013-306 contains a low noise amplifier at the RF
input, the gain of which can be set to a high or low value via the
gain control input. This LNA drives a highly linear quadrature
mixer pair. The quadrature local oscillator signals to these mixer
stages are provided by the 3/2 frequency conversion stage.

The nominal supply voltage for SKY73013-306 is 3.3 V. This part
can operate over the temperature range of -40 °C to 85 °C.

An evaluation board is available upon request.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW



Electrical Specifications

VCC = 3.3 V, T = 25 °C, LO Input Power = -15 dBm, ZOUT = 1000 Ω Differential unless otherwise noted
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Parameter Condition Min. Typ. Max. Unit

DC Operating Conditions

Supply voltage 3 3.3 3.6 V

DC current 33 mA

RF Performance

RF input frequency 4.9 5.925 GHz

LO input frequency 3.268 3.952 GHz

LO drive level -20 -15 -10 dBm

RF input impedance Differential 100

LO input impedance Differential 100

IQ amplitude imbalance 0.15 0.25 dB

IQ phase error 2 3 Deg

Noise figure Direct conversion measurement (no image), 6.0 8.5 dB
LNA Gain control voltage = VCC
Direct conversion measurement (no image), 26 27 dB
LNA Gain control voltage = 0 V

Voltage conversion gain(1) LNA gain control voltage = VCC 22.5 24.5 26 dB
LNA gain control voltage = 0 V 0 2 4 dB

Input 1 dB compression point LNA gain control voltage = VCC -17 -15 dBm
LNA gain control voltage = 0 V -16 -14 dBm

Input IP2 LNA gain control voltage = VCC 28 dBm
LNA gain control voltage = 0 V 32 dBm

Input IP3 LNA gain control voltage = VCC 0 dBm
LNA gain control voltage = 0 V 3 dBm

BB load impedance Differential 500 || 15 Ω || pF

IF output common mode voltage 1.55 1.65 1.75 V

IF DC offset 10 20 mV

IF output linear signal swing Differential 2 Vpp

IF frequency range DC 100 MHz

LO-to-RF isolation 61 dB

1. Voltage conversion gain = 20 log10 (VOUTrms/VINrms), independent of impedance.
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Voltage Conversion Gain vs. Frequency
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Typical Performance Data

VCC = 3.3 V, T = 25 °C, LO Input Power = -15 dBm, ZOUT = 1000 Ω Differential unless otherwise noted
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Pin # Name Description

1 RBIAS Bias resistor. Nominal value = 1.2 k, 1%

2 LNA+ RF input +

3 LNA1 RF input -

4 GND Ground

5 VCC Supply voltage

6 Q+ BB/IF Q+ output

7 Q- BB/IF Q- output

8 CTR1 Debug pin; connect to ground

9 CTR2 Debug pin; connect to ground

10 LO+ Local oscillator input +

11 LO- Local oscillator input -

12 N/C No connection

13 I+ BB/IF I+ output

14 I- BB/IF I- output

15 GainC Gain control; LNA is ON with VCC applied to
this pin, off when grounded

16 EN Chip enable; chip is enabled with VCC applied
to this pin and disabled when this pin is
grounded

Paddle Must be connected via lowest possible
impedance to ground for proper electrical
and thermal performance

Pin Descriptions

1316 15 14

12

11

10

9

765

1

2

3

4

8

EN
Gain

C I- I+

RBIAS

LNA+

LNA-

GND

VCC Q+ Q- CTR

CTR2

LO+

LO-

N/C

Pin Out

RF+ 

RF- 

LO+ 

LO- 

VCC
VGC (LNA On/Off) 

IF Outputs: 
[I-, I+, Q+, Q-] 

Op-Amp
IF Outputs: 

[I-, I+, Q+, Q-] 

High Gain Op-Amps to
Observe very Small 

Signals on an Oscilloscope  

Op-Amp Power Header 
[+5 V, +1.5 V, GND, -5 V]

Evaluation Circuit PCB Characteristic Value

RF Input Power 0 dBm

Supply voltage 4.5 V

Supply current 60 mA

LO input power 0 dBm

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +85 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Evaluation Board
The SKY73013 Evaluation Board is used to test the performance
of the SKY73013 Direct Quadrature Demodulator. The evaluation
board BOM is as shown in the table below.

The evaluation board for SKY73013 allows the part to be fully
exercised. The board is populated with several components
which are not required for normal operation but facilitate special
testing of the SKY73013, such as two high gain, differential
baseband amplifiers which are well-suited for differential-to-
single-ended conversion, and are included for noise figure
measurements.

The evaluation board requires a power supply voltage of 3.3 V
nominal, that is capable of sourcing 50 mA.
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1316 15 14

12
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765

1

2

3

4

8

RBIAS

LNA+

LNA-

GND

Q+ Q- CTR1

CTR2

LO+

LO-

N/C

I-EN GainC I+

C2

C4

C1

C3

R1

C23C22

H2

Enable

L5

C20C6C7

VCC

L6

L8

C10

C8

H3

RF Input +

RF Input -

LO
Input +

LO
Input -

U1

U3

U2

AD8138ARM

AD8138ARM

SKY73013

R8

R9

R7

R5

R4

R6

R2

R3

VCC

VCC

VCC

VGAIN CONTROL

Ground

Ground

Ground

} “I” 

BB Out

} “Q” 

BB Out

VP

VP

VOCM

VOCMVP

VP

VOCM

VOCM

C30

VN VN

VN

VN

H4

H1

} “I” 

BB Out

} “Q” 

BB Out

C26

C25

C27
C19

C1, C3, C8, C10 not installed. Zero Ω resistors installed in positions L5, L6, and L8.
U2, U3, and associated components are installed to facilitate noise figure measurements.

Evaluation Circuit Schematic

Evaluation Board Test Procedure for Gain,
Quadrature Accuracy, and Input Compression
Use the following testing procedure to set up the SKY73013
evaluation board for testing.

1. Connect a 3.3 V DC power supply to VCC and either 3.3 V or 0 V
to VGAIN CONTROL (for high or low gain).

2. Connect a 100 Ω balun (recommended: Krytar 4020080 180°
Hybrid, with the Summing port terminated with 50 Ω) to the
RF input input. Connect a vector signal generator to the input
of the balun. Alternatively, at the expense of 3 dB signal loss, it
is possible to drive the RF input single-ended with a 50 Ω
source, as long as the opposite input is terminated with 50 Ω.
Set this source to -20 dBm.

3. Connect a CW sine wave source, at 2/3 the RF frequency, to
the LO. It is less critical to use a balun on this port, although it
is still recommended. Set this source to -15 dBm .

4. Connect oscilloscope probes on the I+, I-, Q+ and Q- pins of
header 1

5. Enable power supply.

6. Enable RF (set to CW) and LO power sources.

7. Observe quadrature amplitude balance and phase accuracy.

8. Adjust RF drive level to observe signal compression.
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Evaluation Board Test Procedure for Evaluating
Noise Floor
This is procedure assumes that circuit is set up according to the
procedure described above.

1. Reduce the input RF level to -60 dBm

2. Connect 5 V to the 5 V pin on header 4 to power the
differential amplifiers U2 and U3.

3. Move the Oscilloscope probes to the I+, I-, Q+ and Q- pins of
header 3. The differential amplifiers are included in the signal
path because the IF output signals directly from the I and Q
baseband outputs of the SKY73013 are smaller than the
minimum required by most oscilloscopes to make a reasonable
measurement, although these signal levels are well within the
dynamic range of almost any op amp or variable gain amplifier.

4. Adjust RF signal generator level until demodulated noise is
approximately equal to that of the downconverted sinusoid
output level. This input signal level corresponds to the input-
referred noise floor, the input level at which the output SNR
is 0 dB.

Circuit Design Considerations
The following design considerations are general in nature and
must be followed regardless of final use or configuration.

1. Paths to ground should be made as short as possible, with
lowest possible impedance.

2. The ground pad of the SKY73013 direct quadrature
demodulator has special electrical and thermal grounding
requirements. This pad is the main thermal conduit for heat
flow from the die to the circuit board. As such, design the
printed circuit board ground pad to dissipate the maximum
heat produced by the SKY73013 and ensure that the method
used to electrically and mechanically connect the SKY73010
package to this ground pad is adequate to allow for this
heat flow.

3. Two external bypass capacitors on the Vcc pin are recom-
mended. One larger-value capacitor should be used for low
frequency bypassing and the other, smaller value capacitor
for high frequency bypassing. The smaller capacitor should
be physically located as near as possible to the SKY73013
VCC pin. Special attention should be given to ensure that the
selected smaller capacitor does not go into parallel self
resonance at the RF frequency.

4. The RF and LO inputs must be driven differentially for optimal
performance. A 1:1 impedance balun is recommended for each
with a center tap on the secondary side that is DC grounded.
Special attention should be paid to ensure that the center tap
has access to as “clean” a ground as possible.

Component Description Default

C1, C3, C8, C10, C12, C17 Do not place

C2, C4 0.5 pF 0201

C6 10 pF 0805

C7 100 pF 0603

C13, C14 2.7 pF 0402

C15, C18, C22, C24 1000 pF 0402

C19 5.1 pF 0402

C20 1 pF 0402

C21 0 Ω 0402

C23 100 pF 0402

C25, C26, C27 5.1 pF 0201

C28, C29, C30 0.1 µF 0402

H1, H3 8-pin SMT header

H2, H4 4-pin header

L5, L6, L8 0 Ω 0402

R1 1.2 k Ω 1% 0402

R2 510 Ω 0402

R3, R5, R6, R9 39k Ω 0402

R4, R7, R8 510 Ω 0402

RFC1, RFC2, RFC3, RFC4 SMA connector

U1 SKY73013

U2, U3 AD83138ARM

Evaluation Board Components

Exposed Pad

0.008 (0.20 mm)
Seating Plane

0.0008
(0.02 mm)

+0.001
(0.03 mm)
-0.0008

(0.02 mm)

0.035 (0.90 mm)
± 0.004 (0.10 mm)

0.157
(4.00 mm)

0.157
(4.00 mm)

Pin 1
Indicator

0.077
(1.950 mm)

0.077 (1.950 mm)

0.042
(1.075 mm)

0.085 (2.15 mm)
+ 0.004 (0.10 mm)
- 0.006 (0.15 mm)

0.085 (2.15 mm)
+ 0.004 (0.10 mm)
- 0.006 (0.15 mm)

QFN-16 (4 X 4mm)
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SKY73012: 400 – 3900 MHz Direct Quadrature Demodulator 
Applications 
• WiMAX (802.16) receivers 

• CDMA macro and pico base stations 

• PCS, DCS, GSM/GPRS, and EDGE receivers 

• Third Generation (3G) wireless communications 

• Power amplifier feedback/linearization 

• Wireless Local Loops (WLLs) 

• Wireless Local Area Networks (WLANs) 

• RFID readers 

Features 
• High IIP2 and IIP3 

• Wideband RF input frequency range (400 to 3900 MHz) 

• Wideband LO input frequency range (400 to 3900 MHz) 

• Integrated LO balun 

• Integrated LO amplifier 

• On-chip I/Q phase splitter 

• Differential IF output supports direct interface to A/D circuitry 

• AM demodulation immunity 

• Single +3.0 V supply 

• RFLGA™ (32 pin, 5 x 5 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 

C1469

RF+ 0

180

90

I+ I–

RF–

Q+ Q–

LO

 

Figure 1. SKY73012 Functional Block Diagram 

Description 
Skyworks SKY73012 is an integrated, broadband, high-dynamic 
range quadrature demodulator for use in various wireless 
communication system applications. The SKY73012 can perform 
quadrature demodulation of RF input signals from 400 to 
3900 MHz directly to baseband frequencies. The quadrature 
outputs are differential and can be directly connected to most 
commonly available A/D converters. 

The high dynamic range and second order Input Intercept Point 
(IIP2) value of the SKY73012 make it ideal for use in direct 
conversion and low Intermediate Frequency (IF) receivers. 

Figure 1 shows a functional block diagram for the SKY73012. The 
device package and pinout for the 32-pin RF Land Grid Array 
(RFLGA) are shown in Figure 2. 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 
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Figure 2. SKY73012 Pinout– 32-Pin RFLGA Package 
(Top View) 
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Table 1. SKY73012 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 GND Ground 17 GND Ground 

2 GND Ground 18 IFQN Negative quadrature IF output 

3 GND Ground 19 GND Ground 

4 VCC +3 VDC supply 20 IFQP Positive quadrature IF output 

5 VCC +3 VDC supply 21 GND Ground 

6 VCC +3 VDC supply 22 IFIN Negative in-phase IF output 

7 GND Ground 23 GND Ground 

8 GND Ground 24 IFIP Positive in-phase IF output 

9 GND Ground 25 GND Ground 

10 GND Ground 26 GND Ground 

11 GND Ground 27 GND Ground 

12 GND Ground 28 RF– Negative RF input 

13 GND Ground 29 GND Ground 

14 LO LO input 30 RF+ Positive RF input 

15 GND Ground 31 GND Ground 

16 GND Ground 32 GND Ground 

 

 

Electrical and Mechanical Specifications 
Signal pin assignments and functional pin descriptions are 
provided in Table 1. The absolute maximum ratings of the 
SKY73012 are provided in Table 2 and the recommended 
operating conditions provided in Table 3. Electrical characteristics 
of the SKY73012 are provided in Table 4. 

Typical performance characteristics of the SKY73012 are 
illustrated in Figures 3 through 59. 

Figure 67 provides the package dimensions for the 32-pin RFLGA, 
and Figure 68 provides the tape and reel dimensions. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

The SKY73012 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to the Skyworks Application Note, 
PCB Design & SMT Assembly/Rework Guidelines for RFLGA 
Packages, document number 103147. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note Tape and Reel, document number 101568. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73012 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 
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Table 2. SKY73012 Absolute Maximum Ratings 
(TA = +25 °C, unless otherwise noted) 

Parameter Symbol Min Typical Max Units 

+3 V supply voltage VCC 2.7  3.6 V 

Power dissipation PD  210 320 mW 

RF input power PRFIN   18 dBm 

LO input power PLOIN  0 6 dBm 

Operating case temperature TOPR –40  +85 °C 

Storage case temperature TSTG –40 0 +125 °C 

Note: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal values. 

 

Table 3. SKY73012 Recommended Operating Conditions 

Parameter Symbol Min Typical Max Units 

+3 V supply voltage VCC 2.7 3.0 3.3 V 

Current consumption ICC  75  mA 

Operating case temperature TOPR –40  +85 °C 

 

Table 4. SKY73012 Electrical Characteristics (1 of 3) 
(VCC = 3 V, IF = 10 MHz, LO Input Power = 0 dBm, TC = 25 °C, unless otherwise noted) 

Parameter Symbol Test Conditions Min Typical Max Units 

RF input frequency range   400  3900 MHz 

LO input frequency range   400  3900 MHz 

IF frequency range   DC  250 MHz 

I/Q amplitude imbalance   –0.3  +0.3 dB 

I/Q phase error   –3 +1 +3 deg 

IF output impedance (Note 1)    500  Ω 

IF output DC level  Over process and 
operating temperature 

0.95 1.20 1.55 V 

900 MHz RF Input (Note 2) 

Voltage conversion gain    1  dB 

Power conversion gain   –10.5 –9.0  dB 

SSB Noise Figure NF   15.5 17.5 dB 

2nd Order Input Intercept Point IIP2  55 60  dBm 

3rd Order Input Intercept Point IIP3  26 29  dBm 

Input 1 dB compression   10.5 12  dBm 

RF input VSWR  With external matching 
components, ZO = 50 Ω 

 1.5:1   

LO input VSWR  With external matching 
components, ZO = 50 Ω 

 1.5:1   

IF output noise floor    –167  dBm/Hz 

RF to LO isolation    68  dB 

LO to IF isolation    44  dB 
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Table 4. SKY73012 Electrical Characteristics (2 of 3) 
(VCC = 3 V, IF = 10 MHz, LO Input Power = 0 dBm, TC = 25 °C, unless otherwise noted) 

Parameter Symbol Test Conditions Min Typical Max Units 

1900 MHz RF Input (Note 2) 

Voltage conversion gain    1.1  dB 

Power conversion gain   –10.5 –8.9  dB 

SSB Noise Figure NF   16.0 17.5 dB 

2nd Order Input Intercept Point IIP2  49 54  dBm 

3rd Order Input Intercept Point IIP3  23 25  dBm 

Input 1 dB compression   10.0 11.2  dBm 

RF input VSWR  With external matching 
components, ZO = 50 Ω 

 1.5:1   

LO input VSWR  With external matching 
components, ZO = 50 Ω 

 1.5:1   

IF output noise floor    –166  dBm/Hz 

RF to LO isolation    61  dB 

LO to IF isolation    31  dB 

2600 MHz RF Input (Note 2) 

Voltage conversion gain    –0.5  dB 

Power conversion gain   –11.5 –10.5  dB 

SSB Noise Figure NF   18.5 20.0 dB 

2nd Order Input Intercept Point IIP2  43 48  dBm 

3rd Order Input Intercept Point IIP3  23.0 25.5  dBm 

Input 1 dB compression   12.0 13.5  dBm 

RF input VSWR  With external matching 
components, ZO = 50 Ω 

 1.5:1   

LO input VSWR  With external matching 
components, ZO = 50 Ω 

 2.5:1   

IF output noise floor    –166  dBm/Hz 

RF to LO isolation    55  dB 

LO to IF isolation    30  dB 
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Table 4. SKY73012 Electrical Characteristics (2 of 3) 
(VCC = 3 V, IF = 10 MHz, LO Input Power = 0 dBm, TC = 25 °C, unless otherwise noted) 

Parameter Symbol Test Conditions Min Typical Max Units 

3600 MHz RF Input (Note 2) 

Voltage conversion gain    –0.5  dB 

Power conversion gain   –11.5 –10.5  dB 

SSB Noise Figure NF   19.0 20.5 dB 

2nd Order Input Intercept Point (Note 3) IIP2  44 50  dBm 

3rd Order Input Intercept Point (Note 3) IIP3  19.0 21.5  dBm 

Input 1 dB compression   11.5 12.5  dBm 

RF input VSWR  With external matching 
components, ZO = 50 Ω 

 1.5:1   

LO input VSWR  With external matching 
components, ZO = 50 Ω 

 3.0:1   

IF output noise floor    –165  dBm/Hz 

RF to LO isolation    58  dB 

LO to IF isolation    24  dB 

Note 1: Differential IFI and IFQ output impedance without the use of a 9:1 impedance ratio balun. 

Note 2: The recommended LO input power level can vary from –3 dBm to +3 dBm for the 900, 1900, and 2600 MHz RF input frequencies. Above 3300 MHz, better performance is achieved by 
using a higher LO input power level such as +5 dBm. 

Note 3: When a +5 dBm LO input power level is applied at 3600 MHz, the typical IIP2 value is 51 dBm and the typical IIP3 value is 22.5 dBm. 
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Figure 3. Power Conversion Gain vs Frequency and LO Power 
@ 900 MHz 
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Figure 5. Power Conversion Gain vs Frequency and 
Supply Voltage @ 900 MHz 
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Figure 7. Noise Figure vs Frequency and Temperature @ 900 MHz 
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Figure 4 Power Conversion Gain vs Frequency and Temperature 
@ 900 MHz 
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Figure 6. Noise Figure vs Frequency and LO Power @ 900 MHz 
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Figure 8. Noise Figure vs Frequency and Supply Voltage 
@ 900 MHz 
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Figure 9. IIP2 vs Frequency and LO Power @ 900 MHz 
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Figure 11. IIP2 vs Frequency and Supply Voltage @ 900 MHz 
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Figure 13. IIP3 vs Frequency and Temperature @ 900 MHz 
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Figure 10. IIP2 vs Frequency and Temperature @ 900 MHz 
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Figure 12. IIP3 vs Frequency and LO Power @ 900 MHz 
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Figure 14. IIP3 vs Frequency and Supply Voltage @ 900 MHz 
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Figure 15. Input 1 dB Compression Point vs Frequency and LO 
Power @ 900 MHz 
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Figure 17. Input 1 dB Compression Point vs Frequency and 
Supply Voltage @ 900 MHz 
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Figure 19. LO to IF Isolation vs Frequency and Temperature 
@ 900 MHz 
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Figure 16 Input 1 dB Compression Point vs Frequency and 
Temperature @ 900 MHz 
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Figure 18. RF to LO Isolation vs Frequency and Temperature 
@ 900 MHz 
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Figure 20. IQ Amplitude Imbalance vs Frequency and 
Temperature @ 900 MHz 
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Figure 21. I/Q Phase Error vs Frequency and Temperature 
@ 900 MHz 
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Figure 23. Power Conversion Gain vs Frequency and Temperature 
@ 1900 MHz 
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Figure 25. Noise Figure vs Frequency and LO Power @ 1900 MHz 
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Figure 22. Power Conversion Gain vs Frequency and LO Power 
@ 1900 MHz 
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Figure 24. Power Conversion Gain vs Frequency and 
Supply Voltage @ 1900 MHz 
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Figure 26. Noise Figure vs Frequency and Temperature 
@ 1900 MHz 
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Figure 27. Noise Figure vs Frequency and Supply Voltage 
@ 1900 MHz 
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Figure 29. IIP2 vs Frequency and Temperature @ 1900 MHz 
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Figure 31. IIP3 vs Frequency and LO Power @ 1900 MHz 
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Figure 28. IIP2 vs Frequency and LO Power @ 1900 MHz 
 

1800

70

68

66

64

62

60

58

54

56

52

50
1850

Frequency (MHz)

IIP
2 

(d
Bm

)

1900 1950 2000

2.7 V
3.0 V
3.3 V

 

Figure 30. IIP2 vs Frequency and Supply Voltage @ 1900 MHz 
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Figure 32. IIP3 vs Frequency and Temperature @ 1900 MHz 
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Figure 33. IIP3 vs Frequency and Supply Voltage @ 1900 MHz 
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Figure 35. Input 1 dB Compression Point vs Frequency and 
Temperature @ 1900 MHz 
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Figure 37. RF to LO Isolation vs Frequency and Temperature 
@ 1900 MHz 
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Figure 34. Input 1 dB Compression Point vs Frequency and LO 
Power @ 1900 MHz 
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Figure 36. Input 1 dB Compression Point vs Frequency and 
Supply Voltage @ 1900 MHz 
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Figure 38. LO to IF Isolation vs Frequency and Temperature 
@ 1900 MHz 
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Figure 39. I/Q Amplitude Imbalance vs Frequency and 
Temperature @ 1900 MHz 
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Figure 41. Power Conversion Gain vs Frequency and LO Power 
@ 2600 MHz 
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Figure 43. Power Conversion Gain vs Frequency and 
Supply Voltage @ 2600 MHz 
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Figure 40. I/Q Phase Error vs Frequency and Temperature 
@ 1900 MHz 
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Figure 42. Power Conversion Gain vs Frequency and Temperature 
@ 2600 MHz 
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Figure 44. Noise Figure vs Frequency and LO Power @ 2600 MHz 
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Figure 45. Noise Figure vs Frequency and Temperature 
@ 2600 MHz 
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Figure 47. IIP2 vs Frequency and LO Power @ 2600 MHz 
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Figure 49. IIP2 vs Frequency and Supply Voltage @ 2600 MHz 
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Figure 46. Noise Figure vs Frequency and Supply Voltage 
@ 2600 MHz 
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Figure 48. IIP2 vs Frequency and Temperature @ 2600 MHz 
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Figure 50. IIP3 vs Frequency and LO Power @ 2600 MHz 
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Figure 51. IIP3 vs Frequency and Temperature @ 2600 MHz 
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Figure 53. Input 1 dB Compression Point vs Frequency and LO 
Power @ 2600 MHz 
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Figure 55. Input 1 dB Compression Point vs Frequency and 
Supply Voltage @ 2600 MHz 
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Figure 52. IIP3 vs Frequency and Supply Voltage @ 2600 MHz 
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Figure 54. Input 1 dB Compression Point vs Frequency and 
Temperature @ 2600 MHz 
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Figure 56. RF to LO Isolation vs Frequency and Temperature 
@ 2600 MHz 
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Figure 57. LO to IF Isolation vs Frequency and Temperature 
@ 2600 MHz 

2500

3.0

2.5

2.0

1.5

1.0

0.5

0

–1.0

–0.5

–1.5

–2.0

–2.5

–3.0
2550

Frequency (MHz)

Ph
as

e 
Er

ro
r (

de
gr

ee
s)

2600 2650 2700

–40 oC
+25 oC
+85 oC

 

Figure 59. I/Q Phase Error vs Frequency and Temperature 
@ 2600 MHz 
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Figure 58. I/Q Amplitude Imbalance vs Frequency and 
Temperature @ 2600 MHz 
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Evaluation Board Description 
The SKY73012 Evaluation Board is used to test the performance 
of the SKY73012 direct quadrature demodulator. There are three 
Evaluation Boards for this device, each configured for a specific 
frequency range. Each of these boards is described by the 
following Figures and Tables: 

• 800 to 1000 MHz: Figure 60 (schematic), Table 5 (component 
values), and Figure 61 (assembly diagram) 

• 1800 to 3900 MHz: Figure 62 (schematic), Table 6 (component 
values), and Figure 63 (assembly diagram) 

• Custom Frequency: Figure 64 (schematic), Table 7 (component 
values), and Figure 65 (assembly diagram) 

Circuit Design Considerations 

The following design considerations are general in nature and 
must be followed regardless of final use or configuration. 

1. Paths to ground should be made as short as possible. 

2. The ground pad of the SKY73012 direct quadrature 
demodulator has special electrical and thermal grounding 
requirements. This pad is the main thermal conduit for heat 
dissipation. Since the circuit board acts as the heat sink, it 
must shunt as much heat as possible from the device. As 
such, design the connection to the ground pad to dissipate the 
maximum wattage produced to the circuit board. 

3. Two external output bypass capacitors are required on the 
VCC pin. The values of these capacitors will change with 
respect to the desired RF frequency. One capacitor should be 
used for low frequency bypassing and the other capacitor for 
high frequency bypassing. Special attention should be given 
so that the smaller value capacitor does not go into self-
resonance at the desired RF frequency. 

4. The RF input must be driven differentially. A 1:1 impedance 
ratio balun is recommended with a center tap on the 
secondary side that is DC grounded. 

Testing Procedure 

Use the following procedure to set up the SKY73012 Evaluation 
Board for testing. Refer to Figure 66 for guidance: 

1. Connect a +3.0 VDC power supply using an insulated supply 
cable. If available, enable the current limiting function of the 
power supply to 100 mA. 

2. Connect a signal generator to the RF signal input port. Set it to 
the desired RF frequency at a power level of 0 dBm to the 
Evaluation Board but do NOT enable the RF signal. 

3. Connect a signal generator to the LO signal input port. Set to 
the desired LO frequency at a power level of 0 dBm, but do 
not enable. 

4. Connect a spectrum analyzer to the IFI signal output port and 
terminate the IFQ signal input port in 50 Ω. 

5. Enable the power supply. 

6. Enable the LO input signal. 

7. Enable the RF signal. 

8. Take measurements and repeat these steps for channel Q. 

CAUTION: If any of the input signals exceed the rated maximum 
values, the SKY73012 Evaluation Board can be 
permanently damaged. 
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Figure 60. SKY73012 Evaluation Board Schematic (800 to 1000 MHz) 
 

Table 5. SKY73012 Evaluation Board Component Values (800 to 1000 MHz) 

Reference 
Designator 

Quantity Value Manufacturer Part Number 

C1 1 33 pF (0603)   

C2 1 1000 pF (0603)   

J1 1 Two-pin header connector   

J2 1 SMA connector   

J3 1 SMA connector   

J4 1 SMA connector   

J5 1 SMA connector   

R1 1 0 Ω (0603)   

T1 1 1:1 (800-1000 MHz) Murata LDB31900M05C-417 

T2 1 9:1 Mini-Circuits TCM-9-1 

T3 1 9:1 Mini-Circuits TCM-9-1 

U1 1 – Skyworks SKY73012-11 
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Figure 61. SKY73012 Evaluation Board Assembly Diagram (800 to 1000 MHz) 
(Top View) 
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Figure 62. SKY73012 Evaluation Board Schematic (1800 to 3900 MHz) 
 

Table 6. SKY73012 Evaluation Board Component Values (1800 to 3900 MHz) 

Reference 
Designator 

Quantity Value Manufacturer Part Number 

C1 1 33 pF (0603)   

C2 1 1000 pF (0603)   

J1 1 Two-pin header connector   

J2 1 SMA connector   

J3 1 SMA connector   

J4 1 SMA connector   

J5 1 SMA connector   

R1 1 0 Ω (0603)   

T1 1 1:1 (1800-2000 MHz), or 
1:1 (2500-2700 MHz), or 
1:1 (3600-3800 MHz) 

Murata 
Murata 
Johanson 

LDB211G9005C-001 
LDB212G4005C-001 
3700BL15B050SX 

T2 1 9:1 Mini-Circuits TCM-9-1 

T3 1 9:1 Mini-Circuits TCM-9-1 

U1 1 – Skyworks SKY73012-11 
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Figure 63. SKY73012 Evaluation Board Assembly Diagram (1800 to 3900 MHz) 
(Top View) 
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Figure 64. SKY73012 Evaluation Board Schematic (Custom Frequency) 
 

Table 7. SKY73012 Evaluation Board Component Values (Custom Frequency) (1 of 2) 

Reference 
Designator 

Quantity Value Manufacturer Part Number 

C1 1 33 pF (0603)   

C2 1 1000 pF (0603)   

C3  Adjusted for best match at 
desired frequency 

  

J1 1 Two-pin header connector   

J2 1 SMA connector   

J3 1 SMA connector   

J4 1 SMA connector   

J5 1 SMA connector   

L1 1 Adjusted for best match at 
desired frequency 

  

L2 1 Adjusted for best match at 
desired frequency 

  

L3 1 Adjusted for best match at 
desired frequency 
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Table 7. SKY73012 Evaluation Board Component Values (Custom Frequency) (2 of 2) 

Reference 
Designator 

Quantity Value Manufacturer Part Number 

R1 1 0 Ω (0603)   

T1 1 1:1 (4.5-3000 MHz), M/A-COM ETC1-1-13 

T2 1 9:1 Mini-Circuits TCM-9-1 

T3 1 9:1 Mini-Circuits TCM-9-1 

U1 1 – Skyworks SKY73012-11 
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Figure 65. SKY73012 Evaluation Board Assembly Diagram (Custom Frequency) 
(Top View) 
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Figure 66. SKY73012 Evaluation Board Testing Configuration 
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Figure 67. SKY73012 32-Pin RFLGA Package Dimensions 
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S461

Notes:
1. Carrier tape: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.3 mm width
4. All dimensions are in millimeters A

B

2.00 ± 0.05

∅1.55 ± 0.05
0.30 ± 0.05

5o Max.

5o Max.

5.
35

1.75 ± 0.10

∅1.50 Min.

5.
50

 ±
 0

.0
5

8.00 4.00

A

B

B

A

1.70

12
.0

0 
±

 0
.3

0

5.35

Pin #1
Indicator

 

Figure 68. SKY73012 32-Pin RFLGA Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73012 400-3900 MHz Direct Quadrature Modulator SKY73012-11 (Pb-free package) TW16-D151-001 (800 to 1000 MHz) 

TW16-D166-001 (1800 to 2000 MHz) 

TW16-D167-001 (2400 to 2700 MHz) 

TW16-D168-001 (3200 to 3900 MHz) 

TW16-D171-001 (Custom Frequency) 
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DATA SHEET 

SKY73009: 400 – 3000 MHz Direct Quadrature Demodulator 
Applications 
• PCS, DCS, GSM/GPRS, and EDGE receivers 

• Third Generation (3G) wireless communications 

• Power amplifier feedback/linearization 

• Wireless Local Loops (WLLs) 

• Wireless Local Area Networks (WLANs) 

Features 
• High IIP2 and IIP3 

• Wideband RF input frequency range (400 to 3000 MHz) 

• Wideband LO input frequency range (400 to 3000 MHz) 

• Integrated LO balun 

• Integrated LO amplifier 

• On-chip I/Q phase splitter 

• Differential IF output supports direct interface to A/D circuitry 

• AM demodulation immunity 

• Single +3.0 V supply 

• RFLGA™ (32 pin, 5 x 5 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 

Description 
Skyworks SKY73009 is an integrated, broadband, high-dynamic 
range quadrature demodulator for use in various wireless 
communication system applications. The SKY73009 can perform 
quadrature demodulation of RF input signals from 400 to 
3000 MHz directly to baseband frequencies. The quadrature 
outputs are differential and can be directly connected to most 
commonly available A/D converters. 

The high dynamic range and second order Input Intercept Point 
(IIP2) value of the SKY73009 make it ideal for use in direct 
conversion and low Intermediate Frequency (IF) receivers. 

A functional block diagram for the SKY73009 is shown in 
Figure 1. Recommended operating conditions are provided in 
Table 1. Package dimensions for the 5 x 5 mm RF Land Grid Array 
(RFLGA) are shown in Figure 2. 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 
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Figure 1. SKY73009 Functional Block Diagram 
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Table 1. SKY73009 Recommended Operating Conditions 

Parameter Symbol Min Typical Max Units 

+3 V supply voltage VCC 2.7 3.0 3.3 V 

Current consumption ICC  75  mA 

Operating case temperature TOPR –40  +85 °C 
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Figure 2. SKY73009 32-Pin RFLGA Package Dimensions 

Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73009 400-3000 MHz Direct Quadrature Modulator SKY73009-11 (Pb-free package) TW11-D982 (tuned for 800 to 1000 MHz) 

TW11-D992 (tuned for 1800 to 2000 MHz) 

TW12-D275 (custom frequency board) 
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DATA SHEET 

SKY73001: 2 – 3500 MHz Direct Conversion Mixer 
Applications 
• PCS, DCS, and GSM/GPRS, and EDGE base station receivers 

• CDMA and W-CDMA receivers 

• Third Generation (3G) wireless communications 

• Mobile base stations 

• Wireless Local Loops 

• Wireless Local Area Networks 

• Direct conversion receivers 

Features 
• High IIP2 and IIP3 

• Wideband RF and LO input frequency range (2 to 3500 MHz) 

• Single +3.0 V supply 

• Operating temperature range –40 °C to +85 °C 

• Zero IF architecture eliminates need for image rejection filter 

• Differential IF output supports direct interface to A/D circuitry 

• AM demodulation immunity 

• Low power consumption 

• RFLGA™ (32 pin, 5 x 5 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 
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Figure 1. SKY73001 Functional Block Diagram 

Description 
Skyworks SKY73001 direct conversion mixer is an integrated, 
high-dynamic range, zero Intermediate Frequency (IF) 
architecture down-converter for use in wireless communication 
applications. High second and third order input intercept points 
(IIP2 and IIP3, respectively) allow seamless integration into high 
performance systems. The SKY73001 has a wide RF and Local 
Oscillator (LO) frequency range of 2 to 3500 MHz. 

Figure 1 shows a functional block diagram for the SKY73001. The 
device package and pinout for the 32-pin RF Land Grid Array 
(RFLGA) are shown in Figure 2. 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 
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Figure 2. SKY73001 Pinout– 32-Pin RFLGA Package 
(Top View) 
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Electrical and Mechanical Specifications 
Signal pin assignments and functional pin descriptions are 
provided in Table 1. The absolute maximum ratings of the 
SKY73001 are provided in Table 2 and the recommended 
operating conditions provided in Table 3. Electrical characteristics 
of the SKY73001 are provided in Table 4. 

The typical performance of the SKY73001 with respect to varying 
conditions are illustrated in Figures 3 through 7. Figure 12 
provides the package dimensions for the 32-pin RFLGA, and 
Figure 13 provides the tape and reel dimensions. 

 

 

Table 1. SKY73001 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 GND Ground 17 GND Ground 

2 GND Ground 18 IFQN Negative quadrature IF output 

3 GND Ground 19 GND Ground 

4 VCC +3 VDC supply 20 IFQP Positive quadrature IF output 

5 VCC +3 VDC supply 21 GND Ground 

6 VCC +3 VDC supply 22 IFIN Negative in-phase IF output 

7 GND Ground 23 GND Ground 

8 GND Ground 24 IFIP Positive in-phase IF output 

9 GND Ground 25 GND Ground 

10 LOIN Negative LO input 26 GND Ground 

11 GND Ground 27 GND Ground 

12 LOIP Positive LO input 28 RFN Negative RF input 

13 GND Ground 29 GND Ground 

14 LOQP Positive quadrature LO input 30 RFP Positive RF input 

15 GND Ground 31 GND Ground 

16 LOQN Negative quadrature LO input 32 GND Ground 

 

Table 2. SKY73001 Absolute Maximum Ratings 
(TA = +25 °C, unless otherwise noted) 

Parameter Symbol Min Typical Max Units 

+3 V supply voltage VCC 2.7  3.6 V 

Power dissipation PD  140 230 mW 

RF input power PRFIN   20 dBm 

LO input power PLOIN   6 dBm 

Thermal resistance θjc  36  °C/W 

Operating case temperature TOPR –40  +85 °C 

Storage case temperature TSTG –40 0 +125 °C 

Note: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal values. 

 

Table 3. SKY73001 Recommended Operating Conditions 

Parameter Symbol Min Typical Max Units 

+3 V supply voltage VCC 2.7 3.0 3.3 V 

Operating case temperature TOPR –40  +85 °C 
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Table 4. SKY73001 Electrical Characteristics 
(IF = 10 MHz, LO Input Power = 0 dBm, TC = 25 °C, unless otherwise noted) 

Parameter Symbol Test Conditions Min Typical Max Units 

RF input frequency range   2  3500 MHz 

LO input frequency range   2  3500 MHz 

IF frequency range   DC  100 MHz 

I/Q amplitude imbalance   –0.3  +0.3 dB 

I/Q phase error    1  deg 

Image rejection (Note 1)      dB 

IF output impedance    500  Ω 

RF Input (900 MHz) 

Voltage conversion gain   –4.8 –3.5  dB 

SSB Noise Figure    14.7 16.2 dB 

IIP2    67  dBm 

IIP3   25 27  dBm 

–1 dB compression point   13 15  dBm 

RF input impedance    1.5:1 2.0:1 VSWR 

LO input impedance    1.5:1 2.0:1 VSWR 

RF Input (1900 MHz) 

Voltage conversion gain   –5.7 –4.4  dB 

SSB Noise Figure    17 18.5 dB 

IIP2    70  dBm 

IIP3   23 25  dBm 

–1 dB compression point   12.5 14.5  dBm 

RF input impedance    1.5:1 2.0:1 VSWR 

LO input impedance    1.5:1 2.0:1 VSWR 

Note 1: Image rejection is determined using the following equation: 
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Figure 3. Voltage Conversion Gain vs Frequency 
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Figure 5. IIP3 vs Frequency (100 kHz Tone Spacing) 
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Figure 4. 1 dB Compression Point vs Frequency 
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Figure 6. IIP2 vs Frequency 
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Figure 7. Noise Figure vs Frequency 
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Evaluation Board Description 
The SKY73001 Evaluation Board is used to test the performance 
of the SKY73001 direct conversion mixer. An Evaluation Board 
schematic diagram (500-2500 MHz) is shown in Figure 8. 
Evaluation Board assembly diagrams are shown in Figure 9 
(2-2500 MHz) and Figure 10 (3200-3500 MHz). Bills of Material 
(BOMs) are provided in Table 5 (2-500 MHz and 500-2500 MHz) 
and Table 6 (3200-3500 MHz). 

Circuit Design Configurations 

The following design considerations are general in nature and 
must be followed regardless of final use or configuration. 

1. Paths to ground should be made as short as possible. 

2. The ground pad of the SKY73001 direct conversion mixer has 
special electrical and thermal grounding requirements. This 
pad is the main thermal conduit for heat dissipation. Since the 
circuit board acts as the heat sink, it must shunt as much 
heat as possible from the mixer. As such, design the 
connection to the ground pad to dissipate the maximum 
wattage produced to the circuit board. Multiple vias to the 
grounding layer are required. 

3. Two external output bypass capacitors are required on the 
VCC pins. The values of these capacitors will change with 
respect to the desired RF frequency. One capacitor should be 
used for low frequency bypassing and the other capacitor for 
high frequency bypassing. Special attention should be given 
so that the smaller value capacitor does not go into self-
resonance at the desired RF frequency. 

4. Wire wound balanced transformers (baluns) were used during 
the test and characterization of the SKY73001. Ceramic 
baluns can be used to create the differential input signals (i.e., 
RF and LO). However, their performance will limit the overall 
system performance of the SKY73001. 

Testing Procedure 

Use the following procedure to set up the SKY73001 Evaluation 
Board for testing. Refer to Figure 11 for guidance: 

1. Connect a +3.0 VDC power supply using an insulated supply 
cable. If available, enable the current limiting function of the 
power supply to 100 mA. 

2. Connect a signal generator to the RF signal input port. Set it to 
the desired RF frequency at a power level of 0 dBm to the 
Evaluation Board but do NOT enable the RF signal. 

3. Connect a signal generator to the LOQ signal input port. Set to 
the desired LO frequency at a power level of 0 dBm, but do 
not enable. 

4. Connect a spectrum analyzer to the IFQ signal output port and 
terminate the IFI signal input port in 50 Ω. 

5. Enable the power supply. 

6. Enable the LO input signal. 

7. Enable the RF signal. 

8. Take measurements and repeat these steps for channel I. 

CAUTION: If any of the input signals exceed the rated maximum 
values, the SKY73001 Evaluation Board can be 
permanently damaged. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

The SKY73001 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to the Skyworks Application Note, 
PCB Design & SMT Assembly/Rework Guidelines for RFLGA 
Packages, document number 103147. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73001 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 
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Figure 8. SKY73001 Evaluation Board Schematic 
(500-2500 MHz) 
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Figure 9. SKY73001 Evaluation Board Assembly Diagram 
(2-2500 MHz) 
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Table 5. SKY73001 Evaluation Board Component Values (2-2500 MHz) 

Reference Designator Quantity Value Manufacturer Part Number 

2-500 MHz 

C1 1 33 pF (0603)   

C2 1 1000 pF (0603)   

J1 1 2-pin header connector   

J2, J3, J4, J5, J6 5 SMA connector   

T1, T4, T5 3 4:1 (3-800 MHz) Mini-Circuits TC4-1W 

T2, T3 2 9:1 (2-280 MHz) Mini-Circuits TCM9-1 

U1 1 Direct Conversion Mixer Skyworks SKY73001-11 

500-2500 MHz 

C1 1 33 pF (0603)   

C2 1 1000 pF (0603)   

J1 1 2-pin header connector   

J2, J3, J4, J5, J6 5 SMA connector   

T1, T4, T5 3 4:1 (500-2500 MHz) Mini-Circuits TCM4-25 

T2, T3 2 9:1 (2-280 MHz) Mini-Circuits TCM9-1 

U1 1 Direct Conversion Mixer Skyworks SKY73001-11 
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Figure 10. SKY73001 Evaluation Board Assembly Diagram 
(3200-3500 MHz) 
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Table 6. SKY73001 Evaluation Board Component Values (3200-3500 MHz) 

Reference Designator Quantity Value Manufacturer Part Number 

C1 1 33 pF (0603)   

C2 1 1000 pF (0603)   

J1 1 2-pin header connector   

J2, J3, J4, J5, J6 5 SMA connector   

T1, T4, T5 3 4:1 (3200-3500 MHz) Johanson 3700BL15B100 

T2, T3 2 9:1 (2-280 MHz) Mini-Circuits TCM9-1 

U1 1 Direct Conversion Mixer Skyworks SKY73001-11 
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Figure 11. SKY73001 Evaluation Board Testing Configuration 
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Figure 12. SKY73001 32-Pin RFLGA Package Dimensions 
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1. Carrier tape: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
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Figure 13. SKY73001 32-Pin RFLGA Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73001 2-3500 MHz Direct Conversion Mixer SKY73001-11 (Pb-free package) TW10-D913 (tuned for 2-500 MHz) 
TW10-D912 (tuned for 500-2500 MHz) 
TW12-D342 (tuned for 3200-3500 MHz) 
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PRELIMINARY DATA SHEET 

SKY73035: 2300 – 2700 MHz High Gain and Linearity Single 
Downconversion Mixer for 2G/3G Base Station Applications 
Applications 

• 2G/3G base station transceivers: 
− GSM/EDGE, CDMA, UMTS/WCDMA 

• Wi-Fi (802.11) 

• WiMAX (802.16) 

• 3GPP Long-Term Evolution 

• Wireless Local Loop 

• High performance radio links 

• Land mobile radio 

• Private mobile radio 

Features 

• Operating frequency range: 2300 to 2700 MHz 

• IF frequency range: 50 to 500 MHz 

• Conversion gain: 9 dB 

• Input IP3: +24.5 dBm 

• Output IP3: +33.5 dBm 

• Noise figure: 9.8 dB 

• Integrated LO drivers 

• Integrated low loss RF baluns 

• High linearity IF amplifiers 

• On-chip SPDT LO switch (greater than 40 dB LO-to-LO isolation) 

• Small, MCM (20-pin, 5 x 5 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 

 

 

 

Skyworks offers lead (Pb)-free RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Description 
The SKY73035 is a fully integrated single mixer that includes 
Local Oscillator (LO) drivers, an LO switch, high linearity mixers, 
and large dynamic range Intermediate Frequency (IF) amplifiers. 
Low loss RF baluns have also been included to reduce design 
complications and lower system cost. 

The SKY73035 features an input IP3 of +24.5 dBm and a Noise 
Figure (NF) of 9.8 dB, making the device an ideal solution for high 
dynamic range systems such as 2G/3G base station receivers. 
The LO switch provides more than 40 dB of isolation between LO 
inputs and supports the switching time required for GSM/EDGE 
base stations. 

The SKY73035 is manufactured using a robust silicon BiCMOS 
process and has been designed for optimum long-term reliability. 
The SKY73035 single downconversion mixer is provided in a 
compact, 20-pin 5 x 5 mm Multi-Chip Module (MCM). A functional 
block diagram is shown in Figure 1. The pin configuration and 
package are shown in Figure 2. Signal pin assignments and 
functional pin descriptions are provided in Table 1. 
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Figure 1. SKY73035 Block Diagram 
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Figure 2. SKY73035 Pinout – 20-Pin MCM 
 

Table 1. SKY73035 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 VCC_IFRF IF and RF DC supply, +5V 11 LO1 LO1 input 

2 RF RF input 12 GND Ground 

3 N/C No connection 13 GND Ground 

4 GND Ground 14 N/C No connection 

5 GND Ground 15 LO2 LO2 input 

6 VCC_LO LO DC supply, +5V 16 N/C No connection 

7 N/C No connection 17 GND Ground 

8 VCC_LOSW LO switch DC supply, +5V 18 IF– Negative IF output 

9 LO_SEL LO select switch control 19 IF+ Positive IF output 

10 GND Ground 20 RXIF IF bias adjust 
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Functional Description 
The SKY73035 is a high gain single mixer, optimized for base 
station receiver applications. The device consists of a low loss RF 
balun, high linearity passive mixer, and a low noise IF amplifier. 

An LO amplifier is also included that allow the SKY73035 to 
connect directly to the output of a Voltage Controlled Oscillator 
(VCO). This eliminates the extra gain stages needed by most 
discrete passive mixers. A Single Pole, Double Throw (SPDT) 
switch has been included to select between two different LO 
inputs (LO1 and LO2) for frequency hopping applications such as 
GSM. 

RF Baluns and Passive Mixer 

The RF baluns provide a single ended input, which can easily be 
matched to 50 Ω using a simple external matching circuit. The RF 
baluns offer very low loss, and excellent amplitude and phase 
balance. 

The high linearity SKY73035 is a passive, double balanced mixer 
that provides a very low conversion loss, and excellent 3rd Order 
Input Insertion Point (IIP3). 

Addtionally, the balanced nature of the mixer provides for high 
port-to-port isolation. 

LO Buffers and SPDT LO Switch 

The LO buffers allow the input power of the SKY73035 to be in 
the range of ±3.0 dBm. The LO section is optimized for low-side 
LO injection. However, each of the two LOs can be driven over a 
wide frequency range with only slight degradation in 
performance. 

A high isolation SPDT switch allows the SKY73035 to be used for 
frequency hopping applications. This switch provides greater than 
40 dB of LO1 to LO2 isolation: 

 

LO_SEL Input LO Path Selected 

High LO1 (pin 11) enabled 

Low LO2 (pin 15) enabled 

 

For applications that do not require frequency hopping, LO_SEL is 
fixed to one state and the appropriate LO input is used. An internal 
pull-down resistor enables the LO2 input. 

IF Amplifier 

The SKY73035 includes high dynamic range IF amplifiers that 
follow the passive mixers in the signal path. The outputs require a 
supply voltage connection using inductive chokes. These choke 
inductors should be high-Q and have the ability to handle 200 mA 
or greater. 

A simple matching network allows the output ports to be matched 
to a balanced 200 Ω impedance. The IF amplifiers are optimized 
for IF frequencies between 50 and 500 MHz. The IF amplifiers can 
be operated outside of this range, but with a slight degradation in 
performance. 

Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73035 are provided in 
Table 2 and the recommended operating conditions in Table 3. 
Electrical characteristics for the SKY73035 are provided in 
Table 4. 

 

 

Table 2. SKY73035 Absolute Maximum Ratings 

Parameter Symbol Minimum Maximum Units 

Supply voltage, +5 V VCC 4.5 5.5 V 

Supply current ICC  240 mA 

RF input power PRF  20.0 dBm 

LO input power PLO  20.0 dBm 

Operating case temperature TC –40 +85 C 

Junction temperature TJ  +150 C 

Storage case temperature TSTG –40 +125 C 

Notes: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal value. 

 Nominal thermal resistance (junction to case) is 5.1 C/W. 
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Table 3. SKY73035 Recommended Operating Conditions 

Parameter Symbol Minimum Typical Maximum Units 

Supply voltage, +5 V VCC 4.75 5.00 5.25 V 

Supply current ICC  200  mA 

LO input power PLO –3.0 0 +3.0 dBm 

LO select input: 
 high 
 low 

 
LO_SELH 
LO_SELL 

 
2.2 

  
 

0.8 

 
V 
V 

Operating case temperature TC –40  +85 C 

RF frequency range FRF 2300  2700 MHz 

LO frequency range (Note 1) FLO 1800  2600 MHz 

IF frequency range FIF 50  500 MHz 

Note 1: The SKY73035 has been optimized for low-side LO injection. However, the LO can be used outside of the specified frequency range with degraded performance. 

 

Table 4. SKY73035 Electrical Specifications 
(Voltage Supply = +5 V, TC = +25 °C, LO = 0 dBm, RF Frequency = 2570 MHz, IF Frequency = 450 MHz, LO Frequency = 2120 MHz, Unless 
Otherwise Noted) 

Parameter Symbol Test Condition Min Typical Max Units 

Conversion gain G   9  dB 

Noise Figure NF   9.8  dB 

Noise Figure with a blocker signal NFBLK Blocking signal input 
power = +8 dBm 

  25 dB 

Third order input intercept point IIP3 Tone space = 800 kHz, 
input tone power = 
–10 dBm 

 +24.5  dBm 

Third order output intercept point OIP3 Tone space = 800 kHz, 
input tone power = 
–10 dBm 

 +33.5  dBm 

2RF – 2LO 2x2 PRF = –10 dBm  –47  dBc 

3RF – 3LO 3x3 PRF = –10 dBm  –58  dBc 

Input 1 dB compression point IP1dB   +13.5  dBm 

Output 1 dB compression point OP1dB   +21.5  dBm 

LO1-to-LO2 isolation    40  dB 

RF to IF isolation    65  dB 

LO leakage: 
 @ RF port 
 @ IF port 

    
–29 
–67 

  
dBm 
dBm 

LO_SEL input   –20 +150 +250 µA 

LO switching time     0.5 µs 

RF port input return loss ZIN_RF With external matching 
components 

14   dB 

LO port input return loss ZIN_LO With external matching 
components 

14   dB 

IF port input return loss ZOUT_IF With external matching 
components 

14   dB 
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Evaluation Board Description 
The SKY73035 Evaluation Board is used to test the performance 
of the SKY73035 downconversion mixer. An assembly drawing for 
the Evaluation Board is shown in Figure 3 and the layer detail is 
provided in Figure 4. 

Circuit Design Configurations 

The following design considerations are general in nature and 
must be followed regardless of final use or configuration: 

1. Paths to ground should be made as short and as low 
impedance as possible. 

2. The ground pad of the SKY73035 provides critical electrical 
and thermal functionality. This pad is the main thermal 
conduit for heat dissipation. Since the circuit board acts as 
the heat sink, it must shunt as much heat as possible from 
the device. Therefore, design the connection to the ground 

pad to dissipate the maximum heat produced by the circuit 
board. For more information on soldering the SKY73035, refer 
to the Package and Handling Information section of this Data 
Sheet. 

3. Skyworks recommends including external bypass capacitors 
on the VCC voltage inputs of the device. 

4. Components L5 and L4 (see Figure 5) are high-Q, low loss 
inductors. These inductors must be able to pass currents in 
excess of 200 mA DC. 

5. Components R7 and R8 (see Figure 5) allow for external 
adjustment of the IF amplifier bias points. For operation as 
specified in Tables 3 and 4, these resistors are not required. 

A schematic diagram for the SKY73035 Evaluation Board is 
shown in Figure 5. 

 

 

S1072

J8

J3

J4

J1

J5J9

R2

R3

R8
R7

R5

C8

C9C5C5

C7C7

C10C10
C1C1C2C2

C20C20

C19C19

R1R1

C3C3 L1L1

C4

J2

C6

C11

C12

C18

C13 C14

C17

C16 C15
R6

L5

L2 R4

L4

T2

L3

U1

 

Figure 3. SKY73035 Evaluation Board Assembly Diagram 
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S1073

Layer 1: Top – Metal

Layer 2: Ground

Layer 3: Power Plane

Layer 4: Solid Ground Plane

 

Figure 4. SKY73035 Evaluation Board Layer Detail 
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 date of this Data Sheet.

VCC_IFRF

RF

N/C

GND

GND
VC

C_
LO

N/
C

VC
C_

LO
SW

LO
_S

EL

GN
D

15

14

13

12

11

LO2

N/C

GND

GND

LO1

1

2

3

4

5

6 7 8 9 10

RX
IF

IF
+ IF
–

GN
D

N/
C

20 19 18 17 16

×

×

×

×

VCC

 

Figure 5. SKY73035 Evaluation Board Schematic 
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Package Dimensions 
Figure 6 shows the package dimensions for the 20-pin MCM, and 
Figure 7 provides the tape and reel dimensions. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

THE SKY73035 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to the Skyworks Application Note, 

PCB Design & SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73035 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 
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Figure 6. SKY73035 20-Pin MCM Package Dimensions 
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S461

Notes:
1. Carrier tape: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.3 mm width
4. ESD surface resistivity is </=1 x 1010 Ohms/Square
 according to EIA, JEDIC TNR specification.
5. P0/P1 10 pitches cumulative tolerance on tape: ±0.20 mm
6. A and B measurement points are 0.30 mm from bottom pocket.
7. All dimensions are in millimeters
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5.
35
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Figure 7. SKY73035 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73035 2300-2700 MHz Downconversion Mixer SKY73035-11 (Pb-free package) *** TBD *** 
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PRELIMINARY DATA SHEET 

SKY73033: 1700 – 2200 MHz High Gain and Linearity Single 
Downconversion Mixer for 2G/3G Base Station Applications 
Applications 

• 2G/3G base station transceivers: 
− GSM/EDGE, CDMA, UMTS/WCDMA 

• Land mobile radio 

• Wireless Local Loop 

• High performance radio links 

• Private mobile radio 

Features 

• Operating frequency range: 1700 to 2200 MHz 

• IF frequency range: 40 to 300 MHz 

• Conversion gain: 8.5 dB 

• Input IP3: 25.0 dBm 

• Output IP3: 33.5 dBm 

• Noise figure: 9.5 dB 

• Integrated LO drivers 

• Integrated low loss RF baluns 

• High linearity IF amplifiers 

• On-chip SPDT LO switch (greater than 40 dB LO-to-LO isolation) 

• Small, MCM (20-pin, 5 x 5 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 

 

 

 

Skyworks offers lead (Pb)-free RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Description 
The SKY73033 is a fully integrated single mixer that includes 
Local Oscillator (LO) drivers, an LO switch, high linearity mixers, 
and large dynamic range Intermediate Frequency (IF) amplifiers. 
Low loss RF baluns have also been included to reduce design 
complications and lower system cost. 

The SKY73033 features an input IP3 of 25.0 dBm and a Noise 
Figure (NF) of 9.5 dB, making the device an ideal solution for high 
dynamic range systems such as 2G/3G base station receivers. 
The LO switch provides more than 40 dB of isolation between LO 
inputs and supports the switching time required for GSM/EDGE 
base stations. 

The SKY73033 is manufactured using a robust silicon BiCMOS 
process and has been designed for optimum long-term reliability. 
The SKY73033 single downconversion mixer is provided in a 
compact, 20-pin 5 x 5 mm Multi-Chip Module (MCM). A functional 
block diagram is shown in Figure 1. The pin configuration and 
package are shown in Figure 2. Signal pin assignments and 
functional pin descriptions are provided in Table 1. 

S937
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Figure 1. SKY73033 Block Diagram 
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Figure 2. SKY73033 Pinout – 20-Pin MCM 
 

Table 1. SKY73033 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 VCC_IFRF IF and RF DC supply, +5V 11 LO1 LO1 input 

2 RF RF input 12 GND Ground 

3 N/C No connection 13 GND Ground 

4 GND Ground 14 N/C No connection 

5 GND Ground 15 LO2 LO2 input 

6 VCC_LO LO DC supply, +5V 16 N/C No connection 

7 N/C No connection 17 GND Ground 

8 VCC_LOSW LO switch DC supply, +5V 18 IF– Negative IF output 

9 LO_SEL LO select switch control 19 IF+ Positive IF output 

10 GND Ground 20 RXIF IF bias adjust 
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Functional Description 
The SKY73033 is a high gain single mixer, optimized for base 
station receiver applications. The device consists of a low loss RF 
balun, high linearity passive mixer, and a low noise IF amplifier. 

An LO amplifier is also included that allow the SKY73033 to 
connect directly to the output of a Voltage Controlled Oscillator 
(VCO). This eliminates the extra gain stages needed by most 
discrete passive mixers. A Single Pole, Double Throw (SPDT) 
switch has been included to select between two different LO 
inputs (LO1 and LO2) for frequency hopping applications such as 
GSM. 

RF Baluns and Passive Mixer 

The RF baluns provide a single ended input, which can easily be 
matched to 50 Ω using a simple external matching circuit. The RF 
baluns offer very low loss, and excellent amplitude and phase 
balance. 

The high linearity SKY73033 is a passive, double balanced mixer 
that provides a very low conversion loss, and excellent 3rd Order 
Input Insertion Point (IIP3). 

Addtionally, the balanced nature of the mixer provides for high 
port-to-port isolation. 

LO Buffers and SPDT LO Switch 

The LO buffers allow the input power of the SKY73033 to be in 
the range of ±6 dBm. The LO section is optimized for low-side LO 
injection. However, each of the two LOs can be driven over a wide 
frequency range with only slight degradation in performance. 

A high isolation SPDT switch allows the SKY73033 to be used for 
frequency hopping applications. This switch provides greater than 
40 dB of LO1 to LO2 isolation: 

 

LO_SEL Input LO Path Selected 

High LO1 (pin 11) enabled 

Low LO2 (pin 15) enabled 

 

For applications that do not require frequency hopping, LO_SEL is 
fixed to one state and the appropriate LO input is used. An internal 
pull-down resistor enables the LO2 input. 

IF Amplifier 

The SKY73033 includes high dynamic range IF amplifiers that 
follow the passive mixers in the signal path. The outputs require a 
supply voltage connection using inductive chokes. These choke 
inductors should be high-Q and have the ability to handle 200 mA 
or greater. 

A simple matching network allows the output ports to be matched 
to a balanced 200 Ω impedance. The IF amplifiers are optimized 
for IF frequencies between 40 and 300 MHz. The IF amplifiers can 
be operated outside of this range, but with a slight degradation in 
performance. 

Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73033 are provided in 
Table 2 and the recommended operating conditions in Table 3. 
Electrical characteristics for the SKY73033 are provided in 
Table 4. 

 

 

Table 2. SKY73033 Absolute Maximum Ratings (Note 1) 

Parameter Symbol Minimum Maximum Units 

Supply voltage, +5 V VCC 4.5 5.5 V 

Supply current ICC  240 mA 

RF input power PRF  +20.0 dBm 

LO input power PLO  +20.0 dBm 

Operating case temperature TC –40 +85 C 

Junction temperature (Note 2) TJ  +150 C 

Storage case temperature TSTG –40 +125 C 

Note 1: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal value. 

Note 2: Nominal thermal resistance (junction to center ground pad) is 5.1 C/W. 
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Table 3. SKY73033 Recommended Operating Conditions 

Parameter Symbol Minimum Typical Maximum Units 

Supply voltage, +5 V VCC 4.75 5.00 5.25 V 

Supply current ICC  200  mA 

LO input power PLO –6 0 +6 dBm 

LO select input: 
 high 
 low 

 
LO_SELH 
LO_SELL 

 
2.2 

  
 

0.8 

 
V 
V 

Operating case temperature TC –40  +85 C 

RF frequency range FRF 1700  2200 MHz 

LO frequency range (Note 1) FLO 1460  2000 MHz 

IF frequency range FIF 40  300 MHz 

Note 1: The SKY73033 has been optimized for low side LO injection. However, the LO can be used outside of the specified frequency range with degraded performance. 

 

Table 4. SKY73033 Electrical Specifications (1 of 2) 
(Voltage Supply = +5 V, TC = +25 °C, LO = 0 dBm, RF Frequency = 1880 MHz, IF Frequency = 200 MHz, LO Frequency = 1680 MHz, Unless 
Otherwise Noted) 

Parameter Symbol Test Condition Min Typical Max Units 

Conversion gain G   8.5  dB 

Noise Figure NF   9.5  dB 

Noise Figure with a blocker signal NFBLK Blocking signal input 
power = +8 dBm 

 18  dB 

Third order input intercept point IIP3 Tone space = 800 kHz, 
input tone power = 
–10 dBm 

 25.0  dBm 

Third order output intercept point OIP3 Tone space = 800 kHz, 
input tone power = 
–10 dBm 

 33.5  dBm 

2RF – 2LO 2x2 PRF = –10 dBm  –68  dBc 

3RF – 3LO 3x3 PRF = –10 dBm  –80  dBc 

Input 1 dB compression point IP1dB   14.0  dBm 

Output 1 dB compression point OP1dB   21.5  dBm 

LO1-to-LO2 isolation    40  dB 

RF to IF isolation    55  dB 

LO leakage: 
 @ RF port 
 @ IF port 

    
–40 
–45 

  
dBm 
dBm 

LO_SEL input      µA 

LO switching time     0.5 µs 
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Table 4. SKY73033 Electrical Specifications (2 of 2) 
(Voltage Supply = +5 V, TC = +25 °C, LO = 0 dBm, RF Frequency = 1880 MHz, IF Frequency = 200 MHz, LO Frequency = 1680 MHz, Unless 
Otherwise Noted) 

Parameter Symbol Test Condition Min Typical Max Units 

RF port input return loss ZIN_RF With external matching 
components 

14   dB 

LO port input return loss ZIN_LO With external matching 
components 

14   dB 

IF port input return loss ZOUT_IF With external matching 
components 

14   dB 

 

 

Evaluation Board Description 
The SKY73033 Evaluation Board is used to test the performance 
of the SKY73033 downconversion mixer. An assembly drawing for 
the Evaluation Board is shown in Figure 3 and the layer detail is 
provided in Figure 4. 

Circuit Design Configurations 

The following design considerations are general in nature and 
must be followed regardless of final use or configuration: 

1. Paths to ground should be made as short and as low 
impedance as possible. 

2. The ground pad of the SKY73033 provides critical electrical 
and thermal functionality. This pad is the main thermal 
conduit for heat dissipation. Since the circuit board acts as 
the heat sink, it must shunt as much heat as possible from 
the device. Therefore, design the connection to the ground 
pad to dissipate the maximum heat produced by the circuit 
board. For more information on soldering the SKY73033, refer 

to the Package and Handling Information section of this Data 
Sheet. 

3. Skyworks recommends including external bypass capacitors 
on the VCC voltage inputs of the device. 

4. Components L5 and L4 (see Figure 5) are high-Q, low loss 
inductors. These inductors must be able to pass currents in 
excess of 200 mA DC. 

5. Components R7 and R8 (see Figure 5) allow for external 
adjustment of the IF amplifier bias points. To reduce the IF 
amplifier bias current, connect pin 20 to ground through 
external resistor R8. To increase the IF amplifier bias current, 
connect pin 20 to VCC through external resistor R7. For 
operation as specified in Tables 3 and 4, these resistors are 
not required. 

A schematic diagram for the SKY73033 Evaluation Board is 
shown in Figure 5. 
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Note: This Evaluation Board is used for several different Skyworks devices.
 Components C3, C4, C6, C8, C9, C13, C15 through C19, R5, and L3 are not used for the
 device described by this Data Sheet.
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Figure 3. SKY73033 Evaluation Board Assembly Diagram 
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S940

Layer 1: Top – Metal

Layer 2: Ground

Layer 3: Power Plane

Layer 4: Solid Ground Plane

 

Figure 4. SKY73033 Evaluation Board Layer Detail 
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Figure 5. SKY73033 Evaluation Board Schematic 
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Package Dimensions 
Figure 6 shows the package dimensions for the 20-pin MCM, and 
Figure 7 provides the tape and reel dimensions. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

THE SKY73033 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to the Skyworks Application Note, 

PCB Design & SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73033 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 
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Figure 6. SKY73033 20-Pin MCM Package Dimensions 
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S461

Notes:
1. Carrier tape: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.3 mm width
4. ESD surface resistivity is </=1 x 1010 Ohms/Square
 according to EIA, JEDIC TNR specification.
5. P0/P1 10 pitches cumulative tolerance on tape: ±0.20 mm
6. A and B measurement points are 0.30 mm from bottom pocket.
7. All dimensions are in millimeters
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35
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Figure 7. SKY73033 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73033 1700-2200 MHz Downconversion Mixer SKY73033-11 (Pb-free package) *** TBD *** 
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DATA SHEET 

SKY73070: 700 – 1000 MHz High Gain and Linearity Single 
Downconversion Mixer 
Applications 

• 2G/3G base station transceivers: 
− GSM/EDGE, CDMA, UMTS/WCDMA, iDEN 

• Land mobile radio 

• ISM band transceivers 

• High performance radio links 

• RF identification 

Features 

• Operating frequency range: 700 to 1000 MHz 

• IF frequency range: 40 to 300 MHz 

• Conversion gain: 9.5 dB 

• Input IP3: +27.0 dBm 

• Output IP3: +36.5 dBm 

• Noise figure: 8.3 dB 

• Integrated LO driver 

• Integrated low loss RF balun 

• High linearity IF amplifier 

• Small, MCM (20-pin, 5 x 5 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 

 

 

 

Skyworks offers lead (Pb)-free RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Description 
The SKY73070 is a fully integrated single mixer that includes a 
Local Oscillator (LO) driver, high linearity mixer, and large 
dynamic range Intermediate Frequency (IF) amplifier. A low loss 
RF balun has also been included to reduce design complications 
and lower system cost. 

The SKY73070 features an input IP3 of +27.0 dBm and a Noise 
Figure (NF) of 8.3 dB, making the device an ideal solution for high 
dynamic range systems such as 2G/3G base station transceivers. 

The SKY73070 is manufactured using a robust silicon BiCMOS 
process and has been designed for optimum long-term reliability. 
The SKY73070 single downconversion mixer is provided in a 
compact, 20-pin 5 x 5 mm Multi-Chip Module (MCM). A functional 
block diagram is shown in Figure 1. The pin configuration and 
package are shown in Figure 2. Signal pin assignments and 
functional pin descriptions are provided in Table 1. 

S1080
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IF
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Figure 1. SKY73070 Block Diagram 
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Figure 2. SKY73070 Pinout – 20-Pin MCM 
 

Table 1. SKY73070 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 VCC_IFRF IF and RF DC supply, +5V 11 LO LO input 

2 RF RF input 12 N/C No connection 

3 N/C No connection 13 GND Ground 

4 GND Ground 14 GND Ground 

5 GND Ground 15 N/C No connection 

6 VCC1_LO DC supply for LO driver, +5V 16 N/C No connection 

7 N/C No connection 17 GND Ground 

8 VCC2_LO DC supply for LO buffer, +5V 18 IF– Negative IF output 

9 N/C No connection 19 IF+ Positive IF output 

10 GND Ground 20 RXIF IF bias adjust 
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Functional Description 
The SKY73070 is a high gain single mixer, optimized for base 
station receiver applications. The device consists of a low loss RF 
balun, high linearity passive mixer, and a low noise IF amplifier. 

An LO amplifier is also included that allow the SKY73070 to 
connect directly to the output of a Voltage Controlled Oscillator 
(VCO). This eliminates the extra gain stages needed by most 
discrete passive mixers. 

RF Balun and Passive Mixer 

The RF balun provides a single ended input, which can easily be 
matched to 50 Ω using a simple external matching circuit. The RF 
balun offers very low loss, and excellent amplitude and phase 
balance. 

The high linearity SKY73070 is a passive, double balanced mixer 
that provides a very low conversion loss, and excellent 3rd Order 
Input Insertion Point (IIP3). 

Additionally, the balanced nature of the mixer provides for high 
port-to-port isolation. 

LO Buffer 

An LO buffer allows the input power of the SKY73070 to be in the 
range of ±6 dBm. The LO section is optimized for high-side LO 

injection. However, the LO can be driven over a wide frequency 
range with only slight degradation in performance. 

IF Amplifier 

The SKY73070 includes a high dynamic range IF amplifier that 
follows the passive mixer in the signal path. The outputs require a 
supply voltage connection using inductive chokes. These choke 
inductors should be high-Q and have the ability to handle 200 mA 
or greater. 

A simple matching network allows the output ports to be matched 
to a balanced 200 Ω impedance. The IF amplifier is optimized for 
IF frequencies between 40 and 300 MHz. The IF amplifier can be 
operated outside of this range, but with a slight degradation in 
performance. 

Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73070 are provided in 
Table 2 and the recommended operating conditions in Table 3. 
Electrical characteristics for the SKY73070 are provided in 
Table 4. 

Typical performance characteristics for the SKY73070 are 
illustrated in Figures 3 through 18. 

 
 

Table 2. SKY73070 Absolute Maximum Ratings (Note 1) 

Parameter Symbol Minimum Maximum Units 

Supply voltage, +5 V VCC 4.5 5.5 V 

Supply current ICC  240 mA 

RF input power PRF  +20.0 dBm 

LO input power PLO  +20.0 dBm 

Operating case temperature TC –40 +85 C 

Junction temperature (Note 2) TJ  +150 C 

Storage case temperature TSTG –40 +125 C 

Note 1: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal value. 

Note 2: Nominal thermal resistance (junction to center ground pad) is 5.1 C/W. 
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Table 3. SKY73070 Recommended Operating Conditions 

Parameter Symbol Minimum Typical Maximum Units 

Supply voltage, +5 V VCC 4.75 5.00 5.25 V 

Supply current ICC  210  mA 

LO input power PLO –6.0 0 +6.0 dBm 

Operating case temperature TC –40  +85 C 

RF frequency range fRF 700  1000 MHz 

LO frequency range (Note 1) FLO 900  1250 MHz 

IF frequency range FIF 40  300 MHz 

Note 1: The SKY73070 has been optimized for high-side LO injection. However, the LO can be used outside of the specified frequency range with degraded performance. 

 

Table 4. SKY73070 Electrical Specifications 
(VCC = +5 V, TA = +25 °C, LO = 0 dBm, RF Frequency = 900 MHz, IF Frequency = 200 MHz, LO Frequency = 1100 MHz, Unless Otherwise 
Noted) 

Parameter Symbol Test Condition Min Typical Max Units 

Conversion gain G fRF = 824 to 915 MHz, 
TA = 25 °C, PLO = –3 to 
+3 dBm 

8.2 9.5  dB 

Gain variation over temperature  TA = –40 to +85 °C  ±0.6  dB 

Noise Figure NF TA = 25 °C, PLO = –3 to 
+3 dBm, VCC = 4.75 to 
5.25 V, IF = 200 MHz 

 8.3  dB 

Noise Figure variation over temperature  TA = –40 to +85 °C  ±0.8  dB 

Noise Figure with a blocker signal NFBLK Blocking signal input 
power = +8 dBm 

 18  dB 

Third order input intercept point IIP3 fRF = 900 MHz and 
900.8 MHz, 
PRF = –10 dBm/tone, 
VCC = 4.75 to 5.25 V 

+24.7 +27.0  dBm 

Input IP3 variation over temperature  TA = –40 to +85 °C  ±0.3  dB 

Third order output intercept point OIP3 fRF = 900 MHz and 
900.8 MHz, 
PRF = –10 dBm/tone, 
VCC = 4.75 to 5.25 V 

 +36.5  dBm 

2RF – 2LO 2x2 PRF = –10 dBm  –68.5 –63 dBc 

3RF – 3LO 3x3 PRF = –10 dBm  –80 –70 dBc 

Input 1 dB compression point IP1dB  +11.0 +13.3  dBm 

Output 1 dB compression point OP1dB   +22.8  dBm 

RF to IF isolation   30 48  dB 

LO leakage: 
 @ RF port 
 @ IF port 

    
–59 
–34 

 
–20 
–23 

 
dBm 
dBm 

RF port input return loss ZIN_RF With external matching 
components 

14   dB 

LO port input return loss ZIN_LO With external matching 
components 

14   dB 

IF port output return loss ZOUT_IF With external matching 
components 

14   dB 
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Figure 3. Gain vs Frequency and Supply Voltage 
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Figure 5. Gain vs Frequency and LO Power 
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Figure 7. Noise Figure vs Frequency and Supply Voltage 
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Figure 4. Gain vs Frequency and Temperature 
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Figure 6. Noise Figure vs Frequency and Temperature 
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Figure 8. Noise Figure vs Frequency and LO Power 
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Figure 9. IIP3 vs Frequency and Temperature 
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Figure 11. IIP3 vs Frequency and LO Power 
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Figure 13. IP1dB vs Frequency and Supply Voltage 
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Figure 10. IIP3 vs Frequency and Supply Voltage 
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Figure 12. IP1dB vs Frequency and Temperature 
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Figure 14. IP1dB vs Frequency and LO Power 
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Figure 15. 2RF – 2LO vs Frequency and Temperature 
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Figure 17. LO to IF Leakage vs Frequency and Temperature 
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Figure 16. RF to IF Isolation vs Frequency and Temperature 
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Figure 18. LO to RF Leakage vs Frequency and Temperature 
 

 

Evaluation Board Description 
The SKY73070 Evaluation Board is used to test the performance 
of the SKY73070 downconversion mixer. An assembly drawing for 
the Evaluation Board is shown in Figure 19 and the layer detail is 
provided in Figure 20. 

Circuit Design Configurations 

The following design considerations are general in nature and 
must be followed regardless of final use or configuration: 

1. Paths to ground should be made as short and as low 
impedance as possible. 

2. The ground pad of the SKY73070 provides critical electrical 
and thermal functionality. This pad is the main thermal 
conduit for heat dissipation. Since the circuit board acts as 
the heat sink, it must shunt as much heat as possible from 
the device. Therefore, design the connection to the ground 
pad to dissipate the maximum heat produced by the circuit 
board. For more information on soldering the SKY73070, refer 

to the Package and Handling Information section of this Data 
Sheet. 

3. Skyworks recommends including external bypass capacitors 
on the VCC voltage inputs of the device. 

4. Components L5 and L4 (see Figure 21) are high-Q, low loss 
inductors. These inductors must be able to pass currents in 
excess of 200 mA DC. 

5. Components R7 and R8 (see Figure 21) allow for external 
adjustment of the IF amplifier bias points. To reduce the IF 
amplifier bias current, connect pin 20 to ground through 
external resistor R8. To increase the IF amplifier bias current, 
connect pin 20 to VCC through external resistor R7. For 
operation as specified in Tables 3 and 4, these resistors are 
not required. 

A schematic diagram for the SKY73070 Evaluation Board is 
shown in Figure 21. 
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Note: This Evaluation Board is used for several different Skyworks devices.
 Components C4, C6, C8 through C13, C15 through C19, R3, R5, and L3 are not used for the
 device described by this Data Sheet.
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Figure 19. SKY73070 Evaluation Board Assembly Diagram 
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S940

Layer 1: Top – Metal

Layer 2: Ground

Layer 3: Power Plane

Layer 4: Solid Ground Plane

 

Figure 20. SKY73070 Evaluation Board Layer Detail 
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Notes: Values for all components are subject to change
 for matching purposes.

 Some component labels may be different than the
 corresponding component symbol shown here.
 Component values, however, are accurate as of the
 date of this Data Sheet.

 

Figure 21. SKY73070 Evaluation Board Schematic 
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Package Dimensions 
Figure 22 shows the package dimensions for the 20-pin MCM, 
and Figure 23 provides the tape and reel dimensions. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

THE SKY73070 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to the Skyworks Application Note, 

PCB Design & SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73070 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 
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Figure 22. SKY73070 20-Pin MCM Package Dimensions 
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S461

Notes:
1. Carrier tape: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.3 mm width
4. ESD surface resistivity is </=1 x 1010 Ohms/Square
 according to EIA, JEDIC TNR specification.
5. P0/P1 10 pitches cumulative tolerance on tape: ±0.20 mm
6. A and B measurement points are 0.30 mm from bottom pocket.
7. All dimensions are in millimeters
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Figure 23. SKY73070 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73070 700-1000 MHz Downconversion Mixer SKY73070-11 (Pb-free package) TW16-D660 
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DATA SHEET 

SKY73032: 700 – 1000 MHz High Gain and Linearity Single 
Downconversion Mixer 
Applications 

• 2G/3G base station transceivers: 
− GSM/EDGE, CDMA, UMTS/WCDMA, iDEN 

• Land mobile radio 

• ISM band transceivers 

• High performance radio links 

• RF identification 

Features 

• Operating frequency range: 700 to 1000 MHz 

• IF frequency range: 40 to 300 MHz 

• Conversion gain: 9.5 dB 

• Input IP3: +27.0 dBm 

• Output IP3: +36.5 dBm 

• Noise figure: 8.3 dB 

• Integrated LO drivers 

• Integrated low loss RF baluns 

• High linearity IF amplifiers 

• On-chip SPDT LO switch (greater than 40 dB LO-to-LO isolation) 

• Small, MCM (20-pin, 5 x 5 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 

 

 

 

Skyworks offers lead (Pb)-free RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Description 
The SKY73032 is a fully integrated single mixer that includes 
Local Oscillator (LO) drivers, an LO switch, high linearity mixers, 
and large dynamic range Intermediate Frequency (IF) amplifiers. 
Low loss RF baluns have also been included to reduce design 
complications and lower system cost. 

The SKY73032 features an input IP3 of +27.0 dBm and a Noise 
Figure (NF) of 8.3 dB, making the device an ideal solution for high 
dynamic range systems such as 2G/3G base station transceivers. 
The LO switch provides more than 40 dB of isolation between LO 
inputs and supports the switching time required for GSM/EDGE 
base stations. 

The SKY73032 is manufactured using a robust silicon BiCMOS 
process and has been designed for optimum long-term reliability. 
The SKY73032 single downconversion mixer is provided in a 
compact, 20-pin 5 x 5 mm Multi-Chip Module (MCM). A functional 
block diagram is shown in Figure 1. The pin configuration and 
package are shown in Figure 2. Signal pin assignments and 
functional pin descriptions are provided in Table 1. 

S937
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VCC_LO
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LO_SEL

IF
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IF

IF
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VC
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RF

 

Figure 1. SKY73032 Block Diagram 
 



DATA SHEET  •  SKY73032 DOWNCONVERSION MIXER 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
2 January 21, 2008  •  Skyworks Proprietary and Confidential information  •  Products and Product Information are Subject to Change Without Notice  •  200625C 

S938

VCC_IFRF

RF

N/C

GND

GND

VC
C_

LO N/
C

VC
C_

LO
SW

LO
_S

EL

GN
D

15

14

13

12

11

LO2

GND

GND

N/C

LO1

1

2

3

4

5

6 7 8 9 10
RX

IF

IF
+

IF
–

GN
D

N/
C

20 19 18 17 16

 

Figure 2. SKY73032 Pinout – 20-Pin MCM 
 

Table 1. SKY73032 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 VCC_IFRF IF and RF DC supply, +5V 11 LO1 LO1 input 

2 RF RF input 12 N/C No connection 

3 N/C No connection 13 GND Ground 

4 GND Ground 14 GND Ground 

5 GND Ground 15 LO2 LO2 input 

6 VCC_LO LO DC supply, +5V 16 N/C No connection 

7 N/C No connection 17 GND Ground 

8 VCC_LOSW LO switch DC supply, +5V 18 IF– Negative IF output 

9 LO_SEL LO select switch control 19 IF+ Positive IF output 

10 GND Ground 20 RXIF IF bias adjust 
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Functional Description 
The SKY73032 is a high gain single mixer, optimized for base 
station receiver applications. The device consists of a low loss RF 
balun, high linearity passive mixer, and a low noise IF amplifier. 

An LO amplifier is also included that allow the SKY73032 to 
connect directly to the output of a Voltage Controlled Oscillator 
(VCO). This eliminates the extra gain stages needed by most 
discrete passive mixers. A Single Pole, Double Throw (SPDT) 
switch has been included to select between two different LO 
inputs (LO1 and LO2) for frequency hopping applications such as 
GSM. 

RF Baluns and Passive Mixer 

The RF baluns provide a single ended input, which can easily be 
matched to 50 Ω using a simple external matching circuit. The RF 
baluns offer very low loss, and excellent amplitude and phase 
balance. 

The high linearity SKY73032 is a passive, double balanced mixer 
that provides a very low conversion loss, and excellent 3rd Order 
Input Insertion Point (IIP3). 

Addtionally, the balanced nature of the mixer provides for high 
port-to-port isolation. 

LO Buffers and SPDT LO Switch 

The LO buffers allow the input power of the SKY73032 to be in 
the range of ±6 dBm. The LO section is optimized for low-side LO 
injection. However, each of the two LOs can be driven over a wide 
frequency range with only slight degradation in performance. 

A high isolation SPDT switch allows the SKY73032 to be used for 
frequency hopping applications. This switch provides greater than 
40 dB of LO1 to LO2 isolation: 

 

LO_SEL Input LO Path Selected 

High LO1 (pin 11) enabled 

Low LO2 (pin 15) enabled 

 

For applications that do not require frequency hopping, LO_SEL is 
fixed to one state and the appropriate LO input is used. An internal 
pull-down resistor enables the LO2 input. 

IF Amplifier 

The SKY73032 includes high dynamic range IF amplifiers that 
follow the passive mixers in the signal path. The outputs require a 
supply voltage connection using inductive chokes. These choke 
inductors should be high-Q and have the ability to handle 200 mA 
or greater. 

A simple matching network allows the output ports to be matched 
to a balanced 200 Ω impedance. The IF amplifiers are optimized 
for IF frequencies between 40 and 300 MHz. The IF amplifiers can 
be operated outside of this range, but with a slight degradation in 
performance. 

Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73032 are provided in 
Table 2 and the recommended operating conditions in Table 3. 
Electrical characteristics for the SKY73032 are provided in 
Table 4. 

Typical performance characteristics for the SKY73032 are 
illustrated in Figures 3 through 19. 

 

Table 2. SKY73032 Absolute Maximum Ratings (Note 1) 

Parameter Symbol Minimum Maximum Units 

Supply voltage, +5 V VCC 4.5 5.5 V 

Supply current ICC  240 mA 

RF input power PRF  +20.0 dBm 

LO input power PLO  +20.0 dBm 

Operating case temperature TC –40 +85 C 

Junction temperature (Note 2) TJ  +150 C 

Storage case temperature TSTG –40 +125 C 

Note 1: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal value. 

Note 2: Nominal thermal resistance (junction to center ground pad) is 5.1 C/W. 
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Table 3. SKY73032 Recommended Operating Conditions 

Parameter Symbol Minimum Typical Maximum Units 

Supply voltage, +5 V VCC 4.75 5.00 5.25 V 

Supply current ICC  210  mA 

LO input power PLO –6.0 0 +6.0 dBm 

LO select input: 
 high 
 low 

 
LO_SELH 
LO_SELL 

 
2.2 

  
 

0.8 

 
V 
V 

Operating case temperature TC –40  +85 C 

RF frequency range FRF 700  1000 MHz 

LO frequency range (Note 1) FLO 900  1250 MHz 

IF frequency range FIF 40  300 MHz 

Note 1: The SKY73032 has been optimized for high side LO injection. However, the LO can be used outside of the specified frequency range with degraded performance. 

 

Table 4. SKY73032 Electrical Specifications (1 of 2) 
(VCC = +5 V, TA = +25 °C, LO = 0 dBm, RF Frequency = 900 MHz, IF Frequency = 200 MHz, LO Frequency = 1100 MHz, Unless Otherwise 
Noted) 

Parameter Symbol Test Condition Min Typical Max Units 

Conversion gain G fRF = 824 to 915 MHz, 
TA = 25 °C, PLO = –3 to 
+3 dBm 

8.2 9.5  dB 

Gain variation over temperature  TA = –40 to +85 °C  ±0.6  dB 

Noise Figure NF TA = 25 °C, PLO = –3 to 
+3 dBm, VCC = 4.75 to 
5.25 V, IF = 200 MHz 

 8.3  dB 

Noise Figure variation over temperature  TA = –40 to +85 °C  ±0.8  dB 

Noise Figure with a blocker signal NFBLK Blocking signal input 
power = +8 dBm 

 18  dB 

Third order input intercept point IIP3 fRF = 900 MHz and 
900.8 MHz, 
PRF = –10 dBm/tone, 
VCC = 4.75 to 5.25 V 

+24.7 +27.0  dBm 

Input IP3 variation over temperature  TA = –40 to +85 °C  ±0.3  dB 

Third order output intercept point OIP3 fRF = 900 MHz and 
900.8 MHz, 
PRF = –10 dBm/tone, 
VCC = 4.75 to 5.25 V 

 +36.5  dBm 

2RF – 2LO 2x2 PRF = –10 dBm  –68.5 –63 dBc 

3RF – 3LO 3x3 PRF = –10 dBm  –80 –70 dBc 

Input 1 dB compression point IP1dB  +11.0 +13.3  dBm 

Output 1 dB compression point OP1dB   +22.8  dBm 

LO1-to-LO2 isolation    40  dB 

RF to IF isolation   30 48  dB 

LO leakage: 
 @ RF port 
 @ IF port 

    
–59 
–34 

 
–20 
–23 

 
dBm 
dBm 
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Table 4. SKY73032 Electrical Specifications (2 of 2) 
(VCC = +5 V, TA = +25 °C, LO = 0 dBm, RF Frequency = 900 MHz, IF Frequency = 200 MHz, LO Frequency = 1100 MHz, Unless Otherwise 
Noted) 

Parameter Symbol Test Condition Min Typical Max Units 

RF port input return loss ZIN_RF With external matching 
components 

14   dB 

LO port input return loss ZIN_LO With external matching 
components 

14   dB 

IF port output return loss ZOUT_IF With external matching 
components 

14   dB 
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Figure 3. Gain vs Frequency and Supply Voltage 
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Figure 5. Gain vs Frequency and LO Power 

8

9

10

12

7

6

5

4

11

13

14

824 839 854 869 884 899 914

RF Frequency (MHz)

No
is

e 
Fi

gu
re

 (d
B)

4.75 V
5.00 V
5.25 V

 

Figure 7. Noise Figure vs Frequency and Supply Voltage 
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Figure 4. Gain vs Frequency and Temperature 
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Figure 6. Noise Figure vs Frequency and Temperature 
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Figure 8. Noise Figure vs Frequency and LO Power 
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Figure 9. IIP3 vs Frequency and Temperature 
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Figure 11. IIP3 vs Frequency and LO Power 
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Figure 13. IP1dB vs Frequency and Supply Voltage 
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Figure 10. IIP3 vs Frequency and Supply Voltage 
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Figure 12. IP1dB vs Frequency and Temperature 
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Figure 14. IP1dB vs Frequency and LO Power 



DATA SHEET  •  SKY73032 DOWNCONVERSION MIXER 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
 200625C  •  Skyworks Proprietary and Confidential information  •  Products and Product Information are Subject to Change Without Notice  •  January 21, 2008 7 

–79

–75

–71

–63

–83

–87

–91

–95

–67

–59

–55

824 839 854 869 884 899 914

RF Frequency (MHz)

2R
F 

- 
2L

O 
(d

B)

 –40 oC
+25 oC
+85 oC

 

Figure 15. 2RF – 2LO vs Frequency and Temperature 
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Figure 17. LO to IF Leakage vs Frequency and Temperature 
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Figure 19. LO1 to LO2 Isolation vs Frequency and Temperature 
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Figure 16. RF to IF Isolation vs Frequency and Temperature 

–60

–55

–50

–40

–65

–70

–75

–80

–45

–35

–30

824 839 854 869 884 899 914

RF Frequency (MHz)

LO
 to

 R
F 

Le
ak

ag
e 

(d
Bm

)

 –40 oC
+25 oC
+85 oC

 

Figure 18. LO to RF Leakage vs Frequency and Temperature 
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Evaluation Board Description 
The SKY73032 Evaluation Board is used to test the performance 
of the SKY73032 downconversion mixer. An assembly drawing for 
the Evaluation Board is shown in Figure 20 and the layer detail is 
provided in Figure 21. 

Circuit Design Configurations 

The following design considerations are general in nature and 
must be followed regardless of final use or configuration: 

1. Paths to ground should be made as short and as low 
impedance as possible. 

2. The ground pad of the SKY73032 provides critical electrical 
and thermal functionality. This pad is the main thermal 
conduit for heat dissipation. Since the circuit board acts as 
the heat sink, it must shunt as much heat as possible from 
the device. Therefore, design the connection to the ground 
pad to dissipate the maximum heat produced by the circuit 
board. For more information on soldering the SKY73032, refer 

to the Package and Handling Information section of this Data 
Sheet. 

3. Skyworks recommends including external bypass capacitors 
on the VCC voltage inputs of the device. 

4. Components L5 and L4 (see Figure 22) are high-Q, low loss 
inductors. These inductors must be able to pass currents in 
excess of 200 mA DC. 

5. Components R7 and R8 (see Figure 22) allow for external 
adjustment of the IF amplifier bias points. To reduce the IF 
amplifier bias current, connect pin 20 to ground through 
external resistor R8. To increase the IF amplifier bias current, 
connect pin 20 to VCC through external resistor R7. For 
operation as specified in Tables 3 and 4, these resistors are 
not required. 

A schematic diagram for the SKY73032 Evaluation Board is 
shown in Figure 22. 
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 device described by this Data Sheet.
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Figure 20. SKY73032 Evaluation Board Assembly Diagram 
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S940

Layer 1: Top – Metal

Layer 2: Ground

Layer 3: Power Plane

Layer 4: Solid Ground Plane

 

Figure 21. SKY73032 Evaluation Board Layer Detail 
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Figure 22. SKY73032 Evaluation Board Schematic 
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Package Dimensions 
Figure 23 shows the package dimensions for the 20-pin MCM, 
and Figure 24 provides the tape and reel dimensions. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

THE SKY73032 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to the Skyworks Application Note, 

PCB Design & SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73032 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 
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Figure 23. SKY73032 20-Pin MCM Package Dimensions 
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S461

Notes:
1. Carrier tape: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.3 mm width
4. ESD surface resistivity is </=1 x 1010 Ohms/Square
 according to EIA, JEDIC TNR specification.
5. P0/P1 10 pitches cumulative tolerance on tape: ±0.20 mm
6. A and B measurement points are 0.30 mm from bottom pocket.
7. All dimensions are in millimeters
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Figure 24. SKY73032 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73032 700-1000 MHz Downconversion Mixer SKY73032-11 (Pb-free package) TW16-D770 
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PRELIMINARY DATA SHEET 

SKY42068: 400-1000 MHz High Dynamic Range Active Mixer 
Applications 

• GSM/EDGE/CDMA/AMPS/TETRA 

• Mobile radio systems 

• Industrial, Scientific, Medical (ISM) band applications 

Features 

• High, 3rd Order Input Intercept Point (IIP3) mixer 

• Wideband RF input frequency range (400 to 1000 MHz) 

• CMOS-compatible control interface 

• +5 V supply operation 

• –40 °C to +85 °C operating range 

• Supports frequency hopping applications 

• QFN (20-pin, 5 x 5 mm) Pb-free package (MSL3, 260 °C per 
JEDEC J-STD-020) 
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Figure 1. SKY42068 Pinout – 20-Pin QFN 
(Top View) 

 

Description 
The SKY42068 is an integrated, high-dynamic range low-noise 
receiver down converter. It includes a double-balanced active 
mixer, Local Oscillator (LO) amplifiers, and dual LO inputs 
selected by an external switch interface. The LO switch function is 
managed using an externally controlled CMOS-compatible 
interface. 

The 20-pin Quad Flat No-Lead (QFN) device package and pinout 
are shown in Figure 1. Figure 2 shows a functional block diagram 
for the SKY42068. 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 
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Figure 2. SKY42068 Block Diagram 
 

 



PRELIMINARY DATA SHEET  •  SKY42068 ACTIVE MIXER 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
2 August 23, 2006  •  Skyworks Proprietary and Confidential information  •  Products and Product Information are Subject to Change Without Notice  •  103210C 

Table 1. SKY42068 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 LO_1 Local oscillator 1 input 11 IF– Negative IF output 

2 GND Ground 12 IF+ Positive IF output 

3 LO_SEL Select control for LO_1 and LO_2 13 NC No connection 

4 GND Ground 14 NC No connection 

5 LO_2 Local oscillator 2 input 15 NC No connection 

6 GND Ground 16 GND Ground 

7 GND Ground 17 NC No connection 

8 RF+ Positive RF input 18 NC No connection 

9 RF– Negative RF input 19 GND Ground 

10 GND Ground 20 VDD Supply voltage 

 

Table 2. SKY42068 Absolute Maximum Ratings 

Parameter Symbol Minimum Typical Maximum Units 

Positive DC power supply VDD   5.5 V 

Power dissipation PD   1.7 W 

Input power PIN   22 dBm 

Thermal resistance RTH  25  C/W 

Operating case temperature TOPR –40  +85 C 

Storage case temperature TSTG –40  +125 C 

Note: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal value. 

 

Table 3. SKY42068 Recommended Operating Conditions 

Parameter Symbol Minimum Typical Maximum Units 

Positive DC supply voltage VDD 4.75 5.0 5.25 V 

Power dissipation PD  1.1  W 

Operating case temperature TOPR –40  +85 C 

 

Functional Description 
The SKY42068 consists of a high dynamic active mixer, LO 
amplifiers, and a selectable LO input. The SKY42068 was 
specifically designed to meet the needs of high performance 
receivers. 

The mixer shares two independent LO signals, LO_1 and LO_2, 
that are selected using a common CMOS-compatible control 
signal. With this ability, the device can be used in applications 
where frequency hopping is required. 

 

Electrical and Mechanical Specifications 
Signal pin assignments and functional pin descriptions are 
described in Table 1. The absolute maximum ratings of the 
SKY42068 are provided in Table 2. The recommended operating 
conditions are specified in Table 3 and electrical specifications 
are provided in Table 4. 
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Table 4. SKY42068 Electrical Specifications 
(voltage supply = +5 V, TC = +25 °C, LO = 0 dBm, RF frequency = 900 MHz, IF frequency = 71 MHz, unless otherwise noted) 

Parameter Symbol Test Condition Min Typical Max Units 

RF 

RF input frequency   400  1000 MHz 

RF input VSWR (Note 1)    1.5:1 2.0:1  

Mixer (Note 2) 

Conversion gain    2.5  dB 

Single side band noise figure    9.5  dB 

Input IP3  1 MHz tone spacing  36  dBm 

RF to IF leakage (Note 3)    –40  dBm 

LO to IF leakage    –25  dBm 

Input –1 dB compression point 

2x2 product suppression (Note 4) 

  +14 +17 

–70 

 dBm 

dBc 

Local Oscillator 

LO input frequency (Note 5)   450  1200 MHz 

LO input VSWR (Note 1)    1.5:1 2.0:1  

LO level input   –5 0 +5 dBm 

LO1 to LO2 isolation   40   dB 

Intermediate Frequency 

IF output frequency   50  250 MHz 

IF output VSWR (Note 1)  IF = 50 MHz to 200 MHz  1.5:1 2.0:1  

Note 1: In a 50 Ω system obtained with external matching components on input/output ports. 

Note 2: Include RF balun and IF transformer losses. 

Note 3: Measured with an RF input power of –10 dBm. 

Note 4: Measured with an RF input power of –16 dBm. 

Note 5: Use high side LO injection for RF frequencies below 500 MHz. 

 

Evaluation Board Description 
The SKY42068 Evaluation Board is used to test the SKY42068 
mixer performance. The SKY42068 Evaluation Board schematic 
diagram is shown in Figure 3. Figure 4 displays the Evaluation 
Board layout. The Bill of Materials (BOM) is provided in Table 5. 

Circuit Design Configurations 

The following design considerations are general in nature and 
must be followed regardless of final use or configuration: 

1. Paths to ground should be made as short as possible. 

2. The ground pad of the SKY42068 mixer has special electrical 
and thermal grounding requirements. This pad is the main 
thermal conduit for heat dissipation. Since the circuit board 
acts as the heat sink, it must shunt as much heat as possible 
from the mixer. As such, design the connection to the ground 
pad to dissipate the maximum wattage produced to the circuit 
board. Multiple vias to the grounding layer are required. 

3. Two external output bypass capacitors are required on the VDD 
pin. The values of these capacitors will change with respect to 
the desired RF frequency. One capacitor should be used for 
low frequency bypassing and the other capacitor for high 
frequency bypassing. Special attention should be given so that 
the smaller value capacitor does not go into self-resonance at 
the desired RF frequency. 

4. The RF input must be driven differentially. A 1:1 impedance 
ratio balun is recommended with a center tap on the secondary 
side that is a DC path to ground. 

Mixer Testing Procedure  

Use the following procedure to set up the SKY42068 Evaluation 
Board for mixer testing. Refer to Figure 5 for guidance: 

1. Connect the SKY42068 Evaluation Board (J1) to a +5 VDC 
power supply using insulated supply cables. If available, 
enable the current limiting function of the power supply to 
250 mA. 
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2. Connect a signal generator to the LO1 input port (J3). Set the 
generator to the desired LO frequency at a power level of 
0 dBm, but do not enable. 

3. Connect a signal generator to the mixer RF input port (J7). Set 
the generator to the desired RF frequency at a power level of 
0 dBm, but do not enable. 

4. Connect a spectrum analyzer to the IF output port of the mixer 
(J6). 

5. Enable the power supply. 

6. Enable the LO signal. 

7. Enable the RF signal and take measurements. 

8. If LO2 is desired, connect the LO signal generator to the LO2 
input port (J8) and pull the LO_SEL jumper (J2). 

Package Dimensions 
Figure 6 shows the package dimensions for the 20-pin QFN and 
Figure 7 provides the tape and reel dimensions. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

The SKY42068 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY42068 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 
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Figure 3. SKY42068 Evaluation Board Schematic (900 MHz) 
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Figure 4. SKY42068 Evaluation Board Assembly Diagram (900 MHz) 
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Table 5. SKY42068 Evaluation Board Component Values (900 MHz) 

Reference Designator Quantity Value Manufacturer Part Number 

C1, C3, C10, C11, CA1, 
CA2, CA3, CA4, CA5, CA6, 
CA7, CA8, CB1, CB7, CB8, 

J4, J5, LA1, LA2, LA3, 
LA4, RA1, TA1, TA2 

24 DNI   

C2, C4, C5, CB2, CB5 5 33 pF   

C6, CB3, CB4 3 1000 pF   

C9 1 12 pF   

CB6 1 10 pF   

J1 1 Two-pin header connector   

J2 1 Jumper   

J3, J6, J7, J8 4 SMA connector   

L1, L2, LB3, LB4 4 0 Ω   

LB1 1 12 nH   

LB2 1 27 nH   

RB1 1 5 Ω   

TB1 1 1:1 (800-1000 MHz) Murata LDB31900M05C-417 

TB2 1 4:1 (3-800 MHz) Mini-Circuits TC4-1W 

U1 1 – Skyworks SKY42068-11 
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Figure 5. SKY42068 Evaluation Board Mixer Testing Configuration 
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Figure 6. SKY42068 20-Pin QFN Package Dimensions 
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Figure 7. SKY42068 20-Pin QFN Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY42068 Active Mixer SKY42068-11 (Pb-free package) TW12-D761 
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PRELIMINARY DATA SHEET 

SKY73062: 700 – 1000 MHz High Linearity, Single 
Up/Downconversion Mixer 
Applications 

• 2G/3G base station transceivers: 
− GSM/EDGE, CDMA, UMTS/WCDMA 

• Wi-Fi (802.11) 

• WiMAX (802.16) 

• 3GPP Long-Term Evolution 

• Wireless Local Loop 

• High performance radio links 

• Land mobile radio 

• Private mobile radio 

Features 

• Operating frequency range: 700 to 1000 MHz 

• IF frequency range: 50 to 300 MHz 

• Insertion loss: 7.5 dB 

• Input IP3: +32.6 dBm 

• Noise Figure: 7.5 dB 

• Integrated LO driver 

• Integrated low loss RF balun 

• On-chip SPDT LO switch (greater than 40 dB LO-to-LO isolation) 

• Small, MCM (20-pin, 5 x 5 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 

 

 

 

Skyworks offers lead (Pb)-free RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Description 
The SKY73062 is a fully integrated up/downconversion mixer that 
includes a Local Oscillator (LO) driver, an LO switch, and a high 
linearity mixer. A low loss RF balun has also been included to 
reduce design complications and lower system cost. 

The SKY73062 features an input IP3 of +32.6 dBm and an 
insertion loss of 7.5 dB, making the device an ideal solution for 
high dynamic range systems such as 2G/3G base station 
receivers. The LO switch provides more than 40 dB of isolation 
between LO inputs and supports the switching time required for 
GSM/EDGE base stations. 

The SKY73062 is manufactured using a robust silicon BiCMOS 
process and has been designed for optimum long-term reliability. 
The SKY73062 single up/downconversion mixer is provided in a 
compact, 20-pin 5 x 5 mm Multi-Chip Module (MCM). A functional 
block diagram is shown in Figure 1. The pin configuration and 
package are shown in Figure 2. Signal pin assignments and 
functional pin descriptions are provided in Table 1. 

S1162

RF
LO1

VCC_LO

LO2

LO_SEL

IF
+

IF
–

 

Figure 1. SKY73062 Block Diagram 
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Figure 2. SKY73062 Pinout – 20-Pin MCM 
 

Table 1. SKY73062 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 VCC DC supply, +5V 11 LO1 LO1 input 

2 RF RF input 12 GND Ground 

3 N/C No connection 13 GND Ground 

4 GND Ground 14 GND Ground 

5 GND Ground 15 LO2 LO2 input 

6 VCC_LO LO DC supply, +5V 16 N/C No connection 

7 N/C No connection 17 GND Ground 

8 VCC_LOSW LO switch DC supply, +5V 18 IF– Negative IF output 

9 LO_SEL LO select switch control 19 IF+ Positive IF output 

10 GND Ground 20 N/C No connection 
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Functional Description 
The SKY73062 is a high linearity, single up/downconversion 
mixer, optimized for base station receiver applications. The device 
consists of a low loss RF balun and high linearity passive mixer. 

An LO amplifier is also included that allow the SKY73062 to 
connect directly to the output of a Voltage Controlled Oscillator 
(VCO). This eliminates the extra gain stages needed by most 
discrete passive mixers. A Single Pole, Double Throw (SPDT) 
switch has been included to select between two different LO 
inputs (LO1 and LO2) for frequency hopping applications such as 
GSM. 

RF Balun and Passive Mixer 

The RF balun provides a single ended input, which can easily be 
matched to 50 Ω using a simple external matching circuit. The 
balun offers very low loss, and excellent amplitude and phase 
balance. 

The high linearity SKY73062 is a passive, double-balanced mixer 
that provides a very low conversion loss, and excellent 3rd Order 
Input Insertion Point (IIP3). 

Additionally, the balanced nature of the mixer provides for high 
port-to-port isolation. 

LO Buffer and SPDT LO Switch 

The LO buffer allows the input power of the SKY73062 to be in 
the range of ±6 dBm. The LO section is optimized for high-side 
LO injection. However, each of the two LOs can be driven over a 
wide frequency range with some degradation in performance. 

A high isolation SPDT switch allows the SKY73062 to be used for 
frequency hopping applications. This switch provides greater than 
40 dB of LO1 to LO2 isolation: 

 

LO_SEL Input LO Path Selected 

High LO1 (pin 11) enabled 

Low LO2 (pin 15) enabled 

 

For applications that do not require frequency hopping, LO_SEL is 
fixed to one state and the appropriate LO input is used. An internal 
pull-down resistor enables the LO2 input. 

Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73062 are provided in 
Table 2 and the recommended operating conditions in Table 3. 
Electrical characteristics for the SKY73062 are provided in 
Table 4. 

 

 

Table 2. SKY73062 Absolute Maximum Ratings 

Parameter Symbol Minimum Maximum Units 

Supply voltage, +5 V VCC 4.5 5.5 V 

Supply current ICC  100 mA 

RF input power PRF  +20 dBm 

IF input power PIF  +20 dBm 

LO input power PLO  +20 dBm 

Operating case temperature TC –40 +85 C 

Junction temperature TJ  +150 C 

Storage case temperature TSTG –40 +125 C 

Notes: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal value. 
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Table 3. SKY73062 Recommended Operating Conditions 

Parameter Symbol Minimum Typical Maximum Units 

Supply voltage, +5 V VCC 4.75 5.00 5.25 V 

Supply current ICC  70  mA 

LO input power PLO –6 0 +6 dBm 

LO select input: 
 high 
 low 

 
LO_SELH 
LO_SELL 

 
2.2 

  
 

0.8 

 
V 
V 

Operating case temperature TC –40  +85 C 

RF frequency range FRF 700  1000 MHz 

LO frequency range (Note 1) FLO 900  1200 MHz 

IF frequency range FIF 50  300 MHz 

Note 1: The SKY73062 has been optimized for high-side LO injection. However, the LO can be used outside of the specified frequency range with degraded performance. 

 

Table 4. SKY73062 Electrical Specifications (1 of 2) 
(Voltage Supply = +5 V, TC = +25 °C, LO = 0 dBm, RF Frequency = 900 MHz, IF Frequency = 200 MHz, LO Frequency = 1100 MHz, Unless 
Otherwise Noted) 

Parameter Symbol Test Condition Min Typical Max Units 

Downconversion insertion loss ILDOWN RF input to IF output, 
FRF = 900 MHz, 
PRF = 0 dBm 

 7.5  dB 

Upconversion insertion loss ILUP IF input to RF output, 
FIF = 200 MHz, 
PIF = 0 dBm 

 7.5  dB 

Noise Figure NF   7.5  dB 

Noise Figure with a blocker signal NFBLK Blocking signal input 
power = +8 dBm 

  25 dB 

Downconversion third order input intercept 
point 

IIP3DOWN RF input, FRF = 900 MHz 
and 900.8 MHz, 
PRF = 0 dBm/each tone 

 +32.6  dBm 

Upconversion third order input intercept 
point 

IIP3UP IF input, FIF = 200 MHz 
and 200.8 MHz, 
PIF = 0 dBm/each tone 

 +26.1  dBm 

2RF – 2LO 2x2 Downconversion, 
PRF = 0 dBm 

 –60  dBc 

3RF – 3LO 3x3 Downconversion, 
PRF = 0 dBm 

 –76  dBc 

Input 1 dB compression point IP1dB Downconversion  +20  dBm 

LO1-to-LO2 isolation    40  dB 

RF to IF isolation   30   dB 

LO leakage: 
 @ RF port 
 @ IF port 

    
–35.5 
–40.5 

  
dBm 
dBm 

LO_SEL input   –20 +150 +250 µA 

LO switching time     0.5 µs 
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Table 4. SKY73062 Electrical Specifications (2 of 2) 
(Voltage Supply = +5 V, TC = +25 °C, LO = 0 dBm, RF Frequency = 900 MHz, IF Frequency = 200 MHz, LO Frequency = 1100 MHz, Unless 
Otherwise Noted) 

Parameter Symbol Test Condition Min Typical Max Units 

RF port input return loss ZIN_RF With external matching 
components 

14   dB 

LO port input return loss ZIN_LO With external matching 
components 

14   dB 

IF port input return loss ZOUT_IF With external matching 
components 

14   dB 

 

Evaluation Board Description 
The SKY73062 Evaluation Board is used to test the performance 
of the SKY73062 downconversion mixer. An assembly drawing for 
the Evaluation Board is shown in Figure 3 and the layer detail is 
provided in Figure 4. 

Circuit Design Configurations 

The following design considerations are general in nature and 
must be followed regardless of final use or configuration: 

1. Paths to ground should be made as short and as low 
impedance as possible. 

2. The ground pad of the SKY73062 provides critical electrical 
and thermal functionality. The connection to the ground pad 
should be designed to provide the best ground for the mixer. 
For more information on soldering the SKY73062, refer to the 
Package and Handling Information section of this Data Sheet. 

3. Skyworks recommends including external bypass capacitors 
on the VCC voltage inputs of the device. 

A schematic diagram for the SKY73062 Evaluation Board is 
shown in Figure 5. 
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Figure 3. SKY73062 Evaluation Board Assembly Diagram 
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S1073
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Layer 2: Ground
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Figure 4. SKY73062 Evaluation Board Layer Detail 
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Figure 5. SKY73062 Evaluation Board Schematic 
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Package Dimensions 
Figure 6 shows the package dimensions for the 20-pin MCM, and 
Figure 7 provides the tape and reel dimensions. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

THE SKY73062 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to the Skyworks Application Note, 

PCB Design & SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73062 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 
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Figure 6. SKY73062 20-Pin MCM Package Dimensions 
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S461

Notes:
1. Carrier tape: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.3 mm width
4. ESD surface resistivity is </=1 x 1010 Ohms/Square
 according to EIA, JEDIC TNR specification.
5. P0/P1 10 pitches cumulative tolerance on tape: ±0.20 mm
6. A and B measurement points are 0.30 mm from bottom pocket.
7. All dimensions are in millimeters
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Figure 7. SKY73062 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73062 700-1000 MHz Up/Downconversion Mixer SKY73062-11 (Pb-free package) *** TBD *** 
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PRELIMINARY DATA SHEET 

SKY73069: 700 – 1000 MHz High Linearity, Single 
Up/Downconversion Mixer 
Applications 

• 2G/3G base station transceivers: 
− GSM/EDGE, CDMA, UMTS/WCDMA 

• Wi-Fi (802.11) 

• WiMAX (802.16) 

• 3GPP Long-Term Evolution 

• Wireless Local Loop 

• High performance radio links 

• Land mobile radio 

• Private mobile radio 

Features 

• Operating frequency range: 700 to 1000 MHz 

• IF frequency range: 50 to 300 MHz 

• Insertion loss: 7 dB 

• Input IP3: +31 dBm 

• Noise Figure: 7 dB 

• Integrated LO driver 

• Integrated low loss RF balun 

• On-chip SPDT LO switch (greater than 40 dB LO-to-LO isolation) 

• Small, MCM (20-pin, 5 x 5 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 

 

 

 

Skyworks offers lead (Pb)-free RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Description 
The SKY73069 is a fully integrated up/downconversion mixer that 
includes a Local Oscillator (LO) driver, an LO switch, and a high 
linearity mixer. A low loss RF balun has also been included to 
reduce design complications and lower system cost. 

The SKY73069 features an input IP3 of +31 dBm and an insertion 
loss of 7 dB, making the device an ideal solution for high dynamic 
range systems such as 2G/3G base station receivers. The LO 
switch provides more than 40 dB of isolation between LO inputs 
and supports the switching time required for GSM/EDGE base 
stations. 

The SKY73069 is manufactured using a robust silicon BiCMOS 
process and has been designed for optimum long-term reliability. 
The SKY73069 single up/downconversion mixer is provided in a 
compact, 20-pin 5 x 5 mm Multi-Chip Module (MCM). A functional 
block diagram is shown in Figure 1. The pin configuration and 
package are shown in Figure 2. Signal pin assignments and 
functional pin descriptions are provided in Table 1. 
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Figure 1. SKY73069 Block Diagram 
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Figure 2. SKY73069 Pinout – 20-Pin MCM 
 

Table 1. SKY73069 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 VCC DC supply, +5V 11 LO1 LO1 input 

2 RF RF input 12 GND Ground 

3 N/C No connection 13 GND Ground 

4 GND Ground 14 GND Ground 

5 GND Ground 15 LO2 LO2 input 

6 VCC_LO LO DC supply, +5V 16 N/C No connection 

7 N/C No connection 17 GND Ground 

8 VCC_LOSW LO switch DC supply, +5V 18 IF– Negative IF output 

9 LO_SEL LO select switch control 19 IF+ Positive IF output 

10 GND Ground 20 N/C No connection 
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Functional Description 
The SKY73069 is a high linearity, single up/downconversion 
mixer, optimized for base station receiver applications. The device 
consists of a low loss RF balun and high linearity passive mixer. 

An LO amplifier is also included that allow the SKY73069 to 
connect directly to the output of a Voltage Controlled Oscillator 
(VCO). This eliminates the extra gain stages needed by most 
discrete passive mixers. A Single Pole, Double Throw (SPDT) 
switch has been included to select between two different LO 
inputs (LO1 and LO2) for frequency hopping applications such as 
GSM. 

RF Balun and Passive Mixer 

The RF balun provides a single ended input, which can easily be 
matched to 50 Ω using a simple external matching circuit. The 
balun offers very low loss, and excellent amplitude and phase 
balance. 

The high linearity SKY73069 is a passive, double-balanced mixer 
that provides a very low conversion loss, and excellent 3rd Order 
Input Insertion Point (IIP3). 

Additionally, the balanced nature of the mixer provides for high 
port-to-port isolation. 

LO Buffer and SPDT LO Switch 

The LO buffer allows the input power of the SKY73069 to be in 
the range of ±6 dBm. The LO section is optimized for low-side LO 
injection. However, each of the two LOs can be driven over a wide 
frequency range with some degradation in performance. 

A high isolation SPDT switch allows the SKY73069 to be used for 
frequency hopping applications. This switch provides greater than 
40 dB of LO1 to LO2 isolation: 

 

LO_SEL Input LO Path Selected 

High LO1 (pin 11) enabled 

Low LO2 (pin 15) enabled 

 

For applications that do not require frequency hopping, LO_SEL is 
fixed to one state and the appropriate LO input is used. An internal 
pull-down resistor enables the LO2 input. 

Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73069 are provided in 
Table 2 and the recommended operating conditions in Table 3. 
Electrical characteristics for the SKY73069 are provided in 
Table 4. 

 

 

Table 2. SKY73069 Absolute Maximum Ratings 

Parameter Symbol Minimum Maximum Units 

Supply voltage, +5 V VCC 4.5 5.5 V 

Supply current ICC  100 mA 

RF input power PRF  +20 dBm 

IF input power PIF  +20 dBm 

LO input power PLO  +20 dBm 

Operating case temperature TC –40 +85 C 

Junction temperature TJ  +150 C 

Storage case temperature TSTG –40 +125 C 

Notes: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal value. 
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Table 3. SKY73069 Recommended Operating Conditions 

Parameter Symbol Minimum Typical Maximum Units 

Supply voltage, +5 V VCC 4.75 5.00 5.25 V 

Supply current ICC  70  mA 

LO input power PLO –6 0 +6 dBm 

LO select input: 
 high 
 low 

 
LO_SELH 
LO_SELL 

 
2.2 

  
 

0.8 

 
V 
V 

Operating case temperature TC –40  +85 C 

RF frequency range FRF 700  1000 MHz 

LO frequency range (Note 1) FLO 400  950 MHz 

IF frequency range FIF 50  300 MHz 

Note 1: The SKY73069 has been optimized for low-side LO injection. However, the LO can be used outside of the specified frequency range with degraded performance. 

 

Table 4. SKY73069 Electrical Specifications (1 of 2) 
(Voltage Supply = +5 V, TC = +25 °C, LO = 0 dBm, RF Frequency = 900 MHz, IF Frequency = 90 MHz, LO Frequency = 810 MHz, Unless 
Otherwise Noted) 

Parameter Symbol Test Condition Min Typical Max Units 

Downconversion insertion loss ILDOWN RF input to IF output, 
FRF = 900 MHz, 
PRF = 0 dBm 

 7  dB 

Upconversion insertion loss ILUP IF input to RF output, 
FIF = 90 MHz, 
PIF = 0 dBm 

 7.5  dB 

Noise Figure NF   7  dB 

Noise Figure with a blocker signal NFBLK Blocking signal input 
power = +8 dBm 

  25 dB 

Downconversion third order input intercept 
point 

IIP3down RF input, FRF = 900 MHz 
and 900.8 MHz, 
PRF = 0 dBm/each tone 

 +31  dBm 

Upconversion third order input intercept 
point 

IIP3up IF input, FIF = 90 MHz and 
90.8 MHz, 
PIF = 0 dBm/each tone 

 +30.5  dBm 

2RF – 2LO 2x2 Downconversion, 
PRF = –10 dBm 

 –65  dBc 

3RF – 3LO 3x3 Downconversion, 
PRF = –10 dBm 

 –80  dBc 

Input 1 dB compression point IP1dB Downconversion  +20.9  dBm 

LO1-to-LO2 isolation    54  dB 

RF to IF isolation   30   dB 

LO leakage: 
 @ RF port 
 @ IF port 

    
–27 
–25 

  
dBm 
dBm 

LO_SEL input   –20 +150 +250 µA 

LO switching time     0.5 µs 
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Table 4. SKY73069 Electrical Specifications (2 of 2) 
(Voltage Supply = +5 V, TC = +25 °C, LO = 0 dBm, RF Frequency = 900 MHz, IF Frequency = 90 MHz, LO Frequency = 810 MHz, Unless 
Otherwise Noted) 

Parameter Symbol Test Condition Min Typical Max Units 

RF port input return loss ZIN_RF With external matching 
components 

14   dB 

LO port input return loss ZIN_LO With external matching 
components 

14   dB 

IF port input return loss ZOUT_IF With external matching 
components 

14   dB 

 

Evaluation Board Description 
The SKY73069 Evaluation Board is used to test the performance 
of the SKY73069 downconversion mixer. An assembly drawing for 
the Evaluation Board is shown in Figure 3 and the layer detail is 
provided in Figure 4. 

Circuit Design Configurations 

The following design considerations are general in nature and 
must be followed regardless of final use or configuration: 

1. Paths to ground should be made as short and as low 
impedance as possible. 

2. The ground pad of the SKY73069 provides critical electrical 
and thermal functionality. The connection to the ground pad 
should be designed to provide the best ground for the mixer. 
For more information on soldering the SKY73069, refer to the 
Package and Handling Information section of this Data Sheet. 

3. Skyworks recommends including external bypass capacitors 
on the VCC voltage inputs of the device. 

A schematic diagram for the SKY73069 Evaluation Board is 
shown in Figure 5. 
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Figure 3. SKY73069 Evaluation Board Assembly Diagram 
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S1073

Layer 1: Top – Metal

Layer 2: Ground

Layer 3: Power Plane

Layer 4: Solid Ground Plane

 

Figure 4. SKY73069 Evaluation Board Layer Detail 
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Figure 5. SKY73069 Evaluation Board Schematic 
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Package Dimensions 
Figure 6 shows the package dimensions for the 20-pin MCM, and 
Figure 7 provides the tape and reel dimensions. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

THE SKY73069 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to the Skyworks Application Note, 

PCB Design & SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73069 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 
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Figure 6. SKY73069 20-Pin MCM Package Dimensions 
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S461

Notes:
1. Carrier tape: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.3 mm width
4. ESD surface resistivity is </=1 x 1010 Ohms/Square
 according to EIA, JEDIC TNR specification.
5. P0/P1 10 pitches cumulative tolerance on tape: ±0.20 mm
6. A and B measurement points are 0.30 mm from bottom pocket.
7. All dimensions are in millimeters
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Figure 7. SKY73069 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73069 700-1000 MHz Up/Downconversion Mixer SKY73069-11 (Pb-free package) *** TBD *** 
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DATA SHEET 

SKY73010: 300 – 2500 MHz Direct Quadrature Modulator 
Applications 
• QPSK/GMSK/QAM/DQPSK modulators 

• Single-sideband modulators 

• Image reject mixers 

• CDMA base stations 

• GSM/EDGE, TDMA/TDMA-EDGE, and Trans-European Trunked 
Radio (TETRA) base stations 

• First upconverter in dual conversion receivers 

Features 
• Broad RF and LO frequency range: 300 to 2500 MHz 

• Carrier suppression greater than 35 dBc 

• Sideband suppression greater than 45 dBc 

• Modulation bandwidth DC to 250 MHz 

• Noise floor less than –153 dBm/Hz 

• Broadband LO/RF flatness 

• RFLGA™ (16-pin, 4 x 4 mm) Pb-free package (MSL3, 260 °C 
per JEDEC J-STD-020) 

Description 
The SKY73010 is an integrated quadrature modulator for direct 
modulation of high frequency Amplitude Modulated (AM), Phase 
Modulated (PM), or compound carriers. A SiGe Bipolar 
Complementary Metal Oxide Semiconductor (BiCMOS) process is 
used to offer excellent linearity, noise floor, and carrier 
suppression performance. 

A functional block diagram for the SKY73010 is shown in 
Figure 1. Recommended operating conditions are provided in 
Table 1. Package dimensions for the 4 x 4 mm RF Land Grid Array 
(RFLGA) are shown in Figure 2. 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 
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Figure 1. SKY73010 Functional Block Diagram 
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Table 1. SKY73010 Recommended Operating Conditions 

Parameter Symbol Min Typical Max Units 

+5 V supply voltage VCC 4.5 5.0 5.5 V 

Current consumption ICC  90 110 mA 

Operating case temperature TOPR –40  +85 °C 
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Figure 2. SKY73010 16-Pin RFLGA Package Dimensions 

Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73010 300-2500 MHz Direct Quadrature Modulator SKY73010-21 (Pb-free package) TW12-D692 
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PS088-315: Voltage Controlled Phase Shifter 
700–1100 MHz

Features
● 700–1100 MHz frequency band
● 85–105-degree phase shift range
● 1.5 dB insertion loss variation
● 0–12 V control voltage range
● Specified 33 dBm IP3 @ 900 MHz
● Small footprint LGA package
● Lead (Pb)-free and RoHS-compliant MSL-1 @ 240 °C

Description
The PS088-315 is a voltage controlled phase shifter that employs
a monolithic quadrature hybrid and a pair of selected silicon 
varactor diodes to achieve 100-degree phase shift and low 
insertion loss. The PS088-315 is packaged in the small outline
LGA (Land Grid Array) surface mount package with the internal
elements affixed to an organic BT substrate.

Parameter Condition Frequency Min. Typ. Max. Unit

Phase shift At FO, VCONTROL = 12 V from VCONTROL= 0 V 849–869 MHz 85 100 Deg.

Control voltage (VCONTROL) range 0 12 V

Control current VCONTROL= 12 V 1 µA

Insertion loss in BW VCONTROL= 0–12 V 849–869 MHz 2.8 dB

I.L. deviation in BW VCONTROL= 0–12 V 849–869 MHz 1.8 dB

Return loss in BW -7 dB

IM3 PIN = 8 dBm, 900/905 MHz, VCONTROL= 0 V 700–1100 MHz -50 dBc

IP3 Derived from IM3 33 dBm

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

VCONTROL
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Voltage
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RF In/Out

Connection Diagram



DATA SHEET  •  PS088-315

2
Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com

September 13, 2006  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  200247 Rev. A

Magnitude S21 vs.
Frequency and Control Voltage

Frequency (GHz)

In
se

rti
on

 L
os

s 
(d

B)

Mag 4 V Mag 5 V

Mag 3 V

Mag 7 V

Mag 8 V

Mag 12 V

Mag 6 V

Mag 10 V Mag 11 VMag 9 V

Mag 2 VMag 0 V Mag 1 V

-5

-4

-3

-2

-1

0

0.7 0.8 0.9 1.0 1.1

Magnitude S11 vs.
Frequency and Control Voltage

Frequency (GHz)

Re
tu

rn
 L

os
s 

(d
B)

Mag 4 V Mag 5 V

Mag 3 V

Mag 7 V

Mag 8 V

Mag 12 V

Mag 6 V

Mag 10 V Mag 11 VMag 9 V

Mag 2 VMag 0 V Mag 1 V

-43

-39

-35

-31

-27

-23

-19

-15

-11

-7

0.7 0.8 0.9 1.0 1.1

Magnitude S22 vs.
Frequency and Control Voltage

Frequency (GHz)

Re
tu

rn
 L

os
s 

(d
B)

Mag 4 V Mag 5 V

Mag 3 V

Mag 7 V

Mag 8 V

Mag 12 V

Mag 6 V

Mag 10 V Mag 11 VMag 9 V

Mag 2 VMag 0 V Mag 1 V

-43

-39

-35

-31

-27

-23

-19

-15

-11

-7

0.7 0.8 0.9 1.0 1.1

Phase S21 vs.
Frequency and Control Voltage

Frequency (GHz)

Ph
as

e 
(D

eg
re

es
)

0.7 0.8 0.9 1.0 1.1
-250

-230

-210

-190

-170

-150

-130

-110

-90

-70

-50

-30

Phase 4 V Phase 5 VPhase 3 V

Phase 7 V Phase 8 V

Phase 12 V

Phase 6 V

Phase 10 V Phase 11 VPhase 9 V

Phase 2 VPhase 0 V Phase 1 V

Typical Performance Data

ZO = 50 Ω, unless otherwise noted



DATA SHEET  •  PS088-315

3
Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com

200247 Rev. A  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  September 13, 2006

0 42 6 8 10 12

IP
3 

(d
Bm

)

Control Voltage (V)

IP3 vs. Control Voltage
RF1 = 0.900 GHz, RF2 = 0.905 GHz @ 8 dBm

30

32

34

36

38

40

42

44

46

48

50

Terminal No. Terminal Name

A1 (Pin 1) IN/OUT

A2 GND

A3 IN/OUT

B1 GND

B3 GND

C1 VCONTROL

C2 GND

C3 VCONTROL

B3B1

C1 C2 C3

A1 A2 A3

In
/O

ut

GN
D

In
/O

ut

GND GND

V C
ON

TR
OL

V C
ON

TR
OL

GN
D

Pin Out (Bottom View)

Characteristic Value

RF input power 20 dBm

Control voltage 15 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Electrostatic discharge HBM 1 B

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

-315

0.091 (2.32 mm)
 ± 0.003 (0.091 mm)

0.193 (4.90 mm)
± 0.004 (0.10 mm)

0.126
(3.20 mm)
± 0.004

(0.10 mm)

LC

LC

Pin 1 Indicator

0.107 (2.740 mm)
± 0.004 (0.100 mm)

0.063
(1.60 mm)

8X 0.004
(0.100 mm)

±  0.001
(0.02 mm)

0.030 (0.775 mm) 
± 0.002 (0.050 mm)

0.031 (0.800 mm) 
± 0.002 (0.050 mm)

Detail 
A

Detail A

Detail C

Detail B

0.024 (0.600 mm) 
± 0.002 (0.050 mm)

0.031 (0.800 mm) 
± 0.002 (0.050 mm)

Detail B

Detail C Mold

Seating
Plane

0.078 (2.00 mm)
± 0.002 (0.05 mm) 

0.013 (0.32 mm)
± 0.002 (0.4 mm)
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PS094-315: Voltage Controlled Phase Shifter  
700–1200 MHz

DATA SHEET

Parameter Condition Frequency Min. Typ. Max. Unit

Phase shift At FO, VCONTROL = 12 V 925–960 MHz 80 100 Deg.

Control voltage (VCONTROL) range 0 12 V

Control current VCONTROL = 12 V 1 µA

Insertion loss in BW VCONTROL = 12 V 925–960 MHz 3.2 dB

I.L. deviation in BW VCONTROL = 0–12 V 925–960 MHz 2 dB

Return loss in BW 700–1200 MHz -7 dB

IM3 PIN = 8 dBm, 900/905 MHz, VCONTROL = 0 V -50 dBc

IP3 Derived from IM3 33 dBm

Operating Characteristics at 25 °C

ZO = 50 Ω, unless otherwise noted

Features
● 700–1200 MHz frequency band
● 80–110-degree phase shift range
● 1.7 dB insertion loss variation
● 0–12 V control voltage range
● Specified 33 dBm IP3 @ 900 MHz
● Small footprint LGA package
● Lead (Pb)-free and RoHS-compliant

Description
The PS094-315 is a voltage controlled phase shifter that employs
a monolithic quadrature hybrid and a pair of selected silicon 
varactor diodes to achieve 100-degree phase shift and low 
insertion loss. The PS094-315 is packaged in the small outline
LGA (Land Grid Array) surface mount package with the internal
elements affixed to an organic BT substrate.

VCONTROL

Control
Voltage

10 pF

10 pF

VCONTROL

RF In/Out

RF In/Out

Connection Diagram

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Typical Performance Data

ZO = 50 Ω, unless otherwise noted
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RF1 = 0.900 GHz, RF2 = 0.905 GHz @ 8 dBm
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-315

0.091 (2.32 mm)
 ± 0.003 (0.091 mm)

0.193 (4.90 mm)
± 0.004 (0.10 mm)

0.126
(3.20 mm)
± 0.004

(0.10 mm)

LC

LC

Pin 1 Indicator

0.107 (2.740 mm)
± 0.004 (0.100 mm)

0.063
(1.60 mm)

8X 0.004
(0.100 mm)

±  0.001
(0.02 mm)

0.030 (0.775 mm) 
± 0.002 (0.050 mm)

0.031 (0.800 mm) 
± 0.002 (0.050 mm)

Detail 
A

Detail A

Detail C

Detail B

0.024 (0.600 mm) 
± 0.002 (0.050 mm)

0.031 (0.800 mm) 
± 0.002 (0.050 mm)

Detail B

Detail C Mold

Seating
Plane

0.078 (2.00 mm)
± 0.002 (0.05 mm) 

0.013 (0.32 mm)
± 0.002 (0.4 mm)

Characteristic Value

RF input power 20 dBm

Control voltage 15 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Electrostatic discharge HBM 1 B

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
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PS196-315: Voltage Controlled Phase Shifter 
1.5–3.0 GHz

DATA SHEET

Parameter Condition Frequency Min. Typ. Max. Unit

Phase shift At FO, VCONTROL = 12 V 1930–1990 MHz 65 85 100 Deg.

Control voltage (VCONTROL) range 0 12 V

Control current VCONTROL = 12 V 1 mA

Insertion loss in BW VCONTROL = 0–12 V 1930–1990 MHz 3.3 dB

I.L. deviation in BW VCONTROL = 0–12 V 1930–1990 MHz 2 dB

Return loss in BW 1500–3000 MHz -7 dB

IM3 PIN = 8 dBm, 1900/1905 MHz, VCONTROL = 0 V -50 dBc

IP3 Derived from IM3 33 dBm

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

Features
● 1500–3000 MHz frequency band
● 65–100-degree phase shift range
● 2 dB insertion loss variation
● 0–12 V control voltage range
● Specified 33 dBm IP3 @ 1900 MHz
● Small footprint LGA package
● Lead (Pb)-free and RoHS-compliant

Description
The PS196-315 is a voltage controlled phase shifter that employs
a monolithic quadrature hybrid and a pair of selected silicon 
varactor diodes to achieve 100-degree phase shift and low 
insertion loss. The PS196-315 is packaged in the small outline
LGA (Land Grid Array) surface mount package with the internal
elements affixed to an organic BT substrate.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.
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DATA SHEET  •  PS196-315
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Magnitude S21 vs.
Frequency and Control Voltage
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Typical Performance Data

ZO = 50 Ω, unless otherwise noted
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3rd Order Intermod vs. Control Voltage
RF1 = 1.900 GHz, RF2 = 1.905 GHz @ 8 dBm
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Terminal No. Terminal Name

A1 (Pin 1) In/Out

A2 GND
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-315

0.091 (2.32 mm)
 ± 0.003 (0.091 mm)

0.193 (4.90 mm)
± 0.004 (0.10 mm)

0.126
(3.20 mm)
± 0.004

(0.10 mm)

LC

LC

Pin 1 Indicator

0.107 (2.740 mm)
± 0.004 (0.100 mm)

0.063
(1.60 mm)

8X 0.004
(0.100 mm)

±  0.001
(0.02 mm)

0.030 (0.775 mm) 
± 0.002 (0.050 mm)

0.031 (0.800 mm) 
± 0.002 (0.050 mm)

Detail 
A

Detail A

Detail C

Detail B

0.024 (0.600 mm) 
± 0.002 (0.050 mm)

0.031 (0.800 mm) 
± 0.002 (0.050 mm)

Detail B

Detail C Mold

Seating
Plane

0.078 (2.00 mm)
± 0.002 (0.05 mm) 

0.013 (0.32 mm)
± 0.002 (0.4 mm)

Characteristic Value

RF input power 20 dBm

Control voltage 15 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Electrostatic discharge HBM 1 B

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
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PS214-315: Voltage Controlled Phase Shifter 
1700–2800 MHz

DATA SHEET

Parameter Condition Frequency Min. Typ. Max. Unit

Phase shift At FO, VCONTROL = 12 V 2110–2170 MHz 75 Deg.

Control voltage (VCONTROL) range 0 12 V

Control current VCONTROL = 12 V 1 μA

Insertion loss in BW VCONTROL = 0 V 2110–2170 MHz 2.5 dB

I.L. deviation in BW VCONTROL = 0–12 V 2110–2170 MHz 1.2 dB

Return loss in BW 1700–2800 MHz -10 dB

IM3 PIN = 8 dBm, 2140/2145 MHz, VCONTROL = 0 V -50 dBc

IP3 Derived from IM3 33 dBm

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

Features
● 1700–2800 MHz frequency band
● 70–100-degree phase shift range
● 1.1 dB insertion loss variation
● 0–12 V control voltage range
● Specified 33 dBm IP3
● Small footprint LGA package
● Lead (Pb)-free and RoHS-compliant

Description
The PS214-315 is a voltage controlled phase shifter that employs
a monolithic quadrature hybrid and a pair of selected silicon var-
actor diodes to achieve nominal 100-degree phase shift and low
insertion loss. The PS214-315 is packaged in the small outline
LGA (Land Grid Array) surface mount package with the internal
elements affixed to an organic BT substrate.

VCONTROL

Control
Voltage

10 pF

10 pF

VCONTROL

RF In/Out

RF In/Out

Connection Diagram

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Insertion Loss vs.
Frequency and Control Voltage
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Typical Performance Data

ZO = 50 Ω, unless otherwise noted
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Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Terminal No. Terminal Name

A1 (Pin 1) In/Out

A2 GND

A3 In/Out

B1 GND

B3 GND

C1 VCONTROL

C2 GND

C3 VCONTROL

B3B1

C1 C2 C3

A1 A2 A3

In
/O

ut

GN
D

In
/O

ut

GND GND

V C
ON

TR
OL

V C
ON

TR
OL

GN
D

Pin Out (Bottom View)
Characteristic Value

RF input power 20 dBm

Control voltage 15 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Electrostatic discharge HBM 1 B

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

Absolute Maximum Ratings

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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-315

0.091 (2.32 mm)
 ± 0.003 (0.091 mm)

0.193 (4.90 mm)
± 0.004 (0.10 mm)

0.126
(3.20 mm)
± 0.004

(0.10 mm)

LC

LC

Pin 1 Indicator

0.107 (2.740 mm)
± 0.004 (0.100 mm)

0.063
(1.60 mm)

8X 0.004
(0.100 mm)

±  0.001
(0.02 mm)

0.030 (0.775 mm) 
± 0.002 (0.050 mm)

0.031 (0.800 mm) 
± 0.002 (0.050 mm)

Detail 
A

Detail A

Detail C

Detail B

0.024 (0.600 mm) 
± 0.002 (0.050 mm)

0.031 (0.800 mm) 
± 0.002 (0.050 mm)

Detail B

Detail C Mold

Seating
Plane

0.078 (2.00 mm)
± 0.002 (0.05 mm) 

0.013 (0.32 mm)
± 0.002 (0.4 mm)
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PRELIMINARY DATA SHEET 

SKY73112: 750-850 MHz High Performance VCO/Synthesizer 
With Integrated Switch 
Applications 

• 2G, 2.5G, and 3G base station transceivers: 
− GSM, EDGE, CDMA, WCDMA 

• General purpose RF systems 

Features 

• Wideband frequency operation: 750 to 850 MHz 

• Process-tolerant compensation for VCO 

• 24-bit Σ∆ fractional-N synthesizer 

• Ultra-fine frequency resolution of 0.001 ppm 

• Flexible reference frequency selection 

• Three-wire serial interface up to 20 MHz clock frequency 

• Integrated PLL supply regulation for spur isolation 

• MCM (38-pin, 9 x 12 mm) Pb-free free (MSL3, 260 °C per 
JEDEC J-STD-020) SMT package 

 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

 

Description 
Skyworks SKY73112 Voltage-Controlled Oscillator 
(VCO)/Synthesizer is a fully integrated, high performance signal 
source for high dynamic range transceivers. The device provides 
ultra-fine frequency resolution, fast switching speed, and low 
phase noise performance for 2G, 2.5G, and 3G base station 
transceivers. 

The SKY73112 VCO/Synthesizer is a key building block for high-
performance radio system designs that require low power and a 
fine step size. Reference clock generators with an output 
frequency up to 52 MHz can be used with the SKY73112. The 
input clock frequency is divided down by programmable dividers 
(1 to 8) for the synthesizer. The phase detector can operate at a 
maximum speed of 26 MHz, which allows better phase noise due 
to the lower division value. 

The SKY73112 VCO/Synthesizer is provided in a compact, 38-pin 
Multi-Chip Module (MCM). The device package and pinout are 
shown in Figure 1. A functional block diagram is shown in 
Figure 2. Signal pin assignments and functional pin descriptions 
are provided in Table 1. 
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Figure 1. SKY73112 Pinout– 38-Pin MCM Package 
(Top View) 
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Figure 2. SKY73112 Functional Block Diagram 
 

Table 1. SKY73112 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 GND Ground 20 GND Ground 

2 GND Ground 21 N/C No connection 

3 GND Ground 22 LD Lock detect output 

4 SW_EN Synthesizer RF output switch enable 23 FREF Frequency reference input 

5 GND Ground 24 GND Ground 

6 GND Ground 25 GND Ground 

7 GND Ground 26 GND Ground 

8 GND Ground 27 N/C No connection 

9 GND Ground 28 GND Ground 

10 RF_OUT Synthesizer output 29 GND Ground 

11 GND Ground 30 GND Ground 

12 GND Ground 31 GND Ground 

13 GND Ground 32 GND Ground 

14 N/C No connection 33 N/C No connection 

15 GND Ground 34 GND Ground 

16 GND Ground 35 GND Ground 

17 CLK Serial port clock 36 GND Ground 

18 DATA Serial port data 37 VDD +5 V power supply 

19 LE Serial port latch enable 38 GND Ground 
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Technical Description 
The SKY73112 is a fractional-N frequency synthesizer using a 
Σ∆ modulation technique. The fractional-N implementation 
provides low in-band noise by having a low division and fast 
frequency settling time. The device also provides programmable, 
arbitrary fine frequency resolution. This compensates the 
frequency synthesizer for crystal frequency drift. 

Serial I/O Control Interface 

The SKY73112 is programmed through a three-wire serial bus 
control interface using four 26-bit words. The three-wire interface 
consists of three signals: CLK (pin 17), LE (pin 19), and the bit 
serial data line DATA (pin 18). The convention is to load data from 
the most significant bit to the least significant bit (MSB to LSB). A 
serial data input timing diagram is shown in Figure 3. Preset 
timing parameter values are provided in Table 2. 

Figure 4 depicts the serial bus, which consists of one 26-bit load 
register and four separate 24-bit registers. Data is initially clocked 
into the load register starting with the MSB and ending with the 
LSB. The LE signal is used to gate the clock to the load register, 
requiring the LE signal to be brought low before the data load. 
Data is shifted on the rising edge of CLK. 

The two final LSBs are decoded to determine which holding 
register should latch the data. The falling edge of LE latches the 
data into the appropriate holding register. This programming 
sequence must be repeated to fill all four holding registers. 

Loading new data into a holding register not associated with the 
synthesizer frequency programming does not reset or change the 
synthesizer. The synthesizer should not lose lock before, during, 

or after a new serial word load that does not change the 
programmed frequency. 

VCO Tuning Loop 

A VCO auto-tuning loop provides the proper 7-bit coarse tuning 
setting for the VCO switch capacitors in the VCO output. This sets 
the oscillation frequency as close to target as possible before 
starting fine analog tuning. 

The auto-tuning loop is designed to compensate process variation 
so that the VCO fine tuning range can be reduced to cover 
temperature variation only. The auto-tuning loop reduces VCO 
gain (KV), which reduces the VCO phase noise. 

VCO Prescalers 

The VCO prescalers divide the VCO output signal by either 16/17 
or 8/9. The Σ∆ modulator determines whether to divide by 16 or 
17 in the 16/17 mode, or whether to divide by 8 or 9 in the 8/9 
mode. 

N-Counter 

The N-counter consists of two asynchronous ripple counters, a 
6-bit M-counter and a 4-bit A-counter. The M-counter determines 
the counts using the lower division ratio in the prescaler (8 or 16); 
the A-counter determines the counts using the upper division ratio 
(9 or 17). 

By changing the counter setting at each reference clock cycle, the 
Modulated Fractional Divider (MFD) achieves the desired noise 
shaping. 
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tLEW
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Figure 3. SKY73112 Serial Data Input Timing Diagram (MSB First) 
 



PRELIMINARY DATA SHEET  •  SKY73112 VCO/SYNTHESIZER 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
4 July 9, 2007  •  Skyworks Proprietary and Confidential Information  •  Products and Product Information are Subject to Change Without Notice  •  200736A 

Table 2. CLK, DATA, LE Preset Timing Parameters 

Parameter Value 

Input high voltage (VIH) 1.6 V 

Input low voltage (VIL) 0.3 V 

Input current (lDIG) 1 µA (maximum) 

Clock frequency 15 MHz (maximum) 

Clock high (tCKH) 15 ns (minimum) 

Clock low (tCKL) 15 ns (minimum) 

Data set up (tDSU) 20 ns (minimum) 

Data hold (tDHD) 10 ns (minimum) 

Clock to latch enable (tCLE) 20 ns (minimum) 

Latch enable width (tLEW) 15 ns (minimum) 

Latch enable to clock (tLEC) 15 ns (minimum) 

Word length 26 bits 

Number of words 4 

Current drain 2 µA 

Bits [25:2]

S918

Power-On
Preset

CLK

DATA
(Words 0-3, bits [25:0])

LE

Word 0
Bits [25:2]

Words 0-3
Bits [1:0]

Word 1
Bits [25:2]

Word 2
Bits [25:2]

Word 3
Bits [25:2]Load

Register
Operation

Mode
Register

Auto
Calibration

Control
Register

2 LSB Decode
(Register Address,

Bits [1:0])

Latch Latch

Frequency
Control 1
Register

Latch

Frequency
Control 2
Register

Latch

 

Figure 4. Serial Bus Block Diagram 
 

VCO MFD Block 

The MFD block divides down the prescaler output to the Phase 
Locked Loop (PLL) reference frequency. A third order cascaded 
Σ∆ modulation technique minimizes spurs through randomization 
of the division ratio. 

The MFD block controls the division ratio by dynamically 
programming the M and A counters in the N-counter. 

Phase Detector and Charge Pump 

The phase detector and charge pump detect and integrate the 
phase and frequency errors of the divided down VCO output 
versus the reference clock. This results in a feedback adjustment 
of the control voltage for the VCO. 

Lock Detect 

Lock detection circuitry provides a CMOS logic level indication 
when the PLL is frequency locked (high when locked). 

Reference Input Divider 

The R-counter (reference input clock divider) consists of three 
divide-by-two blocks and one multiplexer controlled by the 
RDIV[1:0] parameter in Legacy Word 2. The R-counter is used to 
select a divide-by-one to a divide-by-eight function. 
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Synthesizer Output Switch 

An on-chip switch is integrated into the SKY73112 RF output after 
the balun and is controlled by the SW_EN signal (pin 4) as 
indicated below: 

SW_EN Input Synthesizer Output 

High On 

Low Off 

 

The switch provides >50 dB isolation at the synthesizer RF 
output. This allows the SKY73112 to be used for GSM 
applications. 

Synthesizer Programming 

To program the synthesizer to the correct frequency, values for 
the N-counter (both M and A portions), fractional divisor (FN), and 
fractional modulus extender (ME) are needed. These values are 
used to determine the total divider ratio, DTotal, according to 
Equation 1: 

 DTotal = Nactual + FNactual + MEactual + 3.5 (1) 

Where: Nactual = the actual value of the N-counter 

 FNactual = the actual fractional divisor 

 MEactual = the actual fractional modulus extender 

Because of the way the ∆Σ modulator is implemented in the 
SKY73103, the number 3.5 must be added to the division number 
to obtain the final division ratio. 

The calculated value for DTotal can then be used to determine the 
correct synthesizer frequency, RF: 

 Total
REF D
R1

FRF ×=  (2) 

Where: FREF = the reference frequency 

 R1 = the reference divider radio 

The 6-bit M-counter and the 4-bit A-counter portions of the N-
counter are calculated according to the following relationships: 

Nactual is the actual N-counter value and is the integer portion of 
(DTotal – 3.5): 

 Nactual = Mactual × P + Aactual (3) 

If: M = Mactual (binary number, fit to six bits) 

 A = Aactual (binary number, fit to four bits) 

Then: N = M × 24 + A 

Where: N is the number to be programmed into the N-counter. 

The synthesizer has a selectable prescaler of 8/9 or 16/17. If the 
16/17 prescaler is used: 

P = 24 = 16 

In this case, N is the same as Nactual, M is equal to the six MSBs of 
Nactual, and A is equal to the four LSBs of Nactual. 

If the 8/9 prescaler is used: 

P = 8 

Here, N is not equal to Nactual. The A-counter portion only uses the 
three LSBs (the 4th bit of the A-counter is a “don’t care” bit). 

The fractional divisor code (FN) sets the fractional-N modulo up to 
256 modulo according to the following equation: 

 ⎟
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The value of FN is equal to the binary representation of 256 (or 28) 
× FNactual, or: 

 FN = D7 × 27 + D6 × 26 + D5 × 25+ . . . D0 

The fractional modulo can be extended up to 223 using the modulo 
extender (ME) if required: 

 MEactual = D14(1/29) + D13(1/210) + D12(1/211) + . . . + D0(1/223) 

The value of ME is equal to the binary representation of the 
integer part of 223 × MEactual, or: 

 ME = D14 × 214 + D13 × 213 + D12 × 212 + . . .D0 

 

Example 1: 

A desired synthesizer frequency of 2640.45 MHz is required using 
a crystal frequency of 16 MHz and a 16/17 prescaler. Since the 
maximum internal reference frequency is 25 MHz, the crystal 
frequency does not need to be divided. However, a reference 
divider ratio of 2 is used for this example. 

Restating Equation 2 as a function of DTotal: 

 DTotal  = (2640.45 × 2)/16 = 330.05625 

Where: RF = 2640.45 

 R1 = 2 

 FREF = 16 

Determine Nactual by subtracting 3.5 from DTotal and removing the 
fractional portion: 

 DTotal – 3.5 = 326.55625 

Using Equation 3: 

 Nactual = 326 = Mactual × P + Aactual 

Where: Mactual = 20 

 P = 16 

 Aactual = 6 

M = Mactual = 20 = 010100b (the six MSBs) 

A = Aactual = 6 = 0110b (the four LSBs) 
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N = M × 24 + A = 0101000110b (this is the same as Nactual) 

Multiply the fractional portion that was removed in the previous 
step by 256 and remove the fractional portion of the result to 
determine FN: 

0.55625 × 256 = 142.4 

FN = 142 = 10001110b 

Divide FN by 256 to determine the actual fractional part, FNactual: 

FNactual = 142/256 = 0.5546875 

Subtract this result from the fractional portion of (DTotal – 3.5) to 
determine the actual fractional modulus extender, MEactual: 

MEactual = (DTotal – 3.5 – Nactual) – FNactual 

 = 0.55625 – 0.5546875 

 = 0.0015625 

Multiply this result by 8388608 (the 23-bit ∆Σ modulator value, 
223) and remove the fractional portion to determine the value of 
ME: 

0.0015625 × 8388608 = 13107.2 

ME = 13107 = 011001100110011b 

 

Example 2: 

A desired synthesizer frequency of 725 MHz is required using a 
crystal frequency of 13 MHz and an 8/9 prescaler. Since the 
maximum internal reference frequency is 25 MHz, the crystal 
frequency does not need to be divided. However, a reference 
divider ratio of 2 is used for this example. 

Restating Equation 2 as a function of DTotal: 

 DTotal  = (725 × 2)/13 = 111.538461538 

Where: RF = 725 

 R1 = 2 

 FREF = 13 

Determine Nactual by subtracting 3.5 from DTotal and removing the 
fractional portion: 

 DTotal – 3.5 = 108.038461538 

Using Equation 3: 

 Nactual = 108 = Mactual × P + Aactual 

Where: Mactual = 13 

 P = 8 

 Aactual = 4 

 

M = Mactual = 13 = 001101b (the six MSBs) 

A = Aactual = 4 = 0100b (the four LSBs) 

N = M × 24 + A = 0011010100b (the value programmed) 

Multiply the fractional portion that was removed in the previous 
step by 256 and remove the fractional portion of the result to 
determine FN: 

0.038461538 × 256 = 9.846153728 

FN = 9 = 00001001b 

Divide FN by 256 to determine the actual fractional part, FNactual: 

FNactual = 9/256 = 0.03515625 

Subtract this result from the fractional portion of (DTotal – 3.5) to 
determine the actual fractional modulus extender, MEactual: 

MEactual = (DTotal – 3.5 – Nactual) – FNactual 

 = 0.038461538 – 0.03515625 

 = 0.003305288 

Multiply this result by 8388608 (the 23-bit ∆Σ modulator value, 
223) and remove the fractional portion to determine the value of 
ME: 

0. 003305288 × 8388608 = 27726.7653 

ME = 27726 = 110110001001110b 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

The SKY73112 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to Skyworks Application Note, PCB 
Design and SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Circuit Design Considerations 
The following design considerations are general in nature and 
must be followed regardless of final use or configuration 

1. Paths to ground should be made as short and as low 
impedance as possible. 
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2. The ground pad of the SKY73112 provides critical electrical 
grounding requirements. Design the connection to the ground 
pad to provide the best electrical connection to the circuit 
board. Multiple vias to the grounding layer are recommended 
to connect the top layer ground area to the main ground layer. 

3. Skyworks recommends including external bypass capacitors 
on the VDD voltage input (pin 37) of the device. These 
capacitors should be placed as close as possible to the VDD 
input pin. 

4. A 50 Ω impedance trace is needed for the RF_OUT (pin 10) 
line. 

Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73112 are provided in 
Table 3. The recommended operating conditions are specified in 
Table 4 and electrical specifications are provided in Table 5. Spur 
suppression measurements are provided in Table 6. 

Measurement plots for single sideband phase noise and settling 
time are shown in Figures 5 and 6, respectively. 

A typical application schematic for the SKY73112 is provided in 
Figure 7. Figure 8 shows the package dimensions for the 38-pin 
MCM and Figure 9 provides the tape and reel dimensions. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73112 ESD threshold level is 2500 VDC using Human 
Body Model (HBM) testing. This level applies to RF signal lines 
>100 MHz, analog and RF lines <100 MHz, digital lines, power 
supply lines, and ground pins. 

To avoid latent or visible ESD damage, always follow proper ESD 
handling precautions. 

 

 

Table 3. SKY73112 Absolute Maximum Ratings (Note 1) 

Parameter Symbol Min Typical Max Units 

Supply voltage VCC 0  5.5 V 

Operating temperature, full performance TOP –40  +85 °C 

Storage temperature TST –40  +150 °C 

Note 1: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal values. 

 

Table 4. SKY73112 Recommended Operating Conditions 

Parameter Symbol Min Typical Max Units 

Supply voltage VCC 4.75 5.00 5.25 V 

Input voltage (CLK, DATA, LE): 
 Low level 
 High level 

  
 

1.4 

  
0.6 

 
V 
V 

Output voltage (LD) with 18 kΩ load from 
VCC PLL: 
 Low level, unlocked 
 High level, unlocked 

  
 
 

2.4 

  
 

0.4 

 
 
V 
V 

Reference frequency input voltage (FREF, 
pin 23) 

FREFIN 0.5 1.0 1.5 Vp-p 

Load connected to RF output  50 Ω, maximum VSWR (load input) 2.0:1, all phases 

RF output switch enable: 
 High 
 Low 

 
SWENH 
SWENL 

 
4.75 

  
5.25 
0.80 

 
V 
V 
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Table 5. SKY73112 Electrical Characteristics (Note 1) 
(VCC = 5 V, TC = 25 °C, Charge Pump Current = 600 µA, FREF = 52 MHz, Reference Input Divider = 8, Prescale Divider = 8/9, Unless 
Otherwise Noted) 

Parameter Symbol Test Conditions Min Typical Max Units 

Oscillation frequency   750  850 MHz 

Reference frequency    13 52 MHz 

Phase detector frequency    6.5  MHz 

PLL loop bandwidth    25  kHz 

Output level    0  dBm 

Output impedance    50  Ω 

Output VSWR     *** TBD *** – 

Reference frequency input (FREF) 
impedance 

  470   Ω 

Harmonic suppression     –20 dBc 

Integrated phase noise  100 Hz to 100 kHz   1 degrees RMS 

Single sideband phase noise offset: 
 @ 1 kHz 
 @ 5 kHz 
 @ 10 kHz 
 @ 200 kHz 
 @ 400 kHz 
 @ 600 kHz 
 @ 800 kHz 
 @ 1.8 MHz 
 @6 MHz 

    
–92 
–92 
–91 

–132 
–145 
–149 
–152 
–158 
–168 

  
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 

PLL-reference spurious suppression     –100 dBc 

Frequency settling time  Within ±2 kHz  250  µs 

Phase settling time  Within ±5 deg  300 530 µs 

Peak phase error     5 degrees 

Current consumption    110  mA 

Note 1: Characterized performance may change if the SKY73112 is configured differently than the test conditions specified here. This characterization used a  6.5 MHz fixed comparison 
frequency for the PLL phase loop filter. The PLL synthesizer is programmable up to a maximum comparison frequency of 26 MHz but with degraded performance. 

 

Table 6. SKY73112 Spur Suppression Measurements 
(VCC = 5 V, TC = 25 °C, Charge Pump Current = 600 µA, FREF = 52 MHz, Reference Input Divider = 8, Prescale Divider = 8/9) 

Frequency (MHz) 
Spurious Power (kHz) 

753 768 783 814 829 844 

≥ 200 No spur No spur No spur No spur No spur No spur 

≥ 400 No spur No spur No spur No spur No spur No spur 

≥ 600 No spur No spur No spur No spur No spur No spur 

≥ 800 No spur No spur No spur No spur No spur No spur 

≥ 1000 No spur No spur No spur 2529.88 kHz, 
–104 dBc 

No spur 2766.05 kHz, 
–106 dBc 

≥ 3000 4810.28 kHz, 
–109 dBc 

3306.59 kHz, 
–109 dBc 

8825.44 kHz, 
–110 dBc 

4896.91 kHz, 
–111 dBc 

No spur 4096.41 kHz 
–112 dBc 

No spur 
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Figure 5. Single Sideband Phase Noise Measurements 
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Figure 6. SKY73112 Settling Time Measurements 
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Figure 7. SKY73112 Typical Application Schematic 
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Figure 8. SKY73112 38-Pin MCM Package Dimensions 
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Figure 9. SKY73112 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73112 750-850 MHz VCO/Synthesizer SKY73112-11 (Pb-free package)  
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PRELIMINARY DATA SHEET 

SKY73100: 865-960 MHz High Performance VCO/Synthesizer 
With Integrated Switch 
Applications 

• 2G, 2.5G, and 3G base station transceivers: 
− GSM, EDGE, CDMA, WCDMA 

• General purpose RF systems 

Features 

• Wideband frequency operation: 865 to 960 MHz 

• Process-tolerant compensation for VCO 

• 24-bit Σ∆ fractional-N synthesizer 

• Ultra-fine frequency resolution of 0.001 ppm 

• Flexible reference frequency selection 

• Three-wire serial interface up to 20 MHz clock frequency 

• Integrated PLL supply regulation for spur isolation 

• MCM (38-pin, 9 x 12 mm) Pb-free free (MSL3, 260 °C per 
JEDEC J-STD-020) SMT package 

 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

 

Description 
Skyworks SKY73100 Voltage-Controlled Oscillator 
(VCO)/Synthesizer is a fully integrated, high performance signal 
source for high dynamic range transceivers. The device provides 
ultra-fine frequency resolution, fast switching speed, and low 
phase noise performance for 2G, 2.5G, and 3G base station 
transceivers. 

The SKY73100 VCO/Synthesizer is a key building block for high-
performance radio system designs that require low power and a 
fine step size. Reference clock generators with an output 
frequency up to 52 MHz can be used with the SKY73100. The 
input clock frequency is divided down by programmable dividers 
(1 to 8) for the synthesizer. The phase detector can operate at a 
maximum speed of 26 MHz, which allows better phase noise due 
to the lower division value. 

The SKY73100 VCO/Synthesizer is provided in a compact, 38-pin 
Multi-Chip Module (MCM). The device package and pinout are 
shown in Figure 1. A functional block diagram is shown in 
Figure 2. Signal pin assignments and functional pin descriptions 
are provided in Table 1. 
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Figure 1. SKY73100 Pinout– 38-Pin MCM Package 
(Top View) 
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Figure 2. SKY73100 Functional Block Diagram 
 

Table 1. SKY73100 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 GND Ground 20 GND Ground 

2 GND Ground 21 N/C No connection 

3 GND Ground 22 LD Lock detect output 

4 SW_EN Synthesizer RF output switch enable 23 FREF Frequency reference input 

5 GND Ground 24 GND Ground 

6 GND Ground 25 GND Ground 

7 GND Ground 26 GND Ground 

8 GND Ground 27 N/C No connection 

9 GND Ground 28 GND Ground 

10 RF_OUT Synthesizer output 29 GND Ground 

11 GND Ground 30 GND Ground 

12 GND Ground 31 GND Ground 

13 GND Ground 32 GND Ground 

14 N/C No connection 33 N/C No connection 

15 GND Ground 34 GND Ground 

16 GND Ground 35 GND Ground 

17 CLK Serial port clock 36 GND Ground 

18 DATA Serial port data 37 VDD +5 V power supply 

19 LE Serial port latch enable 38 GND Ground 
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Technical Description 
The SKY73100 is a fractional-N frequency synthesizer using a 
Σ∆ modulation technique. The fractional-N implementation 
provides low in-band noise by having a low division and fast 
frequency settling time. The device also provides programmable, 
arbitrary fine frequency resolution. This compensates the 
frequency synthesizer for crystal frequency drift. 

Serial I/O Control Interface 

The SKY73100 is programmed through a three-wire serial bus 
control interface using four 26-bit words. The three-wire interface 
consists of three signals: CLK (pin 17), LE (pin 19), and the bit 
serial data line DATA (pin 18). The convention is to load data from 
the most significant bit to the least significant bit (MSB to LSB). A 
serial data input timing diagram is shown in Figure 3. Preset 
timing parameter values are provided in Table 2. 

Figure 4 depicts the serial bus, which consists of one 26-bit load 
register and four separate 24-bit registers. Data is initially clocked 
into the load register starting with the MSB and ending with the 
LSB. The LE signal is used to gate the clock to the load register, 
requiring the LE signal to be brought low before the data load. 
Data is shifted on the rising edge of CLK. 

The two final LSBs are decoded to determine which holding 
register should latch the data. The falling edge of LE latches the 
data into the appropriate holding register. This programming 
sequence must be repeated to fill all four holding registers. 

Loading new data into a holding register not associated with the 
synthesizer frequency programming does not reset or change the 
synthesizer. The synthesizer should not lose lock before, during, 
or after a new serial word load that does not change the 
programmed frequency. 

VCO Tuning Loop 

A VCO auto-tuning loop provides the proper 7-bit coarse tuning 
setting for the VCO switch capacitors in the VCO output. This sets 
the oscillation frequency as close to target as possible before 
starting fine analog tuning. 

The auto-tuning loop is designed to compensate process variation 
so that the VCO fine tuning range can be reduced to cover 
temperature variation only. It significantly reduces VCO gain (Kv) 
which reduces VCO phase noise. 
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Figure 3. SKY73100 Serial Data Input Timing Diagram (MSB First) 
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Table 2. CLK, DATA, LE Preset Timing Parameters 

Parameter Value 

Input high voltage (VIH) 1.6 V 

Input low voltage (VIL) 0.3 V 

Input current (lDIG) 1 µA (maximum) 

Clock frequency 15 MHz (maximum) 

Clock high (tCKH) 15 ns (minimum) 

Clock low (tCKL) 15 ns (minimum) 

Data set up (tDSU) 20 ns (minimum) 

Data hold (tDHD) 10 ns (minimum) 

Clock to latch enable (tCLE) 20 ns (minimum) 

Latch enable width (tLEW) 15 ns (minimum) 

Latch enable to clock (tLEC) 15 ns (minimum) 

Word length 26 bits 

Number of words 4 

Current drain 2 µA 

Bits [25:2]

S918

Power-On
Preset
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(Words 0-3, bits [25:0])

LE

Word 0
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Words 0-3
Bits [1:0]
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Register

Auto
Calibration

Control
Register

2 LSB Decode
(Register Address,

Bits [1:0])

Latch Latch

Frequency
Control 1
Register

Latch

Frequency
Control 2
Register
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Figure 4. Serial Bus Block Diagram 
 

VCO Prescalers 

The VCO prescalers divide the VCO output signal by either 16/17 
or 8/9. The Σ∆ modulator determines whether to divide by 16 or 
17 in the 16/17 mode, or whether to divide by 8 or 9 in the 8/9 
mode. 

N-Counter 

The N-counter consists of two asynchronous ripple counters, a 
6-bit M-counter and a 4-bit A-counter. The M-counter determines 
the counts using the lower division ratio in the prescaler (8 or 16); 
the A-counter determines the counts using the upper division ratio 
(9 or 17). 

By changing the counter setting at each reference clock cycle, the 
Modulated Fractional Divider (MFD) achieves the desired noise 
shaping. 

VCO MFD Block 

The MFD block divides down the prescaler output to the Phase 
Locked Loop (PLL) reference frequency. A third order cascaded 
Σ∆ modulation technique minimizes spurs through randomization 
of the division ratio. 

The MFD block controls the division ratio by dynamically 
programming the M and A counters in the N-counter. 

Phase Detector and Charge Pump 

The phase detector and charge pump detect and integrate the 
phase and frequency errors of the divided down VCO output 
versus the reference clock. This results in a feedback adjustment 
of the control voltage for the VCO. 
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Lock Detect 

Lock detection circuitry provides a CMOS logic level indication 
when the PLL is frequency locked (high when locked). 

Reference Input Divider 

The R-counter (reference input clock divider) consists of three 
divide-by-two blocks and one multiplexer controlled by the 
RDIV[1:0] parameter in Legacy Word 2. The R-counter is used to 
select a divide-by-one to a divide-by-eight function. 

Synthesizer Output Switch 

An on-chip switch is integrated into the SKY73100 RF output after 
the balun and is controlled by the SW_EN signal (pin 4) as 
indicated below: 

SW_EN Input Synthesizer Output 

High On 

Low Off 

 

The switch provides >50 dB isolation at the synthesizer RF 
output. This allows the SKY73100 to be used for GSM 
applications. 

Synthesizer Programming 

To program the synthesizer to the correct frequency, values for 
the N-counter (both M and A portions), fractional divisor (FN), and 
fractional modulus extender (ME) are needed. These values are 
used to determine the total divider ratio, DTotal, according to 
Equation 1: 

 DTotal = Nactual + FNactual + MEactual + 3.5 (1) 

Where: Nactual = the actual value of the N-counter 

 FNactual = the actual fractional divisor 

 MEactual = the actual fractional modulus extender 

Because of the way the ∆Σ modulator is implemented in the 
SKY73103, the number 3.5 must be added to the division number 
to obtain the final division ratio. 

The calculated value for DTotal can then be used to determine the 
correct synthesizer frequency, RF: 

 Total
REF D
R1

FRF ×=  (2) 

Where: FREF = the reference frequency 

 R1 = the reference divider radio 

The 6-bit M-counter and the 4-bit A-counter portions of the N-
counter are calculated according to the following relationships: 

Nactual is the actual N-counter value and is the integer portion of 
(DTotal – 3.5): 

 Nactual = Mactual × P + Aactual (3) 

If: M = Mactual (binary number, fit to six bits) 

 A = Aactual (binary number, fit to four bits) 

Then: N = M × 24 + A 

Where: N is the number to be programmed into the N-counter. 

The synthesizer has a selectable prescaler of 8/9 or 16/17. If the 
16/17 prescaler is used: 

P = 24 = 16 

In this case, N is the same as Nactual, M is equal to the six MSBs of 
Nactual, and A is equal to the four LSBs of Nactual. 

If the 8/9 prescaler is used: 

P = 8 

Here, N is not equal to Nactual. The A-counter portion only uses the 
three LSBs (the 4th bit of the A-counter is a “don’t care” bit). 

The fractional divisor code (FN) sets the fractional-N modulo up to 
256 modulo according to the following equation: 
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The value of FN is equal to the binary representation of 256 (or 28) 
× FNactual, or: 

 FN = D7 × 27 + D6 × 26 + D5 × 25+ . . . D0 

The fractional modulo can be extended up to 223 using the modulo 
extender (ME) if required: 

 MEactual = D14(1/29) + D13(1/210) + D12(1/211) + . . . + D0(1/223) 

The value of ME is equal to the binary representation of the 
integer part of 223 × MEactual, or: 

 ME = D14 × 214 + D13 × 213 + D12 × 212 + . . .D0 

 

Example 1: 

A desired synthesizer frequency of 2640.45 MHz is required using 
a crystal frequency of 16 MHz and a 16/17 prescaler. Since the 
maximum internal reference frequency is 25 MHz, the crystal 
frequency does not need to be divided. However, a reference 
divider ratio of 2 is used for this example. 

Restating Equation 2 as a function of DTotal: 

 DTotal  = (2640.45 × 2)/16 = 330.05625 

Where: RF = 2640.45 

 R1 = 2 

 FREF = 16 

Determine Nactual by subtracting 3.5 from DTotal and removing the 
fractional portion: 
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 DTotal – 3.5 = 326.55625 

Using Equation 3: 

 Nactual = 326 = Mactual × P + Aactual 

Where: Mactual = 20 

 P = 16 

 Aactual = 6 

M = Mactual = 20 = 010100b (the six MSBs) 

A = Aactual = 6 = 0110b (the four LSBs) 

N = M × 24 + A = 0101000110b (this is the same as Nactual) 

Multiply the fractional portion that was removed in the previous 
step by 256 and remove the fractional portion of the result to 
determine FN: 

0.55625 × 256 = 142.4 

FN = 142 = 10001110b 

Divide FN by 256 to determine the actual fractional part, FNactual: 

FNactual = 142/256 = 0.5546875 

Subtract this result from the fractional portion of (DTotal – 3.5) to 
determine the actual fractional modulus extender, MEactual: 

MEactual = (DTotal – 3.5 – Nactual) – FNactual 

 = 0.55625 – 0.5546875 

 = 0.0015625 

Multiply this result by 8388608 (the 23-bit ∆Σ modulator value, 
223) and remove the fractional portion to determine the value of 
ME: 

0.0015625 × 8388608 = 13107.2 

ME = 13107 = 011001100110011b 

 

Example 2: 

A desired synthesizer frequency of 725 MHz is required using a 
crystal frequency of 13 MHz and an 8/9 prescaler. Since the 
maximum internal reference frequency is 25 MHz, the crystal 
frequency does not need to be divided. However, a reference 
divider ratio of 2 is used for this example. 

Restating Equation 2 as a function of DTotal: 

 DTotal  = (725 × 2)/13 = 111.538461538 

Where: RF = 725 

 R1 = 2 

 FREF = 13 

Determine Nactual by subtracting 3.5 from DTotal and removing the 
fractional portion: 

 DTotal – 3.5 = 108.038461538 

Using Equation 3: 

 Nactual = 108 = Mactual × P + Aactual 

Where: Mactual = 13 

 P = 8 

 Aactual = 4 

 

M = Mactual = 13 = 001101b (the six MSBs) 

A = Aactual = 4 = 0100b (the four LSBs) 

N = M × 24 + A = 0011010100b (the value programmed) 

Multiply the fractional portion that was removed in the previous 
step by 256 and remove the fractional portion of the result to 
determine FN: 

0.038461538 × 256 = 9.846153728 

FN = 9 = 00001001b 

Divide FN by 256 to determine the actual fractional part, FNactual: 

FNactual = 9/256 = 0.03515625 

Subtract this result from the fractional portion of (DTotal – 3.5) to 
determine the actual fractional modulus extender, MEactual: 

MEactual = (DTotal – 3.5 – Nactual) – FNactual 

 = 0.038461538 – 0.03515625 

 = 0.003305288 

Multiply this result by 8388608 (the 23-bit ∆Σ modulator value, 
223) and remove the fractional portion to determine the value of 
ME: 

0. 003305288 × 8388608 = 27726.7653 

ME = 27726 = 110110001001110b 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

The SKY73100 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to Skyworks Application Note, PCB 
Design and SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
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tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Circuit Design Considerations 
The following design considerations are general in nature and 
must be followed regardless of final use or configuration 

1. Paths to ground should be made as short and as low 
impedance as possible. 

2. The ground pad of the SKY73100 provides critical electrical 
grounding requirements. Design the connection to the ground 
pad to provide the best electrical connection to the circuit 
board. Multiple vias to the grounding layer are recommended 
to connect the top layer ground area to the main ground layer. 

3. Skyworks recommends including external bypass capacitors 
on the VDD voltage input (pin 37) of the device. These 
capacitors should be placed as close as possible to the VDD 
input pin. 

4. A 50 Ω impedance trace is needed for the RF_OUT (pin 10) 
line. 

Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73100 are provided in 
Table 3. The recommended operating conditions are specified in 
Table 4 and electrical specifications are provided in Table 5. Spur 
suppression measurements are provided in Table 6. 
Measurement plots for single sideband phase noise and settling 
time are shown in Figures 5 and 6, respectively. 

A typical application schematic for the SKY73100 is provided in 
Figure 7. Figure 8 shows the package dimensions for the 38-pin 
MCM and Figure 9 provides the tape and reel dimensions. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73100 ESD threshold level is 2500 VDC using Human 
Body Model (HBM) testing. This level applies to RF signal lines 
>100 MHz, analog and RF lines <100 MHz, digital lines, power 
supply lines, and ground pins. 

To avoid latent or visible ESD damage, always follow proper ESD 
handling precautions. 

 

 

Table 3. SKY73100 Absolute Maximum Ratings (Note 1) 

Parameter Symbol Min Typical Max Units 

Supply voltage VCC 0  5.5 V 

Operating temperature, full performance TOP –40  +85 °C 

Storage temperature TST –40  +150 °C 

Note 1: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal values. 

 

Table 4. SKY73100 Recommended Operating Conditions 

Parameter Symbol Min Typical Max Units 

Supply voltage VCC 4.75 5.00 5.25 V 

Input voltage (CLK, DATA, LE): 
 Low level 
 High level 

  
 

1.4 

  
0.6 

 
V 
V 

Output voltage (LD) with 18 kΩ load from 
VCC PLL: 
 Low level, unlocked 
 High level, unlocked 

  
 
 

2.4 

  
 

0.4 

 
 
V 
V 

Reference frequency input voltage (FREF, 
pin 23) 

FREFIN 0.5 1.0 1.5 Vp-p 

Load connected to RF output  50 Ω, maximum VSWR (load input) 2.0:1, all phases 

RF output switch enable: 
 High 
 Low 

 
SWENH 
SWENL 

 
2.2 

  
 

0.8 

 
V 
V 
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Table 5. SKY73100 Electrical Characteristics (Note 1) 
(VCC = 5 V, TC = 25 °C, Charge Pump Current = 600 µA, FREF = 52 MHz, Reference Input Divider = 8, Prescale Divider = 8/9, Unless 
Otherwise Noted) 

Parameter Symbol Test Conditions Min Typical Max Units 

Oscillation frequency   865  960 MHz 

Reference frequency    13 52 MHz 

Phase detector frequency    6.5  MHz 

PLL loop bandwidth    25  kHz 

Output level    0  dBm 

Output impedance    50  Ω 

Output VSWR     *** TBD *** – 

Reference frequency input (FREF) 
impedance 

  470   Ω 

Harmonic suppression     –20 dBc 

Integrated phase noise  100 Hz to 100 kHz   1 degrees RMS 

Single sideband phase noise offset: 
 @ 1 kHz 
 @ 5 kHz 
 @ 10 kHz 
 @ 200 kHz 
 @ 400 kHz 
 @ 600 kHz 
 @ 800 kHz 
 @ 1.8 MHz 
 @6 MHz 

    
–91 
–90 
–90 

–127 
–140 
–145 
–148 
–153 
–165 

  
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 

PLL-reference spurious suppression     –100 dBc 

Frequency settling time  Within ±2 kHz  250  µs 

Phase settling time  Within ±5 deg  300 530 µs 

Peak phase error     5 degrees 

Current consumption    120  mA 

Note 1: Characterized performance may change if the SKY73100 is configured differently than the test conditions specified here. This characterization used a  6.5 MHz fixed comparison 
frequency for the PLL phase loop filter. The PLL synthesizer is programmable up to a maximum comparison frequency of 26 MHz but with degraded performance. 

 

Table 6. SKY73100 Spur Suppression Measurements 
(VCC = 5 V, TC = 25 °C, Charge Pump Current = 600 µA, FREF = 52 MHz, Reference Input Divider = 8, Prescale Divider = 8/9) 

Frequency (MHz) 
Spurious Power (kHz) 

869 881.5 894 920 940 960 

≥ 200 No spur No spur No spur No spur No spur No spur 

≥ 400 No spur No spur No spur No spur No spur No spur 

≥ 600 No spur No spur No spur No spur No spur No spur 

≥ 800 No spur No spur No spur No spur No spur No spur 

≥ 1000 No spur 2272.95 kHz, 
–100 dBc 

2575.45 kHz, 
–105 dBc 

2232.74 kHz, 
–106 dBc 

No spur No spur 

≥ 3000 3366.14 kHz, 
–107 dBc 

No spur No spur 3615.26 kHz, 
–107 dBc 

9649.31 kHz, 
–105 dBc 

8669.31 kHz, 
–106 dBc 

No spur 
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Figure 5. Single Sideband Phase Noise Measurements 
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Figure 6. Settling Time Measurements 
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Figure 7. SKY73100 Typical Application Schematic 
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Figure 8. SKY73100 38-Pin MCM Package Dimensions 
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Figure 9. SKY73100 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73100 865-960 MHz VCO/Synthesizer SKY73100-11 (Pb-free package)  

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Copyright © 2007, Skyworks Solutions, Inc. All Rights Reserved. 

Information in this document is provided in connection with Skyworks Solutions, Inc. (“Skyworks”) products or services. These materials, including the information contained herein, are provided by 
Skyworks as a service to its customers and may be used for informational purposes only by the customer. Skyworks assumes no responsibility for errors or omissions in these materials or the 
information contained herein. Skyworks may change its documentation, products, services, specifications or product descriptions at any time, without notice. Skyworks makes no commitment to 
update the materials or information and shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes. 

No license, whether express, implied, by estoppel or otherwise, is granted to any intellectual property rights by this document. Skyworks assumes no liability for any materials, products or 
information provided hereunder, including the sale, distribution, reproduction or use of Skyworks products, information or materials, except as may be provided in Skyworks Terms and Conditions 
of Sale. 

THE MATERIALS, PRODUCTS AND INFORMATION ARE PROVIDED “AS IS” WITHOUT WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE, INCLUDING FITNESS FOR A 
PARTICULAR PURPOSE OR USE, MERCHANTABILITY, PERFORMANCE, QUALITY OR NON-INFRINGEMENT OF ANY INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY 
DISCLAIMED. SKYWORKS DOES NOT WARRANT THE ACCURACY OR COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS CONTAINED WITHIN THESE MATERIALS. SKYWORKS 
SHALL NOT BE LIABLE FOR ANY DAMAGES, INCLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT LIMITATION, 
LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM THE USE OF THE MATERIALS OR INFORMATION, WHETHER OR NOT THE RECIPIENT OF MATERIALS HAS BEEN ADVISED OF THE 
POSSIBILITY OF SUCH DAMAGE. 

Skyworks products are not intended for use in medical, lifesaving or life-sustaining applications, or other equipment in which the failure of the Skyworks products could lead to personal injury, 
death, physical or environmental damage. Skyworks customers using or selling Skyworks products for use in such applications do so at their own risk and agree to fully indemnify Skyworks for any 
damages resulting from such improper use or sale. 

Customers are responsible for their products and applications using Skyworks products, which may deviate from published specifications as a result of design defects, errors, or operation of 
products outside of published parameters or design specifications. Customers should include design and operating safeguards to minimize these and other risks. Skyworks assumes no liability for 
applications assistance, customer product design, or damage to any equipment resulting from the use of Skyworks products outside of stated published specifications or parameters. 

Skyworks, the Skyworks symbol,  and “Breakthrough Simplicity” are trademarks or registered trademarks of Skyworks Solutions, Inc., in the United States and other countries. Third-party brands 
and names are for identification purposes only, and are the property of their respective owners. Additional information, including relevant terms and conditions, posted at www.skyworksinc.com, 
are incorporated by reference. 

 



 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
 200649C  •  Skyworks Proprietary and Confidential Information  •  Products and Product Information are Subject to Change Without Notice  •  April 15, 2008 1 

PRELIMINARY DATA SHEET 

SKY73103: 1460-1665 MHz High Performance 
VCO/Synthesizer With Integrated Switch 
Applications 

• 2G, 2.5G, and 3G base station transceivers: 
− GSM, EDGE, CDMA, WCDMA 

• General purpose RF systems 

Features 

• Wideband frequency operation: 1460 to 1665 MHz 

• Process-tolerant compensation for VCO 

• 24-bit Σ∆ fractional-N synthesizer 

• Ultra-fine frequency resolution of 0.001 ppm 

• Flexible reference frequency selection 

• Three-wire serial interface up to 20 MHz clock frequency 

• Integrated PLL supply regulation for spur isolation 

• MCM (38-pin, 9 x 12 mm) Pb-free free (MSL3, 260 °C per 
JEDEC J-STD-020) SMT package 

 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Description 
Skyworks SKY73103 Voltage-Controlled Oscillator 
(VCO)/Synthesizer is a fully integrated, high performance signal 
source for high dynamic range transceivers. The device provides 
ultra-fine frequency resolution, fast switching speed, and low 
phase noise performance for 2G, 2.5G, and 3G base station 
transceivers. 

The SKY73103 VCO/Synthesizer is a key building block for high-
performance radio system designs that require low power and a 
fine step size. Reference clock generators with an output 
frequency up to 52 MHz can be used with the SKY73103. The 
input clock frequency is divided down by programmable dividers 
(1 to 8) for the synthesizer. The phase detector can operate at a 
maximum speed of 26 MHz, which allows better phase noise due 
to the lower division value. 

The SKY73103 VCO/Synthesizer is provided in a compact, 38-pin 
Multi-Chip Module (MCM). The device package and pinout are 
shown in Figure 1. A functional block diagram is shown in 
Figure 2. Signal pin assignments and functional pin descriptions 
are provided in Table 1. 
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Figure 1. SKY73103 Pinout– 38-Pin MCM Package 
(Top View) 
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Figure 2. SKY73103 Functional Block Diagram 
 

Table 1. SKY73103 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 GND Ground 20 GND Ground 

2 GND Ground 21 N/C No connection 

3 GND Ground 22 LD Lock detect output 

4 SW_EN Synthesizer RF output switch enable 23 FREF Frequency reference input 

5 GND Ground 24 GND Ground 

6 GND Ground 25 GND Ground 

7 GND Ground 26 GND Ground 

8 GND Ground 27 N/C No connection 

9 GND Ground 28 GND Ground 

10 RF_OUT Synthesizer output 29 GND Ground 

11 GND Ground 30 GND Ground 

12 GND Ground 31 GND Ground 

13 GND Ground 32 GND Ground 

14 N/C No connection 33 N/C No connection 

15 GND Ground 34 GND Ground 

16 GND Ground 35 GND Ground 

17 CLK Serial port clock 36 GND Ground 

18 DATA Serial port data 37 VDD +5 V power supply 

19 LE Serial port latch enable 38 GND Ground 
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Technical Description 
The SKY73103 is a fractional-N frequency synthesizer using a 
Σ∆ modulation technique. The fractional-N implementation 
provides low in-band noise by having a low division and fast 
frequency settling time. The device also provides programmable, 
arbitrary fine frequency resolution. This compensates the 
frequency synthesizer for crystal frequency drift. 

Serial I/O Control Interface 

The SKY73103 is programmed through a three-wire serial bus 
control interface. The three-wire interface consists of three 
signals: CLK (pin 17), LE (pin 19), and the bit serial data line DATA 
(pin 18). A serial data input timing diagram is shown in Figure 3. 
Timing parameter values are provided in Table 2. 

Figure 4 depicts the serial bus, which consists of one 26-bit load 
register and four separate 24-bit hold registers. Data is initially 
clocked into the load register starting with the Most Significant Bit 
(MSB) and ending with the Least Significant Bit (LSB). 

The LE signal is used to gate the clock to the load register, 
requiring the LE signal to be brought low before the data load. 
Data is shifted on the rising edge of CLK. The falling edge of LE 
latches the data into the appropriate hold register from the load 
register. This programming sequence must be repeated to fill all 
four hold registers. 

The specific hold register addresses are determined by the wd_0 
and wd_1 parameters in the load register. These are the two 
LSBs (bits [1:0]) as shown in Figure 4. Table 3 lists the four hold 
registers and their respective addresses as determined in the load 
register. 

The contents of each word in the load register are used to 
program the four hold registers described in Tables 4 through 7. 
The dpll_ctrl parameter (bits [19:2] of Word 1) programs the 
Digital Phase Locked Loop (DPLL) block. Each of the 18 bits that 

comprise the dpll_ctrl parameter map directly to the signal ports 
on the DPLL block as shown in Table 8 (except for the 
dpll_flag_override and dpll_flag_value parameters). 

Loading new data into a hold register not associated with the 
synthesizer frequency programming does not reset or change the 
synthesizer. The synthesizer should not lose lock before, during, 
or after a new serial word load that does not change the 
programmed frequency. 

VCO Auto-Tuning Loop 

An auto-tuning loop provides the proper 7-bit coarse tuning 
setting for the switch capacitors in the VCO tank circuits. This sets 
the oscillation frequency as close to target as possible before 
starting fine analog tuning. 

The auto-tuning loop is designed to compensate for process 
variation so that the VCO fine tuning range can be reduced to 
cover minor variations only. The auto-tuning loop reduces VCO 
gain (KV), which reduces the VCO phase noise. 

The loop includes an analog part and a digital part (referred to as 
the DPLL). The analog part includes the VCO, a high-speed 
divider, and a VCO tuning voltage control block. The high-speed 
divider consists of the prescaler (divide by 16/17 or divide by 8/9) 
followed by an additional divide-by-2 block to generate the low 
frequency internal signal, vco_clk. 

There are two conditions that enable the VCO auto-tuning 
function: a Power-On-Reset (POR) and a change in frequency. The 
difference in the program flow under each of these conditions is 
illustrated in Figure 5. Under either condition, dpll_en (bit [20] of 
Word 1) should first be cleared so that a rising edge pulse can be 
generated. Following this pulse, set dpll_en to enable VCO auto-
tuning. 
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Figure 3. SKY73103 Serial Data Input Timing Diagram (MSB First) 
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Table 2. CLK, DATA, LE Timing Parameters 

Parameter Value 

Input high voltage (VIH) 1.6 V 

Input low voltage (VIL) 0.3 V 

Input current (lDIG) 1 µA (maximum) 

Clock frequency 15 MHz (maximum) 

Clock high (tCKH) 15 ns (minimum) 

Clock low (tCKL) 15 ns (minimum) 

Data set up (tDSU) 20 ns (minimum) 

Data hold (tDHD) 10 ns (minimum) 

Clock to latch enable (tCLE) 20 ns (minimum) 

Latch enable width (tLEW) 15 ns (minimum) 

Latch enable to clock (tLEC) 15 ns (minimum) 

Word length 26 bits 

Number of words 4 

Current drain 2 µA 

Bits [25:2]

S918

Power-On
Preset

CLK

DATA
(Words 0-3, bits [25:0])

LE

Word 0
Bits [25:2]

Words 0-3
Bits [1:0]

Word 1
Bits [25:2]

Word 2
Bits [25:2]

Word 3
Bits [25:2]Load

Register
Operation

Mode
Register

Auto
Calibration

Control
Register

2 LSB Decode
(Register Address,

Bits [1:0])

Latch Latch

Frequency
Control 1
Register

Latch

Frequency
Control 2
Register

Latch

 

Figure 4. Serial Bus Block Diagram 
 

Table 3. SKY73103 Hold Registers and Addresses 

Hold Register Address (Binary) in Load Register Words 
Hold Register Name 

Bit [1] Bit [0] 

Operation Mode 0 0 

Auto Calibration Control 0 1 

Frequency Control 1 1 0 

Frequency Control 2 1 1 
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Table 4. Load Register Word 0 (Programs the Operation Mode Register) (1 of 2) 

Parameter Function State Description Recommended 
Operational Value 

(Binary) 

wd_0, wd_1 Address bits [1:0]. Must be set to 00b (see 
Table 3) 

 00 

cp_output Charge pump setting [4:2] Bits [4:2]: 

0 0 0 = 200 µA 
0 0 1 = 400 µA 
0 1 0 = 600 µA 
0 1 1 = 800 µA 
1 0 0 = 1000 µA 
1 0 1 = 1200 µA 
1 1 0 = 1400 µA 
1 1 1 = 1600 µA 

Application 
dependent 

(see Table 11) 

cp_delay Charge pump delay [6:5] Bits [6:5]: 

0 0 = 2 nsec 
0 1 = 4 nsec 
1 0 = 7 nsec 
1 1 = 9 nsec 

00 

pd_polar Polarity of phase detector [7] Bit [7]: 

0 = negative 
1 = positive 

0 

cp_tristate Tri-state selection for the transmit PLL 
charge pump output [8] 

Bit [8]: 

0 = charge pump in normal functional mode 
1 = charge pump disabled/tri-stated 

0 

rsvd Reserved [9] Reserved 0 

sd_sel Internal operating voltage control bit for Σ∆ 
synthesizer [10] 

Note: this bit needs to be programmed 
together with bits [11] and [12]. 

Bit [12] Bit [11] Bit [10]: N-Cntr/R-Divider Mod Dig 
   Voltage Voltage 

 0 X X = 0 V 0 V 
 1 0 0 = 1.8 V 1.8 V 
 1 0 1 = 1.8 V 2.4 V 
 1 1 0 = 2.4 V 1.8 V 
 1 1 1 = 2.4 V 2.4 V 

100 

nr_sel Internal operating voltage control bit for N-
counter and R-divider [11] 

See sd_sel parameter (bit [10]) 

This bit needs to be programmed together with bits [10] and [12]. – 

pll_en Internal operating voltage control bit for PLL 
[12] 

See sd_sel parameter (bit [10]) 

This bit needs to be programmed together with bits [10] and [11]. – 

ref_bw_sel Reference buffer bandwidth [14:13] Bits [14:13]: 

0 0 = 20 MHz 
0 1 = 30 MHz 
1 0 = 40 MHz 
1 1 = 50 MHz 

Application 
dependent 

(see Table 11) 

test_mux Lock detect and diagnostic output select 
[17:15] 

Bits [17:15]: 

0 0 0 = lock detect output 
0 0 1 = R-divider output 
0 1 0 = N-divider output 
0 1 1 = not used 
1 0 0 = not used 
1 0 1 = not used  
1 1 0 = not used 
1 1 1 = DPLL test 

000 
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Table 4. Load Register Word 0 (Programs the Operation Mode Register) (2 of 2) 

Parameter Function State Description Recommended 
Operational Value 

(Binary) 

rsvd Reserved [20:18] Reserved 000 

pre_curr_sel Prescaler current bias [22:21] Bits [22:21]: 

0 0 = 20 µA 
0 1 = 22 µA 
1 0 = 24 µA 
1 1 = 26 µA 

00 

prescale_sel Prescaler mode select [23] Bit [23]: 

0 = Prescaler in 8/9 divide mode 
1 = Prescaler in 16/17 divide mode 

Application 
dependent 

(see Table 11) 

rsvd Reserved [25:24] Reserved 00 

 

Table 5. Load Register Word 1 (Programs the Auto Calibration Control Register) 

Parameter Function State Description Recommended 
Operational Value 

(Binary) 

wd_0, wd_1 Address bits [1:0]. Must be set to 01b (see 
Table 3) 

 01 

dpll_ctrl DPLL control [19:2] Refer to Table 8 – 

dpll_en VCO auto tuning enable flag [20] 0 = disable VCO auto tuning 
1 = enable VCO auto tuning 

Refer to Figure 5 

rsvd Reserved [25:21] Reserved 00000 

 

Table 6. Load Register Word 2 (Programs the Frequency Control 1 Register) (1 of 2) 

Parameter Function State Description Recommended 
Operational Value 

(Binary) 

wd_0, wd_1 Address bits [1:0]. Must be set to 10b (see 
Table 3) 

 10 

rdiv Reference divider ratio [3:2] Bits [3:2]: 

0 0 = 8 
0 1 = 4 
1 0 = 2 
1 1 = 1 

Application 
dependent 

(see Table 11) 

rsvd Reserved [5:4] Reserved – 

ndiv N-divider/prescaler mode for control of M 
and A counters [15:6] 

Bits [15:6]: 

 Bits [15:10] Bits [9:6] 

 M bits [5:0] A bits [3:0] = use 16/17 prescaler 
 M bits [5:0] A bits [2:0] = use 8/9 prescaler 

Note: The six MSBs of ndiv denote the M counter value and the four 
LSBs denote the A counter value. For the 8/9 prescaler mode, the A 
counter value requires only three bits. Therefore, bit [9] of ndiv is a 
“don’t care” bit. 

Application 
dependent 

rsvd Reserved [16] Reserved 0 
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Table 6. Load Register Word 2 (Programs the Frequency Control 1 Register) (2 of 2) 

Parameter Function State Description Recommended 
Operational Value 

(Binary) 

mod_reset_f Modulator reset/fractional mode select [17] Bit [17]: 

0 = modulator is reset or disabled 
1 = modulator is in fractional mode 

1 

fract_int_sel Fractional/integer mode select [18] Bit [18]: 

0 = modulator is in integer mode 
1 = modulator is in functional mode 

1 

rsvd Reserved [19] Reserved. This bit should always remain set (logic high). 1 

me Modulus extender [23:20] These four bits need to be programmed together with bits [12:2] of 
Word 3. Bits [23:20] represent the four LSBs ([3:0]) of the 15-bit 
modulus extender value (ME [14:0]). Refer to the Synthesizer 
Programming section of this Data Sheet for further information. 

Application 
dependent 

rsvd Reserved [25:24] Reserved 00 

 

Table 7. Load Register Word 3 (Programs the Frequency Control 2 Register) 

Parameter Function State Description Recommended 
Operational Value 

(Binary) 

wd_0, wd_1 Address bits [1:0]. Must be set to 11b (see 
Table 3) 

 11 

me Modulus extender [12:2] These 11 bits need to be programmed together with bits [23:20] of 
Word 2. Bits [12:2] represent the 11 MSBs ([14:4]) of the 15-bit 
modulus extender value (ME [14:0]). Refer to the Synthesizer 
Programming section of this Data Sheet for further information. 

Application 
dependent 

fn Fractional divisor code [20:13] Bits [20:13] represent the 8-bit fractional divisor code (FN [7:0]). 
Refer to the Synthesizer Programming section of this Data Sheet for 
information. 

Application 
dependent 

rsvd Reserved [23:21] These three bits should always remain cleared (logic low). 0 

rsvd Reserved [25:24] Reserved 00 
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Table 8. DPLL Signal Mapping 

Serial Port Name Load Register Word 1 Bit DPLL Signal Port Name 

dpll_clk_dly(0) 2 clk_dly(0) 

dpll_clk_dly(1) 3 clk_dly(1) 

dpll_temp_comp(0) 4 temp_comp_val(0) 

dpll_temp_comp(1) 5 temp_comp_val(1) 

dpll_temp_comp(2) 6 temp_comp_val(2) 

dpll_temp_comp(3) 7 temp_comp_val(3) 

dpll_temp_comp(4) 8 temp_comp_val(4) 

dpll_temp_comp_en 9 temp_comp_en 

dpll_ext_test(0) 10 ext_test(0) 

dpll_ext_test(1) 11 ext_test(1) 

dpll_ext_test(2) 12 ext_test(2) 

dpll_ext_test(3) 13 ext_test(3) 

dpll_ext_test(4) 14 ext_test(4) 

dpll_ext_test(5) 15 ext_test(5) 

dpll_ext_test(6) 16 ext_test(6) 

dpll_ext_test(7) 17 ext_test(7) 

dpll_flag_override 18 N/A 

dpll_flag_value 19 N/A 

dpll_en 20 cal_en 

 

 

VCO Prescalers 

The VCO prescalers divide the VCO output signal by either 16/17 
or 8/9. The Σ∆ modulator determines whether to divide by 16 or 
17 in the 16/17 mode, or whether to divide by 8 or 9 in the 8/9 
mode. The prescaler mode is determined by bit [23] of Word 0 
(Operation Mode Register). 

N-Counter 

The N-counter consists of two asynchronous ripple counters, a 6-
bit M-counter and a 4-bit A-counter. The M-counter determines 
the counts using the lower division ratio in the prescaler (8 or 16); 
the A-counter determines the counts using the upper division ratio 
(9 or 17). 

By changing the counter setting at each reference clock cycle, the 
Modulated Fractional Divider (MFD) achieves the desired noise 
shaping. 

VCO MFD Block 

The MFD block divides down the prescaler output to the internal 
PLL comparison frequency. A third order cascaded Σ∆ modulation 
technique minimizes spurs through randomization of the division 
ratio. 

The MFD block controls the division ratio by dynamically 
programming the M and A counters. 

Phase Detector and Charge Pump 

The phase detector and charge pump detect and integrate the 
phase and frequency errors of the divided-down VCO output 
versus the reference clock. This results in a feedback adjustment 
of the control voltage for the VCO. 

Lock Detect 

Lock detection circuitry provides a CMOS logic level indication 
when the PLL is frequency locked (high when locked). 
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S998

DC Power On

Hardware Auto Reset

Clear dpll_en 
(Word 1, Bit [20])

Clear dpll_en 
(Word 1, Bit [20])

Send Word 0, 1, 2, and 3

Send Word 1

Frequency Change

Set dpll_en 
(Word 1, Bit [20])

Set dpll_en 
(Word 1, Bit [20])

Lock on New Frequency

Send Only Changed 
Words

Send Word 1

Lock on New Frequency

 

Figure 5. VCO Auto-Tuning Enable Process Flow Due to POR or Frequency Change 
 

 

Reference Input Divider 

The R-counter (reference input clock divider) consists of three 
divide-by-two blocks and one multiplexer controlled by the rdiv 
parameter in Word 2 (Frequency Control 1 Register). The R-
counter is used to select a divide-by-one or a divide-by-eight 
function. 

Synthesizer Output Switch 

An on-chip switch is integrated into the SKY73103 RF output after 
the balun and is controlled by the SW_EN signal (pin 4) as 
indicated below: 

 

SW_EN Input Synthesizer Output 

High On 

Low Off 

 

The switch provides >50 dB isolation at the synthesizer RF 
output. This allows the SKY73103 to be used for GSM 
applications. 

Synthesizer Programming 

To program the synthesizer to the correct frequency, values for 
the N-counter (both M and A portions), fractional divisor (FN), and 
fractional modulus extender (ME) are needed. These values are 
used to determine the total divider ratio, DTotal, according to 
Equation 1: 

 DTotal = Nactual + FNactual + MEactual + 3.5 (1) 

Where: Nactual = the actual value of the N-counter 

 FNactual = the actual fractional divisor 

 MEactual = the actual fractional modulus extender 

Because of the way the ∆Σ modulator is implemented in the 
SKY73103, the number 3.5 must be added to the division number 
to obtain the final division ratio. 

The calculated value for DTotal can then be used to determine the 
correct synthesizer frequency, RF: 

 Total
REF D
R1

FRF ×=  (2) 
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Where: FREF = the reference frequency 

 R1 = the reference divider radio 

The 6-bit M-counter and the 4-bit A-counter portions of the N-
counter are calculated according to the following relationships: 

Nactual is the actual N-counter value and is the integer portion of 
(DTotal – 3.5): 

 Nactual = Mactual × P + Aactual (3) 

If: M = Mactual (binary number, fit to six bits) 

 A = Aactual (binary number, fit to four bits) 

Then: N = M × 24 + A 

Where: N is the number to be programmed into the N-counter. 

The synthesizer has a selectable prescaler of 8/9 or 16/17. If the 
16/17 prescaler is used: 

P = 24 = 16 

In this case, N is the same as Nactual, M is equal to the six MSBs of 
Nactual, and A is equal to the four LSBs of Nactual. 

If the 8/9 prescaler is used: 

P = 8 

Here, N is not equal to Nactual. The A-counter portion only uses the 
three LSBs (the 4th bit of the A-counter is a “don’t care” bit). 

The fractional divisor code (FN) sets the fractional-N modulo up to 
256 modulo according to the following equation: 

 ⎟
⎠

⎞
⎜
⎝

⎛
++⎟

⎠

⎞
⎜
⎝

⎛
+⎟

⎠
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⎜
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⎛
+⎟

⎠

⎞
⎜
⎝

⎛
= ••• 8035267actual

2
1

D
2
1

D
2
1

D
2
1

DFN  (4) 

The value of FN is equal to the binary representation of 256 (or 28) 
× FNactual, or: 

 FN = D7 × 27 + D6 × 26 + D5 × 25+ . . . D0 

The fractional modulo can be extended up to 223 using the modulo 
extender (ME) if required: 

 MEactual = D14(1/29) + D13(1/210) + D12(1/211) + . . . + D0(1/223) 

The value of ME is equal to the binary representation of the 
integer part of 223 × MEactual, or: 

 ME = D14 × 214 + D13 × 213 + D12 × 212 + . . .D0 

 

Example 1: 

A desired synthesizer frequency of 2640.45 MHz is required using 
a crystal frequency of 16 MHz and a 16/17 prescaler. Since the 
maximum internal reference frequency is 25 MHz, the crystal 
frequency does not need to be divided. However, a reference 
divider ratio of 2 is used for this example. 

Restating Equation 2 as a function of DTotal: 

 DTotal  = (2640.45 × 2)/16 = 330.05625 

Where: RF = 2640.45 

 R1 = 2 

 FREF = 16 

Determine Nactual by subtracting 3.5 from DTotal and removing the 
fractional portion: 

 DTotal – 3.5 = 326.55625 

Using Equation 3: 

 Nactual = 326 = Mactual × P + Aactual 

Where: Mactual = 20 

 P = 16 

 Aactual = 6 

M = Mactual = 20 = 010100b (the six MSBs) 

A = Aactual = 6 = 0110b (the four LSBs) 

N = M × 24 + A = 0101000110b (this is the same as Nactual) 

Multiply the fractional portion that was removed in the previous 
step by 256 and remove the fractional portion of the result to 
determine FN: 

0.55625 × 256 = 142.4 

FN = 142 = 10001110b 

Divide FN by 256 to determine the actual fractional part, FNactual: 

FNactual = 142/256 = 0.5546875 

Subtract this result from the fractional portion of (DTotal – 3.5) to 
determine the actual fractional modulus extender, MEactual: 

MEactual = (DTotal – 3.5 – Nactual) – FNactual 

 = 0.55625 – 0.5546875 

 = 0.0015625 

Multiply this result by 8388608 (the 23-bit ∆Σ modulator value, 
223) and remove the fractional portion to determine the value of 
ME: 

0.0015625 × 8388608 = 13107.2 

ME = 13107 = 011001100110011b 

 

Example 2: 

A desired synthesizer frequency of 725 MHz is required using a 
crystal frequency of 13 MHz and an 8/9 prescaler. Since the 
maximum internal reference frequency is 25 MHz, the crystal 
frequency does not need to be divided. However, a reference 
divider ratio of 2 is used for this example. 
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Restating Equation 2 as a function of DTotal: 

 DTotal  = (725 × 2)/13 = 111.538461538 

Where: RF = 725 

 R1 = 2 

 FREF = 13 

Determine Nactual by subtracting 3.5 from DTotal and removing the 
fractional portion: 

 DTotal – 3.5 = 108.038461538 

Using Equation 3: 

 Nactual = 108 = Mactual × P + Aactual 

Where: Mactual = 13 

 P = 8 

 Aactual = 4 

 

M = Mactual = 13 = 001101b (the six MSBs) 

A = Aactual = 4 = 0100b (the four LSBs) 

N = M × 24 + A = 0011010100b (the value programmed) 

Multiply the fractional portion that was removed in the previous 
step by 256 and remove the fractional portion of the result to 
determine FN: 

0.038461538 × 256 = 9.846153728 

FN = 9 = 00001001b 

Divide FN by 256 to determine the actual fractional part, FNactual: 

FNactual = 9/256 = 0.03515625 

Subtract this result from the fractional portion of (DTotal – 3.5) to 
determine the actual fractional modulus extender, MEactual: 

MEactual = (DTotal – 3.5 – Nactual) – FNactual 

 = 0.038461538 – 0.03515625 

 = 0.003305288 

Multiply this result by 8388608 (the 23-bit ∆Σ modulator value, 
223) and remove the fractional portion to determine the value of 
ME: 

0. 003305288 × 8388608 = 27726.7653 

ME = 27726 = 110110001001110b 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

The SKY73103 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to Skyworks Application Note, PCB 
Design and SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Circuit Design Considerations 
The following design considerations are general in nature and 
must be followed regardless of final use or configuration 

1. Paths to ground should be made as short and as low 
impedance as possible. 

2. The ground pad of the SKY73103 provides critical electrical 
grounding requirements. Design the connection to the ground 
pad to provide the best electrical connection to the circuit 
board. Multiple vias to the grounding layer are recommended 
to connect the top layer ground area to the main ground layer. 

3. Skyworks recommends including external bypass capacitors 
on the VDD voltage input (pin 37) of the device. These 
capacitors should be placed as close as possible to the VDD 
input pin. 

4. A 50 Ω impedance trace is needed for the RF_OUT (pin 10) 
line. 
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Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73103 are provided in 
Table 9. The recommended operating conditions are specified in 
Table 10 and electrical specifications are provided in Table 11. 
Spur suppression measurements are provided in Table 12. 
Measurement plots for single sideband phase noise and settling 
time are shown in Figures 6 and 7, respectively. 

A typical application schematic for the SKY73103 is provided in 
Figure 8. Figure 9 shows the package dimensions for the 38-pin 
MCM and Figure 10 provides the tape and reel dimensions. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73103 ESD threshold level is 2500 VDC using Human 
Body Model (HBM) testing. This level applies to RF signal lines 
>100 MHz, analog and RF lines <100 MHz, digital lines, power 
supply lines, and ground pins. 

To avoid latent or visible ESD damage, always follow proper ESD 
handling precautions. 

 

 

Table 9. SKY73103 Absolute Maximum Ratings (Note 1) 

Parameter Symbol Min Typical Max Units 

Supply voltage VCC 0  5.5 V 

Operating temperature, full performance TOP –40  +85 °C 

Storage temperature TST –40  +150 °C 

Note 1: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal values. 

 

Table 10. SKY73103 Recommended Operating Conditions 

Parameter Symbol Min Typical Max Units 

Supply voltage VCC 4.75 5.00 5.25 V 

Input voltage (CLK, DATA, LE): 
 Low level 
 High level 

  
 

1.4 

  
0.6 

 
V 
V 

Output voltage (LD) with 18 kΩ load from 
VCC PLL: 
 Low level, unlocked 
 High level, unlocked 

  
 
 

2.4 

  
 

0.4 

 
 
V 
V 

Reference frequency input voltage (FREF, 
pin 23) 

FREFIN 0.5 1.0 1.5 Vp-p 

Load connected to RF output  50 Ω, maximum VSWR (load input) 2.0:1, all phases 

RF output switch enable: 
 High 
 Low 

 
SWENH 
SWENL 

 
2.2 

  
 

0.8 

 
V 
V 
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Table 11. SKY73103 Electrical Characteristics (Note 1) 
(VCC = 5 V, TC = 25 °C, cp_output = 1000 µA, FREF = 52 MHz, ref_bw_sel = 50 MHz, rdiv = 8, prescale_sel = 8/9, Unless Otherwise Noted) 

Parameter Symbol Test Conditions Min Typical Max Units 

Oscillation frequency   1460  1665 MHz 

Reference frequency FREF   13 52 MHz 

Phase detector frequency    6.5  MHz 

PLL loop bandwidth    25  kHz 

Output level    –10  dBm 

Output impedance    50  Ω 

Output VSWR     *** TBD *** – 

Reference frequency (FREF) input impedance   470   Ω 

Harmonic suppression     –20 dBc 

Integrated phase noise  100 Hz to 100 kHz   1 degrees RMS 

Single sideband phase noise offset: 
 @ 1 kHz 
 @ 5 kHz 
 @ 10 kHz 
 @ 200 kHz 
 @ 400 kHz 
 @ 600 kHz 
 @ 800 kHz 
 @ 1.8 MHz 
 @6 MHz 

    
–86 
–87 
–86 

–121 
–135 
–141 
–144 
–151 
–162 

  
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 

PLL-reference spurious suppression     –100 dBc 

Frequency settling time  Within ±2 kHz  250  µs 

Phase settling time  Within ±5 deg  300 450 µs 

Peak phase error     3 degrees 

Current consumption    120  mA 

Note 1: Characterized performance may change if the SKY73103 is configured differently than the test conditions specified here. This characterization used a  6.5 MHz fixed comparison 
frequency for the PLL phase loop filter. The PLL synthesizer is programmable up to a maximum comparison frequency of 26 MHz but with degraded performance. 
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Figure 6. SKY73103 Single Sideband Phase Noise Measurements 
 

Table 12. SKY73103 Spur Suppression Measurements 
(VCC = 5 V, TC = 25 °C, cp_output = 1000 µA, FREF = 52 MHz, rdiv = 8) 

Frequency (MHz) 
Spurious Power (kHz) 

1461 1499 1537 1600 1631 1662 

≥ 1 No spur No spur No spur No spur No spur No spur 

≥ 200 No spur No spur No spur No spur No spur No spur 

≥ 400 No spur No spur No spur No spur 498.51 kHz, 
–97 dBc 

No spur 

≥ 600 No spur No spur No spur No spur No spur No spur 

≥ 800 No spur No spur No spur No spur No spur No spur 

≥ 1000 2232.74 kHz, 
–100 dBc 

2355.55 kHz, 
–103 dBc 

2866.58 kHz, 
–101 dBc 

No spur 2272.95 kHz, 
–103 dBc 

No spur No spur 

≥ 3000 No spur No spur 3551.30 kHz, 
–105 dBc 

4478.81 kHz, 
–107 dBc 

3306.59 kHz, 
–106 dBc 

5074.89 kHz, 
–102 dBc 
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Figure 7. SKY73103 Settling Time Measurements 
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Figure 8. SKY73103 Typical Application Schematic 
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Figure 9. SKY73103 38-Pin MCM Package Dimensions 
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Figure 10. SKY73103 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73103 1460-1665 MHz VCO/Synthesizer SKY73103-11 (Pb-free package) *** TBD *** 
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PRELIMINARY DATA SHEET 

SKY73101: 1930-1990 MHz High Performance 
VCO/Synthesizer With Integrated Switch 
Applications 

• 2G, 2.5G, and 3G base station transceivers: 
− GSM, EDGE, CDMA, WCDMA 

• General purpose RF systems 

Features 

• Wideband frequency operation: 1930 to 1990 MHz 

• Process-tolerant compensation for VCO 

• 24-bit Σ∆ fractional-N synthesizer 

• Ultra-fine frequency resolution of 0.001 ppm 

• Flexible reference frequency selection 

• Three-wire serial interface up to 20 MHz clock frequency 

• Integrated PLL supply regulation for spur isolation 

• MCM (38-pin, 9 x 12 mm) Pb-free free (MSL3, 260 °C per 
JEDEC J-STD-020) SMT package 

 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Description 
Skyworks SKY73101 Voltage-Controlled Oscillator 
(VCO)/Synthesizer is a fully integrated, high performance signal 
source for high dynamic range transceivers. The device provides 
ultra-fine frequency resolution, fast switching speed, and low 
phase noise performance for 2G, 2.5G, and 3G base station 
transceivers. 

The SKY73101 VCO/Synthesizer is a key building block for high-
performance radio system designs that require low power and a 
fine step size. Reference clock generators with an output 
frequency up to 52 MHz can be used with the SKY73101. The 
input clock frequency is divided down by programmable dividers 
(1 to 8) for the synthesizer. The phase detector can operate at a 
maximum speed of 26 MHz, which allows better phase noise due 
to the lower division value. 

The SKY73101 VCO/Synthesizer is provided in a compact, 38-pin 
Multi-Chip Module (MCM). The device package and pinout are 
shown in Figure 1. A functional block diagram is shown in 
Figure 2. Signal pin assignments and functional pin descriptions 
are provided in Table 1. 
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Figure 1. SKY73101 Pinout– 38-Pin MCM Package 
(Top View) 
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Figure 2. SKY73101 Functional Block Diagram 
 

Table 1. SKY73101 Signal Descriptions 

Pin # Name Description Pin # Name Description 

1 GND Ground 20 GND Ground 

2 GND Ground 21 N/C No connection 

3 GND Ground 22 LD Lock detect output 

4 SW_EN Synthesizer RF output switch enable 23 FREF Frequency reference input 

5 GND Ground 24 GND Ground 

6 GND Ground 25 GND Ground 

7 GND Ground 26 GND Ground 

8 GND Ground 27 N/C No connection 

9 GND Ground 28 GND Ground 

10 RF_OUT Synthesizer output 29 GND Ground 

11 GND Ground 30 GND Ground 

12 GND Ground 31 GND Ground 

13 GND Ground 32 GND Ground 

14 N/C No connection 33 N/C No connection 

15 GND Ground 34 GND Ground 

16 GND Ground 35 GND Ground 

17 CLK Serial port clock 36 GND Ground 

18 DATA Serial port data 37 VDD +5 V power supply 

19 LE Serial port latch enable 38 GND Ground 
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Technical Description 
The SKY73101 is a fractional-N frequency synthesizer using a 
Σ∆ modulation technique. The fractional-N implementation 
provides low in-band noise by having a low division and fast 
frequency settling time. The device also provides programmable, 
arbitrary fine frequency resolution. This compensates the 
frequency synthesizer for crystal frequency drift. 

Serial I/O Control Interface 

The SKY73101 is programmed through a three-wire serial bus 
control interface using four 26-bit words. The three-wire interface 
consists of three signals: CLK (pin 17), LE (pin 19), and the bit 
serial data line DATA (pin 18). The convention is to load data from 
the most significant bit to the least significant bit (MSB to LSB). A 
serial data input timing diagram is shown in Figure 3. Preset 
timing parameter values are provided in Table 2. 

Figure 4 depicts the serial bus, which consists of one 26-bit load 
register and four separate 24-bit registers. Data is initially clocked 
into the load register starting with the MSB and ending with the 
LSB. The LE signal is used to gate the clock to the load register, 
requiring the LE signal to be brought low before the data load. 
Data is shifted on the rising edge of CLK. 

The two final LSBs are decoded to determine which holding 
register should latch the data. The falling edge of LE latches the 
data into the appropriate holding register. This programming 
sequence must be repeated to fill all four holding registers. 

Loading new data into a holding register not associated with the 
synthesizer frequency programming does not reset or change the 
synthesizer. The synthesizer should not lose lock before, during, 
or after a new serial word load that does not change the 
programmed frequency. 

VCO Tuning Loop 

A VCO auto-tuning loop provides the proper 7-bit coarse tuning 
setting for the VCO switch capacitors in the VCO output. This sets 
the oscillation frequency as close to target as possible before 
starting fine analog tuning. 

The auto-tuning loop is designed to compensate process variation 
so that the VCO fine tuning range can be reduced to cover 
temperature variation only. It significantly reduces VCO gain (Kv) 
which reduces VCO phase noise. 
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Figure 3. SKY73101 Serial Data Input Timing Diagram (MSB First) 
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Table 2. CLK, DATA, LE Preset Timing Parameters 

Parameter Value 

Input high voltage (VIH) 1.6 V 

Input low voltage (VIL) 0.3 V 

Input current (lDIG) 1 µA (maximum) 

Clock frequency 15 MHz (maximum) 

Clock high (tCKH) 15 ns (minimum) 

Clock low (tCKL) 15 ns (minimum) 

Data set up (tDSU) 20 ns (minimum) 

Data hold (tDHD) 10 ns (minimum) 

Clock to latch enable (tCLE) 20 ns (minimum) 

Latch enable width (tLEW) 15 ns (minimum) 

Latch enable to clock (tLEC) 15 ns (minimum) 

Word length 26 bits 

Number of words 4 

Current drain 2 µA 

Bits [25:2]
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Figure 4. Serial Bus Block Diagram 
 

VCO Prescalers 

The VCO prescalers divide the VCO output signal by either 16/17 
or 8/9. The Σ∆ modulator determines whether to divide by 16 or 
17 in the 16/17 mode, or whether to divide by 8 or 9 in the 8/9 
mode. 

N-Counter 

The N-counter consists of two asynchronous ripple counters, a 
6-bit M-counter and a 4-bit A-counter. The M-counter determines 
the counts using the lower division ratio in the prescaler (8 or 16); 
the A-counter determines the counts using the upper division ratio 
(9 or 17). 

By changing the counter setting at each reference clock cycle, the 
Modulated Fractional Divider (MFD) achieves the desired noise 
shaping. 

VCO MFD Block 

The MFD block divides down the prescaler output to the Phase 
Locked Loop (PLL) reference frequency. A third order cascaded 
Σ∆ modulation technique minimizes spurs through randomization 
of the division ratio. 

The MFD block controls the division ratio by dynamically 
programming the M and A counters in the N-counter. 

Phase Detector and Charge Pump 

The phase detector and charge pump detect and integrate the 
phase and frequency errors of the divided down VCO output 
versus the reference clock. This results in a feedback adjustment 
of the control voltage for the VCO. 
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Lock Detect 

Lock detection circuitry provides a CMOS logic level indication 
when the PLL is frequency locked (high when locked). 

Reference Input Divider 

The R-counter (reference input clock divider) consists of three 
divide-by-two blocks and one multiplexer controlled by the 
RDIV[1:0] parameter in Legacy Word 2. The R-counter is used to 
select a divide-by-one to a divide-by-eight function. 

Synthesizer Output Switch 

An on-chip switch is integrated into the SKY73101 RF output after 
the balun and is controlled by the SW_EN signal (pin 4) as 
indicated below: 

SW_EN Input Synthesizer Output 

High On 

Low Off 

 

The switch provides >50 dB isolation at the synthesizer RF 
output. This allows the SKY73101 to be used for GSM 
applications. 

Synthesizer Programming 

To program the synthesizer to the correct frequency, values for 
the N-counter (both M and A portions), fractional divisor (FN), and 
fractional modulus extender (ME) are needed. These values are 
used to determine the total divider ratio, DTotal, according to 
Equation 1: 

 DTotal = Nactual + FNactual + MEactual + 3.5 (1) 

Where: Nactual = the actual value of the N-counter 

 FNactual = the actual fractional divisor 

 MEactual = the actual fractional modulus extender 

Because of the way the ∆Σ modulator is implemented in the 
SKY73101, the number 3.5 must be added to the division number 
to obtain the final division ratio. 

The calculated value for DTotal can then be used to determine the 
correct synthesizer frequency, RF: 

 Total
REF D
R1

FRF ×=  (2) 

Where: FREF = the reference frequency 

 R1 = the reference divider radio 

The 6-bit M-counter and the 4-bit A-counter portions of the N-
counter are calculated according to the following relationships: 

Nactual is the actual N-counter value and is the integer portion of 
(DTotal – 3.5): 

 Nactual = Mactual × P + Aactual (3) 

If: M = Mactual (binary number, fit to six bits) 

 A = Aactual (binary number, fit to four bits) 

Then: N = M × 24 + A 

Where: N is the number to be programmed into the N-counter. 

The synthesizer has a selectable prescaler of 8/9 or 16/17. If the 
16/17 prescaler is used: 

P = 24 = 16 

In this case, N is the same as Nactual, M is equal to the six MSBs of 
Nactual, and A is equal to the four LSBs of Nactual. 

If the 8/9 prescaler is used: 

P = 8 

Here, N is not equal to Nactual. The A-counter portion only uses the 
three LSBs (the 4th bit of the A-counter is a “don’t care” bit). 

The fractional divisor code (FN) sets the fractional-N modulo up to 
256 modulo according to the following equation: 
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The value of FN is equal to the binary representation of 256 (or 28) 
× FNactual, or: 

 FN = D7 × 27 + D6 × 26 + D5 × 25+ . . . D0 

The fractional modulo can be extended up to 223 using the modulo 
extender (ME) if required: 

 MEactual = D14(1/29) + D13(1/210) + D12(1/211) + . . . + D0(1/223) 

The value of ME is equal to the binary representation of the 
integer part of 223 × MEactual, or: 

 ME = D14 × 214 + D13 × 213 + D12 × 212 + . . .D0 

 

Example 1: 

A desired synthesizer frequency of 2640.45 MHz is required using 
a crystal frequency of 16 MHz and a 16/17 prescaler. Since the 
maximum internal reference frequency is 25 MHz, the crystal 
frequency does not need to be divided. However, a reference 
divider ratio of 2 is used for this example. 

Restating Equation 2 as a function of DTotal: 

 DTotal  = (2640.45 × 2)/16 = 330.05625 

Where: RF = 2640.45 

 R1 = 2 

 FREF = 16 

Determine Nactual by subtracting 3.5 from DTotal and removing the 
fractional portion: 
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 DTotal – 3.5 = 326.55625 

Using Equation 3: 

 Nactual = 326 = Mactual × P + Aactual 

Where: Mactual = 20 

 P = 16 

 Aactual = 6 

M = Mactual = 20 = 010100b (the six MSBs) 

A = Aactual = 6 = 0110b (the four LSBs) 

N = M × 24 + A = 0101000110b (this is the same as Nactual) 

Multiply the fractional portion that was removed in the previous 
step by 256 and remove the fractional portion of the result to 
determine FN: 

0.55625 × 256 = 142.4 

FN = 142 = 10001110b 

Divide FN by 256 to determine the actual fractional part, FNactual: 

FNactual = 142/256 = 0.5546875 

Subtract this result from the fractional portion of (DTotal – 3.5) to 
determine the actual fractional modulus extender, MEactual: 

MEactual = (DTotal – 3.5 – Nactual) – FNactual 

 = 0.55625 – 0.5546875 

 = 0.0015625 

Multiply this result by 8388608 (the 23-bit ∆Σ modulator value, 
223) and remove the fractional portion to determine the value of 
ME: 

0.0015625 × 8388608 = 13107.2 

ME = 13107 = 011001100110011b 

 

Example 2: 

A desired synthesizer frequency of 725 MHz is required using a 
crystal frequency of 13 MHz and an 8/9 prescaler. Since the 
maximum internal reference frequency is 25 MHz, the crystal 
frequency does not need to be divided. However, a reference 
divider ratio of 2 is used for this example. 

Restating Equation 2 as a function of DTotal: 

 DTotal  = (725 × 2)/13 = 111.538461538 

Where: RF = 725 

 R1 = 2 

 FREF = 13 

Determine Nactual by subtracting 3.5 from DTotal and removing the 
fractional portion: 

 DTotal – 3.5 = 108.038461538 

Using Equation 3: 

 Nactual = 108 = Mactual × P + Aactual 

Where: Mactual = 13 

 P = 8 

 Aactual = 4 

 

M = Mactual = 13 = 001101b (the six MSBs) 

A = Aactual = 4 = 0100b (the four LSBs) 

N = M × 24 + A = 0011010100b (the value programmed) 

Multiply the fractional portion that was removed in the previous 
step by 256 and remove the fractional portion of the result to 
determine FN: 

0.038461538 × 256 = 9.846153728 

FN = 9 = 00001001b 

Divide FN by 256 to determine the actual fractional part, FNactual: 

FNactual = 9/256 = 0.03515625 

Subtract this result from the fractional portion of (DTotal – 3.5) to 
determine the actual fractional modulus extender, MEactual: 

MEactual = (DTotal – 3.5 – Nactual) – FNactual 

 = 0.038461538 – 0.03515625 

 = 0.003305288 

Multiply this result by 8388608 (the 23-bit ∆Σ modulator value, 
223) and remove the fractional portion to determine the value of 
ME: 

0. 003305288 × 8388608 = 27726.7653 

ME = 27726 = 110110001001110b 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

The SKY73101 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. For 
additional information, refer to Skyworks Application Note, PCB 
Design and SMT Assembly/Rework Guidelines for MCM-L 
Packages, document number 101752. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
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tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Circuit Design Considerations 
The following design considerations are general in nature and 
must be followed regardless of final use or configuration 

1. Paths to ground should be made as short and as low 
impedance as possible. 

2. The ground pad of the SKY73101 provides critical electrical 
grounding requirements. Design the connection to the ground 
pad to provide the best electrical connection to the circuit 
board. Multiple vias to the grounding layer are recommended 
to connect the top layer ground area to the main ground layer. 

3. Skyworks recommends including external bypass capacitors 
on the VDD voltage input (pin 37) of the device. These 
capacitors should be placed as close as possible to the VDD 
input pin. 

4. A 50 Ω impedance trace is needed for the RF_OUT (pin 10) 
line. 

Electrical and Mechanical Specifications 
The absolute maximum ratings of the SKY73101 are provided in 
Table 3. The recommended operating conditions are specified in 
Table 4 and electrical specifications are provided in Table 5. Spur 
suppression measurements are provided in Table 6. 
Measurement plots for single sideband phase noise and settling 
time are shown in Figures 5 and 6, respectively. 

A typical application schematic for the SKY73101 is provided in 
Figure 7. Figure 8 shows the package dimensions for the 38-pin 
MCM and Figure 9 provides the tape and reel dimensions. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY73101 ESD threshold level is 2500 VDC using Human 
Body Model (HBM) testing. This level applies to RF signal lines 
>100 MHz, analog and RF lines <100 MHz, digital lines, power 
supply lines, and ground pins. 

To avoid latent or visible ESD damage, always follow proper ESD 
handling precautions. 

 

 

Table 3. SKY73101 Absolute Maximum Ratings (Note 1) 

Parameter Symbol Min Typical Max Units 

Supply voltage VCC 0  5.5 V 

Operating temperature, full performance TOP –40  +85 °C 

Storage temperature TST –40  +150 °C 

Note 1: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal values. 

 

Table 4. SKY73101 Recommended Operating Conditions 

Parameter Symbol Min Typical Max Units 

Supply voltage VCC 4.75 5.00 5.25 V 

Input voltage (CLK, DATA, LE): 
 Low level 
 High level 

  
 

1.4 

  
0.6 

 
V 
V 

Output voltage (LD) with 18 kΩ load from 
VCC PLL: 
 Low level, unlocked 
 High level, unlocked 

  
 
 

2.4 

  
 

0.4 

 
 
V 
V 

Reference frequency input voltage (FREF, 
pin 23) 

FREFIN 0.5 1.0 1.5 Vp-p 

Load connected to RF output  50 Ω, maximum VSWR (load input) 2.0:1, all phases 

RF output switch enable: 
 High 
 Low 

 
SWENH 
SWENL 

 
4.75 

0 

  
5.25 
0.8 

 
V 
V 
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Table 5. SKY73101 Electrical Characteristics (Note 1) 
(VCC = 5 V, TC = 25 °C, Charge Pump Current = 1600 µA, FREF = 52 MHz, Reference Input Divider = 8, Prescale Divider = 8/9, Unless 
Otherwise Noted) 

Parameter Symbol Test Conditions Min Typical Max Units 

Oscillation frequency   1930  1990 MHz 

Reference frequency    13 52 MHz 

Phase detector frequency    6.5  MHz 

PLL loop bandwidth    25  kHz 

Output level    –10  dBm 

Output impedance    50  Ω 

Output VSWR     *** TBD *** – 

Reference frequency input (FREF) 
impedance 

  470   Ω 

Harmonic suppression     –20 dBc 

Integrated phase noise  100 Hz to 100 kHz   1 degrees RMS 

Single sideband phase noise offset: 
 @ 1 kHz 
 @ 5 kHz 
 @ 10 kHz 
 @ 200 kHz 
 @ 400 kHz 
 @ 600 kHz 
 @ 800 kHz 
 @ 1.8 MHz 
 @6 MHz 

    
–87 
–87 
–87 

–112 
–130 
–136 
–139 
–146 
–158 

  
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 
dBc/Hz 

PLL-reference spurious suppression     –100 dBc 

Frequency settling time  Within ±2 kHz  250  µs 

Phase settling time  Within ±5 deg  300 450 µs 

Peak phase error     3 degrees 

Current consumption    120  mA 

Note 1: Characterized performance may change if the SKY73101 is configured differently than the test conditions specified here. This characterization used a  6.5 MHz fixed comparison 
frequency for the PLL phase loop filter. The PLL synthesizer is programmable up to a maximum comparison frequency of 26 MHz but with degraded performance. 

 

Table 6. SKY73101 Spur Suppression Measurements 
(VCC = 5 V, TC = 25 °C, Charge Pump Current = 1600 µA, FREF = 52 MHz, Reference Input Divider = 8, Prescale Divider = 8/9) 

Frequency (MHz) 
Spurious Power (kHz) 

1930 1960 1990 

≥ 200 No spur No spur No spur 

≥ 400 
498.51 kHz, 

–92 dBc 
No spur No spur 

≥ 600 No spur No spur No spur 

≥ 800 No spur No spur No spur 

≥ 1000 
2575.45 kHz, 

–95 dBc 
No spur 1000.00 kHz, 

–91 dBc 

≥ 3000 
No spur 6515.59 kHz, 

–100 dBc 
No spur 
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Figure 5. Single Sideband Phase Noise Measurements 
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Figure 6. Settling Time Measurements 
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Figure 7. SKY73101 Typical Application Schematic 
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Figure 8. SKY73101 38-Pin MCM Package Dimensions 
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Figure 9. SKY73101 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY73101 1930-1990 MHz VCO/Synthesizer SKY73101-11 (Pb-free package) *** TBD *** 
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DATA SHEET 

SKY72310: Spur-Free, 2.1 GHz Single Fractional-N Frequency 
Synthesizer 
Applications 

• General purpose RF systems 

• 2.5G and 3G wireless infrastructure 

• Broadband wireless access 

• Low bit rate wireless telemetry 

• Instrumentation 

• L-band receivers 

• Satellite communications 

Features 

• Spur-free operation 

• 2.1 GHz maximum operating frequency 

• Ultra-fine step size, 100 Hz or less 

• High internal reference frequency enables large loop bandwidth 
implementations 

• Very fast switching speed (e.g., below 100 µs) 

• Phase noise to –91 dBc/Hz inside the loop filter bandwidth 
@ 1800 MHz 

• Software programmable power-down modes 

• High-speed serial interface up to 100 Mbps 

• Three-wire programming 

• Programmable division ratios on reference frequency 

• Phase detector with programmable gain to provide a 
programmable loop bandwidth 

• Frequency power steering further enhances rapid acquisition 
time 

• On-chip crystal oscillator 

• Frequency adjust for temperature compensation 

• 3 V operation 

• 5 V output to loop filter 

• QFN (24-pin, 4 x 4 mm) Pb-free (MSL3, 260 °C per JEDEC J-
STD-020)  package 

 

Description 
Skyworks SKY72310 fractional-N frequency synthesizer provides 
ultra-fine frequency resolution, fast switching speed, and low 
phase-noise performance. This synthesizer is a key building block 
for high-performance radio system designs that require low 
power and fine step size. 

The ultra-fine step size of less than 100 Hz allows this synthesizer 
to be used in very narrowband wireless applications. With proper 
temperature sensing or through control channels, the 
synthesizer’s fine step size can compensate for crystal oscillator 
or Intermediate Frequency (IF) filter drift. As a result, crystal 
oscillators or crystals can replace temperature-compensated or 
ovenized crystal oscillators, reducing parts count and associated 
component cost. The device’s fine step size can also be used for 
Doppler shift corrections. 

The SKY72310 has a phase noise floor of –90 dBc/Hz up to 
2.1 GHz operation as measured inside the loop bandwidth. This is 
permitted by the on-chip low noise dividers and low divide ratios 
provided by the device’s high fractionality. 

Reference crystals or oscillators up to 50 MHz can be used with 
the SKY72310. The crystal frequency is divided down by 
independent programmable dividers (1 to 32) for the synthesizer. 
The phase detector can operate at a maximum speed of 25 MHz, 
which allows better phase noise due to the lower division value. 
With a high reference frequency, the loop bandwidths can also be 
increased. Larger loop bandwidths improve the settling times and 
reduce in-band phase noise. Therefore, typical switching times of 
less than 100 µs can be achieved. The lower in-band phase noise 
also permits the use of lower cost Voltage Controlled Oscillators 
(VCOs) in customer applications. 

The SKY72310 has a frequency power steering circuit that helps 
the loop filter to steer the VCO when the frequency is too fast or 
too slow, further enhancing acquisition time. 

The device package and pinout for the 24-pin Quad Flat No-Lead 
(QFN) package are shown in Figure 1. Figure 2 shows a functional 
block diagram for the SKY72310. 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 
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Figure 1. SKY72310 Pinout, 24-Pin QFN 
(Bottom View) 
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Figure 2. SKY72310 Functional Block Diagram 
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Technical Description 
The SKY72310 is a fractional-N frequency synthesizer using a ∆Σ 
modulation technique. The fractional-N implementation provides 
low in-band noise by having a low division ratio and fast 
frequency settling time. In addition, the SKY72310 provides 
arbitrarily fine frequency resolution with a digital word, so that the 
frequency synthesizer can be used to compensate for crystal 
frequency drift in the RF transceiver. 

Serial Interface 

The serial interface is a versatile three-wire interface consisting of 
three pin signals: Clock (serial clock), Data (serial input), and CS 
(chip select). It enables the SKY72310 to operate in a system 
where one or multiple masters and slaves are present. To perform 
a loopback test at startup and to check the integrity of the board 
and processor, the serial data is fed back to the master device 
(e.g., a microcontroller or microprocessor unit) through a 
programmable multiplexer. This facilitates hardware and software 
debugging. 

∆Σ Modulator 

The SKY72310 provides fractionality through the use of a 
proprietary, configurable 10-bit or 18-bit ∆Σ modulator. The 
output from the modulator is combined with the divider ratio 
through its fractional units. 

VCO Prescaler 

The VCO prescaler provides low-noise signal conditioning of the 
VCO signal. It translates an off-chip, single-ended or differential 
signal to an on-chip differential Current Mode Logic (CML) signal. 

VCO Divider 

The SKY72310 provides a programmable divider that controls the 
CML prescaler and supplies the required signal to the charge 
pump phase detector. Programmable divide ratios ranging from 
38 to 537 are possible in fractional-N mode and from 32 to 543 in 
integer-N mode. 

Reference Frequency Oscillator 

The SKY72310 has a self-contained, low-noise crystal oscillator. 
This crystal oscillator is followed by the clock generation circuitry 
that generates the required clock for the programmable reference 
frequency divider. 

Reference Frequency Divider 

The crystal oscillator signal can be divided by a ratio of 1 to 32 to 
create the reference frequency for the phase detector. The divide 
ratio is programmed using the Reference Frequency Dividers 
Register. 

NOTE: The divided crystal oscillator frequency (the internal 
reference frequency), Fref_main, is referred to as 
“reference frequency” throughout this document. 

Phase Detector and Charge Pump 

The SKY72310 uses a charge pump phase detector that provides 
a programmable gain, Kd, from 31.25 to 1000 µA/2π radians in 
32 steps. The phase detector is programmed using the Phase 
Detector/Charge Pump Control Register. 

Frequency Steering 

When programmed for frequency power steering, the SKY72310 
has a circuit that helps the loop filter steer the VCO using the 
LD/PSmain signal (pin 4). In this configuration, the LD/PSmain 
signal can provide a more rapid acquisition. 

When programmed for lock detection, internal frequency steering 
is implemented and provides frequency acquisition times 
comparable to conventional phase/frequency detectors. 

Lock Detection 

When programmed for lock detection, the SKY72310 provides an 
active low, pulsing open collector output using the LD/PSmain 
signal (pin 4) to indicate the out-of-lock condition. When locked, 
the LD/PSmain signal is tri-stated (high impedance). 

Power Down 

The SKY72310 supports a number of power-down modes through 
the serial interface. For more information, see the Register 
Descriptions section of this document. 

Serial Interface Operation 
The serial interface consists of three pins: Clock (pin 22), Data 
(pin 20), and CS (pin 21). The Clock signal controls data on the 
two serial data lines (Data and CS). The Data pin shifts bits into a 
temporary register on the rising edge of Clock. The CS signal 
allows individual selection transfers that synchronize and sample 
the information of slave devices on the same bus. 

Figure 3 functionally depicts how a serial transfer takes place. A 
serial transfer is initiated when a microcontroller or 
microprocessor forces the CS signal to a low state. This is 
followed immediately by an address/data stream sent to the Data 
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pin that coincides with the rising edges of the clock presented at 
the Clock pin. 

Each rising edge of the Clock signal shifts in one bit of data on the 
Data line into a shift register. At the same time, one bit of data is 
shifted out of the Mux_out pin (if the serial bit stream is selected) 
at each falling edge of Clock. To load any of the registers, 16 bits 
of address or data must be presented to the Data line with the 
LSB last while the CS signal is low. If the CS signal is low for 
more than 16 clock cycles, only the last address or data bits are 
used to load the registers. 

Register Programming 

Register programming equations, described in this section, use 
the following variables and constants: 

Nfractional Desired VCO division ratio in fractional-N applications. 
This is a real number and can be interpreted as the 
reference frequency (Fref) multiplying factor so that the 
resulting frequency is equal to the desired VCO 
frequency. 

Ninteger Desired VCO division ratio in integer-N applications. 
This number is an integer and can be interpreted as 
the reference frequency (Fref) multiplying factor so that 
the resulting frequency is equal to the desired VCO 
frequency. 

Nreg Nine-bit unsigned input value to the divider ranging 
from 0 to 511 (integer-N mode) and from 6 to 505 
(fractional-N mode). 

divider This constant equals 262144 when the ∆Σ modulator 
is in 18-bit mode, and 1024 when the ∆Σ modulator is 
in 10-bit mode. 

dividend When in 18-bit mode, this is the 18-bit signed input 
value to the ∆Σ modulator, ranging from –131072 to 
+131071 and providing 262144 steps, each step equal 
to Fdiv_ref/218 Hz. 

 When in 10-bit mode, this is the 10-bit signed input 
value to the ∆Σ modulator, ranging from –512 to +511 
and providing 1024 steps, each step equal to 
Fdiv_ref/210 Hz. 

FVCO Desired VCO frequency. 

Fdiv_ref Divided reference frequency presented to the phase 
detector. 

Fractional-N Applications. The desired division ratio for the 
synthesizer is given by: 

 
ref_div

VCO
fractional F

FN =  

where Nfractional must be between 37.5 and 537.5. 

The value to be programmed in the Divider Register is given by: 

 
32)N(RoundN fractionalreg −=

 

NOTE: The Round function rounds the number to the nearest 
integer. 

When in fractional mode, allowed values for Nreg are from 6 to 505 
inclusive. 

The value to be programmed by either of the Dividend Registers 
(MSB or LSB) is given by: 

 
)]32NN(divider[Rounddividend regfractional −−×=

 
where the divider is either 1024 in 10-bit mode or 262144 in 
18-bit mode. Therefore, the dividend is a signed binary value 
either 10 or 18 bits long. 

NOTE: Because of the high fractionality of the SKY72310, there is 
no practical need for any integer relationship between the 
reference frequency and the channel spacing or desired 
VCO frequencies. 

Sample calculations for two fractional-N applications are provided 
in Figure 4. 

X A3 A2 A1 A0 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 D0 XXX

Clock

Last

Data

CS

C1413

 

Figure 3. Serial Transfer Timing Diagram 
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Case 1: To achieve a desired Fvco_main frequency of 902.4530 MHz using a crystal frequency of 40 MHz with operation
 of the synthesizer in 18-bit mode. Since the maximum internal reference frequency (Fdiv_ref) is 25 MHz, the crystal
 frequency is divided by 2 to obtain a Fdiv_ref of 20 MHz. Therefore:

  Nfractional = Fvco_main

     Fdiv_ref

    = 902.4530
     20

    = 45.12265

 The value to be programmed in the Divider Register is:

  Nreg = Round[Nfractional] – 32

   = Round[45.12265] – 32

   = 45 – 32

   = 13 (decimal)

   = 000001101 (binary)

 With the modulator in 18-bit mode, the value to be programmed in the Dividend Registers is:

 dividend = Round[divider × (Nfractional – Nreg – 32)]

  = Round[262144 × (45.12265 – 13 – 32)]

  = Round[262144 × (0.12265)]

  = Round[32151.9616]

  = 32152 (decimal)

  = 000111110110011000 (binary)

 where 00 0111 1101 is loaded in the Dividend MSB Register and 1001 1000 is loaded in the Dividend LSB Register.

 Summary:

 · Divider Register = 0 0000 1101
 · Dividend LSB Register = 1001 1000
 · Dividend MSB Register = 00 0111 1101
 · The resulting VCO frequency is 902.453 MHz
 · Step size is 76.3 Hz

 Note: The frequency step size for this case is 20 MHz divided by 218, giving 76.3 Hz.

S1059
 

Figure 4. Fractional-N Applications: Sample Calculation (1 of 2) 
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Case 2: To achieve a desired Fvco_main frequency of 917.7786 MHz using a crystal frequency of 19.2 MHz with operation
 of the synthesizer in 10-bit mode. Since the maximum internal reference frequency (Fdiv_ref) is 25 MHz, the crystal
 frequency does not require the internal division to be greater than 1, which makes Fdiv_ref = 19.2 MHz. Therefore:

  Nfractional = Fvco_main

     Fdiv_ref

    = 917.7786
     19.2

    = 47.80097

 The value to be programmed in the Divider Register is:

  Nreg = Round[Nfractional] – 32

   = Round[47.80087] – 32

   = 48 – 32

   = 16 (decimal)

   = 000010000 (binary)

 With the modulator in 10-bit mode, the value to be programmed in the Dividend Registers is:

 dividend = Round[divider × (Nfractional – Nreg – 32)]

  = Round[1024 × (47.80087 – 16 – 32)]

  = Round[1024× (–0.1990312)]

  = Round[–203.808]

  = 204 (decimal)

  = 1100110100 (binary)

 where 11 0011 0100 is loaded in the Dividend MSB Register.

 Summary:

 · Divider Register = 0 0001 0000
 · Dividend MSB Register = 11 0011 0100
 · The resulting VCO frequency is 917.775 MHz
 · Step size is 18.75 kHz

 Note: The frequency step size for this case is 19.2 MHz divided by 210, giving 18.75 kHz.
S1060

 

Figure 4. Fractional-N Applications: Sample Calculation (2 of 2) 
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Table 1. SKY72310 Register Map 

Address (Hex) Register (Note 1) Length (Bits) Address (Bits) 

0 Divider Register 12 4 

1 Dividend MSB Register 12 4 

2 Dividend LSB Register 12 4 

3 Unused   

4 Unused   

5 Reference Frequency Dividers Register 12 4 

6 Phase Detector/Charge Pump Control Register 12 4 

7 Power Down/Multiplexer Output Select Control Register 12 4 

Note 1: All registers are write only. 

 

Integer-N Applications. The desired division ratio for the 
synthesizer is given by: 

 ref_div

main_vco
egerint F

F
N =

 
where Ninteger is an integer number from 32 to 543. 

The value to be programmed in the Divider Register is given by: 

 
32NN egerintreg −=

 
When in integer mode, allowed values for Nreg are from 0 to 511. 

NOTE: As with all integer-N synthesizers, the minimum step size 
is related to the crystal frequency and reference frequency 
division ratio. 

Register Loading Order. In applications where the synthesizer is 
in 18-bit mode, the Dividend MSB Register holds the 10 MSBs of 
the dividend and the Dividend LSB Register holds the 8 LSBs of 
the dividend. The registers that control the synthesizer’s divide 
ratio are to be loaded in the following order: 

• Divider Register 

• Dividend LSB Register 

• Dividend MSB Register (at which point the new divide ratio 
takes effect) 

In applications where the synthesizer is in 10-bit mode, the 
Dividend MSB Register holds the 10 bits of the dividend. The 
registers that control the synthesizer’s divide ratio are to be 
loaded in the following order: 

• Divider Register 

• Dividend MSB Register (at which point the new divide ratio 
takes effect) 

NOTE: When in integer mode, the new divide ratios take effect as 
soon as the Divider Register is loaded. 

Register Descriptions 
Table 1 lists the eight 16-bit registers that are used to program 
the SKY72310. All register writes are programmed address first, 
followed directly with data. MSBs are entered first. On power up, 
all registers are reset to 0x000 except the Divider Register at 
address 0x0, which is set to 0x006. 

Synthesizer Registers 

The Divider Register contains the integer portion closest to the 
desired fractional-N (or the integer-N) value minus 32. This 
register, in conjunction with the Dividend Registers (which control 
the fraction offset from –0.5 to +0.5), allows selection of a 
precise frequency. As shown in Figure 5, the value to be loaded 
is: 

• Synthesizer Divider Index = Nine-bit value for the integer 
portion of the synthesizer divider. Valid values for this register 
are from 6 to 505 (fractional-N) or 0 to 511 (integer-N). 

The Dividend MSB and LSB Registers control the fraction part of 
the desired fractional-N value and allow an offset of –0.5 to +0.5 
to the main integer selected through the Divider Register. As 
shown in Figures 6 and 7, values to be loaded are: 

• Synthesizer Dividend (MSBs) = Ten-bit value for the MSBs of 
the 18-bit dividend for the synthesizer. 

• Synthesizer Dividend (LSBs) = Eight-bit value for the LSBs of 
the 18-bit dividend for the synthesizer. 

The Dividend Register MSB and LSB values are 2's complement 
format. 

NOTE: When in 10-bit mode, the Dividend LSB Register is not 
required. 
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The reference frequency divider provides the reference frequency 
to the phase detector by dividing the crystal oscillator frequency. 
Divide ratios from 1 to 32 are possible for the reference frequency 
divider (see Table 2). 

The Reference Frequency Dividers Register configures the 
reference frequency divider for the synthesizer. As shown in 
Figure 8, the values to be loaded are: 

• Reference Frequency Divider Index = Desired oscillator 
frequency division ratio –1. Default value on power up is 0, 
signifying that the reference frequency is not divided for the 
phase detector. 

 

A3 A2 A1 A0 11 10 9 8 7 6 5 4 3 2 1 0

0 0 0 0 X X X MSB LSB

Synthesizer Divider Index

S1061
 

Figure 5. Divider Register (Write Only) 

S1062

A3 A2 A1 A0 11 10 9 8 7 6 5 4 3 2 1 0

0 0 0 1 X X MSB LSB

Synthesizer Dividend (MSBs)

 

Figure 6. Dividend MSB Register (Write Only) 

S1063

A3 A2 A1 A0 11 10 9 8 7 6 5 4 3 2 1 0

0 0 1 0 X X X X MSB LSB

Synthesizer Dividend (LSBs)

 

Figure 7. Dividend LSB Register (Write Only) 

Table 2. Programming the Reference Frequency Divider 

Decimal Bit 4 (MSB) Bit 3 Bit 2 Bit 1 Bit 0 (LSB) Reference Divider 
Ratio 

0 0 0 0 0 0 1 

1 0 0 0 0 1 2 

2 0 0 0 1 0 3 

— — — — — — — 

— — — — — — — 

— — — — — — — 

31 1 1 1 1 1 32 
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S1064

A3 A2 A1 A0 11 10 9 8 7 6 5 4 3 2 1 0

0 1 0 1 X X

Reference Frequency Divider Index

 

Figure 8. Reference Frequency Dividers Register (Write Only) 

S1065

A3 A2 A1 A0 11 10 9 8 7 6 5 4 3 2 1 0

0 1 1 0

Phase Detector Gain

Power Steering/Lock Detect Enable

 

Figure 9. Phase Detector/Charge Pump Control Register (Write Only) 

S1066

A3 A2 A1 A0 11 10 9 8 7 6 5 4 3 2 1 0

0 1 1 1 X X MSB LSB

Full Power Down

Synthesizer Power Down

Synthesizer Mode

Synthesizer ΔΣ Fractionality

Multiplexer Output Selection

Mux_out Pin Three-State Enable

 

Figure 10. Power Down/Multiplexer Output Select  Control Register (Write Only) 
 

The Phase Detector/Charge Pump Control Register allows control 
of the gain for the phase detector and configuration of the 
LD/PSmain signal (pin 4) for frequency power steering or lock 
detection. As shown in Figure 9, the values to be loaded are: 

• Phase Detector Gain = Five-bit value for programmable phase 
detector gain. Range is from 0 to 31 decimal for 31.25 to 1000 
µA/ 2π radian, respectively. 

• Power Steering Enable = One-bit flag to enable the frequency 
power steering circuitry of the phase detector. When this bit is 
cleared, the LD/PSmain pin is configured to be a lock detect, 
active low, open collector pin. When this bit is set, the 
LD/PSmain pin is configured to be a frequency power steering 
pin and can be used to bypass the external loop filter to provide 
faster frequency acquisition. 

The Power Down/Multiplexer Output Select Control Register 
allows control of the power-down modes, internal multiplexer 
output, and ∆Σ synthesizer fractionality. As shown in Figure 10, 
the values to be loaded are: 

• Full Power Down = One-bit flag to power down the SKY72310 
except for the reference oscillator and the serial interface. When 
this bit is cleared, the SKY72310 is powered up. When this bit is 
set, the SKY72310 is in full power-down mode excluding the 
Mux_out signal (pin 24). 

• Synthesizer Power Down = One-bit flag to power down the 
synthesizer. When this bit is cleared, the synthesizer is powered 
up. When this bit is set, the synthesizer is in power-down mode. 
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Table 3. Multiplexer Output 

Multiplexer Output Select 
(Bit 8) 

Multiplexer Output Select 
(Bit 7) 

Multiplexer Output Select 
(Bit 6) 

Multiplexer Output 
(Mux_out, Pin 24) 

0 0 0 Reference Oscillator 

0 0 1 Unused 

0 1 0 Reference Frequency (Fref_main) 

0 1 1 Unused 

1 0 0 Phase Detector Frequency (Fpd_main) 

1 0 1 Serial data out 

1 1 0 Serial interface test output 

1 1 1 Unused 

 

• Synthesizer Mode = One-bit flag to power down the ∆Σ 
modulator and fractional unit. When this bit is cleared, the 
synthesizer is in fractional-N mode. When this bit is set, the 
synthesizer is in integer-N mode. 

• Synthesizer ∆Σ Fractionality = One-bit flag to configure the size 
of the ∆Σ modulator. This has a direct effect on power 
consumption, and on the level of fractionality and step size. 
When this bit is cleared, the ∆Σ modulator is 18-bit with a 
fractionality of 218 and a step size of Fref_main/262144. When this 
bit is set, the ∆Σ modulator is 10-bit with a fractionality of 210 
and a step size of Fref_main/1024. 

NOTE: There are no special power-up sequences required for the 
SKY72310. 

• Multiplexer Output Selection = Three-bit value that selects 
which internal signal is output to the Mux_out pin. The following 
internal signals are available on this pin: 
− Reference oscillator: Fref 
− Divided reference (post-reference frequency divider): Fref_main 
− Phase detector frequency (post-frequency divider): Fpd_main 
− Serial data out for loop-back and test purposes 

Refer to Table 3 for more information. 

• Mux_out Pin Tri-State Enable = One-bit flag to tri-state the 
Mux_out pin. When this bit is cleared, the Mux_out pin is 
enabled. When this bit is set, the Mux_out pin is tri-stated. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 

shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

The SKY72310 is rated to Moisture Sensitivity Level 3 (MSL3) at 
260 °C. It can be used for lead or lead-free soldering. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Electrical and Mechanical Specifications 
Signal pin assignments and functional pin descriptions are 
described in Table 4. The absolute maximum ratings of the 
SKY72310 are provided in Table 5. The recommended operating 
conditions are specified in Table 6 and electrical specifications 
are provided in Table 7. 

Figure 11 provides a schematic diagram for the SKY72310. 
Figure 12 shows the package dimensions for the 28-pin 
EP-TSSOP and Figure 13 provides the tape and reel dimensions. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY72310 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 
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Table 4. SKY72310 Signal Descriptions 

Pin # Pin Name Type Description 

1 VCCecl/cml Power and ground ECL/CML, 3 V. Removing power safely powers down the associated divider chain and charge pump. 

2 Fvco_main Input Main VCO differential input. 

3 Fvco_main Input Main VCO complimentary differential input. 

4 LD/PS_main Analog output Programmable output pin. Indicates phase detector out-of-lock as an active low pulsing open collector 
output (high impedance when lock is detected), or helps the loop filter steer the VCO. This pin is 
configured using the Phase Detector/Charge Pump Control Register. 

5 VCCcp_main 
(Note 1) 

Power and ground Charge pump supply, 3 to 5 V. Removing power safely powers down the associated divider chain and 
charge pump. 

6 CPout_main Analog output Charge pump output. The gain of the charge pump phase detector is controlled by the Phase 
Detector/Charge Pump Control Register. 

7 N/C – No connection 

8 Xtalacgnd/OSC Ground/input Reference crystal AC ground or external oscillator differential input. 

9 Xtalin/OSC Input Reference crystal input or external oscillator differential input. 

10 Xtalout/NC Input Reference crystal output or no connect. 

11 VCCxtal Power and ground Crystal oscillator ECL/CML, 3 V. 

12 GNDxtal Power and ground Crystal oscillator ground. 

13 N/C – No connection 

14 N/C – No connection 

15 N/C – No connection 

16 N/C – No connection 

17 N/C – No connection 

18 N/C – No connection 

19 VCCdigital (Note 1) Power and ground Digital supply, 3 V. 

20 Data Digital input Serial address and data input pin. Address bits are followed by data bits. 

21 CS Digital input Active low enable pin. Enables loading of address and data on the Data pin on the rising edge of Clock. 
When CS goes high, data is transferred to the register indicated by the address. Subsequent clock edges 
are ignored. 

22 Clock Digital input Clock signal pin. When CS is low, the register address and data are shifted in address bits first on the 
Data pin on the rising edge of Clock. 

23 N/C – No connection 

24 Mux_out Digital output Internal multiplexer output. Selects from oscillator frequency, reference frequency, divided VCO 
frequency, serial data out, or testability signals. This pin can be tri-stated from the synthesizer registers. 

Note 1: Associated pairs of power and ground pins must be decoupled using 0.1 µF capacitors. 
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Table 5. Absolute Maximum Ratings 

Parameter Min Max Units 

Maximum analog RF supply voltage  3.6 VDC 

Maximum digital supply voltage  3.6 VDC 

Maximum charge pump supply voltage  5.25 VDC 

Storage temperature –65 +150 °C 

Operating temperature –40 +85 °C 

Note: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal values. 

 

Table 6. Recommended Operating Conditions 

Parameter Min Max Units 

Analog RF supplies 2.7 3.3 VDC 

Digital supply 2.7 3.3 VDC 

Charge pump supplies 2.7 5.0 VDC 

Operating temperature (TA) –40 +85 °C 

 

Table 7. Electrical Characteristics (1 of 2) 
(VDD = 3 V, TA = 25 °C, unless otherwise noted) 

Parameter Symbol Test Conditions Min Typ Max Units 

Power Consumption 

Total power consumption PTOTAL Charge pump current of 
200 µA, synthesizer 
fractional, 
FREF_MAIN = 20 MHz 

 37.5  mW 

Power-down current ICC-PWDN   10 (Note 1)  µA 

Reference Oscillator 

Reference oscillator frequency FOSC    50 MHz 

Oscillator sensitivity (as a buffer) VOSC AC coupled, single-ended 0.1  2.0 Vpp 

Frequency shift versus supply voltage FSHIFT_SUPPLY 2.7 V ≤ VXTAL ≤ 3.3 V   ±0.3 ppm 

VCO 

Synthesizer operating frequency FVCO_MAIN Sinusoidal, –40 C to 
+85 C 

100 (Note 2)  2100 MHz 

RF input sensitivity VVCO AC coupled 50  250 mVpeak 

RF input impedance ZVCO_IN   94 – j140 
@ 1200 MHz 

 Ω 

Fractional-N tuning step size ∆FSTEP_MAIN  FREF_MAIN/218 or FREF_MAIN/210 Hz 

Noise 

Phase noise floor Pnf Measured inside the loop 
bandwidth using 25 MHz 
reference frequency, 
–40 C to +85 C 

 –128 
+ 20 Log (N) 

 dBc/Hz 
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Table 7. Electrical Characteristics (2 of 2) 
(VDD = 3 V, TA = 25 °C, unless otherwise noted) 

Parameter Symbol Test Conditions Min Typ Max Units 

Phase Detector and Charge Pump 

Phase detector frequency FREF_MAIN  –40 C to +85 C   25 MHz 

Charge pump output source current ICP-SOURCE VCP = 0.5 VCCCP 125  1000 µA 

Charge pump output sink current ICP-SINK VCP = 0.5 VCCCP –125  –1000 µA 

Charge pump accuracy ICP-ACCURACY   ±20  % 

Charge pump output voltage linearity range ICP vs VCP 0.5 V ≤ VCP ≤ (VCCCP 

– 0.5 V) 
GND + 400  VCCCP – 400 mV 

Charge pump current versus temperature ICP vs T VCP = 0.5 VCCCP 
–40 C < T < +85 C 

  5 % 

Charge pump current versus voltage ICP vs VCP 0.5 V ≤ VCP ≤ (VCCCP 
– 0.5 V) 

  8 % 

Digital Pins 

High level input voltage VIH  0.7 VDIGITAL   V 

Low level input voltage VIL    0.3 VDIGITAL V 

High level output voltage VOH IOH = –2 mA VDIGITAL  –0.2   V 

Low level output voltage VOL IOL = +2 mA   GND + 0.2 V 

Timing – Serial Interface 

Clock frequency fCLOCK    100 MHz 

Data and CS set up time to Clock rising tSU  3   ns 

Data and CS hold time after Clock rising tHOLD  0   ns 

Note 1: A 5 V charge pump power supply on pin 5 results in higher power-down leakage current. 

Note 2: The minimum synthesizer frequency is 12 x FOSC, where FOSC is the frequency at the Xtalin/OSC pin. 
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Figure 11. SKY72310 Application Schematic 
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Figure 12. SKY72310 24-Pin QFN Package Dimensions 
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Figure 13. SKY72310 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY72310 2.1 GHz Frequency Synthesizer SKY72310-362LF TW14-D880 
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DATA SHEET 

SKY72300: Spur-Free, 2.1 GHz Dual Fractional-N Frequency 
Synthesizer 
Applications 

• General purpose RF systems 

• 2.5G and 3G wireless infrastructure 

• Broadband wireless access 

• Low bit rate wireless telemetry 

• Instrumentation 

• L-band receivers 

• Satellite communications 

Features 

• Spur-free operation 

• 2.1 GHz maximum operating frequency 

• 500 MHz maximum auxiliary synthesizer 

• Ultra-fine step size, 100 Hz or less 

• High internal reference frequency enables large loop bandwidth 
implementations 

• Very fast switching speed (e.g., below 100 µs) 

• Phase noise to –91 dBc/Hz inside the loop filter bandwidth 
@ 1800 MHz 

• Software programmable power-down modes 

• High-speed serial interface up to 100 Mbps 

• Three-wire programming 

• Programmable division ratios on reference frequency 

• Phase detectors with programmable gain to provide a 
programmable loop bandwidth 

• Frequency power steering further enhances rapid acquisition 
time 

• On-chip crystal oscillator 

• Frequency adjust for temperature compensation 
 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Innovation to GoTM

Now available for purchase online. 

• Direct digital modulation 

• 3 V operation 

• 5 V output to loop filter 

• EP-TSSOP (28-pin, 9.7 x 6.4 x 1.1 mm) Pb-free (MSL3, 260 °C 
per JEDEC J-STD-020)  package 

Description 
Skyworks SKY72300 direct digital modulation fractional-N 
frequency synthesizer provides ultra-fine frequency resolution, 
fast switching speed, and low phase-noise performance. This 
synthesizer is a key building block for high-performance radio 
system designs that require low power and fine step size. 

The ultra-fine step size of less than 100 Hz allows this synthesizer 
to be used in very narrowband wireless applications. With proper 
temperature sensing or through control channels, the 
synthesizer’s fine step size can compensate for crystal oscillator 
or Intermediate Frequency (IF) filter drift. As a result, crystal 
oscillators or crystals can replace temperature-compensated or 
ovenized crystal oscillators, reducing parts count and associated 
component cost. The device’s fine step size can also be used for 
Doppler shift corrections. 

The SKY72300 has a phase noise floor of –90 dBc/Hz up to 
2.1 GHz operation as measured inside the loop bandwidth. This is 
permitted by the on-chip low noise dividers and low divide ratios 
provided by the device’s high fractionality. 

Reference crystals or oscillators up to 50 MHz can be used with 
the SKY72300. The crystal frequency is divided down by 
independent programmable dividers (1 to 32) for the main and 
auxiliary synthesizers. The phase detectors can operate at a 
maximum speed of 25 MHz, which allows better phase noise due 
to the lower division value. With a high reference frequency, the 
loop bandwidths can also be increased. Larger loop bandwidths 
improve the settling times and reduce in-band phase noise. 
Therefore, typical switching times of less than 100 µs can be 
achieved. The lower in-band phase noise also permits the use of 
lower cost Voltage Controlled Oscillators (VCOs) in customer 
applications. 
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The SKY72300 has a frequency power steering circuit that helps 
the loop filter to steer the VCO when the frequency is too fast or 
too slow, further enhancing acquisition time. 

The unit operates with a three-wire, high-speed serial interface. A 
combination of large bandwidth, fine resolution, and the three-
wire, high-speed serial interface allows for a direct frequency 
modulation of the VCO. This supports any continuous phase, 
constant envelope modulation scheme such as Frequency 
Modulation (FM), Frequency Shift Keying (FSK), Minimum Shift 
Keying (MSK), or Gaussian Minimum Shift Keying (GMSK). 

This capability can eliminate the need for In-phase and 
Quadrature (I/Q) Digital-to-Analog Converters (DACs), quadrature 
upconverters, and IF filters from the transmitter portion of the 
radio system. 

A functional block diagram for the SKY72300 is shown in 
Figure 1. Recommended operating conditions are provided in 
Table 1. Package dimensions for the 9.7 x 6.4 mm Exposed Pad 
Thin Shrink Small Outline Package (EP-TSSOP) are shown in 
Figure 2. 
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Figure 1. SKY72300 Functional Block Diagram 

Table 1. Recommended Operating Conditions 

Parameter Min Max Units 

Analog RF supplies 2.7 3.3 VDC 

Digital supply 2.7 3.3 VDC 

Charge pump supplies 2.7 5.0 (Note 1) VDC 

Operating temperature (TA) –40 +85 °C 

Note 1: When power steering is enabled, the charge pump must be 4.5 V maximum. 
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Figure 2. SKY72300 28-Pin EP-TSSOP Package Dimensions 

Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY72300 2.1 GHz Frequency Synthesizer SKY72300-21 (Pb-free package) PH00-D112 
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DATA SHEET 

SKY74038: 2.6 GHz/800 MHz Dual Fractional-N/lnteger-N 
Frequency Synthesizer 
Applications 

• Multi-slot GSM/DCS 

• PCS/W-CDMA 

• Portable communication systems 

• Dual-mode cellular telephone systems 

• Spread spectrum receivers 

• Wireless LAN systems 

• Wireless routers and WLL systems 

• SATCOM receivers 

Features 

• Maximum operating frequency: 2.6 GHz 

• Maximum IF synthesizer frequency: 800 MHz 

• Supply voltage as low as 2.6 V 

• Fast frequency settling time with fractional-N operation 

• Internal fractional spur reduction 

• Programmable charge pump currents 

• Digital lock detector 

• Power saving at lower frequency 

• TSSOP (20-pin, 6.5 x 4.4 x 1.0 mm) Pb-free (MSL3, 260 °C per 
JEDEC J-STD-020) package 

 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

 

Description 
Skyworks SKY74038 is a complete, low-power 2.6 GHz/800 MHz 
dual frequency synthesizer. The device provides both Radio 
Frequency (RF) channels and Intermediate Frequency (IF) 
channels. Fractional-N operation offers low phase noise, fast 
settling time, and low spurious tones for RF channels. A standard 
integer-N division is used for IF channels. 

The three-wire serial interface provides programmable control of 
the frequency synthesizer to support dual-conversion 
transceivers. 

A functional block diagram for the SKY74038 is shown in 
Figure 1. Recommended operating conditions are provided in 
Table 1. Package dimensions for the 6.5 x 4.4 mm Thin Shrink 
Small Outline Package (TSSOP) are shown in Figure 2. 
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Figure 1. SKY74038 Block Diagram 

Table 1. Recommended Operating Conditions 

Parameter Min Max Units 

Power supply 2.6 3.6 V 

Operating junction temperature –40 +100 °C 

Operating ambient temperature (TA) –40 +85 °C 
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Figure 2. SKY74038 20-Pin TSSOP Package Dimensions 

Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY74038 2.6 GHz/800 MHz Frequency Synthesizer SKY74038-21 (Pb-free package) PH00-D222 
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DATA SHEET 

SKY72300-362: Spur-Free, 2.1 GHz Dual Fractional-N 
Frequency Synthesizer 
Applications 

• General purpose RF systems 

• 2.5G and 3G wireless infrastructure 

• Broadband wireless access 

• Low bit rate wireless telemetry 

• Instrumentation 

• L-band receivers 

• Satellite communications 

Features 

• Spur-free operation 

• 2.1 GHz maximum operating frequency 

• 500 MHz maximum auxiliary synthesizer 

• Ultra-fine step size, 100 Hz or less 

• High internal reference frequency enables large loop bandwidth 
implementations 

• Very fast switching speed (e.g., below 100 µs) 

• Phase noise to –91 dBc/Hz inside the loop filter bandwidth 
@ 1800 MHz 

• Software programmable power-down modes 

• High-speed serial interface up to 100 Mbps 

• Three-wire programming 

• Programmable division ratios on reference frequency 

• Phase detectors with programmable gain to provide a 
programmable loop bandwidth 

• Frequency power steering further enhances rapid acquisition 
time 

• On-chip crystal oscillator 

• Frequency adjust for temperature compensation 

 

 

 

Skyworks offers lead (Pb)-free RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

 

• Direct digital modulation 

• 3 V operation 

• 5 V output to loop filter 

• QFN (24-pin, 4 x 4 mm) Pb-free (MSL3, 260 °C per JEDEC J-
STD-020) package 

Description 
Skyworks SKY72300-362 direct digital modulation fractional-N 
frequency synthesizer provides ultra-fine frequency resolution, 
fast switching speed, and low phase-noise performance. This 
synthesizer is a key building block for high-performance radio 
system designs that require low power and fine step size. 

The ultra-fine step size of less than 100 Hz allows this synthesizer 
to be used in very narrowband wireless applications. With proper 
temperature sensing or through control channels, the 
synthesizer’s fine step size can compensate for crystal oscillator 
or Intermediate Frequency (IF) filter drift. As a result, crystal 
oscillators or crystals can replace temperature-compensated or 
ovenized crystal oscillators, reducing parts count and associated 
component cost. The device’s fine step size can also be used for 
Doppler shift corrections. 

The SKY72300-362 has a phase noise floor of –90 dBc/Hz up to 
2.1 GHz operation as measured inside the loop bandwidth. This is 
permitted by the on-chip low noise dividers and low divide ratios 
provided by the device’s high fractionality. 

Reference crystals or oscillators up to 50 MHz can be used with 
the SKY72300-362. The crystal frequency is divided down by 
independent programmable dividers (1 to 32) for the main and 
auxiliary synthesizers. The phase detectors can operate at a 
maximum speed of 25 MHz, which allows better phase noise due 
to the lower division value. With a high reference frequency, the 
loop bandwidths can also be increased. Larger loop bandwidths 
improve the settling times and reduce in-band phase noise. 
Therefore, typical switching times of less than 100  s can be 
achieved. The lower in-band phase noise also permits the use of 
lower cost Voltage Controlled Oscillators (VCOs) in customer 
applications. 

The SKY72300-362 has a frequency power steering circuit that 
helps the loop filter to steer the VCO when the frequency is too 
fast or too slow, further enhancing acquisition time. 
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The unit operates with a three-wire, high-speed serial interface. A 
combination of large bandwidth, fine resolution, and the three-
wire, high-speed serial interface allows for a direct frequency 
modulation of the VCO. This supports any continuous phase, 
constant envelope modulation scheme such as Frequency 
Modulation (FM), Frequency Shift Keying (FSK), Minimum Shift 
Keying (MSK), or Gaussian Minimum Shift Keying (GMSK). 

This capability can eliminate the need for In-phase and 
Quadrature (I/Q) Digital-to-Analog Converters (DACs), quadrature 
upconverters, and IF filters from the transmitter portion of the 
radio system. 

Figure 1 shows a functional block diagram for the SKY72300-362. 
The device package and pinout for the 24-pin Quad Flat No-Lead 
(QFN) package are shown in Figure 2. 
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Figure 1. SKY72300-362 Functional Block Diagram 
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Figure 2. SKY72300-362 Pinout, 24-Pin QFN 
 

Technical Description 
The SKY72300-362 is a fractional-N frequency synthesizer using 
a ∆Σ modulation technique. The fractional-N implementation 
provides low in-band noise by having a low division ratio and fast 
frequency settling time. In addition, the SKY72300-362 provides 
arbitrarily fine frequency resolution with a digital word, so that the 
frequency synthesizer can be used to compensate for crystal 
frequency drift in the RF transceiver. 

Serial Interface 

The serial interface is a versatile three-wire interface consisting of 
three pins: Clock (serial clock), Data (serial input), and CS (chip 
select). It enables the SKY72300-362 to operate in a system 
where one or multiple masters and slaves are present. To perform 
a loopback test at startup and to check the integrity of the board 
and processor, the serial data is fed back to the master device 
(e.g., a microcontroller or microprocessor unit) through a 
programmable multiplexer. This facilitates hardware and software 
debugging. 

Registers 

There are ten 16-bit registers in the SKY72300-362. For more 
information, see the Register Descriptions section of this 
document. 

Main and Auxiliary ∆Σ Modulators 

The fractionality of the SKY72300-362 is accomplished by the use 
of a proprietary, configurable 10-bit or 18-bit ∆Σ modulator for 

the main synthesizer and 10-bit ∆Σ modulator for the auxiliary 
synthesizer. 

Main and Auxiliary Fractional Units 

The SKY72300-362 provides fractionality through the use of main 
and auxiliary ∆Σ modulators. The output from the modulators is 
combined with the main and auxiliary divider ratios through their 
respective fractional units. 

VCO Prescalers 

The VCO prescalers provide low-noise signal conditioning of the 
VCO signals. They translate from an off-chip, single-ended or 
differential signal to an on-chip differential Current Mode Logic 
(CML) signal. The SKY72300-362 has independent main and 
auxiliary VCO prescalers. 

Main and Auxiliary VCO Dividers 

The SKY72300-362 provides programmable dividers that control 
the CML prescalers and supply the required signals to the charge 
pump phase detectors. Programmable divide ratios ranging from 
38 to 537 are possible in fractional-N mode and from 32 to 543 in 
integer-N mode. 

Reference Frequency Oscillator 

The SKY72300-362 has a self-contained, low-noise crystal 
oscillator. This crystal oscillator is followed by the clock 
generation circuitry that generates the required clock for the 
programmable reference frequency dividers. 
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Reference Frequency Dividers 

The crystal oscillator signal can be divided by a ratio of 1 to 32 to 
create the reference frequencies for the phase detectors. The 
SKY72300-362 has both a main and an auxiliary frequency 
synthesizer, and provides independently configurable dividers of 
the crystal oscillator frequency for both the main and auxiliary 
phase detectors. The divide ratios are programmed by the 
Reference Frequency Dividers Register. 

NOTE: The divided crystal oscillator frequencies (which are the 
internal reference frequencies), Fref_main and Fref_aux, 
are referred to as reference frequencies throughout this 
document. 

Phase Detectors and Charge Pumps 

The SKY72300-362 uses a separate charge pump phase detector 
for each synthesizer which provides a programmable gain, Kd, 
from 31.25 to 1000 µA/2π radians in 32 steps programmed using 
the Phase Detector/Charge Pump Control Register. 

Frequency Steering 

When programmed for frequency power steering, the SKY72300-
362 has a circuit that helps the loop filter steer the VCO, through 
the LD/PSmain signal (pin 4). In this configuration, the LD/PSmain 
signal can provide for more rapid acquisition. 

When programmed for lock detection, internal frequency steering 
is implemented and provides frequency acquisition times 
comparable to conventional phase/frequency detectors. 

Lock Detection 

When programmed for lock detection, the SKY72300-362 
provides an active low, pulsing open collector output using the 
LD/PSmain signal (pin 4) to indicate the out-of-lock condition. 
When locked, the LD/PSmain signal is tri-stated (high 
impedance). 

Power Down 

The SKY72300-362 supports a number of power-down modes 
through the serial interface. For more information, see the 
Register Descriptions section of this document. 

Serial Interface Operation 
The serial interface consists of three pins: Clock (pin 22), Data 
(pin 20), and CS (pin 21). The Clock signal controls data on the 
two serial data lines (Data and CS). The Data pin bits shift into a 
temporary register on the rising edge of Clock. The CS line allows 
individual selection transfers that synchronize and sample the 
information of slave devices on the same bus. 

Figure 3 depicts how a serial transfer takes place functionally. 

A serial transfer is initiated when a microcontroller or 
microprocessor forces the CS line to a low state. This is followed 
immediately by an address/data stream sent to the Data pin that 
coincides with the rising edges of the clock presented on the 
Clock line. 

Each rising edge of the Clock signal shifts in one bit of data on the 
Data line into a shift register. At the same time, one bit of data is 
shifted out of the Mux_out pin (if the serial bit stream is selected) 
at each falling edge of Clock. To load any of the registers, 16 bits 
of address or data must be presented to the Data line with the 
LSB last while the CS signal is low. If the CS signal is low for 
more than 16 clock cycles, only the last address or data bits are 
used to load the registers. 

If the CS signal is brought to a high state before the 13th Clock 
edge, the bit stream is assumed to be modulation data samples. 
In this case, it is assumed that no address bits are present and 
that all the bits in the stream should be loaded into the 
Modulation Data Register. 

Register Programming 

Register programming equations, described in this section, use 
the following variables and constants: 

Nfractional Desired VCO division ratio in fractional-N applications. 
This is a real number and can be interpreted as the 
reference frequency (Fref) multiplying factor such that 
the resulting frequency is equal to the desired VCO 
frequency. 

Ninteger Desired VCO division ratio in integer-N applications. 
This number is an integer and can be interpreted as 
the reference frequency (Fref) multiplying factor so that 
the resulting frequency is equal to the desired VCO 
frequency. 

Nreg Nine-bit unsigned input value to the divider ranging 
from 0 to 511 (integer-N mode) and from 6 to 505 
(fractional-N mode). 

divider This constant equals 262144 when the ∆Σ modulator 
is in 18-bit mode, and 1024 when the ∆Σ modulator is 
in 10-bit mode. 

dividend When in 18-bit mode, this is the 18-bit signed input 
value to the ∆Σ modulator, ranging from 
–131072 to +131071 and providing 262144 steps, 
each step equal to Fdiv_ref/218 Hz. 

 When in 10-bit mode, this is the 10-bit signed input 
value to the ∆Σ modulator, ranging from 
–512 to +511 and providing 1024 steps, each step 
equal to Fdiv_ref/210 Hz. 
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Figure 3. Serial Transfer Timing Diagram 
 

FVCO Desired VCO frequency (either Fvco_main or Fvco_aux). 

Fdiv_ref Divided reference frequency presented to the phase 
detector (either Fref_main or Fref_aux). 

Fractional-N Applications. The desired division ratio for the 
main and auxiliary synthesizers is given by: 

 
ref_div

VCO
fractional F

F
N =  

where Nfractional must be between 37.5 and 537.5. 

The value to be programmed by the Main or Auxiliary Divider 
Register is given by: 

 32)N(RoundN fractionalreg −=  

NOTE: The Round function rounds the number to the nearest 
integer. 

When in fractional mode, allowed values for Nreg are from 6 to 505 
inclusive. 

The value to be programmed by either of the MSB/LSB Dividend 
Registers or the Auxiliary Dividend Register is given by: 

 )]32NN(divider[Rounddividend regfractional −−×=  

where the divider is either 1024 in 10-bit mode or 262144 in 
18-bit mode. Therefore, the dividend is a signed binary value 
either 10 or 18 bits long. 

NOTE: Because of the high fractionality of the SKY72300-362, 
there is no practical need for any integer relationship 
between the reference frequency and the channel spacing 
or desired VCO frequencies. 

Sample calculations for two fractional-N applications are provided 
in Figure 4. 

Integer-N Applications. The desired division ratio for the main or 
auxiliary synthesizer is given by: 

 
ref_div

main_vco
egerint F

F
N =  

where Ninteger is an integer number from 32 to 543. 

The value to be programmed by the Main or Auxiliary Divider 
Register is given by: 

 32NN egerintreg −=  

When in integer mode, allowed values for Nreg are from 0 to 511 
for both the main and auxiliary synthesizers. 

NOTE: As with all integer-N synthesizers, the minimum step size 
is related to the crystal frequency and reference frequency 
division ratio. 

A sample calculation for an integer-N application is provided in 
Figure 5. 

Register Loading Order. In applications where the main 
synthesizer is in 18-bit mode, the Main Dividend MSB Register 
holds the 10 MSBs of the dividend and the Main Dividend LSB 
Register holds the 8 LSBs of the dividend. The registers that 
control the main synthesizer’s divide ratio are to be loaded in the 
following order: 

• Main Divider Register 

• Main Dividend LSB Register 

• Main Dividend MSB Register (at which point the new divide ratio 
takes effect) 

In applications where the main synthesizer is in 10-bit mode, the 
Main Dividend MSB Register holds the 10 bits of the dividend. The 
registers that control the main synthesizer’s divide ratio are to be 
loaded in the following order: 

• Main Divider Register 

• Main Dividend MSB Register (at which point the new divide ratio 
takes effect) 
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Case 1: To achieve a desired Fvco_main frequency of 902.4530 MHz using a crystal frequency of 40 MHz with operation
 of the synthesizer in 18-bit mode. Since the maximum internal reference frequency (Fdiv_ref) is 25 MHz, the crystal
 frequency is divided by 2 to obtain a Fdiv_ref of 20 MHz. Therefore:

  Nfractional = Fvco_main

     Fdiv_ref

    = 902.4530
     20

    = 45.12265

 The value to be programmed in the Main Divider Register is:

  Nreg = Round[Nfractional] – 32

   = Round[45.12265] – 32

   = 45 – 32

   = 13 (decimal)

   = 000001101 (binary)

 With the modulator in 18-bit mode, the value to be programmed in the Main Dividend Registers is:

 dividend = Round[divider × (Nfractional – Nreg – 32)]

  = Round[262144 × (45.12265 – 13 – 32)]

  = Round[262144 × (0.12265)]

  = Round[32151.9616]

  = 32152 (decimal)

  = 000111110110011000 (binary)

 where 00 0111 1101 is loaded in the MSB of the Main Dividend Register and 1001 1000 is loaded in the LSB of the
 Main Dividend Register.

 Summary:

 · Main Divider Register = 0 0000 1101
 · Main Dividend Register, LSB = 1001 1000
 · Main Dividend Register, MSB = 00 0111 1101
 · The resulting main VCO frequency is 902.453 MHz
 · Step size is 76.3 Hz

 Note: The frequency step size for this case is 20 MHz divided by 218, giving 76.3 Hz.

C1414
 

Figure 4. Fractional-N Applications: Sample Calculation (1 of 2) 
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Case 2: To achieve a desired Fvco_main frequency of 917.7786 MHz using a crystal frequency of 19.2 MHz with operation
 of the synthesizer in 10-bit mode. Since the maximum internal reference frequency (Fdiv_ref) is 25 MHz, the crystal
 frequency does not require the internal division to be greater than 1, which makes Fdiv_ref = 19.2 MHz. Therefore:

  Nfractional = Fvco_main

     Fdiv_ref

    = 917.7786
     19.2

    = 47.80097

 The value to be programmed in the Main Divider Register is:

  Nreg = Round[Nfractional] – 32

   = Round[47.80087] – 32

   = 48 – 32

   = 16 (decimal)

   = 000010000 (binary)

 With the modulator in 10-bit mode, the value to be programmed in the Main Dividend Registers is:

 dividend = Round[divider × (Nfractional – Nreg – 32)]

  = Round[1024 × (47.80087 – 16 – 32)]

  = Round[1024× (–0.1990312)]

  = Round[–203.808]

  = 204 (decimal)

  = 1100110100 (binary)

 where 11 0011 0100 is loaded in the MSB of the Main Dividend Register.

 Summary:

 · Main Divider Register = 0 0001 0000
 · Main Dividend Register, MSB = 11 0011 0100
 · The resulting main VCO frequency is 917.775 MHz
 · Step size is 18.75 kHz

 Note: The frequency step size for this case is 19.2 MHz divided by 210, giving 18.75 kHz.
C1415

 

Figure 4. Fractional-N Applications: Sample Calculation (2 of 2) 
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Case 1: To achieve a desired Fvco_aux frequency of 400 MHz using a crystal frequency of 16 MHz. Since the minimum
 divide ratio is 32, the reference frequency (Fdiv_ref) must be a maximum of 12.5 MHz. Choosing a reference
 frequency divide ratio of 2 provides a reference frequency of 8 MHz. Therefore:

  Ninteger = Fvco_aux

     Fdiv_ref

    = 400
     8

    = 50

 The value to be programmed in the Auxiliary Divider Register is:

  Nreg = Ninteger – 32

   = 50 – 32

   = 18 (decimal)

   = 000010010 (binary)

 Summary:

 · Auxiliary Divide Register = 0 0001 0010
C1416

 

Figure 5. Integer-N Applications: Sample Calculation 
 

For the auxiliary synthesizer, the Auxiliary Dividend Register holds 
the 10 bits of the dividend. The registers that control the auxiliary 
synthesizer’s divide ratio are to be loaded in the following order: 

• Auxiliary Divider Register 

• Auxiliary Dividend Register (at which point the new divide ratio 
takes effect) 

NOTE: When in integer mode, the new divide ratios take effect as 
soon as the Main or Auxiliary Divider Register is loaded. 

Direct Digital Modulation 

The high fractionality and small step size of the SKY72300-362 
allow the user to tune to practically any frequency in the VCO’s 
operating range. This allows direct digital modulation by 
programming the different desired frequencies at precise instants. 
Typically, the channel frequency is programmed by the Main 
Divider and MSB/LSB Dividend Registers, and the instantaneous 
frequency offset from the carrier is programmed by the 
Modulation Data Register. 

The Modulation Data Register can be accessed in three ways as 
defined in the following subsections. 

Normal Register Write. A normal 16-bit serial interface write 
occurs when the CS signal is 16 clock cycles wide. The 
corresponding 16-bit modulation data is simultaneously 

presented to the Data pin. The content of the Modulation Data 
Register is passed to the modulation unit at the next falling edge 
of the divided main VCO frequency (Fpd_main). 

Short CS Through Data Pin (No Address Bits Required). A 
shortened serial interface write occurs when the CS signal is from 
2 to 12 clock cycles wide. The corresponding modulation data (2 
to 12 bits) is simultaneously presented to the Data pin. The Data 
pin is the default pin used to enter modulation data directly in the 
Modulation Data Register with shortened CS strobes. 

This method of data entry eliminates the register address 
overhead on the serial interface. All serial interface bits are re-
synchronized internally at the reference oscillator frequency. The 
content of the Modulation Data Register is passed to the 
modulation unit at the next falling edge of the divided main VCO 
frequency (Fpd_main). 

Short CS Through Mod_in Pin (No Address Bits Required). A 
shortened serial interface write occurs when the CS signal is from 
2 to 12 clock cycles wide. The corresponding modulation data (2 
to 12 bits) is simultaneously presented on the Mod_in pin, an 
alternate pin used to enter modulation data directly into the 
Modulation Data Register with shortened CS strobes. This mode is 
selected through the Modulation Control Register. 
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Table 1. SKY72300-362 Register Map 

Address (Hex) Register (Note 1) Length (Bits) Address (Bits) 

0 Main Divider Register 12 4 

1 Main Dividend MSB Register 12 4 

2 Main Dividend LSB Register 12 4 

3 Auxiliary Divider Register 12 4 

4 Auxiliary Dividend Register 12 4 

5 Reference Frequency Dividers Register 12 4 

6 Phase Detector/Charge Pump Control Register 12 4 

7 Power Down/Multiplexer Output Select Control Register 12 4 

8 Modulation Control Register 12 4 

9 

— 

Modulation Data Register 

Modulation Data Register (Note 2) — direct input 

12 

2 ≤ length ≤ 12 bits 

4 

0 

Note 1: All registers are write only. 

Note 2: No address bits are required for modulation data. Any serial data between 2 and 12 bits long is considered modulation data. 

 

This method of data entry also eliminates the register address 
overhead on the serial interface and allows a different device than 
the one controlling the channel selection to enter the modulation 
data (e.g., a microcontroller for channel selection and a digital 
signal processor for modulation data). 

All serial interface bits are internally re-synchronized at the 
reference oscillator frequency and the content of the Modulation 
Data Register is passed to the modulation unit at the next falling 
edge of the divided main VCO frequency (Fpd_main). 

Modulation data samples in the Modulation Data Register can be 
from 2 to 12 bits long, and enable the user to select how many 
distinct frequency steps are to be used for the desired modulation 
scheme. 

The user can also control the frequency deviation through the 
modulation data magnitude offset in the Modulation Control 
Register. This allows shifting of the modulation data to 
accomplish a 2m multiplication of frequency deviation. 

NOTE: The programmable range of –0.5 to +0.5 of the main 
∆Σ modulator can be exceeded up to the condition where 
the sum of the dividend and the modulation data conform 
to: 

 5625.0)dividendN(5625.0 mod +≤+≤−  

When the sum of the dividend and modulation data lie outside this 
range, the value of Ninteger must be changed. 

For a more detailed description of direct digital modulation 
functionality, refer to the Skyworks Application Note, Direct Digital 
Modulation Using the SKY72300, SKY72301, and SKY72302 Dual 
Synthesizers/PLLs (document number 101349). 

Register Descriptions 
Table 1 lists the 10 16-bit registers that are used to program the 
SKY72300-362. All register writes are programmed address first, 
followed directly with data. MSBs are entered first. On power up, 
all registers are reset to 0x000 except registers at addresses 0x0 
and 0x3, which are set to 0x006. 

Main Synthesizer Registers 

The Main Divider Register contains the integer portion closest to 
the desired fractional-N (or the integer-N) value minus 32 for the 
main synthesizer. This register, in conjunction with the Main 
Dividend MSB and LSB Registers (which control the fraction offset 
from –0.5 to +0.5), allows selection of a precise frequency. As 
shown in Figure 6, the value to be loaded is: 

• Main Synthesizer Divider Index = Nine-bit value for the integer 
portion of the main synthesizer dividers. Valid values for this 
register are from 6 to 505 (fractional-N) or 0 to 511 (integer-N). 

The Main Dividend MSB and LSB Registers control the fraction 
part of the desired fractional-N value and allow an offset of –0.5 
to +0.5 to the main integer selected through the Main Divider 
Register. As shown in Figures 7 and 8, values to be loaded are: 

• Main Synthesizer Dividend (MSBs) = Ten-bit value for the MSBs 
of the 18-bit dividend for the main synthesizer. 

• Main Synthesizer Dividend (LSBs) = Eight-bit value for the LSBs 
of the 18-bit dividend for the main synthesizer. 

The Main Dividend Register MSB and LSB values are 2's 
complement format. 

NOTE: When in 10-bit mode, the Main Dividend LSB Register is 
not required. 
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Figure 6. Main Divider Register (Write Only) 
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Figure 7. Main Dividend MSB Register (Write Only) 
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Figure 8. Main Dividend LSB Register (Write Only) 
 

Auxiliary Synthesizer Registers 

The Auxiliary Divider Register contains the integer portion closest 
to the desired fractional-N (or integer-N) value minus 32 for the 
auxiliary synthesizer. This register, in conjunction with the 
Auxiliary Dividend Register (which controls the fraction offset from 
–0.5 to +0.5), allows selection of a precise frequency. As shown 
in Figure 9, the value to be loaded is: 

Auxiliary Synthesizer Divider Index = Nine-bit value for the integer 
portion of the auxiliary synthesizer dividers. Valid values for this 
register are from 6 to 505 (fractional-N) or from 0 to 511 (integer-
N).The Auxiliary Dividend Register controls the fraction part of the 
desired fractional-N value and allows an offset of –0.5 to +0.5 to 
the auxiliary integer selected through the Auxiliary Divider 
Register. As shown Figure 10, the value to be loaded is: 

• Auxiliary Synthesizer Dividend = Ten-bit value for the auxiliary 
synthesizer dividend. 

General Synthesizer Registers 

The dual-programmable reference frequency dividers provide the 
reference frequencies to the phase detectors by dividing the 
crystal oscillator frequency. The lower five bits hold the reference 
frequency divide index for the main phase detector. The next five 
bits hold the reference frequency divide index for the auxiliary 
phase detector. Divide ratios from 1 to 32 are possible for each 
reference frequency divider (see Tables 2 and 3). 

The Reference Frequency Dividers Register configures the dual-
programmable reference frequency dividers for the main and 
auxiliary synthesizers. As shown in Figure 11, the values to be 
loaded are: 

• Main Reference Frequency Divider Index = Desired main 
oscillator frequency division ratio –1. Default value on power up 
is 0, signifying that the reference frequency is not divided for 
the main phase detector. 

• Auxiliary Reference Frequency Divider Index = Desired auxiliary 
oscillator frequency division ratio –1. Default value on power up 
is 0, signifying that the reference frequency is not divided for 
the auxiliary phase detector. 
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Figure 9. Auxiliary Divider Register (Write Only) 
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Figure 10. Auxiliary Dividend Register (Write Only) 
 

Table 2. Programming the Main Reference Frequency Divider 

Decimal Bit 4 (MSB) Bit 3 Bit 2 Bit 1 Bit 0 (LSB) Reference Divider 
Ratio 

0 0 0 0 0 0 1 

1 0 0 0 0 1 2 

2 0 0 0 1 0 3 

— — — — — — — 

— — — — — — — 

— — — — — — — 

31 1 1 1 1 1 32 

 

Table 3. Programming the Auxiliary Reference Frequency Divider 

Decimal Bit 9 (MSB) Bit 8 Bit 7 Bit 6 Bit 5 (LSB) Reference Divider 
Ratio 

0 0 0 0 0 0 1 

1 0 0 0 0 1 2 

2 0 0 0 1 0 3 

— — — — — — — 

— — — — — — — 

— — — — — — — 

31 1 1 1 1 1 32 
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Figure 11. Reference Frequency Dividers Register (Write Only) 
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Figure 12. Phase Detector/Charge Pump Control Register (Write Only) 
 

The Phase Detector/Charge Pump Control Register allows control 
of the gain for both phase detectors and configuration of the 
LD/PSmain and LD/PSaux signals for frequency power steering or 
lock detection. As shown in Figure 12, the values to be loaded 
are: 

• Main Phase Detector Gain = Five-bit value for programmable 
main phase detector gain. Range is from 0 to 31 decimal for 
31.25 to 1000 µA/ 2π radian, respectively. 

• Main Power Steering Enable = One-bit flag to enable the 
frequency power steering circuitry of the main phase detector. 
When this bit is cleared, the LD/PSmain pin is configured to be 
a lock detect, active low, open collector pin. When this bit is set, 
the LD/PSmain pin is configured to be a frequency power 
steering pin and can be used to bypass the external main loop 
filter to provide faster frequency acquisition. 

• Auxiliary Phase Detector Gain = Five-bit value for 
programmable auxiliary phase detector gain. Range is from 0 to 
31 decimal for 31.25 to 1000 µA/2π radians, respectively. 

• Auxiliary Power Steering Enable = One-bit flag to enable the 
frequency power steering circuitry of the auxiliary phase 
detector. When this bit is cleared, the LD/PSaux pin is 
configured to be a lock detect, active low, open collector pin. 
When this bit is set, the LD/PSaux pin is configured to be a 

frequency power steering pin and may be used to bypass the 
external auxiliary loop filter to provide faster frequency 
acquisition. 

The Power Down/Multiplexer Output Select Control Register 
allows control of the power-down modes, internal multiplexer 
output, and main ∆Σ synthesizer fractionality. As shown in 
Figure 13, the values to be loaded are: 

• Full Power Down = One-bit flag to power down the SKY72300-
362 except for the reference oscillator and the serial interface. 
When this bit is cleared, the SKY72300-362 is powered up. 
When this bit is set, the SKY72300-362 is in full power-down 
mode excluding the Mux_out signal (pin 24). 

• Main Synthesizer Power Down = One-bit flag to power down 
the main synthesizer. When this bit is cleared, the main 
synthesizer is powered up. When this bit is set, the main 
synthesizer is in power-down mode. 

• Main Synthesizer Mode = One-bit flag to power down the main 
synthesizer’s ∆Σ modulator and fractional unit to operate as an 
integer-N synthesizer. When this bit is cleared, the main 
synthesizer is in fractional-N mode. When this bit is set, the 
main synthesizer is in integer-N mode. 
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Figure 13. Power Down and Multiplexer Output Register (Write Only) 
 

Table 4. Multiplexer Output 

Multiplexer Output Select 
(Bit 8) 

Multiplexer Output Select 
(Bit 7) 

Multiplexer Output Select 
(Bit 6) 

Multiplexer Output 
(Mux_out) 

0 0 0 Reference Oscillator 

0 0 1 Auxiliary Reference Frequency (Fref_aux) 

0 1 0 Main Reference Frequency (Fref_main) 

0 1 1 Auxiliary Phase Detector Frequency (Fpd_aux) 

1 0 0 Main Phase Detector Frequency (Fpd_main) 

1 0 1 Serial data out 

1 1 0 Serial interface test output 

1 1 1 Unused 

 

• Main Synthesizer ∆Σ Fractionality = One-bit flag to configure 
the size of the main ∆Σ modulator. This has a direct effect on 
power consumption, and on the level of fractionality and step 
size. When this bit is cleared, the main ∆Σ modulator is 18-bit 
with a fractionality of 218 and a step size of Fref_main/262144. 
When this bit is set, the main ∆Σ modulator is 10-bit with a 
fractionality of 210 and a step size of Fref_main/1024. 

• Auxiliary Synthesizer Power Down = One-bit flag to power down 
the auxiliary synthesizer. When this bit is cleared, the auxiliary 
synthesizer is powered up. When this bit is set, the auxiliary 
synthesizer is in power-down mode. 

• Auxiliary Synthesizer Mode = One-bit flag to power down the 
auxiliary synthesizer’s ∆Σ modulator and fractional unit to 
operate as an integer-N synthesizer. When this bit is cleared, 
the auxiliary synthesizer is in fractional-N mode. When this bit is 
set, the auxiliary synthesizer is in integer-N mode. 

NOTE: There are no special power-up sequences required for the 
SKY72300-362. 

• Multiplexer Output Selection = Three-bit value that selects 
which internal signal is output to the Mux_out pin. The following 
internal signals are available on this pin: 
− Reference oscillator: Fref 
− Main or auxiliary divided reference (post-reference frequency 

main or auxiliary dividers): Fref_main or Fref_aux 
− Main or auxiliary phase detector frequency (post-main or 

auxiliary frequency dividers): Fpd_main or Fpd_aux 
− Serial data out for loop-back and test purposes 

Refer to Table 4 for more information. 

• Mux_out Pin Tri-State Enable = One-bit flag to tri-state the 
Mux_out pin. When this bit is cleared, the Mux_out pin is 
enabled. When this bit is set, the Mux_out pin is tri-stated. 
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Figure 14. Modulation Control Register (Write Only) 
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Figure 15. Modulation Data Register (Write Only) 
 

The Modulation Control Register is used to configure the 
modulation unit of the main synthesizer. The modulation unit adds 
or subtracts a frequency offset to the selected center frequency at 
which the main synthesizer operates. The size of the modulation 
data sample, controlled by the duration of the CS signal, can be 
from 2 to 12 bits wide to provide from 4 to 4096 selectable 
frequency offset steps. 

The modulation data magnitude offset selects the magnitude 
multiplier for the modulation data and can be from 0 to 8. As 
shown in Figure 14, the values to be loaded are: 

• Modulation Data Magnitude Offset = Four-bit value that 
indicates the magnitude multiplier (m) for the modulation data 
samples. Valid values range from 0 to 13, effectively providing a 
2m multiplication of the modulation data sample. 

• Modulation Data Input Select = One-bit flag to indicate the pin 
on which modulation data samples are serially input when the 
CS signal is between 2 and 12 bits long. When this bit is 
cleared, modulation data samples are to be presented on the 
Data pin. When this bit is set, modulation data samples are to 
be presented on the Mod_in pin. 

• Modulation Address Disable = One-bit flag to indicate the 
presence of the address as modulation data samples are 
presented on either the Mod_in or Data pins. When this bit is 
cleared, the address is presented with the modulation data 
samples (i.e., all transfers are 16 bits long). When this bit is set, 

no address is presented with the modulation data samples (i.e., 
all transfers are 2 to 12 bits long). 

The Modulation Data Register is used to load the modulation data 
samples to the modulation unit. These values are transferred to 
the modulation unit on the falling edge of Fpd_main where they are 
passed to the main ∆Σ modulator at the selected magnitude 
offset on the next falling edge of Fpd_main. Modulation Data Register 
values are 2's complement format. As shown in Figure 15, the 
value to be loaded is: 

• Modulation Data Bits = Modulation data samples that represent 
the instantaneous frequency offset to the selected main 
synthesizer frequency (selected channel) before being affected 
by the modulation data magnitude offset. 

Package and Handling Information 
Since the device package is sensitive to moisture absorption, it is 
baked and vacuum packed before shipping. Instructions on the 
shipping container label regarding exposure to moisture after the 
container seal is broken must be followed. Otherwise, problems 
related to moisture absorption may occur when the part is 
subjected to high temperature during solder assembly. 

The SKY72300-362 is rated to Moisture Sensitivity Level 3 (MSL3) 
at 260 °C. It can be used for lead or lead-free soldering. 

Care must be taken when attaching this product, whether it is 
done manually or in a production solder reflow environment. 
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Production quantities of this product are shipped in a standard 
tape and reel format. For packaging details, refer to the Skyworks 
Application Note, Tape and Reel, document number 101568. 

Electrical and Mechanical Specifications 
The SKY72300-362 is supplied as a 24-pin QFN. The exposed 
pad is located on the bottom side of the package and must be 
connected to ground for proper operation. The exposed pad 
should be soldered directly to the circuit board. 

Signal pin assignments and functional pin descriptions are 
described in Table 5. The absolute maximum ratings of the 
SKY72300-362 are provided in Table 6. The recommended 

operating conditions are specified in Table 7 and electrical 
specifications are provided in Table 8. 

Figure 16 provides a schematic diagram for the SKY72300-362. 
Figure 17 shows the package dimensions for the 24-pin QFN and 
Figure 18 provides the tape and reel dimensions. 

Electrostatic Discharge (ESD) Sensitivity 
The SKY72300-362 is a static-sensitive electronic device. Do not 
operate or store near strong electrostatic fields. Take proper ESD 
precautions. 

 

Table 5. SKY72300-362 Signal Descriptions (1 of 2) 

Pin # Pin Name Type Description 

1 VCCcml_main Power and ground Emitter Coupled Logic/Current Mode Logic (ECL/CML), 3 V. Removing power safely powers down the 
associated divider chain and charge pump. 

2 Fvco_main Input Main VCO differential input. 

3 Fvco_main Input Main VCO complimentary differential input. 

4 LD/PS_main Analog output Programmable output pin. Indicates phase detector out-of-lock as an active low pulsing open collector 
output (high impedance when lock is detected), or helps the loop filter steer the VCO. This pin is 
configured using the Phase Detector/Charge Pump Control Register. 

5 VCCcp_main 
(Note 1) 

Power and ground Charge pump supply, 3 to 5 V. Removing power safely powers down the associated divider chain and 
charge pump. 

6 CPout_main Analog output Charge pump output. The gain of the charge pump phase detector is controlled by the Phase 
Detector/Charge Pump Control Register. 

7 N/C – No connection 

8 Xtalacgnd/OSC Ground/input Reference crystal AC ground or external oscillator differential input. 

9 Xtalin/OSC Input Reference crystal input or external oscillator differential input. 

10 Xtalout/NC Input Reference crystal output or no connect. 

11 VCCxtal Power and ground Crystal oscillator ECL/CML, 3 V. 

12 GNDxtal Power and ground Crystal oscillator ground. 

13 LD/PS_aux Analog output Programmable output pin. Indicates auxiliary phase detector out-of-lock as an active low pulsing open 
collector output (high impedance when lock is detected), or helps the loop filter steer the auxiliary VCO. 
This pin is configured using the Phase Detector/Charge Pump Control Register. 

14 VCCcp_aux (Note 1) Power and ground Auxiliary charge pump supply, 3 to 5 V. Removing power safely powers down the associated divider chain 
and charge pump. 

15 CPout_aux Analog output Auxiliary charge pump output. The gain of the auxiliary charge pump phase detector is controlled by the 
Phase Detector/Charge Pump Control Register. 

16 Fvco_aux Input Auxiliary VCO complimentary differential input. 

17 Fvco_aux Input Auxiliary VCO differential input. 

18 VCCcml_aux 
(Note 1) 

Power and ground ECL/CML, 3 V. Removing power safely powers down the associated divider chain and charge pump. 

19 VCCdigital (Note 1) Power and ground Digital supply, 3 V. 

20 Data Digital input Serial address and data input pin. Address bits are followed by data bits. 
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Table 5. SKY72300-362 Signal Descriptions (2 of 2) 

Pin # Pin Name Type Description 

21 CS Digital input Active low enable pin. Enables loading of address and data on the Data pin on the rising edge of Clock. 
When CS goes high, data is transferred to the register indicated by the address. Subsequent clock edges 
are ignored. 

22 Clock Digital input Clock signal pin. When CS is low, the register address and data are shifted in address bits first on the 
Data pin on the rising edge of Clock. 

23 Mod_in Digital input Alternate serial modulation data input pin. Address bits are followed by data bits. 

24 Mux_out Digital output Internal multiplexer output. Selects from oscillator frequency, reference frequency, divided VCO 
frequency, serial data out, or testability signals. This pin can be tri-stated from the synthesizer registers. 

Note 1: Associated pairs of power and ground pins must be decoupled using 0.1 µF capacitors. 

Table 6. Absolute Maximum Ratings 

Parameter Min Max Units 

Maximum analog RF supply voltage  3.6 VDC 

Maximum digital supply voltage  3.6 VDC 

Maximum charge pump supply voltage  5.25 VDC 

Storage temperature –65 +150 °C 

Operating temperature –40 +85 °C 

Note: Exposure to maximum rating conditions for extended periods may reduce device reliability. There is no damage to device with only one parameter set at the limit and all other 
parameters set at or below their nominal values. 

Table 7. Recommended Operating Conditions 

Parameter Min Max Units 

Analog RF supplies 2.7 3.3 VDC 

Digital supply 2.7 3.3 VDC 

Charge pump supplies 2.7 5.0 (Note 1) VDC 

Operating temperature (TA) –40 +85 °C 

Note 1: When power steering is enabled, the charge pump must be 4.5 V maximum. 

Table 8. Electrical Characteristics (1 of 2) 
(VDD = 3 V, TA = 25 °C, Unless Otherwise Noted) 

Parameter Symbol Test Conditions Min Typ Max Units 

Power Consumption 

Charge pump currents of 
200 µA. Both synthesizers 
fractional, 
FREF_MAIN = 20 MHz, 
FREF_AUX = 1 MHz 

 37.5  mW Total power consumption PTOTAL 

Auxiliary synthesizer 
power down 

 27  mW 

Power-down current ICC_PWDN   10 (Note 1)  µA 

Reference Oscillator 

Reference oscillator frequency FOSC    50 MHz 

Oscillator sensitivity (as a buffer) VOSC AC coupled, single-ended 0.1  2.0 Vpp 

Frequency shift versus supply voltage FSHIFT_SUPPLY 2.7 V ≤ VXTAL ≤ 3.3 V   ±0.3 ppm 
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Table 8. Electrical Characteristics (2 of 2) 
(VDD = 3 V, TA = 25 °C, Unless Otherwise Noted) 

Parameter Symbol Test Conditions Min Typ Max Units 

VCOs 

Main synthesizer operating frequency FVCO_MAIN Sinusoidal, –40 C to 
+85 C 

100 (Note 2)  2100 MHz 

Auxiliary synthesizer operating frequency FVCO_AUX Sinusoidal, –40 C to 
+85 C 

100 (Note 2)  500 MHz 

RF input sensitivity VVCO AC coupled 50  250 mVPEAK 

RF input impedance ZVCO_IN   94 – j140 
@ 1200 MHz 

 Ω 

Main fractional-N tuning step size ∆FSTEP_MAIN  FREF_MAIN/218 or FREF_MAIN/210 Hz 

Auxiliary fractional-N tuning step size ∆FSTEP_AUX  FREF_AUX/210 Hz 

Noise 

Phase noise floor PNF Measured inside the loop 
bandwidth using 25 MHz 
reference frequency, 
–40 C to +85 C 

 –128 
+ 20 Log (N) 

 dBc/Hz 

Phase Detectors and Charge Pumps 

Main phase detector frequency FREF_MAIN –40 C to +85 C   25 MHz 

Auxiliary phase detector frequency FREF_AUX –40 C to +85 C   25 MHz 

Charge pump output source current ICP-SOURCE VCP = 0.5 VCCCP 125  1000 µA 

Charge pump output sink current ICP-SINK VCP = 0.5 VCCCP –125  –1000 µA 

Charge pump accuracy ICP-ACCURACY   ±20  % 

Charge pump output voltage linearity range ICP vs VCP 0.5 V ≤ VCP ≤ (VCCCP 
– 0.5 V) 

GND + 400  VCCCP – 400 mV 

Charge pump current versus temperature ICP vs T VCP = 0.5 VCCCP 
–40 C < T < +85 C 

  5 % 

Charge pump current versus voltage ICP vs VCP 0.5 V ≤ VCP ≤ (VCCCP 
– 0.5 V) 

  8 % 

Digital Pins 

High level input voltage VIH  0.7 VDIGITAL   V 

Low level input voltage VIL    0.3 VDIGITAL V 

High level output voltage VOH IOH = –2 mA VDIGITAL  –0.2   V 

Low level output voltage VOL IOL = +2 mA   GND + 0.2 V 

Timing – Serial Interface 

Clock frequency fCLOCK    100 MHz 

Data and CS set up time to Clock rising tSU  3   ns 

Data and CS hold time after Clock rising tHOLD  0   ns 

Note 1: A 5 V charge pump power supply (on pin 5) results in higher power-down leakage current. 

Note 2: The minimum synthesizer frequency is 12 x FOSC, where FOSC is the frequency at the Xtalin/OSC pin. 
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Figure 16. SKY72300-362 Application Schematic 
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Figure 17. SKY72300-362 24-Pin QFN Package Dimensions 
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Figure 18. SKY72300-362 Tape and Reel Dimensions 
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Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY72300-362 2.1 GHz Frequency Synthesizer SKY72300-362 (Pb-free package) TW14-D790 
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SKY72302: Spur-Free, 6.1 GHz Dual Fractional-N Frequency 
Synthesizer 
Applications 

• General purpose RF systems 

• 2.5G and 3G wireless infrastructures 

• Broadband wireless access 

• Low bit rate wireless telemetry 

• Wireless Local Loop (WLL) 

• Instrumentation 

Features 

• Spur-free operation 

• 6.1 GHz maximum operating frequency 

• 1000 MHz maximum auxiliary synthesizer 

• Ultra-fine step size, 400 Hz or less 

• High internal reference frequency enables large loop bandwidth 
implementations 

• Very fast switching speed (e.g., below 100 µs) 

• Phase noise to –80 dBc/Hz inside loop filter bandwidth 
@ 6100 MHz 

• Software programmable power-down modes 

• High speed serial interface up to 100 Mbps 

• Three-wire programming 

• Programmable division ratios on reference frequency 

• Phase detectors with programmable gains to provide a 
programmable loop bandwidth 

• Frequency power steering further enhances rapid acquisition 
time 

• On-chip crystal oscillator 

• Frequency adjust for temperature compensation 

• Direct digital modulation 
 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Innovation to GoTM

Now available for purchase online. 

• 3 V operation 

• 5 V output to loop filter 

• EP-TSSOP (28-pin, 9.7 x 6.4 x 1.1 mm) Pb-free (MSL3, 260 °C 
per JEDEC J-STD-020)  package 

Description 
Skyworks SKY72302 direct digital modulation fractional-N 
frequency synthesizer provides ultra-fine frequency resolution, 
fast switching speed, and low phase-noise performance. This 
synthesizer is a key building block for high-performance radio 
system designs that require low power and fine step size. 

The ultra-fine step size of less than 400 Hz allows this synthesizer 
to be used in very narrowband wireless applications. With proper 
temperature sensing or through control channels, the 
synthesizer’s fine step size can compensate for crystal oscillator 
or Intermediate Frequency (IF) filter drift. As a result, crystal 
oscillators or crystals can replace temperature-compensated or 
ovenized crystal oscillators, reducing parts count and associated 
component cost. The device’s fine step size can also be used for 
Doppler shift corrections. 

The SKY72302 has a phase noise floor of –80 dBc/Hz up to 
6.1 GHz operation as measured inside the loop bandwidth. This is 
permitted by the on-chip low noise dividers and low divide ratios 
provided by the device’s high fractionality. 

Reference crystals or oscillators up to 50 MHz can be used with 
the SKY72302. The crystal frequency is divided down by 
independent programmable dividers (1 to 32) for the main and 
auxiliary synthesizers. The phase detectors can operate at a 
maximum speed of 25 MHz, which allows better phase noise due 
to the lower division value. With a high reference frequency, the 
loop bandwidths can also be increased. Larger loop bandwidths 
improve the settling times and reduce in-band phase noise. 
Therefore, typical switching times of less than 100 µs can be 
achieved. The lower in-band phase noise also permits the use of 
lower cost Voltage Controlled Oscillators (VCOs) in customer 
applications. 

The SKY72302 has a frequency power steering circuit that helps 
the loop filter to steer the VCO when the frequency is too fast or 
too slow, further enhancing acquisition time. 
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The unit operates with a three-wire, high-speed serial interface. A 
combination of a large bandwidth, fine resolution, and the three-
wire, high-speed serial interface allows for a direct frequency 
modulation of the VCO. This supports any continuous phase, 
constant envelope modulation scheme such as Frequency 
Modulation (FM), Frequency Shift Keying (FSK), Minimum Shift 
Keying (MSK), or Gaussian Minimum Shift Keying (GMSK). 

This capability can eliminate the need for In-Phase and 
Quadrature (I/Q) Digital-to-Analog Converters (DACs), quadrature 

upconverters, and IF filters from the transmitter portion of the 
radio system. 

A functional block diagram for the SKY72302 is shown in 
Figure 1. Recommended operating conditions are provided in 
Table 1. Package dimensions for the 9.7 x 6.4 mm Exposed Pad 
Thin Shrink Small Outline Package (EP-TSSOP) are shown in 
Figure 2. 
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Figure 1. SKY72302 Functional Block Diagram 

Table 1. Recommended Operating Conditions 

Parameter Min Max Units 

Analog RF supplies 2.7 3.3 VDC 

Digital supply 2.7 3.3 VDC 

Charge pump supplies 2.7 5.0 (Note 1) VDC 

Operating temperature (TA) –40 +85 °C 

Note 1: When power steering is enabled, the charge pump supply must be 4.5 V maximum. 
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Figure 2. SKY72302 28-Pin EP-TSSOP Package Dimensions 

Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY72302 6.1 GHz Frequency Synthesizer SKY72302-21 (Pb-free package) PH00-D122 
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DATA SHEET 

SKY72301: Spur-Free, 1.0 GHz Dual Fractional-N Frequency 
Synthesizer 
Applications 

• General purpose RF systems 

• Low bit rate wireless telemetry 

• Instrumentation 

• Specialized Mobile Radios (SMRs) and Private Mobile Radios 
(PMRs) 

Features 

• Spur-free operation 

• 1.0 GHz maximum operating frequency 

• 500 MHz maximum auxiliary synthesizer 

• Ultra-small step size, 100 Hz or less 

• High internal reference frequency enables large loop bandwidth 
implementations 

• Very fast switching speed (e.g., below 100 µs) 

• Phase noise to –96 dBc/Hz inside the loop filter bandwidth 
@ 950 MHz 

• Software programmable power-down modes 

• High-speed serial interface up to 100 Mbps 

• Three-wire programming 

• Programmable division ratios on reference frequency 

• Phase detectors with programmable gain provide a 
programmable loop bandwidth 

• Frequency power steering further enhances rapid acquistion 
time 

• On-chip crystal oscillator 

• Frequency adjust for temperature compensation 

• Direct digital modulation 

• 3 V operation 
 

 

 

Skyworks offers lead (Pb)-free, RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Innovation to GoTM

Now available for purchase online. 

• 5 V output to loop filter 

• EP-TSSOP (28-pin, 9.7 x 6.4 x 1.1 mm) Pb-free (MSL3, 260 °C 
per JEDEC J-STD-020) package 

Description 
Skyworks SKY72301 direct digital modulation fractional-N 
frequency synthesizer provides ultra-fine frequency resolution, 
fast switching speed, and low phase-noise performance. This 
synthesizer is a key building block for high-performance radio 
system designs that require low power and fine step size. 

The ultra-fine step size of less than 100 Hz allows this synthesizer 
to be used in very narrowband wireless applications. With proper 
temperature sensing or through control channels, the 
synthesizer’s fine step size can compensate for crystal oscillator 
or Intermediate Frequency (IF) filter drift. As a result, crystal 
oscillators or crystals can replace temperature- compensated or 
ovenized crystal oscillators, reducing parts count and associated 
component cost. The device’s fine step size can also be used for 
Doppler shift corrections. 

The SKY72301 has a phase noise floor of –95 dBc/Hz up to 
1.0 GHz operation as measured inside the loop bandwidth. This is 
permitted by the on-chip low noise dividers and low divide ratios 
provided by the device’s high fractionality. 

Reference crystals or oscillators up to 50 MHz can be used with 
the SKY72301. The crystal frequency is divided down by 
independent programmable divider ratios of 1 to 32 for the main 
and auxiliary synthesizers. The phase detectors can operate at a 
maximum speed of 25 MHz, which allows better phase noise due 
to the lower division value. With a high reference frequency, the 
loop bandwidths can also be increased. Larger loop bandwidths 
improve the settling times and reduce in-band phase noise. 
Therefore, typical switching times of less than 100 µs can be 
achieved. The lower in-band phase noise also permits the use of 
lower cost Voltage Controlled Oscillators (VCOs) in customer 
applications. 

The SKY72301 has a frequency power steering circuit that helps 
the loop filter steer the VCO when the frequency is too fast or too 
slow, further enhancing acquisition time. 

 



DATA SHEET  •  SKY72301 FREQUENCY SYNTHESIZER 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com  
2 Skyworks Proprietary and Confidential information  •  Products and Product Information are Subject to Change Without Notice 

The unit operates with a three-wire, high-speed serial interface. A 
combination of a large bandwidth, fine resolution, and the three-
wire, high-speed serial interface allows for a direct frequency 
modulation of the VCO. This supports any continuous phase, 
constant envelope modulation scheme such as Frequency 
Modulation (FM), Frequency Shift Keying (FSK), Minimum Shift 
Keying (MSK), or Gaussian Minimum Shift Keying (GMSK). 

The capability to support such modulation schemes eliminates the 
need for In-Phase and Quadrature (I/Q) Digital-To-Analog 

Converters (DACs), quadrature upconverters, and IF filters from 
the transmitter portion of the radio system. 

A functional block diagram for the SKY72301 is shown in 
Figure 1. Recommended operating conditions are provided in 
Table 1. Package dimensions for the 9.7 x 6.4 mm Exposed Pad 
Thin Shrink Small Outline Package (EP-TSSOP) are shown in 
Figure 2. 
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Figure 1. SKY72301 Functional Block Diagram 

Table 1. Recommended Operating Conditions 

Parameter Min Max Units 

Analog RF supplies 2.7 3.3 VDC 

Digital supply 2.7 3.3 VDC 

Charge pump supplies 2.7 5.0 (Note 1) VDC 

Operating temperature (TA) –40 +85 °C 

Note 1: When power steeing is enabled, the charge pump supply must be 4.5 V maximum. 
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Figure 2. SKY72301 28-Pin EP-TSSOP Package Dimensions 

Ordering Information 
Model Name Manufacturing Part Number Evaluation Kit Part Number 

SKY72301 1.0 GHz Frequency Synthesizer SKY72301-21 (Pb-free package) PH00-D102 
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PD09-73, PD09-73LF: Two-Way 0° Power Splitter/Combiner
0.81–0.96 GHz

DATA SHEET

Parameter Frequency Min. Typ. Max. Unit

Frequency 0.81 0.96 GHz

Insertion loss less 3 dB split 0.4 0.6 dB

Isolation 18 25 dB

Input VSWR 1.2:1 1.4:1

Output VSWR 1.3:1 1.5:1

Amplitude balance ±0.1 ±0.2 dB

Phase balance ±1 ±3 Deg.

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

Features
● Low cost
● Low profile
● Available in small SOT-6 package
● Available on tape and reel
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The PD09-73 is a monolithic two-way in-phase hybrid junction
tuned for the 0.81–0.96 GHz band. It offers low loss, high 
isolation, good input/output matching, and exceptional 
phase/ amplitude balance. It is available in the SOT-6 surface
mount package.
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Innovation to GoTM 
Now available for purchase online.
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Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.
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Typical Performance Data

ZO = 50 Ω, unless otherwise noted
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Characteristic Value

Input power(1) 1.5 W CW

Input power(2) 0.75 CW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

1. When used as a power divider with a 2.0:1 maximum VSWR on all ports.
2. When used as a power combiner with a 2.0:1 maximum VSWR on all ports.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Board Layout

0.020 Dia.
Via 3 Places

0.075

0.015 Typ.

0.039 Typ.

0.018 Typ.

Material is 10 mil FR4.

SOT-6
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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PD15-73, PD15-73LF: Two-Way 0° Power Splitter/Combiner
1.42–1.66 GHz

DATA SHEET

Parameter Frequency Min. Typ. Max. Unit

Frequency 1.42 1.66 GHz

Insertion loss less 3 dB split 0.4 0.6 dB

Isolation 18 23 dB

Input VSWR 1.2:1 1.5:1

Output VSWR 1.2:1 1.4:1

Amplitude balance ±0.1 ±0.2 dB

Phase balance ±1 ±3 Deg.

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

Features
● Low cost
● Low profile
● Available in small SOT-6 package
● Available on tape and reel
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The PD15-73 is a monolithic two-way in-phase hybrid junction
tuned for the 1.42–1.66 GHz band. It offers low loss, high 
isolation, good input/output matching and exceptional 
phase/ amplitude balance. It is available in the SOT-6 surface
mount package.
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DATA SHEET  •  PD15-73, PD15-73LF
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ZO = 50 Ω, unless otherwise noted
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Characteristic Value

Input power(1) 1.5 W CW

Input power(2) 0.75 CW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

1. When used as a power divider with a 2.0:1 maximum VSWR on all ports.
2. When used as a power combiner with a 2.0:1 maximum VSWR on all ports.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Board Layout
0.075

0.015 Typ.

0.020 Dia. 
Via 

3 Places

0.039 Typ.

0.018 Typ.

0.020

Material is 10 mil FR4.

SOT-6
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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PD16-73LF: Two-Way 0° Power Splitter 
Combiner 1.42–1.66 GHz

DATA SHEET

Features
● Low cost
● Low profile
● Available in small SOT-6 lead package
● Available on tape and reel
● Footprint consistent with other parts in the “PD” series
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The PD16-73LF is a monolithic two-way in-phase hybrid junction
tuned for the 1.42–1.66 GHz band. It offers low loss, high 
isolation, good input/output matching and exceptional phase/
amplitude balance. It is available in the SOT-6 lead surface
mount package. The footprint of the PD16-73LF is the same as 
the other power dividers in this package style and series to 
allow for consistent assembly setup.

Parameter Min. Typ. Max. Unit

Frequency 1.42 1.66 GHz

Insertion loss less 3 dB split 0.4 0.6 dB

Isolation 18 23 dB

Input VSWR 1.2:1 1.5:1

Output VSWR 1.2:1 1.4:1

Amplitude balance ±0.1 ±0.2 dB

Phase balance ±1 ±3 Deg.

Electrical Specifications at 25 °C

SOT-6
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IN/SUMGND
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Port 1
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Block Diagram

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.
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DATA SHEET  •  PD16-73LF
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Characteristic Value

Input power(1) 1.5 W CW

Input power(2) 0.75 CW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +15 0°C

Absolute Maximum Ratings

1. When used as a power divider with a 2.0:1 maximum VSWR on all ports.
2. When used as a power combiner with a 2.0:1 maximum VSWR on all ports.

Recommended Board Layout

0.020 Dia.
Via 3 Places

0.075

0.015 Typ.

0.039 Typ.

0.018 Typ.

Material is 10 mil FR4

SOT-6
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1 45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0. 26 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0. 0 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times. Recommended Solder Reflow Profiles

Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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PD18-73, PD18-73LF: Two-Way 0° Power Splitter/ 
Combiner 1.71–1.99 GHz

DATA SHEET

Parameter Frequency Min. Typ. Max. Unit

Frequency 1.71 1.99 GHz

Insertion loss less 3 dB split 0.4 0.6 dB

Isolation 18 23 dB

Input VSWR 1.3:1 1.5:1

Output VSWR 1.2:1 1.4:1

Amplitude balance ±0.1 ±0.2 dB

Phase balance ±1 ±3 Deg.

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

Features
● Low cost
● Low profile
● Available in small SOT-6 package
● Available on tape and reel
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The PD18-73 is a monolithic, two-way, in-phase hybrid junction
tuned for the 1.71–1.99 GHz band. It offers low loss, high 
isolation, good input/output matching and exceptional 
phase/ amplitude balance. It is available in the SOT-6 surface
mount package.
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Block Diagram

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.
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DATA SHEET  •  PD18-73, PD18-73LF
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Typical Performance Data

ZO = 50 Ω, unless otherwise noted
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Characteristic Value

Input power(1) 1.5 W CW

Input power(2) 0.75 CW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

1. When used as a power divider with a 2.0:1 maximum VSWR on all ports.
2. When used as a power combiner with a 2.0:1 maximum VSWR on all ports.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Board Layout

0.020 Dia.
Via 3 Places

0.170

0.029 Typ.

0.018 
Typ.

0.028 
Typ.

Material is 10 mil FR4.

SOT-6
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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PD19-73LF: Two-Way 0° Power Splitter/ 
Combiner 1.71–1.99 GHz

DATA SHEET

Parameter Min. Typ. Max. Unit

Frequency 1.71 1.99 GHz

Insertion loss less 3 dB split 0.55 0.7 dB

Isolation 20 25 dB

Input VSWR 1.3:1 1.5:1

Output VSWR 1.2:1 1.4:1

Amplitude balance ±0.1 ±0.2 dB

Phase balance ±1 ±3 Deg.

Electrical Specifications at 25 °C

Z0 = 50 Ω, unless otherwise noted

Features
● Low cost
● Low profile
● Available in small SOT-6 package
● Available on tape and reel
● Pin compatible with PD09-73
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The PD19-73LF is a monolithic two-way in-phase hybrid junction
tuned for the 1.71–1.99 GHz band. It offers low loss, high 
isolation, good input/output matching and exceptional 
phase/ amplitude balance. It is available in the SOT-6 surface
mount package.

The PD19-73LF was designed to be pin-to-pin compatible with 
the PD09-73LF Power Splitter/Combiner. This allows similar board
layout for Power Splitter/Combiners in the frequency ranges 
covering 810–960 MHz and 1.7–1.99 GHz. The PD18-73LF also
covers 1.71–1.99 GHz but with different pin connections.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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DATA SHEET  •  PD19-73LF
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Z0 = 50 Ω, unless otherwise noted
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Characteristic Value

Input power(1) 1.5 W CW

Input power(2) 0.75 CW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

1. When used as a power divider with a 2.0:1 maximum VSWR on all ports.
2. When used as a power combiner with a 2.0:1 maximum VSWR on all ports.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

SOT-6
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

Recommended Board Layout

0.020 Dia.
Via 3 Places

0.075

0.015 Typ.

0.039 Typ.

0.018 Typ.

Material is 10 mil FR4

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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PD22-73, PD22-73LF: Two-Way Power Splitter 2.1–2.3 GHz
DATA SHEET

Parameter Frequency Min. Typ. Max. Unit

Frequency 2.1 2.3 GHz

Insertion loss less 3 dB split 0.55 0.7 dB

Isolation(1) 15 18 dB

Input VSWR 1.5:1 2.0:1

Output VSWR 1.1:1 1.3:1

Amplitude balance ±0.1 ±0.2 dB

Phase balance ±1 ±3 Deg.

Electrical Specifications at 25°C, 50 ΩΩ System

Features
● Low cost
● Low profile
● Small SOT-6 package
● Available on tape and reel
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The PD22-73 is a 50 Ω, in-phase combiner/splitter tuned for 
the 2.1–2.3 GHz band. The monolithic circuitry is 100% 
passive and offers low loss, high isolation and exceptional
phase/amplitude balance. It is available in the SOT-6 surface
mount package.

1. Isolation can be increased to 23 dB with an external 5.6 nH inductor from in/sum port to ground.
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Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.
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DATA SHEET  •  PD22-73, PD22-73LF
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Characteristic Value

Input power(1) 1.5 W CW

Input power(2) 0.75 W CW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

0.074
(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

SOT-6

0.020 Dia.
Via 3 Places

0.075

0.015 Typ.

0.039 Typ.

0.018 Typ.

Material is 10 mil FR4.

Recommended Board Layout

1. When used as a power divider with a 2.0:1 maximum VSWR on all ports.
2. When used as a power combiner with a 2.0:1 maximum VSWR on all ports.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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PD4W09-12, PD4W09-12LF: Four-Way 0° Power
Splitter/Combiner 0.81–0.96 GHz

DATA SHEET

Parameter Frequency Min. Typ. Max. Unit

Frequency 0.81 0.96 GHz

Insertion loss less 6 dB split 1.3 1.5 dB

Isolation 20 23 dB

Input VSWR 1.2:1 1.5:1

Output VSWR 1.2:1 1.5:1

Amplitude balance ±0.4 ±0.6 dB

Phase balance ±6 ±8 Deg.

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

Features
● Low cost
● Low profile
● Available in small SOIC-8 package
● Available on tape and reel
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The PD4W09-12 is a monolithic four-way in-phase hybrid 
junction tuned for the 0.81–0.96 GHz band. It offers low loss,
high isolation, good input/output matching and exceptional
phase/amplitude balance. It is available in the SOIC-8 
surface mount package.
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Block Diagram

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.
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Performance Data

ZO = 50 Ω, unless otherwise noted
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Characteristic Value

Input power(1) 1.5 W CW

Input power(2) 0.375 CW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

1. When used as a power divider with a 2.0:1 maximum VSWR on all ports.
2. When used as a power combiner with a 2.0:1 maximum VSWR on all ports.
Performance is guaranteed only under the conditions listed in the specifications table and is
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Board Layout

0.170

0.039 Typ.

0.018 Typ. 0.021 Typ.

0.020 Dia.
Via 2 Places0.028 

Typ.

Material is 10 mil FR4.

SOIC-8

0.049
(1.24 mm)

0.016
(0.41 mm)

0.016 Max.
(0.41 mm) x 
45˚ Chamfer

Pin 1

0.197 (5.00 mm)
0.189 (4.80 mm)

0.068
(1.73 mm) Max.

0.010 (0.25 mm)
0.004 (0.10 mm)

0.010 (0.25 mm)
0.007 (0.17 mm)

0.158 (4.00 mm)
0.150 (3.80 mm)

8˚
Max.

0.020 (0.51 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.050 (1.27 mm) BSC
Pin 8

Pin 1
Indicator

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.
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PD4W09-59, PD4W09-59LF: Four-Way 0° Power Splitter/
Combiner 0.81–0.96 GHz

DATA SHEET

Parameter Frequency Min. Typ. Max. Unit

Frequency 0.81 0.96 GHz

Insertion loss less 6 dB split 1.3 1.5 dB

Isolation 20 23 dB

Input VSWR 1.2:1 1.5:1

Output VSWR 1.2:1 1.5:1

Amplitude balance ±0.4 ±0.6 dB

Phase balance ±6 ±8 Deg.

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

Features
● Low cost
● Low profile
● Available in small MSOP-8 package
● Available on tape and reel
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The PD4W09-59 is a monolithic four-way in-phase hybrid junc-
tion tuned for the 0.81–0.96 GHz band. It offers low loss, high
isolation, good input/output matching and exceptional phase/
amplitude balance. It is available in the MSOP-8 surface mount
package.
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Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Typical Performance Data

ZO = 50 Ω, unless otherwise noted
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Characteristic Value

Input power(1) 1.5 W CW

Input power(2) 0.375 CW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

1. When used as a power divider with a 2.0:1 maximum VSWR on all ports.
2. When used as a power combiner with a 2.0:1 maximum VSWR on all ports.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Board Layout

0.150

0.024 Typ.

0.018  Typ. 0.010 Typ.

0.020 
Dia. Via

0.010 
Dia. Via

Material is 10 mil FR4.

MSOP-8

0.012 (0.30 mm)Pin 1

Pin 1
Indicator

+ 0.006 (0.15 mm)

7.0˚
Typ.0.038 (0.95 mm)

0.030 (0.75 mm) 0.017
(0.43 mm) 8.0˚

Max.

0.028 (0.70 mm)
0.016 (0.40 mm)

0.007 (0.18 mm)
± 0.005 (0.12 mm)

0.006 (0.15 mm)
0.002 (0.05 mm)

- 0.002 (0.05 mm)

0.0256 (0.65 mm) Typ.

0.118 (3.00 mm)
±  0.004 (0.1 mm)

SQ.
0.193 (4.90 mm)

Ref.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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PD4W18-12, PD4W18-12LF: Four-Way 0° Power Splitter
Combiner 1.65–2.45 GHz

DATA SHEET

Features
� Broadband: 1.65–2.45 GHz
� Low insertion loss
� Available in small SOIC-8 package or lead (Pb)-free,
RoHS-compliant package

Description
The PD4W18-12 is a monolithic four-way in-phase hybrid
junction optimized for the 1.71–1.99 GHz band that performs
very well from 1.65–2.45 GHz. It offers low loss, high isolation,
good input and output impedance matching and exceptional
phase and amplitude balance. It is available in the SOIC-8
package and a lead (Pb)-free SOIC-8 package.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Functional Block Diagram

IN/SUM

Port 2

Port 3

Port 1

Port 4

Port 5

Electrical Specifications at 25 °C

Z0 = 50 Ω, T = 25 °C, unless otherwise noted
Parameter Condition Frequency Min. Typ. Max. Unit

Operating frequency 1.65 2.45 GHz

Insertion loss In excess of 6 dB split loss 1.71–2.20 GHz 0.7 1.0 dB

Isolation 1.71–2.20 GHz 18 25 dB

Input VSWR Port 5 1.71–2.20 GHz 1.6:1 1.8:1

Output VSWR Ports 1, 2, 3 and 4 1.71–2.20 GHz 1.2:1 1.5:1

Amplitude balance 1.71–2.20 GHz 0.3 0.4 dB

Phase balance 1.71–2.20 GHz 5 10 degree
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Typical Performance Data

Z0 = 50 Ω, T = 25 °C, unless otherwise noted
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Input Return Loss—Port 1
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Z0 = 50 Ω, T = 25 °C, unless otherwise noted
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Isolation—Port 1 to Port 2
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Typical Performance Data

Z0 = 50 Ω, T = 25 °C, unless otherwise noted
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Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

0.049
(1.24 mm)

0.016
(0.41 mm)

0.016 Max.
(0.41 mm) x
45˚ Chamfer

Pin 1

0.197 (5.00 mm)
0.189 (4.80 mm)

0.068
(1.73 mm) Max.

0.010 (0.25 mm)
0.004 (0.10 mm)

0.010 (0.25 mm)
0.007 (0.17 mm)

0.158 (4.00 mm)
0.150 (3.80 mm)

8˚
Max.

0.020 (0.51 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.050 (1.27 mm) BSC
Pin 8

Pin 1
Indicator

SOIC-8
Characteristic Value

RF input power(1) 1.5 W

RF input power(2) 375 mW

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

1. When used as a power divider with a 2.0:1 Max. VSWR on all ports.
2. When used as a power combiner with 2.0:1 Max. VSWR on all ports.
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PD4W18-59, PD4W18-59LF: Four-Way 0° Power Splitter/
Combiner 1.71–1.99 GHz

DATA SHEET

Parameter Frequency Min. Typ. Max. Unit

Frequency 1.71 1.99 GHz

Insertion loss less 6 dB split 0.7 1.2 dB

Isolation 20 25 dB

Input VSWR 1.3:1 1.6:1

Output VSWR 1.3:1 1.6:1

Amplitude balance ±0.3 ±0.4 dB

Phase balance ±5 ±8 Deg.

Electrical Specifications at 25 °C

ZO = 50 Ω, unless otherwise noted

Features
● Low cost
● Low profile
● Available in small MSOP-8 package
● Available on tape and reel
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The PD4W18-59 is a monolithic four-way in-phase hybrid 
junction tuned for the 1.71–1.99 GHz band. It offers low loss,
high isolation, good input/output matching and exceptional
phase/amplitude balance. It is available in the MSOP-8 surface
mount package.

Block Diagram
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Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.
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ZO = 50 Ω, unless otherwise noted
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Characteristic Value

Input power(1) 1.5 W CW

Input power(2) 0.375 CW

Operating temperature -40 °C to +85 °C

Storage temperature -60 °C to +150 °C

Absolute Maximum Ratings

Material is 10 mil FR4.

0.150

0.024 Typ.

0.018 Typ. 0.010
Typ.

0.020
Dia. Via 0.010

Dia. Via

Recommended Board Layout

1. When used as a power divider with a 2.0:1 Max. VSWR on all ports.
2. When used as a power combiner with 2.0:1 Max. VSWR on all ports.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

MSOP-8

0.012 (0.30 mm)Pin 1

Pin 1
Indicator

+ 0.006 (0.15 mm)

7.0˚
Typ.0.038 (0.95 mm)

0.030 (0.75 mm) 0.017
(0.43 mm) 8.0˚

Max.

0.028 (0.70 mm)
0.016 (0.40 mm)

0.007 (0.18 mm)
± 0.005 (0.12 mm)

0.006 (0.15 mm)
0.002 (0.05 mm)

- 0.002 (0.05 mm)

0.0256 (0.65 mm) Typ.

0.118 (3.00 mm)
±  0.004 (0.1 mm)

SQ.
0.193 (4.90 mm)

Ref.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 


 

Skyworks Solutions, Inc.  •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com 
 Skyworks Proprietary and Confidential information  •  Products and Product Information are Subject to Change Without Notice 1 

DATA SHEET 

SKY74693: Receiver for CDMA, AMPS, PCS, and GPS Mobile 
Handset Applications 
Applications 

• Tri-band, tri-mode handsets 

• PCS and GPS phones 

• CDMA and GPS phones 

Features 

• Two-step gain control, PCS LNA 

• Three-step gain control, cellular LNA 

• GPS LNA 

• External resistor to adjust LNA bias current 

• Independent AMPS, CDMA, PCS, and GPS mixers 

• Single LO input for CDMA, PCS, and GPS mixer 

• Buffered LO signal for transmit upconverter 

• Single external UHF VCO for PLL circuitry 

• VGA with 90 dB dynamic range 

• Integrated VHF oscillator and tank circuit 

• VCO_ON control for current optimization 

• Battery cell operation (2.7 V < VCC < 3.3 V) 

• RFLGA™ package (48-pins, 7 x 7 x 1 mm) Pb-free (MSL3, 
260 °C per JEDEC J-STD-020) package with downset paddle 

 

 

 

Skyworks offers lead (Pb)-free RoHS (Restriction of 
Hazardous Substances) compliant packaging. 

Description 
The SKY74693 is a highly integrated, single Intermediate 
Frequency (IF) receiver intended for use in Code Division Multiple 
Access (CDMA) phones operating in Personal Communications 
System (PCS), cellular CDMA, Advanced Mobile Phone System 
(AMPS), and Global Positioning System (GPS) modes. Skyworks 
provides the following three product options: 

• SKY74693-12. Single-band, single-mode (CDMA). 

• SKY74693-13. Dual-band, single-mode (cellular CDMA and 
PCS). 

• SKY74693-14. Tri-band, tri-mode (CDMA, AMPS, PCS, GPS). 

Except for the Surface Acoustic Wave (SAW) filters, a UHF Voltage 
Controlled Oscillator (VCO), and matching components, the device 
incorporates everything required to implement the receiver chain, 
from the Low-Noise Amplifier (LNA) to the In-Phase and 
Quadrature (I/Q) demodulator stages. Three LNAs are in the front-
end receiver: a three-step gain stage cellular LNA (high, mid, and 
bypass), a two-step gain stage PCS LNA (high, bypass), and a 
high gain stage GPS LNA. 

After RF LNA signal amplification and filtering from the antenna, 
the received signal is mixed down from RF to the IF. There are 
separate mixers for AMPS, CDMA-cellular, CDMA-PCS, and GPS 
modes. To use a single IF frequency plan, the CDMA and PCS 
mixer outputs have been combined. Therefore, both CDMA and 
PCS bands use the same IF SAW filter. The AMPS differential 
output can be combined externally to mate to a single-ended SAW 
filter. The GPS mixer is an image-reject mixer, which eliminates 
the need for an external RF SAW filter between the LNA and 
mixer. The GPS image-reject mixer has a differential output for an 
external L-C bandpass filter. After IF filtering, the IF signal is 
amplified by a Variable Gain Amplifier (VGA) and fed to an I/Q 
demodulator, resulting in baseband I/Q signals at the output. 

The SKY74693 is also designed with a single Local Oscillator (LO) 
input port for the AMPS/CDMA/PCS/GPS mixer. These mixers 
operate at different RF frequency inputs, but have the same IF 
frequency output. This usually refers to a single IF plan at 
183.6 MHz. The LO_IN signal (pin 39) provides an LO port for the 
CDMA/PCS/GPS mixers. In the cellular band, an internal divider 
divides the frequency by two, which provides the LO input to the 
cellular mixer. In the GPS band, the UHF LO frequency is 2/3 that 
of the UHF VCO frequency. This allows only a single external VCO. 
The UHF VCO is also buffered and amplified internally, which 
provides the LO to drive the transmtiter upconverter LO port. 

The VGA has a minimum dynamic range of 90 dB with a control 
voltage range of 0.5 to 2.5 V, which is common to all modes. A 
VHF oscillator operates with external tank circuits to provide LO 
frequencies for the I/Q demodulator in the cellular, PCS, and GPS 
modes. The noise figure, gain, and third order Input Intercept 
Point (IIP3) of each stage in the receiver are optimized to meet the 
system requirements for AMPS and CDMA modes according to 
TIA/EIA-98-C. The design employs SiGe BiCMOS technology for 
low cost, high performance, and a high level of integration. 

A functional block diagram of the SKY74693 is shown in Figure 1. 
Recommended operating conditions are provided in Table 1. 
Package dimensions for the 7 x 7 mm RF Land Grid Array (RFLGA) 
are shown in Figure 2. 
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Figure 1. SKY74693 Receiver Block Diagram 
 

Table 1. Recommended Operating Conditions 

Parameter Minimum Typical Maximum Units 

Supply voltage (VCC) 2.7 3.0 3.3 V 

Operating temperature –30 +25 +85 °C 

Impedance of logic inputs  50  kΩ 

VIL logic low input voltage 0.0  0.5 V 

VIH logic high input voltage VCC – 0.5  VCC V 
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S316

Top View

Side View

All dimensions are in millimeters

Bottom View

7.00 ± 0.10

7.00 ± 0.10

1.00 ± 0.10

Mold

0.300 ± 0.05

0.38 ± 0.08
0.500

Exposed Metal

Solder Mask

Pin 1
Indication

R2
.22

5

Pin 1

Detail A

Detail A

∅0.150
Exposed Metal

Solder Mask

0.38 ± 0.05
(48x)

0.300 ± 0.05
(48x)

0.400 ± 0.05
(48x)

0.040

Package Edge

 

Figure 2. SKY74693 48-Pin RFLGA Package Dimensions 

Ordering Information 
Model Name Manufacturing Part Number Product Revision 

SKY74693 Receiver, Single-Band, Single-Mode (CDMA) 

SKY74693 Receiver, Dual-Band, Single-Mode (CDMA and PCS) 

SKY74693 Receiver, Tri-Band, Tri-Mode (CDMA, AMPS, PCS, and GPS) 

SKY74693-12 

SKY74693-13 

SKY74693-14 
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AF002C1-39, AF002C1-39LF, AF002C4-39, AF002C4-39LF:
GaAs IC Control FET Series 300 kHz–2.5 GHz

DATA SHEET

Features
● Low-cost SOT-23 package
● Series or shunt configuration
● Low DC current drain
● Ideal switch building blocks
● Pin diode replacements
● High-power antenna switches 
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 250 °C

per JEDEC J-STD-020

Description
This group of GaAs control FETs can be used in both series and
shunt configurations. They incorporate on-chip circuitry that
eliminates the need for extra bias components and minimizes
power drain to typically 25 µW. These features make the devices
ideal replacements for PIN diodes, where low DC drain is critical.
Isolation performance degrades at higher frequencies due to
package parasitics. They can be tuned out in narrow band appli-
cations as shown in the circuit examples on the following pages.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Drain (D) Source (S)

Gate (G)

12

3

Pin Out

Part Number(1) Frequency RON (Ω)(2) Insertion Loss (dB)(3, 4) COFF (pF)(5) Isolation (dB)(4) P-1 dB (W) 

(GHz) Typ. Max. Series Shunt Typ. Max. Series Shunt Typ.

AF002C1-39 300 kHz–0.5 GHz 6.4 9 0.5 0.1 0.13 0.25 25 12 0.5

300 kHz–1.0 GHz 6.4 9 0.6 0.15 0.13 0.25 17 8 1

300 kHz–2.5 GHz 6.4 9 0.7 0.2 0.13 0.25 13 3 1

AF002C4-39 300 kHz–0.5 GHz 0.8 1.1 0.2 0.15 1.1 1.5 11 15 6

300 kHz–1.0 GHz 0.8 1.1 0.25 0.25 1.1 1.5 6 9 7

300 kHz–2.5 GHz 0.8 1.1 0.3 2 1.1 1.5 3 4 7

Electrical Specifications at 25 °C (0, -5 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. RON - resistance in Ω in low impedance state when “0” V is applied to gate (G).
3. Insertion loss changes by 0.003 dB/°C.
4. Insertion loss and isolation typical values.
5. COFF - capacitance (pF) in high impedance state when -5 V is applied to gate (G).
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Typical Performance Data (0, -5 V)
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 6 ns
On, off 50% CTL to 90/10% RF 12 ns

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to -0.2 V @ 20 µA max.
VHIGH = -5 V @ 50 µA to -9 V @ 200 µA max.

Operating Characteristics at 25 °C (0, -5 V)
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Characteristic Value

RF input power 2 W > 500 MHz 0/-8 V  
0.5 W @ 50 MHz 0/-8 V 

Control voltage +0.2 V, -10 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings 

Characteristic Value

RF input power 8 W > 450 MHz, 0/-12 V    

Control voltage +0.2, -12 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

AF002C1-39 AF002C4-39

Performance is guaranteed only under the conditions listed in the specifications table and is not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as possible, ESD (Electrostatic Discharge) can damage this device. This
device must be protected at all times from ESD. Static charges may easily produce potentials of several kilovolts on the
human body or equipment, which can discharge without detection. Industry-standard ESD precautions must be employed at
all times.

System Block Diagram

Mobile
Antenna

Phone
Antenna

Diplexer

LNAPA

T/R Switch

Disconnect

Changeover
Switch

From Transmitter

To Receiver

T/R Switch

T/R and Antenna Changeover Switch for Mobile Cellular Systems
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D S

G

LT (nH)

10 kΩ
C (pF)

Antenna

G
D

S

Tx

VCTL

Rx

λ/4

GaAs FET
AF002C 
Series

GaAs FET
AF002C 
Series

VCTL (V) Tx to Antenna Rx to Antenna

0 Low loss High isolation

-5 High isolation Low loss

Truth Table for T/R Switch

See next page for positive voltage operation.

VCTL (V) Antenna

-5 Connected

0 Isolated

Truth Table for Changeover Switch

See next page for positive voltage operation.

Part Number LT (nH) CT (pF) Freq. (GHz)

AF002C1-39 165 18.8 0.45

AF002C4-39 85 18.8 0.45

AF002C1-39 44 4.7 0.9

AF002C4-39 22 4.7 0.9

Component Values for T/R Switch Circuit

Antenna

CT D S

G

To T/R Switch

VCTL

Changeover Switch SchematicT/R Switch Schematic
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S D G RF Path

Shunt

-5 Insertion loss
GND RF

0 Isolation

Series

0 Insertion loss
RF RF

-5 Isolation

Truth Table
Negative Voltage Operation

Positive Voltage Operation

S D G RF Path

Shunt

0 Insertion loss
GND RF

VHIGH Isolation

Series

0 Isolation
RF RF

VHIGH Insertion loss

CBL - Chose value for lowest impedance at desired operating frequency.

G (0, VHIGH)

D S2 1

3

Shunt Configuration

CT

VS

10 kΩ

G (0, Vhigh)

D S2 1

3

Series Configuration

CBLCBL

VS

10 kΩ

RF

RFRF

RF

LT

Positive Voltage Operation

VHIGH = +5 to +9 V (VS = VHIGH ± 0.2 V).

0.045
(1.14 mm)

0.035
(0.89 mm)0.004 (0.10 mm)

0.0005 (0.01 mm)0.027 (0.69 mm) Ref.

0.007 (0.18 mm)
0.003 (0.08 mm)

0.120 (3.05 mm)
0.110 (2.79 mm)

0.104 (2.64 mm)
0.083 (2.10 mm) 

0.055 (1.40 mm)
0.047 (1.19 mm)

0.024 (0.61 mm)
0.018 (0.45 mm)

0.080 (2.03 mm)
0.070 (1.78 mm)

0.018 (0.45 mm)
0.015 (0.38 mm)3

1 2
0.040 (1.02 mm)
0.037 (0.94 mm)

SOT-23

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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SKY13282-334: GaAs Control FET
300 kHz–2.5 GHz

DATA SHEET

Applications
� Building block for series and shunt switches
� General purpose medium power switch in

telecommunications applications

Features
� Low-cost LGA-6 package
� Series or shunt configuration
� Low DC current drain
� Pin to Pin diode replacement
� Lead (Pb)-free, RoHS-compliant MSL-1 @ 260 °C per

JEDEC J-STD-020

Functional Block Diagram

Gate

Drain Source

Description
The SKY13282-334 is a GaAS control FET that can be used in both
series and shunt configurations. It incorporates on chip circuitry
that eliminates the need for extra bias components and minimizes
power drain to typically 25 µW. These features make the device an
ideal replacement for PIN diodes, where low DC drain is critical.

An evaluation board is available upon request.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Parameter Frequency Min. Typ. Max. Unit

Insertion loss series configuration 300 kHz–0.5 GHz 0.20 0.30 dB
0.5–1.0 GHz 0.25 0.35 dB
1.0–2.5 GHz 0.30 0.40 dB

Isolation series configuration 300 kHz–0.5 GHz 9 11 dB
0.5–1.0 GHz 4 6 dB
1.0–2.5 GHz 2 dB

Insertion loss shunt configuration 300 kHz–0.5 GHz 0.15 0.25 dB
0.5–1.0 GHz 0.40 0.50 dB
1.0–2.5 GHz 1.50 dB

Isolation shunt configuration 300 kHz–0.5 GHz 11 13 dB
0.5–1.0 GHz 5 7 dB
1.0–2.5 GHz 3 dB

Electrical Specifications at 25 °C

VCTL = 0 V/-7 V, T = 25 °C, PINPUT = 0 dBm, ZO = 50 Ω, unless otherwise noted
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Parameter Condition Min. Typ. Max. Unit

RON (Ω) Gate voltage = 0 V for negative operation 0.5 1.1 Ω
Gate voltage = 7 V for positive operation 0.5 1.1 Ω

COFF (pF) Gate voltage= -7 V for negative operation 1.1 pF
Gate voltage = 0 V for positive operation 1.1 pF

P1 dB Series configuration, insertion loss state (0 V) 20 MHz 25 dBm
Series configuration, insertion loss state (0 V) 380 MHz >35 dBm
Shunt configuration, insertion loss state (-7 V) 20 MHz 26 dBm
Shunt configuration, insertion loss state (-7 V) 380 MHz 28 dBm

IP3 Series configuration
Insertion loss state (0 V) t1 = 45 MHz, t2 = 46 MHz @ 10 dBm/tone >43 dBm
Shunt configuration
Insertion loss state (-7 V) t1 = 45 MHz, t2 = 46 MHz @ 10 dBm/tone >43 dBm

Switching speed On/off time (50% CTL to 90/10% RF) 25 ns
Rise/fall (10/90% RF, 90/10% RF) 15 ns
Video feedthru 40 mv

Control voltage Negative voltage operation VLOW -5 -9 V
VHIGH 0 0.2 V
Positive voltage operation VLOW 0 0.2 V
VHIGH 5 9 V

Control current 0 V 20 uA
-5 V or +5 V 50 uA
-9 V or +9 V 200 uA

Operating Characteristics at 25 °C

VCTL = 0 V/5V, T = 25 °C, PINPUT = 0 dBm, ZO = 50 Ω, unless otherwise noted
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Characteristic Value

RF input power, series configuration, 37 dBm
insertion loss state, VCTL =0 V, freq. = 380 MHz

RF input power, shunt configuration, 33 dBm
insertion loss state, VCTL= -7 V, freq. = 380 MHz

Control voltage range 12 V max. differential

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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-5 Insertion loss
GND RF

0 Isolation

Series

0 Insertion loss
RF RF

-5 Isolation

Truth Table
Negative Voltage Operation

Positive Voltage Operation

S D G RF Path

Shunt

0 Insertion loss
GND RF

VHIGH Isolation

Series

0 Isolation
RF RF

VHIGH Insertion loss

VHIGH = 5 to 9 V (VS = VHIGH ± 0.2 V).

NC

NCGate NC

Drain Source

1
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Pin Out (Top View)

RF RF
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NCGate NC

CBL

VCTL (Gate)
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Positive Voltage Operation

Shunt Configuration

CBL DC blocks are required on RF lines for positive voltage operation.

RF
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Series Configuration
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LGA-6 (1.5 x 1.2 mm)

0.059 (1.50 mm)
± 0.004 (0.10 mm)

0.047
(1.20 mm)
± 0.004

(0.10 mm)

Pin 1
Indicator

LC

LC

0.019
(0.500 mm) Bsc

0.009 (0.23 mm)
± 0.001 (0.03 mm)

0.032 (0.82 mm)
± 0.004 (0.08 mm)

0.015
(0.40 mm)
± 0.0011
(0.03 mm)

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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AS130-73, AS130-73LF: GaAs SPST High-Isolation Switch 
300 kHz–2.5 GHz

DATA SHEET

Features
● Low insertion loss (0.75 dB @ 0.9 GHz)
● Low DC power consumption
● Ultraminiature SOT-6 package
● Reflective open, J1 port
● Nonreflective, J2 port
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS130-73 is a high-isolation GaAs MMIC FET IC SPST switch
in the SOT-6 low-cost plastic package for commercial applica-
tions. Switch is matched on J2 port and reflective on J1 port
when in isolation state.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 300 kHz–0.5 GHz 0.75 1 dB
300 kHz–1.0 GHz 0.8 1 dB
300 kHz–2.0 GHz 0.9 1.1 dB
300 kHz–2.5 GHz 1 1.2 dB

Isolation 300 kHz–0.5 GHz 46 53 dB
300 kHz–1.0 GHz 35 41 dB
300 kHz–2.0 GHz 23 28 dB
300 kHz–2.5 GHz 18 24 dB

VSWR(3) 300 kHz–1.0 GHz 1.15:1 1.2:1 dB
300 kHz–2.5 GHz 1.3:1 1.5:1 dB

Electrical Specifications at 25 °C (0, -5 V)

1
2

3

6
5

4

J1

V2

V1

GND GND

50
J2

Pin Out

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Typical Performance Data (0, -5 V)
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1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Insertion loss state and isolation state @ J2 port.

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 5 ns
On, off 50% CTL to 90/10% RF 10 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 15 mV

Input Power for 1 dB compression 0.5–2 GHz 25 dBm

Intermodulation intercept point (IP3) For two-tone input power 13 dBm 0.5–2 GHz 44 dBm

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to -0.2 V @ 20 µA max.
VHIGH = -5 V @ 50 µA to -8 V @ 200 µA max.

Operating Characteristics at 25 °C (0, -5 V)
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Characteristic Value

RF input power 2 W max. > 500 MHz,
0/-8 V control

Control voltage +0.2 V, -8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

V1 V2 J1–J2

-5 0 Insertion loss

0 -5 Isolation

Truth Table
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

SOT-6

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AS156-73, AS156-73LF: GaAs IC SPST Switch 
Single Positive Control 0.5–2.5 GHz

DATA SHEET

Features
● Single positive control voltage
● 3 V to 5 V operation
● Isolation can be tuned to desired frequency
● High isolation (45 dB at 0.9 GHz with 100 pF bypass capacitor)
● Designed for use as an LNA bypass switch
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS156-73 is an SPST FET IC switch. The switch requires
external DC blocking capacitors and one bypass capacitor.
Isolation is optimized at 0.9 GHz utilizing a 100 pF bypass capac-
itor and optimized at 1.9 GHz utilizing a 2.7 pF bypass capacitor.
This switch requires a positive supply and single positive control.
The device is mounted in the SOT-6 package for surface
mounting in commercial switching applications, specifically as 
an LNA bypass switch.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

1
2
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5

4

J1

V1

GND GND

GND

CBYPASS

VS

10 k

CBL

J2
CBL

Pin Out

DC blocking capacitors (CBL) must be supplied externally.
CBL = 100 pF for operation >500 MHz.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 0.5–1.4 GHz 0.65 0.75 dB
1.4–2.0 GHz 0.70 0.80 dB
2.0–2.5 GHz 0.75 0.90 dB

Isolation 0.5–1.4 GHz 40 45 dB
1.4–2.0 GHz 23 28 dB
2.0–2.5 GHz 10 15 dB

VSWR 0.5–2.5 GHz 1.3:1

Electrical Specifications at 25 °C (0, 3 V) CBYPASS = 100 pF

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
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Typical Performance Data (0, 3 V)

CBYPASS value and exact location determine frequency response of isolation (see isolation 
vs. frequency curve as example).
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 1 µs
On, off 50% CTL to 90/10% RF 1 µs
Video feedthru TRISE = 1 ns, BW = 500 MHz 10 mV

Input power for 1 dB compression VCTL = 0/3 V  0.9 GHz        18 dBm
VCTL = 0/5 V 0.9 GHz 27 dBm

Intermodulation intercept point (IP3) For two-tone input power 13 dBm
VCTL = 0/5 V 0.5–2 GHz 43 dBm

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.
VS = VHIGH ± 0.2 V

Operating Characteristics at 25 °C (0, 3 V)
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Characteristic Value

RF input power 2.5 W max. > 500 MHz,
0/8 V control

Supply voltage, VS 8 V

Control voltage, V1 -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings
V1 J1–J2

VHIGH Insertion loss

0 Isolation

Truth Table

VHIGH = 3 to 5 V (VS = VHIGH ± 0.2 V).

0.074
(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

SOT-6

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AS165-59, AS165-59LF: GaAs IC High-Isolation
SPST Switch Positive Control 0.7–2.5 GHz

DATA SHEET

Features
● Single positive control voltage (0, 5 V)
● Base station synthesizer switch
● High isolation (45 dB @ 0.9, 1.9 GHz)
● J1 port nonreflective
● Miniature low-cost MSOP-8 plastic package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The AS165-59 SPST IC FET switch is absorptive on the input.
The switch features high isolation and low insertion loss. Ideal
building block for base station applications where synthesizer
isolation is critical. Use in conjunction with the AS186-302
SPDT switch.
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J2

J1 V1

VS

GND

GND

GND

GND
CBL

CBL

50

Pin Out

DC blocking capacitors must be supplied externally.
CBL = 47 pF for operation >500 MHz.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 0.7–1.0 GHz 0.7 0.9 dB
1.0–2.0 GHz 0.8 1.1 dB
2.0–2.5 GHz 1.2 1.4 dB

Isolation 0.7–2.0 GHz 39 45 dB
2.0–2.5 GHz 30 38 dB

VSWR(3) 0.7–1.8 GHz 1.7:1 1.9:1
1.8–2.5 GHz 1.5:1 1.8:1

Electrical Specifications at 25 °C (0, 5 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Insertion loss state and J1 port.

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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DATA SHEET • AS165-59, AS165-59LF
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Typical Performance Data (0, 5 V)

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 25 ns
On, off 50% CTL to 90/10% RF 150 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

Input power for 1 dB compression 0.7–2.5 GHz 28 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm 0.7–2.5 GHz 45 dBm

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 5 V @ 50 µA max. to 7 V @ 200 µA max.
VS = VHIGH ± 0.2 V

Operating Characteristics at 25 °C (0, 5 V)
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Characteristic Value

RF input power 2 W max. > 500 MHz,
0/8 V control

Supply voltage 8 V

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings
V1 J1–J2
0 Insertion loss

VHIGH Isolation

Truth Table

VHIGH = 5 to 7 V (VS = VHIGH ± 0.2 V).

MSOP-8

Detail A

0.022 (0.55 mm)
± 0.006 (0.150 mm)

0–6°

8–16°

A

A

Gauge Plane

Seating Plane

0–6°

0.010 (0.25 mm) R 0.006 (0.15 mm) Typ.

Section A-A

With Lead Finish

Base Metal
0.010 (0.25 mm) Min.
0.016 (0.40 mm) Max.

0.010 (0.25 mm) Min.
0.014 (0.35 mm) Max.

0.005 (0.13 mm) Min.
0.007 (0.18 mm) Max.

0.005 (0.13 mm) Min.
0.009 (0.23 mm) Max.

See Detail A

Pin 8

Pin 1
Identifier

0.193 ± 0.006
(4.90 ± 0.15 mm)

Pin 1

0.118 (3.00 mm)
± 0.006 (0.15 mm)

0.118 ± 0.006
(3.00 ± 0.15 mm)

0.0196 (0.498 mm)
± 0.0003 (0.008 mm)

0.034 (0.86 mm)
± 0.004 (0.10 mm) 0.043 (1.10 mm) Max.

0.013 (0.33 mm) Ref.

0.0256 (0.65 mm) BSC

0.002 (0.05 mm) Min.
0.006 (0.15 mm) Max.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.
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AS188-92, AS188-92LF: PHEMT GaAs IC High-Linearity 
Positive Control SPDT Switch 300 kHz–2 GHz

DATA SHEET

Features
● High linearity (50 dBm IP3 @ 0.9 GHz) @ 3 V
● Low insertion loss (0.35 dB @ 0.9 GHz)
● 3 V operation
● Ultraminiature SC-70 6-lead package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS188-92 is a PHEMT GaAs FET IC high-linearity SPDT switch
in a SC-70 6-lead plastic package. This switch has been designed
for use where extremely high linearity, low insertion loss and 
ultraminiature package size are required. It can be controlled with
positive, negative or a combination of both voltages. Some 
standard implementations include antenna changeover, T/R and
diversity switching over 2 W. The AS188-92 switch can be used in
many analog and digital wireless communication systems including
cellular, GSM and DECT applications.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 300 kHz–0.5 GHz 0.35 0.4 dB
300 kHz–1.0 GHz 0.35 0.5 dB
300 kHz–2.0 GHz 0.55 0.7 dB

Isolation 300 kHz–0.5 GHz 23 26 dB
300 kHz–1.0 GHz 18 22 dB
300 kHz–2.0 GHz 13 17 dB

VSWR(3) 300 kHz–1.0 GHz 1.3:1 1.5:1 dB
300 kHz–2.0 GHz 1.3:1 1.5:1 dB

Electrical Specifications at 25 °C (0, 3 V)

CBL

CBL

V1

J1

V2

J2

GND

J3

CBL

VS1
2

3

6
5

4

10 kΩ

Pin Out

DC blocking capacitors (CBL) must be supplied externally.
CBL = 100 pF for operating frequency >500 MHz.

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Insertion loss state.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Typical Performance Data (0, 3 V)
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 60 ns
On, off 50% CTL to 90/10% RF 100 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

Input Power for 1 dB compression 0.9 GHz 33 dBm

Intermodulation intercept point (IP3) For two-tone input power 17 dBm 0.9 GHz 50 dBm

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.
VS = VHIGH ± 0.2 V

Operating Characteristics at 25 °C (0, 3 V)
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V1 V2 J1–J2 J1–J3

0 VHIGH Isolation Insertion loss

VHIGH 0 Insertion loss Isolation

Truth Table

All other conditions not recommended.
VHIGH = 3 to 5 V (VS = VHIGH ± 0.2 V).

Characteristic Value

RF input power 6 W max. > 900 MHz
0/7 V control

Control voltage -0.2 V, +7 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

SC-70 6-Lead 
0.079 (2.00 mm)

± 0.008 (0.20 mm)

0.049 (1.25 mm)
± 0.004 (0.10 mm)

0.008 (0.20 mm)
± 0.004 (0.10 mm)

0.087 (2.20 mm)
± 0.008 (0.20 mm)

0.035 (0.90 mm)
± 0.004 (0.10 mm)

0.002 (0.005 mm)
± 0.002 (0.005 mm) 0.037 (0.95 mm)

± 0.006 (0.15 mm)

0.010 (0.25 mm)
± 0.006 (0.15 mm)

0.0055
(0.14 mm)
± 0.0015
(0.04 mm)

0.0256 (0.65 mm)
BSC

0.009 (0.23 mm) 
Ref

Pin 1 Indicator

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AS002R2-12, AS002R2-12LF: GaAs IC SPDT Low-Loss
Reflective Switch 300 kHz–2.5 GHz

DATA SHEET

Features
● Low insertion loss (0.5 dB @ 0.9 GHz)
● High isolation (35 dB @ 0.9 GHz)
● Low-power T/R switch
● Low-cost SOIC-8 plastic package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS002R2-12 is a low-loss IC FET SPDT reflective general-
purpose switch in a plastic SOIC-8 package for commercial 
low- cost, low-power applications. The switch operates with 
-5, 0 V or 0, +5 V when “floated” as shown in the Pin Out diagram.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 300 kHz–0.5 GHz 0.4 0.5 dB
300 kHz–1.0 GHz 0.5 0.6 dB
300 kHz–2.0 GHz 0.7 0.8 dB
300 kHz–2.5 GHz 0.8 0.9 dB

Isolation 300 kHz–0.5 GHz 40 42 dB
300 kHz–1.0 GHz 30 32 dB
300 kHz–2.0 GHz 22 24 dB
300 kHz–2.5 GHz 18 20 dB

VSWR(3) 300 kHz–0.5 GHz 1.2:1 1.3:1
300 kHz–1.0 GHz 1.3:1 1.5:1
300 kHz–2.5 GHz 1.5:1 1.7:1

Electrical Specifications at 25 °C (0, -5 V)

J2

J1

V1V2

VS

10k

GND
CBP

CBP

CBL

CBL

CBL

GND

J3

1
2

3
4

8
7

6
5

Pin Out

External components shown are for positive voltage operation only.
CBL = 100 pF, CBP = 1000 pF for operation >500 MHz.

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Insertion loss state.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Typical Performance Data (0, -5 V)

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 3 ns
On, off 50% CTL to 90/10% RF 6 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 15 mV

Input power for 1 dB compression 0.5–2 GHz 24 dBm
0.05 GHz 16 dBm

Intermodulation intercept point (IP3) For two-tone input power 13 dBm 0.5–2 GHz 46 dBm

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to -0.2 V @ 20 µA max.
VHIGH = -5 V @ 50 µA to -8 V @ 200 µA max.

Operating Characteristics at 25 °C (0, -5 V)
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Characteristic Value

RF input power 2 W > 500 MHz 0/-8 V
0.5 W @ 50 MHz 0/-8 V

Control voltage +0.2 V, -8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

V1 V2 J1–J2 J1–J3

0 -5 Isolation Insertion loss

-5 0 Insertion loss Isolation

Truth Table

Negative Operation

V1 V2 J1–J2 J1–J3

VHIGH 0 Isolation Insertion loss

0 VHIGH Insertion loss Isolation

Positive Operation

All other conditions not recommended.
VHIGH = 5 to 8 V (VS = VHIGH ± 0.2 V).

SOIC-8

0.049
(1.24 mm)

0.016
(0.41 mm)

0.016 Max.
(0.41 mm) x 
45˚ Chamfer

Pin 1

0.197 (5.00 mm)
0.189 (4.80 mm)

0.068
(1.73 mm) Max.

0.010 (0.25 mm)
0.004 (0.10 mm)

0.010 (0.25 mm)
0.007 (0.17 mm)

0.158 (4.00 mm)
0.150 (3.80 mm)

8˚
Max.

0.020 (0.51 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.050 (1.27 mm) BSC
Pin 8

Pin 1
Indicator

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

All other conditions not recommended.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AS169-73, AS169-73LF: PHEMT GaAs IC SPDT Switch 
300 kHz–2.5 GHz

DATA SHEET

Features
● P1 dB 30 dBm typical @ 3 V
● IP3 52 dBm typical
● Low insertion loss (0.3 dB @ 0.9 GHz)
● Low DC power consumption
● Ultraminiature low-cost SOT-6 plastic package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS169-73 is an IC FET SPDT switch in a low-cost SOT-6
plastic package. The AS169-73 features low insertion loss and
positive voltage operation with very low DC power consumption.
This general-purpose switch can be used in a variety of 
telecommunications applications.

Parameter Frequency Min. Typ. Max. Unit

Insertion loss(1) 300 kHz–1.0 GHz 0.3 0.4 dB
300 kHz–2.5 GHz 0.4 0.5 dB

Isolation 300 kHz–1.0 GHz 22 25 dB
300 kHz–2.5 GHz 21 24 dB

VSWR(2) 300 kHz–1.0 GHz 1.15:1 1.25:1
300 kHz–2.5 GHz 1.3:1 1.4:1

Electrical Specifications at 25 °C

Z0 = 50 Ω, VCTL = 0/3 V unless otherwise noted

Pin Out
1

2
3

6
5

4

J1GND
CBL

CBL

CBL
J2

J3

V1

V2

DC blocking capacitors (CBL) must be supplied externally for positive voltage operation.
CBL = 100 pF for operation >500 MHz.

1. Insertion loss changes by 0.003 dB/°C.
2. Insertion loss state.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Applications
● General-purpose medium-power switches in 

telecommunication applications
● T/R switches in 802.11b, g WLAN BluetoothTM systems

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/


Typical Performance Data (0, 3 V)

Insertion Loss vs. Frequency
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall time 10/90% or 90/10% RF 25 ns
On, off time 50% CTL to 90/10% RF 35 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 10 mV

Input power for 1 dB compression VCTL = 0/3 V 0.5–2.5 GHz 30 dBm
VCTL = 0/5 V 0.5–2.5 GHz 34 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm
VCTL = 0/3 V 0.5–2.5 GHz 43 dBm
VCTL = 0/5 V 0.5–2.5 GHz 50 dBm

Thermal resistance 25 °C/W

ESD rating Human body model (Class 1A)

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.

Operating Characteristics at 25 °C (0, 3 V)

Z0 = 50 Ω, VCTL = 0/3 V unless otherwise noted
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V1 V2 J1–J2 J1–J3

VHIGH VLOW Isolation Insertion loss

VLOW VHIGH Insertion loss Isolation

Truth Table

All other conditions not recommended.
3 V ≤ VHIGH ≤ 5 V, 0 V ≤ VLOW ≤ 0.2 V.

Characteristic Value

RF input power 6 W > 500 MHz
0/7 V control

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

0.074
(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

SOT-6

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AS183-92, AS183-92LF: PHEMT GaAs IC SPDT 
Switch 300 kHz–2.5 GHz

PRELIMINARY DATA SHEET

Features
● P1 dB 30 dBm typical @ 3 V 
● IP3 43 dBm typical @ 3 V
● Low insertion loss (0.3 dB @ 0.9 GHz)
● Low DC power consumption
● Miniature SC-70 6-lead plastic package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS183-92 is an IC FET SPDT switch in a very small SC-70 
6-lead plastic package. The AS183-92 features low insertion 
loss and positive voltage operation with very low DC power 
consumption. This switch is suitable for handset applications.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 300 kHz–1.0 GHz 0.30 0.4 dB
300 kHz–2.0 GHz 0.30 0.4 dB
300 kHz–2.5 GHz 0.55 0.6 dB

Isolation 300 kHz–1.0 GHz 18 20 dB
300 kHz–2.0 GHz 12 14 dB
300 kHz–2.5 GHz 11 13 dB

VSWR(3) 300 kHz–2.5 GHz 1.2:1 1.6:1

Electrical Specifications at 25 °C (0, 3 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Insertion loss state.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Pin Out

1
2

3

6
5

4

J1GND

J2

CBL

CBL

CBL

J3 V2

V1

DC blocking capacitors (CBL) must be supplied externally for positive voltage operation.
CBL = 100 pF for operation >500 MHz.
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Typical Performance Data (0, 3 V)

Insertion Loss vs. Frequency
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 10 ns
On, off 50% CTL to 90/10% RF 20 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 25 mV

Input power for 1 dB compression VCTL = 0/3 V 0.5–2.5 GHz 30 dBm
VCTL = 0/5 V 0.5–2.5 GHz 34 dBm

Intermodulation intercept point (IP3) For two-tone input power 15 dBm
VCTL = 0/3 V 0.5–2.5 GHz 43 dBm
VCTL = 0/5 V 0.5–2.5 GHz 50 dBm

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.

Operating Characteristics at 25 °C (0, 3 V)
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V1 V2 J1–J2 J1–J3

0 VHigh Isolation Insertion loss

VHigh 0 Insertion loss Isolation

Truth Table

All other conditions not recommended.
VHIGH = 3 to 5 V.

Characteristic Value

RF input power 6 W > 500 MHz
0/7 V control

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

0.079 (2.00 mm)
± 0.008 (0.20 mm)

0.049 (1.25 mm)
± 0.004 (0.10 mm)

0.008 (0.20 mm)
± 0.004 (0.10 mm)

0.087 (2.20 mm)
± 0.008 (0.20 mm)

0.035 (0.90 mm)
± 0.004 (0.10 mm)

0.002 (0.005 mm)
± 0.002 (0.005 mm) 0.037 (0.95 mm)

± 0.006 (0.15 mm)

0.010 (0.25 mm)
± 0.006 (0.15 mm)

0.0055
(0.14 mm)
± 0.0015
(0.04 mm)

0.0256 (0.65 mm)
BSC

0.009 (0.23 mm) 
Ref

Pin 1 Indicator

SC-70 6-Lead

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AS216-339, AS216-339LF: GaAs SPDT IC 7 W T/R Switch
300 kHz–2.5 GHz

Features
● High isolation (30 dB @ 0.9 GHz)
● Designed for mobile radio applications
● P-1 dB = 10 W @ 0.9 GHz, 25 °C
● High intercept point (IP3 63 dBm,@ 0.9 GHz)
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS216-339 is a high-power IC FET SPDT switch in a plastic
SOIC-8 exposed paddle package. This switch has been designed
for use where extremely high linearity is required. It can be con-
trolled with positive, negative or a combination of both voltages.
Some standard implementations include antenna changeover,
T/R and diversity switching over 2 W. This switch can be used in
many analog and digital wireless communication systems
including cellular, GSM and PCS applications.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 300 kHz–0.5 GHz 0.7 0.8 dB
300 kHz–1.0 GHz 0.8 0.9 dB
300 kHz–2.5 GHz 1.0 1.1 dB

Isolation 300 kHz–0.5 GHz 32 34 dB
300 kHz–1.0 GHz 27 28 dB
300 kHz–2.5 GHz 19 20 dB

VSWR(3) 300 kHz–1.0 GHz 1.2:1 1.4:1 dB
300 kHz–2.5 GHz 1.5:1 1.7:1 dB

Electrical Specifications at 25 °C (0, -5 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Insertion loss state.

J1

V1V2

GND
CBL

CBL

CBL

GND

GND

J3

J2

1
2

3
4

8
7

6
5

Pin Out

External DC blocking capacitors (CBL) are required only if VHIGH > 0.0 V.
CBL = 100 pF for operation >500 MHz.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Typical Performance Data (0, -5 V)

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 6 ns
On, off 50% CTL to 90/10% RF 12 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 30 mV

Input power for 1 dB compression VCTL = 5 V 0.9 GHz 35 dBm
VCTL = 10 V 0.9 GHz 40 dBm

Intermodulation intercept point For two-tone input power 13 dBm
IP3 0.9 GHz 63 dBm

Thermal resistance 45 °C/W

Control voltages VLOW= -12 V ≤ VLOW ≤ 0 V, 500 µA max.
VHIGH= 0 V ≤ VHIGH ≤ 12 V, 500 µA max.
Differential = 5 V ≤ (VHIGH – VLOW) < 12 V

Operating Characteristics at 25 °C (0, -5 V)
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Input Power (dBm)

Compression at 900 MHz  25 °C
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Characteristic Value

RF input power 8 W > 0.9 GHz,
0, -12 V

Control voltage (VHIGH – VLOW) < 12 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

V1 V2 J1–J2 J1–J3

VLOW VHIGH Insertion loss Isolation

VHIGH VLOW Isolation Insertion loss

Truth Table

All other conditions not recommended.
VLOW = 0 to -12 V.
VHIGH = 0 to 12 V.
Differential = 5 V ≤ ( VHIGH– VLOW) < 12 V.
Refer to Application Notes for further information on differential voltage operation.

0.061 (1.55 mm)
± 0.005 (0.13 mm)

0.003 (0.08 mm)
± 0.002 (0.05 mm)

0.050
(1.27 mm)

BSC

Exposed
Pad

0.090
(2.29 mm)

0.090
(2.29 mm)

0.078
(1.98 mm)

0.097
(2.46 mm)

0.155 (3.94 mm)
+ 0.002 (0.05 mm)
- 0.005 (0.13 mm)

0.194 (4.93 mm)
+ 0.002 (0.05 mm)
- 0.005 (0.13 mm)

Pin 1
Indicator

0.016 (0.41 mm)
+ 0.0032 (0.080 mm)
- 0.080 (0.060 mm)

0.236 (5.99 mm)
+ 0.008 (0.21 mm)
- 0.006 (0.15 mm)

SOIC-8 Exposed Paddle

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AS338-12, AS338-12LF: GaAs IC SPDT Nonreflective Switch
300 kHz–2.5 GHz

Features
● Low DC power consumption
● High isolation (40 dB @ 0.9 GHz)
● Nonreflective
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS338-12 is a low-cost IC FET SPDT nonreflective switch in
a plastic SOIC-8 package for commercial applications. The switch
operates with -5, 0 V or 0, +5 V when “floated” as shown on the
following page. This general-purpose SPDT switch is used in var-
ious telecommunications applications.

1
2

3
4

8
7

6
5

VS

10 kΩ

J1

V1

V2

GND

J3
CBL

50
CBP

J2
CBL

CBP

GND

50

CBL

Pin Out

External components shown are for positive voltage operation only.
CBL = 100 pF, CBP = 1000 pF for operation >500 MHz.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion Loss(2) 300 kHz–0.5 GHz 0.5 0.7 dB
300 kHz–1.0 GHz 0.6 0.8 dB
300 kHz–2.0 GHz 0.7 0.9 dB
300 kHz–2.5 GHz 1.2 1.4 dB

Isolation 300 kHz–0.5 GHz 43 46 dB
300 kHz–1.0 GHz 36 39 dB
300 kHz–2.0 GHz 27 30 dB
300 kHz–2.5 GHz 23 26 dB

VSWR(3) 300 kHz–0.5 GHz 1.2:1 1.3:1
300 kHz–1.0 GHz 1.2:1 1.4:1
300 kHz–2.5 GHz 1.3:1 1.5:1

Electrical Specifications at 25 °C (0, -5 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Input/output.
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 8 ns
On, off 50% CTL to 90/10% RF 30 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 25 mV

Input power for 1 dB compression 0.5–2.5 GHz 28 dBm
0.05 GHz 23 dBm

Intermodulation intercept point For two-tone input power 5 dBm 0.5–2.5 GHz 46 dBm
0.05 GHz 40 dBm

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = -5 V @ 50 µA to -8 V @ 200 µA max.

Operating Characteristics at 25 °C (0, -5 V)
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0.049
(1.24 mm)

0.016
(0.41 mm)

0.016 Max.
(0.41 mm) x 
45˚ Chamfer

Pin 1

0.197 (5.00 mm)
0.189 (4.80 mm)

0.068
(1.73 mm) Max.

0.010 (0.25 mm)
0.004 (0.10 mm)

0.010 (0.25 mm)
0.007 (0.17 mm)

0.158 (4.00 mm)
0.150 (3.80 mm)

8˚
Max.

0.020 (0.51 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.050 (1.27 mm) BSC
Pin 8

Pin 1
Indicator

SOIC-8

Characteristic Value

RF input power 2 W > 500 MHz 0/-8 V 
0.5 W @ 50 MHz 0/-8 V 

Control voltage +0.2 V, -8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C 

Absolute Maximum Ratings

V1 V2 J1–J2 J1–J3

0 -5 Insertion loss Isolation

-5 0 Isolation Insertion loss

Truth Table
Negative Operation

Positive Operation(1)

V1 V2 J1–J2 J1–J3

VHIGH 0 Insertion loss Isolation

0 VHIGH Isolation Insertion loss

All other conditions not recommended.
VHIGH = 5 to 8 V (VS = VHIGH ± 0.2 V).
1. Refer to Application Notes for further information.

All other conditions not recommended.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AW002R2-12, AW002R2-12LF: GaAs SPDT IC 5 W T/R Switch
300 kHz–2.5 GHz

Features
● High isolation (30 dB @ 0.9 GHz)
● Designed for mobile radio applications
● P-1 dB = 10 W @ 0.9 GHz @ 25 °C
● High intercept point (IP3 63 dBm,@ 0.9 GHz)
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AW002R2-12 is a high-power IC FET SPDT switch in a
plastic SOIC-8 package. This switch has been designed for use
where extremely high linearity is required. It can be controlled
with positive, negative or a combination of both voltages. Some
standard implementations include antenna changeover, T/R and
diversity switching over 2 W. This switch can be used in many
analog and digital wireless communication systems including
cellular, GSM and PCS applications.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion Loss(2) 300 kHz–0.5 GHz 0.7 0.8 dB
300 kHz–1.0 GHz 0.8 0.9 dB
300 kHz–2.5 GHz 1.0 1.1 dB

Isolation 300 kHz–0.5 GHz 33 37 dB
300 kHz–1.0 GHz 28 30 dB
300 kHz–2.5 GHz 20 22 dB

VSWR(3) 300 kHz–1.0 GHz 1.2:1 1.4:1 dB
300 kHz–2.5 GHz 1.5:1 1.7:1 dB

Electrical Specifications at 25 °C (0, -5 V)

J1

V1V2

GND
CBL

CBL

CBL

GND

GND

J3

J2

1
2

3
4

8
7

6
5

Pin Out

External DC blocking capacitors (CBL) are required only if VHIGH > 0.0 V.
CBL = 100 pF for operation >500 MHz.

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Insertion loss state.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Typical Performance Data (0, -5 V)

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 6 ns
On, off 50% CTL to 90/10% RF 12 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 30 mV

Input Power for 1 dB compression VCTL = 5 V 0.9 GHz 35 dBm
VCTL = 10 V 0.9 GHz 40 dBm

Intermodulation intercept point For two-tone input power 13 dBm 0.9 GHz 63 dBm

Thermal resistance 60 °C/W

Control voltages VLOW = -12 V ≤ VLOW ≤ 0 V, 500 µA max.
VHIGH = 0 V ≤ VHIGH ≤ 12 V, 500 µA max.
Differential = 5 V ≤ (VHIGH– VLOW) < 12 V

Operating Characteristics at 25 °C (0, -5 V)
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Characteristic Value

RF input power 5 W > 0.9 GHz,
0, -12 V

Control voltage (VHIGH – VLOW) < 12 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

V1 V2 J1–J2 J1–J3

VLOW VHIGH Insertion loss Isolation

VHIGH VLOW Isolation Insertion loss

Truth Table

All other conditions not recommended.
VLOW = 0 to -12 V.
VHIGH = 0 to 12 V.
Differential = 5 V ≤ (VHIGH– VLOW) < 12 V.
Refer to Application Notes for further information on differential voltage operation.

0.049
(1.24 mm)

0.016
(0.41 mm)

0.016 Max.
(0.41 mm) x 
45˚ Chamfer

Pin 1

0.197 (5.00 mm)
0.189 (4.80 mm)

0.068
(1.73 mm) Max.

0.010 (0.25 mm)
0.004 (0.10 mm)

0.010 (0.25 mm)
0.007 (0.17 mm)

0.158 (4.00 mm)
0.150 (3.80 mm)

8˚
Max.

0.020 (0.51 mm) Max.

0.244 (6.20 mm)
0.228 (5.80 mm)

0.050 (1.27 mm) BSC
Pin 8

Pin 1
Indicator

SOIC-8

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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SKY13270-92LF: GaAs SPDT Switch
100 MHz–2.5 GHz

PRELIMINARY DATA SHEET

Features
● Broadband: 100 MHz–2.5 GHz
● Very low insertion loss: 0.35 dB typical @ 900 MHz
● High isolation: 24 dB typical @ 900 MHz
● P0.1 dB: 37 dBm typical @ 3 V
● Low current consumption: <100 µA @ 3 V
● Miniature SC-70 6-lead package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Functional Block Diagram 

J1

J2

J3

V1

V2

Description
The SKY13270-92LF is a PHEMT GaAs FET IC high-linearity SPDT
switch. This wideband switch has been designed for use from
100 MHz to 2.5 GHz, where extremely high linearity, low control
voltage, high isolation, low insertion loss, and ultraminiature
package size are required. It can be controlled with positive,
negative, or a combination of both voltages. The RF signal paths
within the SKY13270-92 are fully bilateral.

Some standard implementations include T/R switching and 
diversity switching over 3 W. The SKY13270-92LF switch can be
used in many analog and digital wireless communication systems
including cellular, GSM and UMTS applications.

Switching is controlled via two control voltage inputs. Depending
upon the voltage level applied to the control voltage pins, the
common RF port (J1) is connected to one of two RF ports (J2 or
J3) via a low insertion loss path, while the path between J1 and
the other RF port is in its isolation state. When the control volt-
ages are toggled, the states between J1 and J2, as well as J1 and
J3, are also toggled.

This part is available in a lead (Pb)-free, 6-lead SC-70 package
which is RoHS-compliant.

An evaluation board is available upon request.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW



V1 V2 J1–J2 J1–J3

VLOW VHIGH Isolation Insertion loss

VHIGH VLOW Insertion loss Isolation

Truth Table

2.5 V ≤ VHIGH ≤ 5 V, 0 ≤ VLOW ≤ 0.2 V.
All other conditions not recommended.

Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
August 15, 2006  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  200128 Rev. C

PRELIMINARY DATA SHEET  •  SKY13270-92LF 

2

Parameter Frequency Min. Typ. Max. Unit

Insertion loss 0.1–0.5 GHz 0.30 0.4 dB
0.5–1.0 GHz 0.35 0.5 dB
1.0–2.0 GHz 0.45 0.6          dB
2.0–2.5 GHz 0.55 0.7          dB

Isolation 0.1–0.5 GHz 28 30 dB
0.5–1.0 GHz 22 24 dB
1.0–2.0 GHz 17 19 dB
2.0–2.5 GHz 15 17 dB

VSWR 0.1–1.0 GHz 1.2:1
1.0–2.5 GHz 1.3:1

Electrical Specifications

VCTL = 0 V/3 V, T = 25 °C, PINPUT = 0 dBm, Z0 = 50 Ω, unless otherwise noted

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 0/90% or 90/10% RF 60 ns
On, off 50% CTL to 90/10% RF 100 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

Input power for -0.1 dB compression 900 MHz 37 dBm

Second, third harmonics PIN = 34.5 dBm, fIN = 900 MHz -65 dBc

Thermal resistance 25 °C/W

Control voltages VLOW = 0 @ 20 µA max.
VHIGH = 2.5 V @ 100 µA max. to 5 V @ 200 µA max.

Operating Characteristics

VCTL = 0 V/3 V, T = 25 °C, PINPUT = 0 dBm, Z0 = 50 Ω, unless otherwise noted

Characteristic Value

Control voltage range -0.2 ≤ VC ≤ 8 V

RF input power @ 0/5 V 6 W, f > 900 MHz

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Typical Performance Data

T = 25 °C, Z0 = 50 Ω, unless otherwise noted
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CBL

CBL

V1

J1

V2

J2

GND

J3

CBL

1
2
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6
5
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Pin Out

DC blocking capacitors (CBL) must be supplied externally.
CBL = 100 pF for operating frequency >500 MHz.

0.079 (2.00 mm)
± 0.008 (0.20 mm)

0.049 (1.25 mm)
± 0.004 (0.10 mm)

0.008 (0.20 mm)
± 0.004 (0.10 mm)

0.087 (2.20 mm)
± 0.008 (0.20 mm)

0.035 (0.90 mm)
± 0.004 (0.10 mm)

0.002 (0.005 mm)
± 0.002 (0.005 mm) 0.037 (0.95 mm)

± 0.006 (0.15 mm)

0.010 (0.25 mm)
± 0.006 (0.15 mm)

0.0055
(0.14 mm)
± 0.0015
(0.04 mm)

0.0256 (0.65 mm)
BSC

0.009 (0.23 mm) 
Ref

Pin 1 Indicator

SC-70 Package Outline 

Pin Number Pin Name Description

1 J2 RF Input/Output – RF input/output port which is either connected to J1 via a low insertion loss path or isolated from J1,
according to the logic voltage levels applied to V1 and V2

2 GND Equipotential Point – Internal circuit common, which must be connected to the pcb ground or common via the lowest 
possible impedance

3 J3 RF Input/Output – RF input/output port which is either connected to J1 via a low insertion loss path or isolated from J1,
according to the logic voltage levels applied to V1 and V2

4 V2 Control Voltage 2 – Control voltage input #2. The logic voltage level applied to this pin, along with the voltage level applied to
V1 (pin 6), determines the states of the RF paths between J1–J2 and J1–J3

5 J1 RF Common Input/Output – RF common input/output port which is either connected to J2 or to J3 via a low insertion loss and
isolated from the other RF port, according to the logic voltage levels applied to V1 and V2

6 V1 Control Voltage 1 – Control voltage input #1. The logic voltage level applied to this pin, along with the voltage level applied to
V2 (pin 4), determines the states of the RF paths between J1–J2 and J1–J3

Pin Descriptions

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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SKY13278-313LF: GaAs SPDT Switch 100 MHz–2.5 GHz
DATA SHEET

Features
● Broadband: 100 MHz–2.5 GHz
● Very low insertion loss: 0.4 dB typ. @ 900 MHz
● High isolation: 26 dB typ. @ 900 MHz
● Low current consumption: <100 µA @ 3 V
● Miniature QFN-6 2 x 3 mm package
● Lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C per
JEDEC J-STD-020

Function Block Diagram

V1

J1

V2

J2

J3

Description
The SKY13278-313LF is a pHEMT GaAs FET IC high linearity SPDT
switch. This wideband switch has been designed for use from
100 MHz to 2.5 GHz, where extremely high linearity, low control
voltage, high isolation, low insertion loss and ultra-miniature
package size are required. It can be controlled with positive,
negative or a combination of both voltages. The RF signal paths
within the SKY13278-313LF are fully bilateral.

Some standard implementations include T/R switching and diver-
sity switching over 3 W. The SKY13278-313LF switch can be used
in many analog and digital wireless communication systems
including cellular, GSM and UMTS applications.

Switching is controlled via two control voltage inputs. Depending
upon the voltage level applied to the control voltage pins, the

common RF port (J1) is connected to one of two RF ports (J2 or J3)
via a low insertion loss path, while the path between J1 and the
other RF port is in its isolation state. When the control voltages are
toggled, the states between J1 and J2, as wells as J1 and J3, are
also toggled.

The SKY13278-313LF is available in a lead(Pb)-free, RoHS-com-
pliant, QFN-6 2 x 3 mm plastic package.

An evaluation board is available upon request.

Parameter Frequency Min. Typ. Max. Unit

Insertion loss 0.1–0.5 GHz 0.40 0.5 dB
0.5–1.0 GHz 0.40 0.5 dB
1.0–2.0 GHz 0.45 0.6 dB
2.0–2.5 GHz 0.55 0.7 dB

Isolation 0.1–0.5 GHz 29 32 dB
0.5–1.0 GHz 23 26 dB
1.0–2.0 GHz 17 20 dB
2.0–2.5 GHz 15 18 dB

Return loss (insertion loss state) 0.1–0.5 GHz 20 dB
Lower frequency return loss is dependent on DC blocks 1.0–2.0 GHz 20 dB

Electrical Specifications

VCTL = 0/3 V, T = 25 °C, PINPUT = 0 dBm, Z0 = 50 Ω unless otherwise noted

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Insertion Loss vs. Frequency
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Typical Performance Data

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 650 ns
On, off 50% CTL to 90/10% RF 800 ns

Input power for 0.1 dB compression 900 MHz 40 dBm

Second, third harmonics PIN = 34.5 dBm, fIN = 900 MHz -75 dBc

Second, third harmonics PIN =32 dBm, fIN= 1800 MHz -70 dBc

Blocker performance T1 = 1950 MHz @ 20 dBm -105 dBm
T2 = 1760 MHz @ -15 dBm
IMD3 measured at 2140 MHz

Thermal resistance 45 °C/W

Control voltages VLOW = 0 V @ 20 µA maximum
VHIGH = 2.8 V @ 100 µA maximum to 5 V @ 200 µA maximum

Operating Characteristics

VCTL = 0/3 V, T = 25 °C, PINPUT = 0 dBm, Z0 = 50 Ω unless otherwise noted
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V1 V2 J1–J2 J1–J3
VLOW VHIGH Isolation Insertion loss

VHIGH VLOW Insertion loss Isolation

VLOW VLOW Not recommended(1)

VHIGH VHIGH Not recommended(1)

Truth Table

2.8 V < VHIGH < 5 V , 0 < VLOW < 0.2 V.
1. Switch is in an undefined state.

Second and Third Harmonics vs. Control Voltage
FIN = 1800 MHz PIN = 32 dBm

VCTL (V)

H2
,H

3
(d

Bc
)

40

45

50

55

60

65

70

75

80

85

90

2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0

2nd

3rd

Blocker Performance vs. Phase
f1 = 1950 MHz, PIN = +20 dBm 
f2 = 1760 MHz, PIN = -15 dBm

Blocker Measured at 2140 MHz
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Characteristic Value

RF input power @ 5 V 10 W, f > 900 MHz @ 25 °C

Control voltage -0.2 < V1, V2 < 8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Pin Out
Pin Number Pin Name Description

1 J2 RF Input/Output – RF input/output port which is
either connected to J1 via a low insertion loss
path or isolated from J1, according to the logic
voltage levels applied to V1 and V2.

2 GND Equipotential Point – Internal circuit common,
which must be connected to the pcb ground or
common via the lowest possible impedance.

3 J3 RF Input/Output – RF input/output port which is
either connected to J1 via a low insertion loss
path or isolated from J1, according to the logic
voltage levels applied to V1 and V2.

4 V2 Control Voltage 2 – Control voltage input #2. The
logic voltage level applied to this pin, along with
the voltage level applied to V1 (pin 6), determines
the states of the RF paths between J1–J2 and
J1–J3.

5 J1 RF Common Input/Output – RF common input/
output port which is either connected to J2 or to
J3 via a low insertion loss and isolated from the
other RF port, according to the logic voltage lev-
els applied to V1 and V2.

6 V1 Control Voltage 1 – Control voltage input #1. The
logic voltage level applied to this pin, along with
the voltage level applied to V2 (pin 4), determines
the states of the RF paths between J1–J2 and
J1–J3.

Pin Descriptions

12˚ Max.
3

2

1

0.118
(3.00 mm)

BSC

0.35 ± 0.08 mm

0.05 ± 0.05

0.29 x 0.35

0.039
(1.00 mm) Max.

0.001
(0.025 mm)

± 0.001
(0.025 mm)

Top View Side View

Bottom View

6

5

4

0.078 (2.00 mm)
BSC

3

2

1
6

5

4

1.02

0.95 BSC
0.64 BSC

Pin 1
Indicator

QFN-6
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Item Description Comments

C1, C2, C3 DC Blocking Capacitor, 47 pF 0402

J1, J2, J3 SMA Connector, Edge Mount

U1 SKY13278-313

Printed Circuit Board Skyworks SK39990

Evaluation Board
The evaluation board for the SKY13278-313 allows the switch to
be fully exercised. The RF common port is marked “J1”, and the
two switched RF ports are marked “J2” and “J3”. All of the RF
ports have SMA connectors mounted. The control voltage inputs
are marked “V1” and “V2”.

The printed circuit board material is FR4. The RF dielectric layer
is 0.012 inches thick, ½ oz. copper. The RF transmission lines are
each 50 Ω (nominal) microstrip.

There are three DC blocking capacitors on the board, C1, C2 and
C3, each of which is in series with one of the RF ports. These
capacitors are 47 pF. For improved insertion loss at signal fre-
quencies below approximately 500 MHz these capacitors should
be replaced with larger capacitance capacitors, such as 1000 pF.

J1

J2

J3

C2

C1

C3

V2

V1

J1

J2

J3

C2

C1

C3

U1

V1

V2
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AS193-73, AS193-73LF: PHEMT GaAs IC High-Linearity 3 V 
Control SPDT Switch 0.1–2.5 GHz

DATA SHEET

Features
● 2.5 to 5 V linear operation
● Harmonics H2, H3 > 65 dBc @ PIN = 34.5 dBm
● Low insertion loss (0.35 dB @ 0.9 GHz)
● High isolation (24 dB @ 0.9 GHz)
● Ultraminiature SOT-6 package
● PHEMT process
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS193-73 is a PHEMT GaAs FET IC high-linearity SPDT
switch in a SOT-6 plastic package. This switch has been
designed for use where extremely high linearity, low control
voltage, high isolation, low insertion loss and ultraminiature
package size are required. It can be controlled with positive,
negative or a combination of both voltages. Some standard
implementations include antenna changeover, T/R and diversity
switching over 3 W. The AS193-73 switch can be used in many
analog and digital wireless communication systems including 
cellular, GSM and UMTS applications.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

CBL

CBL

V1

J1

V2

J2

GND

J3

CBL

1
2

3

6
5

4

Pin Out

DC blocking capacitors (CBL) must be supplied externally.
CBL = 100 pF for operating frequency >500 MHz.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 0.1–0.5 GHz 0.30 0.4 dB
0.5–1.0 GHz 0.35 0.5 dB
1.0–2.0 GHz 0.45 0.6          dB
2.0–2.5 GHz 0.55 0.7          dB

Isolation 0.1–0.5 GHz 28 30 dB
0.5–1.0 GHz 22 24 dB
1.0–2.0 GHz 17 19 dB
2.0–2.5 GHz 15 17 dB

VSWR(3) 0.1–1.0 GHz 1.2:1 dB
1.0–2.5 GHz 1.3:1 dB

Electrical Specifications at 25 °C (0, 3 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Insertion loss state.

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 60 ns
On, off 50% CTL to 90/10% RF 100 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

Input power for -0.1 dB compression VCTL = 0/3 V 0.9 GHz 37 dBm

Harmonics H2, H3 PIN = 34.5 dBm 0.9 GHz -65 dBc

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 2.5 V @ 100 µA max. to 5 V @ 200 µA max.

Operating Characteristics at 25 °C (0, 3 V)
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V1 V2 J1–J2 J1–J3

0 VHIGH Isolation Insertion loss

VHIGH 0 Insertion loss Isolation

Truth Table

All other conditions not recommended.
VHIGH = 2.5 to 5 V.

Characteristic Value

RF input power 6 W max. > 900 MHz,
0/5 V control

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

SOT-6
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
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SKY13290-313LF: PHEMT 10 W SPDT Switch
500 MHz–2.5 GHz

DATA SHEET

Features
● Broadband: 500 MHz–2.5 GHz
● Very low insertion loss: 0.4 dB typ. @ 900 MHz
● High isolation: 26 dB typ. @ 900 MHz
● High input power compression: 0.1 dB at > 40 dBm
● Low current consumption: <100 µA @ 3 V
● Miniature QFN-6 2 x 3 mm package
● Lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C per
JEDEC J-STD-020

Description
The SKY13290-313LF is a PHEMT IC high-power SPDT switch.
This high-power switch has been designed for use from
500 MHz–2.5 GHz, where low loss, high isolation, low control
voltage and ultraminiature package size are required. It can be
controlled with positive, negative or a combination of both
voltages. The RF signal paths within the SKY13290-313LF
are fully bilateral.

Some standard implementations include T/R switching for
telematic applications at elevated power levels.

Switching is controlled via two control voltage inputs. Depending
upon the voltage level applied to the control voltage pins, the
common RF port (J1) is connected to one of two RF ports (J2
or J3) via a low insertion loss path, while the path between J1
and the other RF port is in its isolation state. When the control
voltages are toggled, the states between J1 and J2, as well as
J1 and J3, are also toggled.

The SKY13290-313LF is available in a lead (Pb)-free,
RoHS-compliant, QFN-6 2 x 3 mm plastic package.

An evaluation board is available upon request.

V1

J1

V2

J2

J3

Functional Block Diagram

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics:
Rise/fall time 10/90% or 90/10% RF 650 ns
On/off time 50% VCTL to 90/10% RF 800 ns

Input power for 0.1 dB compression 900 MHz 40.5 dBm

Thermal resistance 45 °C/W

Control voltage VLOW = 0 V @ 20 µA maximum
VHIGH = 2.7 V @ 100 µA maximum to 10 V @ 200 µA maximum

Operating Characteristics at 25 °C

VCTRL = 0/3 V, T = 25°C, PINPUT = 0 dbm, ZO = 50 Ω, unless otherwise noted

Parameter Frequency Min. Typ. Max. Unit

Insertion loss 0.5–1.0 GHz 0.40 0.5 dB
1.0–2.0 GHz 0.45 0.6 dB
2.0–2.5 GHz 0.55 0.7 dB

Isolation 0.5–1.0 GHz 23 26 dB
1.0–2.0 GHz 17 20 dB
2.0–2.5 GHz 15 18 dB

Return loss(1) 0.5–1.0 GHz 20 dB
1.0–2.5 GHz 20 dB

Electrical Specifications at 25 °C

VCTRL = 0/3 V, T = 25°C, PINPUT = 0 dbm, ZO = 50 Ω, unless otherwise noted

1. Return loss state. Lower frequency return loss is dependent on value of the DC blocks.
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Typical Performance Data

ZO = 50 Ω, VCTRL = 0/3 V, unless otherwise noted
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V1 V2 J1–J2 J1–J3
VLOW VHIGH Isolation Insertion loss

VHIGH VLOW Insertion loss Isolation

VLOW VLOW Not recommended(1)

VHIGH VHIGH Not recommended(1)

Truth Table

Pin Number Pin Name Description

1 J2 RF Input/Output – RF input/output port which is
either connected to J1 via a low insertion loss
path or isolated from J1, according to the logic
voltage levels applied to V1 and V2.

2 GND Equipotential Point – Internal circuit common,
which must be connected to the pcb ground or
common via the lowest possible impedance.

3 J3 RF Input/Output – RF input/output port which is
either connected to J1 via a low insertion loss
path or isolated from J1, according to the logic
voltage levels applied to V1 and V2.

4 V2 Control Voltage 2 – Control voltage input #2. The
logic voltage level applied to this pin, along with
the voltage level applied to V1 (pin 6), determines
the states of the RF paths between J1–J2 and
J1–J3.

5 J1 RF Common Input/Output – RF common input/
output port which is either connected to J2 or to
J3 via a low insertion loss and isolated from the
other RF port, according to the logic voltage lev-
els applied to V1 and V2.

6 V1 Control Voltage 1 – Control voltage input #1. The
logic voltage level applied to this pin, along with
the voltage level applied to V2 (pin 4), determines
the states of the RF paths between J1–J2 and
J1–J3.

Pin Descriptions

2.7 V < VHIGH < 10 V, 0 < VLOW < 0.2 V.
1. Switch in undefined state.

Characteristic Value

Control voltage range 0 ≤ VC ≤ 10 V

RF input power 43.5 dBm, f > 900 MHz

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

QFN-6

12˚ Max.
3

2

1

0.118
(3.00 mm)

BSC

0.35 ± 0.08 mm

0.05 ± 0.05

0.29 x 0.35

0.039
(1.00 mm) Max.

0.001
(0.025 mm)

± 0.001
(0.025 mm)

Top View Side View

Bottom View

6

5

4

0.078 (2.00 mm)
BSC

3

2

1
6

5

4

1.02

0.95 BSC
0.64 BSC

Pin 1
Indicator

CBL

CBL

V1

J1

V2

J2

GND

J3

CBL

3

2

1 6

5

4

Pin Out (Top View)

DC blocking capacitors (CBL) must be supplied externally.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.
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Item Description Comments

C1, C2, C3 DC Blocking Capacitor, 47 pF 0402

J1, J2, J3 SMA Connector, Edge Mount

U1 SKY13290-313

Printed Circuit Board Skyworks SK39990

Evaluation Board
The evaluation board for the SKY13290-313 allows the switch to
be fully exercised. The RF common port is marked “J1”, and the
two switched RF ports are marked “J2” and “J3”. All of the RF
ports have SMA connectors mounted. The control voltage inputs
are marked “V1” and “V2”.

The printed circuit board material is Rogers 4003. The RF
dielectric layer is 0.012 inches thick, ½ oz. copper. The RF
transmission lines are each 50 Ω (nominal) microstrip.

There are three DC blocking capacitors on the board, C1, C2 and
C3, each of which is in series with one of the RF ports. These
capacitors are 47 pF. For improved insertion loss at signal fre-
quencies below approximately 500 MHz these capacitors should
be replaced with larger capacitance capacitors, such as 1000 pF.

J1

J2

J3

C2

C1

C3

V2

V1

J1

J2

J3

C2

C1

C3

U1

V1

V2
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AS176-59, AS176-59LF: GaAs IC High-Isolation Positive
Control SPDT Switch 300 kHz–3 GHz

DATA SHEET

Features
● Positive voltage control (0/3 to 5 V)
● High isolation (50 dB @ 0.9, 1.9 GHz)
● Low DC power consumption
● Ideal for cellular, GSM, DCS,PCS, 3G and 2.4 GHz ISM
applications

● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The AS176-59 is a GaAs FET IC SPDT switch packaged in an
MSOP-8 plastic package for low-cost, high-isolation commercial
applications. It is an ideal building block for base station dual-
band applications where synthesizer isolation is critical. Use in
conjunction with the AS165-59 SPST switch to meet GSM
synthesizer isolation requirements.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

J2

J1

V1

V2

N/C

GND

GND
CBL

CBL

J3

CBL

1
2

3
4

8
7

6
5

CBL = 47 pF.

Pin Out

Parameter(1) Condition Frequency Min. Typ. Max. Unit

Insertion loss(2) 300 kHz–1.0 GHz 0.7 0.9 dB
300 kHz–2.0 GHz 0.8 1.0 dB
300 kHz–2.5 GHz 0.8 1.1 dB
300 kHz–3.0 GHz 0.9 1.2 dB

Isolation(3) J1–J2/J1–J3 300 kHz–1.0 GHz 45/50 50/55 dB
J1–J2/J1–J3 300 kHz–2.0 GHz 41/38 45/42 dB

300 kHz–2.5 GHz 29 34 dB
300 kHz–3.0 GHz 22 27 dB

Isolation(4) J1–J2/J1–J3 300 kHz–1.0 GHz 45/50 50/55 dB
300 kHz–2.0 GHz 47 52 dB
300 kHz–2.5 GHz 36 40 dB
300 kHz–3.0 GHz 30 35 dB

VSWR(5) 300 kHz–2.0 GHz 1.3:1 1.5:1
300 kHz–3.0 GHz 1.5:1 1.8:1

Electrical Specifications at 25 °C (0, 3 V), (0, 5 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Pin 4: N/C.
4. Pin 4: GND.
5. Insertion loss state.
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 60 ns
On, off 50% CTL to 90/10% RF 100 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

Intermodulation intercept point (IP3) Two-tone input power 5 dBm
VCTL = 3 V 0.5–3 GHz 41 dBm
VCTL = 5 V 0.5–3 GHz 45 dBm

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.

Operating Characteristics at 25 °C (0, 5 V)
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V1 V2 J1–J2 J1–J3

0 VHIGH Isolation Insertion loss

VHIGH 0 Insertion loss Isolation

Truth Table

All other conditions not recommended.
VHIGH = 3 V to 5 V.

Characteristic Value

RF input power 1 W max. for f > 500 MHz
100 mW for f < 500 MHz

VCTL = 0/8 V

Supply voltage 8 V

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

MSOP-8

Detail A

0.022 (0.55 mm)
± 0.006 (0.150 mm)

0–6°

8–16°

A

A

Gauge Plane

Seating Plane

0–6°

0.010 (0.25 mm) R 0.006 (0.15 mm) Typ.

Section A-A

With Lead Finish

Base Metal
0.010 (0.25 mm) Min.
0.016 (0.40 mm) Max.

0.010 (0.25 mm) Min.
0.014 (0.35 mm) Max.

0.005 (0.13 mm) Min.
0.007 (0.18 mm) Max.

0.005 (0.13 mm) Min.
0.009 (0.23 mm) Max.

See Detail A

Pin 8

Pin 1
Identifier

0.193 ± 0.006
(4.90 ± 0.15 mm)

Pin 1

0.118 (3.00 mm)
± 0.006 (0.15 mm)

0.118 ± 0.006
(3.00 ± 0.15 mm)

0.0196 (0.498 mm)
± 0.0003 (0.008 mm)

0.034 (0.86 mm)
± 0.004 (0.10 mm) 0.043 (1.10 mm) Max.

0.013 (0.33 mm) Ref.

0.0256 (0.65 mm) BSC

0.002 (0.05 mm) Min.
0.006 (0.15 mm) Max.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.
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AS177-86, AS177-86LF: GaAs IC High-Isolation Positive
Control SPDT Switch 300 kHz–3.0 GHz

DATA SHEET

Features
● Positive voltage control (0/3, 5 V)
● High isolation (50 dB @ 0.9, 1.9 GHz)
● Low DC power consumption
● Ideal for GSM, PCS, 3G and ISM 2.4 GHz applications
● Miniature low-cost MSOP-10 plastic package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS177-86 is a GaAs FET IC SPDT switch packaged in an
MSOP-10 plastic package for low-cost, high-isolation commercial
applications. It is an ideal building block for base station dual-
band applications where synthesizer isolation is critical. Use in
conjunction with the AS165-59 SPST switch to meet GSM 
synthesizer isolation requirements.

Parameter(1) Condition Frequency Min. Typ. Max. Unit

Insertion loss(2) 300 kHz–1.0 GHz 0.7 0.85 dB
1.0–2.0 GHz 0.8 1 dB
2.0–3.0 GHz 0.9 1.2 dB

Isolation J1–J2/J1–J3 300 kHz–2.0 GHz 44/50 48/55 dB
J1–J2/J1–J3 2.0–2.5 GHz 41/44 46/50 dB

2.5–3.0 GHz 34 40

VSWR(3) 300 kHz–3.0 GHz 1.3:1 1.5:1

Electrical Specifications at 25 °C (0, 3 V), (0, 5 V)

J2
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V1

V2

GND

GND

GND

GND

GNDCBL

CBL

J3

CBL

1

10

2 9

3 8

4 7

5 6

CBL = 47 pF for operation >500MHz.

Pin Out

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Insertion loss state.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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Typical Performance Data (0, 5 V)

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 50 ns
On, off 50% CTL to 90/10% RF 100 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 25 mV

Input power for 1 dB compression VCTL = 3 V 0.5–3.0 GHz 21 dB
VCTL = 5 V 0.5–3.0 GHz 27 dB

Intermodulation intercept point (IP3) Two-tone input power 5 dBm
VCTL = 3 V 0.5–3.0 GHz 41 dBm
VCTL = 5 V 0.5–3.0 GHz 45 dBm

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.

Operating Characteristics at 25 °C (0, 5 V)



DATA SHEET  •  AS177-86, AS177-86LF

3
Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
200175 Rev. C  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  August 9, 2006

V1 V2 J1–J2 J1–J3

0 VHIGH Isolation Insertion loss

VHIGH 0 Insertion loss Isolation

Truth Table

All other conditions not recommended.
VHIGH = 3 V to 5 V.

Characteristic Value

RF input power 1 W max. for f > 500 MHz
100 mW for f < 500 MHz

VCTL = 0/8 V

Supply voltage 8 V

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

MSOP-10
Pin 10

Pin 1

Pin 1
Indicator

0.034
(0.86 mm)
± 0.004

(0.10 mm)

0.118 (3.00 mm) 
± 0.006 (0.15 mm)

0.193
(4.90 mm) 

± 0.006
(0.15 mm)

0˚–6˚

8˚–16˚

0.118 (3.00 mm)
± 0.006 (0.15 mm)

0.022 (0.55 mm)
± 0.006 (0.15 mm)0.006 (0.15 mm)  Max.

0.002 (0.05 mm) Min.

0.0197
(0.500 mm)

BSC

0.009 (0.23 mm)
Ref.

0.043
(1.09 mm) 

Max.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.
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http://www.skyworksinc.com/products_display_item.asp?did=2122 


Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
200176 Rev. C  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  August 2, 2006 1

AS179-92, AS179-92LF: PHEMT GaAs IC SPDT Switch 
300 kHz–3 GHz

DATA SHEET

Features
● P1 dB 30 dBm typical @ 3 V
● IP3 43 dBm typical @ 3 V
● Low insertion loss (0.3 dB @ 0.9 GHz)
● Low DC power consumption
● Ultraminiature SC-70 6-lead package
● PHEMT process
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Applications
● General-purpose medium-power switches in 

telecommunication applications
● T/R switches in 802.11b, g WLAN BluetoothTM systems

Description
The AS179-92 is an IC FET SPDT switch in a low-cost miniature
SC-70 6-lead plastic package. The AS179-92 features low 
insertion loss and positive voltage operation with very low DC
power consumption. This general-purpose switch can be used 
in a variety of telecommunications applications.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 300 kHz–1 GHz 0.3 0.4 dB
1–2 GHz 0.4 0.5 dB
2–3 GHz 0.4 0.6 dB

Isolation 300 kHz–1 GHz 22 25 dB
1–2 GHz 22 25 dB
2–3 GHz 20 23 dB

VSWR(3) 300 kHz–1 GHz 1.2:1 1.4:1
1–2 GHz 1.2:1 1.4:1
2–3 GHz 1.3:1 1.45:1

Electrical Specifications at 25 °C (0, 3 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Insertion loss state.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Pin Out

1
2

3

6
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4

J1GND
CBL

CBL

CBL
J2

J3

V1

V2

DC blocking capacitors (CBL) must be supplied externally for positive voltage operation.
CBL = 100 pF for operation >500 MHz.

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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Typical Performance Data (0, 3 V)

Insertion Loss vs. Frequency
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 10 ns
On, off 50% CTL to 90/10% RF 100 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 25 mV

Input power for 1 dB compression VCTL = 0/3 V 0.5–3 GHz 30 dBm
VCTL = 0/5 V 0.5–3 GHz 34 dBm

Intermodulation intercept point (IP3) For two-tone input power +5 dBm
VCTL = 0/3 V 0.5–3 GHz 43 dBm
VCTL = 0/5 V 0.5–3 GHz 50 dBm

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.

Operating Characteristics at 25 °C (0, 3 V)
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Characteristic Value

RF input power 6 W max. for f > 500 MHz
500 mW for f < 500 MHz

VCTL = 0/7 V

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings
V1 V2 J1–J2 J1–J3

VHIGH 0 Isolation Insertion loss

0 VHIGH Insertion loss Isolation

Truth Table

All other conditions not recommended.
VHIGH = 3 to 5 V.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

0.079 (2.00 mm)
± 0.008 (0.20 mm)

0.049 (1.25 mm)
± 0.004 (0.10 mm)

0.008 (0.20 mm)
± 0.004 (0.10 mm)

0.087 (2.20 mm)
± 0.008 (0.20 mm)

0.035 (0.90 mm)
± 0.004 (0.10 mm)

0.002 (0.005 mm)
± 0.002 (0.005 mm) 0.037 (0.95 mm)

± 0.006 (0.15 mm)

0.010 (0.25 mm)
± 0.006 (0.15 mm)

0.0055
(0.14 mm)
± 0.0015
(0.04 mm)

0.0256 (0.65 mm)
BSC

0.009 (0.23 mm) 
Ref

Pin 1 Indicator

SC-70 6-Lead

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.
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AS179-000: GaAs SPDT Switch 
300 kHz–3 GHz Medium Power

PRELIMINARY DATA SHEET

Features
● Broadband: 300 kHz–3 GHz
● Low insertion loss: 0.3 dB @ 900 MHz
● High isolation: 25 dB @ 900 MHz
● P1 dB: 30 dBm @ 3 V control voltage
● IP3: 43 dBm @ 3 V control voltage
● Low DC power consumption
● 100% RF tested in die form
● Lead (Pb)-free, RoHS-compliant, and Green
● ESD Class 1A

Applications
● General-purpose medium-power switch in telecommunication

applications
● Transceiver transmit-receive switch in 802.11b/g WLAN,

etc., systems

Description
The AS179-000 is a monolithic SPDT switch, fabricated 
using Skyworks proprietary GaAs PHEMTs as the switching 
elements. This wideband switch operates with RF signals from 
300 kHz–3 GHz. The RF signal paths within the AS179-000 are
bilateral. The J1 and J2 RF input/output terminals are reflective.

Switching is controlled via a pair of high impedance control
voltage inputs. Depending upon the logic voltage level applied
to the control voltage pins, the common RF pin (J1) is con-
nected to one of two switched RF pins (J2 or J3) via a low
insertion loss path, while the path between the RF common 
and the other RF pin is in its high-isolation state.

DC power consumption is very low, 100 µA nominal with control
voltage of 3 V. The switch can operate over the temperature
range of -40° C to +85° C.

DC blocks required on all RF ports for positive control voltage operation. 

RF1

RF2

Ground

Control
Voltage 1

Control
Voltage 2

RF
Common

J1

J2

J3

V1

V2

CBL

CBL

CBL

Functional Block Diagram

Characteristic Value

RF input power (VCTL 0 V/7 V) 6 W, f > 500 MHz
2 W, 100 > f > 500 MHz
315 mW, f = 300 kHz(1)

Control voltage range -0.2 V ≤ VC ≤ +8 V

Operating temperature range -40 °C to +85 °C

Storage temperature range -40 °C to +150 °C

Absolute Maximum Ratings

1. Derate linearly for 300 kHz < f < 100 MHz.
Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Skyworks Green products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW
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Parameter Frequency Min. Typ. Max. Unit

Insertion loss 300 kHz–1 GHz 0.30 0.4 dB
1–2 GHz 0.30 0.4 dB
2–3 GHz 0.35 0.5 dB

Isolation 300 kHz–1 GHz 22 25 dB
1–2 GHz 20 22 dB
2–3 GHz 20 22 dB

VSWR(1) 300 kHz–3 GHz 1.1:1 1.3:1

Electrical Specifications at 25 °C

VCTL = 0 V/3 V, T = 25 °C, PINPUT = 0 dBm, ZO = 50 Ω, unless otherwise noted

1. Insertion loss state.

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 10 ns
On, off 50% CTL to 90/10% RF 20 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 25 mV

Input power for 1 dB compression (IP1 dB) VCTL = 0/3 V 0.5–3 GHz 30 dBm
VCTL = 0/5 V 0.5–3 GHz 34 dBm

Input Intermodulation intercept point (IIP3) For two-tone input power 5 dBm
VCTL = 0/3 V 0.5–3 GHz 43 dBm
VCTL = 0/5 V 0.5–3 GHz 50 dBm

Thermal resistance 15 °C/W

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 100 µA max.

Operating Characteristics at 25 °C

VCTL = 0 V/3 V, T = 25 °C, PINPUT = 0 dBm, ZO = 50 Ω, unless otherwise noted
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Typical Performance Data

Insertion Loss vs. Frequency
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0.000

Bond-pad dimensions: 0.0022 (0.06 mm) square.
Bond-pad metallization: Gold.
Backside metallization: None.
Die thickness 0.008 ± 0.001 (0.203 ± 0.025).
Dimensions in inches (mm).



Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
August 15, 2006  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  200078 Rev. C

PRELIMINARY DATA SHEET  •  AS179-000

4

VCTL1 VCTL2 J1–J2 J1–J3

VHIGH 0 Isolation Insertion loss

0 VHIGH Insertion loss Isolation

0 0 Not allowed Not allowed

VHIGH VHIGH Not allowed Not allowed

Truth Table

Parameter Description

J1 RF Common — RF input/output port that is connected via low impedance path to either RF1 or RF2, depending upon the 
voltage applied to control voltage pin. External DC block required for positive control voltages.

J2, J3 RF Input/Output — RF input/output port that is connected via low impedance path to either RF common (J1) or to ground,
depending upon the voltage levels applied to control voltage pins. External DC block required for positive control voltages.

V1, V2 Control Voltage Inputs — Combination of voltage logic levels applied to these pins determines the state of the RF paths
between J1 and J2/J3.

GND Ground — Should be down-bonded to circuit ground

Port Descriptions

Theory of Operation
The AS179-000 Single Pole Double Throw (SPDT) switch 
comprises two RF signal paths, one of which connects the RF
common pin (J1) to RF1 (J2) and the other connects RF
common to RF2 (J3). Depending upon the logic voltage levels
applied to the control voltage pins (V1 and V2), one of these
paths is in its minimum insertion loss state while the other is in
its high-isolation state. When these logic levels are toggled, the
state of each of the paths toggles accordingly.

Starting at the RF common pin, each signal path is comprised
of a depletion mode PHEMT, Q2 or Q3, in series with the signal
path, followed by another depletion mode PHEMT, Q1 or Q4, in
shunt with the signal path. A HI logic level applied to the control
voltage pin V1 and a low logic level applied to the control
voltage pin V2 forces the path between RF common and RF1
into its high-isolation state and the other path, from RF
common to RF2, into its low insertion loss state.

The shunt PHEMT to common, Q1 or Q4, is biased to produce
minimum impedance when the signal path of which it is part is
placed into its isolation state. Consequently, the magnitude of
the reflection coefficient looking into this pin is close to 1, that
is, the VSWR looking into that port approaches infinity.

The AS179-000 can operate with control voltage from 3 V up 
to 5 V.

The logic threshold voltage for the control voltage pin is one
half of the minimum high control voltage. The impedance
looking into each of the control voltage pins is several tens of
kilohms. For positive control voltage, DC blocks are required on
each RF port.

Applications
The AS179-000 SPDT switch can be used in a number of ways:
it can be used to select one of two loads; it can also be used to
alternately connect an antenna to a radio transmitter and
receiver, etc.

Transmit-Receive Switch
A SPDT switch can be used as a transmit-receive (TR) switch, to
alternately connect a transmitter and a receiver to a single
antenna in a single duplex system.

Simplified Block Diagram

Control
Voltage

2

Control
Voltage

1

RF
Common

(J1)

RF1
(J2)

RF2
(J3)

Q1

Q2 Q3

Q4

LO

IF Output

Low
Noise

Amplifier
Downconverter

Mixer

AS179-000 SPDT
TR Switch

Power
Amplifier

Upconverter
Mixer

IF or BB Input
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Model Name Operating Temperature Range Ordering Part Number Package Description

AS179-000 GaAs SPDT switch -40 °C to +85 °C AS179-000 Wafer on plastic-ring film frame

Ordering Information 
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AS213-92, AS213-92LF: PHEMT GaAs IC SPDT Switch 
0.1–3 GHz

DATA SHEET

Features
● Low insertion loss (0.4 dB @ 2.4 GHz)
● Isolation 22 dB @ 2.4 GHz
● Low DC power consumption
● PHEMT process
● Operates with 1.8 V control voltage
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Applications
● T/R switch in WLANs, Bluetooth® and medium-power 

telecommunication applications

Description
The AS213-92 is a medium-power IC FET SPDT switch in a low-
cost miniature SC-70 6-lead plastic package. The AS213-92 
features low insertion loss and positive voltage operation with
very low DC power consumption. This general-purpose switch
can be used in a variety of telecommunications applications.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 0.1–1.0 GHz 0.3 0.5 dB
1.0–2.0 GHz 0.4 0.6 dB
2.0–3.0 GHz 0.5 0.7 dB

Isolation 0.1–1.0 GHz 24 27 dB
1.0–2.0 GHz 20 23 dB
2.0–3.0 GHz 16 19 dB

VSWR(3) 0.1–1.0 GHz 1.3:1
1.0–3.0 GHz 1.4:1

Electrical Specifications at 25 °C (0, 3 V)

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Insertion loss state.

Pin Out

1
2

3

6
5

4

J1GND
CBL

CBL

CBL
J2

J3

V1

V2

DC blocking capacitors (CBL) must be supplied externally for positive voltage operation.
CBL = 100 pF for operation >500 MHz.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Simulated Performance Data (0, 3 V)

Insertion Loss vs. Frequency
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 10 ns
On, off 50% CTL to 90/10% RF 20 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 25 mV

Input power for 1 dB compression 0/1.8 V 0.5–3 GHz 20 dBm
0/3 V 0.5–3 GHz 27 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm
0/3 V 0.5–3 GHz 40 dBm

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 1.8 V @ 100 µA max. to 5 V @ 200 μA max.

Operating Characteristics at 25 °C (0, 3 V)
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V1 V2 J1–J2 J1–J3

0 VHIGH Isolation Insertion loss

VHIGH 0 Insertion loss Isolation

Truth Table

All other conditions not recommended.
VHIGH = 1.8 to 5 V.

0.079 (2.00 mm)
± 0.008 (0.20 mm)

0.049 (1.25 mm)
± 0.004 (0.10 mm)

0.008 (0.20 mm)
± 0.004 (0.10 mm)

0.087 (2.20 mm)
± 0.008 (0.20 mm)

0.035 (0.90 mm)
± 0.004 (0.10 mm)

0.002 (0.005 mm)
± 0.002 (0.005 mm) 0.037 (0.95 mm)

± 0.006 (0.15 mm)

0.010 (0.25 mm)
± 0.006 (0.15 mm)

0.0055
(0.14 mm)
± 0.0015
(0.04 mm)

0.0256 (0.65 mm)
BSC

0.009 (0.23 mm) 
Ref

Pin 1 Indicator

SC-70 6 Lead

Characteristic Value

RF input power 2 W max. for f > 500 MHz
500 mW for f < 500 MHz

VCTL = 0/8 V

Supply voltage 8 V

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AS214-92, AS214-92LF: PHEMT GaAs IC SPDT 
Switch 0.1–3 GHz

DATA SHEET

Features
● Low insertion loss (0.4 dB @ 2.4 GHz)
● Isolation 26 dB @ 2.4 GHz
● Low DC power consumption
● PHEMT process
● Operates at 1.8 V control voltage
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS214-92 is a medium-power IC FET SPDT switch in a low-
cost miniature SC-70 6-lead plastic package. The AS214-92 
features low insertion loss and positive voltage operation with
very low DC power consumption. This general purpose switch
can be used in a variety of telecommunications applications.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 0.5–1.0 GHz 0.3 0.5 dB
1.0–2.0 GHz 0.4 0.6 dB
2.0–3.0 GHz 0.4 0.6 dB

Isolation 0.5–1.0 GHz 27 30 dB
1.0–2.0 GHz 24 27 dB
2.0–3.0 GHz 22 25 dB

VSWR(3) 0.5–1.0 GHz 1.1:1
1.0–2.0 GHz 1.1:1
2.0–3.0 GHz 1.4:1

Electrical Specifications at 25 °C (0, 3 V)

Applications
● T/R switch in WLANs, BluetoothTM and medium-power 

telecommunication applications

Pin Out

1
2

3

6
5

4

J1GND
CBL

CBL

CBL
J2

J3

V1

V2

DC blocking capacitors (CBL) must be supplied externally for positive voltage operation.
CBL = 100 pF for operation >500 MHz.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Insertion loss state.
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Typical Performance Data (0, 3 V)

Insertion Loss vs. Frequency

Frequency (GHz)

In
se

rti
on

 L
os

s 
(d

B)

0 0.5 1.0 1.5 2.0 2.5 3.0
-2.00

-1.75

-1.50

-1.25

-1.00

-0.75

-0.50

-0.25

0

Isolation vs. Frequency

Frequency (GHz)

Is
ol

at
io

n 
(d

B)

0 0.5 1.0 1.5 2.0 2.5 3.0
-50

-45

-40

-35

-30

-25

-20

-15

-10

VSWR vs. Frequency

Frequency (GHz)

VS
W

R

0 0.5 1.0 1.5 2.0 2.5 3.0
1.0

1.1

1.2

1.3

1.4

1.5

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 10 ns
On, off 50% CTL to 90/10% RF 20 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 25 mV

Input power for 1 dB compression VCTL = 0/1.8 V 0.5–3.0 GHz 20 dBm
VCTL = 0/3 V 0.5–3.0 GHz 27 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm
VCTL = 0/3 V 0.5–3 GHz 40 dBm

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 2.7 V @ 100 µA max. to 5 V @ 200 µA max.

Operating Characteristics at 25 °C (0, 3 V)
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V1 V2 J1–J2 J1–J3

VHIGH 0 Isolation Insertion loss

0 VHIGH Insertion loss Isolation

Truth Table

All other conditions not recommended.
VHIGH = 2.7 to 5 V.

Characteristic Value

RF input power 2 W max. for f > 500 MHz
500 mW for f < 500 MHz

VCTL = 0/8 V

Supply voltage 8 V

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

0.079 (2.00 mm)
± 0.008 (0.20 mm)

0.049 (1.25 mm)
± 0.004 (0.10 mm)

0.008 (0.20 mm)
± 0.004 (0.10 mm)

0.087 (2.20 mm)
± 0.008 (0.20 mm)

0.035 (0.90 mm)
± 0.004 (0.10 mm)

0.002 (0.005 mm)
± 0.002 (0.005 mm) 0.037 (0.95 mm)

± 0.006 (0.15 mm)

0.010 (0.25 mm)
± 0.006 (0.15 mm)

0.0055
(0.14 mm)
± 0.0015
(0.04 mm)

0.0256 (0.65 mm)
BSC

0.009 (0.23 mm) 
Ref

Pin 1 Indicator

SC-70 6-Lead

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AS222-92, AS222-92LF: PHEMT GaAs IC SPDT Switch
0.1–3 GHz

DATA SHEET

Features
● Low insertion loss
● Isolation 22 dB @ 2.4 GHz
● Low DC power consumption
● Operates with 1.8 V control voltage
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS222-92 is a medium-power IC FET SPDT switch in a low-
cost miniature SC-70 6-lead plastic package. The AS222-92
features low insertion loss and positive voltage operation with
very low DC power consumption. This general-purpose switch
can be used in a variety of telecommunications applications.

Applications
● T/R switch in WLANs, BluetoothTM and medium-power

telecommunication applications

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 0.1–1.0 GHz 0.35 0.5 dB
1.0–2.4 GHz 0.45 0.6 dB
2.4–3.0 GHz 0.50 0.7 dB

Isolation 0.1–1.0 GHz 24 27 dB
1.0–2.4 GHz 19 22 dB
2.4–3.0 GHz 16 18 dB

Return loss(3) 0.1–1.0 GHz 19 dB
1.0–2.4 GHz 21 dB
2.4–3.0 GHz 18 dB

Electrical Specifications at 25 °C (0, 3 V)

Pin Out

1
2

3

6
5

4

J1GND
CBL

CBL

CBL
J2

J3

V1

V2

DC blocking capacitors (CBL) must be supplied externally for positive voltage operation.
CBL = 100 pF for operation >500 MHz.

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Insertion loss state.

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

http://www.cdistore.com/skyworks/
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Typical Performance Data (0, 3 V)

Insertion Loss vs. Frequency
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 20 ns
On, off 50% CTL to 90/10% RF 20 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 25 mV

Input power for 1 dB compression VCTL = 0/1.8 V 0.5–3 GHz 20 dBm
VCTL = 0/3 V 0.5–3 GHz 27 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm
VCTL = 0/3 V 0.5–3 GHz 44 dBm

Thermal resistance 25 °C/W

Control voltage VCTL = High 1.8 5.0 V
VCTL = Low 0 0.2 V

Control port current VCTL = 5 V 200 µA
VCTL = 2.5 V 100 µA
VCTL = 0.2 V 20 µA
VCTL = 0 V 20 µA

Operating Characteristics at 25 °C (0, 3 V)
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V1 V2 J1–J2 J1–J3

VHIGH 0 Isolation Insertion loss

0 VHIGH Insertion loss Isolation

Truth Table

All other conditions not recommended.
VHIGH = 1.8 to 5 V.

Characteristic Value

RF input power 2 W max. > 500 MHz
0/8 V control

Supply voltage 8 V

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

0.079 (2.00 mm)
± 0.008 (0.20 mm)

0.049 (1.25 mm)
± 0.004 (0.10 mm)

0.008 (0.20 mm)
± 0.004 (0.10 mm)

0.087 (2.20 mm)
± 0.008 (0.20 mm)

0.035 (0.90 mm)
± 0.004 (0.10 mm)

0.002 (0.005 mm)
± 0.002 (0.005 mm) 0.037 (0.95 mm)

± 0.006 (0.15 mm)

0.010 (0.25 mm)
± 0.006 (0.15 mm)

0.0055
(0.14 mm)
± 0.0015
(0.04 mm)

0.0256 (0.65 mm)
BSC

0.009 (0.23 mm) 
Ref

Pin 1 Indicator

SC-70 6-Lead
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AS215-92, AS215-92LF: Single Positive Control PHEMT
GaAs IC SPDT Switch 0.5–3 GHz

DATA SHEET

Features
● Single bias control
● Operates with 1.8 V control voltage
● Low DC power consumption
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The AS215-92 is a medium-power IC FET SPDT switch in a low-
cost, miniature SC-70 6-lead plastic package. The AS215-92
features low insertion loss and positive voltage operation with
very low DC power consumption. This general-purpose switch
can be used in a variety of telecommunications applications.

Parameter Frequency Min. Typ. Max. Unit

Insertion loss(1) 0.5–1 GHz 0.75 1.0 dB
1.0–2 GHz 0.60 0.8 dB
2.0–3 GHz 0.50 0.7 dB

Isolation 0.5–1 GHz 25 28 dB
1.0–2 GHz 21 24 dB
2.0–3 GHz 17 20 dB

VSWR(2) 0.5–1 GHz 1.1:1
1.0–2 GHz 1.4:1
2.0–3 GHz 1.2:1

Electrical Specifications

VS = 3 V, VCTL = 0/3 V, Z0 = 50 Ω, unless otherwise noted

Applications
● T/R switch for BluetoothTM and general-purpose
telecommunication applications 1

2
3

6
5

4

J1GND
CBL

CBL

CBL
J2

J3

VCTL

VSS

DC blocking capacitors (CBL) must be supplied externally for positive voltage operation.
CBL = 100 pF for operation >500 MHz.

Pin Out

1. Insertion loss changes by 0.003 dB/°C.
2. Insertion loss state.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW



Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
April 20, 2007 • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • 200196 Rev. D

DATA SHEET • AS215-92, AS215-92LF

2

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 10 ns
On, off 50% CTL to 90/10% RF 20 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 25 mV

Input power for 1 dB compression VCTL = 0/1.8 V 0.5–3 GHz 20 dBm
VCTL = 0/3 V 0.5–3 GHz 27 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm
VCTL = 0/3 V 0.5–3 GHz 40 dBm

Thermal resistance 25 °C/W

Control voltages Low 0 0.2 V
High 1.8 5.0 V

Control port current VCTL = low 20 µA
VCTL = 2.7 V 100 µA
VCTL = 5 V 200 µA

Supply voltage VHIGH VHIGH V
-0.2 +0.2

Operating Characteristics at 25 °C

VS = 3 V, VCTL = 0/3 V, Z0 = 50 Ω, unless otherwise noted
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Typical Performance Data

VS = 3 V, VCTL = 0/3 V, Z0 = 50 Ω, unless otherwise noted

Insertion Loss vs. Frequency
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V1 J1–J2 J1–J3

0 Isolation Insertion loss

VHIGH Insertion loss Isolation

Truth Table

1.8 < VHIGH < 5 V.
VDD = VHIGH ± 0.2 V.

0.079 (2.00 mm)
± 0.008 (0.20 mm)

0.049 (1.25 mm)
± 0.004 (0.10 mm)

0.008 (0.20 mm)
± 0.004 (0.10 mm)

0.087 (2.20 mm)
± 0.008 (0.20 mm)

0.035 (0.90 mm)
± 0.004 (0.10 mm)

0.002 (0.005 mm)
± 0.002 (0.005 mm) 0.037 (0.95 mm)

± 0.006 (0.15 mm)

0.010 (0.25 mm)
± 0.006 (0.15 mm)

0.0055
(0.14 mm)
± 0.0015
(0.04 mm)

0.0256 (0.65 mm)
BSC

0.009 (0.23 mm) 
Ref

Pin 1 Indicator

SC-70 6 Lead (SC-88)

Characteristic Value

RF input power 2 W max. > 500 MHz
0/8 V control

Supply voltage 8 V

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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AS211-334: PHEMT GaAs IC SPDT Switch LF–4 GHz
DATA SHEET

Features
● P1 dB 30 dBm typical @ 3 V
● IP3 43 dBm typical @ 3 V
● Low insertion loss (0.3 dB @ 0.9 GHz)
● Low DC power consumption
● 1.5 x 1.2 x 0.8 mm Land Grid Array (LGA) package 
● PHEMT process
● Lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C per 

JEDEC J-STD-020

Applications
● General-purpose switch for telecommunication applications

Description
The AS211-334 is an IC FET SPDT switch in a low-cost miniature
LGA package. The AS211-334 features low insertion loss and
positive voltage operation with very low DC power consumption.

Parameter Frequency Min. Typ. Max. Unit

Insertion loss 0.1–1 GHz 0.3 0.5 dB
1.0–2 GHz 0.4 0.6 dB
2.0–3 GHz 0.5 0.7 dB
3.0–4 GHz 0.6 0.8 dB

Isolation 0.1–1 GHz 22 25 dB
1.0–2 GHz 20 22 dB
2.0–3 GHz 20 23 dB
3.0–4 GHz 23 26 dB

VSWR LF–4 GHz 1.2:1 1.3:1

Electrical Specifications at 25 °C (0, 3 V)

ZO = 50 Ω, unless otherwise noted

GND

J2 V1

J1

J3
CBL

CBL

CBL

V21

2

3

6

5

4

Pin Out (Top View)

DC blocking capacitors (CBL) must be supplied externally for positive voltage operation.
CBL = 47 pF for operation >500 MHz.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW



Typical Performance Data (3 V, CBL = 47 pF)

ZO = 50 Ω, unless otherwise noted
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 10 ns
On, off 50% CTL to 90/10% RF 20 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 25 mV

Input power for 1 dB compression 0/3 V 0.5–3 GHz 30 dBm
0/5 V 0.5–3 GHz 34 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm
0/3 V 0.5–3 GHz 43 dBm
0/5 V 0.5–3 GHz 50 dBm

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.

Operating Characteristics at 25 °C (0, 3 V)

ZO = 50 Ω, unless otherwise noted
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V1 V2 J1–J2 J1–J3

VHIGH VLOW Isolation Insertion loss

VLOW VHIGH Insertion loss Isolation

Truth Table

All other states not recommended.
VLOW = 0 to 0.2 V.
VHIGH = 3 to 5 V.

Characteristic Value

RF input power 6 W > 500 MHz
0/7 V control

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

LGA-6 (1.5 x 1.2 mm)

0.059 (1.50 mm)
± 0.004 (0.10 mm)

0.047
(1.20 mm)
± 0.004

(0.10 mm)

Pin 1
Indicator

LC

LC

0.019
(0.500 mm) Bsc 

0.009 (0.23 mm)
± 0.001 (0.03 mm)

0.032 (0.82 mm)
± 0.004 (0.08 mm)

0.015
(0.40 mm)
± 0.0011
(0.03 mm)

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Test Board

 SSLGA (1.5 X 1.2 mm)
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2.000

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 


Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
200104 Rev. D • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • October 17, 2007 1

AS186-302, AS186-302LF: GaAs IC High-Isolation Positive
Control SPDT Nonreflective Switch LF–4 GHz

DATA SHEET

Applications
� Typical applications include GSM, PCS, WCDMA, 2.4 GHz ISM
and 3.5 GHz wireless local loop

Features
� Positive voltage control (0/3 to 0/5 V)
� High isolation (55 dB @ 0.9 GHz and 1.9 GHz)
� Miniature MSOP-8 exposed pad package
� Three-switch solution for base station synthesizer switch
� Nonreflective
� Operation to 6 GHz
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The AS186-302 is a GaAs FET IC SPDT nonreflective switch,
packaged in an MSOP-8 exposed pad plastic package for low-
cost, high-isolation commercial applications.
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50

CBL = 47 pF for operation > 500 MHz.

Pin Out

Parameter Condition Frequency Min. Typ. Max. Unit

Insertion loss LF–2 GHz 0.8 1.05 dB
LF–3 GHz 0.9 1.15 dB
LF–4 GHz 1.0 1.25 dB

Isolation(1) LF–2 GHz 50 55 dB
LF–3 GHz 45 50 dB
LF–4 GHz 35 40 dB

VSWR (on state) LF–2 GHz 1.3:1 1.5:1
LF–4 GHz 1.3:1 1.6:1

VSWR (off state) 0.5–4 GHz 1.35:1 1.7:1

Electrical Specifications

-40 °C ≤ T ≤ +85 °C, VCTL = 0/5 V, Z0 = 50 Ω unless otherwise noted

1. Backside of exposed pad must be connected to RF ground to obtain specified isolation.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Innovation to GoTM

Now available for purchase online.
BUY
NOW

http://www.cdistore.com/skyworks/


Insertion Loss vs. Frequency
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Typical Performance Data (0, 5 V)
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 30 ns
On, off 50% CTL to 90/10% RF 50 ns
Video feedthru TRISE = 3 ns, BW = 500 MHz 25 mV

Input power for 1 dB compression VCTL = 0/3 V 0.9–4 GHz 23 25 dBm
VCTL = 0/5 V 0.9–4 GHz 27 30 dBm

Input 3rd order intermodulation For two-tone input power 8 dBm
intercept point (IIP3) VCTL = 0/3 V 0.9–4 GHz 27 38 dBm

VCTL = 0/5 V 0.9–4 GHz 42 46 dBm

Thermal resistance 25 °C/W

ESD rating Human body model Class 1A

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.

Operating Characteristics

-40 °C ≤ T ≤ +85 C, VCTL = 0/5 V, Z0 = 50 Ω unless otherwise noted
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Isolation vs. Frequency
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Frequency: 900 MHz.

Tone frequencies: 900 and 901 MHz.

V1 V2 J1–J2 J1–J3

0 VHIGH Isolation Insertion loss

VHIGH 0 Insertion loss Isolation

Truth Table

All other conditions not recommended.
VHIGH = 3 V to 5 V.

Characteristic Value

RF input power 1 W max. for f > 500 MHz
100 mW for f < 500 MHz

VCTL = 0/8 V

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Control Voltage Temperature IP3 @ 8 dBm
(V) (°C) Each Tone (dBm)

3 -40 44

3 25 38

3 85 29.5

5 -40 47.5

5 25 46.5

5 85 45.5

IP3 vs. Voltage and Temperature

Input Power Input power
Control @ 1 dB @ 0.1 dB
Voltage Temperature Compression Compression

(V) (°C) (dBm) (dBm)

3 -40 20.5 16.5

3 25 20 15.3

3 85 19 14

5 -40 28.5 23

5 25 28 23

5 85 27.5 23

Compression Point vs. Voltage
and Temperature @ 900 MHz

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

MSOP-8 Exposed Pad

0.073
(1.85 mm)

0.063
(1.60 mm)

0.072 (1.83 mm)
0.062 (1.57 mm)

0.0256
(0.650 mm)

Typ.

0.122 (3.09 mm)
0.114 (2.89 mm)

0.200 (5.08 mm)
0.114 (4.67 mm)

0.122
(3.09 mm)

0.114
(2.89 mm)

Exposed
Paddle

8

1
Pin 1

Indicator

0.012 (0.30 mm)
0.008 (0.20 mm) 0.006 (0.15 mm)

0.002 (0.05 mm)

0.044
(1.12 mm) Max.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AS191-73, AS191-73LF: PHEMT GaAs IC High-Linearity 3 V
Control SPDT Switch 0.1–4 GHz

DATA SHEET

Features
● 2.5 to 5 V linear operation
● Harmonics H2, H3 > 65 dBc @ PIN = 34.5 dBm
● Low insertion loss (0.5 dB @ 0.9 GHz)
● High isolation (27 dB @ 0.9 GHz)
● Ultraminiature SOT-6 package
● PHEMT process
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The AS191-73 is a PHEMT GaAs FET IC high-linearity SPDT switch
in a SOT-6 plastic package. This switch has been designed for use
where extremely high linearity, low control voltage, high isolation,
low insertion loss and ultraminiature package size are required. It
can be controlled with positive, negative or a combination of both
voltages. Some standard implementations include antenna
changeover, T/R and diversity switching over 3 W. The AS191-73
switch can be used in many analog and digital wireless communi-
cation systems including cellular, GSM and DECT applications.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion Loss(2) 0.1–1 GHz 0.50 0.6 dB
1.0–2 GHz 0.55 0.7 dB
2.0–4 GHz 0.70 1.0 dB

Isolation 0.1–1 GHz 25 27 dB
1.0–2 GHz 19 21 dB
2.0–4 GHz 14 18 dB

VSWR(3) 0.1–4 GHz 1.3:1 dB

Electrical Specifications at 25 °C (0, 3 V)

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

CBL

CBL

V1

J1

V2

J2

GND

J3

CBL

1
2

3

6
5

4

Pin Out

DC blocking capacitors (CBL) must be supplied externally.
CBL = 47 pF for operating frequency >500 MHz.

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Insertion loss state.

Innovation to GoTM 
Now available for purchase online.

BUY
NOW
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Insertion Loss vs. Frequency
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Typical Performance Data

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 60 ns
On, off 50% CTL to 90/10% RF 100 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

Input power for -0.1 dB compression VCTL = 0/3 V 0.9 GHz 35 dBm

Harmonics H2, H3 PIN = 34.5 dBm 0.9 GHz -65 dBc

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 2.5 V @ 100 µA max. to 5 V @ 200 µA max.

Operating Characteristics at 25 °C (0, 3 V)
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V1 V2 J1–J2 J1–J3
0 VHIGH Isolation Insertion loss

VHIGH 0 Insertion loss Isolation

Truth Table

All other conditions not recommended.
VHIGH = 2.5 to 5 V.

Characteristic Value

RF input power 6 W max. > 900 MHz,
0/5 V control

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

SOT-6
0.074

(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.
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SKY13299-321LF: GaAs SPDT 7 W Switch
100 MHz–4 GHz

DATA SHEET

Features
� Positive voltage control (0/3 to 0/5 V)
� Low insertion loss 0.5 dB typical at 3.5 GHz
� High isolation >35 dB at 3.5 GHz
� High P-0.1 dB of 38.5 dBm at 3.3 V
� Low gate lag process for fast settling time applications
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Functional Diagram

J2J1

RFc

VCTLVCTL

Description
The SKY13299-321LF is a pHEMT GaAs FET IC high power switch
packaged in a 12-lead exposed pad plastic package for low-cost
commercial applications. This switch is an ideal choice for WiMax
and WLAN applications where low loss, high isolation and excellent
linearity are key requirements.

Parameter Frequency Min. Typ. Max. Unit

Insertion loss 0.1–1.0 GHz 0.30 0.50 dB
1.0–2.0 GHz 0.40 0.60 dB
2.0–3.0 GHz 0.45 0.65 dB
3.0–4.0 GHz 0.65 0.85 dB

Isolation 0.1–1.0 GHz 26 29 dB
1.0–2.0 GHz 26 29 dB
2.0–3.0 GHz 26 29 dB
3.0–4.0 GHz 27 30 dB

Return loss (Insertion loss state) 0.1–1.0 GHz 20 dB
Lower frequency return loss is dependent on DC blocks 1.0–2.0 GHz 17 dB

2.0–3.0 GHz 20 dB
3.0–4.0 GHz 17 dB

Electrical Specifications at 25°C

VCTL = 0 V/3 V, T = 25 °C, PINPUT = 0 dBm, Z0 = 50 Ω, unless otherwise noted

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Innovation to GoTM

Now available for purchase online.
BUY
NOW
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise/fall time 10/90% or 90/10% RF 200 ns
On/off time 50% VCTL to 90/10% RF 300 ns

Settling time 50% CTL to 0.1 dB final value 2 µs

Harmonics H2, H3 PIN = 34 dBm CW F0 = 900 MHz -80 dBc

Input power for 0.1 dB compression 0.7–4 GHz 38.5 dBm

Input IP3 Two tone input power 27 dBm per tone VCTL= 3 V 900, 901 MHz 65 dBm
Two tone input power 27 dBm per tone VCTL= 3 V 2400, 2401 MHz 66 dBm
Two tone input power 27 dBm per tone VCTL= 3 V 3500, 3501 MHz 61 dBm

Control voltages VCTL LOW 0 0.2 V
VCTL HIGH 2.75 5 V

Supply currents VCTL LOW 5 uA
VCTL HIGH @ 3.3 V and < 30 dBm input 50 uA
VCTL HIGH @ 3.3 V and 30–37 dBm input 100 uA
VCTL HIGH @ 3.3 V and 37–38 dBm input 200 uA

Operating Characteristics at 25°C

VCTL = 0 V/3 V, T = 25 °C, PINPUT = 0 dBm, Z0 = 50 Ω, unless otherwise noted
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Typical Insertion Loss
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Typical Performance Data

VCTL = 0 V/3 V, T = 25 °C, PINPUT = 0 dBm, Z0 = 50 Ω, unless otherwise noted

Typical Loss vs. Input Power
2500 MHz VCTL = 3.3 V
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VCTL 1 VCTL 2 RFc to J1 RFc to J2
1 0 Insertion loss Isolation

0 1 Isolation Insertion loss

1 1 undefined undefined

0 0 undefined undefined

Truth Table

0 = 0 to 0.2 V.
1 = 2.75 to 5 V.

1

2

3
654

9

8

7

12 11 10

VCTL 1

Gnd

J1

Gn
d

Gn
d

Gn
d

J2

Gnd

VCTL 2

Gn
d

RF
c

Gn
d

Pin Out (Top View)

X-ray of pads on bottom of package

Characteristic Value

VCTL voltage range 2.75 < VCTL < 7 V

RF input power @ 3.3V 39.5 dBm, f > 700 MHz

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Pin # Pin Name Description

1 VCTL1 DC control voltage

2 Gnd Ground

3 J1 RF port must be DC blocked

4 Gnd Ground

5 Gnd Ground

6 Gnd Ground

7 J2 RF port must be DC blocked

8 Gnd Ground

9 VCTL2 DC control voltage

10 Gnd Ground

11 RFc RF common port must be DC blocked

12 Gnd Ground

Paddle Paddle Exposed paddle must be grounded

Pin Descriptions
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0.008 (0.20 mm)
Seating Plane 0.118 (3.00 mm)

Pin 1 Indicator

Pin 1
Indicator 

0.118
(3.00 mm)

0.001
(0.02 mm)

0.030
(0.75 mm)
± 0.002

(0.05 mm)

Exposed pad

0.029
(0.73 mm)

0.017
(0.435 mm) Sq.

0.007
(0.180 mm)

0.0196
(0.50 mm) BSC

0.057 (1.45 mm) Sq. 
+ 0.004 (0.10 mm) 
- 0.006 (0.15 mm) 

0.022 (0.55 mm)
± 0.004 (0.10 mm)

0.009 (0.23 mm)
+ 0.003 (0.07 mm)
- 0.002 (0.05 mm)

QFN-12

DC Block Capacitor
3 Places

C1, C2, C3 = 27 pF

C1
J1

V2

Pin 1

C3V1

C2

Test Board Assembly

12X 0.95
(To Metal Pads)

Pitch 0.50 1.32 (Sq.)
Solder
Area

4X Ø0.33
Gnd Via

See Detail A

Solder Area

0.23

Detail A 12X
Scale = 48X

0.75

QFN (3 x 3)

Suggested Land Pattern

Pin 1
Indicator

Pin 12

Skyworks
Part No.

Lot #

Top View

Date Code
Y = Calendar Year

WW = Week

S299
XXXX
YWW

Part Marking

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.
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AS196-307, AS196-307LF: GaAs IC High-Isolation SPDT 
Nonreflective Switch with Driver LF–6 GHz

DATA SHEET

Features
● Positive voltage control (0/3 to 0/5 V)
● High isolation (55 dB @ 0.9 GHz and 1.9 GHz)
● LPCC 4 x 4 mm package
● Integrated silicon CMOS driver
● Nonreflective
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS196-307 is a GaAs FET IC SPDT nonreflective switch
packaged in a 16-lead exposed pad plastic package for low-cost,
high-isolation commercial applications. Ideal building block for
base station applications where synthesizer isolation is critical.
Typical applications include GSM, PCS, WCDMA, 2.4 and 
5.8 GHz ISM and wireless local loop.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss LF–2 GHz 0.9 1.15 dB
LF–3 GHz 1.0 1.25 dB
LF–4 GHz 1.2 1.40 dB
LF–6 GHz 1.6 2.00 dB

Isolation(2) LF–2 GHz 50 55 dB
LF–3 GHz 43 50 dB
LF–4 GHz 35 40 dB
LF–6 GHz 25 30 dB

VSWR (on state) LF–2 GHz 1.3:1 1.5:1
LF–6 GHz 1.3:1 1.6:1

VSWR (off state) 0.5–6 GHz 1.35:1 1.7:1

Electrical Specifications (0, 5 V) -40 °C to +85 °C

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Backside of exposed pad must be connected to RF ground to obtain specified isolation.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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VDD VCTL

CBL
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Functional Block Diagram

CBL = 47 pF for operation > 500 MHz.

Innovation to GoTM 
Now available for purchase online.
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VSWR, 25 °C
VDD = 5 V, VCTL = 0/5 V
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1. VDD must be powered on by a minimum of 10 ns prior to VCTL.

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics(1)

Rise, fall 10/90% or 90/10% RF 30 ns
On, off 50% CTL to 90/10% Rf 50 ns
Video feedthru TRISE = 3 ns, BW = 500 MHz 25 mV

Input power for 1 dB compression VCTL = 0/3 V 0.9–6 GHz 17    21 dBm
VCTL = 0/5 V 0.9–6 GHz 24 27 dBm

Intermodulation intercept point (IP3) For two-tone input power +8 dBm
VCTL = 0/3 V 0.9–6 GHz 30 38 dBm
VCTL = 0/5 V 0.9–6 GHz 38 46 dBm

Thermal resistance 25 °C/W

Control voltage Low (“0”) 0 0.5 V
High (“1”) VDD–0.6 VDD V

Control current VCTL = “0” or “1”. VDD = 2.6 to 5 V 5 µA

Supply voltage VDD 2.6 3 5 V

Supply current VDD = 3 V 10 50 µA
VDD = 5 V 20 100 µA

Operating Characteristics (0, 5 V) -40 °C to +85 °C

Insertion Loss, 25 °C
VDD = 5 V, VCTL = 0/5 V
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Typical Performance Data (0, 5 V)
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Isolation, 85 °C
VDD = 5 V, VCTL = 0/5 V
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Insertion Loss, 85 °C
VDD = 5 V, VCTL = 0/5 V
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“0” = 0–0.5 V.
“1” = 3.5–5 V.
VDD = 5 V.

VCTL J1–J2 J1–J3

0 Insertion loss Isolation

1 Isolation Insertion loss

Truth Table

Characteristic Value

RF input power 1 W max. > 500 MHz,
0/8 V control

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Input Power Input Power
@ 1 dB @ 0.1 dB

Control Voltage Temperature Compression Compression
(V) (°C) (dBm) (dBm)

3 -40 20.5 16.5

3 25 20 15.3

3 85 19 14

5 -40 28.5 23

5 25 28 23

5 85 27.5 23

Compression Point vs.
Voltage and Temperature

Frequency: 500 MHz.

Control Voltage Temperature IP3 @ 5 dBm
(V) (°C) Each T one (dBm)

3 -40 45.5

3 25 45

3 85 34

5 -40 45.5

5 25 45.5

5 85 40.5

IP3 vs. Voltage and Temperature

Two tone input power: 5 dBm each tone.
Tone frequencies: 900 and 901 MHz.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.
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SK39110
REV 2

1

J1

VCTL

J3

J2

PCB Evaluation
Board SP4T

LPCC-16
(4 X 4 mm)

VP 47 pF 
Capacitor
5 Places

AS196-307

Thru Path

PC Mount
SMA Connector

5 Places

Evaluation PCB

PCB# SK39110. Material: FR4.
The circuit board used in the final application should employ RF circuit design techniques. RF
signal lines should have 50 Ω impedance. The package bottom ground plane should be
connected directly to PCB ground plane. A sufficient number of via holes should be used to
connect the top and bottom ground planes. The evaluation circuit board shown is available
upon request.

LPCC 4 x 4 (-307)

Pin 1 
Indicator Pin 1

0.026 
(0.65 mm) 

BSC

0.110 
(2.79 mm)
± 0.002

(0.05 mm)

0.110 (2.79 mm)
± 0.002 (0.05 mm)

0.076 (1.95 mm)
BSC

0.076 (1.95 mm) 
BSC

0.016
(0.40 mm) 

Ref.

0.013 (0.325 mm)
Ref.

0.157 (4.00 mm)
± 0.008 (0.20 mm)

Sq. 

B

A

0 10

0.015 (0.387 mm) Ref.

0.033 (0.85 mm)
± 0.004 (0.10 mm)

Top View Bottom View
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AS229-350, AS229-350LF: GaAs IC SPDT Nonreflective
Switch 300 kHz–6 GHz

DATA SHEET

Features
● Low DC power consumption
● High isolation, nonreflective
● Broadband 300 kHz–6 GHz
● Excellent intermodulation products
● Small, low-cost plastic package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS229-350 is an IC FET SPDT switch in a low-cost plastic
package. It features nonreflective matching at each output, and
broadband performance, with very low DC power consumption.
This switch can be used in many analog and digital wireless
communication systems.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 300 kHz–1 GHz 0.8 1.0 dB
300 kHz–2 GHz 0.9 1.2 dB
300 kHz–4 GHz 1.4 1.5 dB
300 kHz–6 GHz 1.8 2.0 dB

Isolation 300 kHz–1 GHz 51 55 dB
300 kHz–2 GHz 47 50 dB
300 kHz–4 GHz 35 40 dB
300 kHz–6 GHz 20 25 dB

Return loss 300 kHz–1 GHz 20 dB
300 kHz–2 GHz 20 dB
300 kHz–4 GHz 10 dB
300 kHz–6 GHz 12 dB

Electrical Specifications at 25 °C

Pin Out (Top View)

GN
D

GND

GN
D J 3

GN
D

J 2 GN
D

GN
D

GN
D

V2

V1

GND

GND

J1

GND

GND

Exposed paddle should be grounded.

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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DATA SHEET • AS229-350, AS229-350LF
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Typical Performance Data

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF) 3 ns
On, off 50% CTL to 90/10% RF) 6 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 15 mV

Input power for 1 dB compression 0.5–6 GHz 24 dBm
0.05 GHz 16 dBm

Intermodulation intercept point (IP3) For two-tone input power 13 dBm 0.5–6 GHz 46 dBm

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to -0.2 V @ 20 µA max.
VHIGH = -5 V @ 50 µA to -8 V @ 200 µA max.

Operating Characteristics at 25 °C
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V1 V2 J1–J2 J1–J3
-5 0 Isolation Insertion Loss

0 -5 Insertion Loss Isolation

Truth Table

Characteristic Value

RF input power (RF In) 2 W max. > 500 MHz
0/-8 V Control

Control voltage (VC) -0.2 V, -10 V

Operating temperature (TOP) -40 °C to +85 °C

Storage temperature (TST) -65 °C to +150 °C

Absolute Maximum Ratings Evaluation PCB

AS229-350

J1

J2J3

V1V2

Test Board
P/N SK40153-1

Install
0 Ω

Resistor
3 Places

-350 (QFN 3 x 3)

Exposed Pad

0.008 (0.20 mm)
Seating Plane

0.001
(0.02 mm)

0.030 (0.75 mm)
± 0.002 (0.05 mm)

0.118
(3.00 mm)

0.118 (3.00 mm)

Pin 1
Indicator

0.059
(1.500 mm)

0.059 (1.500 mm)

0.029
(0.73 mm)

0.067 (1.70 mm)
± 0.004 (0.10 mm)

0.067 (1.70 mm)
± 0.004 (0.10 mm)

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

All other conditions not recommended.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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DATA SHEET

AS230-348, AS230-348LF: SPDT 7 W T/R Switch 
300 kHz–6 GHz

Features
● Low DC power consumption
● Low insertion loss
● High linearity (63 dBm IP3)
● T/R switch
● Small low-cost plastic package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS230-348 is an IC FET SPDT reflective switch in a low-cost
plastic package. It features extremely high linearity, low insertion
loss, with very low DC power consumption. Some standard
implementations include antenna changeover, T/R and diversity
switching over 2 W. This switch can be used in many analog and
digital wireless communication systems.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 300 kHz–1 GHz 0.8 1.0 dB
300 kHz–2 GHz 0.9 1.1 dB
300 kHz–4 GHz 1.0 1.2 dB
300 kHz–6 GHz 1.2 1.4 dB

Isolation 300 kHz–1 GHz 28 30 dB
300 kHz–2 GHz 23 25 dB
300 kHz–4 GHz 14 16 dB
300 kHz–6 GHz 13 15 dB

Return loss(3) 300 kHz–1 GHz 22 dB
300 kHz–2 GHz 22 dB
300 kHz–4 GHz 15 dB
300 kHz–6 GHz 20 dB

Electrical Specifications at 25 °C

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Insertion loss state.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Pin Out

GND

GN
D

GND

J3

GND

J2

GND

GND

GND

V 2 V 1

GN
D

GN
D

J 1GN
D

GN
D

Exposed paddle should be grounded.
DC blocking capacitors (CBL) are required on RF lines for positive voltage operation.

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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DATA SHEET  •  AS230-348, AS230-348LF
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Typical Performance Data

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 6 ns
On, off 50% CTL to 90/10% RF 12 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 30 mV

Input power for 1 dB compression @ -5 V 0.9 GHz 35 dBm
@ -10 V 0.9 GHz 40 dBm

Intermodulation intercept point (IP3) For two-tone input power 13 dBm, 0.9 GHz 63 dBm
VHIGH = -10 V

Thermal resistance 45 °C/W

Control voltages VLOW = -12 V ≤ VLOW ≤ 0 V, 500 µA max.
VHIGH= 0 V ≤ VHIGH ≤ 12 V, 500 µA max.
Differential = 5 V ≤ ( VHIGH– VLOW) < 12 V

Operating Characteristics at 25 °C
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Compression at 900 MHz 25 °C

Characteristic Value

RF input power (RF In) 8 W max. > 900 MHz 
0/-10 V control

Control voltage (VC) +0.2 V, -12 V

Operating temperature (TOP) -40 °C to +85 °C

Storage temperature (TST) -65 °C to +150 °C

Absolute Maximum Ratings

V1 V2 J1–J2 J1–J3

VHIGH VLOW Insertion loss Isolation

VLOW VHIGH Isolation Insertion loss

Truth Table

All other conditions not recommended.
VLOW = 0 to -12 V.
VHIGH = 0 to 12 V.
Differential = 5 V ≤ ( VHIGH– VLOW) < 12 V.

-348 (QFN 3 x 3)

Exposed Pad

0.008 (0.20 mm)
Seating Plane

0.001
(0.02 mm)

0.030 (0.75 mm)
± 0.002 (0.05 mm)

0.118
(3.00 mm)

0.118
(3.00 mm)

Pin 1
Indicator

0.059
(1.500 mm)

0.059 (1.500 mm)

0.029
(0.73 mm)

0.057 (1.45 mm)
± 0.004 (0.10 mm)

0.057 (1.45 mm)
± 0.004 (0.10 mm)

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Features
� Positive low voltage control (0/+3 V)
� Low insertion loss (0.8 dB typ. @ 6 GHz)
� High Rx isolation (28 dB @ 6 GHz)
� Tx port termination
� Miniature QFN-8 pin plastic package (2 x 2 mm)
� PHEMT process
� Lead (Pb)-free, RoHS-compliant MSL-1 @ 240 °C per
JEDEC J-STD-020

Description
The SKY13274-349LF is a PHEMT AlGaAs single-pole, double-
throw switch designed for use as a transmit receive (TR) switch
for ultra-wideband (UWB) transceivers. This switch offers excel-
lent insertion loss and isolation over wide bandwidth. It features a
terminated transmit input port, which is provided via an external
termination resistor for added versatility. The receiver output port
is reflective. The switch is controlled with single-polarity control
voltage of 3 V and 0 V, and is also compatible with control voltage
as high as 7 V.

This switch is packaged in the surface mount QFN-8 package,
which is lead (Pb)-free and meets all current RoHS requirements.

SKY13274-349LF: PHEMT SP2T Switch
0.5–6.0 GHz

DATA SHEET

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

V1V2

Rx Tx

ANT

RF
GND

(paddle)

RF
Term

Functional Block Diagram
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise 10/90% RF 100 ns
Fall 90/10% RF 10 ns
On 50% CTL to 90% RF 100 ns
Off 50% CTL to 10% RF 20 ns

Input power for -0.1 dB compression VCTL = 0/3 V 0.5–3 GHz 25 dBm

Input Intermodulation intercept point (IIP3) 2-tone, ∆f = 5 MHz, VCTL = 0/3 V 900 MHz 45 dBm

Control voltages Low (VLOW) 0 0.2 V
High (VHIGH) 2.7 7.0 V

Control Port Current VCTL = 3 V 50 µA
VCTL = 0 V 20 µA

Operating Characteristics at 25 ºC

Z0 = 50 Ω, VCTL = 0/3 V, unless otherwise noted

Parameter Condition Frequency Min. Typ. Max. Unit

Insertion loss Tx-Ant, Rx-Ant 0.5–3.0 GHz 0.5 0.7 dB
3.0–6.0 GHz 0.8 1.0 dB

Isolation Tx-Ant 0.5–3.0 GHz 22 25 dB
3.0–6.0 GHz 14 17 dB

Rx-Ant 0.5–3.0 GHz 27 30 dB
3.0–6.0 GHz 23 26 dB

Return loss Tx-Ant, Rx-Ant (insertion loss) 0.5–3.0 GHz 20 dB
3.0–6.0 GHz 15 dB

Tx-Ant (isolation) 0.5–3.0 GHz 20 dB
3.0–6.0 GHz 15 dB

Rx-Ant (isolation) 0.5–6.0 GHz Reflective dB

Electrical Specifications at 25 ºC

Z0 = 50 Ω, VCTL = 0/3 V, unless otherwise noted
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Typical Performance Data

Z0 = 50 Ω, VCTL = 0/3 V, unless otherwise noted
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V1 V2 Rx-Ant Tx-Ant

Low High Ins. Loss Isolation

High Low Isolation Ins. Loss

Low Low Not recommended(1)

High High Not recommended(1)

Truth Table

Characteristic Value

RF input power 1 W > 500 MHz
0/+7 V control

Control voltage -0.2 V, +7 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

ΘJC 45 °C/W

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, Electrostatic Discharge (ESD) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Low = 0–0.2 V.
High = 3 V.
1. Switch is in an undefined state.

Pin Number Pin Name Description

1 V1 Control voltage 1 - Control Voltage Input #1.
The logic level voltage applied to this pin,
along with the level voltage applied to pin 4,
determines the states of the RF paths between
the Tx, Rx and Ant ports.

2 GND Equipotential point - Internal circuit common
which must be connected to the pcb ground or
common via the lowest possible impedance.

3 Ant RF input/output.

4 V2 Control voltage 2 - Control Voltage Input #2.
The logic level voltage applied to this pin,
along with the level voltage applied to pin 1,
determines the states of the RF paths between
the Tx, Rx and Ant ports.

5 Termination An external termination resistor must be added
to this pin for the Tx port to be matched when
Tx-Ant path is in its isolation state.

6 Tx RF input/output.

7 GND Equipotential point - Internal circuit common
which must be connected to the pcb ground or
common via the lowest possible impedance.

8 Rx RF input/output.

Pin Descriptions

Applications
The SKY13274-349LF is designed for use as an UWB TR switch
for signal frequencies up to 6 GHz. When the switch is in its
receive state with the voltage at pin 1 (V1) low and the voltage at
pin 4 (V2) high, the Tx input port is terminated via an external
resistor connected between pin 5 (R1) and ground. A 39 Ω
external resistor in this position produces a 50 Ω (nominal)
impedance looking into pin 6.

DC blocking capacitors are required at each of the RF ports. The
nominal value for these capacitors is 39 pF This value should be
increased for operation with RF at frequencies below 500 MHz.

The exposed paddle on the back side of the package must be
grounded for proper operation.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.
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8
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5

Pin Out (Top VIew)

CBL = 39 pF for operation >500 MHz.
R1 = 39 Ω.
Exposed paddle on bottom of package needs to be connected to ground.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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TR Switch

All dimensions are in mm.

QFN-8

0.56 ± 0.01 

0.29 + 0.16 -0.09

1.02 + 0.10 -0.08 

0.17/0.30 2X

0.125 Max.

Bottom View

LC

1

Top View Side View

1

Pin 1
Mark 

LC

CL

0.51 ± 0.01 

0.70 ± 0.05 

0.20 ± 0.05 

0.025 ± 0.025 

0.90 ± 0.10 

10° + 2° -10° 

2.00 BSC 
 

0.125 Max.

2.00 BSC

Exposed Pad

R 0.075 Ref 

0.28 ± 0.01 

0.29+0.16 -0.09

0.20 + 0.08 -0.02

0.50 BSC



AS225-313, AS225-313LF: PHEMT GaAs IC 1 W Low Loss
0.1–6 GHz SPDT Switch

DATA SHEET

Applications
� WLAN 802.11a, b, g

Features
� Positive low voltage control (0/3 V)
� Low insertion loss (0.6 dB, 0.1–6 GHz)
� High linearity (IIP3 = 53 dBm @ 3 V)
� Miniature QFN-6 pin plastic package (2 mm x 3 mm)
� PHEMT process
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C per
JEDEC J-STD-020

Description
The AS225-313 is a 0.1–6 GHz PHEMT GaAs IC SPDT antenna
switch. Designed for WLAN applications, this device is capable
of switching 1 W microwave signals with 3 V control voltage
while maintaining high-linearity performance. The switch covers
the entire 802.11a, b and g frequency ranges. The low-loss, high-
isolation, high-inearity and low-cost features make this switch
ideal for Wireless LAN systems.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

CBL
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J2

GND

J3
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1 6
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Pin Out (Top View)

DC blocking capacitors (CBL) must be supplied externally.
CBL = 15 pF.

Parameter Test Condition Frequency Min. Typ. Max. Unit

Insertion loss J1–J2, J1–J3 0.10–6.00 GHz 0.60 0.75 dB
2.40–2.50 GHz 0.50 0.65 dB
5.15–5.85 GHz 0.60 0.70 dB

Isolation J1–J2, J1–J3 0.10–6.00 GHz 18 20 dB
2.40–2.50 GHz 18 20 dB
5.15–5.85 GHz 19 21 dB

Return loss J1–J2, J1–J3 0.10–6.00 GHz 18 20 dB
2.40–2.50 GHz 23 25 dB
5.15–5.85 GHz 21 23 dB

Electrical Specifications at 25 °C

ZO = 50 Ω, VCTRL = 0/3 V, unless otherwise noted

Innovation to GoTM

Now available for purchase online.
BUY
NOW

1
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 20 ns
On, off 50% CTL to 90/10% RF 35 ns

P1 dB @ 3 V 5200 MHz 30 dBm
@ 5 V 5200 MHz 34 dBm

2nd harmonic PIN = 22 dBm, VC = 3 V 2450 MHz 70 dBc
VC = 5 V 2450 MHz 75 dBc

3rd harmonic PIN = 22 dBm, VC = 3 V 2450 MHz 68 dBc
VC = 5 V 2450 MHz 70 dBc

Input IP3 Two-tone 15 dBm, 5 MHz spacing
VCTL = 0/3 V 5200 MHz 53 dBm
VCTL = 0/5 V 5200 MHz 55 dBm

Control voltage VC HIGH 2.5 3.00 5.00 V
VC LOW -0.25 0.25 V

Gate leakage VC = 3 V 10 100 µA
VC = 5 V 15 200 µA

Operating Characteristics at 25 °C

ZO = 50 Ω, VCTRL = 0/3 V, CBLOCK = 15 pF, unless otherwise noted
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Typical Performance Data

ZO = 50 Ω, VCTRL = 0/3 V, CBLOCK = 15 pF, unless otherwise noted
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V1 V2 J1–J2 J1–J3
0 VHIGH Isolation Insertion loss

VHIGH 0 Insertion loss Isolation

Truth Table

All other conditions not recommended.
VHIGH = 2.5 to 5 V.

Characteristic Value

Max input power @ 0/3 V 32 dBm

Max input power @ 0/5 V 35 dBm

Operating voltage 8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

QFN-6

2

3

0.95

Pin 1
Indicator

0.125 Max.0.125 Max.

0.29 + 0.16
0.29 - 0.09

6X 0.35 + 0.08
6X 0.35 - 0.02

0.84 ± 0.1

0.61 ± 0.1

1.219 ± 0.1

0.61 ± 0.1

0.7 ± 0.05

0.9 ± 0.1

0.025 ± 0.025

4X 10° + 2°
4X 10° - 10°

0.20 ± 0.05

(1.9)

10X (R0.127)

4X (R0.127)

0.17/0.30

Exposed Heat
Sink Plug

6X 0.20 Min.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

Land Pattern

Pin 1

Exposed Soldering
Area 6X

Dimensions in mm.

6X 0.350

6X 1.325

5X 0.615
2X 0.230

1.220

0.610

0.950 Pitch

2X 1.825

0.230

0.840

Evaluation Board

Pin 1

J2

V1

J1

J3

V2

C2

C1

C3

15 pF Capacitor
3 Places

C1, C2, C3

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 


SKY13268-344LF: GaAs SPDT Switch
300 kHz–3 GHz Medium Power

DATA SHEET

Features
● Broadband: 300 kHz–3 GHz
● Low insertion loss: 0.3 dB @ 900 MHz
● P1 dB: 30 dBm typical @ 3 V
● Low distortion: IP3 43 dBm @ 3 V
● Low current consumption: < 100 µA @ 3 V
● Ultraminiature SOT-666 6-lead package
● Available lead (Pb)-free, RoHS-compliant, and Green
MSL-1 @ 260 °C per JEDEC J-STD-020

Applications
● Transceiver transmit-receive switching in GSM, CDMA, WCDMA,
WLAN, Bluetooth®, Zigbee®, land mobile radio base stations or
terminal equipment

● General-purpose medium power switch in telecommunications
applications

Description
The SKY13268-344LF is a monolithic SPDT switch, fabricated
using Skyworks proprietary GaAs pHEMTs as the switching
elements. This wideband switch operates with RF signals
from 300 kHz to 3 GHz. The RF signal paths within the
SKY13268-344LF are fully bilateral. Ports J2 and J3, RF input/
output terminals are reflective.

Switching is controlled via two control voltage inputs, which are
compatible with CMOS logic levels. Depending upon the logic
voltage level applied to the control voltage pin, the common RF
pin, J1, is connected to one of two switched RF pins (J2 or J3) via
a low insertion loss path, while the path between the RF common
and the other RF pin is in its high-isolation state.

DC power consumption is very low, 100 µA maximum with con-
trol voltage of 3 V. The switch can operate over the temperature
range of -40 °C to +85 °C.

An evaluation board is available upon request.

Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
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Pin Out

J1GND
CBL

CBL

CBL
J3

J2

V2

V11
2

3

6
5

4

DC blocking capacitors (CBL) must be supplied externally for positive voltage operation.
CBL = 100 pF for operation >500 MHz.

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

Skyworks Green products are lead (Pb)-free, RoHS
(Restriction of Hazardous Substances)-compliant,
conform to the EIA/EICTA/JEITA Joint Industry Guide
(JIG) Level A guidelines, and are free from antimony
trioxide and brominated flame retardants.

NEW

http://www.cdistore.com/skyworks/
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Characteristic Value

Control voltage range -0.2 ≤ VC ≤ 8 V

RF input power 1 W for f < 500 MHz,
6 W for f > 500 MHz,

VCTL = 0/7 V

Storage temperature range -65 °C to +150 °C

Operating temperature range -40 °C to +85 °C

Absolute Maximum Ratings

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 36 ns
On, off 50% CTL to 90/10% RF 58 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 25 mV

Input power for 1 dB compression VLOW = 0 V, VHIGH = 3 V 0.5–3 GHz 30 dBm
VLOW = 0 V, VHIGH = 5 V 0.5–3 GHz 34 dBm

Intermodulation intercept point (IP3) For two-tone input power 5 dBm
VLOW = 0 V, VHIGH = 3 V 0.5–3 GHz 43 dBm
VLOW = 0 V, VHIGH = 5 V 0.5–3 GHz 50 dBm

Thermal resistance 25 °C/W

Control voltages VLOW = 0 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.

Operating Characteristics

VCTL = 0 V/3 V, T = 25 °C, PINPUT = 0 dBm, ZO = 50 Ω, unless otherwise noted

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Parameter Frequency Min. Typ. Max. Unit

Insertion loss 300 kHz–1 GHz 0.3 0.4 dB
1–2 GHz 0.4 0.5 dB
2–3 GHz 0.4 0.6 dB

Isolation 300 kHz–1 GHz 20 25 dB
1–2 GHz 20 25 dB
2–3 GHz 20 23 dB

VSWR 300 kHz–1 GHz 1.3:1 1.4:1
1–2 GHz 1.3:1 1.4:1
2–3 GHz 1.3:1 1.4:1

Electrical Specifications

VCTL = 0 V/3 V, T = 25 °C, PINPUT = 0 dBm, ZO = 50 Ω, unless otherwise noted
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Typical Performance Data

VCTL = 0 V/3 V, T = 25 °C, ZO = 50 Ω, unless otherwise noted
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All dimensions are in mm.

0.13 Min. 
0.17 Nom.
0.18 Max.

1.50 Min. 
1.66 Nom. 
1.70 Max. 

6X

0.53 Min. 
0.57 Nom.
0.60 Max.

0.10 Min. 
0.23 Nom.
0.30 Max.

1.10 Min. 
1.20 Nom.
1.30 Max. 

0.11 Min. 
0.19 Nom.
0.26 Max. 

0.15 Min.
0.25 Max.

0.05 Min. 
0.10 Max. 

0.50 BSC. 

0.27 Nom.
0.34 Max. 

0.20 Min. 

0.83 Ref. 

1.50 Min. 
1.65 Nom. 
1.70 Max. 

 

Pin 1

4X
8° Min. 

10° Nom.
12° Max. 

CL

CL

CL

CL

SOT-666 Package Outline

V1 V2 J1–J2 J1–J3
VHIGH 0 Isolation Insertion loss

0 VHIGH Insertion loss Isolation

0 0 Not recommended Not recommended

VHIGH VHIGH Not recommended Not recommended

Truth Table

3 V ≤ VHIGH ≤ 5 V.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Pin Number Pin Name Description

1 J2 RF input/output – RF input or output port which is either connected via a low insertion loss path to RF common (J1)
or isolated from RF common, according to the logic levels applied to V1 and V2

2 GND Equipotential point – Equipotential point for control voltage and RF circuits. Must be connected to PCB ground via
lowest possible impedance

3 J3 RF input/output – RF input or output port which is either connected via a low insertion loss path to RF common (J1)
or isolated from RF common, according to the logic levels applied to V1 and V2

4 V2 Control voltage – Control voltage input #2

5 J1 RF common input/output – RF input/output port that is connected via low insertion loss path to either RF1 or RF2,
depending upon the voltage applied to control voltage pin

6 V1 Control voltage – Control voltage input #1

Pin Descriptions

SKY13268-344LF Evaluation Circuit
C1

100 pF

C2

100 pF

C3

100 pF
J1

J2

J3 U1

V1

V2

C4

100 pF

C5

100 pF

J5

J4

Calibration Through Line

Evaluation Board
The evaluation board for SKY13268-344LF allows the part to be
fully exercised. The insertion loss of the transmission lines
between J1- U1 and U1 - J2/J3 can be determined by measuring
the performance of the calibration through-line, which contains
two DC block capacitors in identical positions to the DC blocks
present in the main circuit.

The state of the SKY13268-344LF is controlled by applying
the appropriate logic level voltages to ports V1 and V2, per the
Truth Table.

Component Description Default

C1–C5 DC blocking capacitor 100 pF, size 0402

U1 SKY13268-344 GaAs SPDT

J1, J2, J3, J4, J5 SMA connectors

Evaluation Board Components
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SKY13286-359LF: GaAs High Isolation SPDT 
Absorptive Switch 100 MHz–6 GHz

DATA SHEET

Features
● Single positive voltage control (0/3 to 0/5 V)
● High isolation 64 dB at 1 GHz and 2 GHz
● Integrated silicon CMOS driver
● Absorptive
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Functional Block Diagram

J1

J2

Decoder

50

50

CBL

CBL

CBL

VDD VCTL

RFc

Description
The SKY13286-359LF is a pHEMT GaAs FET IC high isolation 
absorptive switch packaged in a 16-lead exposed pad plastic
package for low-cost commercial applications. It is an ideal
building block for base station applications where synthesizer 
isolation is critical. Typical applications include GSM, PCS, WCDMA,
2.4 and 5.8 GHz ISM and wireless local loop.

An evaluation board is available upon request.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Parameter Frequency Min. Typ. Max. Unit

Insertion loss 0.1–2.0 GHz 0.8 1.10 dB
2.0–3.0 GHz 0.8 1.25 dB
3.0–4.0 GHz 1.0 1.35 dB
4.0–6.0 GHz 1.5 1.80 dB

Isolation 0.1–2.0 GHz 60 62 dB
2.0–3.0 GHz 58 62 dB
3.0–4.0 GHz 55 58 dB
4.0–6.0 GHz 40 42 dB

Return loss (insertion loss state) 0.1–2.0 GHz 10 22 dB
Lower frequency return loss is dependent on DC blocks 2.0–3.0 GHz 15 22 dB

3.0–4.0 GHz 13 18 dB
4.0–6.0 GHz 10 12 dB

Return loss (isolation state) 0.5–2.0 GHz 10 12 dB
Lower frequency return loss is dependent on DC blocks 2.0–3.0 GHz 12 15 dB

3.0–4.0 GHz 12 15 dB
4.0–6.0 GHz 11 13 dB

Electrical Specifications

VCTL = 0 V/3V, VDD = 5 V, T = 25 °C, PINPUT = 0 dBm, Z0 = 50 Ω, unless otherwise noted
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 30 ns
On, off 50% CTL to 90/10% RF 50 ns
Video feedthru TRISE = 3 ns, Measurement BW = 500 MHz 25 mV

Input power for 1 dB compression VDD = 3 V 0.7–2.0 GHz 23 dBm
VDD = 5 V 0.7–2.0 GHz 26 30 dBm

Intermodulation intercept point (IP3) For two-tone input power 8 dBm/tone 
1 MHz Spacing
VDD = 3.3 V 0.7–1.0 GHz 49 dBm
VDD = 5 V 0.7–1.0 GHz 45 47 dBm
VDD = 3.3 V 1.0–2.0 GHz 43 dBm
VDD = 5 V 1.0–2.0 GHz 45 46 dBm

Control voltages(1,2) VCTL LOW 0 0.5 V
VCTL HIGH 2.7 VDD V

Supply current VDD = 5 V 100 µA

Control current VCTL = LOW, VCTL = HIGH 5 µA

Supply voltage 2.7 5

Operating Characteristics

VCTL = 0 V/3V, T = 25 °C, PINPUT = 0 dBm, Z0 = 50 Ω, unless otherwise noted

1. VDD must be powered on prior to a VCTL high signal. A latch up condition may occur if a logic
high signal is applied prior to the VDD voltage.

2. Control voltages switch the VDD voltage to the GaAs switch.
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Typical Performance Data

VCTL = 0 V/3V, VDD = 5 V, T = 25 °C, PINPUT = 0 dBm, Z0 = 50 Ω, unless otherwise noted
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IP3 vs. VDD Supply Voltage
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VCTL RFc–J1 RFc–J2

0 Insertion loss Isolation

1 Isolation Insertion loss

Truth Table

DC blocking capacitors required on all RF lines (RFc, J1, J2).

1 

2 

3 

4 

5 6 7 8 

9 

10 

11 

12 

13 14 15 16 

GND exposed paddle 

VDD

VCTL 

RFc 

GND 

GND GND GND GND 

J2 

GND 

GND 

J1 

GND GND GND GND 

Pin Out (Top View)

“X-ray” of pads on bottom of package

Pin 1
Indicator

4.00

4.00

0.20 Ref

0.90 ± 0.10

Seating
Plane0.02 + 0.03

0.02 - 0.02

0.40 ±. 010

0.30 ± 0.05

0.325
0.65

Exposed Pad

Exposed Pad

Dimensions in mm.

Pin 1 Indicator
0.20 Min.

Typ.

2.70 + 0.10
2.70 - 0.15

2.70 + 0.10
2.70 - 0.15

1.35 + 0.05
1.35  - 0.075

1.35 + 0.05
1.35  - 0.075

Package Outline

Characteristic Value

VDD voltage range 2.7 < VDD < 5.5 V

RF input power 1 W, f > 500 MHz

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

S286
XXXX
YWW

Pin 1 
Indicator 

Top View 

Skyworks P/N 

Skyworks GaAs Die Lot #

Date Code 
Y = Calendar Year 
WW = Week 

Part Marking
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SKY13276-334: PHEMT GaAs IC 1 W Low Loss
0.1–6 GHz SPDT Switch

DATA SHEET

Applications
� WLAN 802.11a, b, g, n

Features
� Positive low voltage control (0/3 V)
� Low insertion loss (0.7 dB, 0.1–6 GHz)
� High linearity (IIP3 = 53 dBm @ 3 V)
� 1.5 x 1.2 x 0.8 Land Grid Array (LGA) package
� PHEMT process
� Lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C per
JEDEC J-STD-020

Description
The SKY13276-334 is a 0.1–6 GHz PHEMT GaAs Single Pole
Double Throw (SPDT) antenna switch. Designed for WLAN appli-
cations, this device is capable of switching 1 W microwave
signals with 3 V control voltage while maintaining high-linearity
performance. The switch covers the entire 802.11a, b and g
frequency ranges, the public service band at 4.9 GHz, as well
as several ISM bands and WiMAX bands. The low loss, high-
isolation, high-linearity and low-cost features make this switch
ideal for transmit/receive or antenna diversity switching in
these applications.

The part is packaged in an ultraminiature 6-pin 1.5 x 1.2 x
0.8 mm Land Grid Array (LGA) package which is fully compliant
with current RoHS requirements.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Pin Out (Top View)

DC blocking capacitors (CBL) must be supplied externally for positive voltage operation.
CBL = 47 pF for operation >500 MHz.

Parameter Test Condition Frequency Min. Typ. Max. Unit

Insertion loss J1–J2, J1–J3 1.00–6.00 GHz 0.70 0.85 dB
2.40–2.50 GHz 0.60 0.70 dB
5.15–5.85 GHz 0.70 0.80 dB

Isolation J1–J2, J1–J3 1.00–6.00 GHz 16 20 dB
2.40–2.50 GHz 18 20 dB
5.15–5.85 GHz 16 21 dB

Return loss J1–J2, J1–J3 1.00–6.00 GHz 15 20 dB
2.40–2.50 GHz 23 25 dB
5.15–5.85 GHz 18 23 dB

Electrical Specifications at 25 °C

ZO = 50 Ω, VCTRL = 0/3 V, unless otherwise noted

Innovation to GoTM

Now available for purchase online.
BUY
NOW

http://www.cdistore.com/skyworks/
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S31: RFC to J2 Isolation with 
RFC to J1 in Insertion Loss State

S21: RFC to J1 Isolation with 
RFC to J2 in Insertion Loss State

Typical Performance Data

ZO = 50 Ω, VCTRL = 0/3 V, unless otherwise noted

Parameter Condition Frequency Min. Typ. Max. Unit

P1 dB @ 3 V 5200 MHz 30 dBm
@ 5 V 5200 MHz 34 dBm

2nd harmonic PIN = 22 dBm, VC = 3 V 2450 MHz -70 dBc
VC = 5 V 2450 MHz -75 dBc

3rd harmonic PIN = 22 dBm, VC = 3 V 2450 MHz -68 dBc
VC = 5 V 2450 MHz -70 dBc

Input IP3 Two-tone 15 dBm, 5 MHz spacing
VCTL = 0/3 V 5200 MHz 53 dBm
VCTL = 0/5 V 5200 MHz 55 dBm

Control voltage VC HIGH 2.5 3.00 5.00 V
VC LOW -0.25 0.25 V

Gate leakage VC = 3 V 10 100 µA
VC = 5 V 15 200 µA

Operating Characteristics at 25 °C

ZO = 50 Ω, VCTRL = 0/3 V, unless otherwise noted
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V1 V2 J1–J2 J1–J3

0 VHIGH Isolation Insertion loss

VHIGH 0 Insertion loss Isolation

Truth Table

All other conditions not recommended.
VHIGH = 2.5 to 5 V.
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J1 Return Loss (S22) with RFC to J2 in Insertion Loss State
J2 Return Loss (S33) with RFC to J1 in Insertion Loss State

RFC Return Loss (S11) with RFC to J2 in Insertion Loss State
J2 Return Loss (S33) with RFC to J2 in Insertion Loss State

RFC Return Loss (S11) with RFC to J1 in Insertion Loss State
J1 Return Loss (S22) with RFC to J1 in Insertion Loss State

Characteristic Value

Max input power @ 0/3 V 32 dBm

Max input power @ 0/5 V 35 dBm

Operating voltage 8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

LGA-6 (1.5 x 1.2 mm)

0.059 (1.50 mm)
± 0.004 (0.10 mm)

0.047
(1.20 mm)
± 0.004

(0.10 mm)

Pin 1
Indicator

LC

LC

0.019
(0.500 mm) Bsc

0.009 (0.23 mm)
± 0.001 (0.03 mm)

0.032 (0.82 mm)
± 0.004 (0.08 mm)

0.015
(0.40 mm)
± 0.0011
(0.03 mm)

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Applications
● T/R switch in WLAN 802.11a systems

Features
● Operating frequency 5–6 GHz
● High linearity 50 dBm IIP3
● High power P-1 dB > 33 dBm
● Low positive control voltage 3 V
● Low-cost, ultrasmall QFN package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS200-313 is a 5–6 GHz PHEMT GaAs switch. Designed 
for transmit-receive applications, this device is capable of
switching 2 W microwave signals with 3 V control while 
maintaining high-linearity performance. The switch covers the
entire 802.11a frequency ranges of 5.15–5.825 GHz. The low-
loss, high-isolation, high-linearity and low-cost features make it
ideal for wireless LAN systems in the 802.11a frequency band.

AS200-313, AS200-313LF: PHEMT GaAs IC 2 W 
High-Linearity 5–6 GHz T/R Switch

DATA SHEET

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 5.0–6.0 GHz 1.3 1.5 dB
5.0–5.4 GHz 1.3 1.5 dB
5.5–6.0 GHz 1.3 1.5 dB

Isolation 5.0–6.0 GHz 26 30 dB
5.0–5.4 GHz 26 30 dB
5.5–6.0 GHz 26 30 dB

Return loss(3) 5.0–5.4 GHz 10 15 dB
5.5–6.0 GHz 10 15 dB

Electrical Specifications at 25 °C (0, 3 V)

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Insertion loss state.

Innovation to GoTM 
Now available for purchase online.

BUY
NOW
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Simplified Block Diagram

http://www.cdistore.com/skyworks/
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Typical Performance Data (0, 3 V)

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 20 ns
On, off 50% CTL to 90/10% RF 50 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

Input power for -0.1 dB compression VCTL = 0/3 V 5.2 GHz 33 dBm

Harmonics H2, H3 PIN = 30 dBm 5.2 GHz -65 dBc

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 2.5 V @ 100 µA max. to 5 V @ 200 µA max.

Operating Characteristics at 25 °C (0, 3 V)
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V1 V2 J1–J2 J1–J3

0 VHIGH Isolation Insertion loss

VHIGH 0 Insertion loss Isolation

Truth Table

All other conditions not recommended.
VHIGH = 2.5 to 5 V.

Characteristic Value

RF input power 6 W max. > 900 MHz
0/7 V control

Control voltage -0.2 V, +7 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

QFN-6

12˚ Max.
3

2

1

0.118 
(3.00 mm)

BSC

0.35 ± 0.08 mm

0.05 ± 0.05

0.29 x 0.35

0.039
 (1.00 mm) Max.

0.001
(0.025 mm)

± 0.001
(0.025 mm)

Top View Side View

Bottom View

6

5

4

0.078 (2.00 mm)
BSC

3

2

1
6

5

4

1.02

0.95 BSC
0.64 BSC

Pin 1
Indicator

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.
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Pin Out (Top View)

DC blocking capacitors (CBL) must be supplied externally.
CBL = 15 pF.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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SKY13306-313LF: GaAs SPDT Switch 100 MHz–6 GHz
DATA SHEET

Features
� Broadband: 100 MHz – 6 GHz
� Very low insertion loss: 0.5 dB typ. 2.4–2.5 GHz
� High linearity: IIP3 = 53 dBm typ. 3 V
� Low current consumption: <50uA @ 3 V
� Miniature QFN-6 2 x 3 mm package
� Lead (Pb)-free and RoHS-compliant MSL1 @ 260 C per

JEDEC J-STD-020

V1

J1

V2

J2

J3

GND

3

2

1 6

5

4

Description
The SKY13306-313LF is an IC FET SPDT switch in a low-cost
miniature QFN- 6 plastic package. The SKY13306-313LF features
low insertion loss, excellent linearity and positive voltage operation
with very low DC power consumption. This general purpose switch
can be used in a variety of telecommunications applications, and
was designed for use as a transmit-receive switch for WLAN appli-
cations such as 802-11a/b/g. The QFN-6 package is lead (Pb)-free
and meets all current requirements for RoHS.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Functional Block Diagram

Product is in development stages, performance is based on simulation, and pin out and package are advanced and may change.
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Parameter Condition Frequency Min. Typ. Max. Unit

Insertion loss J1–J2, J1–J3 0.10 GHz–6.00 GHz 0.6 0.9 dB
2.40 GHz–2.50 GHz 0.5 0.7 dB
3.40 GHz–3.60 GHz 0.5 0.7 dB
5.15 GHz–5.85 GHz 0.6 0.8 dB

Isolation J1–J2, J1–J3 0.10 GHz–6.00 GHz 21 25 dB
2.40 GHz–2.50 GHz 22 25 dB
3.40 GHz–3.60 GHz 23 26 dB
5.15 GHz–5.85 GHz 21 24 dB

Return loss Insertion loss state 0.10 GHz–6.00 GHz 15 dB
2.40 GHz–2.50 GHz 25 dB
3.40 GHz–3.60 GHz 16 dB
5.15 GHz–5.85 GHz 15 dB

Input power for 0.1 dB compression 2.4 GHz–2.5 GHz 35 dBm

2nd Harmonic PIN = 22 dBm 2.45 GHz -70 dBc

3rd Harmonic PIN = 22 dBm 2.45 GHz -68 dBc

Input 3rd order intercept point Two tones, 15 dBm each tone, 5 MHz spacing 5.2 GHz 53 dBm

Control voltage
VHIGH 2.7 5 V
VLOW -0.25 0.25 V

Control port current VCTL = 3 V 10 100 µA
VCTL = 5 V 15 200 µA
VCTL = 0 V 10 50 µA

Electrical Specifications

T = 25 °C, VCTL = 0/3 V, ZO = 50 Ω, unless otherwise noted

Characteristic Value

RF input power @ 0,5 V 36.5 dBm @ 25 °C

RF input power @ 0,3 V 36 dBm @ 25 °C

Control voltage -0.2 V < VCTL < 6 V

Operating temperature range -40 °C to +85 °C

Storage temperature range -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

V1(1) V2(1) J1–J2 J1–J3
0 VHIGH Isolation Insertion loss

VHIGH 0 Insertion loss Isolation

Truth Table

All other conditions not recommended. No damage to the switch will occur if a non-
recommended combination of control voltages is present. The switch will not provide full
isolation or minimum insertion loss under such conditions.
1. 2.7 V < VHIGH < 5 V.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Typical Performance Data

T = 25 °C, VCTL = 0/3 V, ZO = 50 Ω, unless otherwise noted
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Pin Out and Suggested Circuit

DC blocking capacitors (CBL) must be supplied externally.
CBL = 15 pF.
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AS172-73, AS172-73LF: PHEMT GaAs IC Transfer Switch 
300 kHz–2 GHz

DATA SHEET

Features
● High linearity (50 dBm IP3 @ 0.9 GHz) @ 3 V
● Low insertion loss (0.4 dB @ 0.9 GHz)
● Isolation (20 dB @ 0.9 GHz)
● Simultaneous T/R switching
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS172-73 is a PHEMT GaAs IC 4 port switch designed to
combine T/R and antenna changeover switching capability within
one device. This switch has two controls and is ideal for 
applications requiring low power consumption. The AS172-73
has excellent performance to 2 GHz, making it suitable for 
dual-band handset designs.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion Loss(2) 300 kHz–0.5 GHz 0.30 0.4 dB
300 kHz–1.0 GHz 0.40 0.5 dB
300 kHz–2.0 GHz 0.95 1.2 dB

Isolation 300 kHz–0.5 GHz 23 25 dB
300 kHz–1.0 GHz 16 18 dB
300 kHz–2.0 GHz 11 13 dB

VSWR(3) 300 kHz–1.0 GHz 1.1:1
300 kHz–2.0 GHz 1.4:1

Electrical Specifications at 25 °C (0, 3 V)
Tx–J1 or Rx–J1

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Insertion loss state.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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External
Antenna

Internal
Antenna

Pin Out

DC blocking capacitors (CBL) and biasing resistor must be supplied externally for positive
voltage operation.
CBL = 100 pF for operation >500 MHz.

Positive Operation
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 50 ns
On, off 50% CTL to 90/10% RF 100 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

Input Power for 1 dB compression VCTL = 0/3 V 0.5–2 GHz 34 dBm

Intermodulation intercept point (IP3) For two-tone input power 15 dBm
VCTL = 0/3 V 0.5–2 GHz 50 dBm

2nd harmonic 30 dBm 1 GHz -72 dBc

3rd harmonic 30 dBm 1 GHz -65 dBc

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 3 V @ 100 µA max. to 5 V @ 200 µA max.
VS = VHIGH ± 0.2 V

Operating Characteristics at 25 °C (0, 3 V)

Typical Performance Data (0, 3 V)
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V1 V2 Tx–J2, Rx–J1 Tx–J1, Rx–J2

0 -3 Insertion loss Isolation

-3 0 Isolation Insertion loss

Truth Table

All other conditions not recommended.
VHIGH = 3 to 8 V (VS = VHIGH ± 0.2 V).

Negative Operation

Positive Operation

V1 V2 Tx–J2, Rx–J1 Tx–J1, Rx–J2

VHIGH 0 Insertion loss Isolation

0 VHIGH Isolation Insertion loss

All other conditions Not recommended

Characteristic Value

RF input power 2 W > 500 MHz
0/7 V control

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -50 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

0.074
(1.90 mm) Ref. 

0.071 (1.80 mm)
0.052 (1.30 mm)

0.037 (0.95 mm) Ref. 

0.122 (3.10 mm)
0.106 (2.70 mm)

0.006
(0.15 mm)

0.000
(0.00 mm)

0.057 (1.45 mm) 
0.035 (0.90 mm) 

0.020 (0.51 mm) 
0.014 (0.350 mm)

0.126 (3.20 mm) 
0.087 (2.20 mm) Pin 6

Pin 1

Pin 1
Indicator

0.022 (0.61 mm)
0.004 (0.10 mm)

0.014
(0.26 mm)

0.004
(0.10 mm)

0.012
(0.30 mm)

Typ.

5.0° ± 1°

5.0° ± 1°

SOT-6

All other conditions not recommended.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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Applications
● WLAN 802.11a, b, g diversity

Features
● Operating frequency 0.1–6 GHz
● Positive low voltage control (0/3 V operation)
● Low insertion loss  
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 250 °C

per JEDEC J-STD-020

Description
The AS218-321 is a broadband transfer switch designed to 
combine T/R and antenna diversity switching functions on a
single IC. The device is designed to handle high power and 
maintain high linearity at low control voltages. This low-cost
switch is ideal for Wi-Fi systems and is capable of covering 
both the 2.4 and 5 GHz bands.

AS218-321, AS218-321LF: PHEMT GaAs IC High-Power
Transfer Switch 0.1–6 GHz

DATA SHEET

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Parameter(1, 4) Condition Frequency Min. Typ. Max. Unit

Insertion loss(2) Ant 1, Ant 2 to Tx, Rx 0.10–6.00 GHz 1.6 1.8 dB
2.40–2.50 GHz 1.2 1.4 dB
5.15–5.85 GHz 1.4 1.6 dB

Isolation Ant 1, Ant 2 to Tx, Rx 0.10–6.00 GHz 17 19 dB
2.40–2.50 GHz 26 28 dB
5.15–5.85 GHz 17 19 dB

Return loss(3) Ant 1, Ant 2 to Tx, Rx 0.10–6.00 GHz 10 dB
2.40–2.50 GHz 15 dB
5.15–5.85 GHz 20 dB 

Electrical Specifications at 25 °C (0, 3 V)

1. All measurements made in a 50 Ω system.
2. Insertion loss changes by 0.003 dB/C.

3. Return loss for insertion loss state.
4. Tx and Rx paths can be used interchangeably.

Pin Out (Top View)

GND

GND

V1

GND

GND

V2

TX

GN
D

RX

An
t 1

GN
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An
t 2

1
2

3

4 5 6

12 11 10

9
8

7

C B
L

C B
L

C B
L

C B
L

DC blocking capacitors (CBL) required on RF ports.
CBL = 15 pF.



Typical Performance Data (0, +3 V)

In
se

rti
on

 L
os

s 
(d

B)

Frequency (GHz)

Insertion Loss vs. Frequency

-2.0

-1.8

-1.6

-1.4

-1.2

-1.0

-0.8

-0.6

-0.4

-0.2

0

0.6 1.2 1.8 2.4 3.0 3.6 4.2 4.8 5.4 6.0

A1-RX Path

A1-TX Path

A2-RX Path

A2-TX Path

Is
ol

at
io

n 
(d

B)

Frequency (GHz)

Isolation vs. Frequency

-40

-35

-30

-25

-20

-15

-10

-5

0

0.6 1.2 1.8 2.4 3.0 3.6 4.2 4.8 5.4 6.0

A1-RX Path

A1-TX Path

A2-RX Path

A2-TX Path

A1-A2

TX-RX

Re
tu

rn
 L

os
s 

(d
B)

Frequency (GHz)

Return Loss vs. Frequency

-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

0.6 1.2 1.8 2.4 3.0 3.6 4.2 4.8 5.4 6.0

A1-RX Path

A1-TX Path

A2-RX Path

A2-TX Path

Characteristic Value

RF input power 35 dBm > 500 MHz
0/7 V control

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings
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Parameter Condition Frequency Min. Typ. Max. Unit

2nd and 3rd harmonic 23 dBm input @ 0,3 V 2–6 GHz 63 dBc

P1 dB 2–6 GHz 33 dBm

IIP3 20 dBm per tone 2–3 GHz 54 dBm
22 dBm per tone 5–6 GHz 47 dBm

Thermal resistance 25 °C/W

Control voltages VLOW = 0–0.2 V @ 20 µA max.
VHIGH = 3–5 V @ 200 µA max.

Operating Characteristics at 25 °C (0, 3 V)

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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“1” = 3 to 5 V.
“0” = 0 to 0.2 V.

V1 V2 Insertion Loss Path

0 1 Ant 1 to Tx, Ant 2 to Rx

1 0 Ant 2 to Tx, Ant 1 to Rx

0 0 Allowed but not recommended

1 1 Allowed but not recommended

Truth Table QFN-12
0.008 (0.20 mm)

Seating Plane0.118 (3.00 mm)

Pin 1 Indicator

Pin 1
Indicator

0.118
(3.00 mm)

0.001
(0.02 mm)

0.030 
(0.75 mm)
± 0.002 

(0.05 mm)

Exposed pad

0.029
(0.73 mm)

0.017
(0.435 mm) Sq.

0.007
(0.180 mm)

0.0196
(0.50 mm) BSC

0.057 (1.45 mm) Sq.
+ 0.004 (0.10 mm)
- 0.006 (0.15 mm)

0.022 (0.55 mm)
± 0.004 (0.10 mm)

0.009 (0.23 mm)
+ 0.003 (0.07 mm)
- 0.002 (0.05 mm)

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
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AS236-321, AS236-321LF: PHEMT GaAs IC High-Power 4-CTL
DPDT Switch LF–6 GHz

DATA SHEET

Features
● Application 802.11a (5.2–5.8 GHz) and 802.11b,

(2.4 GHz) diversity
● Operating frequency LF–6 GHz
● Positive low voltage control (0/3 V operation)
● Low insertion loss, less than 1.2 dB, LF–6 GHz 
● High linearity 57 dBm IIP3
● Miniature QFN-12 plastic package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 250 °C

per JEDEC J-STD-020

Description
Skyworks AS236-321 is a broadband DPDT switch designed 
to combine T/R and antenna diversity switching functions on a
single IC. The device is designed to handle high power and 
maintain high linearity at low control voltages. This-low cost
switch is ideal for Wi-Fi systems and is capable of covering 
both the 2.4 GHz and 5 GHz bands.

Parameter(1, 4) Condition Frequency Min. Typ. Max. Unit

Insertion loss(2) Between any pair of ports 2.4–2.5 GHz 0.95 1.1 dB
5.0–6.0 GHz 1.15 1.3 dB

Isolation A1–Tx, A2–Rx, A2–Tx, or A1–Rx 2.4–2.5 GHz 20 22 dB
5.0–6.0 GHz 13 15 dB

A1–A2 or Tx–Rx 2.4–2.5 GHz 20 22 dB
5.0–6.0 GHz 15 17 dB

Return loss(3) 2.4–2.5 GHz 24 dB
5.0–6.0 GHz 18 dB 

Electrical Specifications at 25 °C (0, 3 V)

Pin Out (Top View)
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C B
L

C B
L

C B
L
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T 

2

GND

V2

V3

DC blocking caps (CBL) must be supplied externally.
CBL = 15 pF for operation > 2 GHz.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

1. All measurements made in a 50 Ω system.
2. Insertion loss changes by 0.003 dB/C.

3. Return loss for insertion loss state.
4. Tx and Rx paths can be used interchangeably.
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Typical Performance Data
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF) 20 ns
On, off 50% CTL to 90/10% RF) 50 ns
Video feedthru 50 mV

IIP3 VCTL = 0/3 V 2.4 GHz 57 dBm
5.2 GHz 56 dBm

VCTL = 0/5 V 2.4 GHz 60 dBm
5.2 GHz 57 dBm

P1 dB VCTL = 0/3 V 2.4–5.875 GHz 34 dBm

Gate leakage current VCTL = 0/3 V 10 50 µA

Thermal resistance 25 °C/W

Control voltages 2.5 3 5 V

Operating Characteristics at 25 °C (0, 3 V)
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V1 V2 V3 V4 A1–Tx A2–Rx A2–Tx A1–Rx

1 0 0 0 IL ISO ISO ISO

0 1 0 0 ISO IL ISO ISO

0 0 1 0 ISO ISO IL ISO

0 0 0 1 ISO ISO ISO IL

Truth Table
Characteristic Value

RF input power 35 dBm > 500 MHz
0/7 V control

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Solder Land Pattern

Dimensions in inches (mm).

 0.020
(0.50 mm)

0.011
(0.28 mm)

0.026 (0.65 mm)

0.057
(1.45 mm)

SQ.

0.007
(0.18 mm)

0.008 (0.20 mm)
Seating Plane0.118 (3.00 mm)

Pin 1 Indicator

Pin 1
Indicator

0.118
(3.00 mm)

0.001
(0.02 mm)

0.030 
(0.75 mm)
± 0.002 

(0.05 mm)

Exposed pad

0.029
(0.73 mm)

0.017
(0.435 mm) Sq.

0.007
(0.180 mm)

0.0196
(0.50 mm) BSC

0.057 (1.45 mm) Sq.
+ 0.004 (0.10 mm)
- 0.006 (0.15 mm)

0.022 (0.55 mm)
± 0.004 (0.10 mm)

0.009 (0.23 mm)
+ 0.003 (0.07 mm)
- 0.002 (0.05 mm)

QFN-12

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

All other conditions not recommended.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
200027 Rev. E • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • April 25, 2007 1

SKY13267-321, SKY13267-321LF
GaAs T/R Diversity Switch LF–6 GHz

DATA SHEET

Applications
● 802.11a/b/g transmit/receive diversity switch

Features
● Broadband: LF–6 GHz
● Very low insertion loss: 0.8 dB typ. @ 5.2 GHz
● P1 dB: +30 dBm typical @ 3 V
● Low distortion: IP3 44 dBm typical @ 3 V
● Low current consumption: < 15 µA @ 3 V
● Miniature QFN-12 package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Functional Block Diagram

Tx Rx

ANT2

ANT1

Description
The SKY13267-321 is a monolithic DPDT switch fabricated using
Skyworks proprietary GaAs PHEMTs as the switching elements.
This wideband switch operates with RF signals from LF–6 GHz.
The RF signal paths within the SKY13267-321 are fully bilateral.

Switching is controlled via two control voltage inputs, which are
compatible with CMOS logic levels. Depending upon the logic
voltage level applied to the control voltage pins, the Tx input pin is
connected to one of two antenna ports (ANT1 or ANT2) via a low
insertion loss path, while the path between the Rx pin is connected
to the other antenna port. When the control voltages are toggled,
the connections between the Tx input and Rx output pins and the
antenna ports are toggled as well.

DC power consumption is very low, 15 µA maximum with control
voltage of 5 V. The switch can operate over the temperature range
of -40 °C to +85 °C.

This part is available in a lead (Pb)-free and RoHs-compliant
package as part number SKY13267-321LF.

An evaluation board is available upon request.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/
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Parameter Condition Frequency Min. Typ. Max. Unit

Insertion loss ANT1, ANT2 to Tx, Rx ports 2.400–2.500 GHz 0.7 1.0 dB
5.150–5.350 GHz 0.8 1.1 dB
5.725–5.825 GHz 0.9 1.2 dB

Isolation ANT1, ANT2 to Tx, Rx ports 2.400–2.500 GHz 30 32 dB
5.150–5.350 GHz 23 25 dB
5.725–5.825 GHz 21 23 dB

ANT1 to ANT2, Tx to Rx ports 2.400–2.500 GHz 23 dB
5.150–5.350 GHz 20 dB
5.725–5.825 GHz 20 dB

Return loss ANT1, ANT2 to Tx, Rx ports 2.400–2.500 GHz 22 dB
5.150–5.350 GHz 19 dB
5.725–5.825 GHz 17 dB

Electrical Specifications

VCTL = 0 V/3V, T = 25 °C, PINPUT = 0 dBm, ZO = 50 Ω, unless otherwise noted

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 20 ns
On, off 50% VCTL to 90/10% RF 40 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

Error vector magnitude 802.11a, OFDM, 64 QAM, 54 MBPS, 5.8 GHz ≤1 %
PIN ≤ 27 dBm

Input third order intermodulation intercept For two input tones. 15 dBm each tone, 2.4 GHz 49 dBm
5 MHz spacing, VHIGH = 3 V 5.2 GHz 44 dBm

Thermal resistance 25 °C/W

Control voltage VLOW = 0 V @ 10 µA max.
VHIGH = 3 V to 5 V @ 15 µA max.

Operating Characteristics

VCTL = 0 V/3V, T = 25 °C, PINPUT = 0 dBm, ZO = 50 Ω, unless otherwise noted

Characteristic Value

Control voltage range -0.2 ≤ VC ≤ 8 V

RF input power @ 0/3V 32 dBm
RF input power @ 0/5V 34 dBm

Storage temperature range -65 °C to +150 °C

Operating temperature range -40 °C to +85 °C

Electrostatic discharge (ESD) - Class 0
Human Body Model (HBM)

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
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Typical Performance Data

VCTL = 0 V/3V, T = 25 °C, PINPUT = 0 dBm, ZO = 50 Ω, unless otherwise noted
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Pin Out Top View
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QFN-12 Package Outline
0.008 (0.20 mm) 

Seating Plane 0.118 (3.00 mm) 

Pin 1 Indicator 

Pin 1 
Indicator 

0.118 
(3.00 mm) 

0.001 
(0.02 mm) 

0.030 
(0.75 mm)
± 0.002 

(0.05 mm)

Exposed pad 

0.029 
(0.73 mm) 

0.017 
(0.435 mm) Sq. 

0.007 
(0.180 mm) 

0.0196 
(0.50 mm) BSC 

0.057 (1.45 mm) Sq. 
+ 0.004 (0.10 mm) 
- 0.006 (0.15 mm) 

0.022 (0.55 mm) 
± 0.004 (0.10 mm) 

0.009 (0.23 mm) 
+ 0.003 (0.07 mm) 
- 0.002 (0.05 mm) 

V1 V2 Low Insertion Loss Paths

VLOW VHIGH ANT1 - Tx, ANT2 - Rx

VHIGH VLOW ANT2 - Tx, ANT1 - Rx

VLOW VLOW Not allowed

VHIGH VHIGH Not allowed

Truth Table

Pin Number Pin Name Description

1, 2, 8, 9 Not connected

3 V1 Control voltage 1 – Control voltage input #1. The logic level voltage applied to this pin, along with the level voltage
applied to pin 7, determines the states of the RF paths between the Tx, Rx, ANT1 and ANT2 ports

4 ANT1 RF input/output – RF input/output port which is either connected via a low insertion loss path to the Tx or Rx port,
according to the logic levels applied to V1 and V2

6 ANT2 RF input/output – RF input/output port which is either connected via a low insertion loss path to the Tx or Rx port,
according to the logic levels applied to V1 and V2

5, 11 GND Equipotential point - Internal circuit common, which must be connected to the pcb ground or common via the
lowest possible impedance

7 V2 Control voltage 2 – Control voltage input #2. The logic level voltage applied to this pin, along with the level voltage
applied to pin 3, determines the states of the RF paths between the Tx, Rx, ANT1 and ANT2 ports

10 Rx RF output – RF output port which is typically connected to the input of a receiver signal path

12 Tx RF input – RF input port which is typically connected to the output of a transmitter signal path

Pin Descriptions

VLOW = 0 V to 0.2 V.
VHIGH = 3 V to 5 V.

CBLOCK = 4.7 pF
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Tx Rx

V1

V2

ANT2ANT1

N/C

N/C

CBLOCKCBLOCK

CBLOCKCBLOCK

Evaluation Board
The evaluation board for SKY13267-321 allows the part to be
fully exercised. Note that blocking capacitors are required on
each RF port (Tx, Rx, ANT1 and ANT2).

The state of the SKY13267-321 is controlled by applying the
appropriate logic level voltages to ports V1 and V2 (see Truth
Table in this document).

Component Description Default

CBLOCK DC blocking capacitor 4.7 pF, size 0402

U1 SKY13267-321 GaAs
T/R-diversity switch

Tx, Rx, ANT1, ANT2 SMA connectors

Evaluation Board Components
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AS202-321, AS202-321LF: PHEMT GaAs IC High-Power 
SP3T Switch LF–2 GHz

PRELIMINARY DATA SHEET

Features
● Positive low voltage control (0/2.75 V operation)
● Low insertion loss (< 0.8 dB @ 2 GHz)
● High isolation (25 dB at 1 and 2 GHz)
● Excellent harmonics performance 

(-65 dBc @ 2.75 V 1 GHz, PIN = 34 dBm)
● Miniature QFN-12 plastic package
● PHEMT process
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS202-321 is a PHEMT GaAs IC SP3T antenna switch 
operating in the 900 MHz and 1800 MHz  frequency bands.
Switching between the antenna and Tx/Rx ports is accomplished
with 3 control inputs. When the control inputs are driven with the
appropriate voltages, a low insertion loss path is provided from
an antenna port to an Rx or Tx port, while the other ports have
high attenuation.

Parameter Frequency Min. Typ. Max. Unit

Insertion loss Ant-RF1, RF2, RF3 LF–0.5 GHz 0.55 0.75 dB
LF–1.0 GHz 0.60 0.80 dB
LF–2.0 GHz 0.80 1.10 dB

Isolation Ant-RF1, RF2, RF3 LF–0.5 GHz 25 28 dB
LF–1.0 GHz 22 25 dB
LF–2.0 GHz 22 25 dB

Return loss Ant-RF1, RF2, RF3 LF–0.5 GHz 18 dB
LF–1.0 GHz 18 dB
LF–2.0 GHz 14 dB

Electrical Specifications at 25 °C (0, 2.75 V)

ZO = 50 Ω, unless otherwise noted

Functional Block Diagram

V1

RF1

V 2RF
2

AN
T

V3

RF3

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Typical Performance Data (0, 2.75 V, CBL = 47 pF)

ZO = 50 Ω, unless otherwise noted

Insertion Loss vs. Frequency
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Parameter Condition Frequency Min. Typ. Max. Unit

2nd harmonic 34 dBm In @ 2.75 V 1 GHz -72 dBc

3rd harmonic 34 dBm In @ 2.75 V 1 GHz -65 dBc

2nd harmonic 32 dBm In @ 2.75 V 2 GHz -70 dBc

3rd harmonic 32 dBm In @ 2.75 V 2 GHz -65 dBc

Gate leakage current 34 dBm In @ 2.75 V 0.03 mA

Thermal resistance 25 °C/W

Control voltages VHIGH -0.25 0 0.25 V
VLOW 2.60 2.75 5.00 V

Operating Characteristics at 25 °C (0, 2.75 V)

ZO = 50 Ω, unless otherwise noted



PRELIMINARY DATA SHEET  •  AS202-321, AS202-321LF

Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
200190 Rev. B  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  September 15, 2006 3

V1 V2 V3 Ant-RF1 Ant-RF2 Ant-RF3

VHIGH VLOW VLOW Ins. loss Isolation Isolation

VLOW VHIGH VLOW Isolation Ins. loss Isolation

VLOW VLOW VHIGH Isolation Isolation Ins. loss

Truth Table

All other conditions not recommended.
VLOW = 0–0.2 V.
VHIGH = 2.75–5 V.

QFN-12
0.008 (0.20 mm)

Seating Plane0.118 (3.00 mm)

Pin 1 Indicator

Pin 1
Indicator

0.118
(3.00 mm)

0.001
(0.02 mm)

0.030 
(0.75 mm)
± 0.002 

(0.05 mm)

Exposed pad

0.029
(0.73 mm)

0.017
(0.435 mm) Sq.

0.007
(0.180 mm)

0.0196
(0.50 mm) BSC

0.057 (1.45 mm) Sq.
+ 0.004 (0.10 mm)
- 0.006 (0.15 mm)

0.022 (0.55 mm)
± 0.004 (0.10 mm)

0.009 (0.23 mm)
+ 0.003 (0.07 mm)
- 0.002 (0.05 mm)

Characteristic Value

RF input power 4 W  > 0.5 GHz
0/6 V control

Control voltage 6 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

1
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4 5 6

12 11 10
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RF1
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GN
D

N/C

V3

RF3

GND

CBLCBL

C B
L

C B
L

Pin Out

LF blocks required. CBL = 47 pF for operation >500 MHz.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AS227-321LF: PHEMT GaAs IC High-Power 
SP3T Switch 300 kHz–2 GHz

DATA SHEET

Features
● Positive low voltage control (0/2.75 V operation)
● Low insertion loss (0.5 dB typ. @ 1 GHz)
● High isolation (26 dB typ. @ 1 GHz)
● Excellent IIP3 (63 dBm @ 2.75 V, 27 dBm/tone)
● Miniature QFN-12 plastic package
● PHEMT process
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The AS227-321LF is a PHEMT GaAs IC SP3T antenna switch 
operating in the 900 MHz and 1800 MHz  frequency bands.
Switching between the antenna and Tx/Rx ports is accomplished
with 3 control inputs. When the control inputs are driven with the
appropriate voltages, a low insertion loss path is provided from
an antenna port to an Rx or Tx port, while the other ports have
high attenuation.

Parameter Frequency Min. Typ. Max. Unit

Insertion loss Ant-RF1, RF2, RF3 300 kHz–0.5 GHz 0.45 0.6 dB
300 kHz–1.0 GHz 0.50 0.7 dB
300 kHz–2.0 GHz 0.70 0.9 dB

Isolation Ant-RF1, RF2, RF3 300 kHz–0.5 GHz 30 32 dB
300 kHz–1.0 GHz 24 26 dB
300 kHz–2.0 GHz 18 20 dB

Return loss Ant-RF1, RF2, RF3 300 kHz–0.5 GHz 18 dB
300 kHz–1.0 GHz 18 dB
300 kHz–2.0 GHz 14 dB

Electrical Specifications at 25 °C

VCTL = 0/2.75 V, ZO = 50 Ω, unless otherwise noted

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Functional Block Diagram

V1

RF1

V 2RF
2

AN
T

V3

RF3



Typical Performance Data

TA = 25 °C, VCTL = 0/2.75 V, ZO = 50 Ω, unless otherwise noted
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Parameter Condition Frequency Min. Typ. Max. Unit

Input Third Order Intercept (IIP3) PIN = 27 dBm, each tone 824/869 MHz 63 dBm

2nd/3rd harmonic PIN = 34.5 dBm 900 MHz -65 dBc

Gate leakage current PIN = 34 dBm, VCTL = 2.75 V 50 µA

Thermal resistance 25 °C/W

Control voltages VLOW -0.25 0 0.25 V
VHIGH 2.60 2.75 5.00 V

Operating Characteristics at 25 °C

VCTL = 0/2.75 V, ZO = 50 Ω, unless otherwise noted
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V1 V2 V3 Ant-RF1 Ant-RF2 Ant-RF3

VHIGH VLOW VLOW Ins. loss Isolation Isolation

VLow VHIGH VLOW Isolation Ins. loss Isolation

VLOW VLOW VHIGH Isolation Isolation Ins. loss

Truth Table

All other conditions not recommended.
VLOW = 0–0.2 V.
VHIGH = 2.75–5 V.

Characteristic Value

RF input power 4 W  > 0.5 GHz
0/6 V control

Control voltage 6 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

QFN-12
0.008 (0.20 mm)

Seating Plane0.118 (3.00 mm)

Pin 1 Indicator

Pin 1
Indicator

0.118
(3.00 mm)

0.001
(0.02 mm)

0.030 
(0.75 mm)
± 0.002 

(0.05 mm)

Exposed pad

0.029
(0.73 mm)

0.017
(0.435 mm) Sq.

0.007
(0.180 mm)

0.0196
(0.50 mm) BSC

0.057 (1.45 mm) Sq.
+ 0.004 (0.10 mm)
- 0.006 (0.15 mm)

0.022 (0.55 mm)
± 0.004 (0.10 mm)

0.009 (0.23 mm)
+ 0.003 (0.07 mm)
- 0.002 (0.05 mm)
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Pin Out (Top View)

DC blocks required. CBL = 47 pF for operation >500 MHz.
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SKY13277-355LF: GaAs SP3T Absorptive
Switch 500 MHz–2.5 GHz

Features
� Positive voltage control (0/3 V typ.)
� High isolation 62 dB at 1 GHz
� Integrated silicon CMOS driver
� Isolated ports are absorptive
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260°C
per JEDEC J-STD-020

Description
The SKY13277-355LF is a pHEMT GaAs FET IC high isolation
absorptive single-pole 3-throw switch packaged in a 20-lead
exposed-pad plastic package for low-cost commercial applica-
tions. This switch controls signals from 500 MHz to 2.5 GHz. The
switch is ideal for cellular base station switch matrices and other
applications that require good RF impedance match independent
of switch state.

The SKY13277-355LF comprises a pHEMT switch die and a
Si CMOS controller die. The switch die contains integral
terminating resistors that present an absorptive load to the
external circuit when the switch path is in its isolation state.
The controller die has three inputs: supply voltage (VDD) and two
logic control bits that select the state of the pHEMT switch die.
External DC block capacitors are required on all RF ports.

The SKY13277-355LF operates from -40 °C to 85 °C.

A populated evaluation board is available.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Functional Diagram
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise/fall time 10/90% or 90/10% RF 5 ns
On/off time 50% VCTL to 90/10% RF 15 ns

Input power for 1 dB compression VDD = 5 V 0.5–2.5 GHz 30 dBm

Intermodulation Intercept Point (IP3) For two tone input power 13 dBm/tone 0.5–2.5 GHz 43 dBm
1 MHz spacing, VDD = 5 V

Control voltages VCTLLOW 0 0.5 V
VCTLHIGH 2.4 VDD V

Control port current VCTLLOW, VCTLHIGH 5 µA

Supply voltage (VDD) 2.75 5.5 V

Supply current (IDD) VDD = 3 V 50 µA

Operating Characteristics at 25 °C

VDD = 5 V, VCTL = 0/5 V, T = 25 C, PINPUT = 0 dBm, Z0 = 50 Ω, unless otherwise noted

1. VDD must be powered on prior to a VCTL high signal. A latch up condition may occur if a logic
high signal is applied prior to the VDD voltage.

2. Control voltages switch the VDD voltage to the GaAs switch.

Parameter Frequency Min. Typ. Max. Unit

Insertion loss 0.5–1.0 GHz 0.9 1.1 dB
1.0–2.0 GHz 1.1 1.3 dB
2.0–2.5 GHz 1.3 1.5 dB

Isolation 0.5–1.0 GHz 60 62 dB
1.0–2.0 GHz 53 57 dB
2.0–2.5 GHz 49 55 dB

Return loss insertion loss state 0.5–1.0 GHz 11 15 dB
1.0–2.0 GHz 9 12 dB
2.0–2.5 GHz 8 11 dB

Return loss isolation state 0.5–1.0 GHz 11 15 dB
1.0–2.0 GHz 10 14 dB
2.0–2.5 GHz 8 13 dB

Electrical Specifications at 25 °C

VDD = 5 V, VCTL = 0/5 V, T = 25 C, PINPUT = 0 dBm, Z0 = 50 Ω, unless otherwise noted
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Typical Performance Data

VDD = 5 V, VCTL = 0/5 V, T = 25 C, PINPUT = 0 dBm, CBLOCK = 47 pF, Z0 = 50 Ω, unless otherwise noted
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DC blocks are required on RFc, J1, J2, J3.

Pin Descriptions

Pin Number Pin Name Description
1, 2, 4, 5, 6, 8, 9,
14-17, 19, 20

Gnd Ground

3 J3 RF port, must be DC blocked

7 J2 RF port, must be DC blocked

10 VDD DC bias for decoder

11 VCT1 DC logic pin

12 VCT2 DC logic pin

13 J1 RF port, must be DC blocked

18 RFc RF common port, must be
DC blocked

Exposed Paddle Paddle Ground

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

Characteristic Value

RF input power @ 5.5 V 32 dBm, f > 500 MHz

VDD voltage range 2.75 < VDD < 5.5 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings
VCT1 VCT2 RFC to J1 RFC to J2 RFC to J3
0 0 Insertion loss Isolation Isolation

1 0 Isolation Insertion loss Isolation

0 1 Isolation Isolation Insertion loss

1 1 Undefined Undefined Undefined

Truth Table

“0” = 0 to 0.5 V.
“1” = 2.4 to VDD.
VDD = 2.75 to 5.5 V.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum ratings. Exceeding
any of the absolute maximum/minimum ratings may result in permanent damage to the
device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Part Marking

S277

PIN 1
INDICATOR

SKYWORKS P/N

WW= WEEK
Y= CALENDAR YEAR

DATE CODE

LOT #

YWW
XXXX

QFN-20 (5 x 5 mm)

Pin 1
Indicator

5.00

5.00

0.20 Ref

0.90 ± 0.10
Top View

Seating
Plane

0.02 + 0.03
0.02 - 0.02

20X 0.30 ± 0.05

20X 0.55 ± 0.10

0.65

Dimensions in mm.
Bottom View

1.575 + 0.05
1.575 - 0.075

3.15 + 0.10
3.15 - 0.015

3.15 + 0.10
3.15 - 0.015

Evaluation Board
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AS219-321, AS219-321LF: PHEMT GaAs IC High-Linearity 3 V
T/R SP3T Switch 0.1–2.5 GHz

DATA SHEET

Parameter(1) Condition Frequency Min. Typ. Max. Unit

Insertion loss(2) Ant-Rx 0.1–1.0 GHz 0.5 0.75 dB
1.0–2.0 GHz 0.7 0.80 dB
2.0–2.5 GHz 0.8 1.10 dB

Ant-Tx 0.1–1.0 GHz 0.35 0.40 dB
1.0–2.0 GHz 0.50 0.55 dB
2.0–2.5 GHz 0.65 0.70 dB

Isolation Ant-Rx 0.1–1.0 GHz 24 26 dB
1.0–2.0 GHz 20 25 dB
2.0–2.5 GHz 20 24 dB

Ant-Tx 0.1–1.0 GHz 20 23 dB
1.0–2.0 GHz 14 16 dB
2.0–2.5 GHz 10 14 dB

VSWR(3) 0.1–2.5 GHz 1.1:1 dB

Electrical Specifications at 25 °C (0, 3 V)

Features
● 2.6 to 5 V linear operation
● Harmonics H2, H3 < -70 dBc @ PIN = 34.5 dBm
● Low Tx insertion loss (0.35 dB @ 0.9 GHz)
● High Rx isolation (25 dB @ 0.9 GHz)
● Miniature QFN-12 plastic package
● PHEMT process
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The AS219-321 is a PHEMT GaAs IC SP3T antenna switch
operating in the 900 MHz and 1800 MHz frequency bands.
Switching between the antenna and Tx/Rx ports is accomplished
with three control inputs. When the control inputs are driven with
the appropriate voltages, a low insertion loss path is provided
from an antenna port to a Tx port, while the other Rx ports have
high attenuation.

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Insertion loss state.

Pin Out (Top View)
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Tx

GN
DV 3

Rx
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V 2

N/C

GND

Rx1

GND

CBLCBL

C B
L

C B
L

1
2

3

4 5 6

12 11 10

9
8

7

DC blocking capacitors (CBL) must be supplied externally for positive voltage operation.
CBL = 47 pF for operation >500 MHz.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 60 ns
On, off 50% CTL to 90/10% RF 100 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

Input power for -0.1 dB compression 0/3 V 0.9 GHz 35 dBm

Harmonics H2, H3 (transmit state) PIN = 34.5 dBm 0.9 GHz, 1.8 GHz -70 dBc

Thermal resistance 25 °C/W

Control voltages VLOW = 0 to 0.2 V @ 20 µA max.
VHIGH = 2.7 V @ 100 µA max. to 5 V @ 200 µA max.

Operating Characteristics at 25 °C (0, 3 V)

Typical Performance Data
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V1 V2 V3 Ant-Tx Ant-Rx1 Ant-Rx2

VHIGH VLOW VLOW Ins. loss Isolation Isolation

VLOW VHIGH VLOW Isolation Ins. loss Isolation

VLOW VLOW VHIGH Isolation Isolation Ins. loss

Truth Table

All other conditions not recommended.
VLOW = 0–0.2 V.
VHIGH = 2.75–5 V.

1.8 GHz Harmonics vs. Control Voltages

Control Voltages (V)
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Characteristic Value

RF input power 6 W > 500 MHz
0/7 V control

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

0.008 (0.20 mm) 
Seating Plane 0.118 (3.00 mm) 

Pin 1 Indicator 

Pin 1 
Indicator 

0.118 
(3.00 mm) 

0.001 
(0.02 mm) 

0.030 
(0.75 mm)
± 0.002 

(0.05 mm)

Exposed pad 

0.029 
(0.73 mm) 

0.017 
(0.435 mm) Sq. 

0.007 
(0.180 mm) 

0.0196 
(0.50 mm) BSC 

0.057 (1.45 mm) Sq. 
+ 0.004 (0.10 mm) 
- 0.006 (0.15 mm) 

0.022 (0.55 mm) 
± 0.004 (0.10 mm) 

0.009 (0.23 mm) 
+ 0.003 (0.07 mm) 
- 0.002 (0.05 mm) 

QFN-12

Pin 1 Indicator

Skyworks
Part No.

Lot
Number

Top View Date Code
WW = Week

YY = Calendar Year

S219
XXXX
WWYY

Package Marking

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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Applications
● 802.11b, g
● Bluetooth®

● Zigbee™
● TDMA/GSM/EDGE CDMA/WCDMA
● Other short-range wireless applications

Features
● Positive low voltage control (0/+2.4 V)
● Low insertion loss (<0.5 dB @ 2.5 GHz)
● High isolation RF2, RF3 paths (29 dB @ 2.5 GHz
and 27 dB @ 2.5 GHz)

● Miniature QFN-8 lead exposed paddle 2 x 2 mm
● PHEMT process
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The SKY13251-349 is a PHEMT GaAs IC SP3T switch in a
2 x 2 mm QFN-8E package. The high isolation, low loss, small
size and low cost features make this switch ideal for isolating
Bluetooth® from 802.11b, g and designs that require combining
TDMA, GSM, EDGE, CDMA, WCDMA with other short-range wire-
less applications. This switch is also available in a lead (Pb)-free
package that is fully compliant with current RoHS requirements.

The SKY12351-349 employs an asymmetrical design for
improved performance as a transmit-receive switch. The path
between the RF common (RFC) and RF1 is optimized for low loss
transmit use, while the remaining two paths, RFC to RF2 and RFC
to RF3, are optimized to produce higher isolation in receiver
signal paths.

A fully populated evaluation board is available.

SKY13251-349, SKY13251-349LF: SP3T Switch for
Bluetooth® and 802.11b, g

DATA SHEET

RFC

V1

RF1

RF3

V2

V3

RF2

Simplified Block Diagram

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Innovation to GoTM 
Now available for purchase online.

BUY
NOW

http://www.cdistore.com/skyworks/


DATA SHEET • SKY13251-349, SKY13251-349LF

Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
May 9, 2007 • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • 200609 Rev. F2

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise 10% to 90% RF 50 ns
Fall 90% to 10% RF 25 ns
On 50% VCTL to 90% RF 50 ns
Off 50% VCTL to 10% RF 50 ns

Input power for -1.0 dB compression VCTL = 0/3 V 0.5–3 GHz 25 dBm

Intermodulation intercept point (IP3) Two-tones 900 MHz, 5 MHz spacing 0.5–3 GHz 46 dBm
+10 dBm each tone

Control voltages
High 2.3 5.5 V
Low 0 0.2 V

Control port input current VCTL = 3 V 100 µA
VCTL = 0 V 20 µA

Operating Characteristics at 25 ºC (0, +3 V)

Z0 = 50 Ω, unless otherwise noted

Parameter Condition Frequency Min. Typ. Max. Unit

Insertion loss RFC-RF1 LF–1.0 GHz 0.35 0.40 dB
1.0–2.0 GHz 0.40 0.50 dB
2.0–3.0 GHz 0.45 0.60 dB

RFC-RF2, RF3 LF–1.0 GHz 0.35 0.40 dB
1.0–2.0 GHz 0.50 0.60 dB
2.0–3.0 GHz 0.60 0.70 dB

Isolation RFC-RF1 LF–1.0 GHz 22 24 dB
1.0–2.0 GHz 15 18 dB
2.0–3.0 GHz 12 15 dB

RFC-RF2, RF3 LF–1.0 GHz 25 29 dB
1.0–2.0 GHz 23 27 dB
2.0–3.0 GHz 23 27 dB

Return loss RFC-RF1 LF–1.0 GHz 24 dB
(insertion loss state) 1.0–2.0 GHz 25 dB

2.0–3.0 GHz 25 dB

RFC-RF2, RF3 LF–1.0 GHz 22 dB
1.0–2.0 GHz 19 dB
2.0–3.0 GHz 20 dB

Electrical Specifications at 25 ºC (0, +3 V)

Z0 = 50 Ω, unless otherwise noted

LF = low frequency.
The low frequency limit is set by the value of the DC blocking capacitors used external to the part.



DATA SHEET • SKY13251-349, SKY13251-349LF

Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
200609 Rev. F • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • May 9, 2007 3

Typical Performance Data

Z0 = 50 Ω, TA = 25 °C, unless otherwise noted
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Insertion Loss vs. Frequency
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Characteristic Value

RF input power (VCTL = 0/7 V) 1 W, f > 500 MHz
0.5 W, f < 500 MHz

Control voltage -0.2 V, +8 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

ΘJC 45 °C/W

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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V1 V2 V3 RFC-RF1 RFC-RF2 RFC-RF3

1 0 0 Isolation Insertion loss Isolation

0 1 0 Insertion loss Isolation Isolation

0 0 1 Isolation Isolation Insertion loss

Truth Table

QFN 8E 2 x 2 (-349)

0.56 ± 0.01 

0.29 + 0.16 -0.09 

1.02 + 0.10 -0.08 

0.17/0.30 2X 

0.125 Max. 

Bottom View

LC

1

Top View Side View 

1

Pin 1 
Mark 

LC

CL

0.51 ± 0.01 

0.70 ± 0.05 

0.20 ± 0.05 

0.025 ± 0.025 

0.90 ± 0.10 

10° + 2° -10° 

2.00 BSC 
 

0.125 Max. 

2.00 BSC 

Exposed Pad 

R 0.075 Ref 
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0.29+0.16 -0.09

0.20 + 0.08 -0.02 
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Pin Out (Top View)

CBL = 47 pF for operation >500 MHz.
Exposed paddle must be grounded.

All other logic conditions put the switch in an undefined state.
"0"= 0 to 0.2 V.
"1"=2.3 to 5.5 V.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 


Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
200613 Rev. B • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • September 18, 2007 1

SKY13296-340LF: GaAs SP4T Absorptive Switch
20 MHz–2.5 GHz

DATA SHEET

Features
� Positive voltage control (0/3 V to 0/5 V)
� High isolation 35 dB at 1 GHz
� Integrated silicon CMOS driver
� Isolated ports are absorptive
� Use of external DC blocks to allow good return loss
to low frequency

� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Functional Diagram

Decoder

External
Floating Caps 

External
Floating Caps 

RFc

J3

J4 J1

J2

VCTLVCTLVDD

Description
The SKY13296-340LF is a pHEMT GaAs FET IC high isolation,
absorptive single-pole four-throw switch packaged in a lead
(Pb)-free, 4 x 4 mm, 20-lead exposed-pad plastic package for
low-cost commercial applications. The use of external DC
blocking capacitors on the RF ports and in series with the
internal RF terminations enables the user to extend the range
of good return loss to arbitrarily low frequency. This switch
is an ideal building block for filter bank switching.

Parameter Frequency Min. Typ. Max. Unit

Insertion loss 0.02–1.00 GHz 0.4 0.6 dB
1.00–2.00 GHz 0.6 0.8 dB
2.00–2.50 GHz 0.7 1.1 dB

Isolation 0.02–1.00 GHz 35 40 dB
1.00–2.00 GHz 25 30 dB
2.00–2.50 GHz 21 26 dB

Return loss (Insertion loss state) 0.02–1.00 GHz 12 18 dB
Lower freq. return loss is dependent on DC blocks 1.00–2.00 GHz 9 13 dB

2.00–2.50 GHz 7 13 dB

Return loss (Isolation state) 0.02–1.00 GHz 9.5 14 dB
Lower freq. return loss is dependent on DC blocks and floating caps 1.00–2.00 GHz 8.0 11 dB

2.00–2.50 GHz 7.0 9 dB

Electrical Specifications

VCTL = 0 V/3V, T = 25 °C, PINPUT = 0 dBm, Z0 = 50 Ω, CBLOCK = 1000 pF, CBYPASS = 1000 pF, unless otherwise noted

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Typical Insertion Loss
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Typical Performance Data

VCTL = 0 V/3V, T = 25 °C, PINPUT = 0 dBm, Z0 = 50 Ω, CBLOCK = 1000 pF, CBYPASS = 1000 pF, unless otherwise noted

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise/fall time 10/90% or 90/10% RF 25 ns
On/Off time 50% VCTL to 90/10% RF 50 ns

Input power for 0.1 dB compression VDD = 3 V 870 MHz 13 16 dBm

Intermodulation intercept point (IP3) For two tone input power 8 dbm/tone 900 MHz 40 dBm
1 MHz spacing, VDD = 3 V

Control voltages(1) VCTL LOW 0 0.2 V
VCTL HIGH 2.75 VDD V

Supply voltage (VDD) 3 5.5 V

Supply currents VDD = 3 V 5 uA
VCTL LOW, VCTL HIGH 5 uA

Operating Characteristics

VCTL = 0 V/3V, T = 25 °C, PINPUT = 0 dBm, Z0 = 50 Ω, CBLOCK = 1000 pF, CBYPASS = 1000 pF, unless otherwise noted

1. Control voltages switch the VDD voltage to the GaAs switch.
VDD must be powered on prior to a VCTL high signal. A latch up condition may occur if a logic
high signal is applied prior to the VDD voltage.
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Typical Isolation RFc-J2 Path On
Frequency (GHz)
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Typical Isolation RFc-J3 Path On
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Typical Isolation RFc-J4 Path On
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Typical Return Loss
Insertion Loss States
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VDD VCTL 1 VCTL 2 RFc-J1 RFc-J2 RFc-J3 RFc-J4
1 0 0 Ins. Loss Isolation Isolation Isolation

1 1 0 Isolation Ins. Loss Isolation Isolation

1 0 1 Isolation Isolation Ins. Loss Isolation

1 1 1 Isolation Isolation Isolation Ins. Loss

Truth Table
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Pin Out
(Top View X-ray of Pads on Bottom of Package) Pin Symbol Description

1 J4 RF port. Must be DC blocked with a capacitor
appropriate for lowest frequency of operation

2 GND 4 AC Ground for J4 RF port. Must be DC blocked using
a capacitor appropriate for lowest frequency of
desired input return loss on J4 port

3 GND 3 AC Ground for J3 RF port. Must be DC blocked using
a capacitor appropriate for lowest frequency of
desired input return loss on J3 port

4 J3 RF port. Must be DC blocked with a capacitor
appropriate for lowest frequency of operation

5 GND DC Ground

6 VDD Supply voltage for decoder

7 GND DC Ground

8 GND DC Ground

9 GND DC Ground

11 VCTL 1 DC control voltage applied to decoder

10 VCTL 2 DC control voltage applied to decoder

12 J2 RF port. Must be DC blocked with a capacitor
appropriate for lowest frequency of operation

13 GND 2 AC Ground for J2 RF port. Must be DC blocked using
a capacitor appropriate for lowest frequency of
desired input return loss on J2 port

14 GND 1 AC Ground for J1 RF port. Must be DC blocked using
a capacitor appropriate for lowest frequency of
desired input return loss on J1 port

15 J1 RF port. Must be DC blocked with a capacitor
appropriate for lowest frequency of operation

16 GND DC Ground

17 GND DC Ground

18 RFc RF common port. Must be DC blocked with a
capacitor appropriate for lowest frequency
of operation

19 GND DC Ground

20 GND DC Ground

Exposed DC Ground
Paddle

Pin Assignments

Characteristic Value

VDD voltage range 2.75 < VDD < 5.5 V

RF input power @ 5.5 V 1 W, f > 500 MHz

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

DC blocks are required on RFc, J1, J2, J3, J4.
Floating caps are required on Gnd 1, Gnd 2, Gnd 3, Gnd 4.

VDD must be powered on prior to a VCTL high signal.
“0” = 0 to 0.2 V.
“1” = 2.75 to VDD V.
VDD = 3 V to 5 V.
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S3296
XXXX
YXX

Pin 1
Indicator

Pin 1

Pin 20

Skyworks P/N

Lot #

Date Code 
Y = Calendar Year
WW = Week

Part Marking

0.042�
(1.075 mm)

0.042
(1.075 mm)

0.085 (2.15 mm)
+ 0.004 (0.10 mm)
- 0.006 (0.15 mm)

0.085 (2.15 mm)
+ 0.004 (0.10 mm)
- 0.006 (0.15 mm)

Exposed Pad

0.078�
(2.0 mm)

0.078 (2.0 mm) BSC

0.02
+0.03
-0.02

Seating
Plane

0.029 (0.75 mm)
± 0.002 (0.05 mm)



0.157 (4.00 mm) BSC

0.157
(4.00 mm)

BSC

Pin 1
Indicator

0.008 (0.20 mm) Ref.

QFN-20 (4 x 4)

PCB EVALUAT ON
MLF 20

(4X4 MM)

SK40611 1

J2

J1

1

RFC

J3

J4

VCC VC 2 VCT1

SKY13296 340LF

REV 1

Gnd VDD VCTL2 VCTL1

C3, C4 = use
cap

appropriate
for minimum

freq. of
operation 

Use cap 
value 

appropriate
for minimum

freq. of
operation

CBLK
5 PLACES 

C1, C2 = use 
cap

appropriate
for minimum 

freq. of 
operation

Evaluation Board

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

CBLOCK = 1000 pF for operating frequency > 20 MHz.
CBYPASS C1–C4 = 1000 pF for operating frequency > 20 MHz.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
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AS221-306, AS221-306LF: PHEMT GaAs IC High-Power 
SP4T Switch 0.1–2.5 GHz

DATA SHEET

Parameter Condition Frequency Min. Typ. Max. Unit

Insertion loss Ant-J1, J2, J3, J4 0.1–0.5 GHz 0.6 0.7 dB
0.5–1.0 GHz 0.7 0.8 dB
1.0–2.0 GHz 0.9 1.1 dB
2.0–2.5 GHz 1.1 1.2 dB

Isolation Ant-J1, J2, J3, J4 0.1–0.5 GHz 30 34 dB
0.5–1.0 GHz 25 29 dB
1.0–2.0 GHz 19 23 dB
2.0–2.5 GHz 18 22 dB

VSWR 0.1–1.0 GHz 1.2:1
1.0–2.5 GHz 1.3:1

Electrical Specifications at 25 °C (0, 2.6 V)

ZO = 50 Ω, unless otherwise noted

Features
● Four symmetric RF paths
● Positive voltage control @ 2.6 V
● High IP3
● Excellent harmonic performance
● Handles GSM power Levels
● Available in QFN-16 (4 x 4 mm) package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C per

JEDEC J-STD-020

Description
The AS221-306 is a reflective SP4T switch. It is an ideal switch
for higher power applications. It can be used for GSM dual-band
handset applications where low loss, low current, and small size
are critical parameters.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

V1

GN
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V 4 GN
D
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V 2 V 3
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D

J1

GND

J2

J4

GND

GND

J3

CBL

CBL

CBL

CBL

CBL

Pin Out

DC blocking capacitors (CBL) must be supplied externally.
CBL = 47 pF for operating frequency >500 MHz.
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Typical Performance Data

ZO = 50 Ω, unless otherwise noted
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 50 ns
On, off 50% CTL to 90/10% RF 100 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

IP3 13 dBm/tone 55 dBm

2nd and 3rd harmonics 34 dBm input 900 MHz -65 dBc

Thermal resistance 25 °C/W

Control voltages VLOW = 0
VHIGH = 2.6 V @ 200 µA

Operating Characteristics at 25 °C (0, 2.6 V)

ZO = 50 Ω, unless otherwise noted
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Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Characteristic Value

RF input power 4 W  > 0.5 GHz
0/6 V control

Control voltage 6 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings
V1 V2 V3 V4 Ant-J1 Ant-J2 Ant-J3 Ant-J4

VHIGH VLow VLOW VLOW Ins. Loss Isolation Isolation Isolation

VLOW VHIGH VLOW VLOW Isolation Ins. loss Isolation Isolation

VLOW VLOW VHIGH VLOW Isolation Isolation Ins. loss Isolation

VLOW VLOW VLOW VHIGH Isolation Isolation Isolation Ins. loss

Truth Table

All other conditions not recommended.
VLOW = 0.
VHIGH = 2.6 V.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

QFN-16 (4 x 4 mm)

Exposed Pad

0.008 (0.20 mm)
Seating Plane

0.0008
(0.02 mm)

+0.001
(0.03 mm)
-0.0008

(0.02 mm)

0.035 (0.90 mm)
± 0.004 (0.10 mm)

0.157
(4.00 mm)

0.157
(4.00 mm)

Pin 1
Indicator

0.077
(1.950 mm)

0.077 (1.950 mm)

0.042
(1.075 mm)

0.085 (2.15 mm)
+ 0.004 (0.10 mm)
- 0.006 (0.15 mm)

0.085 (2.15 mm)
+ 0.004 (0.10 mm)
- 0.006 (0.15 mm)
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DATA SHEET

AS204-80, AS204-80LF: GaAs IC SP4T Nonreflective
Switch With Driver 300 kHz–3.5 GHz

Features
� Integrated driver 5 V supply voltage
� High isolation (45 dB @ 0.9 GHz)
� Low insertion loss (0.5 dB @ 0.9 GHz)
� SSOP-16 plastic package
� Nonreflective all ports
� ESD rated at class 1A HBM
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The AS204-80 is a high-isolation SP4T FET IC nonreflective
switch with driver. The insertion loss is 0.5 dB and isolation is
45 dB at 0.9 GHz. The switch is ideal for cellular base station
switch matrices.

Parameter(1) Frequency Min. Typ. Max. Unit

Insertion loss(2) 300 kHz–1.0 GHz 0.4 0.6 dB
300 kHz–2.0 GHz 0.6 0.8 dB
300 kHz–2.5 GHz 0.7 0.9 dB
300 kHz–3.5 GHz 0.9 1.2 dB

Isolation 300 kHz–1.0 GHz 40 45 dB
300 kHz–2.0 GHz 30 38 dB
300 kHz–2.5 GHz 28 32 dB
300 kHz–3.5 GHz 22 25 dB

VSWR(3) on state 300 kHz–3.5 GHz 1.3:1

VSWR(3) off state 0.5 GHz–3.5 GHz 1.5:1

Electrical Specifications at 25 °C

VCC = 5 V, ZO = 50 Ω, unless otherwise noted

2:4 Decoder

50 50

50 50

J5

J1

J2

J3J4

CTL1 CTL2VCC

Simplified Block Diagram

1. All measurements made in a 50 Ω system, unless otherwise specified.
2. Insertion loss changes by 0.003 dB/°C.
3. Input/Output.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Innovation to GoTM

Now available for purchase online.
BUY
NOW

http://www.cdistore.com/skyworks/
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Typical Performance Data

VCC = 5 V, ZO = 50 Ω, unless otherwise noted

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 75 ns
On, off 50% CTL to 90/10% RF 125 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

Input power for 1 dB compression 0.5–2 GHz 26 dBm

Intermodulation intercept point (IP3) For two-tone input power 13 dBm 0.5–2 GHz 40 dBm
0.05 GHz 29 dBm

Thermal resistance 30 °C/W

Control voltages(1) CTL1, 2 low 0 0.5 V
CTL1, 2 high 2.4 5.0 V

Supply voltage, VCC(1) 4.8 5.2

Supply current VCC = 5 V 500 µA

Operating Characteristics at 25 °C

VCC = 5 V, ZO = 50 Ω, unless otherwise noted

1. VCC must be powered on by a minimum of 10 ns prior to VCTL.

50 Ω

50 Ω

50
Ω

50
Ω

J5

GND

CTL2

J1

CTL1

GND
GND

GNDJ4

GND

GND
VCC

J2

J3

GND

GND

1
2

3
4

5
6

8

16
15

14
13

12
11

9

7 102:4 TTL
Decoder

CBL

CBL

CBL

CBL

CBL

Pin Out

DC blocking capacitors (CBL) required for positive voltage operation.
CBL = 47 pF for operation frequency >500 MHz.
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Characteristic Value

RF input power 0.8 W > 500 MHz
0.2 W @ 50 MHz

Supply voltage 6 V

Control voltage -0.2 V, +6 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

ESD human body model Class 1A

Absolute Maximum Ratings
Insertion Control Input
Loss

Path J1 to: CTL1 CTL2

J2 0 0

J3 1 0

J4 0 1

J5 1 1

Truth Table

“0” = 0 to 0.5 V.
“1” = 2.4 to 5 V.

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

SSOP-16 (-80)

Pin 1 Indicator

0.154 (3.90 mm)
± 0.004 (0.10 mm)

0.236 (6.00 mm)
± 0.008 (0.20 mm)

Pin 1

Pin 16

Detail A

0° - 8'

A

A

Seating Plane

0.014 ± 0.005 (0.36 mm)
0.019 X 45° Optional Chamfer0.008 (0.20 mm)

Min. R

0.010 (0.25 mm)
Gauge Plane

0.033 (0.84 mm)
± 0.017 (0.43 mm)

7° Typ.

0.025
(0.635 mm) BSC 0.010

(0.25 mm) Ref.

0.061 (1.55 mm)
± 0.0078 (0.20 mm)

0.193 (4.90 mm)
± 0.004 (0.10 mm)

0.010 (0.254 mm) Max.
0.004 (0.120 mm) Min.

0.0565 (1.50 mm)
± 0.0025 Max.

Section A-A

0.0087 (0.221 mm)
± 0.0012 (0.030 mm)

0.010 (0.254 mm)
± 0.002 (0.051 mm)

Base Metal

With Lead Finish

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.
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AS195-306, AS195-306LF: PHEMT GaAs IC High-Power
SP5T Switch 0.1–2 GHz

DATA SHEET

Features
● 5 symmetric RF paths
● Positive voltage control
● High IP3
● Excellent harmonic performance
● Handles GSM power levels
● Available in QFN-16 (4 x 4 mm) package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C
per JEDEC J-STD-020

Description
The AS195-306 is a reflective SP5T switch. It is an ideal switch
for higher power applications. It can be used for GSM dual-band
handset applications where low loss, low current and small size
are critical parameters.

Parameter Frequency Min. Typ. Max. Unit

Insertion loss Ant-J1, J2, J3, J4, J5 0.1–0.5 GHz 0.5 0.7 dB
0.5–1.0 GHz 0.6 0.8 dB
1.0–2.0 GHz 1.0 1.1 dB

Isolation Ant-J1, J2, J3, J4, J5 0.1–0.5 GHz 30 35 dB
0.5–1.0 GHz 25 27 dB
1.0–2.0 GHz 21 23 dB

VSWR 0.1–1.0 GHz 1.4:1
1.0–2.0 GHz 1.6:1

Electrical Specifications at 25 °C (0, 3 V)

ZO = 50 Ω, unless otherwise noted
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CBL

CBL CBL

CBL

Pin Out

DC blocking capacitors (CBL) must be supplied externally.
CBL = 47 pF for operating frequency >500 MHz.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Typical Performance Data

ZO = 50 Ω, unless otherwise noted
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Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise, fall 10/90% or 90/10% RF 50 ns
On, off 50% CTL to 90/10% RF 100 ns
Video feedthru TRISE = 1 ns, BW = 500 MHz 50 mV

IP3 13 dBm/tone 55 dBm

2nd and 3rd harmonics 34 dBm input 900 MHz -65 dBc

Thermal resistance 25 °C/W

Control voltages VLOW = 0
VHIGH = 3 V @ 200 µA max.

Operating Characteristics at 25 °C (0, 3 V)

ZO = 50 Ω, unless otherwise noted
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All other conditions not recommended.
“0” = 0 to 0.2 V.
“VHIGH” = 2.7 to 5 V.

V1 V2 V3 V4 V5 Ant-J1 Ant-J2 Ant-J3 Ant-J4 Ant-J5

VHIGH 0 0 0 0 Ins. Isol. Isol. Isol. Isol.
loss

0 VHIGH 0 0 0 Isol. Ins. Isol. Isol. Isol.
loss

0 0 VHIGH 0 0 Isol. Isol. Ins. Isol. Isol.
loss

0 0 0 VHIGH 0 Isol. Isol. Isol. Ins. Isol.
loss

0 0 0 0 VHIGH Isol. Isol. Isol. Isol. Ins.
loss

Truth Table

QFN-16 (4 x 4 mm)

0.001
(0.025 mm)

Seating
Plane

0.039 (1.00 mm) Max.
16

0.157
(4.00 mm)
Sq. BSC

1

Pin 1
Indicator

0.011 (0.28 mm)
+ 0.003 (0.07 mm)
- 0.002 (0.05 mm)0.15 (2.10 mm)

 0.006 (0.083 mm)

0.083 (2.10 mm)

4 x 0.016 (0.40 mm)

0.078 (1.95 mm) Ref.

0.078 (1.95 mm) Ref.

0.024 (0.60 mm)
+ 0.006 (0.15 mm)
- 0.004 (0.10 mm) 0.026 (0.65 mm) BSC

Characteristic Value

RF Input Power 36 dBm, f > 500 MHz,
27 dBm < 500 MHz, 0/8 V control

100 mW f <= 500 MHz

Control Voltage -0.2 V, +8 V

Operating Temperature -40 °C to +85 °C

Storage Temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
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Features
� Positive low voltage control (0/3 V)
� Low insertion loss (0.5 dB at 2.5 GHz)
� High isolation (25 dB at 2.5 GHz)
� Excellent linearity performance (P1 dB = 29 dBm)
� Miniature ultrathin MLP-8 pin plastic package (2 x 2 x 0.55 mm)
� Advanced PHEMT process
� Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Description
The SKY13309-370LF is a PHEMT GaAs IC SP3T antenna switch
operating in the 0.1–3 GHz frequency range. Switching between
the antenna and Tx/Rx ports is accomplished with 3 control
voltages. The low loss, high isolation, high linearity, small size
and low cost features make this switch ideal for all WLAN and
Bluetooth® systems operating in the 2.4–2.5 GHz band.

SKY13309-370LF: PHEMT GaAs IC SP3T Switch 0.1–3.0 GHz
DATA SHEET

Parameter Condition Frequency Min. Typ. Max. Unit

Insertion loss RFC–RF1, RF2, RF3 0.1–3.0 GHz 0.6 0.75 dB
2.4–2.5 GHz 0.5 0.65 dB

Return loss (Insertion loss state) RFC–RF1, RF2, RF3 0.1–3.0 GHz 20 dB
2.4–2.5 GHz 20 dB

Isolation RFC–RF1, RF2, RF3 0.1–3.0 GHz 22 25 dB
2.4–2.5 GHz 22 25 dB

Electrical Specifications at 25 ºC, VHIGH = 2.1–5 V

Operating Characteristics at 25 ºC

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

RFC

V2

RF1

RF3

V1

V3

RF2

Simplified Block Diagram

1
Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com

200721 Rev. G • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • June 12, 2008

Parameter Condition Frequency Min. Typ. Max. Unit

Switching characteristics
Rise/fall time
On, off time

10/90% or 90/10% RF
50% CTL to 90/10% RF

30
25

ns
ns

Video feedthru 40 mV

Input power for 1 dB compression VLOW = 0 V, VHIGH = 3.3 V 2450 MHz 29 dBm

Input third order intermodulation
intercept

For two-tone input power 17 dBm
VLOW = 0 V, VHIGH = 2.1 V
VLOW = 0 V, VHIGH = 3.3 V

2450 MHz
2450 MHz

37
45

dBm
dBm

Control voltages VLOW = 0 to 0.25 V @ 5 µA typ.
VHIGH = 2.1 to 5.0 V @ 10 µA typ.

0
3.3

V
V



Typical Performance Data at 25° C (0, 3.3 V)

RFC–RF1 State (Data Shown on 3 Units)
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Typical Performance Data at 25° C (0, 3.3 V)

RFC–RF2 State (Data Shown on 3 Units)
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Low Insertion Loss Path V1 V2 V3
RFC–RF1 High Low Low

RFC–RF2 Low High Low

RFC–RF3 Low Low High

Truth Table
Characteristic Value

Max input power @ 0/3V 30 dBm

Max input power @ 0/5V 32 dBm

Operating voltage +8.0 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile”
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation” Application Note.

High = 2.1 to 5 V.
Low = 0 to 0.25 V.
All other states not recommended. If a non-recommended state occurs, no damage to the
switch will occur but it will be placed into an undefined state

-370
0.20 Ref.

Seating Plane

Pin 1
Indicator

0.6 Max.

0.02 + 0.03
0.02 - 0.02

2

2

0.30 ± 0.010

0.2 + 0.055
0.2 - 0.070

R0.12 Typ.

Detail C Detail B

LC 0.5
0.25

Detail A

Exposed Pad

Detail B

Detail C

R0.20

0.90 + 0.10
0.90 - 0.15

1.70 + 0.10
1.70 - 0.15

0.45 + 0.05
0.45 - 0.07

0.85 + 0.05
0.85 - 0.07

RFC

N/C

CBL CBL

V1

RF1

RF3

V2

V3

RF2
CBL CBL

1

2

3

4

8

7

6

5

Pin Out (Top View)

CBL = 47 pF for operation > 500 MHz.
CBL = 220 pF for operation down to 50 MHz.
Higher values recommended for lower frequency operation.
Exposed paddle must be grounded.

8X 0.70

8X 0.45

8X 0.25

2X 0.85

2X 0.45

0.25

0.50
Pitch

Pin 1

R 0.20

Exposed
Soldering
Area Typ.

Land Pattern
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SKY13264-340LF: 4 x 2 Switch Matrix
250 MHz–2.15 GHz

PRELIMINARY DATA SHEET

Applications 
● DBS switching applications, cable modems, cable TV

Features
● Four inputs, two outputs
● Any input can be directed to either output
● Only four control lines required
● High interport isolation: 40 dB typ. up to 0.95 GHz
● Miniature QFN-20 4 x 4 mm package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Functional Block Diagram and Pin Out 

LO GN
D
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D

N/
C

RO

V1

N/C

GND

I1

V2

V3

N/C

GND

I3

V4

GN
D
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DI2 V D
D I4

1

2

3

4

5

15
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13

12

11

6 7 8 9 10

20 19 18 17 16

Description
The SKY13264-340LF is a four-input to two-output switch in a
low-cost QFN-20 4 x 4 mm package. The SKY13264-340LF
enables 16 states, directing any of the four inputs to either of
the two outputs. States are selected by four positive voltage
control inputs. The switch can operate over the temperature
range of -40 °C to +85 °C.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Parameter Conditions Frequency Min. Typ. Max. Unit

Insertion loss 0.25–0.95 GHz 7.5 8 dB
0.95–2.15 GHz 8.5 9 dB

Insertion loss flatness 0.25–0.95 GHz 1 1.5 dB
0.95–2.15 GHz 1 1.5 dB

Isolation 0.25–0.95 GHz 38 40 dB
0.95–2.15 GHz 30 33 dB

Return loss I1, I2, I3, I4 0.25–2.15 GHz 10 15 dB
LO, RO 8 10 dB

Electrical Specifications

VCTL = 0 V/5V, T = 25 °C, PINPUT = -20 dBm, Z0 = 50 Ω, unless otherwise noted.



Controls
LO Left Output RO Right Output

Signal Path
State (Insertion Loss Path)(1) V1 V2 V3 V4

0 I1 → LO, I1 → RO 0 0 0 0

1 I1 → LO, I2 → RO 0 0 0 1

2 I1 → LO, I3 → RO 0 0 1 0

3 I1 → LO, I4 → RO 0 0 1 1

4 I2 → LO, I1 → RO 0 1 0 0

5 I2 → LO, I2 → RO 0 1 0 1

6 I2 → LO, I3 → RO 0 1 1 0

7 I2 → LO, I4 → RO 0 1 1 1

8 I3 → LO, I1 → RO 1 0 0 0

9 I3 → LO, I2 → RO 1 0 0 1

10 I3 → LO, I3 → RO 1 0 1 0

11 I3 → LO, I4 → RO 1 0 1 1

12 I4 → LO, I1 → RO 1 1 0 0

13 I4 → LO, I2 → RO 1 1 0 1

14 I4 → LO, I3 → RO 1 1 1 0

15 I4 → LO, I4 → RO 1 1 1 1

Truth Table(1)

Characteristic Value

RF input power 15 dBm

Supply voltage 6 V

Control voltage 0 ≤ VC ≤ 6 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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Parameter Condition Frequency Min. Typ. Max. Unit

Input power for 1 dB compression VDD = 5 V 0.25–2.15 GHz 15 dBm

Control voltages VLOW = 0 V to 0.2 V @ 50 µA maximum
VHIGH = 2.5 V to VCC @ 50 µA maximum

Operating Characteristics

T = 25 °C, Z0 = 50 Ω, unless otherwise noted

1. All other paths are in isolation state.
“1” = 5 V.
“0” = 0 V.

QFN-20 (4 x 4)

0.042
(1.075 mm)

0.042
(1.075 mm)

0.085 (2.15 mm)
+ 0.004 (0.10 mm)
- 0.006 (0.15 mm)

0.085 (2.15 mm)
+ 0.004 (0.10 mm)
- 0.006 (0.15 mm)

Exposed Pad

0.078
(2.0 mm)

0.078 (2.0 mm) BSC

0.02
+0.03
-0.02

Seating
Plane

0.029 (0.75 mm)
± 0.002 (0.05 mm)

0.157 (4.00 mm) BSC

0.157
(4.00 mm)

BSC

Pin 1
Indicator

0.008 (0.20 mm) Ref.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.
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SKY13272-340LF: 4 x 2 Switch Matrix
250 MHz–2.15 GHz

PRELIMINARY DATA SHEET

Applications 
● DBS switching applications, cable modems, cable TV

Features
● Four inputs, two outputs
● Any input can be directed to either output
● Only four control lines required
● High interport isolation: 40 dB typ. up to 0.95 GHz
● Miniature QFN-20 4 x 4 mm package
● Available lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C

per JEDEC J-STD-020

Functional Block Diagram and Pin Out 
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Description
The SKY13272-340LF is a four-input to two-output switch in a
low-cost QFN-20 4 x 4 mm package. The SKY13272-340LF
enables 16 states, directing any of the four inputs to either of
the two outputs. States are selected by four positive voltage
control inputs. The switch can operate over the temperature
range of -40 °C to +85 °C.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW

Parameter Conditions Frequency Min. Typ. Max. Unit

Insertion loss 0.25–0.95 GHz 7.5 8 dB
0.95–2.15 GHz 8.5 9 dB

Insertion loss flatness 0.25–0.95 GHz 1 1.5 dB
0.95–2.15 GHz 1 1.5 dB

Isolation 0.25–0.95 GHz 38 40 dB
0.95–2.15 GHz 28 31 dB

Return loss I1, I2, I3, I4 0.25–2.15 GHz 10 15 dB
LO, RO 8 10 dB

Electrical Specifications

VCTL = 0 V/5V, T = 25 °C, PINPUT = -20 dBm, Z0 = 50 Ω, unless otherwise noted.
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Typical Performance Data

Parameter Condition Frequency Min. Typ. Max. Unit

Input power for 1 dB compression VCC = 5 V 0.25–2.15 GHz 15 dBm

Control voltages VLOW = 0 V to 0.2 V @ 50 µA maximum
VHIGH = 2.5 V to VCC @ 50 µA maximum

Operating Characteristics

T = 25 °C, Z0 = 50 Ω, unless otherwise noted
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Controls
LO (Left Output) RO (Right Output)

Signal Path
State (Insertion Loss Path)(1) V1 V2 V3 V4

0 I1 → LO, I1 → RO 0 0 0 0

1 I1 → LO, I2 → RO 0 0 0 1

2 I1 → LO, I3 → RO 0 0 1 0

3 I1 → LO, I4 → RO 0 0 1 1

4 I2 → LO, I1 → RO 0 1 0 0

5 I2 → LO, I2 → RO 0 1 0 1

6 I2 → LO, I3 → RO 0 1 1 0

7 I2 → LO, I4 → RO 0 1 1 1

8 I3 → LO, I1 → RO 1 0 0 0

9 I3 → LO, I2 → RO 1 0 0 1

10 I3 → LO, I3 → RO 1 0 1 0

11 I3 → LO, I4 → RO 1 0 1 1

12 I4 → LO, I1 → RO 1 1 0 0

13 I4 → LO, I2 → RO 1 1 0 1

14 I4 → LO, I3 → RO 1 1 1 0

15 I4 → LO, I4 → RO 1 1 1 1

Truth Table(1)

Characteristic Value

RF input power 15 dBm

Supply voltage 6 V

Control voltage 0 ≤ VC ≤ 6 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

Performance is guaranteed only under the conditions listed in the specifications table and is
not guaranteed under the full range(s) described by the Absolute Maximum specifications.
Exceeding any of the absolute maximum/minimum specifications may result in permanent
damage to the device and will void the warranty.

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.
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1. All other paths are in isolation state.
“1” = 5 V.
“0” = 0 V.

QFN-20 (4 x 4)

0.042
(1.075 mm)

0.042
(1.075 mm)

0.085 (2.15 mm)
+ 0.004 (0.10 mm)
- 0.006 (0.15 mm)

0.085 (2.15 mm)
+ 0.004 (0.10 mm)
- 0.006 (0.15 mm)

Exposed Pad

0.078
(2.0 mm)

0.078 (2.0 mm) BSC

0.02
+0.03
-0.02

Seating
Plane

0.029 (0.75 mm)
± 0.002 (0.05 mm)

0.157 (4.00 mm) BSC

0.157
(4.00 mm)

BSC

Pin 1
Indicator

0.008 (0.20 mm) Ref.

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2071 
http://www.skyworksinc.com/products_display_item.asp?did=2122 
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SKY13292-365LF: 4 x 2 Switch Matrix with Tone/Voltage
Decoder 250 MHz–2.15 GHz

DATA SHEET

Applications
● DBS switching applications, cable modems, cable TV

Features
● Broadband: 250 MHz–2.15 GHz
● Tone and voltage or mode control switching
● High isolation: 40 dB typ. @ 900 MHz
● Four RF inputs, two RF outputs
● Low current consumption: 8.5 mA typ. @ 5 V
● Miniature QFN-20 4 x 4 mm package
● Lead (Pb)-free and RoHS-compliant MSL-1 @ 260 °C per
JEDEC J-STD-020

Functional Block Diagram

I1

I2

I3

I4

T2

V2

T1

V1

P0 B1 B2VDD

OUT 1 OUT 2

Control Circuit

Description
The SKY13292-365LF is a four-input to two-output switch in a
low-cost QFN-20 4 x 4 mm package. The SKY13292-365LF
enables 16 states, directing any of the four inputs to either of the
two outputs. Switch states can be selected via tone and voltage
signals in conjunction with logic levels applied to mode control
inputs. The switch can operate over the temperature range of
-40 °C to +85 °C.

The SKY13292-365LF is available in the lead (Pb)-free, RoHS-
compliant, QFN-20 4 x 4 mm plastic package.

Skyworks offers lead (Pb)-free, RoHS (Restriction of
Hazardous Substances)-compliant packaging.

NEW
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Parameter Sym. Condition Frequency Min. Typ. Max. Unit

RF Switch Performance

Insertion loss 0.25 - 0.95 GHz 7.5 8 dB
0.95 - 2.15 GHz 9.0 10 dB

Insertion loss flatness 0.25 - 0.95 GHz 0.7 1 dB
0.95 - 2.15 GHz 2.0 3 dB

Isolation Normalized to insertion loss 0.25 - 0.95 GHz 38 40 dB
0.95 - 2.15 GHz 28 30 dB

Return loss I1, I2, I3, I4 0.25 - 2.15 GHz 10 15 dB
OUT1, OUT2 8 10 dB

Input power for 1 dB compression IP1 dB 0.25 - 2.15 GHz 15 dBm

Tone/Voltage Detector Performance

Polarization select input current IP1, IP2 VP1 = 21 V, VP2 = 21 V 200 µA

Polarization select threshold voltage VTP1, VTP2 14 14.5 15 V

Polarization switching time TSPOL 0.9 µs

Tone frequency TF1, TF2 7 22 650 kHz

Tone threshold voltage TT1, TT2 Without external capacitor 22 kHz 45 170 900 Vpk–pk
Tone input impedance TZIN1, TZIN2 Including external 10 nF 22 kHz 2 kΩ

series capacitor

Mode Control Performance

Control input current IDIG 0 V < VCTRL < VDD 1 µA

Control input low logic level VLOW 0 1 V

Control input high logic level VHIGH VDD - 1 VDD VDD + 0.5 V

Power Supply

Supply voltage VDD 3 5 5.5 V

Supply current IDD 8.5 mA

Operating Characteristics at 25°C (0, 3 V)

Parameter Sym. Condition Frequency Min. Typ. Max. Unit

Tone frequency TF1, TF2 VTF = 100 mVpk-pk, 18 22 26 kHz
10 nF external DC block

Tone threshold voltage(1) TT1, TT2 22 kHz 100 170 350 mVpk-pk

Typical Operating Conditions

This switch will detect 22 kHz signaling amplitudes across the full specified range of the DiSEqC bus functional specification
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I4_OUT1 and I4_OUT2 Paths: States 0 to 15
Frequency (GHz) 
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I1 I2 I3 I4: States 0 to 15
Frequency (GHz) 
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Typical Performance Data

Z0 = 50 Ω, TA = 25 ºC, unless otherwise noted
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Characteristic Value

RF Input Power 15 dBm

Mode Select Input Voltage 5.5 V

Polarization Control Input Voltage 21 V

Supply voltage 5.5 V

Operating temperature -40 °C to +85 °C

Storage temperature -65 °C to +150 °C

Absolute Maximum Ratings

CAUTION: Although this device is designed to be as robust as
possible, ESD (Electrostatic Discharge) can damage
this device. This device must be protected at all times
from ESD. Static charges may easily produce poten-
tials of several kilovolts on the human body or
equipment, which can discharge without detection.
Industry-standard ESD precautions must be employed
at all times.

NOTE: Performance is guaranteed only under the conditions listed
in the Operating Characteristics and the Typical Operating
Conditions tables, and is not guaranteed over the full
operating or storage temperature range in the Absolute
Maximum Ratings table. Exceeding any of the conditions
listed in athe Absolute Maximum Ratings table may result
in permanent damage to the device. Operation at elevated
temperatures may reduce reliability of the device.

2.70 + 0.10
2.70 – 0.15

0.02 + 0.03
0.02 – 0.02

0.90 ± 0.10

0.20 Ref.

4

4

Pin 1
Indicator

Seating Plane

2.70 + 0.10
2.70 – 0.15

1.35 + 0.05
1.35 – 0.07

0.40 ± 0.10

0.5

0.225 x 45

0.25 + 0.05
0.25 – 0.07

Detail C

Detail B

Detail A

1.35 + 0.05
1.35 – 0.07

Detail A

Detail C Detail B

Exposed Pad

QFN-20 (4 x 4)

Recommended Solder Reflow Profiles
Refer to the “Recommended Solder Reflow Profile” 
Application Note.

Tape and Reel Information
Refer to the “Discrete Devices and IC Switch/Attenuators 
Tape and Reel Package Orientation” Application Note.

http://www.skyworksinc.com/products_display_item.asp?did=2122 
http://www.skyworksinc.com/products_display_item.asp?did=2071 
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20 19 18 17 16

I1

GND GND GNDI2 I4

I3

CT

V2

T2

Out 2

14

13

12

11

151

2

3

4

5

6 7 8 9 10

VDD B1 NCP0 B2

CR

V1

T1

Out 1

SKY13292-365LF

Pin Out

Pin Number Pin Name Use Description

1 OUT1 RF O RF channel output #1: 250 MHz–2150 MHz

2 T1 AC I Tone detector input #1

3 V1 DC I Voltage detector input #1

4 CR DC - No connection. This pin must be left open.

5 I1 RF I RF Input #1: 250 MHz–2150 MHz

6, 8, 10 GND GND O RF GND

7 I2 RF I RF Input #2: 250 MHz–2150 MHz

9 I4 RF I RF Input #4: 250 MHz–2150 MHz

11 I3 RF I RF Input #3: 250 MHz–2150 MHz

12 CT DC - No connection. This pin must be left open.

13 V2 DC I Voltage detector Input #2

14 T2 AC I Tone detector input #2

15 OUT2 RF O RF channel output #2: 250 MHz–2150 MHz

16 N/C DC - No connection. This pin must be left open.

17 B2 DC I Mode control input

18 B1 DC I Mode control input

19 P0 DC I Mode control input

20 VDD DC I Supply voltage: 5 V

Paddle GND RF – RF GND

Pin Descriptions
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1
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20 19 18 17 16

SKY13292-365LF

VDD B1

NC

P0 B2

CR

V1

T1

Output
1

RF Input 3 

CT

V2

T2

Output
2

DC Block DC Block

10 nF 

47 pF 47 pF 

47 pF 47 pF 

10 nF 

RF Input 4 RF Input 2 

RF Input 1 

CBYPASS

0 kΩ 0 kΩ

Suggested Applications Circuit

The SKY13292-365LF is controlled by a pair of DC voltage levels,
applied to V1 (pin 3) and V2 (pin 13), in combination with 22 kHz
signal levels applied to T1 (pin 2) and T2 (pin 14). These signals
are supplied from a set top box, receiver, etc., that is in turn con-
trolled by the user. The configuration of the switch is controlled
by the logic levels applied to P0 (pin 19), B1 (pin 18) and B2 (pin
17). The truth tables that describe the function of all of these
control signals are elsewhere in this data sheet.

A pair of SKY13292-365LF 4 x 2 switches can be utilized to form
a 4 x 4 switch. Figure 2 shows a suggested implementation, in
which one of the 4 x 2 switches is mounted on the top side of a
printed circuit board, with the second 4 x 2 switch mounted on
the back side of the printed circuit board. The four RF input sig-
nals, which may come from a variety of sources, but are shown
here to come from four separate low noise block converters, are

split and routed directly to the inputs of the top side switch, and
through vias to the inputs of the back side switch. With each of
the configuration inputs, P0, B1 and B2, of the top side switch
held at 0 V, and each of the configuration inputs of the back side
switch held at 5 V, the same logic controls from each of the 4
receivers will select any specific input signal.

For example, if the user of receiver 1 wishes to receive the signal
from antenna 1, polarization 1, through LNB A, that receiver must
send a 22 kHz tone and a control voltage greater than the
threshold voltage to switch 1. If receiver 3 also wishes to receive
the signal from antenna 1, polarization 1, through LNB A, that
receiver must also send a 22 kHz tone and a control voltage
greater than the threshold voltage to switch 2.

Other logic configurations are possible, as shown in the truth
tables in this data sheet.
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LNB A

LNB B

LNB C

LNB D

I1
I2

I3
I4

T2V2

T1V1

P0 = 0 V

B1 = 0 V

B2 = 0 V

VDD

P0 = 5 V

B1 = 5 V

B2 = 5 V

VDD

OUT 1

T1V1OUT 1

OUT 2

I1
I2

I3
I4

To STB Rx 1 

ControlCircuit
ControlCircuit

To STB Rx 2 

To STB Rx 3 

T2V2OUT 2

To STB Rx 4 

Pol. 1

Pol. 2

Pol. 1

Pol. 2

Antenna 1

Antenna 2 
Switch 1 

Switch 2 

Top Side of PCB

Back Side of PCB

4 x 4 Switch Utilizing a SKY13292 on Top Side and a
Second SKY13292-365LF on the Back Side of a PCB



Mode P0 B1 B2 I1 (PIN 5) I2 (PIN 7) I4 (PIN 9) I3 (PIN 11)

0 0 0 0 A B C D

1 0 0 1 A B D C

2 0 1 0 B A C D

3 0 1 1 B A D C

4 1 0 0 C D A B

5 1 0 1 C D B A

6 1 1 0 D C A B

7 1 1 1 D C B A
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Truth Table - Mode Controls Summary

Mode 0 (000): P0 = 0 V, B1 = 0 V, B2 = 0 V (Default Mode)

I3

I2

I4

I1

Mode 1 (001): P0 = 0 V, B1 = 0 V, B2 = 5 V

I3

I2

I4

I1

Mode 2 (010): P0 = 0 V, B1 = 5 V, B2 = 0 V

I3

I2

I4

I1

Mode 3 (011): P0 = 0 V, B1 = 5 V, B2 = 5 V

I3

I2

I4

I1

Mode 4 (100): P0 = 5 V, B1 = 0 V, B2 = 0 V

I3

I2

I4

I1

Mode 5 (101): P0 = 5 V, B1 = 0 V, B2 = 5 V

I3

I2

I4

I1

Mode 7 (111): P0 = 5 V, B1 = 5 V, B2 = 5 V

I3

I2

I4

I1

Mode 6 (110): P0 = 5 V, B1 = 5 V, B2 = 0 V

I3

I2

I4

I1
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Tone and Voltage Inputs (see notes)

State T1 V1 T2 V2 Signal Paths

1 No tone VLOW No tone VLOW D → OUT1, D → OUT2

2 No tone VLOW No tone VHIGH D → OUT1, B → OUT2

3 No tone VLOW 22 kHz tone VLOW D → OUT1, C → OUT2

4 No tone VLOW 22 kHz tone VHIGH D → OUT1, A → OUT2

5 No tone VHIGH No tone VLOW B → OUT1, D → OUT2

6 No tone VHIGH No tone VHIGH B → OUT1, B → OUT2

7 No tone VHIGH 22 kHz tone VLOW B → OUT1, C → OUT2

8 No tone VHIGH 22 kHz tone VHIGH B → OUT1, A → OUT2

9 22 kHz tone VLOW No tone VLOW C → OUT1, D → OUT2

10 22 kHz tone VLOW No tone VHIGH C → OUT1, B → OUT2

11 22 kHz tone VLOW 22 kHz tone VLOW C → OUT1, C → OUT2

12 22 kHz tone VLOW 22 kHz tone VHIGH C → OUT1, A → OUT2

13 22 kHz tone VHIGH No tone VLOW A → OUT1, D → OUT2

14 22 kHz tone VHIGH No tone VHIGH A → OUT1, B → OUT2

15 22 kHz tone VHIGH 22 kHz tone VLOW A → OUT1, C → OUT2

16 22 kHz tone VHIGH 22 kHz tone VHIGH A → OUT1, A → OUT2

General Truth Table

Notes
“No tone”: no 22 kHz tone present.
“22 kHz tone”: 22 kHz tone present with amplitude greater than 100 mV (pk-pk).
VLOW < 14 V.
VHIGH > 15 V.
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PRELIMINARY DATA SHEET • SKY13292-365LF

Tone and Voltage Inputs (see notes)

State T1 V1 T2 V2 Signal Paths

1 No tone VLOW No tone VLOW I3 → OUT1, I3 → OUT2

2 No tone VLOW No tone VHIGH I3 → OUT1, I2 → OUT2

3 No tone VLOW 22 kHz tone VLOW I3 → OUT1, I4 → OUT2

4 No tone VLOW 22 kHz tone VHIGH I3 → OUT1, I1 → OUT2

5 No tone VHIGH No tone VLOW I2→ OUT1, I3 → OUT2

6 No tone VHIGH No tone VHIGH I2→ OUT1, I2 → OUT2

7 No tone VHIGH 22 kHz tone VLOW I2→ OUT1, I4 → OUT2

8 No tone VHIGH 22 kHz tone VHIGH I2→ OUT1, I1 → OUT2

9 22 kHz tone VLOW No tone VLOW I4 → OUT1, I3 → OUT2

10 22 kHz tone VLOW No tone VHIGH I4 → OUT1, I2 → OUT2

11 22 kHz tone VLOW 22 kHz tone VLOW I4 → OUT1, I4 → OUT2

12 22 kHz tone VLOW 22 kHz tone VHIGH I4 → OUT1, I1 → OUT2

13 22 kHz tone VHIGH No tone VLOW I1 → OUT1, I3 → OUT2

14 22 kHz tone VHIGH No tone VHIGH I1 → OUT1, I2 → OUT2

15 22 kHz tone VHIGH 22 kHz tone VLOW I1 → OUT1, I4 → OUT2

16 22 kHz tone VHIGH 22 kHz tone VHIGH I1 → OUT1, I1 → OUT2

Truth Table - Tone and Voltage Controls

Mode 0 (000): P0 = 0 V, B1 = 0 V, B2 = 0 V (Default State)

Tone and Voltage Inputs (see notes)

State T1 V1 T2 V2 Signal Paths

1 No tone VLOW No tone VLOW I4 → OUT1, I4 → OUT2

2 No tone VLOW No tone VHIGH I4 → OUT1, I2 → OUT2

3 No tone VLOW 22 kHz tone VLOW I4 → OUT1, I3 → OUT2

4 No tone VLOW 22 kHz tone VHIGH I4 → OUT1, I1 → OUT2

5 No tone VHIGH No tone VLOW I2 → OUT1, I4 → OUT2

6 No tone VHIGH No tone VHIGH I2 → OUT1, I2 → OUT2

7 No tone VHIGH 22 kHz tone VLOW I2 → OUT1, I3 → OUT2

8 No tone VHIGH 22 kHz tone VHIGH I2 → OUT1, I1 → OUT2

9 22 kHz tone VLOW No tone VLOW I3 → OUT1, I4 → OUT2

10 22 kHz tone VLOW No tone VHIGH I3 → OUT1, I2 → OUT2

11 22 kHz tone VLOW 22 kHz tone VLOW I3 → OUT1, I3 → OUT2

12 22 kHz tone VLOW 22 kHz tone VHIGH I3 → OUT1, I1 → OUT2

13 22 kHz tone VHIGH No tone VLOW I1 → OUT1, I4 → OUT2

14 22 kHz tone VHIGH No tone VHIGH I1 → OUT1, I2 → OUT2

15 22 kHz tone VHIGH 22 kHz tone VLOW I1 → OUT1, I3 → OUT2

16 22 kHz tone VHIGH 22 kHz tone VHIGH I1 → OUT1, I1 → OUT2

Mode 1 (001): P0 = 0 V, B1 = 0 V, B2 = 5 V

Notes
“No tone”: no 22 kHz tone present.
“22 kHz tone”: 22 kHz tone present with amplitude greater than 100 mV (pk-pk).
VLOW < 14 V.
VHIGH > 15 V
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Tone and Voltage Inputs (see notes)

State T1 V1 T2 V2 Signal Paths

1 No tone VLOW No tone VLOW I3 → OUT1, I3 → OUT2

2 No tone VLOW No tone VHIGH I3 → OUT1, I1 → OUT2

3 No tone VLOW 22 kHz tone VLOW I3 → OUT1, I4 → OUT2

4 No tone VLOW 22 kHz tone VHIGH I3 → OUT1, I2 → OUT2

5 No tone VHIGH No tone VLOW I1 → OUT1, I3 → OUT2

6 No tone VHIGH No tone VHIGH I1 → OUT1, I1 → OUT2

7 No tone VHIGH 22 kHz tone VLOW I1 → OUT1, I4 → OUT2

8 No tone VHIGH 22 kHz tone VHIGH I1 → OUT1, I2 → OUT2

9 22 kHz tone VLOW No tone VLOW I4 → OUT1, I3 → OUT2

10 22 kHz tone VLOW No tone VHIGH I4 → OUT1, I1 → OUT2

11 22 kHz tone VLOW 22 kHz tone VLOW I4 → OUT1, I4 → OUT2

12 22 kHz tone VLOW 22 kHz tone VHIGH I4 → OUT1, I2 → OUT2

13 22 kHz tone VHIGH No tone VLOW I2 → OUT1, I3 → OUT2

14 22 kHz tone VHIGH No tone VHIGH I2 → OUT1, I1 → OUT2

15 22 kHz tone VHIGH 22 kHz tone VLOW I2 → OUT1, I4 → OUT2

16 22 kHz tone VHIGH 22 kHz tone VHIGH I2 → OUT1, I2 → OUT2

Mode 2 (010): P0 = 0 V, B1 = 5 V, B2 = 0 V

Tone and Voltage Inputs (see notes)

State T1 V1 T2 V2 Signal Paths

1 No tone VLOW No tone VLOW I4 → OUT1, I4 → OUT2

2 No tone VLOW No tone VHIGH I4 → OUT1, I1 → OUT2

3 No tone VLOW 22 kHz tone VLOW I4 → OUT1, I3 → OUT2

4 No tone VLOW 22 kHz tone VHIGH I4 → OUT1, I2 → OUT2

5 No tone VHIGH No tone VLOW I1 → OUT1, I4 → OUT2

6 No tone VHIGH No tone VHIGH I1 → OUT1, I1 → OUT2

7 No tone VHIGH 22 kHz tone VLOW I1 → OUT1, I3 → OUT2

8 No tone VHIGH 22 kHz tone VHIGH I1 → OUT1, I2 → OUT2

9 22 kHz tone VLOW No tone VLOW I3 → OUT1, I4 → OUT2

10 22 kHz tone VLOW No tone VHIGH I3 → OUT1, I1 → OUT2

11 22 kHz tone VLOW 22 kHz tone VLOW I3 → OUT1, I3 → OUT2

12 22 kHz tone VLOW 22 kHz tone VHIGH I3 → OUT1, I2 → OUT2

13 22 kHz tone VHIGH No tone VLOW I2 → OUT1, I4 → OUT2

14 22 kHz tone VHIGH No tone VHIGH I2 → OUT1, I1 → OUT2

15 22 kHz tone VHIGH 22 kHz tone VLOW I2 → OUT1, I3 → OUT2

16 22 kHz tone VHIGH 22 kHz tone VHIGH I2 → OUT1, I2 → OUT2

Mode 3 (011): P0 = 0 V, B1 = 5 V, B2 = 5 V

Notes
“No tone”: no 22 kHz tone present.
“22 kHz tone”: 22 kHz tone present with amplitude greater than 100 mV (pk-pk).
VLOW < 14 V.
VHIGH > 15 V
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Tone and Voltage Inputs (see notes)

State T1 V1 T2 V2 Signal Paths

1 No tone VLOW No tone VLOW I2 → OUT1, I2 → OUT2

2 No tone VLOW No tone VHIGH I2 → OUT1, I3 → OUT2

3 No tone VLOW 22 kHz tone VLOW I2 → OUT1, I1 → OUT2

4 No tone VLOW 22 kHz tone VHIGH I2 → OUT1, I4 → OUT2

5 No tone VHIGH No tone VLOW I3 → OUT1, I2 → OUT2

6 No tone VHIGH No tone VHIGH I3 → OUT1, I3 → OUT2

7 No tone VHIGH 22 kHz tone VLOW I3 → OUT1, I1 → OUT2

8 No tone VHIGH 22 kHz tone VHIGH I3 → OUT1, I4 → OUT2

9 22 kHz tone VLOW No tone VLOW I1 → OUT1, I2 → OUT2

10 22 kHz tone VLOW No tone VHIGH I1 → OUT1, I3 → OUT2

11 22 kHz tone VLOW 22 kHz tone VLOW I1 → OUT1, I1 → OUT2

12 22 kHz tone VLOW 22 kHz tone VHIGH I1 → OUT1, I4 → OUT2

13 22 kHz tone VHIGH No tone VLOW I4 → OUT1, I2 → OUT2

14 22 kHz tone VHIGH No tone VHIGH I4 → OUT1, I3 → OUT2

15 22 kHz tone VHIGH 22 kHz tone VLOW I4 → OUT1, I1 → OUT2

16 22 kHz tone VHIGH 22 kHz tone VHIGH I4 → OUT1, I4 → OUT2

Mode 4 (100): P0 = 5 V, B1 = 0 V, B2 = 0 V

Tone and Voltage Inputs (see notes)

State T1 V1 T2 V2 Signal Paths

1 No tone VLOW No tone VLOW I2 → OUT1, I2 → OUT2

2 No tone VLOW No tone VHIGH I2 → OUT1, I4 → OUT2

3 No tone VLOW 22 kHz tone VLOW I2 → OUT1, I1 → OUT2

4 No tone VLOW 22 kHz tone VHIGH I2 → OUT1, I3 → OUT2

5 No tone VHIGH No tone VLOW I4 → OUT1, I2 → OUT2

6 No tone VHIGH No tone VHIGH I4 → OUT1, I4 → OUT2

7 No tone VHIGH 22 kHz tone VLOW I4 → OUT1, I1 → OUT2

8 No tone VHIGH 22 kHz tone VHIGH I4 → OUT1, I3 → OUT2

9 22 kHz tone VLOW No tone VLOW I1 → OUT1, I2 → OUT2

10 22 kHz tone VLOW No tone VHIGH I1 → OUT1, I4 → OUT2

11 22 kHz tone VLOW 22 kHz tone VLOW I1 → OUT1, I1 → OUT2

12 22 kHz tone VLOW 22 kHz tone VHIGH I1 → OUT1, I3 → OUT2

13 22 kHz tone VHIGH No tone VLOW I3 → OUT1, I2 → OUT2

14 22 kHz tone VHIGH No tone VHIGH I3 → OUT1, I4 → OUT2

15 22 kHz tone VHIGH 22 kHz tone VLOW I3 → OUT1, I1 → OUT2

16 22 kHz tone VHIGH 22 kHz tone VHIGH I3 → OUT1, I3 → OUT2

Mode 5 (101): P0 = 5 V, B1 = 0 V, B2 = 5 V

Notes
“No tone”: no 22 kHz tone present.
“22 kHz tone”: 22 kHz tone present with amplitude greater than 100 mV (pk-pk).
VLOW < 14 V.
VHIGH > 15 V
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Tone and Voltage Inputs (see notes)

State T1 V1 T2 V2 Signal Paths

1 No tone VLOW No tone VLOW I1 → OUT1, I1 → OUT2

2 No tone VLOW No tone VHIGH I1 → OUT1, I4 → OUT2

3 No tone VLOW 22 kHz tone VLOW I1 → OUT1, I2 → OUT2

4 No tone VLOW 22 kHz tone VHIGH I1 → OUT1, I3 → OUT2

5 No tone VHIGH No tone VLOW I4 → OUT1, I1 → OUT2

6 No tone VHIGH No tone VHIGH I4 → OUT1, I4 → OUT2

7 No tone VHIGH 22 kHz tone VLOW I4 → OUT1, I2 → OUT2

8 No tone VHIGH 22 kHz tone VHIGH I4 → OUT1, I3 → OUT2

9 22 kHz tone VLOW No tone VLOW I2 → OUT1, I1 → OUT2

10 22 kHz tone VLOW No tone VHIGH I2 → OUT1, I4 → OUT2

11 22 kHz tone VLOW 22 kHz tone VLOW I2 → OUT1, I2 → OUT2

12 22 kHz tone VLOW 22 kHz tone VHIGH I2 → OUT1, I3 → OUT2

13 22 kHz tone VHIGH No tone VLOW I3 → OUT1, I1 → OUT2

14 22 kHz tone VHIGH No tone VHIGH I3 → OUT1, I4 → OUT2

15 22 kHz tone VHIGH 22 kHz tone VLOW I3 → OUT1, I2 → OUT2

16 22 kHz tone VHIGH 22 kHz tone VHIGH I3 → OUT1, I3 → OUT2

Mode 7 (111): P0 = 5 V, B1 = 5 V, B2 = 5 V

Tone and Voltage Inputs (see notes)

State T1 V1 T2 V2 Signal Paths

1 No tone VLOW No tone VLOW I1 → OUT1, I1 → OUT2

2 No tone VLOW No tone VHIGH I1 → OUT1, I3 → OUT2

3 No tone VLOW 22 kHz tone VLOW I1 → OUT1, I2 → OUT2

4 No tone VLOW 22 kHz tone VHIGH I1 → OUT1, I4 → OUT2

5 No tone VHIGH No tone VLOW I3 → OUT1, I1 → OUT2

6 No tone VHIGH No tone VHIGH I3 → OUT1, I3 → OUT2

7 No tone VHIGH 22 kHz tone VLOW I3 → OUT1, I2 → OUT2

8 No tone VHIGH 22 kHz tone VHIGH I3 → OUT1, I4 → OUT2

9 22 kHz tone VLOW No tone VLOW I2 → OUT1, I1 → OUT2

10 22 kHz tone VLOW No tone VHIGH I2 → OUT1, I3 → OUT2

11 22 kHz tone VLOW 22 kHz tone VLOW I2 → OUT1, I2 → OUT2

12 22 kHz tone VLOW 22 kHz tone VHIGH I2 → OUT1, I4 → OUT2

13 22 kHz tone VHIGH No tone VLOW I4 → OUT1, I1 → OUT2

14 22 kHz tone VHIGH No tone VHIGH I4 → OUT1, I3 → OUT2

15 22 kHz tone VHIGH 22 kHz tone VLOW I4 → OUT1, I2 → OUT2

16 22 kHz tone VHIGH 22 kHz tone VHIGH I4 → OUT1, I4 → OUT2

Mode 6 (110): P0 = 5 V, B1 = 5 V, B2 = 0 V

Notes
“No tone”: no 22 kHz tone present.
“22 kHz tone”: 22 kHz tone present with amplitude greater than 100 mV (pk-pk).
VLOW < 14 V.
VHIGH > 15 V



Introduction and Applications for Coaxial Resonators
and Inductors (300 MHz–6.0 GHz)

DATA SHEET

Features
� Frequency tuned to 0.5% and 1%
� High dielectric constant
� Rugged construction
� Low loss silver
� Act as parallel resonant circuit or a high quality inductor

Benefits
� Circuit miniaturization
� Eliminate microphonics
� Repeatability of design
� Negligible aging effects
� Excellent solderability
� Improved circuit Q
� High resonant impedance
� Automation compatible

Typical Applications
� Low phase noise VCOs
� DRO/VCO oscillators
� Narrow band filters
� Nationwide pagers
� Duplexers
� Global positioning systems
� UHF tuned potential amplifiers
� Wireless communications
� Tuned oscillators

Introduction
Trans-Tech Inc., a wholly-owned subsidiary of Skyworks
Solutions Inc., offers ceramic coaxial line elements in seven sizes
and four dielectric constants to span applications from 300 MHz
to 6 GHz. The VHF/UHF frequency bands are traditionally awkward
for realizing discrete inductors and capacitors. Metallized
ceramics provide an attractive alternative, since the wireless
communication market now forces a continuous trade-off
between performance and miniaturization.

Trans-Tech ceramic solution offers advantages of high Q,
reduced size, better shielding, and temperature performance
superior to that obtainable from conventional L-C circuits or
microstrip construction.

Two types of coaxial resonators are offered by Trans-Tech, a
quarter-wave short (λ/4) and a half-wave open (λ/2). The
quarter-wave has thick-film silver applied to one end. The
half-wave has both ends unmetallized.

Trans-Tech four dielectric materials are briefly summarized in
Figure 1.1 along with their recommended frequencies of use. The
Material Properties Chart (Figure 1.2) can be used to determine
the optimum material necessary for an application.
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Material Type

1000 2000 8800 9000

Dielectric constant 10.5 ± 0.5 20.6 ± 1.0 39 ± 1.5 90 ± 3

Temperature coefficient of 0 ± 10 0 ± 10 +4 ± 2 0 ± 10
resonant frequency τF (ppm °C)

Figure 1.2 Material Properties

9000

Frequency (GHz) 

0 1.0 2.0 3.0 4.0 5.0 6.0

8800

1000

2000

Figure 1.1 Material Selection Chart

Properties given for the ceramic materials used to produce the
coaxial line elements are measured for internal quality control
purposes. The electrical quality factor (Q) of the coaxial line
elements is determined primarily by the metallization. Typical
properties of the coaxial line elements are listed in the Coaxial
Resonator Quality Factor Specifications tables.
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Quality Factor (Q) Specification — 1000 & 2000
The quality factors for various resonator profiles are shown in in
the following charts. The resonators are grouped by wavelength
type (λ/4 & λ/2), material (1000 & 2000), and profile (HP, EQ, SP,
LS, MP, SM). The listed Q value on each curve is the value guar-
anteed for the lowest operating frequency of each component
type. The Q increases approximately as the square root of
increasing frequency. Typical Qs are 10% to 15% higher.

1000 Series Q Curves
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2000 Series Q Curves Quality Factor (Q) Specification — 8800 & 9000
The specified quality factors of the various resonator components
offered are shown in the following charts. The resonators are
grouped by wavelength type (λ/4 & λ/2), material (8800 & 9000),
and profile (HP, EP, SP, LP, LS, MP, SM). The listed Q value on each
curve is the minimum value for the lowest operating frequency of
each component type. The Q increases approximately as the square
root of increasing frequency. Typical Qs are 10% to 15% higher.

8800 Series Q Curves
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Figure 1.3a. SM – Sub-Miniature Profile (2 mm)
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9000 Series Q Curves Dimensions & Configurations
Trans-Tech coaxial resonator components are available in the
frequency range of 300 MHz to 6 GHz. Seven mechanical profiles
are offered to give the designer the greatest flexibility in selecting
the electrical quality factor (Q). The high profile (HP) has the
highest Q and size. The enhanced Q profile (EP) offers a high Q
and wide frequency offering. The standard profile (SP) offers a
compromise of electrical Q and size, and should be considered
the component of choice for most applications.

Trans-Tech offers four smaller profiles for occasions when avail-
able space is restricted. The low profile (LP), large profile (LS),
miniature profile (MP), and sub-miniature profile (SM) provide the
designer with a trade-off between electrical Q and compact size.
Trans-Tech low profile (LP) and large profile (LS) both have the
same outer physical dimensions. They differ in the dimension of
the inner diameter, which allows for different characteristic
impedances, and increases the options available to designers.
Overall comparisons can be determined from the given Q curves
or by utilizing Trans-Tech COAX Program.

These components are available in square configurations with
dimensions shown in Figure 1.3a–1.3g.
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Figure 1.3d. LS – Large Diameter (4 mm)
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Ceramic Coaxial Resonators*
The various profiles, materials and types available for the Trans-
Tech coaxial TEM mode resonators are summarized in the
following charts. You have a choice of two types, four materials
and seven profiles. This range of component variables should
meet most circuit design requirements. While the component is
manufactured to frequency, a formula is given so that the approx-
imate length can be determined. The selected resonant frequency

is available with two standard frequency tolerances of ± 0.5%
and ± 1.0%. The minimum tolerance is ± 2 MHz. Please note
that the ordered value of fO will be set according to our mea-
surement procedure. The fO in your circuit may vary due to
stray reactance. This offset can be corrected by changing the
ordered value of fO.

Recommended Nominal Length Nominal Length Characteristic
Type Profile Range fO (MHz) (in.) ± 0.030 in. Range (in.) Impedance (ΩΩ)

λ/4 Quarter wave length HP 800–1150 L = 911/fO (MHz) 0.506–0.792 25.3
EP 1150–2500 0.364–0.792 22.5
SP 1150–3100 0.294–0.792 18.3
LS 1150–4600 0.198–0.792 18.4
LP 1150–4100 0.222–0.792 27.4
MP 1150–5100 0.179–0.792 25.7
SM 1150–5100 0.179–0.792 18.4

λ/2 Half wave length HP 2300–3400 L = 1821/fO (MHz) 0.536–0.792 25.3
EP 2300–5000 0.364–0.792 22.5
SP 2300–6000 0.304–0.792 18.3
LS 2300–6000 0.304–0.792 18.4
LP 2300–6000 0.304–0.792 27.4
MP 2300–6000 0.304–0.792 25.7
SM 2300–6000 0.304–0.792 18.4

Recommended Frequencies 1000 Series (εR = 10.5 ± 0.5, TF = 0 ± 10)

Recommended Nominal Length Nominal Length Characteristic
Type Profile Range fO (MHz) (in.)  ± 0.030 in. Range (in.) Impedance (ΩΩ)

λ/4 Quarter wave length HP 800–1200 L = 650/fO (MHz) 0.542–0.813 18.1
EP 800–1700 0.382–0.813 16.1
SP 800–2200 0.296–0.813 13.1
LS 800–3200 0.203–0.813 13.1
LP 800–2900 0.224–0.813 19.6
MP 800–3600 0.181–0.813 18.4
SM 800–3600 0.181–0.813 13.1

λ/2 Half wave length HP 1600–2500 L = 1300/fO (MHz) 0.520–0.813 18.1
EP 1600–3500 0.372–0.813 16.1
SP 1600–4500 0.289–0.813 13.1
LS 1600–6000 0.217–0.813 13.1
LP 1600–6000 0.217–0.813 19.6
MP 1600–6000 0.217–0.813 18.4
SM 1600–6000 0.217–0.813 13.1

Recommended Frequencies 2000 Series  (εR = 20.6 ± 1, TF = 0 ±10)
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Recommended Nominal Length Nominal Length Characteristic
Type Profile Range fO (MHz) (in.) ± 0.030 in. Range (in.) Impedance (ΩΩ)

λ/4 Quarter wave length HP 400–600 L = 311/fO (MHz) 0.518–0.778 8.6
EP 300–800 0.389–1.037 7.7
SP 300–1000 0.311–1.037 6.3
LS 300–1500 0.207–1.037 6.3
LP 300–1400 0.222–1.037 9.4
MP 400–1700 0.183–0.778 8.8
SM 400–1700 0.183–0.778 6.3

λ/2 Half wave length HP 800–1200 L = 622/fO (MHz) 0.518–0.778 8.6
EP 800–1700 0.366–0.778 7.7
SP 800–2100 0.296–0.778 6.3
LS 800–3100 0.201–0.778 6.3
LP 800–2800 0.222–0.778 9.4
MP 800–3400 0.183–0.778 8.8
SM 800–3400 0.183–0.778 6.3 

Recommended Frequencies 9000 Series (εR = 90 ± 3, TF = 0 ± 10)

Recommended Nominal Length Nominal Length Characteristic
Type Profile Range fO (MHz) (in.) ± 0.030 in. Range (in.) Impedance (Ω)

λ/4 Quarter wave length HP 600–900 L = 472/fO (MHz) 0.525–0.787 13.1
EP 600–1200 0.394–0.787 11.7
SP 600–1600 0.295–0.787 9.5
LS 600–2300 0.205–0.787 9.5
LP 600–2100 0.225–0.787 14.2
MP 600–2600 0.182–0.787 13.3
SM 600–2600 0.182–0.787 9.5

λ/2 Half wave length HP 1200–1900 L = 945/fO (MHz) 0.497–0.787 13.1
EP 1200–2500 0.378–0.787 11.7
SP 1200–3200 0.295–0.787 9.5
LS 1200–4700 0.201–0.787 9.5
LP 1200–4300 0.220–0.787 14.2
MP 1200–5200 0.182–0.787 13.3
SM 1200–5200 0.182–0.787 9.5 

Recommended Frequencies 8800 Series (εR = 39 ± 1.5, TF = 4 ± 2)

Coaxial Resonator Order Information
An Order Example

SR 8800 SP Q 1300 B Y E

Tab: Y = Yes, N = No

Green, lead (Pb)-free, RoHS-compliant, conform 
to the EIA/EICTA/JEITA Joint Industry Guide (JIG) 
Level A guidelines, and are free from antimony 
trioxide and brominated flame retardants.

Frequency Tolerance: B = +1.0%,  A = 0.5%

Resonant Frequency: State in MHz

Type: Q for λ/4, H for λ/2

Profile: HP, EP, SP, LP, LS, MP, SM

Material: 8800, 9000, 1000, 2000

Product Code: SR - square coaxial resonator
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Ceramic Coaxial Inductors*
Trans-Tech coaxial inductors are most frequently used in the res-
onant circuit of voltage-controlled oscillators (VCOs), where a
varactor provides the tuning capability. The designer is usually
confronted with trade-offs between high Q for best phase noise
and component size versus circuit board real estate. An algorithm
for selecting the correct Trans-Tech part follows. In addition,
Trans-Tech COAX Program can provide valuable assistance for
determining the correct Trans-Tech part. Application notes and 
references give example circuits, basic principles, and some
helpful hints.

While there is no physical distinction between a coaxial resonator
and a coaxial inductor, the selection of an inductor for a VCO
begins by first knowing (from analysis or experiment) the equiva-
lent inductance that the active circuit, including the varactor,
must see. In general, the VCO active circuit loads the resonator,
lowering the resonator's self-resonant frequency (SRF). The situa-
tion is analogous to externally capacitively loading a discrete
parallel resonant L-C circuit.

While there is an approximate equivalent L-C circuit for the
coaxial resonator close to resonance, this model has limited
application.

The coaxial resonators and inductors are more accurately mod-
eled as a transmission line. Our application notes and references
delve further into this topic.

Values of inductance that can be achieved depend upon the sepa-
ration between the VCO frequency and the SRF of the coaxial line
element. Values less than 1 nH are not practical since the metal
connection tab itself has an equivalent inductance of this order.

In our experience, equivalent inductances in the range of 3–20 nH
have been popular among designers of VCOs for wireless equipment.

Call for availability, utilize the Inductor Selection Guide, use the
COAX Program, or refer to the application notes for assistance
with ordering the correct part.

Frequency

In
du

ct
an

ce
SRFFu

Coaxial Inductor Order Information
An Order Example

SI 8800 LP Q 0450 Y 6.3

Inductance: (see Figure 1) Available in 0.01 nH increments

Tab: Y = Yes, N = No

Frequency of Use (Fu): (see Figure 1 for definition)

Type: Q for λ/4 standard

Profile: HP, EP, SP, LP, LS, MP, SM

Material: 1000, 2000, 8800, 9000

Product Code: SI - square coaxial inductor

Figure 1. Frequency of Use vs. Inductance
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Tab 
Profile 1000 2000 8800 9000 Inductors

HP 25.3 Ω 18.1 Ω 13.1 Ω 8.6 Ω 1.8 nH

EP 22.5 Ω 16.1 Ω 11.7 Ω 7.7 Ω 1.0 nH

SP 18.3 Ω 13.1 Ω 9.5 Ω 6.3 Ω 1.0 nH

LS 18.4 Ω 13.1 Ω 9.5 Ω 6.3 Ω 0.9 nH

LP 27.4 Ω 19.6 Ω 14.2 Ω 9.4 Ω 1.0 nH

SP 25.7 Ω 18.4 Ω 13.3 Ω 8.8 Ω 0.6 nH

SM 18.4 Ω 13.1 Ω 9.5 Ω 6.3 Ω 0.6 nH

Coax Line Properties vs. Profile and Material

Material εR Wavelength Formula for λG (inches)
1000 10.5 ± 0.5 3642 / fO
2000 20.6 ± 1.0 2601 / fO
8800 39.0 ± 1.5 1890 / fO
9000 90.0 ± 3.0 1244 / fO

Wavelength (λg) in Dielectric

Inductor Selection Guide
1) Select one of Trans-Tech four dielectric materials.

2) Determine the VCOs operating frequency (fVCO).

3) Determine the desired inductance or circuit impedance (ZIN).
Note: Convert inductances to impedances by using:
ZIN = 2*π * fVCO * LIN Ω

4) Calculate the effect of the tab. Tab inductances are given in
Figure 9. Use the formula 
(ZIN = 2*π * fVCO * LTAB Ω) 
to convert the tab inductances to impedances.

5) Determine the input impedance by subtracting off the effect of
the tab using: ZINPUT = ZIN – ZTAB

6) Calculate the wavelength (λG) of the part in the 
dielectric (see Figure 2 for appropriate formula).

7) Determine the characteristic impedance (ZO) of the part 
(see Figure 3)

8) Calculate the physical length of the part using the formula: 
l = (λG /2 * π ) tan-1 (ZINPUT/ZO) inches

9) Determine the SRF of this part using:
SRF = (λG * fVCO) / (4 * l) MHz

10) Check the Recommended Frequency Chart for the appro-
priate material to ensure a valid part.

Measurement Description of Q, fO, and L
Evaluation of Q (quality factor) and fO (resonant frequency) of
coaxial components is made with a one-port reflection measure-
ment on a network analyzer. The probe is moved into the inner
diameter (ID) of the device until the input resistance of the device
matches the terminal resistance of the network analyzer. This is
indicated by a 50 Ω circle on the Smith Chart display and is
known as “critical” coupling. The point on this circle where the
response is purely resistive (capacitance reactance equals induc-
tive reactance) is the point of resonance and will be defined by a
complex impedance of Z = 50 + j Ω. The Q is computed by
observing the frequency span between VSWR-2.616 (Z = 50 ±
j50 Ω) on either side of fO. The Q is defined as fO/∆f.
The inductance parameter (L) is measured with an APC 7 mm
connector mounted flush with a conducting plane and a full one-
port calibration (open, short, broadband 50 Ω load) is performed.
The inductor is then clamped into place with the tab touching the
inner conductor and the metallized body touching the grounding
plane. The inductance (L) is measured at the frequency of use.
The impedance vector on the Smith Chart of an ANA gives the
necessary information where Z = R + jwL.

Characteristic Impedance
As shown in Figure 3, the characteristic impedance (ZO) of the
coaxial TEM mode components is a function of the profile dimen-
sions and the dielectric constant of the material. ZO is reduced
over its air line value by the square root of the dielectric constant
of the material. At one-eighth wavelength, the short-circuit line
exhibits an inductive reactance while the open-circuit line
exhibits a capacitive reactance equal in magnitude to ZO.

where:
w = width of resonator
d = diameter of inner conductor
εR = dielectric constant

εR

W
d

60   n 1.079ZO  = character impedance = 

Profile 1000 2000 8800 9000

HP 25.3 Ω 18.1 Ω 13.1 Ω 8.6 Ω
EP 22.5 Ω 16.1 Ω 11.7 Ω 7.7 Ω
SP 18.3 Ω 13.1 Ω 9.5 Ω 6.3 Ω
LS 18.4 Ω 13.1 Ω 9.5 Ω 6.3 Ω
LP 27.4 Ω 19.6 Ω 14.2 Ω 9.4 Ω
MP 25.7 Ω 18.4 Ω 13.3 Ω 8.8 Ω
SM 18.4 Ω 13.1 Ω 9.5 Ω 6.3 Ω

Figure 3.

Figure 2.
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Soldering Conditions

Trans-Tech coaxial components are compatible with standard 
surface mount reflow and wave soldering methods. The HP 
profile components may require mechanical support mounting
because of the larger size. Consult the factory for details.

Use silver-bearing solder such as SN62 (62Sn-36Pb-2Ag). Trans-
Tech tabs are pretinned to improve solderability. Additional
attaching methods include hot air gun, infrared source, soldering
iron, hot plate, vapor phase and others. The coaxial component
body is a ceramic and subject to thermal shock if heated or
cooled too rapidly. Figure 4 is the recommended soldering profile,
not to exceed 230 °C for a duration of about 10 seconds.
Repeatable results can be best achieved with air cooling only, 
not quenching.

Figure 5 indicates the maximum tolerance of the component pla-
narity with respect to the datum plane.

Equation (1) Input Impedance fO

where: fO = use frequency

Equation (2) Resonant Frequency

where: c = speed of light εR = 39.0 8800
material
90.0 9000
material
10.5 1000
material
20.6 2000
material

Packaging
Tape and reel packaging is available. Consult the factory for

ι = c
4 SRF

 εR



ZINPUT = ƒZO  tan
2πƒO

4 SRF

Ceramic Coaxial Inductors

Figure 4. Soldering Profile

Figure 5. Surface Mount Tolerance for 
Components with Tabs
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Ceramic Coaxial Inductors
Packaging

Tape and reel packaging is available. Consult the factory 
for details.

=  Solder over metallic mounting pad
=  Solder mask over metallic mounting pad
=  Exposed metallic mounting pad

Notes:   1. Dimension "L" is length which depends on frequency.
Key:

DIM 'L'
(See Note 1)

0.010 Typ.
0.005 Typ.

0.060 0.055

0.055
0.080

0.010
0.020

Gold Pad Outline

2 mm (5 m) Coaxial Resonator Footpad Dimensions 

3 mm (MP) Coaxial Resonator Footpad Dimensions 

DIM 'L'
(See Note 1)

0.010 Typ. 0.005 Typ.

0.0990.119 0.055

0.055
0.010 0.020

Gold Pad Outline

DIM 'L'
(See Note 1)

0.015 Typ.
0.005 Typ.

0.095 0.055

0.067

0.155

0.030 0.042
Gold Pad Outline

4 mm (LP/LS) Coaxial Resonator Footpad Dimensions 

DIM 'L'
(See Note 1)

0.015 Typ.

0.005 Typ.

0.177 0.055

0.067

0.237

0.030 0.051
Gold Pad Outline

6 mm (SP) Coaxial Resonator Footpad Dimensions

8 mm (EP) Coaxial Resonator Footpad Dimensions 

DIM 'L'
(See Note 1)

0.015 Typ.

0.005 Typ.

0.255 0.055

0.083

0.318

0.031 0.039Gold Pad Outline

12 mm (HP) Coaxial Resonator Footpad Dimensions 

DIM 'L'
(See Note 1)

0.005 Typ.

0.015 Typ.

0.376 0.055

0.083

0.476

0.050 Typ. 0.070
Gold Pad Outline
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Introduction and Applications for Ceramic Band Pass Filters
DATA SHEET

Features
� High Q ceramic
� Rugged
� Temperature compensated
� Custom designs

Benefits
� Low insertion loss
� Small compact design
� Frequency stability
� Mechanical stability

Introduction
Trans-Tech Inc., a wholly-owned subsidiary of Skyworks
Solutions Inc., is a world-class supplier of high performance
ceramic band pass filters. Specializing in band pass, notch and
diplexing applications, Trans-Tech can cover a frequency range
from 300 MHz to 6000 MHz with surface mount or connectorized
devices. Utilizing state of the art assembly automation, Trans-
Tech provides cost-effective solutions meeting high performance
specifications.

Trans-Tech surface mount PCB configured filters are designed to
comply with “green” manufacturing initiatives eliminating heavy
metal elements. This configuration is designed to comply with
pending European regulations regarding the elimination of lead in
electronic assemblies. Custom assemblies can be obtained with
flat pack style SMT devices, through-hole or Sn/Pb coated PCB
surface mount designs.

Trans-Tech assembly methodology offers a wide array of designs,
from 2 mm x 2 pole – 8 mm x 10 pole band pass filters and
diplexers, to advanced band stop (notch) designs and high-pass
or low-pass filters. For typical applications and ranges of prod-
ucts, refer to the Standard Filters/Duplexers listing included in
this document. Detailed specifications, both mechanical and

electrical, are maintained for many popular designs on our
Web site, or by contacting your local sales representative.

The nature of applications utilizing a band pass filter, duplexer or
notch filter, necessitates the close interaction of the customer
and Trans-Tech application engineering. Our application engi-
neers employ the latest in simulation and circuit analysis
software with accurately defined design rules to provide rapid
turnaround on new filter designs. With our experience and
design aids, Trans-Tech can provide the necessary support for
your application from prototype through production. In addition to
the personal attention, Trans-Tech offers a computer-aided
design tool, CRaFT, to assist engineers designing filters (the latest
version can be downloaded from our Web site,
www.skyworksinc.com.

The strength of Trans-Tech designs begin with our ability to
produce our own coaxial resonators from proprietary ceramic
formulations. These resonators provide a high Q element that
allows us to maintain our low filter insertion loss values. With
numerous design package styles, Trans-Tech offers aggressive
leadtimes on both prototype and volume applications.
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Center frequency 300 MHz to 6 GHz

Standard filter type Ceramic band pass, duplexer,
notch, LPF

Number of poles 2–10

Resonator sizes 2, 3, 4, 6, 8 and 12

Bandwidth 1.0%–10% (May vary depending
on resonator size, FO & εR)

Insertion loss 1–4 dB typical by design

Attenuation Varies by number of poles

Impedance 50 or 75 Ω

VSWR 2.0:1 maximum

Operating temperature range -40 to +85 °C

Mechanical packaging options PCB surface mount, thru-hole, & flat
pack surface mount

Power handling (continuous) 1 W typical*

Figure 1.1 Standard Capabilities*

* Contact Skyworks application engineering for assistance with any other requirement.

Standard Filters/Duplexers*
This list contains Trans-Tech most popular filter and diplexer
designs. A variety of footprints and configurations are available
for application-specific needs. Please contact the factory or your
local representative with your specifications or for more informa-
tion on any of these designs. Trans-Tech maintains a list of over
700 active filters and diplexers. We welcome every opportunity to
assist in the selection or creation of a filter or diplexer that will
meet your specifications.

Standard Filter Selection Guide
Trans-Tech has a wide range of standard filters, as well as the
capability to rapidly create new custom designs. Figure 1.1 illus-
trates our general capability for filters. If a desired requirement
falls within the listed categories, Trans-Tech can easily offer a
suitable design. Beyond this general list, Trans-Tech has a staff of
experienced filter designers who can provide new custom and
more technologically difficult filters. In addition, the CRaFT pro-
gram functions as a useful tool when analyzing filter requirements.
Trans-Tech welcomes the chance to review specifications and
determine a design solution.

Center Frequency Bandwidth Insertion Loss
Part Number Filter Type Size/Poles (MHz) (MHz) (dB) Package

TT3P2-1068P0-3507 Band Pass 3 mm/2 pole 1068 35 0.7 PCB SMT

TT4P2-1013P2-2020 Band Pass 4 mm/2 pole 1013 20 2 PCB SMT

TT4P2-1082.5P2-0720 Band Pass 4 mm/2 pole 1082.5 07 2 PCB SMT

TT4P2-1082P2-0620 Band Pass 4 mm/2 pole 1082 06 2 PCB SMT

TT4P2-1090P2-0610 Band Pass 4 mm/2 pole 1090 06 1 PCB SMT

TT4P3-1030P2-1535 Band Pass 4 mm/3 pole 1030 15 3.5 PCB SMT

TT4P3-1067P2-4420 Band Pass 4 mm/3 pole 1067 44 2 PCB SMT

TT6P4-1080P4-7015 Band Pass 6 mm/4 pole 1080 70 1.5 PCB SMT

TT6P4-1090P2-1036 Band Pass 6 mm/4 pole 1090 10 3.6 PCB SMT

CATV

Center Frequency Bandwidth Insertion Loss
Part Number Filter Type Size/Poles (MHz) (MHz) (dB) Package

TT6P6-0750P0-5017 Band Pass 6 mm/6 pole 750 50 1.7 PCB SMT

TT6P5-0765P0-11225 Band Pass 6 mm/5 pole 765 112 2.5 PCB SMT

TT6P2-0770T-1215 Band Pass 6 mm/2 pole 770 12 1.5 PCB SMT

TT6P3-0770T-1225 Band Pass 6 mm/3 pole 770 12 2.5 PCB SMT

TT6P3-0770T-2020 Band Pass 6 mm/3 pole 770 20 2 PCB SMT

WCS
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Center Frequency Bandwidth Insertion Loss
Part Number Filter Type Size/Poles (MHz) (MHz) (dB) Package

TT3P2-1880P0-6010 Band Pass 3 mm/2 pole 1880 60 1 PCB SMT

TT3P3-0881.5P2-2530 Band Pass 3 mm/3 pole 881.5 25 3 PCB SMT

TT3P3-1880P0-6022 Band Pass 3 mm/3 pole 1880 60 2.2 PCB SMT

TT3P3-1960P0-6022 Band Pass 3 mm/3 pole 1960 60 2.2 PCB SMT

TT3P3-1960P2-6030 Band Pass 3 mm/3 pole 1960 60 3 PCB SMT

TT3P4-0836.5P2-2525 Band Pass 3 mm/4 pole 836.5 25 2.5 PCB SMT

TT3P4-0881.5P2-2525 Band Pass 3 mm/4 pole 881.5 25 2.5 PCB SMT

TT3P4-1880P2-6020 Band Pass 3 mm/4 pole 1880 60 2 PCB SMT

TT3P4-1880P2-6030 Band Pass 3 mm/4 pole 1880 60 3 PCB SMT

TT4P3-0863P0-0585 Band Pass 4 mm/3 pole 863 5 8.5 PCB SMT

TT4P3-2180P1-2540 Band Pass 4 mm/3 pole 2180 25 4 PCB SMT

TT4P4-1880P0-6216 Band Pass 4 mm/4 pole 1880 62 1.6 PCB SMT

TT4P4-1960P0-6216 Band Pass 4 mm/4 pole 1960 62 1.6 PCB SMT

TT4P5-2240P2-1032 Band Pass 4 mm/5 pole 2240 10 3.2 PCB SMT

TT4P6-0860.5P0-1937 Band Pass 4 mm/6 pole 860.5 19 3.7 PCB SMT

TT6P3-0836T-2520 Band Pass 6 mm/3 pole 836 25 2 PCB SMT

TT6P3-0860P3-2020 Band Pass 6 mm/3 pole 860 20 2 PCB SMT

TT6P3-0860T-2020 Band Pass 6 mm/3 pole 860 20 2 PCB SMT

TT6P3-0881F-2520 Band Pass 6 mm/3 pole 881 25 2 PCB SMT

TT6P5-1960P0-6025 Band Pass 6 mm/5 pole 1960 60 2.5 PCB SMT

TT6P5-2280P1-7032 Band Pass 6 mm/5 pole 2280 70 3.2 PCB SMT

TT6P6-1900P3-8035 Band Pass 6 mm/6 pole 1900 80 3.5 PCB SMT

TT6P3-2140P2-6011 Band Pass 6 mm/3 pole 2140 60 1.1 PCB SMT

TT6P10-R1950-T2140 Diplexer 6 mm/10 pole 1950 - - PCB SMT

Center Frequency Bandwidth Insertion Loss
Part Number Filter Type Size/Poles (MHz) (MHz) (dB) Package

TT4P2-0915P2-2620 Band Pass 4 mm/2 pole 915 26 2 PCB SMT

TT6P2-0902F-2518 Band Pass 6 mm/2 pole 902 25 1.8 PCB SMT

TT6P2-0915T-2518 Band Pass 6 mm/2 pole 915 25 1.8 PCB SMT

TT6P3-0902T-2520 Band Pass 6 mm/3 pole 902 25 2 PCB SMT

TT6P3-0915T-2520 Band Pass 6 mm/3 pole 915 25 2 PCB SMT

TT6P3-0917F-1425 Band Pass 6 mm/3 pole 917 14 2.5 PCB SMT

TT3P3-2400P1-1030 Band Pass 3 mm/3 pole 2400 10 3 PCB SMT

TT3P3-2450P1-1445 Band Pass 3 mm/3 pole 2450 14 4.5 PCB SMT

TT6P3-2467P0-3330 Band Pass 6 mm/3 pole 2467 33 3 PCB SMT

Center Frequency Bandwidth Insertion Loss
Part Number Filter Type Size/Poles (MHz) (MHz) (dB) Package

TT4P3-2120P2-6020 Band Pass 4 mm/3 pole 2120 60 2 PCB SMT

TT4P6-2122P0-2835 Band Pass 4 mm/6 pole 2122 28 3.5 PCB SMT

TT6P4-2158P2-1422 Band Pass 6 mm/4 pole 2158 14 2.2 PCB SMT

TT6P6-2500P3-3635 Band Pass 6 mm/6 pole 2500 36 3.5 PCB SMT

MDS

ISM

Cellular/PCS/DCS/UMTS



DATA SHEET • INTRODUCTION AND APPLICATIONS FOR CERAMIC BAND PASS FILTERS

4
Phone [301] 695-9400 • Fax [301] 695-7065 • transtech@skyworksinc.com • www.trans-techinc.com

October 2, 2007 • Trans-Tech Proprietary Information • Products and Product Information are Subject to Change Without Notice.

Center Frequency Bandwidth Insertion Loss
Part Number Filter Type Size/Poles (MHz) (MHz) (dB) Package

TT4P4-R1227.6-T1575.42 Diplexer 4 mm/4 pole 1227.6 - - PCB SMT

TT4P3-1227.6P1-2030 Band Pass 4 mm/3 pole 1227.6 20 3.0 PCB SMT

TT4P3-1575.42P2-2040 Band Pass 4 mm/3 pole 1575.42 20 4.0 PCB SMT

TT3P3-1227.6P1-1030 Band Pass 3 mm/3 pole 1227.6 10 3.0 PCB SMT

TT3P3-1575.42P2-1030 Band Pass 3 mm/3 pole 1575.42 10 3.0 PCB SMT

GPS

Center Frequency Bandwidth Insertion Loss
Part Number Filter Type Size/Poles (MHz) (MHz) (dB) Package

TT3P4-2513P2-5055 Band Pass 3 mm/4 pole 2513 50 5.5 PCB SMT

TT3P5-3687P1-7466 Band Pass 3 mm/5 pole 3687 74 6.6 PCB SMT

TT4P3-3417P2-0220 Band Pass 4 mm/3 pole 3417 02 2.0 PCB SMT

TT4P5-1090P0-1050 Band Pass 4 mm/5 pole 1090 10 5.0 PCB SMT

TT6P5-0810P3-5030 Band Pass 6 mm/5 pole 0810 50 3.0 PCB SMT

TT6P4-0509P7-0148 Band Pass 6 mm/4 pole 0509 01 4.8 PCB SMT

TT4P4-1000P2-1030 Band Pass 4 mm/4 pole 1000 10 3.0 PCB SMT

TT6P3-0826.5P3-0520 Band Pass 6 mm/3 pole 0826.5 05 2.0 PCB SMT

TT6P3-0827P3-0620 Band Pass 6 mm/3 pole 0825 06 2.0 PCB SMT

TT6P6-1000P5-8530 Band Pass 6 mm/6 pole 1000 85 3.0 PCB SMT

TT6P6-0545P6-3022 Band Pass 6 mm/6 pole 0545 30 2.2 PCB SMT

TT4P3-3500P2-10020 Band Pass 4 mm/3 pole 3500 100 2.0 PCB SMT

TT6P6-0889P3-4029 Band Pass 6 mm/6 pole 0889 40 2.9 PCB SMT

TT6P4-0722P4-4817 Band Pass 6 mm/4 pole 0722 48 1.7 PCB SMT

TT3P3-1088P2-9015 Band Pass 3 mm/3 pole 1088 90 1.5 PCB SMT

TT6P3-0740P3-2020 Band Pass 6 mm/3 pole 0740 20 2.0 PCB SMT

TT6P5-1950P3-6040 Band Pass 6 mm/5 pole 1950 60 4.0 PCB SMT

TT3P4-0917P2-4524 Band Pass 3 mm/4 pole 0917 45 2.4 PCB SMT

TT6P3-1090P2-1029 Band Pass 6 mm/3 pole 1090 10 2.9 PCB SMT

TT6P4-0770P0-1240 Band Pass 6 mm/4 pole 0770 12 4.0 PCB SMT

TT6P3-1030P2-1029 Band Pass 6 mm/3 pole 1030 10 2.9 PCB SMT

TT6P5-0881.5P0-2530 Band Pass 6 mm/5 pole 0881.5 25 3.0 PCB SMT

TT6P3-0730P3-1213 Band Pass 6 mm/3 pole 0730 12 1.3 PCB SMT

TT6P3-0445.25T-0145 Band Pass 6 mm/3 pole 0445.25 01 4.5 PCB SMT

TT4P3-2400P1-20015 Band Pass 4 mm/3 pole 2400 200 1.5 PCB SMT

TT6P3-1080P2-0650 Band Pass 6 mm/3 pole 1080 06 5.0 PCB SMT

TT6P3-0745.3P3-1920 Band Pass 6 mm/3 pole 0745.3 19 2.0 PCB SMT

TT6P4-0435P0-3019-NS Band Pass 6 mm/4 pole 0435 30 1.9 PCB SMT

TT3P4-0895.5P2-3926 Band Pass 3 mm/4 pole 0895.5 39 2.6 PCB SMT

Other
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Available Packages
Trans-Tech offers filters in a number of standard packages. In
addition to SMT, Trans-Tech offers a flat-pack and through-hole
configuration. Mechanical drawings are provided for most of our
filters. In addition to our standard offering, Trans-Tech has the
capability and experience to meet many unique footprint layouts
and custom packages.

For each of our 2 to 6 pole packages, Trans-Tech can offer pro-
files ranging from 2 mm to 6 mm.

2 mm SMT

TT2P2—P—

TT2P3—P—

TT2P4—P—

TT2P5—P—

TT2P6—P—

SMT Filter Length

Filter Inches mm

P1 0.434 11

P2 0.512 13

P3 0.590 15

P4 0.669 17

P5 0.748 19

P6 0.827 21

P7 0.906 23

P0 Custom Custom

Dimension ‘L’ will vary in length dependent upon filter’s frequency.
All dimensions are in inches.
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TT3P2—P—

3 mm SMT

TT3P3—P—

TT3P4—P—

TT3P5—P—

TT3P6—P—

Dimension ‘L’ will vary in length dependent upon filter’s frequency.
All dimensions are in inches.

SMT Filter Length

Filter Inches mm

P1 0.434 11

P2 0.512 13

P3 0.590 15

P4 0.669 17

P5 0.748 19

P6 0.827 21

P7 0.906 23

P0 Custom Custom
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TT4P2—P—

4 mm SMT

TT4P3—P—

TT4P4—P—

TT4P5—P—

TT4P6—P—

Dimension ‘L’ will vary in length dependent upon filter’s frequency.
All dimensions are in inches.

SMT Filter Length

Filter Inches mm

P1 0.434 11

P2 0.512 13

P3 0.590 15

P4 0.669 17

P5 0.748 19

P6 0.827 21

P7 0.906 23

P0 Custom Custom
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TT6P2—P—

6 mm SMT

TT6P3—P—

TT6P4—P—

TT6P5—P—

TT6P6—P—

Dimension ‘L’ will vary in length dependent upon filter’s frequency.
All dimensions are in inches.

SMT Filter Length

Filter Inches mm

P1 0.434 11

P2 0.512 13

P3 0.590 15

P4 0.669 17

P5 0.748 19

P6 0.827 21

P7 0.906 23

P0 Custom Custom
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6 mm Flat Pack (F)

6 mm Thru-Hole (T)

TT6P2—F

TT6P2—T TT6P3—T

TT6P3—F

Dimension ‘L’ will vary in length dependent upon filter’s frequency.
All dimensions are in inches.
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RefeRence MateRial

Solder Reflow

Discrete Devices and IC Switch/Attenuators  
Tape and Reel Package Orientation

Suggested PCB Land Pattern

Quality/Reliability

Waffle Pack Chip Carrier Handling/ 
Opening Procedure

Linear Products Application Notes
APN1001—Circuit Models for Plastic 
PackagedMicrowave Diodes

APN1002—Design With PIN Diodes

APN1003—A Wideband General-Purpose PIN Diode 
Attenuator

APN1004—Varactor SPICE Models for RF 
VCOApplications

APN1005—A Balanced Wideband VCO for Set-Top 
TVTuner Applications

APN1006—A Colpitts VCO for Wideband (0.95–2.15 
GHz) Set-Top TV Tuner Applications

APN1007—Switchable Dual-Band 170/420 MHz VCO 
forHandset Cellular Applications

APN1008—T/R Switch for IMT-2000 
HandsetApplications

APN1009—A Varactor Controlled Phase Shifter for 
PCSBase Station Applications

APN1010—A VCO Design for WLAN Applications in 
the2.4–2.5 GHz ISM Band

APN1011—A 5–6 GHz Switch Using Low-Cost 
PlasticPackaged PIN Diodes

APN1012—VCO Designs for Wireless Handset and 
CATVSet-Top Applications

APN1013—A Differential VCO Design for GSM 
HandsetApplications

APN1014—A Level Detector Design for Dual-Band 
GSM-PCS Handsets

APN1015—A Dual-Band Switchable IF VCO forGSM/
PCS Handsets 

APN1016—A Low Phase Noise VCO Design for 
PCSHandset Applications 

APN1017—A CATV Attenuator Using the Single 
PackageSMP1307-027 PIN Diode Array

APN5001—Theory and Application of Sampling 
PhaseDetector

Skyworks Sales Representatives 

Skyworks Distributors

Skyworks Sales Offices 
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Solder Reflow Information
APPLICATION NOTE

Assembly of a surface mount device depends on many process
material and equipment parameters. Two of the most common
processes used are infrared (IR) and convection reflow. Skyworks
products come in three different termination finishes, depending 
on the package.
● Au (Cu/Ni/Au) for MCM and LGA (laminate-based) packages
● SnPb (Sn 70-90%, Pb 30-10%, 300-1,000 micro-inches thick)

for lead frame-based solder plated products
● Sn (100% 300-1,000 micro-inches thick) as a lead (Pb)-free

replacement for SnPb

This finish is compatible with all commonly used processes.
The most common attachment process is the convection 
reflow process.

The reflow process requires applying solder and flux in the form
of a paste to the areas of the substrate or PC board where the
surface mount component connections are to be made. The
solder and flux are applied to the circuit by screening, stenciling,
or dot placement. This paste acts as a temporary adhesive
holding the device in place until reflow soldering takes place.
Optionally, a chip-bonding epoxy can be used to hold the device
in place.

Solder paste manufacturers generally provide a recommended
profile for the specific solder being used. The manufacturer’s 
profile or the typical solder reflow profiles table in this document
can be used as a starting point for profiling the process.

Caution: Please contact your solder paste manufacturer for
exact solder profile requirements.

When using thermocouples for profiling, it should be noted that
the outside edges and corners of an assembly heat up faster
than the center, and components of greater thermal mass will
heat more slowly than those of lesser thermal mass.

A thermal reflow process profile typically undergoes five 
transitions:

1. Preheat — Brings the assembly from 25 °C to preheat zone
and evaporates solvents from solder paste. A slow ramp-up
rate will prevent any damage due to thermal shock. The time
and temperature to evaporate the solvents will depend upon
the solder paste that is used.

2. Flux Activation (Preheat–TL) — Dried solder paste is heated
to a temperature in which the flux will react with the oxide 
and contaminants on the surfaces to be joined. The time and
temperature should be long enough to allow the flux to fully
clean these surfaces but not too long that the flux may be
exhausted before soldering takes place.

3. Thermal Equalization (Preheat–TL) — Achieves temperature
equalization approximately 20–40 °C below the peak reflow
temperature. Time and temperature will depend upon the 
mass and materials.

4. Reflow (TL–TP) — In this stage, the assembly is briefly
brought to the temperature sufficient to produce reflow 
of solder.

5. Cool Down — This is the final stage in the solder process.
Gradual cooling should be used. The end result should be 
as fast as possible without causing thermal shock to the 
components. Cool down in this manner will produce a finer
grain structure in the solder joint, which will yield a more
fatigue-resistant solder joint.
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Ramp-up

Ramp-down

Profile Feature SnPb Eutectic Lead (Pb)-Free (SnAgCu)

Ramp rate 0.5–2.0 °C/sec. 0.5–2.0 °C/sec.

Preheat (soak)
Temperature min. (TSMIN) Reference solder paste manufacturer Reference solder paste manufacturer
Temperature max. (TSMAX) recommended profile recommended profile
Time (tsMIN to tsMAX)

Time above liquidus (TAL) 30–90 sec. 30–90 sec.
Temperature (TL) 
Time (tL)

Peak temperature (TP) 205–220 °C 235–245 °C

Ramp-down rate 4 °C/sec. max. 4 °C/sec. max.

Recommended Solder Reflow Profiles

Caution: Please contact your solder paste manufacturer for
exact solder profile requirements.
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APPLICATION NOTE

Discrete Devices and IC Switch/Attenuators
Tape and Reel Package Orientation

Desc ription Sym. SC-79 SOD-323 SC-70 SC-88 SOT-23 SOT-143 SOT- 5

Cavity

Length A0 0.90±0.05 1.45±0.10 2.25±0.10 2.25±0.10 3.15±0.10 3.099±0.10 3.15±0.10

Width B0 1.40±0.05 3.20±0.10 2.70±0.10 2.70±0.10 3.20±0.10 2.692±0.10 3.20±0.10

Depth K0 0.80±0.05 1.35±0.10 0.53±0.05 1.19±0.10 1.40±0.10 1.295±0.10 1.40±0.10

Pitch P1 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00± 0.10

Bottom hole diameter D1 0.50±0.05 1.00±0.10 0.50±0.05 1.00±0.10 1.00±0.10 1.00±0.10 1.00±0.10

Perforation

Diameter D0 1.50±0.1 1.50±0.10 1.50±0.10 1.50±0.10 1.55±0.05 1.50±0.10 1.50±0.10

Pitch P0 4.00±0.1 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10

Position E1 1.75±0.1 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10

Carrier Tape

Width W 8.00±0.20 8.00±0.20 8.00±0.10 8.00±0.30 8.00±0.30 8.00±0.10 8.00±0.30

Thickness T 0.229±0.02 0.254±0.013 0.30±0.05 0.254±0.013 0.254±0.013 0.254±0.013 0.20±0.03

Cover Tape

Width W1 5.40±0.10 5.40±0.10 5.40±0.10 5.40±0.10 5.40±0.10 5.40±0.10 5.40±0.10

Tape thickness T1 0.062±0.01 0.062±0.01 0.062±0.01 0.062±0.01 0.062±0.01 0.062±0.01 0.062±0.01

Distance

Cavity to perforation
(width direction)

F 3.5±0.05 3.50±0.05 3.50±0.05 3.50±0.05 3.50±0.05 3.50±0.05 3.50±0.05

Cavity to perforation
(length direction)

P2 2.0±0.05 2.00±0.05 2.00±0.05 2.00±0.05 2.00±0.05 2.00±0.05 2.00±0.05
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Cover Tape

Carrier Tape

Label

Reel

P2

E1

D0
P0P1

W1

8˚ max.
A0 B0

D1

WF

T1 (Cover Tape Thickness)

K0 5˚ max.

T (Carrier Tape Thickness)

Tape Dimensions

Note: All dimensions are in mm.
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Note: All dimensions are in mm.

Note: All dimensions are in mm.

Description Sym. SOT-6 SOIC-8 MSOP-8 PLCC-28 MCM-20
6 x 6

MCM-24
8 x 7 QFN 2 X 3 QFN 3 x 3 QFN 4 x 4

Cavity

Length A0 3.15±0.10 6.70±0.10 5.20±0.10 13.0±0.10 6.30±0.10 7.35±0.10 2.20±0.10 3.30±0.10 4.35±0.10

Width B0 3.20±0.10 5.40±0.10 3.30±0.10 13.0±0.10 6.30±0.10 8.35±0.10 3.20±0.10 3.30±0.10 4.35±0.10

Depth K0 1.40±0.10 2.00±0.10 1.60±0.10 4.90±0.10 1.85±0.10 2.00±0.10 1.10±0.10 1.10±0.10 1.10±0.10

Pitch P1 4.00±0.10 8.15±0.02 8.00±0.10 12.0±0.10 8.00±0.10 12.00±0.10 4.00±0.10 8.00±0.10 8.00±0.10

Bottom hole diameter D1 1.00±0.10 1.60±0.02 1.00±0.10 1.60±0.02 1.00±0.10 1.50±0.10 1.50±0.10 1.00±0.10 1.00±0.10

Perforation

Diameter D0 1.50±0.10 1.60±0.03 1.50±0.10 1.60±0.03 1.50±0.10 1.55±0.10 1.50±0.10 1.50±0.10 1.50±0.10

Pitch P0 4.00±0.10 3.75±0.02 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10

Position E1 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10

Carrier Tape

Width W 8.00±0.30 12.00±0.30 12.00±0.30 24.00±0.30 12.00±0.30 16.00±0.30 12.00±0.30 12.00±0.30 12.00±0.30

Thickness T 0.20±0.03 0.30±0.05 0.30±0.013 0.30±0.005 0.30±0.05 0.30±0.05 0.30±0.05 0.30±0.05 0.30±0.05

Cover Tape

Width W1 5.40±0.10 9.20±0.10 9.20±0.10 18.50±.010 9.20±0.10 13.30±0.10 9.20±0.10 9.20±0.10 9.20±0.10

Tape thickness T1 0.062±0.01 0.062±0.01 0.062±0.01 0.062±0.01 0.051±0.01 0.045±0.01 0.051±0.01 0.051±0.01 0.051±0.01

Distance

Cavity to perforation
(width direction)

F 3.50±0.05 3.50±0.05 5.60±0.05 11.50±0.10 5.50±0.10 7.50±0.05 5.50±0.05 5.50±0.10 5.50±0.10

Cavity to perforation
(length direction)

P2 2.00±0.05 2.00±0.05 4.00±0.05 2.00±0.05 2.00±0.05 2.00±0.05 2.00±0.05 2.00±0.05 2.00±0.05

Description Sym. QFN 5 x 5 TSSOP-16 SOIC-14 SOIC-16 SSOP-16 SSOP-20 LGA-4 LGA-6 LGA-8 LGA-16

Cavity

Length A0 5.25±0.10 6.80±0.10 6.50±0.10 6.50±0.10 6.70±0.10 8.20±0.10 1.57±0.10 1.40±0.10 3.25±0.10 8.40±0.10

Width B0 5.25±0.10 5.40±0.10 9.00±0.10 10.30±0.10 5.40±0.10 7.60±0.10 1.38±0.10 1.70±0.10 5.75±0.10 10.70±0.10

Depth K0 1.10±0.10 1.60±0.10 2.10±0.10 2.10±0.10 2.10±0.10 3.00±0.10 1.00±0.10 1.00±0.10 2.70±0.10 2.40±0.10

Pitch P1 8.00±0.10 8.00±0.10 8.00±0.10 8.00±0.10 8.15±0.02 12.00±0.10 4.00±0.10 4.00±0.10 8.00±0.10 16.00±0.10

Bottom hole diameter D1 1.00±0.10 1.60±0.10 1.60±0.10 1.60±0.10 1.60±0.02 1.60±0.10 0.60±0.10 1.00±0.10 1.00±0.10 1.60±0.20

Perforation

Diameter D0 1.50±0.10 1.50±0.10 1.55±0.10 1.55±0.10 1.60±0.03 1.50±0.10 1.50±0.10 1.50±0.10 1.50±0.10 1.60±0.03

Pitch P0 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10

Position E1 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10

Carrier Tape

Width W 12.00±0.30 12.0±0.30 16.00±0.30 16.00±0.30 12.0±0.30 16.00±0.30 8.00±0.30 8.00±0.30 12.00±0.30 16.00±0.30

Thickness T 0.30±0.05 0.30±0.05 0.30±0.05 0.30±0.05 0.30±0.05 0.30±0.05 0.30±0.05 0.30±0.05 0.35±0.05 0.30±0.005

Cover Tape

Width W1 9.20±0.10 9.20±0.10 13.30±0.10 13.30±0.10 9.20±0.10 13.30±0.10 5.40±0.10 5.40±0.10 9.20±0.10 13.30±0.10

Tape thickness T1 0.051±0.01 0.062±0.01 0.062±0.01 0.062±0.01 0.062±0.01 0.062±0.01 0.062±0.10 0.062±0.10 0.062±0.10 0.062±0.01

Distance

Cavity to perforation
(width direction)

F 5.50±0.10 7.50±0.10 7.50±0.10 7.50±0.05 3.50±0.05 7.50±0.05 3.50±0.05 3.50±0.05 3.50±0.05 7.50±0.10

Cavity to perforation
(length direction)

P2 2.00±0.05 2.00±0.1 2.00±0.10 2.00±0.10 2.00±0.05 2.00±0.10 2.00±0.10 2.00±0.05 2.00±0.05 2.00±0.10
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Description Sym. SOT-89 SOT-666 3 x 3 2 x 2 MSOP-10 Micro-X 4 x 4 LQFP-32 LTCC
(-108, 109)

LTCC
(-116, -117)

Cavity

Length A0 4.60±0.10 1.78±0.05 3.30±0.10 2.40±0.10 5.20±0.10 2.198±0.10 4.35±0.10 9.6±0.10 1.55±0.10 1.93±0.10

Width B0 4.90±0.10 1.78±0.05 3.30±0.10 2.40±0.10 3.30±0.10 5.769±0.10 4.35±0.10 9.6±0.10 1.96±0.10 2.24±1.10

Depth K0 1.96±0.10 0.69±0.05 1.10±0.10 1.20±0.10 1.60±0.10 1.648±0.10 1.10±0.20 2.2±0.10 1.13±1.10 1.13±0.10

Pitch P1 4.00±0.20 4.00±0.10 8.00±0.10 4.00±0.10 8.00±0.10 8.00±0.10 8.00±0.10 12.0±0.10 4.00±0.10 4.00±0.10

Bottom hole diameter D1 1.50±0.10 0.50±0.05 1.00±0.10 1.00±0.10 1.00±0.10 1.50+0.25 1.00±0.10 1.50±0.10 0.80±0.05 1.00+0.25

Perforation

Diameter D0 1.50±0.10 1.50±0.10 1.50±01.0 1.50+0.10 1.50±0.10 1.50+0.10 1.5±01.0 1.50+0.10 1.50+0.10 1.50+0.10

Pitch P0 4.00±0.20 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10 4.00±0.10

Position E1 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10 1.75±0.10

Carrier Tape

Width W 12.0±0.30 8 mm 12.0±0.30 8.0+.3, -0.10 12.00±0.30 12 mm 12.0±0.30 16.0±0.30
8.00

+0.30/-0.10
8.00

+0.30/-0.10

Thickness T 0.30±0.05 0.20±0.02 0.30±0.05 0.30±0.05 0.30±0.013 0.293±0.13 0.30±0.05 0.30±0.05 0.254±0.02 0.254±0.02

Cover Tape

Width W1 9.2±0.10 5.40±0.10 9.20±0.10 5.40±0.10 9.2±0.10 9.3±0.10 9.2±0.10 13.3±.0.10 5.40±0.10 5.40±0.10

Tape thickness T1 0.062±0.01 0.61 0.062±0.01 0.062±0.01 0.062±0.01 0.61 0.062±0.01 0.062±0.01 0.062±0.01 0.062±0.01

Distance

Cavity to perforation
(width direction)

F 5.5±0.05 3.50±0.05 5.50±0.05 3.50±0.05 5.6±0.05 5.5±0.05 5.50±0.05 7.50±0.10 3.50±0.05 3.50±0.05

Cavity to perforation
(length direction)

P2 2.0±0.05 2.00±0.025 2.00±0.05 2.00±0.05 4.00±0.05 2.0±0.05 2.00±0.05 2.00±0.10 2.00±0.05 2.00±0.05

Note: All dimensions are in mm.
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Description Sym. Flip Chip
540-011

Flip Chip
540-025

Cavity

Length A0 0.45±0.05 0.45±0.05

Width B0 0.78±0.05 0.78±0.05

Depth K0 0.25±0.05 0.25±0.05

Pitch P1 2.00±0.05 2.00±0.05

Bottom hole diameter D1 0.15 ±0.05 0.15 ±0.05

Perforation

Diameter D0 1.50±0.10 1.50±0.10

Pitch P0 4.00±0.10 4.00±0.10

Position E1 1.75±0.10 1.75±0.10

Carrier Tape

Width W 8.00±0.10 8.00±0.10

Thickness T 0.25±0.05 0.25±0.05

Cover Tape

Width W1 0.495±0.05 0.495±0.05

Tape thickness T1 0.045±0.01 0.045±0.01

Distance

Cavity to perforation
(width direction)

F 3.50±0.05 3.50±0.05

Cavity to perforation
(length direction)

P2 2.00±0.05 2.00±0.05

Note: All dimensions are in mm
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MSOP-8, MSOP-10 and SOIC-8

User Direction of Feed

Pin 1

Standard Reel Size 7" 13"

Standard Reel Quantity 1,000 3,000

Standard Reel Size 7" 13"

Standard Reel Quantity* 3,000 12,000

SC-79

User Direction of Feed
Cathode
Indicator

*Available through distribution.

SOD-323

User Direction of Feed
Cathode
Indicator

Standard Reel Size 7" 13"

Standard Reel Quantity 3,000 12,000

SC-70

User Direction of Feed

Pin

3

1 2

3

1 2

3

1 2

3

1 2

Standard Reel Size 7" 13"

Standard Reel Quantity 3,000 12,000

SOT-6 and SC-88

User Direction of Feed
Pin 1

Standard Reel Size 7" 13"

Standard Reel Quantity 3,000 12,000

SOT-23

User Direction of Feed

Pin

3

1 2

3

1 2

3

1 2

3

1 2

Standard Reel Size 7" 13"

Standard Reel Quantity 3,000 12,000

SOT-143

User Direction of Feed

Pin 1

Standard Reel Size 7" 13"

Standard Reel Quantity 3,000 12,000

SOT-5

User Direction of Feed

Pin 1

Standard Reel Size 7" 13"

Standard Reel Quantity 3,000 12,000
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QFN (3 x 3), (4 x 4), (5 x 5)

User Direction of Feed

Pin 1

Standard Reel Size 7" 13"

Standard Reel Quantity 1,000 3,000

SOT-89

User Direction of Feed

Pin 1

Standard Reel Size 7" 13"

Standard Reel Quantity N/A 2,500

MCM-20 (6 x 6)

User Direction of Feed

Pin 1

Standard Reel Size 7" 13"

Standard Reel Quantity 1,000 3,000

MCM-24 (8 x 7)

User Direction of Feed

Pin 1

Standard Reel Size 7" 13"

Standard Reel Quantity N/A 2,000

QFN (2 x 3)

User Direction of Feed

Pin 1

Standard Reel Size 7" 13"

Standard Reel Quantity 1,000 3,000

SOIC, MSOP, QSOP, SSOP and
TSSOP Devices

8, 10, 14, 16, 20, 28 Leads

User Direction of Feed

Pin 1

Standard Reel Size 7" 13"

Standard Reel Quantity 1,000 3,000

28-Lead PLCC

User Direction of Feed

Pin 1

Standard Reel Size 7" 13"

Standard Reel Quantity N/A 1,500
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32-Lead TQFP and LQFP

User Direction of Feed

Pin 1

Standard Reel Size 7" 13"

Standard Reel Quantity N/A 2,000

Micro X

User Direction of Feed

Standard Reel Size 7" 13"

Standard Reel Quantity 1,000 3,000

LGA-8 (-315)

User Direction of Feed

Pin 1

Standard Reel Size 7" 13"

Standard Reel Quantity 1,000 3,000

LGA-16 (-500)

User Direction of Feed

Pin 1

Standard Reel Size 7" 13"

Standard Reel Quantity 1,000 3,000

LGA-4, LGA-6 and SOT-666

User Direction of Feed

Pin 1

Standard Reel Size 7" 13"

Standard Reel Quantity 3,000 12,000

LGA-16 (-501)

User Direction of Feed

Pin 1

Standard Reel Size 7" 13"

Standard Reel Quantity 1,000 3,000

QFN 32L 5 x 5 x 0.9 mm (-364)

User Direction of Feed

Notes:
1. Carrier tape: black conductive polystyrene
2. Cover tape material: transparent conductive PSA
3. Cover tape size: 9.2 ± 0.10 mm width
4. All dimensions are in mil imeters A

B

2.00 ± 0.051.50 ± 0.10
0.30 ± 0.05

5oMax.

5oMax.

5.
25

±
0.

10

1.75 ± 0.10

1.00 ± 0.10

5.
50

±
0.

10

8.00 ± 0.10 4.00 ± 0.10

A

B

B

A

1.10 ± 0.10

12
00

±
0.

30

5.25 ± 0.10

Pin #1
Indicator

Standard Reel Size 7" 13"

Standard Reel Quantity 500 3,000
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Ceramic LTCC (-108, -109)

23

User Direction of Feed

23 23

Pin 1

Standard Reel Size 7" 13"

Standard Reel Quantity 3,000 12,000

Ceramic LTCC (-116, -117)

User Direction of Feed

Pin 1

Flip Chip 540-011

User Direction of FeedCathode Indicator

Flip Chip 540-025

User Direction of FeedCathode Indicator

Standard Reel Size 7" 13"

Standard Reel Quantity 3,000 12,000
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Suggested PCB Land Pattern Designs for Leaded
and Leadless Packages and Detailed Surface Mount
Guidelines for Leadless Packages

APPLICATION NOTE

Below are sample printed circuit board land pattern dimensions.
These are based on the IPC (Institute for Interconnecting and
Packaging Electronic Circuits) surface mount design and land
pattern standard: IPC-SM-782.

These drawings are for reference only. It is recommended that
you consult with the company doing the component mounting
and soldering to the printed circuit board. These companies have
more information on options (various possible dimensions) of
actual land patterns.

SC-70

0.087
(2.20 mm)

0.055
(1.40 mm)

0.051 (1.30 mm)
0.026

(0.65 mm)

0.020 (0.50 mm)

SOD-323

0.095 (2.40 mm)

0.035
(0.90 mm)

0.030
(0.80 mm)

SC-79

0.014 (0.35 mm) Nom.

0.014
(0.35 mm) Nom.

0.053
(1.35 mm) Nom.

Chip Scale

375 µm

600 µm

250 µm



SOIC 14-Lead Narrow Body

2.200
mm

0.600 mm
1.270 mm

5.200 mm

0.70 mm Ref.

3.4 mm
Ref.

0.95 mm Ref. 0.95 mm Ref.

1.0 mm Ref.
2.4 mm

Ref.

SOT-5, SOT-6

MSOP-8

0.4
mm

1.7 mm

2.4 mm

4.1 mm

5.8 mm

0.65
mm

MSOP-10

0.25
mm

1.8 mm

3.4 mm

4.4 mm

5.4 mm

0.50
mm

SSOP 8-Lead (5.3 mm)

5.0 mm

7.2 mm

9.4 mm

2.2 mm
0.40
mm

0.65
mm
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SOT-23 3-Lead

0.087
(2.20 mm)

0.075
(1.90 mm)

0.037
(0.95 mm)

0.039
(1.00 mm)

0.055
(1.40 mm)

SOT-143

0.075 (1.90 mm)

0.039
(1.00 mm)

0.031 (0.80 mm)

0.057 (1.44 mm)

0.039 (1.00 mm) Min.
0.047 (1.20 mm) Max.

0.067
(1.70 mm)

0.087
(2.20 mm)
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SOIC 16-Lead Wide Body

9.2 mm

1.27 mm 0.6 mm

2.2 mm

SOIC 28-Lead Wide Body

9.2 mm

1.27 mm 0.6 mm

2.2 mm

5.200 mm

1.270 mm

0.600 mm
2.200 mm

SOIC 8-Lead Narrow Body

SOIC 16-Lead Narrow Body

2.200
mm

5.200
mm

1.270 mm
0.600 mm

5.200 mm

1.270 mm

0.600 mm
2.200 mm

SOIC 8-Lead

LPCC 16-Lead 4 x 4 mm (-307)
Surface Mount Land Pattern 

Outside
of Package

Footprint of PCB Land =
Lead Length +0.1 mm 

Lead Width

Lead Length of LPCC

0.013
(0.33 mm)
Typ. GND

Via.

0.063
(1.60 mm)

Typ.

0.165
(4.20 mm)

0.126
(3.20 mm)

0.008
(0.20 mm)

0.010
(0.25 mm)

0.026 (0.65 mm)
0.020 (0.50 mm)

0.110
(2.79 mm)

Sq.
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QFN 32-Lead 5 x 5 mm (-310, -364)
Surface Mount Land Pattern

0.013
(0.33 mm)

Typ.
GND Via.

0.063
(1.60 mm) Typ.

0.020
(0.50 mm)

0.020
(0.50 mm)

0.122
(3.10 mm)

Sq.

0.020
(0.50 mm)

0.020
(0.50 mm)

0.013
(0.33 mm)

QFN 20-Lead 4 x 4 mm

20 X 1.95 mm

Sq. 20.2 mm
(Solder Area)

5X 0.33 mm
GND Via

Pitch 0.50mm

0.60

0.28

6X 0.20

6X 0.27

45.00°
12X

0.50 Pitch

12X R0.07

6X 0.40

6X Exposed
Solder
Area

SOT-666

20X 1.20

20X 0.40

20X 2.90

0.325

Exposed
Soldering

Area

Pitch 0.65

SSOP 20-Lead

0.43 Typ.

0.36 Typ.
0.153 X 45°

0.30 Typ.

0.40 Typ. Exposed Solder
Area 4X

LGA

0.65 mm Ref.

0.65 mm Ref.

0.40 mm Ref.

0.75 mm
Ref.

1.65 mm Ref.

SC-88 (6-Lead SC-70)
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2X 0.300

6X 1.325

5X 0.725

6X 0.350

0.95 Pitch

Exposed
Soldering
Area 6X

0.200

0.760

0.560
1.120

PIN 1

2X 1.725

QFN 6-Lead

12X 0.95
(To Metal Pads)

Pitch 0.50 1.32 (Sq.)
Solder
Area

4X Ø0.33
Gnd Via

See Detail A

Solder Area

0.23

Detail A 12X
Scale = 48X

0.75

QFN (3 x 3)

5X Ø0.33
Gnd Via

0.75

Sq. 2.02
(Solder
Area)

See Detail A

Exposed
Soldering

Area

Pitch
0.50

20X 1.95

Detail A 20X
Scale = 48X

0.23

QFN 20-Lead (4 x 4) 2.1 mm Paddle

16X 2.20

0.635 Pitch

16X 1.00

16X 0.25

0.3175

Exposed
Soldering

Area

SSOP 16-Lead

16X 2.40

0.65 Pitch

Exposed
Soldering

Area

0.325

16X 0.32

16X 1.05

TSSOP 16-Lead Exposed Pad
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-111 SPD Surface

Exposed
Soldering

Area

Detail A 5X
Scale = 48X

0.512

0.914

See Detail A

0.25

3X 1.00

2X 1.26

2X 0.89

Package Body
Outline

-116 Hermetic Ceramic Package (1.7 x 2 x 1.1 mm)

2.00

Solder Mask
Openings

Metal Pads

Package Body Outline

Pin 1 0.70

0.70 Typ.

0.15 Typ.

0.05 Typ.
All around

0.70

0.35 Typ.

1.70

QFN 16-Lead (3 x 3)

0.60

Exposed
Soldering

Area

Detail A 16X
Scale = 48X

0.25

See Detail A
1.70

Metal GND Pad

4X Plated
Thru Via

0.25

16X 1.1

0.225 x 45°

1.70

12X 0.50 Pitch

QFN 8L 2 x 2 (-349)

8X 0.66

1.02
0.51

8X 0.60
0.28

0.56

9X Exposed
Solder Area

8X 0.21

0.25

0.50 Pitch
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Skyworks plastic encapsulated leadless style packages are being
offered on several products to reduce size and weight and to
improve application performance. These packages are gaining
acceptance in the industry and are often referred to by such
names as “QFN,” “LPCC,” “MLF” and others, and conform to
JEDEC outline MO-220.

These packages use perimeter lands on the bottom of the
package to provide contact to the PCB. These packages also
have an exposed paddle on the bottom to provide a stable
ground for optimum electrical performance of switches and
attenuators, and an efficient heat path for thermal performance
for amplifier products.

Within are the suggested guidelines for layout of a PCB and
stencil for Skyworks 4 x 4 mm LPCC-16.

PCB ground pad by 0.065 mm (0.0025") on all four sides. The
recommended design gap between the PCB ground pad and land
pad is 0.15 mm minimum to avoid solder bridging and shorting.
When space is available, a gap of 0.25 mm or more is preferred.

Plated thru via holes in the PCB ground pad should be 0.33 mm
(0.013") in diameter and plugged. If via holes cannot be plugged,
it is recommended to cap the vias on the backside of the board
using solder mask material. This should allow the vias to be filled
with solder during reflow.

Gold Wire

Lead

Mold Compound

Down Bond

Exposed Die Paddle

DIE

Figure 1. Package Cross Section

0.65 (0.026)

4.20
(0.165)

3.20
(0.126)

2.79
(0.110)

1.60 (0.063) Typ.

0.50 (0.020)

0.25
(0.010)

0.33
(0.013)

Typ.

0.20 (0.008)

Dimensions in mm (in.)

Lead Length of LPCC

Lead Width
Outside of Package

Footprint of PCB Land = Lead Length + 0.1 mm

Figure 2. Surface Mount Land Pattern,
LPCC 16-Lead 4 x 4 mm

PCB Design Guidelines
For the lead/terminal solder pad design, it is recommended to use
a Non-Solder Mask Defined (NSMD) approach, but a small amount
of solder mask should remain between the pads to avoid solder
bridging between terminals. The PCB land width should match
package pad width. The PCB land length should be 0.1 mm greater
than the package pad length, with the extra area on the outside of
the package. See Figure 2.

The ground pad on the PCB should match the size of the exposed
paddle of the package and should be Solder Mask Defined
(SMD). The solder mask opening should overlap the edges of the

Detailed Surface Mount Guidelines for Leadless
Packages
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Solder Mask Design
Two types of stencil designs are used for surface mount packages:

1. Solder Mask Defined (SMD): Solder mask openings smaller
than metal pads.

2. Non-Solder Mask Defined (NSMD): Solder mask openings
larger than metal pads.

NSMD is recommended for the perimeter I/O lands, as this allows
the solder to wrap around the sides of the metal pads on the
board for a reliable solder joint.

Because the spacing between the ground pad and the land pads
can be small, SMD is recommended for the ground pad to pre-
vent solder bridging.

A stainless steel stencil, 0.125–0.150 mm (0.005–0.006") thick,
is recommended for solder paste application. For better paste
release, the aperture walls should be trapezoidal and the corners
rounded.

For the terminal lands, the stencil opening should be
0.05 mm larger than the PCB land (0.025 mm in each direction).

For the ground pad area, it is recommended to screen the solder
paste in an array of small openings rather than one large
opening. The total (cumulative) area of all the openings should be
approximately equal to 50% of the total ground pad area. This
will ensure good solder coverage with fewer voids. See Figure 3.

Solder Paste and Reflow Profile
Because leadless packages have a low stand-off height and
small terminal pitch, a no-clean, type-3 solder paste, and a
convection/IR reflow are recommended.

Sn63 (63% Sn, 37% Pb) solder is preferred because it is a
eutectic compound with a melting point of 183 °C. The reflow
temperature in this case would be above 183 °C for 30–60
seconds, with a peak temperature of 205–210 °C.

If a lead-free alloy is used, such as tin/silver or tin/silver/copper,
the melting points are 221 °C and 217 °C respectively. In this
case, the profile would be above 221/217 °C for 30–90 seconds,
with a peak temperature of 235–245 °C. Maximum temperature
should not exceed 245 °C.

A typical reflow profile is presented in Figure 4, which could be
used as a starting point. The actual profile used will depend on
the thermal mass of the entire populated board and the solder
compound used.

Multiple Small Stencil Openings
(Total Area Approximately 50% of

Total PCB Ground Pad)

PCB Ground
Pad Boundary Terminal Land

Stencil Opening

Figure 3. Recommended Stencil Design

Te
m
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ra

tu
re

(°
C)

250

200

150

100

50

0
0 60 120 180 240 300

Time (Seconds)

Preheat Flux Activation/
Thermal Equalization

Reflow Cool
Down

2–4 Minutes Max.
3

Minutes
Min.

<2.5°C
Sec.

30–60
Sec.

<0.5°–0.6°C/Sec.

<1.3°–1.6°C/Sec.

Figure 4. Typical Solder Reflow Profile
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High Reliability
APPLICATION NOTE

Introduction
Skyworks, a former division of Alpha Industries, Inc. has been a
major supplier of microwave devices, components, and subsys-
tems for high reliability space and missile programs for over 20
years. Skyworks reputation for meeting stringent military require-
ments has enabled the company to participate in the growth of
space business. This extensive experience in producing high
quality, highly reliable products for military applications can be
beneficial to our commercial customers as well.

Skyworks expert staff covers semiconductor wafer preparation,
device assembly, and electrical and environmental testing. To be
most effective, extended environmental and electrical tests should be
part of a complete reliability effort which includes sound device
design, high standards of workmanship during processing and
assembly, and accurate documentation of customer and internal
testing and reporting requirements. A team consisting of the neces-
sary disciplines is available to determine the manufacturing
procedure and testing requirements of the customer application. This
customer service ensures delivery of Skyworks products with the
highest reliability.

For the additional demands of space qualified high reliability
diodes, where MTTF data is required, high temperature inert gas
ovens have been added to the environmental test lab facility to
permit MTTF data determination. This and other specialized
testing can be ordered by the customer. The standard testing pro-
gram and test descriptions follow.

Reliability Testing Programs
Environmental and electrical tests are used to improve and verify
the reliability of microwave products. Specific tests or testing
sequences may be performed for a variety of reasons. There are
several categories of tests that can be performed. The most fre-
quently performed categories are described below.

Quality Conformance Testing
Quality conformance testing (also called lot acceptance testing),
is testing performed either on a sample or on 100% of the lot to
determine that the devices meet specified electrical and mechan-
ical requirements.

Qualification Testing
One basic type of testing is qualification testing. This type of
testing is used to determine that the manufacturer of a device
can supply devices that meet the full electrical and environmental
capability requirements of the customer’s specification. In MIL
type specifications this testing is required before a device manu-
facturer is placed on a QPL (Qualified Products List). The actual
tests performed are the same Group A, B and C Tests mentioned
below in the Reliability Verification Sampling section along with
some additional tests.

Screening
Screening, a second basic type of testing, is often performed in
addition to but prior to quality conformance testing. Screening
weeds out early failures and eliminates marginal devices, thus
producing a lot with greater uniformity and fewer field failures.
Consequently, screening tests are increasingly used for devices
intended for critical uses. Most new MIL specifications (JAN-Tx
specifications) incorporate screening requirements.

There is no universal screening test or sequence of tests. There
are certain sequences of screening tests that are widely used.
MIL-S-19500, the general specification for diodes and transis-
tors, has preferred screening sequences of increasing levels of
reliability assurance for JAN-Tx, JAN-TxV and the new JANS
types. MIL-STD-883, the military standard for test methods for
hybrid circuits, also contains preferred sequences of screening
tests which have been used for discrete devices.

Reliability Verification Sampling
Group A, B and C testing, mentioned above in the Quality
Conformance Testing section, are categories of test sequences
designed to verify product reliability. Group A tests are electrical
tests selected to verify the specified performance of the lot.
These tests may be done 100% or on a sample basis. Group A
tests are performed at the end of the manufacturing cycle and at
the conclusion of any 100% extended testing, such as screening.
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Group B testing and Group C testing are environmental and elec-
trical stress testing programs performed on a sample of a lot
which has already passed a Group A test sequence. Group B and
C tests measure the capability of the device to operate satisfac-
torily after exposure to electrical load conditions at elevated
temperatures and environmental stresses such as temperature
cycling, mechanical shock, and vibration.

Specific Types of Tests
The various reliability tests can be grouped by the nature of the
tests and the characteristics of the device they are designed to
evaluate. These groupings are
� Thermal tests (including burn-in)
�Mechanical tests (e.g., constant acceleration)
� Packaging integrity tests (e.g., leak test)
� Visual and radiographic examination

Thermal Tests
The rationale behind thermal screening tests is that applied tem-
perature and/or electrical stress will cause latent defects such as
poor semiconductor passivation or poor metallization to become
actual defects.

High-Temperature Storage/Stabilization Bake

High-temperature storage is a simple form of accelerated life
testing. The time is usually 24 to 96 hours in non-operating con-
dition. The temperature used varies from 100 °C to 200 °C
depending on device construction.

Temperature Cycle/Thermal Shock

This test consists of subjecting devices to repeated alternate
exposures to high and low temperature. Normally the devices are
kept in air, but on some devices—particularly those with glass
bodies—the devices may be immersed alternately in hot and
cold liquids. The repeated rapid change in temperature (usually
-65 °C to +175 °C in air or 0 °C in liquid) will cause mechanical
stresses in glass to metal or ceramic to metal package seals, and
deterioration in semiconductor metallization and bonding.
Temperature cycling should therefore be followed by package
leak testing as well as electrical testing.

Burn-In

For most devices, burn-in is the most meaningful test. During the
burn-in, electrical stress is applied to the unit at either room tem-
perature or at a specified (elevated) temperature. The burn-in
period can vary from 24 to 1,000 hours. The type of electrical
stress applied depends on the device. Commonly used burn-in
conditions are reverse bias, forward bias, or an AC signal con-
sisting of forward current and reverse voltage (usually switched
at a 60 Hz rate). High temperature forward or reverse bias tests
are called HTFB, or HTRB, respectively. The typical burn-in tem-
perature is specified from 25 °C to 150 °C, although higher
temperature burn-ins are possible in special cases, such as high
reliability space application.

Mechanical Stress Tests
Mechanical stress tests subject devices to a high mechanical
stress which tests bond integrity (among other things) and
ensures product reliability under worst-case field operation.

Constant Acceleration

This is the most widely used mechanical test. Usually it is
applied to one axis of the device for one minute at a stress
level of 20,000 Gs. This test is not a simulation of ordinary field
environments where only a few Gs of acceleration may be expe-
rienced. It is, rather, a workmanship test. Experience indicates
that devices with good bonds will successfully withstand expo-
sure to high G levels, and devices with poor bonds will not.

The constant acceleration test has two limitations. The first is
that as devices are made smaller in volume and mass, the effect
of constant acceleration becomes diminished, and the test is less
effective. The second limitation is that some devices, such as
pressure contact diodes, have no bond to the semiconductor. The
constant acceleration test, if used on these devices, is ineffective
or even destructive.

Shock Tests

Mechanical shock (typically consisting of 0.5 to 1.0 millisecond
pulses of 500 to 1500 Gs) is occasionally used as a screening
test. It is particularly suitable for evaluating the mechanical
ruggedness of pressure contact devices, in place of the constant
acceleration test used on bonded devices.

Vibration Tests

Vibration tests may be performed with the following
conditions—variable sinusoidal frequency, random frequency
or fixed frequency (known as vibration fatigue). Because of
their small mass and dimensions, microwave semiconductors
are capable of withstanding, without change, any ordinary field
vibration environments. Therefore, vibration is not commonly
used in screening.
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Packaging Integrity Tests

Fine and Gross Leak Tests

Leak testing is the most common package integrity test and
should be done after mechanical and thermal cycle tests so that
package damage may be detected. Normally, both fine and gross
leak tests are performed on packaged devices.

Leak testing is most appropriate for devices with high resistivity
semiconductor material such as PIN devices or high breakdown
voltage devices. Low resistivity or low voltage devices such as
point contact and Schottky diodes do not require leak testing for
most applications.

Leak testing relies on the storage of a tracer fluid or gas in the
internal cavity of the device being tested. As semiconductor
device packages become smaller, the sensitivity of the leak test
is decreased. With cavityless devices such as encapsulated
beam-lead diodes, no leak testing can be done.

Leak testing requires careful consideration of the available test
methods in order to be effective.

The two fine leak test methods use radioactive gas of helium as
tracer gas. The radioactive method is more sensitive but, because
of the requirement for AEC licensed equipment and personnel,
this fine leak test method is performed at subcontract facilities.
The helium gas method is, therefore, commonly used for fine
leak testing. It should be noted that the helium method of fine
leak testing has some limitations, as it cannot be used with
epoxy sealed units or with some types of ceramics which absorb
the helium tracer gas and cause spurious test results.

Gross leak test methods include various hot liquids and
penetrant dyes. Penetrant dyes are suitable for glass bodied
devices, and the heated fluorocarbon method is most suitable
for opaque devices.

Humidity Tests

With cavityless or small-cavity devices, a substitute for leak
testing is humidity testing. MRT (Moisture Resistance Test) and
salt atmosphere test are used to identify problems with corrosion
of metallic surfaces, integrity of electric plating, and electrolysis
of dissimilar metals. Since the humidity tests are destructive
tests, they can only be done on a sample basis. However, a
relatively small sample can provide an indication of the package
integrity on a device intended for a critical application.

Visual and Radiographic Inspection

Visual Inspection

Visual inspection before sealing (or immediately after sealing
for glass bodied devices) is one of the most commonly used
screening tests. This test is included in MIL specifications
(JAN-TxV) and is required on many new programs. Although there
are elaborate inspection criteria specified in the test methods of
MIL-STD-750 and MIL-STD-883, these criteria are not written
specifically for microwave devices. For maximum value or precap
visual inspection, a set of criteria designed for the specific device
should be prepared and approved by both supplier and user
before inspection of the devices. Visual inspection will indicate
general quality of workmanship as well as the presence of any
potential defects such as loose conductive material or foreign
matter that might cause semiconductor deterioration after
sealing.

Radiographic Examination

An alternate or supplement to precap visual inspection is radi-
ographic examination. This method is valuable in that there is a
record of the inspection results. For many devices the method
lacks sensitivity. This is particularly true of devices with small
cavities and self-contained heat sinks where the opaque heat
sink material masks the cavity.

Silicon is transparent to X-Ray, but solder, gold and other high-
density materials show up readily. Detection of such material in a
loose condition and identification of structural defects are the
main goals of this type of inspection.

SEM Inspection

A special type of physical examination is performed with the SEM
(Scanning Electron Microscope). This test method is destructive,
but it is valuable in evaluating metallization characteristics of
sample semiconductor chips for wafer approval. The SEM method
of examinations is also valuable in failure analysis of devices for
observation and recording of defects.

Individual Device Rejection Criteria after Testing
For some tests such as leak testing or radiographic testing,
inspection criteria are included in the test method. Most other
test methods will require an electrical test to be performed after
the environmental stress. The choice of tests governs the sensi-
tivity and expense of the tests. The simplest criterion is that of
Go-No-Go testing to fixed limits after stress testing. The basic
assumption is that devices will be either good devices or cata-
strophic failures.



Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
April 16, 2008 • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice. • 200827 Rev. A

APPLICATION NOTE • HIGH RELIABILITY

4

A more sophisticated criterion is noting the change in one or
more electrical parameters of a device tested before and after
the environmental stress, and discarding those devices that
change more than a predetermined amount (or delta limit). The
assumption here is that some devices in the lot will change sig-
nificantly but not catastrophically. When only a few devices from
the lot change, they should be rejected because they are in some
way different from the rest of the lot, even though they still meet
the electrical limits of the basic specification. The increase in test
sensitivity is matched by an increase in test cost because all
devices must retain identity through the testing cycle, electrical
test measurements must be recorded, and deltas must be calcu-
lated. A theoretical defect of this criterion is that there is not
extensive knowledge of the device being tested, the delta limit
may be too tight, thus rejecting good, stable devices, or too loose
and thus accepting poor, unstable devices. A refinement of the
delta method suitable for large lots undergoing screening tests
for critical applications is to determine delta criteria based on the
behavior of the lot being tested. Such a method requires close
monitoring of test results during the test program as well as
extensive experience with the device being tested.

Lot Rejection Criteria after Testing
Rejection criteria for individual devices within a lot were dis-
cussed above. A common lot rejection criterion is the PDA
(Percent Defective Allowed). Lots whose percent defective is
greater than the specified PDA are rejected on the assumption
that good devices from a lot with a higher percentage of defects
are potentially less reliable than good devices from a lot with a
low percentage of defects.

Test Sequence
The sequence of screening tests is critical and is usually speci-
fied in MIL type specifications. The sequence specified in
MIL-S-19500 for example is

1. Precap visual inspection

2. Thermal stress (stabilization bake, temperature cycling)

3. Mechanical stress (constant acceleration)

4. Leak tests

5. Burn-in

6. Radiographic and external; VuExternal visual examination

The rationale for this sequence is that mechanical stress should
be applied after any structural weakening due to thermal stress.
Leak testing should monitor the effects of thermal and mechan-
ical stresses on the device. Final physical examination of the
device should be after all other testing.

Semiconductor Chip and Beam-Lead Screening
Unmounted semiconductor chips and beam leads are screened
for the same reasons as discrete diodes. The 100% screening
tests that are performed on them are limited in number for two
reasons. First, since the chips and beam leads are unmounted,
no screening tests are necessary for package characteristics
tests. Therefore, diode package leak tests or mechanical tests
such as constant acceleration are not required. Second, because
of the difficulty of making good electrical contact to unmounted
chips and beam leads, burn-in cannot be performed.

The standard 100% chip and beam-lead screening tests are,
therefore, stabilization bake, temperature cycle, and visual
inspection. Test conditions are the same as described above for
discrete diodes.

In addition to the 100% testing on individual chips and beam-
leads, there may be tests performed on a sample basis. These
tests are destructive and are done to evaluate the wafer from a
particular lot from which they are taken. Wafer evaluation tests
include electrical tests, chip and beam-lead mountability tests and
life tests. Electrical tests include such measurements as high fre-
quency performance, which cannot be readily or accurately
measured on chips and beam leads. A sample of them is mounted
in diode packages in order to make these measurements.

Chip and beam-lead mountability tests are made in order to
insure that they may be securely bonded to the substrate and
that wire or ribbon may be bonded to the diode chip junction
area. These tests are performed by mounting the chip or beam
lead on a test substrate and then determining the breaking
strength of the chip or beam lead to the substrate or ribbon to
chip bond.

Screening Cycles for Specific Devices
The screening cycle for a specific device should be specified only
after the consideration of many factors. The application will
determine the reliability level needed, the level of environmental
stresses expected, and the feasibility of replacement in case of
failure. The design and construction of the device will determine
what potential failure mechanisms must be monitored. For
example, screening cycles will vary depending on whether the
device is a gallium arsenide varactor diode, a beam-lead
Schottky diode, a PIN diode or a point contact diode.

Skyworks has prepared recommended screening cycles for
general use for a wide variety of microwave semiconductor
devices. The recommended screening cycles are based on over
20 years of high reliability diode screening experience on
American and European space programs and many missile and
aerospace programs.
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Beyond the basic catalog-part, three levels of product assurance
screening are provided as standard: Tx, TxV, and S. The S level
screening is the most stringent. The TxV adds a pre-cap visual
inspection to the Tx screening routines. In addition, Group B and
C Inspections can be performed. These sequences provide for
extended environmental and electrical testing on a random
sample of lot.

A selection of any one of these screening and testing options
can be made by adding Tx, TxV, or S to the catalog part number.
Tables 1 through 9 delineate the standard screening and testing
sequences provided for parts with the appropriate suffix.
Skyworks product line engineers are available to assist the
customer in the selection of screening and extended testing
requirements.

Quality Philosophy
Skyworks unparalleled commitment to the Total Quality
Management philosophy has led to significant improvement in
manufacturing operations. Continuous improvement via an
empowered workforce concentrated around a teamwork
approach is the operational philosophy adopted at Skyworks.
Each individual understands that quality is their responsibility,
and that they have significant input toward improving not only
their specific function in the company, but toward improving the
entire company.

Problem-solving teams dedicated to continuously improving
specific operations are imminent, while system and business
strategy evaluation is performed through a vibrant reengineering
program.

Skyworks believes training is paramount to the continuous
improvement process, and an exhaustive training program has
been established at all levels of the organization.

Quality System
Skyworks is ISO 9001 certified. Although primarily an
MIL-I-45208 facility, Skyworks has successfully implemented
MIL-Q-9858 system requirements to satisfy various customer
needs. Skyworks calibration system meets the requirements of
MIL-STD-45662.

Skyworks has established isolated manufacturing cells which
meet Class 0 Electrostatic Discharge requirements (devices
susceptible to damage at less than 200 volts). In addition,
Skyworks GaAs MMIC products group has developed MMIC
controls greatly enhancing the device’s survivability to increased
electrostatic discharge.

Skyworks also incorporates a vibrant statistical process control
program, providing training to all personnel on theory and usage
of control data and chart plotting to consistently monitor process
performance and capability.

Table 1. Semiconductor Package Diode 100% Process Conditioning Screening

Test Inspection
Note 1

MIL-STD-750
Method

Level Requirements

S TxV Tx
Internal Visual
Temperature Storage
Temperature Cycle
Acceleration
PIND
FIST
BIST
Fine Leak
Gross Leak
Electrical Test
Burn-In1

Electrical Test
Burn-In2

Electrical Test
Fine Leak
Gross Leak
X-Ray
External Visual

2074 or 2073
1032
1051
2006
2052
2081
2082
1071
1071
Note 2

1038, Note 3
Note2
Note 3
Note 2, 4
1071
1071
2076
2071

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

100%
100%
100%
100%
N/A
N/A
N/A
100%
100%
100%
100%
100%
100%
100%
N/A
N/A
N/A
N/A

N/A
100%
100%
100%
N/A
N/A
N/A
100%
100%
100%
100%
100%
100%
100%
N/A
N/A
N/A
N/A

1. The actual test methods and conditions will vary depending upon component type
and packaging.

2. Electrical tests performed are selected for each device type and usually consist of
some or all of the following; VB, IR, CT, VF, RS.

3. Burn-in methods and conditions vary with components type, packing and ratings. An
example of typical burn-in conditions is given in Table 2.

4. The recommended PDA across burn-in, for all levels, is 10%.
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Table 2. Recommended Burn-In Conditions
Component Type: Varactor, PIN

– Burn-in1

HTRB
Ta = 125 °C
VR = 80% rated VB
T = 48 hours

– Burn-in2

HTFB
Ta = 125 °C
IF = 10 mA
T = 96 hours; Tx; TxV
T = 240 hours; S

Component Type: Schottky

– Burn-in1

HTFB
Ta = 125 °C
IF = 5 mA
T = 48 hours

– Burn-in2

HTFB
Ta = 125 °C
IF = 5 mA
T = 96 hours; Tx; TxV
T = 240 hours; S

Table 3. Semiconductor Diode Group B Inspection

Subgroup
Test

Inspection
MIL-STD-750

Method

Level Requirements

S Tx and TxV

1 Physical dimensions 2066 Sample N/A

2 Solderability
Resistance to solvents

2066
1022

Sample
Sample

Sample
Sample

3 Temperature cycle
Thermal shock
Fine leak
Gross leak
Electrical test
Decap internal visual
SEM
Bond strength
Die shear

1051
1056
1071
1071
Note 1
2075
2077
2037
2017

Sample
Sample
Sample
Sample
Sample
Sample
Optional
Sample
Sample

Sample
Sample
Sample
Sample
Sample
Sample
Optional
Sample
Sample

4 Operation life

Electrical test

1037
1027 (t = 340 hrs)

Note 1

Sample
N/A

Sample

N/A
Sample
Sample

5 Thermal resistance 3101 Sample Sample

6 High temperature storage
electrical test

1032 (t =340 hrs)
Note 1

N/A
N/A

Sample
Sample

1. Electrical tests performed are selected for each device type and usually consist of
some or all of the following; VB, IR, CT, VF, RS.

1. The actual test methods and conditions will vary depending upon component type
and packaging.

2. Electrical tests performed are selected for each device type and usually consist of
some or all of the following; VB, IR, CT, VF, RS.
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Table 4. Semiconductor Group C Inspection

Subgroup
Test

Inspection
MIL-STD-750

Method

Level Requirements

S Tx and TxV

1 Physical dimensions 2066 N/A Sample

2 Thermal shock
Terminal strength
Fine leak
Gross leak
Moisture resistance
Electrical test

1056
2036
1071
1071
1021
Note 1

Sample
Sample
Sample
Sample
Sample
Sample

Sample
Sample
Sample
Sample
Sample
Sample

3 Shock
Vibration variable frequency
Acceleration
Electrical test

2016
2056
2006
Note 1

Sample
Sample
Sample
Sample

Sample
Sample
Sample
Sample

4 Salt atmosphere 1041 Sample Sample

5 Operation life
Electrical test

1026 (t = 1000 hrs)
Note 1

Sample
Sample

Sample
Sample

Table 5. Semiconductor Diodes Group B and C Sample Sizes

Subgroup
Small Lot
Sample1

Small Lot Sample
TxV and Tx1

Sampling Plan
LTPD

Sampling Plan TxV and
Tx LTPD

B1
B2
B3
B4
B5
B6
C1
C2
C3
C4
C5

8
6
6
8
8
N/A
N/A
6
6
6
12

N/A
4
62

12
6
12
6
6
6
6
12

10
15
10
10
10
N/A
15
10
10
15
10

N/A
15
102

5
15
7
15
10
10
15
10

1. Small lot sample size is applicable for inspection lots containing less than 500 units.
2. Decap Visual will be performed on one device for TxV and Tx levels.

1. Electrical tests performed are selected for each device type and usually consist of
some or all of the following; VB, IR, CT, VF, RS.
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Table 6. Screening Sequence for Chips and Beam Leads

Subgroup
Test

Inspection
MIL-STD-833

Method

Level Requirements
S B

Temperature storage
Temperature cycle
Electrical test
Visual inspection

1008
1010
Note 2
2010

100%
100%
100%

100%
100%
100%

Sample Evaluation Tests

1 Internal visual 2010 Q/Acc
10/0

Q/Acc
10/0

2 Stabilization bake
Temperature cycle
Constant acceleration
Electrical test
Burn-in1

Electrical test
Burn-in2

Electrical test

1008
1010
2001
Note 2

1015 (t = 240 hrs)
Note 3
Note 2

1005 (t = 1000 Hrs)
Note 3
Note 2

10/1
10/1
10/1
10/1
10/1
10/1
10/1
10/1
10/1
10/1

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
10/1

3 Wire bond evaluation 2011 10/0 10/0

4 SEM 2018 Sample N/A

1. The actual test methods and conditions will vary depending upon component type
and packaging.

2. Electrical tests performed are selected for each device type and usually consist of
some or all of the following; VB, IR, CT, VF, RS.

3. Burn-in methods and conditions vary with components type, packing and ratings. An
example of typical burn-in conditions are given in Table 2.

Table 7. GaAs MMICs Sequences1

Test Inspection

MIL-STD-833 Requirements

Method Condition Class S Class B

Pre-seal burn-in 1030 Optional Optional

Nondestructive bond pull 2023 100% N/A

Internal visual 2017 100% 100%

Stabilization bake 1008 C 100% 100%

Temperature cycling or
thermal shock

1010
1011

C
A, min.

100%
NA

100%
100%

Mechanical shock or
constant acceleration

2002
2001

B
A (Y1 only)

100%
100%

100%
100%

PIND (Particle Impact Noise
Detection)

2020 A or B 100% N/A

Electrical 100% Optional

Burn-in 1015 125 °C 100% 100%

Final electrical test Per applicable device application 100% 100%

Seal
1. Fine
2. Gross

1014 100% 100%

Radiographic 2012 100% N/A

External visual 2009 100% 100%

1. For hermetic package parts.
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Table 8. MMIC Group B Inspection

Subgroup Test Inspection
MIL-STD-833

Method

Level Requirements
Sample Size
Qty/Acc.S B

1 Physical dimensions 2016 Sample Sample 2/0

2 PIND test 2020 Sample N/A 15/0

3 Resistance to solvents 2015 Sample Sample 4/0

4 Internal visual and mechanical 2014 Sample Sample 1/0

5 Bond strength 2011 Sample Sample 2/0

6 Die shear strengths 2019 Sample Sample 2/0

7 Solderability 2003 Sample Sample 1/0

8 Electrical test
Electrostatic
Discharge
Sensitivity
Electrical Test

3015 Sample Sample 3/0

Table 9. MMIC Group C Inspection

Subgroup Test Inspection
MIL-STD-833

Method

Level Requirements
Sample Size
Qty/Acc.S B

1 External visual
Temperature cycle
Constant acceleration
Fine leak
Gross leak
X-ray
Visual examination
Electrical test

2009
1010
2001
1014
1014
2012

Sample
Sample
Sample
Sample
Sample
Sample
Sample
Sample

Sample
Sample
Sample
Sample
Sample
N/A

Sample
Sample

5/0

2 Steady state life
electrical test

1005 (t = 100 hrs) Sample Sample
Sample

5/0

3 Internal wafer vapor contents 1018 Sample Sample 3/0

Temperature
(°C)

Median Lifetime
(Hours)

400
370
350

60
270
1000

Reliability—MTTF Data
Accelerated life testing was performed on MESFETs fabricated by
the MSAG® process to determine the median time to failure of the
DC–6 control device product line. The devices used in the test
were small signal MESFETs with a gate periphery of 300 µm. The
conditions were a DC bias of 3 VDS and 100% of IDSS. The failure
criteria was a 20% decrease in the value of IDSS. This decrease in
IDSS is a result of an increase in channel resistance and represents
approximately 0.1 dB increase in insertion loss.

Temperature step stress testing was necessary for the
determination of MTTF due to the high reliability of the GaAs
devices. The channel temperatures and median lifetimes for the
units on test were:
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The failure mechanism is a physiochemical process that, as an
activation energy follows the Arrhenius equation which relates
reaction rate to temperature.

R = R0e–EA/KT

where: R0, K are constants
EA = Activation Energy in Election Volts
T = Absolute Temperature ° Kelvin

A graphical solution using specially prepared graph paper allows
the easy determination of EA and also convenient display of
median time to failure at normal operating temperature.

This data shows that for 150 °C operating temperature, the
median time to failure is 109 hours for the DC–6 GHz family of
control devices. These results are the best reported for
microwave GaAs devices.

Median Time To Failure

Median Time to Failure is the time required for 1/2 of units to fail.
Mean Time to Failure is found by measuring the individual life-
time of a population of devices and calculating the average
lifetime. For this discussion, Median Time To Failure approximates
the Mean Time To Failure. Mathematically the MTTF is repre-
sented as the reciprocal of the failure rate (λ) for the useful life of
the devices. The MTBF (Mean Time between Failures) can be
expressed as 1.443 times the MTTF.

101 102 103 104 105 106 107 108

400

350

300

250

200

150

100

50

25

4.0
3.0

2.0

1.5

1.0
0.9
0.8
0.7
0.6

0.5

T
(°

C)

Activation
Energy

(eV)

GaAs MMIC Product Uniformity
The quality and consistency of Skyworks GaAs MMIC DC–6 GHz
chips fabricated using the ITT MSAG process is maintained
throughout implementation of Statistical Process Control
methods. Wafer fabrication, assembly and test all maintain
records which will enable us to ultimately produce performance
control to the six sigma level. Several examples of the excellent
performance distribution with respect to the MMIC chips them-
selves are displayed below where the number of PCMS is plotted
vs IDSS, pinch off voltage, gate to drain breakdown voltage, and
40 Ω thin film resistor values. The data represents approximately
125 wafers (250,000 devices). Skyworks has a standard 3 V
process and a standard 5 V process. The data below is from the
3 V process.
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Qualification for SOIC/SOT Packages
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Waffle Pack Chip Carrier Handling/Opening Procedure
APPLICATION NOTE

Proper ESD handling
practice should be
adhered to at all times
when handling  a
Skyworks product.

Waffle pack chip carriers are made of ChipSentry® black conductive polycarbonate from fluoroware.

Step 1

Remove carrier clip.
Do not allow separa-
tion between the
waffle pack and cover.

Step 2

Place lidded waffle pack
onto a flat ESD surface.
Avoid separation
between the waffle pack
and cover.

Step 3

Gently tap cover using
the handle of a set of
tweezers. This will
remove any devices that
are clinging to the inside
paper.

Step 4

Lift cover.

Step 5

Remove the two layers
of paper. They should be
slid off the waffle pack
with light pressure.

Step 6

Remove die from carrier.
The use of a vacuum
tool is strongly sug-
gested. Tweezers should 
not be used to remove
die.

Caution: Devices should be handled only at an 
ESD-approved workstation.
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Device Handling

Remove ESD-sensitive devices from protective containers at
approved ESD work stations only.

ESD wrist straps are required when handling devices outside
their ESD protective packaging.

All personnel shall be properly grounded (footstraps/wrist straps)
prior to opening static shielding bags.

ESD-sensitive devices should always be handled by the part
body. Avoid touching the leads. When hand tools are required to
accomplish an operation, use only tools that are dissipative,
conductive, or treated with topical antistat.

ESD Workstation
Your ESD safe work area should follow the requirements outlined
in MIL-HDBK-263 and ESD Association Handbook 2.0. The fol-
lowing requirements are strongly recommended:

Personnel

The use of constant wrist strap monitors is highly recommended.
This monitor guarantees that the connection to ground is continu-
ously made. An alarm will sound when that connection is broken.

Clothing

An ESD-protective garment (smock, etc.) shall be used at the
workstation. While a person may be grounded using a wrist strap
or foot strap, that does not ensure that certain clothing fabrics
can dissipate a charge to ground. The use of a conductive smock
is required.

Floors

Conductive or dissipative ESD flooring should be utilized when-
ever possible. This flooring shall be checked for ESD properties
on a regular basis.

Work Surfaces 

Your ESD work surface should be covered with soft dissipative
material. This surface shall be tied to earth ground and shall be
configured in a common point ground. In addition, the work sur-
face shall be free of any static generating material, such as
nonessential plastics, or cellophane tape.

Equipment

All equipment used to process ESD-sensitive devices shall be
checked for the generation of static charging. Whether soldering
irons, wave solder machines, device insertion machines or test
equipment, the generation of static electricity is of concern.

Step 1

When closing the
package the two layers
of paper should be
aligned properly with the
waffle pack.

Step 2

The cut corner in the
upper left should match
up on the waffle pack
and cover. The clip can
be put back on when the
cover is properly set on
waffle pack.

Closing

Step 3

Slide carrier clip on.
Avoid separation
between the waffle pack
and cover.

ESD Awareness
Skyworks deploys state-of-the-art ESD controls from wafer fabrica-
tion through to assembly, test, and pack. In order to maintain device
integrity, Skyworks has outlined critical ESD guidelines that should be
followed as a minimum. Skyworks adheres to the requirements out-
lined in MIL-HDBK-263, MIL-STD-1686 and ESD Association 2.0
Handbook.
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APN1001: Circuit Models for 
Plastic Packaged Microwave Diodes

APPLICATION NOTE

Abstract
This paper reports on the measurement and establishment of 
circuit models for SOT-23 and SOD-323 packaged diodes.
Results indicate that the 1.5 nH estimate for the SOT-23 is a
useful result, as is 1.2 nH for SOD-323 single packaged diodes.
It was also determined that the effective inductance of the 
SOT-23 may be reduced to approximately 0.4 nH by adding a
second bond wire and modifying the microstrip line. Other lead
configurations, including parallel bond wires and common
cathode configurations, were also studied.

Introduction
Discrete, low-cost, surface mount semiconductor diodes are
attractive choices for UHF and microwave applications where
package parasitic may have a significant impact on performance.
The most common package styles are the SOT-23 and the 
SOD-323 (Figure 1) which were neither designed nor intended 
for RF service. A primary limitation to their high-frequency 
performance, particularly in PIN diode shunt connected switches,
is parasitic package inductance, which limits high-frequency 
isolation. The model information available from vendors of these
devices has been generally limited to estimates of inductance,
typically 1.5 nH, for single junction SOT-23 diodes. Establishing 
a better model will enable circuit designers to better predict 
performance and possibly give the manufacturer alternative
designs to reduce package parasitic effects.

Figure 1. Diode Package Styles

SOD-323SOT-23

C = 0.13 pF C = 0.01 pF

L = 0.65 nH L = 0.05 nH 

C = 0.015 pF C = 0.13 pF

L = 0.7 nH

Figure 2. SOT-23 Circuit Model

Package Modeling

Network Analysis

To create a high-frequency device model S-parameter, measure-
ments were taken over a wide frequency band so that resonance
and other high order effects would be included in the measure-
ments. This procedure utilizes an HP 8510C vector network
analyzer. The package under test was inserted into an Inter-
Continental Microwave test fixture as a series connected
element. This fixture uses a Thru-Reflect-Line calibration 
procedure to produce accurate calibration and assures a 
reference plane at the device under test.

Using this methodology, a circuit model was generated for each
of the devices as shown in Figures 2 and 3. These models pro-
duce very good correlation between the measured and simulated
performance as shown in Figure 4.
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of a SOT-23 Package
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Figure 5. SOT-23 Validation:
Simulation vs. Measurement

Single Parallel Wires

Common Cathode Dual Contact

Figure 6. SOT-23 Configurations

Impedance Measurements
The HP 4291A Impedance Analyzer, an instrument based on mea-
suring the vector V/I with coverage from 1 MHz–1.8 GHz, was
also utilized to characterize inductance of the packages under
consideration. Measurements were taken on a group of PIN
diodes that were forward biased to low values of forward resis-
tance. The inductance values derived from these measurements
are shown in Table 1 and compare well with the values derived
from network analysis. The advantage of the direct impedance
measurement is the capability of a quick measurement without
the necessity of hard bonding the device to a substrate.

Validation of Simulated Model
Validation of the model was performed by placing the diode into a
test circuit that simulates a shunt connected switch. The test cir-
cuit was constructed using a Duriod microstrip board and the
device was placed as shown in Figure 5. This provided a different
operating environment because not only was the diode connected
differently, but the microstrip insulator had a different dielectric
constant.

The measured performance of this circuit was imported into the
circuit simulator and compared to a simulation using the circuit
model. Figure 6 shows good validation of the network analyzer
generated model.

Alternative SOT-23 Designs for 
Lower Inductance
To reduce the total inductance of the SOT-23 package, alternative
wire bonding schemes were studied. Figure 6 shows four
bonding wire designs considered in this study. The measured
inductance of these bonding schemes are shown on Table 1.

C = 0.2 pF C = 0.02 pF

L = 0.57 nH L = 0.05 nH

C = 0.02 pF C = 0.2 pF

L = 0.57 nH 

Figure 3. SOD-323 Circuit Model
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The single wire SOT-23 diode with 1.5 nH inductance will per-
form with 10.1 dB isolation at 900 MHz as a shunt connected
switch. The inductance is reduced to 1.2 nH if a parallel bond
wire is attached to the diode contact. This will increase the isola-
tion to 11.6 dB. A further reduction of inductance may be
obtained by adding a second diode chip in a common cathode
configuration. This reduces the inductance to 0.84 nH resulting in
an increase in isolation to 14.6 dB.

Since two junctions are employed, in the common cathode alter-
native, the capacitance is doubled under reverse bias. The
consequence may be an adverse effect on insertion loss. The
inductance of the dual bond wire design is similar to the common
cathode design resulting in similar performance. But, if the
package is inserted in the microstrip circuit with a gap in the

transmission line as shown in Figure 7, then the effective induc-
tance is reduced to below 0.4 nH and the isolation is increased to
20 dB at 900 MHz. Figure 7 shows a plot of the measured isola-
tion of the dual bond wire package versus frequency to 4 GHz. A
plot of an inductance of 1.5 nH is shown as a reference.

Table 1 shows a summary of the effective package inductance
values for the SOD-323 and SOT-23 packaged diodes with alter-
native wiring configurations using the measurement techniques
described.

Ground
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Input Output

Frequency (GHz)

0 2 4

0
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-40
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ol

at
io

n

1.5 nH

w/o Gap (0.83 nH)

w/Gap (0.32 nH)

Figure 7. SOT-23 Dual Bond Wire With and Without a Gap 

S-Parameter Model S-Parameter Validation HP 4291A Inductance
Package Configuration (nH @ 1 GHz) (nH @ 1 GHz) (nH)

SOT-23 Single junction 1.45 1.5 1.5/1.7

SOT-23 Dual no gap 1.2 0.9

SOT-23 Dual gap 0.5 0.4

SOT-23 Parallel bonds 1.2

SOT-23 Common cathode 0.84

SOT-323 Single junction 1.1 1.19 1.2

Table 1. Summary of Package Inductance Values
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Conclusion
As a result of this effort, accurate and concise microwave models
are now available for commonly used, low-cost, surface mount,
SOT-23 and SOD-323 packaged diodes. The measurement
methodology utilized de-imbedding techniques valid at frequen-
cies through 10 GHz. This material will assist design engineers 
to design and predict circuit performance using these popular
devices.

In addition, it was demonstrated that the inductance of the 
SOT-23 may be significantly reduced by modifying both the
internal package wiring and the microstrip transmission line.
This further improves the frequency response of the package.

Reference
R.W. Waugh and D. Gustedt, “Low Cost Surface Mount Power
Limiters,” Proceedings RF EXPO WEST,
March 1992, pp. 19-40.

© Skyworks Solutions, Inc., 1999. All rights reserved.
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APN1002: Design With PIN Diodes
APPLICATION NOTE

The PIN diode finds wide usage in RF, UHF and microwave cir-
cuits. It is fundamentally a device whose impedance, at these
frequencies, is controlled by its DC excitation. A unique feature of
the PIN diode is its ability to control large amounts of RF power
with much lower levels of DC.

PIN Diode Fundamentals
The PIN diode is a current controlled resistor at radio and
microwave frequencies. It is a silicon semiconductor diode in
which a high-resistivity intrinsic I region is sandwiched between
a P-type and N-type region. When the PIN diode is forward
biased, holes and electrons are injected into the I region. These
charges do not immediately annihilate each other; instead they
stay alive for an average time, called the carrier lifetime, τ. This
results in an average stored charge, Q, which lowers the effective
resistance of the I region to a value RS.

When the PIN diode is at zero or reverse bias there is no stored
charge in the I region and the diode appears as a capacitor, CT,
shunted by a parallel resistance RP.

PIN diodes are specified for the following parameters:

RS series resistance under forward bias

CT total capacitance at zero or reverse bias

RD parallel resistance at zero or reverse bias

VR maximum allowable DC reverse bias voltage

τ carrier lifetime

θAV average thermal resistance or

PD maximum average power dissipation

θpulse pulse thermal impedance or

PP maximum peak power dissipation

By varying the I region width and diode area, it is possible to con-
struct PIN diodes of different geometrics to result in the same RS
and CT characteristic. These devices may have similar small
signal characteristics. However, the thicker I region diode would
have a higher bulk, or RF breakdown voltage and better distortion
properties. On the other hand, the thinner device would have
faster switching speed.

There is a common misconception that carrier lifetime, τ, is the
only parameter that determines the lowest frequency of operation
and the distortion produced. This is indeed a factor, but equally
important is the thickness of the I region, W, which relates to the
transit time frequency of the PIN diode.

Area A

P+

I

N+

W

Figure 1
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Low-Frequency Model
At low frequencies (below the transit time frequency of the
I region) and DC, the PIN diode behaves like a silicon PN junction
semiconductor diode. Its I-V characteristic determines the DC
voltage at the forward bias current level. PIN diodes are often
rated for the forward voltage, VF, at a fixed DC bias.

The reverse voltage ratings on a PIN diode, VR, are a guarantee
from the manufacturer that no more than a specified amount,
generally 10 µA, of reverse current will flow when VR is applied.
It is not necessarily the avalanche or bulk breakdown voltage,
VB, which is determined by the I region width (approximately 
10 V/µm). PIN diodes of the same bulk breakdown voltage may
have different voltage ratings. Generally, the lower the voltage
rating, the less expensive the PIN diode.

Large Signal Model
When the PIN diode is forward biased, the stored charge, Q, must
be much greater than the incremental stored charge added or
removed by the RF current, IRF. To insure this, the following
inequality must hold:

RF Electrical Modeling of PIN Diode

Forward Bias Model

VB

VR

VO

VF

10 µA V

V

10
0 

m
A

Figure 2
Q >> 

 IRF

2 πƒ

CT =  εA
W

ƒ > (where frequency is in MHz and W in µm).1300
W2

RS =

Where:

W2

(µn + µp) Q
(Ω)

Q
W
IF
τ
µn
µp

= IFxτ (coulombs)
= I region width
= forward bias current
= carrier lifetime
= electron mobility
= hole mobility

Notes:

1. In practical diode the parasitic resistance of the diode package
and contact limit the lowest resistance value.

2. The lowest impedance will be affected by the parasitic 
inductance, L, which is generally less than 1 nHy.

3. The equation is valid at frequencies higher than the I region
transmit time frequency, i.e.,

4. The equation assumes that the RF signal does not affect the
stored charge.

L

RS

Zero or Reverse Bias Model

Where:

ε = dielectric constant of silicon
A = area of diode junction

Notes:

1. The above equation is valid at frequencies above the dielectric
relaxation frequency of the I region, i.e.

ƒ >
1

2π ρ ε (where ρ is the resistivity of the I region).

L

RPCT

At lower frequencies the PIN diode acts like a varactor.

2. The value RP is proportional to voltage and inversely proportional
to frequency. In most RF applications, its value is higher than the
reactance of the capacitance, CT, and is less significant.
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Under reverse bias, the diode should not be biased beyond its DC
voltage rating, VR. The avalanche or bulk breakdown voltage, VB, of
a PIN diode is proportional to the I region wide, W, and is always
higher than VR. In a typical application, maximum negative voltage
swing should never exceed VB. An instantaneous excursion of the
RF signal into the positive bias direction generally does not cause
the diode to go into conduction because of slow reverse to forward
switching speed. The DC reverse bias needed to maintain low PIN
diode conductance has been analyzed6 and is related to the mag-
nitude of the RF signal and I region width.

Switching Speed Model
The switching speed in any application depends on the driver 
circuit, as well as the PIN diode. The primary PIN properties that
influence switching speed may be explained as follows:

A PIN diode has two switching speeds from forward bias to
reverse bias, TFR, and from reverse bias to forward bias, TRF. The
diode characteristic that affects TFR is τ, carrier lifetime. The
value of TFR may be computed from the forward current, IF, and
the initial reverse current IR, as follows:

TRF depends primarily on I region width, W, as indicated in the
following chart which shows typical data:

The maximum allowable power dissipation, PD, is determined by
the following equation:

Figure 3

Figure 4

Time

IR
IF
20
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5
2
1

0.049
0.095
0.182
0.405
0.693

TFR

TFR

IF

IR

0

τ

Di
od

e 
Cu

rr
en

t

PD TP

PD max

T

Time

A. Power Dissipation

B. Junction Temperature

Time

T J

∆T

TJP

TA

(Secs)TFR = τ loge
IF
IR

1 +( )

I-Width To 10 mA from To 50 mA from To 100 mA from

µm 10 V 100 V 10 V 100 V 10 V 100 V

175 7 µs 5 µs 3 µs 2.5 µs 2 µs 1.5 µs

100 2.5 µs 2 µs 1 µs 0.8 µs 0.6 µs 0.6 µs

50 0.5 µs 0.4 µs 0.3 µs 0.2 µs 0.2 µs 0.1 µs 

Thermal Model

PD =
TJ -TA

θ
(W)

θ = DF x θAV + θTP  °C/W

where TJ is the maximum allowable junction temperature (usually
175 °C) and TA is the ambient or heat sink temperature. Power
dissipation may be computed as the product of the RF current
squared multiplied by the diode resistance, RS.

For CW applications, the value of thermal resistance, θ, used is
the average thermal resistance, θAV.

In most pulsed RF and microwave applications where the duty
factor, DF, is less than 10 percent and the pulse width, TP, is less
than the thermal time constant of the diode, good approximation
of the effective value of θ in the above equation may be com-
puted as follows:

Where θTP is the thermal impedance of the diode for the time
interval corresponding to TP.

The following diagram indicates how junction temperature is
affected during a pulsed RF application.
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PIN Diode Applications

Switches

PIN diodes are commonly used as switching elements to control
RF signals. In these applications, the PIN diode can be biased to
either a high or low impedance device state, depending on the
level of stored charge in the I region.

A simple untuned single-pole, single-throw (SPST) switch may be
designed using either a single series or shunt connected PIN
diode, as shown in Figure 5. The series connected diode switch is
commonly used when minimum insertion loss is required over a
broad frequency range. This design is also easier to physically
realize using printed circuit techniques, since no through holes
are required in the circuit board.

A single shunt mounted diode will, on the other hand, produce
higher isolation values across a wider frequency range and will
result in a design capable of handling more power since it is
easier to heat sink the diode.

Multithrow switches are more frequently used than single-throw
switches. A simple multithrow switch may be designed
employing a series PIN diode in each arm adjacent to the
common port. Improved performance is obtained by using 
“compound switches,” which are combinations of series and
shunt connected PIN diodes, in each arm.

For narrow-band applications, quarter-wave spaced multiple
diodes may also be used in various switch designs to obtain
improved operation. In the following section, we shall discuss
each of these types of switches in detail and present design
information for selecting PIN diodes and predicting circuit 
performance.

RFC

DCB

ZO 

ZO

VG

Bias Supply

A. Series SPST Switch

RFC

DCB

ZO

ZO

VG

Bias Supply

B. Shunt SPST Switch

RFC

Bias Supply

DCB

ZO

ZO

VG

A. Single Pole Single Throw (SPST)

RFC

Bias 1 Bias 2

DCB DCB
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VG

B. Single Pole Double Throw (SPST)

Figure 5

Figure 6
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Series Connected Switch
Figure 6 shows two basic types of PIN diode series switches,
(SPST and SPDT), commonly used in broadband designs. In both
cases, the diode is in a “pass power” condition when it is forward
biased and presents a low forward resistance, RS, between the
RF generator and load. For the “stop power” condition, the diode
is at zero or reverse bias so that it presents a high impedance
between the source and load. In series connected switches, the
maximum isolation obtainable depends primarily on the capaci-
tance of the PIN diode, while the insertion loss and power
dissipation are functions of the diode resistance. The principal
operating parameters of a series switch may be obtained using
the following equations:

A. Insertion Loss (Series Switch)

This equation applies for an SPST switch and is graphically pre-
sented in Figure 7 for a 50 Ω impedance design. For multithrow
switches, the insertion loss is slightly higher due to any mis-
match caused by the capacitance of the PIN diodes in the “off”
arms. This additional insertion loss can be determined from
Figure 10, after first computing the total shunt capacitance of all
“off” arms of the multithrow switch.

Figure 7. Insertion Loss for PIN Diode 
Series Switch in 50 Ω System

IL = 20 log10 [1 + RS/2ZO] dB (1)

I = 10 log10 [1 + (4πƒCZ0)-2] dB (2)

B. Isolation (Series Switch)

This equation applies for an SPST diode switch. Add 6 dB for an
SPNT switch to account for the 50 percent voltage reduction
across the “off” diode, due to the termination of the generator in
its characteristic impedance. Figure 8 graphically presents isola-
tion as a function of capacitance for simple series switches.
These curves are plotted for circuits terminated in 50 Ω loads.

C. Power Dissipation (Series Switch in Forward Bias)

It should be noted that Equations 3 and 4 apply only for perfectly
matched switches. For SWR (σ) values other than unity, multiply
these equations by [2σ/(σ + 1)]2 to obtain the maximum required
diode power dissipation rating.

D. Peak Current (Series Switch)
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Figure 8. Isolation for SPST Diode Series Switch in 
50 Ω System. Add 6 dB to Isolation for Multi-Throw 
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For ZO >> RS, this becomes:

PAV
4RSZO

RS

ZO

[W] (3)

[W] (4)

PAV =

Where the maximum available power is given by:

VG
2

4ZO

[W] (5)

(2ZO + RS)2

PAV

IP = [amps] (6)2PAV

ZO

2σ
σ + 1
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In the case of a 50 Ω system, this reduces to:

C. Peak RF Voltage (Series Switch)

Shunt Connected Switch
Figure 9 shows two typical shunt connected PIN diode switches.
These shunt diode switches offer high isolation for many applica-
tions, and since the diode may be heat sinked at one electrode it
is capable of handling more RF power than a diode in a series
type switch.

In shunt switch designs, the isolation and power dissipation are
functions of the diode’s forward resistance, whereas the insertion
loss is primarily dependent on the capacitance of the PIN diode.
The principal equations describing the operating parameters of
shunt switches are given by:

A. Insertion Loss (Shunt Switch)

A. Single Pole Single Throw Switch (SPST)

RFC

Bias

DCB

ZO

ZO

VG

B. Single Pole Double Throw Switch (SPDT)

Bias 1 Bias 2

DCB

λ/4

ZOZO

ZO

VG

λ/4

Figure 9. Shunt Connected Switches 2–5

IP = [amps] (7)PAV

5
2σ

σ + 1

IL = 10 log10 [1 + (πƒ CTZO)2] [dB] (10)

I = 20 log10 [dB] (11)ZO
2RS

1 +

[V] (SPST)VP = 8ZO PAV

[V] (SPST) (8)VP = 2ZO PAV
2σ

σ + 1

[V] (SPST)VP = 20 PAV

VP = 10 PAV [V] (SPST) (9)2σ
σ + 1

For a 50 Ω system, this becomes:

This equation applies for both SPST and SPNT shunt switches
and is graphically presented in Figure 10 for a 50 Ω load imped-
ance design.

B. Isolation (Shunt Switch)

This equation, which is illustrated in Figure 11, applies for an
SPST shunt switch. Add 6 dB to these values to obtain the correct
isolation for a multithrow switch.

C T =
 4

 p
F

3
0

2
0

1
0

0
8

0
6

0
4

0
3

0
2

0.1

1.0

0.01

100 MHz 1 GHz 10 GHz

Frequency

In
se

rti
on

 L
os

s 
(d

B)

Figure 10. Insertion Loss for Shunt PIN Switch in 
50 Ω System



APPLICATION NOTE  •  APN1002:  DESIGN WITH PIN DIODES

Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
200312 Rev. A  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  July 21, 2005 7

C. Power Dissipation (Shunt Switch in Forward Bias)

D. Power Dissipation (Shunt Switch in Reverse)

PD =

For ZO >> RS this becomes:

where the maximum available power is given by:

PAV [W] (12)

[W] (13)

(14)

4RSZO

(ZO + 2RS)2

PD = PAV

PAV =

4RS

ZO

4ZO

VG
2

where RP is the reverse biased diode’s 
parallel resistance.

[W] (15)PD = PAV
ZO

RP

for a 50 Ω system, this becomes:

IP =
8PAV
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Figure 11. Isolation for SPST Shunt PIN Switches in 
50 Ω System. Add 6 dB to Isolation for Multithrow Switches
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Figure 12. Compound Switches

E. Peak RF Current (Shunt Switch)

In the case of a 50 Ω system, this reduces to:

[V] (18)

[V] (19)

2σ
σ + 1VP = 2ZOPAV

VP = 10 PAV
2σ

σ + 1

F. Peak RF Voltage (Shunt Switch)

Compound and Tuned Switches
In practice, it is usually difficult to achieve more than 
40 dB isolation using a single PIN diode, either in shunt or series,
at RF and higher frequencies. The causes of this limitation are
generally radiation effects in the transmission medium and inad-
equate shielding. To overcome this, there are switch designs that
employ combinations of series and shunt diodes (compound
switches), and switches that employ resonant structures (tuned
switches) affecting improved isolation performance.

The two most common compound switch configurations are PIN
diodes mounted in either ELL (series-shunt) or TEE designs, as
shown in Figure 12. In the insertion loss state for a compound
switch, the series diode is forward biased and the shunt diode is
at zero or reverse bias. The reverse is true for the isolation state.
This adds some complexity to the bias circuitry in comparison to
simple switches. A summary of formulas used for calculating
insertion loss and isolation for compound and simple switches is
given in Figure 13.
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Figure 14. Series Shunt Switch

Figure 14 shows the performance of an ELL type switch, a diode
rated at 3.3 pF, maximum capacitance, and 0.25 Ω, RS maximum
at 100 mA. In comparison, a simple series connected using the
same diode switch would have similar insertion loss to the 100
MHz contour and the isolation would be 15 dB maximum at 100
MHz, falling off at the rate of 6 dB per octave.

A tuned switch may be constructed by spacing two series diodes
or two shunt diodes a wavelength apart, as shown in Figure 15.
The resulting value of isolation in the tuned switch is twice that
obtainable in a single diode switch. The insertion loss of the
tuned series switch is higher than that of the simple series
switch and may be computed using

Type
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Series-Shunt

TEE

Isolation Insertion Loss (dB)

20 log10
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2RS
1 +

20 log10
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1 +

20 log10
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1 +

10 log10
XC

2ZO
1 +

2

2ZO
1 +10 log10
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2

ZO
10 log10

XC1 +
2

10 log10
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2RS
1 +

2

10 log10
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2XC
1 +

2

+
ZO + RS

2XC

2

+10 log10 1 +
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2

+10 log10 +
XC
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2

+
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2

Figure 13. Summary of Formulas for SPST Switches. 
(Add 6 dB to Isolation to Obtain Value for Single-Pole Multiple-Throw Switch.)
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the sum of the diode resistance as the RS value in equation 1. In
the tuned shunt switch the insertion loss may even be lower than
in a simple shunt switch because of a resonant effect of the
spaced diode capacitances.

Quarter-wave spacing need not be limited to frequencies where
the wavelength is short enough to install a discrete length of line.
There is a lumped circuit equivalent which simulates the quarter-
wave section and may be used in RF band. This is shown in
Figure 16. These tuned circuit techniques are effective in applica-
tions having bandwidths on the order of 10 percent of the center
frequency.

Transmit-Receive Switches
There is a class of switches used in transceiver applications
whose function is to connect the antenna to the transmitter
(exciter) in the transmit state and to the receiver during the
receiver state. When PIN diodes are used as elements in these
switches, they offer higher reliability, better mechanical rugged-
ness and faster switching speed than electro-mechanical
designs.

Figure 15

Figure 16. Quarter-Wave Line Equivalent
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The basics circuit for an electronic switch consists of a PIN diode
connected in series with the transmitter, and a shunt diode 
connected a quarter wavelength (λ/4 section Figure 16) and, of
course, are preferable for transceivers that operate at long 
wavelengths.

When switched into the transmit state, each diode becomes 
forward biased. The series diode appears as a low impedance 
to the signal heading toward the antenna, and the shunt diode
effectively shorts the receiver’s antenna terminals to prevent
overloading. Transmitter insertion loss and receiver isolation
depend on the diode resistance. If RS is 1 Ω greater than 30 dB
isolation and less than 0.2 dB insertion, loss can be expected.
This performance is achievable over a 10 percent bandwidth.

In the receive condition, the diodes are at zero or reverse bias
and present essentially a low capacitance, CT, which creates a
direct low insertion loss path between the antenna and receiver.
The off transmitter is isolated from this path by the high imped-
ance series diode.

The amount of power, PA, this switch can handle depends on the
power rating of the PIN diode, PD, and the diode resistance. The
equation showing this relationship is as follows for an antenna
maximum SWR of σ:

(henries)L =
2πof
ZO

(farads)L =
2πfOZO

1

[W]PA =
RS

PDZO
2σ

σ + 1 2

[W]PA =
RS

12.5 x PD

In a 50 Ω system where the condition of a totally mismatched
antenna must be considered this equation reduces to:
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The SMP1322-011 is a surface mount PIN diode rated at 0.25 W
dissipation to a 25 °C contact. The resistance of this diode is 
a 0.50 Ω (max) at 10 mA. A quarter-wave switch using
SMP1322-011 may then be computed to handle 6.25 W with 
a totally mismatched antenna.

It should be pointed out that the shunt diode of the quarter-wave
antenna switch dissipates about as much power as the series
diode. This may not be apparent from Figure 17; however, it may
be shown that the RF current in both the series and shunt diode
is practically identical.

Broadband antenna switches using PIN diodes may be designed
using the series connected diode circuit shown in Figure 18. The
frequency limitation of this switch results primarily from the
capacitance of D2.

In this case, forward bias is applied either to D1 during the
transmit of D2 during receive. In high power application
(> 5 W) it is often necessary to apply reverse voltage on D2

during transmit. This may be accomplished either by a negative
polarity power supply at Bias 2, or by having the forward bias
current of D1 flow through resistor R to apply the required 
negative voltage.

The selection of diode D1 is based primarily on its power han-
dling capability. It need not have a high voltage rating since it is
always forward biased in its low resistance state when high RF
power is applied. Diode D2 does not pass high RF current but
must be able to hold off the RF voltage generated by the trans-
mitter. It is primarily selected on the basis of its capacitance,
which determines the upper frequency limit and its ability to
operate at low distortion.

Using the SMP1322-011 as D1, and an SMP1302-001 or SOT-23
PIN diode which are rated at 0.3 pF max as D2, greater than 25
dB receiver isolation may be achieved up to 400 MHz. The
expected transmit and receive insertion loss with the PIN diodes
biased at 10 mA are 0.1 dB and 0.3 dB, respectively. This switch
can handle RF power levels up to 6.25 W.

Practical Design Hints
PIN diode circuit performance at RF frequencies is predictable
and should conform closely to the design equations. When a
switch is not performing satisfactorily, the fault is often not due to
the PIN diode but to other circuit limitations, such as circuit loss,
bias circuit interaction or lead length problems (primarily when
shunt PIN diodes are employed).

It is good practice in a new design to first evaluate the circuit
loss by substituting alternatively a wire short or open in place of
the PIN diode. This will simulate the circuit performance with
“ideal PIN diodes.” Any deficiency in the external circuit may then
be corrected before inserting the PIN diodes.
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DCB

DC Supply

DCB

DCB

D1 D2

λ/4

Transmitter

Antenna

Receiver

Antenna Switch
Using Λ/4 Line Length
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Figure 17. Quarter-Wave Antenna Switches

Figure 18. Broadband Antenna Switch
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PIN Diode Attenuators
In an attenuator application, the resistance characteristic of the
PIN diode is exploited not only at its extreme high and low
values, as in switches, but at the finite values in between.

The resistance characteristic of a PIN diode when forward biased
to IF1 depends on the I region width (W) carrier lifetime (τ), and
the hole and electron mobilities µp µn as follows:

For a PIN diode with an I region width of typically 250 µm, carrier
lifetime of 4 µs, and µn of 0.13, µp of 0.05 m2/v•s, Figure 19
shows the RS versus current characteristic.

In the selection of a PIN diode for an attenuator application, the
designer must often be concerned about the range of diode resis-
tance, which will define the dynamic range of the attenuator. PIN
diode attenuators tend to be more distortion sensitive than
switches since their operating bias point often occurs at a low
value of quiescent stored charge. A thin I region PIN will operate
at lower forward bias currents than thick PIN diodes, but the
thicker one will generate less distortion.

PIN diode attenuator circuits are used extensively in Automatic
Gain Control (AGC) and RF leveling applications, as well as in
electronically controlled attenuators and modulators. A typical
configuration of an AGC application is shown in Figure 20. The
PIN diode attenuator may take many forms ranging from a simple
series or shunt mounted diode acting as a lossy reflective switch,
or a more complex structure that maintains a constant matched
input impedance across the full dynamic range of the attenuator.

Although there are other methods for providing AGC functions,
such as varying the gain of the RF transistor amplifier, the PIN
diode approach generally results in lower power drain, less fre-
quency pulling, and lower RF signal distortion. The latter results
are especially true when diodes with thick I regions and long car-
rier lifetimes are used in the attenuator circuits. Using these PIN
diodes, one can achieve wide dynamic range attenuation with
low signal distortion at frequencies ranging from below 1 MHz up
to well over 1 GHz.

Figure 19. Typical Diode Resistance vs. Forward Current

Figure 20. RF AGC/Leveler Circuit
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Reflective Attenuators
An attenuator may be designed using single series or shunt con-
nected PIN diode switch configurations, as shown in Figure 21.
These attenuator circuits utilize the current controlled resistance
characteristic of the PIN diode, not only in its low loss states
(very high or low resistance), but also at in-between, finite resis-
tance values.

The attenuation value obtained using these circuits may be com-
puted from the following equations:

These equations assume the PIN diode to be purely resistive. The
reactance of the PIN diode capacitance, however, must also be
taken into account at frequencies where its value begins to
approach the PIN diode resistance value.
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Matched Attenuators
Attenuators built from switch design are basically reflective
devices which attenuate the signal by producing a mismatch
between the source and the load. Matched PIN diode attenuator
designs, which exhibit constant input impedance across the
entire attenuation range, are also available. They use either 
multiple PIN diodes biased at different resistance points or 
bandwidth limited circuits utilizing tuned elements. They are
described as follows:

Quadrature Hybrid Attenuators
Although a matched PIN attenuator may be achieved by com-
bining a ferrite circulator with one of the previous simple
reflective devices, the more common approach makes use of
quadrature hybrid circuits. Quadrature hybrids are commonly
available at frequencies from below 10 MHz to above 1 GHz,
with bandwidth coverage often exceeding a decade. Figures 22

and 23 show typical quadrature hybrid circuits employing series
and shunt connected PIN diodes. The following equations sum-
marize this performance:

A. Series SPST Switch

RFC

DCB

ZO

ZO

VG

Bias Supply

DC Return
(RFC)

B. Shunt SPST Switch
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Figure 21. SPST PIN Diode Switches ZO
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Figure 22. Quadrature Matched Hybrid Attenuator 
(Series Connected Diodes)

A = 20 log

Quadrature Hybrid
(Series Connected PIN Diodes)

Quadrature Hybrid
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dB (4)2ZO
RS

1 +

A = 20 log dB (5)2RS
ZO

1 +

The quadrature hybrid design approach is superior to the 
circulator coupled attenuator from the standpoint of lower cost
and the achievement of lower frequency operation. Because the
incident power is divided into two paths, the quadrature hybrid
configuration is also capable of handling twice the power, and
this occurs at the 6 dB attenuation point. Each load resistor,
however, must be capable of dissipating one half the total input
power at the time of maximum attenuation.

Both the above types of hybrid attenuators offer good dynamic
range. The series connected diode configuration is, however,
recommended for attenuators used primarily at high attenuation
levels (greater than 6 dB), while the shunt mounted diode 
configuration is better suited for low attenuation ranges.
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Quadrature hybrid attenuators may also be constructed without
the load resistor attached in series or parallel to the PIN diode as
shown. In these circuits the forward current is increased from the
50 Ω, maximum attenuation/RS value to lower resistance values.
This results in increased stored charge as the attenuation is low-
ered, which is desirable for lower distortion. The purpose of the
load resistor is both to make the attenuator less sensitive to indi-
vidual diode differences and to increase the power-handling
capacity by a factor of two.

Quarter-Wave Attenuators
An attenuator matched at the input may also be built using
quarter-wave techniques. Figures 24 and 25 show examples of
these circuits. For the quarter-wave section a lumped equivalent
may be employed at frequencies too low for practical use of line
lengths. This equivalent is shown in Figure 26.

The performance equations for these circuits are given below:
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Input

Output

90° Hybrid
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D C

Figure 23. Quadrature Hybrid Matched Attenuator 
(Shunt Connected PIN Diodes)

Constant impedance attenuator circuit. The power incident on port A divides equally between
ports B and C, port D is isolated. The mismatch produced by the PIN diode resistance in
parallel with the load resistance at ports B and C reflects part of the power. The reflected
power exits port D, isolating port A. Therefore, A appears matched to the input signal.
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A matched condition is achieved in these circuits when both
diodes are at the same resistance. This condition should normally
occur when using similar diodes, since they are DC series con-
nected, with the same forward bias current flowing through each
diode. The series circuit of Figure 24 is recommended for use at
high attenuation levels, while the shunt diode circuit of Figure 25
is better suited for low attenuation circuits.

Bridged TEE and PI Attenuators
For matched broadband applications, especially those covering
the low RD (1 MHz) through UHF, attenuator designs using mul-
tiple PIN diodes are employed. Commonly used for this
application are the bridged TEE and PI circuits shown in Figures
27 and 28.

The attenuation obtained using abridged TEE circuit may be cal-
culated from the following:

ZO ZO

RF
Input

RF
Output

D2(RS2)

D1(RS1)

A = 20 log dB (8)ZO

RS1
1 +

ZO
2 = RS1 x RS2 Ω2 (9)

Where:

RS1 - ZO

RS1 = RS2

R2
S1 - Z2

O

dB (10)

Ω (11)

A = 20 log

RS3 =

RS1 + ZO

2RS1Z2
O

Ω (12)

Where:

Figure 27. Bridged TEE Attenuator
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Figure 29. Attenuation of PI Attenuators

The relationship between the forward resistance of the two
diodes insures maintenance of a matched circuit at all attenua-
tion values.

The expressions for attenuation and matching conditions for the
PI attenuator are given as follows:

Using these expressions, Figure 29 gives a graphical display of
diode resistance values for a 50 Ω PI attenuator. Note that the
minimum value for RS1 and RS is 50 Ω. In both the bridged TEE
and PI attenuators, the PIN diodes are biased at two different
resistance points simultaneously, which must track in order to
achieve proper attenuator performance.

PIN Diode Modulators
PIN diode switches and attenuators may be used as RF amplitude
modulators. Square wave or pulse modulation use PIN diode switch
designs, whereas linear modulators use attenuator designs.

The design of high-power or distortion-sensitive modulator applica-
tions follows the same guidelines as their switch and attenuator
counterparts. The PIN diodes they employ should have thick I
regions. Series connected, or, preferably, back-to-back 
configurations always reduce distortion. The sacrifice in using
these devices will be lower maximum frequencies and higher
modulation current requirements.

The quadrature hybrid design is recommended as a building
block for PIN diode modulators. Its inherent built-in isolation 
minimizes pulling and undesired phase modulation on the 
driving source.
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PIN Diode Phase Shifters
PIN diodes are utilized as series or shunt connected switches 
in phase shifter circuit designs. In such cases, the elements
switched are either lengths of transmission line or reactive 
elements. The criteria for choosing PIN diodes for use in phase
shifters are similar to those used in selecting diodes for other
switching applications. One additional factor, however, that must
often be considered is the possibility of introducing phase 
distortion, particularly at high RF power levels or low reverse 
bias voltages. Of significant note is the fact that the properties
inherent in PIN diodes which yield low distortion, i.e., a long 
carrier lifetime and thick I regions, also result in low phase 
distortion of the RF signal. Three of the most common types of
semiconductor phase shifter circuits, namely the switched line,
loaded line and hybrid coupled designs, are described as follows:

A. Switched Line Phase Shifter

A basic example of a switched line phase shifter circuit is shown
in Figure 30. In this design, two SPDT switches employing PIN
diodes are used to change the electrical length of transmission
line by some length ∆ . The phase shift obtained from this cir-
cuit varies with frequency and is a direct function of this
differential line length as shown below:

The switched line phase shifter is inherently a broadband circuit
producing true time delay, with the actual phase shift dependent
only on ∆ . Because of PIN diode capacitance limitations, this
design is most frequently used at frequencies below 1 GHz.

∆ø = 2π∆  /λ radians (13)

radians (14)ø = 2 tan-1
Bn

1 - Bn
2/8

radians (15)ø max = 2 tan-1

ø max
PL

VBR
IF

= maximum phase angle
= power transmitted
= diode breakdown voltage
= diode current rating

Where:

VBR
I
F

4PL

 + ∆

Figure 30. Switched Line Phase Shifter

λ/4

jBnjBn

Figure 31. Loaded Line Phase Shifter

power and voltage stress on each diode is independent of the
amount of differential phase shift produced by each phase shifter.
Thus, four diodes are required for each bit, with all diodes having
the same power and voltage ratings.

B. Loaded Line Phase Shifter

The loaded line shifter design shown in Figure 31 operates on a
different principle than the switched line phase shifter. In this
design the desired maximum phase skirt is divided into several
smaller phase shift sections, each containing a pair of PIN diodes,
which do not completely pertubate the main transmission line. A
major advantage of this phase shifter is its extremely high power
capability, due partly to the use of shunt mounted diodes, plus
the PIN diodes are never in the direct path of the full RF power.

In loaded line phase shifters, a normalized susceptance, Bn, is
switched in and out of the transmission path by the PIN diodes.
Typical circuits use values of Bn much less than unity, resulting in
considerable decoupling of the transmitted RF power from the
PIN diode. The phase shift for a single section is given as follows:

The maximum phase shift obtainable from a loaded line section
is limited by both bandwidth and diode power handling consider-
ations. The power constraint on obtainable phase shift is shown
as follows:

The power capabilities and loss characteristics of the switched
line phase shifter are the same as those of a series connected
SPDT switch. A unique characteristic of this circuit is that the
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The above factors limit the maximum phase shift angle in prac-
tical circuits to about 45°. Thus, a 180° phase shift would require
the use of four 45° phase shift sections in its design.

Reflective Phase Shifter

A circuit design which handles both high RF power and large
incremental phase shifts with the fewest number of diodes is the
hybrid coupled phase shifter shown in Figure 32. The phase shift
for this circuit is given below:

The voltage stress on the shunt PIN diode in this circuit also
depends on the amount of desired phase shift, or “bit” size. The
greatest voltage stress is associated with the 180° bit and is
reduced by the factor (sinθ/2)1/2 for other bit sizes. The relation-
ship between maximum phase shift, transmitted power, and PIN
diode ratings is as follows:

RF Input

RF Output

90° Hybrid

A B

CD

∆f{

∆f{
Figure 32. Hybrid Coupler Reflective Phase Shifter

radians (17)ø max = 2sin-1 VBR
I
F

8PL

In comparison to the loaded line phase shifter, the hybrid design
can handle up to twice the peak power when using the same
diodes. In both hybrid and loaded line designs, the power depen-
dency of the maximum bit size relates to the product of the
maximum RF current and peak RF voltage the PIN diodes can
handle. By judicious choice of the nominal impedance in the
plane of the PIN diode, the current and voltage stress can usually
be adjusted to be within the device ratings. In general, this
implies lowering the nominal impedance to reduce the voltage
stress in favor of higher RF currents. For PIN diodes, the max-
imum current rating should be specified or is dependent upon the
diode power dissipation rating, while the maximum voltage stress
at RF frequencies is dependent on I region thickness.

PIN Diode Distortion Model
The beginning sections of this article were concerned with 
large signal operation and thermal considerations allowing the
circuit designer to avoid conditions that would lead to significant
changes in PIN diode performance or excessive power dissipa-
tion. A subtle, but often significant operating characteristic is the
distortion or change in signal shape, which is always produced
by a PIN diode in the signal it controls.

The primary cause of distortion is any variation or nonlinearity 
of the PIN diode impedance during the period of the applied RF
signal. These variations could be in the diode’s forward bias
resistance, RS, parallel resistance, RP, capacitance, CT, or the
effect of the low frequency I-V characteristic. The level of distor-
tion can range from better than 100 dB below, to levels
approaching the desired signal. The distortion could be analyzed
in a fourier series and takes the traditional form of harmonic 
distortion of all orders, when applied to a single input signal, and
harmonic intermodulation distortion when applied to multiple
input signals.

Nonlinear, distortion generating behavior is often desired in PIN
and other RF oriented semiconductor diodes. Self-biasing limiter
diodes are often designed as thin I region PIN diodes operating
near or below their transit time frequency. In a detector or mixer
diode, the distortion that results from the ability of the diode to
follow its I-V characteristic at high frequencies is exploited. In 
this regard, the term “square law detector” applied to a detector
diode implies a second order distortion generator. In the PIN
switch circuits discussed at the beginning of this article, and 
the attenuator and other applications discussed here, methods 
of selecting and operating PIN diodes to obtain low distortion 
are described.
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In most applications, the distortion generated by a reversed
biased diode is smaller than forward biased generated distortion
for small or moderate signal size. This is particularly the case
when the reverse bias applied to the PIN diode is larger than the
peak RF voltage, preventing any instantaneous swing into the 
forward bias direction.

Distortion produced in a PIN diode circuit may be reduced by 
connecting an additional diode in a back-to-back orientation
(cathode to cathode or anode to anode). This results in a 
cancellation of distortion currents. The cancellation should be
total, but the distortion produced by each PIN diode is not 
exactly equal in magnitude and opposite in phase. Approximately
20 dB distortion improvement may be expected by this back-to-
back configuration.

Distortion in Attenuator Circuits
In attenuator applications, distortion is directly relatable to the
ratio of RF to DC stored charge. In such applications, PIN diodes
operate only in the forward bias state, and often at high resis-
tance values where the stored charge may be very low. Under
these operating conditions, distortion will vary with charges in the
attenuation level. Thus, PIN diodes selected for use in attenuator
circuits need be chosen only for their thick I region width, since
the stored charge at any fixed diode resistance, RS, is dependent
only on this dimension.

Consider an SMP1304-001 PIN diode used in an application
where a resistance of 50 Ω is desired. The data sheet indicated
that 1 mA is the typical diode current at which this occurs. Since
the typical carrier lifetime for this diode is 1 µs, the stored
charge for the diode at 50 Ω is 1.0 nC. If two PIN diodes, how-
ever, are inserted in series to achieve the same 50 Ω resistance
level, each diode must be biased at 2 mA. This results in a stored
charge of 2 nC per diode, or a net stored charge of 4 nC. Thus,
adding a second diode in series multiplies the effective stored
charge by a factor of 4. This would have a significant positive
impact on reducing the distortion produced by attenuator circuits.

RS =

Where:

W2

(µp + µn)Q

IF
τ
W
µn
µp

= forward bias current
= carrier lifetime
= I region width
= electron mobility
= hole mobility

Q = IFτ coulombs (18) 

Ω (19) 

There is a common misconception that minority carrier lifetime is
the only significant PIN diode parameter that affects distortion.
This is indeed a major factor but another important parameter is
the width of the I region, which determines the transit time of the
PIN diode. A diode with a long transit time will have more of a
tendency to retain its quiescent level of stored charge. The longer
transit time of a thick PIN diode reflects its ability to follow the
stored charge model for PIN diode resistance according to:

The effect of carrier lifetime on distortion relates to the quiescent
level of stored charge induced by the DC forward bias current
and the ratio of this stored charge to the incremental stored
charge added or removed by the RF signal.

The distortion generated by a forward biased PIN diode switch
has been analyzed and has been shown to be related to the ratio
of stored charge to diode resistance and the operating frequency.
Prediction equations for the second order intermodulation inter-
cept point (IP2) and the third order intermodulation intercept point
(IP3) have been developed from PIN semiconductor analysis and
are presented as follows:

Where:

FQ
RS

F
RS
Q

= Frequency in MHz
= PIN diode resistance in Ω
= Stored charge in nC

IP2 = 34 + 20 log

FQ
RS

IP3 = 21 + 15 log

dBm (20) 

dBm (21) 
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Measuring Distortion
Because distortion levels are often 50 dB or more below the
desired signal, special precautions are required in order to make
accurate second and third order distortion measurements. One
must first ensure that the signal sources used are free of distor-
tion and that the dynamic range of the spectrum analyzer
employed is adequate to measure the specified level of distor-
tion. These requirements often lead to the use of fundamental
frequency bandstop filters at the device output, as well as prese-
lectors to clean up the signal sources employed. In order to
establish the adequacy of the test equipment and signal sources
for making the desired distortion measurements, the test circuit
should be initially evaluated by removing the diodes and
replacing them with passive elements. This approach permits 
one to optimize the test setup and establish basic measurement
limitations.

Since harmonic distortion appears only at multiples of the signal
frequency, these signals may be filtered out in narrow band sys-
tems. Second order distortion, caused by the mixing of two input
signals, will appear at the sum and difference of these frequen-
cies and may also be filtered. As an aid to identifying the various
distortion signals seen on a spectrum analyzer, it should be noted
that the level of a second distortion signal will vary directly at the
same rate as any change of input signal level. Thus, a 10 dB
signal increase will cause a corresponding 10 dB increase in
second order distortion.

Third order intermodulation distortion of two input signals at fre-
quencies FA and FB often produce in-band, nonfilterable distortion
components at frequencies of 2FA–FB and 2FB–FA. This type of
distortion is particularly troublesome in receivers located near
transmitters operating on equally spaced channels. In identifying
and measuring such signals, it should be noted that third order
distortion signal levels vary at twice the rate of change of the
fundamental signal frequency. Thus, a 10 dB change in input
signal will result in a 20 dB change of the third order signal dis-
tortion power observed on a spectrum analyzer.
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APN1003: A Wideband General 
Purpose PIN Diode Attenuator

APPLICATION NOTE

Introduction
PIN diode based AGC attenuators are commonly used in many
broadband system applications such as cable or fiberoptic TV,
wireless CDMA, etc. A popular attenuator design utilized over the
instantaneous frequency range from 10 MHz to beyond 2 GHz is
the PI network. The benefit of this design is its broadband con-
stant impedance, wide dynamic range and good compatibility
with AGC signals.

The PIN diode is used as a current controlled resistance 
component in the PI network. PIN diodes are low-cost, low-
distortion elements available in commonly used small-size plastic
packages. This application note describes the design of a high-
performance, PIN based 4 diode PI attenuator utilizing the
low-cost SMP1307-011 diode in a plastic SOD-323  package.
Performance is characterized from 10 MHz–3 GHz.

PI Attenuator Fundamentals
For matched broadband applications, especially those covering
low RF frequencies (to 5 MHz) through frequencies greater than 1
GHz, PIN diode designs are commonly employed. The circuit con-
figurations most popular are the TEE, bridged TEE and the PI. All
these designs use PIN diodes as current controlled RF resistors
whose resistance values are set by a DC control, established by
an AGC loop.

Figure 1 shows the basic PI attenuator that uses 3 PIN diodes. It
also shows the expressions that determine the resistance values
for each PIN diode as a function of attenuation. Figure 2 displays
the value of PIN diode resistance for a 50 Ω PI attenuator. Note
that the minimum value for the shunt diodes, R1 and R2, is 50 Ω.

This application note describes the design and performance of a
PI attenuator that uses 4 PIN diodes as shown in Figure 3. The
benefit of the 4 diode circuit is its symmetry that allows for a
simpler bias network and a reduction of distortion due to cancel-
lation of harmonic signals in the back-to-back configuration of
the series diodes.
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Figure 1. PI Attenuator
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Attenuator Circuit Model
In the Libra IV model shown in Figure 4, the PIN diode pairs,
X3/X4 and X1/X2, are symmetrically biased from two DC
sources. A 5 V reference DC voltage source (VREF) provides ade-
quate biasing to keep the RF resistance of the shunt diodes X2
and X3 near 50 Ω at high attenuation while the series diodes,
X4 and X1, are at high resistance values. The values of biasing
resistors SRL3, SRL2, SRL1, SRL5 and SRL4 were selected to
provide low SWR for the full attenuation range. Attenuation is
controlled by the control voltage source (VCTL), ranging from
1–6 V. This source supplies forward bias current to the series
diodes, X4 and X1, through a wideband, high impedance ferrite
inductor, X7 (Taiyoyuden model FBMH4525) and resistors SRL5,
SRL4 and SRL6.

Capacitors SRLC12, SRLC10 and SRLC5 provide RF ground for
the shunt diodes. The separation of the biasing path onto two
branches SRL2 and SRL1 was to reduce RF coupling between
input and output, which will affect maximum attenuation espe-
cially at high frequencies, due to the parasitic series
inductances.

Capacitors C6 and C7 simulate the effect of the coaxial connectors
(on our test boards we used SMA connectors). Shunt connected
capacitors, SRLC7 and SRLC11, were inserted to compensate for
the parasitic inductances of the decoupling capacitors, SRLC4 and
SRLC6. These parasitic inductances strongly affect attenuator per-
formance at frequencies beyond 2 GHz.

The PI type C-L-C circuit between series diodes SRLC8, L1 and
SRLC9, was used to increase the maximum isolation at higher
frequencies while improving insertion loss at low attenuation.
Figure 5 illustrates the effect of connecting or not connecting
this C-L-C circuit. A clear 5–8 dB improvement in isolation is
demonstrated.
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Figure 4.  Attenuator Model for Libra IV
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The values of the bias resistors were optimized for optimum SWR
performance over the entire attenuation range. The intent was to
keep the values of SRL5 and SRL4 as low as possible to ensure
maximum forward current in the series diodes, X4 and X1, but
high enough not to affect insertion loss.

The input and output circuits are not symmetrical, as may be
seen from the values of capacitors SRLC12 and SRLC10 (10 nF
each), compared to SRLC5 (2 pF). The SRLC5 value was selected
to improve high-frequency isolation by compensating the para-
sitic series inductance of shunt diode, X2, and its own parasitic
inductance. This compensation was found helpful in improving
isolation by several dB at frequencies higher than 1 GHz; how-
ever, as a result, the SWR of the output port SWR is increased at
lower frequencies.

Most applications are not sensitive to high-output SWR, but if
necessary, symmetricity of the attenuator may be established by
increasing SRLC5 to 10 nF. Figure 6 shows the effect of changing
SRLC5 from 2 pF to 10 nF. If implemented, there will be no signif-
icant effect on the input SWR, because of the high isolation
between input and output, and no effect on attenuation or SWR at
the minimum attenuation.

The linear test bench used for the analysis of the above attenu-
ator is shown in Figure 7.
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SMP1307 SPICE Model
The SMP1307-011 is a silicon PIN diode with a thick 
I-region (175 µm) and a long carrier lifetime (TL = 1.5 µs). This
results in a variable resistance device with a wide variation of
resistance vs. current capable of operating with low distortion as
an attenuator element. The diode is packaged in a SOD-323.

The SPICE model for the SMP1307-011 varactor diode defined
for the Libra IV environment is shown in Figure 8 with a descrip-
tion of the parameters employed. In this model, two diodes were
used to fit both DC and RF properties of PIN diode. The PIN diode
built-in model of Libra IV was used to model behavior of RF resis-
tance vs. DC current, while PN-junction diode model was used to
model DC voltage-current response. Both diodes were connected
in series to insure the same current flow, while PN-junction diode
was effectively RF short-circuited with the capacitor C2 = 1011

pF. The portion of the RF resistance, which reflects residual series
resistance, was modeled with R2 = 2.2 Ω. This is shunted with
the ideal inductor L1 = 1019 nH to avoid affecting DC perfor-
mance. Capacitances CG, CP and inductor L2 reflect junction and
package properties of SMP1307-011 diode.

The described model is a linear model that emulates the DC and
RF properties of the PIN diode when the signal frequency is
higher then:

For more details on the properties of the PIN diode refer to
Reference 1.

Tables 1 and 2 describe the model parameters. They show
default values appropriate for silicon varactor diodes that may be
used by the Libra IV simulator. Some of the values of PIN diode
built-in model of Libra IV were not used. Those are marked “Not
used” in the tables.

Figure 8. SMP1307-011 Model for Libra IV
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Table 2. Silicon PIN Diode Values in Libra IV Assumed for SMP1307 Model

Parameter Description Unit Default

IS Saturation current  (Not used) A 1.9E-9

VI I-region Forward Bias Voltage Drop V 0.08

UN Electron Mobility cm**2/(V*S)  (Not used) cm**2/(V*S) 900

WI I-region Width  (Not used) M 1.2e-4

RR I-region reverse bias resistance Ω 4E5

CMIN PIN punchthrough capacitance F 0

TAU Ambipolar lifetime within I region (Not used) s 1E-12

RS Ohmic resistance Ω 0

CJO Zero-bias junction capacitance F 1.8E-15

VJ Junction potential V 1

M Grading coefficient - 1.01

KF Flicker noise coefficient (Not used) - 0

AF Flicker noise exponent (Not used) - 1

FC Coefficient for forward-bias depletion capacitance (Not used) - 0.5

FFE Flicker noise frequency exponent (Not used) - 1

Parameter Description Unit Default

IS Saturation current A 1.1E-8

RS Series resistance Ω 1.48

N Emission coefficient (Not used) - 2.2

TT Transit time (Not used) s 0

CJO Zero-bias junction capacitance (Not used) F 0

VJ Junction potential (Not used) V 1

M Grading coefficient (Not used) - 0.5

EG Energy gap (with XTI, helps define the dependence of IS on temperature) EV 1.11

XTI Saturation current temperature exponent (with EG, helps define the - 3
dependence of IS on temperature)

KF Flicker noise coefficient (Not used) - 0

AF Flicker noise exponent (Not used) - 1

FC Forward-bias depletion capacitance coefficient (Not used) - 0.5

BV Reverse breakdown voltage (Not used) V Infinity

IBV Current at reverse breakdown voltage (Not used) A 1e-3

ISR Recombination current parameter (Not used) A 0

NR Emission coefficient for ISR  (Not used) - 0

IKF High-injection knee current (Not used) A Infinity

NBV Reverse breakdown ideality factor (Not used) - 1

IBVL Low-level reverse breakdown knee current (Not used) A 0

NBVL Low-level reverse breakdown ideality factor (Not used) - 1

TNOM Nominal ambient temperature at which these model parameters were derived °C 27

FFE Flicker noise frequency exponent (Not used) 1

Table 1. Silicon PIN Diode Values in Libra IV Assumed for SMP1307 Model
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The model DC current voltage response calculated by Libra IV is
shown in Figure 9A together with the measured data. It shows
very good compliance of our model DC properties with measured
results.

Figure 9B shows internal RF resistance after the parasitic capaci-
tances CG, CP and inductor L2 were de-embeded. Here again, the
measured and simulated results are in agreement.

Figure 9A. DC Voltage Current Response of SMP1307-011
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Designator Value Part Number Footprint Manufacturer

C1 10,000 p 0603AU103JAT9 0603 AVX

C2 0.5 p 0603AU0R5JAT9 0603 AVX

C3 10,000 p 0603AU103JAT9 0603 AVX

C4 10,000 p 0603AU103JAT9 0603 AVX

C5 10,000 p 0603AU103JAT9 0603 AVX

C6 10,000 p 0603AU103JAT9 0603 AVX

C7 2 p 0603AU2R0JAT9 0603 AVX

C8 0.5 p 0603AU0R5JAT9 0603 AVX

C9 0.5 p 0603AU0R5JAT9 0603 AVX

C10 0.5 p 0603AU0R5JAT9 0603 AVX

C11 10,000 p 0603AU103JAT9 0603 AVX

C12 10,000 p 0603AU103JAT9 0603 AVX

D1 SMP1307-011 SMP1307-011 SOD-323 Skyworks Solutions

D2 SMP1307-011 SMP1307-011 SOD-323 Skyworks Solutions

D3 SMP1307-011 SMP1307-011 SOD-323 Skyworks Solutions

D4 SMP1307-011 SMP1307-011 SOD-323 Skyworks Solutions

L1 1x8 mm MSL 1x8 mm (Printed on PCB)

L2 1x8 mm MSL 1x8 mm (Printed on PCB)

L3 2.2 nH LL1608-F2N2S 0603 TOKO

L4 FBMH4525 FBMH4525_HM162NT 1810 TAIYO-YUDEN

R1 560 CR10-561J-T 0603 AVX

R2 100 CR10-101J-T 0603 AVX

R3 1 k CR10-102J-T 0603 AVX

R4 1 k CR10-102J-T 0603 AVX

R5 1 k CR10-102J-T 0603 AVX

R6 560 CR10-561J-T 0603 AVX

Attenuator Design, Materials, Layout and
Performance
The circuit diagram for the 4 diode PI attenuator is shown in
Figure 10.

The PCB layout is shown in Figure 11. The board was made of
standard, 30 mil thick, FR4 material.

The bill of materials used is shown in Table 3.

Table 3. The Attenuator Bill of Materials
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Figure 10. Attenuator Circuit Diagram

Figure 11. Attenuator PCB Layout
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The measured attenuation of this circuit and the simulated
results obtained with the model in Figure 8 are shown in
Figure 12A and 12B respectively. The model fits measurement
results very well in the attenuation extremes, but has a small
deviation from measurements in the middle of the attenuation
range. This may be attributed to the imperfection of diode RF
resistance model shown in Figure 9B.

Figure 13 shows measured input SWR at different control volt-
ages. SWR is well below 2 across the entire range of
frequencies and attenuation levels as predicted by the model.

A plot of attenuation vs. control voltage at temperatures of
23 °C and 85 °C temperatures is shown in Figure 15. The
graph shows that the temperature performance is very stable,
with less than 0.5 dB variation over the 62 °C excursion at the
highest attenuation.

Figure 12A. Measured S21
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Figure 16 shows output third order intercept point (IP3) vs. con-
trol voltage. The measurement was performed at 900 MHz using
a single tone 1 W input power. IP3 was derived from the third
harmonic using the method described in Reference 2.
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Figure 16. Third Order Intercept Point vs.
Attenuation at 900 MHz
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APN1004: Varactor SPICE Models for 
RF VCO Applications

APPLICATION NOTE

Varactor Equivalent Circuit Model Definitions
A simplified equivalent circuit of varactor is shown in 
Figure 1.

This varactor model is useful for RF VCO applications although it
neglects some parasitic components often needed for higher fre-
quency microwave applications, such as the distributed line
package model and some capacitance due to ground proximity.
For most RF VCO applications, to about 2.5 GHz, these parasitic
components would not be important unless higher harmonics
generated by the varactor affect performance of the VCO. In this

case, a more detailed equivalent circuit model is needed. The
technique used should be based on the varactor model extraction
procedure from S-parameter data.

A SPICE model, defined for the Libra IV environment, is shown 
in Figure 2, with the description of the parameters employed. It
neglects the package capacitance, CP, its typical 0.10 pF value is
absorbed within the junction capacitance CV.

CP

Parallel Capacitance

D
Junction Diode

CV
Junction Capacitance

RS

Series
Resistance

LS

Series
Inductance

AnodeCathode

Figure 1. Simplified Equivalent Circuit of Varactor

Figure 2. Libra IV SPICE Model
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Parameter Description Unit Default

IS Saturation current (with N, determine the DC characteristics of the diode) A 1e-14

RS Series resistance Ω 0

N Emission coefficient (with IS, determines the DC characteristics of the diode) - 1

TT Transit time s 0

CJO Zero-bias junction capacitance (with VJ and M define nonlinear junction capacitance of the diode) F 0

VJ Junction potential (with VJ and M define nonlinear junction capacitance of the diode) V 1

M Grading coefficient (with VJ and M define nonlinear junction capacitance of the diode) - 0.5

EG Energy gap (with XTI, helps define the dependence of IS on temperature) EV 1.11

XTI Saturation current temperature exponent (with EG, helps define the dependence of IS on temperature) - 3

KF Flicker noise coefficient - 0

AF Flicker noise exponent - 1

FC Forward-bias depletion capacitance coefficient - 0.5

BV Reverse breakdown voltage V Infinity

IBV Current at reverse breakdown voltage A 1e-3

ISR Recombination current parameter A 0

NR Emission coefficient for ISR - 2

IKF High-injection knee current A Infinity

NBV Reverse breakdown ideality factor - 1

IBVL Low-level reverse breakdown knee current A 0

NBVL Low-level reverse breakdown ideality factor - 1

TNOM Nominal ambient temperature at which these model parameters were derived °C 27

FFE Flicker noise frequency exponent - 1

Table 1. SPICE Model Parameters

Table 1 describes the model parameters. It shows default values
appropriate for silicon varactor diodes, which may be used by the Libra
IV simulator unless others are specifically defined.

The effect of the diode junction is ignored in this model. This
simplification ignores the rectifying effect of diode during a positive
voltage swing. However, for most RF VCO applications, the lowest
practical DC control voltage value is 0.5 V and the magnitude of RF
voltage rarely exceeds 0.2 V peak. Therefore, the varactor is
maintained in its reverse bias state. However, in a large signal
application where it is necessary to consider the diode’s rectifying
properties, it may be done by entering the additional diode parameters
in the SPICE model defined for the LIBRA IV environment.

According to the SPICE model in Table 1, the varactor capacitance,
CV, is a function of the applied reverse DC voltage, VR, and may be
expressed as follows:

CV = + CP

1 +

CJO

MVR

VJ

( )

This equation is a mathematical simulation of the capacitance
characteristic. The model is accurate for abrupt junction varactors
(SMV1400 Series); for hyperabrupt junction varactors the model is
less accurate but very reliable. The form is similar to the traditional
varactor equation but uses values for VJ, M and CP, that were extracted
individually from measured CV(VR) data for each varactor part number.

Series resistance, RS, is a function of applied voltage and operating
frequency and may be considered constant. The value used should
be taken from the specified maximum value or derived from its Q
specification.

Series inductance, LS, is also considered constant at a value of 1.7
nH. This incorporates the 1.5 nH package inductance with some
insertion inductance typical for PC boards in RF wireless applications.
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Table 2. Plastic Packaged Varactor Values for SPICE Model Simulation Equation

Table 2 gives values for the plastic packaged varactors that may be
used for SPICE model simulation equation. It may be employed for
each varactor junction in the SOD-323 and SOT-23 package. It also
gives calculated values for the capacitance ratio between 0.5–2.5
V for each diode that is a typical voltage range for battery operated
wireless VCO circuits.

Note: The values listed for VJ, M and CP in the table were empirically
determined and do not represent the precise physical or electronic
properties of the semiconductor or the package.

CJO VJ CP RS LS
Part Number (pF) (V) M (pF) (Ω) (nH) C0.5/C2.5

SMV1127 23.9 2.2 1 0 0.5 1.7 1.68

SMV1129 27.5 2.8 1.1 0 0.4 1.7 1.73

SMV1139 8 1.2 0.65 0 0.6 1.7 1.68

SMV1140 70.44 3.5 1.4 0 0.3 1.7 1.68

SMV1141 7.32 2.2 1 0 0.7 1.7 1.66

SMV1142 13.38 2.2 1 0 0.7 1.7 1.67

SMV1143 18.99 2.2 1 0 0.65 1.7 1.67

SMV1144 24.01 2.2 1 0 0.65 1.7 1.67

SMV1145 41.8 2.5 1.1 0 0.6 1.7 1.68

SMV1146 61.13 2.5 1.1 0 0.6 1.7 1.68

SMV1147 89.52 2.5 1.1 0 0.55 1.7 1.68

SMV1148 104.7 2.25 1.1 0 0.5 1.7 1.7

SMV1175 13.43 3 1.15 0 1 1.7 1.68

SMV1206 26.11 4 1.45 0.3 0.7 1.7 1.69

SMV1207 59.4 6.5 2.3 2 0.4 1.7 1.73

SMV1212 72.47 110 67 4.5 0.45 1.7 2.82

SMV1213 28.9 190 105 2.2 0.8 1.7 2.53

SMV1214 22.74 190 106 1.5 0.7 1.7 2.6

SMV1215 14.36 190 115 1.1 1 1.7 2.73

SMV1223 25.19 100 45 2.5 1.5 1.7 2.1

SMV1224 25.19 100 45 2.5 1.5 1.7 2.1

SMV1225 17.46 110 47 1.6 1.8 1.7 2.05

SMV1227 52.46 5 1.8 0 0.55 1.7 1.75

SMV1228 130.1 5 1.8 0 0.32 1.7 1.75

SMV1229 271.72 5 1.8 0 0.25 1.7 1.75

SMV1232 4.2 1.7 0.9 0 1.5 1.7 1.87

SMV1233 4.12 1.7 0.9 0.7 1.2 1.7 1.71

SMV1234 8.75 2.3 1.1 1.2 0.8 1.7 1.82

SMV1235 16.13 8 4 2 0.6 1.7 1.84

SMV1236 21.63 8 4.2 3.2 0.5 1.7 1.86

SMV1237 66.16 10 5.3 9 0.13 1.7 2.05

SMV1245 6.9 3.5 1.7 0.47 2 1.7 1.82

SMV1247 9.22 100 100 0.55 2 1.7 2.15

SMV1248 21.54 13 10.5 0 1.8 1.7 6.2

SMV1249 39 17 14 0 1.5 1.7 6.75

SMV1250 47 17 14 0 1.5 1.7 5.41

SMV1251 60 17 14 0 1.3 1.7 5.86
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CJO VJ CP RS LS
Part Number (pF) (V) M (pF) (Ω) (nH) C0.5/C2.5

SMV1253 70 17 14 0 1.2 1.7 5.88

SMV1255 82 17 14 0 1 1.7 4.42

SMV1299 13.73 190 110 1.1 2.5 1.7 2.61

SMV1405 2.92 0.68 0.41 0.05 0.8 1.7 1.41

SMV1408 3.7 0.8 0.43 0.13 0.6 1.7 1.5

SMV1409 5.2 0.8 0.45 0.13 0.5 1.7 1.51

SMV1410 5.54 0.8 0.45 0.13 0.45 1.7 1.52

SMV1411 7.575 0.8 0.45 0.13 0.4 1.7 1.52

SMV1413 9.2 0.79 0.45 0.13 0.35 1.7 1.52

SMV1414 11.2 0.78 0.46 0.13 0.3 1.7 1.54

SMV1415 12.8 0.78 0.46 0.13 0.27 1.7 1.55

SMV1416 16.04 0.84 0.48 0.13 0.24 1.7 1.54

SMV1417 19.2 0.84 0.48 0.13 0.22 1.7 1.54

SMV1419 21.4 0.87 0.54 0.13 0.2 1.7 1.61

SMV1420 30.2 0.8 0.47 0.13 0.19 1.7 1.59

SMV1421 36.1 0.8 0.47 0.13 0.18 1.7 1.57

SMV1493 29 0.63 0.47 0 0.25 1.7 1.63

SMV2022 7.08 7 2.3 0.4 2.1 1.7 1.65

SMV2023 25.79 250 110 2.4 1.3 1.7 2.09

Examples
Figure 3 shows the SPICE model calculated capacitance of the abrupt
junction varactor SMV1493-011 with measured capacitance values.

Figure 4 shows the SPICE model calculated capacitance for the
hyperabrupt junction varactor SMV1235-011 with measured
capacitance values.
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Table 2. Plastic Packaged Varactor Values for SPICE Model Simulation Equation (Continued)

Figure 3. SMV1493-011 CV = 29/(1-VVAR/0.63)^0.47 Figure 4. SMV1235 7.575/(1-VV/0.8)^0.45
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APN1005: A Balanced Wideband VCO 
for Set-Top TV Tuner Applications

APPLICATION NOTE 

Introduction
Modern set-top TV DBS tuner systems require more channel 
coverage, while maintaining competitive prices. This situation
creates tough design goals: to improve performance and simplify
design.

Balanced VCO configuration could be a competitive circuit 
solution, since it provides the widest tuning range with practical
circuitry and layout. However, tuning margins would be further
improved by optimizing the varactor manufacturing process.
Skyworks has developed such a process to satisfy the most
ambitious wideband design goals.

In this publication, we will address the design of the balanced-
type voltage control oscillator (VCO) based on the newly
developed varactor SMV1265-011 with the unique set of 
capacitance tuning ratios and Q-quality.

VCO Model
Figure 1 shows the VCO model built for open loop analysis in L bra
Series IV including the SMV1265-011 varactor model.

The circuit schematic in Figure 2 shows a pair of transistors in a
single feedback loop, connected so that collector currents would
be 180° shifted (ideally). A pair of back-to-back connected
SMV1265-011 varactors is used, rather than a single one. This
allows lower capacitance at the high-voltage range, without
changing the tuning ratio. The reason is that, apart from package
capacitance, certain mounting fringing capacitances, though
small, may strongly affect higher frequency margins. The effects
of parasitic capacitances were summarized in the model as C4
and C3, valued 0.4 pF each. These values may vary depending on
the layout of the board. Varactor DC biasing is provided through
resistors R6 and R8, both 1 k, which may affect the phase noise,
but eliminate the need for inductive chokes. This minimizes
overall costs and the possibility of parasitic resonances — the
usual cause for frequency instability and spurs.

The phase corrector DC chokes, SRL1 and SRL2, were modeled
as lossless inductors at 33 nH since their losses are dominated
by the 30 Ω emitter biasing resistors. DC blocking series capaci-
tances (CSER1 and CSER2) are modeled as an SRC network,
including associated parasitics. Their values were optimized to 
10 pF providing smooth tuning over the design band.
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Figure 1. VCO Model, Including SMV1265-011 Varactor Model

Figure 2. Transistor Pair in Single Feedback Loop
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The pseudo-resonator inductance is formed by microstrip trans-
mission line TL2, which provides necessary circuit response at
high frequencies. This has little effect at the lower band due to
the resonator’s dominantly capacitive nature.

The function of transmission line TL1 is both feedback and 
phase alignment — providing flat power response over the
tuning range.

Power output is supplied from the collectors of X1 or X2 through
the series connected resistance and DC blocking capacitance
SRC2 and SRC3.

DC biasing for both of the transistors is supplied through a resis-
tive divider R1/R3/R2 .

The NEC NE68119 bipolar transistors were selected to best fit
performances. Note: The circuit is very sensitive to the transistor
choice (in terms of tuning range and stability) due to wide band-
width design requirements.

For the model of NEC NE68119 we used the Gumel Poon model
of Libra IV with the coefficients provided by CEL RF & Microwave
Semiconductors Catalogue,1997-98.

Figure 3. Libra Test Bench

In the Libra test bench shown in Figure 3 we defined an open
loop gain (Ku = VOUT/VIN) as the ratio of voltage phasors at the
input and output ports of an OSCTEST component. Defining the
oscillation point requires the balancing of input (loop) power to
provide zero gain for a zero loop phase shift. Once the oscillation
point is defined, the frequency and output power can be mea-
sured. Use of the OSCTEST2 component for the close loop
analysis is not recommended, since it may fail to converge in
some cases, and doesn’t allow clear insight into the under-
standing of VCO behavior. This property is considered an
advantage of modeling over a purely experimental study.

In the default bench shown in Figure 4 the variables used for
more convenient tuning during performance analysis and opti-
mization are listed in a “variables and equations” component.
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Figure 5. SMV1265-011 Libra IV SPICE Model

SMV1265-011 SPICE Model
Figure 5 shows a SPICE model for the SMV1265-011 varactor
diode, defined for the Libra IV environment, with a description of
the parameters employed.

Figure 4. Default Bench
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Voltage Range CJO VJ CP
(V) (pF) M (V) (pF)

0–2.5 22.5 2.0 4.00 0.00

2.5–6.5 21.0 25.0 68.00 0.00

6.5–11 20.0 7.3 14.00 0.90

11–up 20.0 1.8 1.85 0.56

whole range of the usable varactor voltages is segmented into a
number of subranges each with a unique set of the VJ, M, CJO,
and CP parameters as given in the Table 2.

Parameter Description Unit Default

IS Saturation current (with N, determine the DC characteristics of the diode) A 1e-14

RS Series resistance Ω 0

N Emission coefficient (with IS, determines the DC characteristics of the diode) - 1

TT Transit time S 0

CJO Zero-bias junction capacitance (with VJ and M, defines nonlinear junction capacitance of the diode) F 0

VJ Junction potential (with VJ and M, defines nonlinear junction capacitance of the diode) V 1

M Grading coefficient (with VJ and M, defines nonlinear junction capacitance of the diode) - 0.5

EG Energy gap (with XTI, helps define the dependence of IS on temperature) EV 1.11

XTI Saturation current temperature exponent (with EG, helps define the dependence of IS on temperature) - 3

KF Flicker noise coefficient - 0

AF Flicker noise exponent - 1

FC Forward-bias depletion capacitance coefficient - 0.5

BV Reverse breakdown voltage V Infinity

IBV Current at reverse breakdown voltage A 1e-3

ISR Recombination current parameter A 0

NR Emission coefficient for ISR - 2

IKF High injection knee current A Infinity

NBV Reverse breakdown ideality factor - 1

IBVL Low-level reverse breakdown knee current A 0

NBVL Low-level reverse breakdown ideality factor - 1

TNOM Nominal ambient temperature at which these model parameters were derived °C 27

FFE Flicker noise frequency exponent 1

Table 1 describes the model parameters. It shows default values
appropriate for silicon varactor diodes which may be used by the
Libra IV simulator.

According to the SPICE model in Figure 4, the varactor capaci-
tance (CV) is a function of the applied reverse DC voltage (VR) and
may be expressed as follows:

This equation is a mathematical expression of the capacitance
characteristic. The model is accurate for abrupt junction varactors
(SMV1400 series); however, the model is less accurate for hyper-
abrupt junction varactors because the coefficients are dependent
on the applied voltage. To make the equation fit the hyperabrupt
performances for the SMV1265-011, a piece-wise approach was
employed. Here the coefficients (VJ, M, CJO, and CP) are made
piece-wise functions of the varactor DC voltage applied. Thus, the

These subranges are made to overlap each other. Thus, if a rea-
sonable RF swing (one that is appropriate in a practical VCO
case) exceeds limits of the subrange, the CV function described
by the current subrange will still fit in the original curve.

Table 1. Silicon Varactor Diode Default Values

Table 2. Varactor Voltages

CV = + CP

1 +

CJO

MVR

VJ

( )
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Figure 6 demonstrates the quality of the piece-wise fitting
approach.

Special consideration was given to the fit at the lowest capaci-
tance range (high-voltage area) since it dramatically affects the
upper frequency limit of the VCO.

To incorporate this function into Libra, the pwl() built-in function
was used in the “variables” component of the schematic bench.

M = pwl (VVAR 0 2 2.5 2 2.500009 25 6.5 25 6.50009 7.3 11
7.3 11.0009 1.8 40 1.8)

VJ = pwl (VVAR 0 4 2.5 4 2.500009 68 6.5 68 6.50009 14 11
14 11.0009 1.85 40 1.85)

CP = pwl (VVAR 0 0 2.5 0 2.500009 0 6.5 0 6.50009 0.9 11
0.9 11.0009 0.56 40 0.56)

CJO = pwl (VVAR 0 22.5 2.5 22.5 2.500009 21 6.5 21 6.50009
20 11 20 11.0009 20 40 20)*1012

Note: While CP is given in picofarads, CGO is given in farads to
comply with the default nominations in Libra. (For more details
regarding pwl() function see Circuit Network Items, Variables and
Equations, Series IV Manuals, p. 19–15).
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Since the epitaxial layer for this kind of hyperabrupt varactor has
relatively high resistivity, the series resistance is strongly depen-
dent on the reverse voltage applied to varactor junction. The
value of series resistance (RS) measured at 500 MHz is shown in
Figure 7, with a piece-wise approximation of RS also given.

The piece-wise function may be used as follows:

RS = pwl (VVAR 0 2.4 3 2.4 4 2.3 5 2.2 6 2 7 1.85 8 1.76 9
1.7 10 1.65 11 1.61 12 1.5 40 1.5)

Note: The pwl() function in Libra IV is defined for the evaluation of
harmonic balance parameters rather than variables. Therefore,
although series resistance was defined as dependent on reverse
voltage, for harmonic balance it remains parametric and linear.
The same applies to capacitance, which remains the same as in
the original diode model, but its coefficients (VJ, M, CJO, and CP)
become parametric functions of the reverse voltage.

Figure 6. SMV1265 Capacitance vs. Voltage Figure 7. SMV1265 Resistance vs. Voltage
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VCO Design and Performance
Figure 8 shows the VCO schematic.
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Figure 8. VCO Schematic
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Figure 9 shows the PCB layout. The board is made of standard FR4
material 30 mils thick.

The results measured with the circuit in Figure 8, as well as the
simulated results obtained with the model in Figure  9, are shown
in Figures 10 and 11.

Note: The simulated tuning curve in Figure 10 agrees with mea-
sured data, which proves the effectiveness of the above piece-wise
approximation technique.

Note: In the middle of the tuning range there is disagreement
between our model and the measured results. This could be attrib-
uted to the imperfection of the model, which is highly sensitive to
the way different parasitic effects are treated. The other problem of
modeling this oscillator case was the convergence of the harmonic
balance. To facilitate convergence in this case, we kept the number
of harmonics to at least five. The sweeping frequency range is rec-
ommended to keep as close to the oscillation point as possible —
especially when analyzing the middle band area.

In Figure 11, the power response modeled at 7 V was very close to
the measurement. Higher measured power is attributed to the ana-
lyzer calibration (the calibration error of the analyzer is known to be
within a couple of decibels). The general trend of the simulated
results reflects the real VCO response almost exactly, which clearly
demonstrates the model’s effectiveness.

Table 3 shows the bill of materials used.

Designators Comment Footprint

C1 0603AU100JAT9 (AVX) 0603

C2 0603AU100JAT9 (AVX) 0603

C3 0603AU101JAT9 (AVX) 0603

C4 0603AU101JAT9 (AVX) 0603

C5 0603AU101JAT9 (AVX) 0603

C6 0603AU102JAT9 (AVX) 0603

C6 0603AU102JAT9 (AVX) 0603

D1 SMV1265-011 (Skyworks) SOD-323

D2 SMV1265-011 (Skyworks) SOD-323

L1 LL1608-F33NJ (TOKO) 0603

L2 LL1608-F33NJ (TOKO) 0603

R1 CR10-330J-T (AVX) 0603

R10 CR10-242J-T (AVX) 0603

R11 CR10-102J-T (AVX) 0603

R2 CR10-330J-T (AVX) 0603

R3 CR10-121J-T (AVX) 0603

R4 CR10-121J-T (AVX) 0603

R5 CR10-821J-T (AVX) 0603

R6 CR10-821J-T (AVX) 0603

R7 CR10-510J-T (AVX) 0603

R8 CR10-102J-T (AVX) 0603

R9 CR10-102J-T (AVX) 0603

V1 NE68119 (NEC) SOT-416

V2 NE68119 (NEC) SOT-416

Table 3. Bill of Materials
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Figure 10. Frequency Tuning Figure 11. Power Response

Figure 9. PCB Layout
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List of Available Documents
1. Balanced Wideband VCO Simulation Project Files for Libra IV.

2. Balanced Wideband VCO Circuit Schematic and PCB Layout for
Protel EDA Client, 1998 version.

3. Balanced Wideband VCO Gerber Photo-plot Files

4. Detailed measurement and simulation data.

For the availability of the listed materials, please call our applica-
tions engineering staff.

© Skyworks Solutions, Inc., 1999. All rights reserved.

VVAR Frequency POUT @ 7 V POUT @ 5 V

(V) (GHz) (dBm) (dBm)

0 0.788 3.5 -8.3

1 0.842 3.7 -7.6

2 0.91 3.7 -6.1

4 1.144 4.8 -2.8

6 1.492 6.5 1

8 1.714 6.4 1.8

10 1.848 6 1.2

12 1.946 5.2 -0.1

14 2.016 4.8 -0.9

16 2.066 4.4 -1.5

18 2.106 4.3 -1.8

20 2.134 4.4 -2.4

25 2.198 3.7 -3.3

28 2.225 3.5 -3.7

30 2.238 3.4 -4

Table 4 shows the measurement data and shows a useful tuning range
of 0.84–2.23 GHz for the applied varactor voltage from 1–27 V.

Table 4. Tabulated Measurement Data
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APN1006: A Colpitts VCO for Wideband 
(0.95–2.15 GHz) Set-Top TV Tuner Applications

APPLICATION NOTE  

Introduction
Modern set-top DBS TV tuners require high-performance, broad-
band voltage control oscillator (VCO) designs at a competitive
cost. To meet these goals, design engineers are challenged to
create high-performance, low-cost VCOs.

The Colpitts oscillator is a traditional design used for many VCO
applications. Designing a broadband Colpitts oscillator with cov-
erage from 1–2 GHz requires the selection and interaction of an
appropriate varactor diode for its resonator. This application note
describes the design of a broadband Colpitts VCO that incorpo-

rates the SMV1265-011 varactor diode. This varactor diode was
specifically developed at Skyworks for this application. The VCO
design, based on Libra Series IV simulation, shows good correla-
tion between measured and simulated performance. This
application note includes a board layout and materials list.

VCO Model
Figure 1 shows the VCO model built for open loop analysis in L bra
Series IV.

Figure 1. VCO Model Built for Open Loop Analysis in Libra Series IV
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This circuit schematic, which is a simple Colpitts structure, uses
a series back-to-back connection of two SMV1265-011 varactors
instead of a single varactor. This connection allows lower capaci-
tance at high voltages, while maintaining the tuning ratio of a
single varactor. The back-to-back varactor connection also helps
reduce distortion and the effect of fringing and mounting capaci-
tances. These parasitic capacitances are included in the model as
C5, valued at 0.6 pF. This value may change depending on the
layout of the board.

DC bias is provided through resistors R1 and R4, both 3 kΩ,
which may affect phase noise, but allows the exclusion of
chokes. This reduces costs and the possibility of parasitic 
resonances — the common cause of spurious responses and
frequency instability.

The resonator inductance was modeled as a lossy inductor (with
Q = 25 at 100 MHz) in parallel with a capacitance of 0.25 pF.
This is typical for a multilayer inductor of style 0603 (60 x 30 mil)
footprint (TOKO Coils and Filters catalog). The inductor value of
5.6 nH was optimized to fit the desired 1–2 GHz frequency band.
The DC blocking series capacitance (CSER) was modeled as an
SRC network, including associated parasitics; it was selected at
1000 pF to avoid affecting the resonator (Q).

The Colpitts feedback capacitances (CDIV1 = 1 pF and CDIV2 =
1.62 pF) were optimized to provide a flat power response over
the tuning range. These values may also be re-optimized for
phase noise if required.

The NEC NE68533 transistor was selected to fit the required
bandwidth performance. Note: The circuit is very sensitive to the
transistor choice (tuning range and stability) due to the wide
bandwidth requirement. The output is supplied from the emitter
load resistance (RL1) through the 2 pF coupling capacitor, mod-
eled as a series SLC1 component.

The microstrip line (TL1) simulates the design layout which may
be incorporated in the resonator.

Figure 2 shows the Libra test bench. In the test bench, we define
an open loop gain (Ku = VOUT/VIN) as a ratio of voltage phasors at
input and output ports of an OSCTEST component. Defining the
oscillation point requires the balancing of input (loop) power to
provide zero gain for a zero loop phase shift. Once the oscillation
point is defined, the frequency and output power can be mea-
sured. Use of the OSCTEST2 component for the close loop
analysis is not recommended, since it may not converge in some
cases, and doesn’t allow clear insight into understanding the VCO
behavior. These properties are considered an advantage of mod-
eling over a purely experimental study.

Figure 2. Libra Test Bench
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Figure 3 shows the default bench. The variables used for more
convenient tuning during performance analysis and optimization
are listed in a “variables and equations” component.

Figure 3. Default Test Bench

Figure 4. SMV1265-011 Libra IV SPICE Model

SMV1265-011 SPICE Model
Figure 4 shows a SPICE model for the SMV1265-011 varactor
diode, defined for the Libra IV environment, with a description of
the parameters employed.
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Voltage Range CJO M VJ CP
(V) (pF) (V) (pF)

0–2.5 22.5 2 4 0

2.5–6.5 21 25 68 0

6.5–11 20 7.3 14 0.9

11–up 20 1.8 1.85 0.56

whole range of the usable varactor voltages is segmented into a
number of subranges each with a unique set of the VJ, M, CJO,
and CP parameters as given in the Table 2.

Parameter Description Unit Default

IS Saturation current (with N, determine the DC characteristics of the diode) A 1e-14

RS Series resistance Ω 0

N Emission coefficient (with IS, determines the DC characteristics of the diode) - 1

TT Transit time S 0

CJO Zero-bias junction capacitance (with VJ and M, defines nonlinear junction capacitance of the diode) F 0

VJ Junction potential (with VJ and M, defines nonlinear junction capacitance of the diode) V 1

M Grading coefficient (with VJ and M, defines nonlinear junction capacitance of the diode) - 0.5

EG Energy gap (with XTI, helps define the dependence of IS on temperature) EV 1.11

XTI Saturation current temperature exponent (with EG, helps define the dependence of IS on temperature) - 3

KF Flicker noise coefficient - 0

AF Flicker noise exponent - 1

FC Forward-bias depletion capacitance coefficient - 0.5

BV Reverse breakdown voltage V Infinity

IBV Current at reverse breakdown voltage A 1e-3

ISR Recombination current parameter A 0

NR Emission coefficient for ISR - 2

IKF High injection knee current A Infinity

NBV Reverse breakdown ideality factor - 1

IBVL Low-level reverse breakdown knee current A 0

NBVL Low-level reverse breakdown ideality factor - 1

TNOM Nominal ambient temperature at which these model parameters were derived °C 27

FFE Flicker noise frequency exponent 1

Table 1 describes the model parameters. It shows default values
appropriate for silicon varactor diodes which may be used by the
Libra IV simulator.

According to the SPICE model in Figure 4, the varactor capaci-
tance (CV) is a function of the applied reverse DC voltage (VR) and
may be expressed as follows:

This equation is a mathematical expression of the capacitance
characteristic. The model is accurate for abrupt junction varactors
(SMV1400 series); however, the model is less accurate for hyper-
abrupt junction varactors because the coefficients are dependent
on the applied voltage. To make the equation fit the hyperabrupt
performances for the SMV1265-011, a piece-wise approach was
employed. Here the coefficients (VJ, M, CJO, and CP) are made
piece-wise functions of the varactor DC voltage applied. Thus, the

These subranges are made to overlap each other. Thus, if a rea-
sonable RF swing (one that is appropriate in a practical VCO
case) exceeds limits of the subrange, the CV function described
by the current subrange will still fit in the original curve.

Table 1. Silicon Varactor Diode Default Values

Table 2. Varactor Voltages

CV = + CP

1 +

CJO

MVR

VJ

( )
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Figure 5 demonstrates the quality of the piece-wise fitting
approach.

Special consideration was given to the fit at the lowest capaci-
tance range (high-voltage area) since it dramatically affects the
upper frequency limit of the VCO.

To incorporate this function into Libra, the pwl() built-in function
was used in the “variables” component of the schematic bench.

M = pwl (VVAR 0 2 2.5 2 2.500009 25 6.5 25 6.50009 7.3 11
7.3 11.0009 1.8 40 1.8)

VJ = pwl (VVAR 0 4 2.5 4 2.500009 68 6.5 68 6.50009 14 11
14 11.0009 1.85 40 1.85)

CP = pwl (VVAR 0 0 2.5 0 2.500009 0 6.5 0 6.50009 0.9 11
0.9 11.0009 0.56 40 0.56)

CJO = pwl (VVAR 0 22.5 2.5 22.5 2.500009 21 6.5 21 6.50009
20 11 20 11.0009 20 40 20)*1012

Note: While CP is given in picofarads, CGO is given in farads to
comply with the default nominations in Libra. (For more details
regarding pwl() function see Circuit Network Items, Variables and
Equations, Series IV Manuals, p. 19–15).
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Since the epitaxial layer for this kind of hyperabrupt varactor has
relatively high resistivity, the series resistance is strongly depen-
dent on the reverse voltage applied to varactor junction. The
value of series resistance (RS) measured at 500 MHz is shown in
Figure 6, with a piece-wise approximation of RS also given.

The piece-wise function may be used as follows:

RS = pwl (VVAR 0 2.4 3 2.4 4 2.3 5 2.2 6 2 7 1.85 8 1.76 9
1.7 10 1.65 11 1.61 12 1.5 40 1.5)

Note: The pwl() function in Libra IV is defined for the evaluation of
harmonic balance parameters rather than variables. Therefore,
although series resistance was defined as dependent on reverse
voltage, for harmonic balance it remains parametric and linear.
The same applies to capacitance, which remains the same as in
the original diode model, but its coefficients (VJ, M, CJO, and CP)
become parametric functions of the reverse voltage.

Figure 5. SMV1265 Capacitance vs. Voltage Figure 6. SMV1265 Resistance vs. Voltage
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Figure 8 shows the PCB layout. The board is made of standard FR4
material 60 mils thick.

Table 3 shows the bill of materials used.

Table 3. Bill of Materials

Designator Part Type Footprint

C1 0603AU561JAT9 (AVX) 0603

C2 0603AU2R0JAT9 (AVX) 0603

C3 0603AU561JAT9 (AVX) 0603

C4 0603AU201JAT9 (AVX) 0603

C5 0603AU1R0JAT9 (AVX) 0603

C6 0603AU1R6JAT9 (AVX) 0603

D1 NE68519 (NEC) SOT-419

L1 LL1608-F5N6S (TOKO) 0603

R1 CR10-332J-T (AVX) 0603

R2 CR10-912J-T (AVX) 0603

R3 CR10-201J-T (AVX) 0603

R4 CR10-302J-T (AVX) 0603

R5 CR10-302J-T (AVX) 0603

V1 SMV1265-011 (Skyworks) SOD-323

V2 SMV1265-011 ( Skyworks) SOD-323

3 k

320 x 30 mils

300 p

5.6 nH

SMV1265-011

SMV1265-011

560 p

3 k
9.1 k

3.3 k
VCC  = 5 V
Icc = 9 mA

NE68519

1 p

1.62 p

200

2 p

RF Output

VTUNE

Figure 7. VCO Circuit Diagram

VCO Design Materials, Layout, and Performance
Figure 7 shows the VCO circuit diagram.

720 MIL

72
0 

M
IL

Figure 8. PCB Layout
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Table 4 shows tabulated measurement data. In voltage ranges of 1–27
V, the usable frequency coverage was estimated from 0.98–2.15 GHz.
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Figure 9. Measured and Simulated 
Frequency vs. Varactor Voltage

Table 4. Tabulated Measurement Data

Figure 9 shows both the measured performance of this circuit and
the simulated results, obtained with the above model. The simu-
lated tuning curve (frequency vs. voltage) is in excellent agreement
with measured data, proving the effectiveness of the piece-wise
approximation technique. The measured power response, shows
some differences from its simulation, but is within the same range.
A possible reason for the discrepancy could be the effect of higher
harmonics. To simulate this would require significantly more com-
plicated modeling of the components, board parasitics, and
discontinuities. However, for most engineering purposes, the circuit
performance prediction indicated here should be satisfactory.

VVAR Frequency POUT

(V) (GHz) (dBm)

0.5 0.95 5.7

1 0.974 5.5

2 1.018 5.4

4 1.184 4.7

8 1.68 3.2

12 1.886 5.2

14 1.932 4.9

18 2.008 5

22 2.076 3.9

25 2.12 3.5

30 2.188 2.2

List of Available Documents
1. Colpitts Wideband VCO Simulation Project Files 

for Libra IV.

2. Colpitts Wideband VCO Circuit Schematic and PCB Layout for
Protel EDA Client, 1998 version.

3. Colpitts Wideband VCO Gerber Photo-plot Files

4. A Colpitts VCO for Wideband (0.95–2.15 GHz) 
Set-Top TV Tuner Applications. (Current Document).

5. Detailed measurement and simulation data.

For the availability of the listed materials, please call our applica-
tions engineering staff.

© Skyworks Solutions, Inc., 1999. All rights reserved.
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APN1007: Switchable Dual-Band 170/420 MHz 
VCO for Handset Cellular Applications 

APPLICATION NOTE

Introduction
Modern multiband cellular handsets use multiple voltage control
oscillator (VCO) functions to accommodate the many down/up
conversions in the intermediate frequency (IF) portion. Using sep-
arate VCOs would cause a substantial increase in cost and size of
the radio frequency (RF) section. This component overload can be
resolved by implementing band switchable VCOs.

In many commercial switchable VCOs, the reactive elements in
the tank circuit are switched. This function is usually performed
with PIN diodes. The disadvantage of this solution is that in the
closed circuit state (“diode on” state) there is VCC current flowing
through the diode. This VCC current carries electrical noise which

directly modulates the VCO frequency. Therefore, the noise spec-
trum may grow significantly beyond the PLL filter range. This type
of switching also limits the switching to within 10–15 percent of
the center frequency, due to the strong effect of PIN diode series
resistance on the tank circuit losses, increasing phase noise.

In this paper, we describe a new switchable VCO solution which
employs switching between separate tank circuits. This reduces
the effect of PIN diode series resistance on VCO noise perfor-
mance and results in virtually unlimited switching range and
individual optimization of each tank circuit.
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Figure 1. VCO Model

170_420_Dual_Resonator
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The VCO Model
In the circuit schematic in Figure 1, a traditional Colpitts struc-
ture, the varactors are connected as shunt capacitors. Tank
inductors, L4 and L1, providing DC bias to the varactors, are
shunted to ground at the common point with capacitor X6.
Inductors L4 and L1 are modeled as lossy elements (with Q = 25
at 100 MHz) in parallel with capacitors C5 and C4 of 0.38 and
0.28 pF respectively. This is typical for multilayer inductors of
style 0603 (60 x 30 mil footprint), (TOKO Coils and Filters cata-
logue). The tank inductor values of 12 and 56 nH were optimized
to fit the desired 170 MHz and 420 MHz frequency bands.
Capacitor X6 is modeled as a series RLC network with the length
of transmission line TL3, appropriated to its position on the layout
(see later). Series capacitative reactances, X3 and X4 are also
modeled as lossy series RLC networks, with their appropriate
layout-specific transmission lines, TL4 and TL2. Shunt capacitors,
C7 and C6, are due to the effects of multiple components pads.
The DC bias resistance, SRL2, was chosen relatively small, 300
Ω, to avoid significant thermal noise generation.

The PIN diodes were modeled as parallel RC networks, PRC1 and
PRC2, with switching resistances RSW_L and RSW_H, in the low
band and high band branches respectively. The appropriate
biasing resistors are shown as shunt elements to ground, R2, R1
and R3, respectively. The truth table showing the values of RSW_L
and RSW_H for the appropriate low/high switching is shown in
Table 1.

RSW_L RSW_H State

3 Ω 3000 Ω Low band

3000 Ω 3 Ω High band

Table 1. Truth Table

Capacitor X1 improves the low band matching of the tank circuit,
insignificantly affecting high band performances of the tank,
because of the high resistance of PRC1 in the low band state.
This component may be removed for narrower frequency
switching.

The Colpitts feedback capacitances, CDIV1 = 20 pF and CDIV2 =
15 pF, were optimized to provide a reasonable power response
over the switching range.

The NEC NE68519 transistor was selected for its high gain and
low noise performance. The output is supplied from the emitter
load resistance, RL1 through the 20 pF coupling capacitor, mod-
eled as a series SLC1 component.

Figure 2 shows the Libra Test Bench. In the test bench we define
an open loop gain, Ku = VOut/VIn, as a ratio of voltage phasors at
input and output ports of an OSCTEST component. Defining the
oscillation point balances the input (loop) power to provide zero
gain for a zero loop phase shift. Once the oscillation point is
defined, the frequency and output power may be measured.
We don't recommend using the OSCTEST2 component for the
closed loop analysis, since it may not always converge and does
not allow clear insight into the understanding of VCO behavior.
This is considered an advantage of modeling over a purely 
experimental study.

Figure 3 shows the Default Bench. The variables used for more
convenient tuning during performance analysis and optimization
are listed in a “variables and equations” component.

SMV1142-011 and SMV1408-011 SPICE Models
SPICE models for the SMV1142-011 and SMV1408-011 varactor
diodes defined for the Libra IV environment, are shown in Figure
4 and Figure 5 with a description of the parameters employed.
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Figure 2. Libra Test Bench
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Figure 3. Default Bench

Figure 4. Spice Model for SMV1142-011 Figure 5. Spice Model for SMV1408-011
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Figure 6. Capacitance vs. Voltage

Part CJO M VJ CP RS LS
Number (pF) (V) (pF) (ΩΩ) (nH)

SMV1142-011 13.4 1 2.2 0 0.7 1.8

SMV1408-011 21 25 68 0.13 0.6 1.8

Parameter Description Unit Default

IS Saturation current (with N, determine the DC characteristics of the diode) A 1e–14

RS Series resistance Ω 0

N Emission coefficient (with IS, determines the DC characteristics of the diode) - 1

TT Transit time S 0

CJO Zero-bias junction capacitance (with VJ and M, defines nonlinear junction capacitance of the diode) F 0

VJ Junction potential (with VJ and M, (CJO and M) defines nonlinear junction capacitance of the diode) V 1

M Grading coefficient (with VJ and M, (CJO and VJ) defines nonlinear junction capacitance of the diode) - 0.5

EG Energy gap (with XTI, helps define the dependence of IS on temperature) EV 1.11

XTI Saturation current temperature exponent (with EG, helps define the dependence of IS on temperature) - 3

KF Flicker noise coefficient - 0

AF Flicker noise exponent - 1

FC Forward-bias depletion capacitance coefficient - 0.5

BV Reverse breakdown voltage V Infinity

IBV Current at reverse breakdown voltage A 1e-3

ISR Recombination current parameter A 0

NR Emission coefficient for ISR - 2

IKF High injection knee current A Infinity

NBV Reverse breakdown ideality factor - 1

IBVL Low-level reverse breakdown knee current A 0

NBVL Low-level reverse breakdown ideality factor - 1

TNOM Nominal ambient temperature at which these model parameters were derived °C 27

FFE Flicker noise frequency exponent 1

Table 2 describes the model parameters. It shows default values
appropriate for silicon varactor diodes that may be used by the
Libra IV simulator.

According to the SPICE model in Figures 4 and 5, the varactor
capacitance, CV, is a function of the applied reverse DC voltage,
VR, and may be expressed as follows:

This equation is a mathematical expression of the capacitance
characteristic. The model is accurate for abrupt junction varactors
(like the SMV1408). The model is less accurate for hyperabrupt
junction varactors because the coefficients are dependent on
applied voltage. To make the above equation work better for the
hyperabrupt varactors, the coefficients were optimized for the
best capacitance vs. voltage fit as shown in Table 3 and Figure 6.

Note: In the Libra model shown in Figure 6, CP is given in pico-
farads, while CGO is given in farads to comply with the default
unit system used in Libra.

Table 2. Model Parameters

Table 3. Optimized Coefficients for Capacitance vs. Voltage

CV = + CP

1 +

CJO

MVVAR

VJ

( )
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VCO Design, Materials, Layout and Performance
Figure 7 shows the VCO circuit diagram.
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Figure 7. VCO Circuit Diagram
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The PCB layout is shown in Figure 8. The board was made of
standard, 30 mil thick, FR4 material.

Figures 9 and 10 show the measured performance of this 
circuit and the simulated results obtained with the model in
Figure 8.

In both low and high band states there is good compliance for
frequency response. Some of the difference of the measured
data and the simulation is probably due to the 5–10 percent
variation of circuit capacitances and inductances from their
nominal values.

The low band simulated power response was in fair agreement
with measured performance, assuming measurement 
uncertainty of ±1 dB. The power response difference of 
up to 4 dB for the high band may be due to underestimated
circuit component losses. For example, a decrease of inductor
Q-quality from 30 to 20 decreases output power about 1 dB;
an increase in resistance of switching diode from 3 to 6 Ω
will decrease power to about 2 dB.

Table 4 shows the bill of materials used.

Designator Value Part Number Footprint Manufacturer

C1 8 pF 0603AU8R0JAT9 0603 AVX

C2 470 pF 0603AU471JAT9 0603 AVX

C3 100 pF 0603AU101JAT9 0603 AVX

C4 100 pF 0603AU101JAT9 0603 AVX

C5 100 pF 0603AU101JAT9 0603 AVX

C6 20 pF 0603AU200JAT9 0603 AVX

C7 15 pF 0603AU150JAT9 0603 AVX

C8 10 pF 0603AU100JAT9 0603 AVX

C9 100 pF 0603AU101JAT9 0603 AVX

C10 20 pF 0603AU200JAT9 0603 AVX

C11 30 pF 0603AU300JAT9 0603 AVX

CCC 100 pF 0603AU101JAT9 0603 AVX

L1 12 nH LL1608-F12NS 0603 TOKO

L2 56 nH LL1608-F56NS 0603 TOKO

R1 300 CR10-301J-T 0603 AVX

R2 1.5 k CR10-152J-T 0603 AVX

R3 1.5 k CR10-152J-T 0603 AVX

R4 1.5 k CR10-152J-T 0603 AVX

R5 100 CR10-101J-T 0603 AVX

R6 3 k CR10-302J-T 0603 AVX

R7 6.8 k CR10-682J-T 0603 AVX

D1 SMV1408-011 SMV1408-011 SOD-323 Skyworks

D2 SMV1142-011 SMV1142-011 SOD-323 Skyworks

P1 SMP1320-011 SMP1320-011 SOD-323 Skyworks

P2 SMP1320-011 SMP1320-011 SOD-323 Skyworks

Q1 NE68519 NE68519 SOT-419 NEC

Table 4. Bill of Materials
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Figure 8. PCB Layout
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Figure 9. Low Band Measured and Simulated Results
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Figure 10. High Band Measured and Simulated Results
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List of Available Documents
1. HF Switchable VCO Simulation Project Files for 

Libra IV

2. HF Switchable VCO Circuit Schematic and PCB Layout for
Protel EDA Client, 1998 Version

3. HF Switchable VCO PCB Gerber Photo-plot Files

(For the availability of the listed materials, please call our applica-
tions engineering staff.)

Figure 11. High Band Phase Noise vs. Frequency

may be attributed to the spectrum analyzer method where the
internal noise may be too close to the measurement level. It may
also be related to the wide-bandwidth matching requirement of
the VCO feedback circuit, which makes it difficult to satisfy noise
optimums in both bands simultaneously. Our design compromise
was to balance noise performance between both bands. In any
event, -95 dBc/Hz is considered acceptable for digital cellular
applications.

Figure 11 shows the phase noise in the high band state vs. fre-
quency offset. It shows better than -95 dBc/Hz at 10 kHz offset.
This measurement was made using the PN9000 Phase Noise Test
Set, courtesy of Aeroflex Comstron, Plainview, NY
(www.aeroflex.com).

Phase noise for both bands was measured with the HP8564E
spectrum analyzer. At 10 kHz offset the noise was -95 dBc/Hz for
both bands. It was expected that phase noise would be better at
the low band. The poorer measured phase noise at the low band

VCO Related Application Notes
1. Varactor SPICE Models for RF VCO Applications

2. A Colpitts VCO for Wideband (0.95–2.15 GHz) Set-Top TV Tuner
Applications

3. A Balanced Wideband VCO for Set-top TV Tuner Applications

© Skyworks Solutions, Inc., 1999. All rights reserved.
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APN1008: T/R Switch for IMT-2000 Handset Applications
APPLICATION NOTE

Introduction
IMT-2000, International Mobile Technology-2000, is the third-
generation technology standard developed by the International
Telecommunications Union (ITU) for global mobile communications.
The spectrum allocation for IMT-2000 is 1885–1980 MHz for uplink
(mobile to base station) communication and 2110–2170 MHz for
downlink (base station to mobile) communication.

In Europe, the system is known as UMTS. The spectrum 
allocation is 1920–1980 MHz (uplink) and 2110–2170 MHz
(downlink) for Frequency-Division Duplex (FDD) and
1900–1920 MHz and 2010–2025 MHz for Time Division 
Duplex (TDD).

Wideband CDMA (WCDMA) is the access technology adapted by
major Japanese mobile manufacturers and is incorporated in
UMTS. Figure 1 shows frequency allocation schemes adapted or
under consideration in different parts of the world.

This application note addresses a handset T/R switch design
that enables its antenna to be electronically connected to either
the transmitter or receiver. It covers both the1885–1980 MHz
transmit band (uplink) and the 2110–2170 MHz receive band
(downlink). Since the T/R switch is placed at the RF front end 
of the handset, it has significant influence on transmitter 
efficiency, receiver sensitivity, and battery consumption. An
important characteristic of the RF system is transmit signal 
linearity and purity which strongly affects the level of interfer-
ence from neighboring channels. The design demonstrates a
high-performance T/R switch appropriate for IMT-2000 
handset applications utilizing the low-cost SMP1320-079 
and SMP1320-017 PIN diodes as switching elements.
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Figure 1. WCDMA Spectrum Allocation by Regions1
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PIN Diode T/R Switch Fundamentals
The traditional PIN diode based T/R switch is an attractive design
option for a handset. The design consists of a series-connected
PIN diode placed between the transmitter power amplifier and
antenna, and a shunt-connected PIN diode connected at the
receiver port, which is a quarter wavelength from the antenna, as
shown in Figure 2. When the transmitter is on, forward current is
applied to both diodes (low impedance state), allowing low inser-
tion loss between transmitter and antenna. The low impedance of
the receiver diode protects it from the transmitter power and the
quarter wavelength line transforms the low impedance to high
impedance at the antenna port. When the receiver is on, the PIN
diodes are at zero bias (high impedance state). This results in low
loss between the antenna and the receiver and isolates the off-
transmitter. A desirable feature of this handset switch design is
that no battery power is consumed in standby when the receiver
is on.

For good switch performance, the PIN diodes utilized should have
low capacitance at zero bias and low resistance at low forward
current. The SMP1320 series, typically 0.35 pF and 2 Ω at 1 mA,
was chosen. Low inductance is required for the shunt connected
diode so the four-lead, SOT-143, SMP1320-017 was chosen. This
device has an effective inductance of approximately 0.2 nH. For
the series connected diode, the inductance is less critical, so the
SC-79 package, SMP1320-079, was selected.

Circuit Model
In the Libra Series IV model shown in Figure 3, PIN diode, X4, is
the series connected diode in the transmit path and PIN diode,
X3, is connected in shunt in the receive RF path. DC bias is 
provided through a choke formed by microstrip line, TL11, and
capacitor, SRLC11. The 3 V DC supply current is limited to about
5–6 mA by resistor R2 = 510 Ω.

Figure 3. Libra Switch Model

ANT
VCTL1

D1 (RS1)

D2 (RS2)

ReceiverTransmitter λ/4

Figure 2. Typical SPDT Switch Design
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Microstrip line, TL8, transforms the inductive impedance of the
forward biased PIN diode, X3, to a value high enough not to sig-
nificantly affect the transmission path. Capacitor, SRLC,
modeled as a series R-L-C, tunes out discontinuities caused by
the high impedance of transformed TL8 and PIN diode, X3, in
the receive path.

The low value of the antenna coupling capacitor, SRLC10 (4.64
pF), is modeled as a series connected R-L-C. It resonates in
series with its inductance as well as the residual inductances
from both the microstrip-coaxial interface and the switch circuit.
A higher value of this capacitor should not harm the receive path,
but it may significantly degrade the transmit path by moving its
pass window to a higher frequency.

Capacitor, SRLC7, also performs a tune-out function, compen-
sating for the inductance of series PIN diode, X4, and any
associated capacitive contributions from placement pads Cpad7,
Cpad8, etc. The capacitances formed by the components’ place-
ment pads are modeled as discrete capacitors, Cpad5, Cpad6,
Cpad7 and Cpad8. Capacitors, C5, C6 and C7 model the disconti-
nuity effects of the microstrip-to-coaxial interface.

Most of the circuit model values were established as a result of a
parameter extraction procedure which was used to fit the simu-
lated S-parameters of the initial design with the measured values
used in the actual design. More details of this procedure will be
discussed in following paragraphs.

SMP1320-079 and SMP1320-017 Models
The SMP1320 series are silicon PIN diodes designed with typical
I region thickness of 8 um and carrier lifetime of 0.4 us. The
devices exhibit a wide range of resistance vs. current and are
capable of operating with low distortion as a switching element.

The SMP1320-017 lead configuration for the SOT-143 was
designed for low inductance in shunt connected diode connec-
tions. To be effective, the device must be inserted with each
anode contact attached to either side of a gap in a microstrip
trace with separate ground contacts as shown in Figure 5. With
no DC current in Dpin, the diode is at high impedance and the RF
current, Ish, is minimal. The RF input current flows directly to the
output, Iout. Parasitic inductances, L1 and L2, formed by the bond
wires and the package leadframe, result in about 2–2.5 nH total
inductance in the Iout current path.

When diode Dpin is forward biased, the shunt current Ish is high.
The voltage drop between the anode of Dpin and ground is due to
the small (0.2 nH) inductance of the lead and the PCB via. This
small shunt impedance causes the through-current, Iout, to be
relatively small and allows the PIN diode to provide useful attenu-
ation of frequencies beyond 6 GHz.

Figure 4. Default Bench Values

RF Input RF Output

Iout

Ish Dpin

L1, L2

1.2 nH

L2/2
0.4 nH

L2/2
0.4 nH

Figure 5. Low Inductance SOT-143
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Models for the SMP1320-017 and SMP1320-079 PIN diode
defined for the Libra IV environment are shown in Figures 6a and
6b with a description of the parameters used. In each model, two
diodes were used to fit both the DC and the RF properties of each
PIN diode. The PIN diode built-in model of Libra IV is used to
model behavior of RF resistance vs. DC current. The PN-junction
diode model was used to model the DC voltage-current charac-
teristic. Since both diodes are connected in series, the same DC
current flows through both. In the PN-junction model, the diodes
are effectively RF shorted with capacitor C2 set at 1011 pF. The
portion of the RF resistance that reflects a residual series resis-
tance was modeled as R2 = 0.8 Ω. This resistor is connected in
parallel with ideal inductor, L1 = 1019 nH, thus it has zero Ω at
DC. Capacitors CG, and CP, and inductor L2 reflect the junction
and package properties of SMP1320 diodes. The exact induc-

tance and capacitance values of the package and diode junction
were trimmed to best fit simulated and measured results of the
working switch circuit. The reason for trimming is to improve the
accuracy of the model in the WCDMA frequency range caused by
the interaction of package parasitics and board layout.

The linear model that emulates the DC and RF properties of the
PIN diode is described in Reference 3. The fundamental proper-
ties of PIN diodes are described in Reference 2.

Tables 1 and 2 display the model parameters for a silicon PIN
diode and a silicon PN diode. They show the default values,
appropriate for silicon diodes, that may be used by the Libra IV
simulator. Some values of the built-in PIN diode model of Libra IV
were not used. These are marked “not used” in the tables.

Figure 6a. SMP1320-017 Small Signal Model
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Figure 6b. SMP1320-079 Small Signal Model 

Default
Parameter Description Unit SMP1320

IS Saturation current (Not used) A 1.9E-9

VI I region forward-bias voltage drop V 7.5e-4

UN Electron mobility cm**2/(V*S) (Not used) cm**2/(V*S) 900

WI I region width (Not used) M 1.2e-4

RR I region reverse-bias resistance Ω 4E5

CMIN PIN punchthrough capacitance F 0

TAU Ambipolar lifetime within I region (Not used) S 1E-12

RS Ohmic resistance Ω 0

CJO Zero-bias junction capacitance F 1.8E-15

VJ Junction potential V 1

M Grading coefficient - 1.01

KF Flicker noise coefficient (Not used) - 0

AF Flicker noise exponent (Not used) - 1

FC Coefficient for forward-bias depletion capacitance (Not used) - 0.5

FFE Flicker noise frequency exponent (Not used) - 1

Table 1. Silicon PIN Diode Values in LIBRA IV Assumed for SMP1320 Models
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Circuit Design Procedure
Because the transmit and receive frequency bands of IMT-2000
are separated, an iterative design procedure (shown in Figure 7)
was used to optimize performance. Under model parameters,
values were established for most of the parasitic components
such as the capacitance of landing pads, transition discontinu-
ities, inductances of the discrete capacitors, and connection lines
(refer to the circuit model in Figure 3). In the initial stage, many

of these model parameters could not be defined because of
layout uncertainty. A round of simulation was performed to
resolve this uncertainty and establish the circuit layout. In this
round the basic circuit, transmission lines, and capacitances
were defined, resulting in the PCB layout shown in Figure 9.

Default
Parameter Description Unit SMP1320

IS Saturation current A 2.4E-10

RS Series resistance Ω 2.6

N Emission coefficient (Not used) - 1.75

TT Transit time (Not used) S 0

CJO Zero-bias junction capacitance (Not used) F 0

VJ Junction potential (Not used) V 1

M Grading coefficient (Not used) - 0.5

EG Energy gap (with XTI, helps define the dependence of IS on temperature) EV 1.11

XTI Saturation current temperature exponent (with EG, helps define the - 3
dependence of IS on temperature)

KF Flicker noise coefficient (Not used) - 0

AF Flicker noise exponent (Not used) - 1

FC Forward-bias depletion capacitance coefficient (Not used) - 0.5

BV Reverse breakdown voltage (Not used) V Infinity

IBV Current at reverse breakdown voltage (Not used) A 1e-3

ISR Recombination current parameter (Not used) A 0

NR Emission coefficient for ISR (Not used) - 2

IKF High injection knee current (Not used) A Infinity

NBV Reverse breakdown ideality factor (Not used) - 1

IBVL Low-level reverse breakdown knee current (Not used) A 0

NBVL Low-level reverse breakdown ideality factor (Not used) - 1

TNOM Nominal ambient temperature at which these model parameters were derived °C 27

FFE Flicker noise frequency exponent (Not used) 1

Table 2. Silicon PN Diode Values in LIBRA IV Assumed for SMP1320 Models

Initial Guess
Model 

Paramenters

Model 

General Fit

Optimization

Measurements

Design
Values Final Results

S-
parameters

Figure 7. T/R Switch Iterative Design Chart
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The optimization process goals, in Figure 7, are defined in the
test bench design shown in Figure 8. Here GOAL1 minimizes
insertion loss in the uplink frequency band, and GOAL2 minimizes
the insertion loss in the downlink frequency band. Both
Transmitter_ON and Receiver_ON states of the switch are
defined on the single circuit test bench by consecutively applying
either 3 V or 0 V to the bias port of the switch model in Figure 3.
In Figure 10, the ports of the T_R_Antenna module are defined.

Ideally, the optimization parameters in the design stage include
varying the lengths and widths of transmission lines TL8 and
TL11, as well as the capacitor values in Figure 3, defined as con-
straint variable parameters. However, the layout was not intended
to be redone after it was fixed during the initial simulation run.
Therefore, the design iteration cycles did not allow the geome-
tries of TL8 and TL11 to change.

In the IMT-2000 frequency range, the contribution of multiple
parasitic components could not be ignored and required consec-
utive circuit trimming. These parasitic components include both
direct circuit layout contributors and transitions from microstrip to
coax. In addition, when comparing simulation results with mea-
sured S-parameters, the reference plane shift should be taken
into account. In Figure 10, the reference plane shift is described
by ideal transmission lines, TL1–TL4.

Figure 9. PCB Layout

Figure 8. Test Bench Defining “Optimization” Design Goals
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The general fit process in Figure 7 signifies an optimization pro-
cedure to minimize the difference between measured and
simulated S-parameters in both Transmit_ON and Receive_ON
states. Most of the parasitic and transmission line parameters
were allowed to vary within reasonable ranges. To avoid addi-
tional complications, many discontinuity models were simplified
as LC networks with lumped elements, whose parameters were
considered independent variables in the fitting procedure. These
simplifications resulted in some model components differing from

physically measurable parameters (e.g. transmission line width or
length). In addition, we allowed package inductances and capaci-
tances of the PIN diode to be modified by the fitting process.

The goal functions for the fitting procedure are described on the
test bench in Figure 11. The circuit model for the T_R_Antenna_Fit
module was similar to that shown in Figure 10, except that the line
lengths of TL1–TL4 were allowed to change in the range of 0–15°.

Figure 10. T/R Antenna Module Circuit Model

Figure 11. Fitting Procedure Test Bench
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When the fitting function reached its minimum, the optimized
parameters were entered into the modified switch circuit model
(Figure 3). The optimization design process was then repeated to
further improve circuit performance. After each iteration, the
modified circuit values were installed and a new set of S-para-
meters was measured. This iterative process continued until no
further significant performance improvement was achieved.

This circuit required three design iterations to achieve the desired
performance. Figures 12a and 12b show the results of two con-
secutive design iterations. Figure 12b shows the circuit
component values used in the last iteration of Figure 13 and in
the bill of materials shown in Table 3.
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Figures 12a and 12b. Measured and Simulated T/R Switch Insertion Losses for Two Consecutive Design Iterations 
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Figure 13. T/R Switch Circuit Diagram
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Circuit and Layout Description
The circuit diagram for the switch is shown in Figure 13 and the
PC board layout is shown in Figure 9. The bill of materials for the
switch is shown in Table 3.

The PC board is made of 0.25 mm thick, standard FR4 material
metalized with two-sided 0.02 mm thick copper. In the test
board, the RF signals were fed through SMA connectors.

Line L4 was meandered to reduce the active board area.
Continued meandering of lines L2 and L4 was not done because
accurate models were not available to predict performance.

Three via holes were used as ground pins for PIN diode, D2, to
reduce common mode inductance.

Switch Performance 
Measured switch performance is shown in Figures 14 and 15.
The insertion loss in the transmit (uplink) state, measured at 
VCTL = 3 V (1.8 mA), was less than 0.85 dB; the insertion loss in
the receive (downlink) state, at VCTL = 0 V, was less than 1.1 dB.
The higher receive state insertion loss was due to the design goal
preference, which favored transmit state insertion loss (see
Figure 8). In the model, circuit loss was referenced to the input
point of DC blocking capacitors C1, C4, and C6. This probably
resulted in an additional 0.15 dB loss, shown in Figure 14, due to
loss in the board interface circuitry.

A simulation analysis shows that the largest contributor to inser-
tion loss (both in transmit and receive paths) is the PCB
substrate. This includes metal losses, which have an effective
loss tangent of 0.06, contributing up to 0.5 dB to the total loss.
An additional 0.1 to 0.2 dB loss in the transmit path is due to the

residual resistance of the switching diode. In the receive state,
the capacitance of the series diode has a large impact. This
decreases the capacitance of the series PIN diode from 0.42 pF
to 0.22 pF and decreases the loss by 0.15 dB.

The transmit, uplink, state receiver isolation, and SWR are 
shown in Figure 15. In this band the SWR was about 1.15 and
the isolation was better than 28 dB. The receiver isolation
showed a strong function of common mode inductance in the
shunt diode (L2 in Figure 6a). A change of inductance from 0.2 
to 0.4 nH would cause more than 5 dB degradation in isolation.

Intermodulation distortion measurements were performed in 
both transmit and receive states. In the transmit state at 3 V VCTL,
(1.8 mA) a third order intercept point (IP3) of 63 dBm was 
measured. Two signals, each at 34 dBm, were applied to the
transmitter port, and distortion was measured at the antenna port
with the receiver port terminated. However, the measurement
system baseline IP3 was about 68 dBm making the actual IP3
better than the measured 63 dBm.

The distortion calculation, according to Reference 5, computed 
an IP3 of 68 dBm for an SMP1320 PIN diode switch. IP3 
values higher than 60 dBm are more achievable with GaAs
MESFET switches.

In the receive state, distortion was measured at IP3 = 35 dBm.
This measurement was made using two signals, each at 20 dBm
applied to the antenna port and measured at the receiver port
with the transmitter port terminated.

Designator Value Part Number Footprint Manufacturer

C1 6 p CM05CG6R0K10AB 0402 AVX/KYOCERA

C2 20 p CM05CG200K10AB 0402 AVX/KYOCERA

C3 1.2 p CM05CG1R2K10AB 0402 AVX/KYOCERA

C4 5 p CM05CG5R0K10AB 0402 AVX/KYOCERA

C5 0.6 p CM05CG0R6K10AB 0402 AVX/KYOCERA

C6 20 p CM05CG200K10AB 0402 AVX/KYOCERA

R1 510 CR05-511J-T 0402 AVX

D1 SMP1320-079 SMP1320-079 SC-79 Skyworks Solutions

D2 SMP1320-017 SMP1320-017 SOT-143 Skyworks Solutions

L1 0.36 x 10.8 mm MSL, 50 Ω 0.36 x 10.8 mm (printed on PCB)

L2 0.1 x 8.5 mm MSL 0.1 x 8.5 mm (printed on PCB)

L3 0.36 x 11 mm MSL, 50 Ω 0.36 x 11 mm (printed on PCB)

L4 0.3 x 11 mm MSL 0.3 x 11 mm (printed on PCB)

L5 0.36 x 5 mm MSL, 50 Ω 0.36 x 5 mm (printed on PCB)

Table 3. Bill of Materials for the T/R Switch
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APN1009: A Varactor Controlled Phase Shifter for 
PCS Base Station Applications

APPLICATION NOTE 

Introduction
Power amplifiers in today’s base stations use compensation 
techniques to reduce distortion. There are many well-known
compensation techniques available, all relying on similar princi-
ples of phase and amplitude control. Thus, most (and possibly all)
of the compensation techniques use the same control compo-
nents: voltage-controlled attenuators and voltage-controlled
phase shifters.

The quality of these control components strongly determines
compensation circuit performance. The ideal phase shifter 
provides a linear (vs. voltage) 0–360° phase shift with 0 dB
change in the signal level; similarly, the ideal attenuator would
provide a linear (vs. voltage) attenuation change with 0° phase
shift between attenuation settings.

This application note describes the design of a high-performance
phase shifter for PCS band base station applications. It employs
the low-cost SMV1245-011 varactor as the phase-control 
element and the HY19-12, 90° hybrid. The PCS band was
selected because the large number of base stations employed 
in its infrastructure require an efficient, low-cost solution.
However, the methodology employed in this design is applicable
to other wireless platforms.

Phase Shifter Fundamentals
A typical phase shifter architecture employing a quadrature cou-
pler (90° hybrid) is shown in Figure 1. The input signal (PIN) is
divided by the coupler and directed to two branches (with 90°
phase shift) that are terminated with varactor diodes D1 and D2,
changing the phase of each signal equally. The reflected signals
(Pref/2) are then re-combined and are in phase at the output port
(POUT). The reflected signals at the input port are 180° out of
phase and cancel each other. The phase shift provided by this
circuit is equal to the reflection phase shift provided by a single
varactor. The small vectors in Figure 1 show the phase relation-
ships at the output and input ports.

A circulator terminated by a varactor may also be used to sepa-
rate the reflected and incident waves and provide phase shift.
However, this solution would be costly. Instead, the circuit in
Figure 1 provides a lower cost alternative, although it uses two
phase shifting varactor circuits.

D1 D2

C1

R1 R2

3 dB
Quadrature

Coupler POUTPIN

Pinc Pref

Pref/2

Vbias

Pref/2

Pinc/2 Pinc/2

Figure 1. Typical Phase Shifter Design

The varactor components in Figure 1 act as ideal, lossless reac-
tive loads with reflection coefficient from 0° (open circuit — zero
varactor capacitance) to -180° (short circuit — infinite varactor
capacitance). The reflection phase shift for different elementary
circuits was calculated and is shown in Figure 2. For an ideal
variable capacitor that changes from 0 pF to infinity, a total phase
shift from 0° to -180° will occur. For an ideal variable inductor,
the phase changes from -180° to 0°. If both were connected in
series, the ideal result would be a 360° phase shift change.
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Figure 2b shows that adding a fixed inductor to a variable capac-
itor increases the phase shift range; in this case 
6 nH was added at 1.95 GHz, resulting in a phase shift of approx-
imately 280°. However, a continued increase of inductance will
reduce the effect of the varactor capacitance range and lead to a
degradation of the overall phase shift range. Installing an addi-
tional capacitor (Cpar) in parallel with the LC varactor network,
shown in Figure 3, reduces this effect.

The components shown in Figure 3 are used in a typical design.
Two additional resistive components are included: the parasitic
varactor series resistance (RS) and the added bias resistor
(Rbias). Figure 4 shows the calculated loss, S11, for different
combinations of RS and Rbias. The varactor RS introduces most
loss at maximum capacitance (highest current in varactor path).
However, the bias resistance, in parallel with the varactor, intro-
duces the highest loss at low capacitance, below the 180° phase
shift point, where resonance occurs. From linear circuit theory,
this resonance also depends on the value of Rbias. When these
loss factors are taken into account, some flattening of the ampli-
tude response may result, as shown in Figure 4.

In reality, the varactor resistance, RS, may be a function of bias
(reverse) voltage. In some “very” hyperabrupt junction varactors,
the series resistance may vary 2–5 times from its maximum at 0
V to a minimum at the punch-through voltage. However, the
series resistance of the SMV1245 used in this design is constant
for the range of applied voltage.

-360

-300

-240

-180

-120

-60

0

0 2 4 6 8 10 12 14 16 18 20

S11S11

Capacitance (pF)

Inductance (nH)

Inductance (nH), Capacitance (pF)

Frequency (1.95 GHz)
Re

fle
ct

io
n 

Ph
as

e 
Sh

ift
 (D

eg
.)

Figure 2a. Elementary L and C circuits

Lser

Rbias

Cpar

CVAR

RF
 G

ro
un

d

VCTL

RS

S11

Figure 3. Equivalent Circuit of the Practical 
Phase Shifting Element

-0.6

-0.7

-0.8

-0.5

-0.4

-0.3

-0.2

-0.1

0

S11 (Deg.)

S 1
1 

(d
B)

-270 -240 -210 -180 -150 -120 -90 -60

RS = 0, Rbias = 1 k

RS = 1 Ω, 
Rbias = 100 k

RS = 1 Ω,
Rbias = 3 k

Figure 4. S11 State Chart for CVAR = 0–10 pF 
(Ref. Fig. 3)

-360

-300

-240

-180

-120

-60

0

Capacitance (pF)

Re
fle

ct
io

n 
Ph

as
e 

Sh
ift

 (D
eg

.)

0 1 2 3 4 5

S11

Frequency (1.95 GHz)
Inductance (6 nH)

Series Resonance

Figure 2b. Series LC Circuit

Figure 2a and 2b. Reflection (S11) Phase Shift 
for Elementary Circuits 



APPLICATION NOTE  •  APN1009

Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
200319 Rev. A  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  July 21, 2005 3

The Phase Shifter Circuit Model
The circuit model (for Libra IV) is shown in Figure 5. A quadrature
hybrid (HYB1) is used with 0.6 dB loss, which effectively simu-
lates the HY19-12 used in our design. Capacitors C1 and C2 are
internal components within the HY19-12, which isolate the DC
paths from input and output ports.

The 0.5 dB loss pad (PAD1) simulates the total loss of the
input/output interface in the circuit board. In reality, the effect of
the input/output interface, including SMA transitions and
microstrip lines, is more complex than the pad used in the model.
The simplification is appropriate because the model concentrates

on the phase and amplitude response vs. control voltage, which
is not affected by the performance of the input/output interface.

Inductors L1 and L2 (both 0.9 nH) effectively simulate the HY19-
12 lead and package inductances. Parallel capacitors SRLC1 and
SRLC2 are simulated as a series R-L-C network with a package
inductance of 0.75 nH and series resistance of 0.2 Ω. The dis-
crete inductors SRL1 and SRL2 are modeled as lossy parallel
R-L-C networks with series resistance, Rlser = 0.6 Ω, and par-
allel capacitance, 0.14 pF, which is typical for the majority of
multilayer inductors with inductance values within 2–5 nH.

Figure 5. Phase Shifter Circuit Model 
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SMV1245-011 SPICE Model
The SMV1245-011 is a low capacitance, hyperabrupt varactor
diode in a SOD-323 package.

The SPICE model for the SMV1245-011 varactor diode, defined
for the Libra IV environment, is shown in Figure 4 with a descrip-
tion of the parameters employed.

Table 1 describes the model parameters. It displays default
values appropriate for silicon varactor diodes that may be used
by the Libra IV (or similar) simulator.

According to the SPICE model, the varactor capacitance, CV, is a
function of the applied reverse DC voltage, VR, and may be
expressed as follows:

This equation is a mathematical expression of the capacitance
characteristic. The model is most accurate for abrupt junction
varactors (like the SMV1408). However, for hyperabrupt junction
varactors, the model is less accurate because the coefficients are
dependent on the applied voltage. To improve the equation for
hyperabrupt junction varactors, the coefficients were optimized
for the best capacitance vs. voltage fit. These simulated coeffi-
cients may not have physical meaning.

SPICE model values for the capacitance, CV, of SMV1245-011
used in the phase shifter design are given in Table 2.

Note that in the Libra model, CP, is given in pico-Farads, while
CGO is given in Farads to comply with the default unit system
used in Libra.

Figure 6. SMV1245 Spice Model

M P+ C

JV
RV

JOC
VC =

1 +
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Default
Parameter Description Unit SMP1320

IS Saturation current (with N, determine the DC characteristics of the diode) A 1e-14

RS Series resistance Ω 0

N Emission coefficient (with IS, determines the DC characteristics of the diode) - 1

TT Transit time S 0

CJO Zero-bias junction capacitance (with VJ and M define nonlinear junction capacitance of the diode) F 0

VJ Junction potential (with VJ and M define nonlinear junction capacitance of the diode) V 1

M Grading coefficient (with VJ and M define nonlinear junction capacitance of the diode) - 0.5

EG Energy gap (with XTI, helps define the dependence of IS on temperature) EV 1.11

XTI Saturation current temperature exponent (with EG, helps define the dependence of IS on temperature) - 3

KF Flicker noise coefficient - 0

AF Flicker noise exponent - 1

FC Forward-bias depletion capacitance coefficient - 0.5

BV Reverse breakdown voltage V Infinity

IBV Current at reverse breakdown voltage A 1e-3

ISR Recombination current parameter A 0

NR Emission coefficient for ISR - 2

IKF High injection knee current A Infinity

NBV Reverse breakdown ideality factor - 1

IBVL Low-level reverse breakdown knee current A 0

NBVL Low-level reverse breakdown ideality factor - 1

TNOM Nominal ambient temperature at which these model parameters were derived °C 27

FFE Flicker noise frequency exponent - 1

Table 1. Silicon Diode Default Values in Libra IV

Table 2. SPICE Parameters for SMV1245-011

Part Number CJO (pF) M VJ (V) CP (pF) RS (Ω) LS (nH)

SMV1245-011 6.9 1.7 3.5 0.47 2 2
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Phase Shifter Design, Materials and Layout
The circuit diagram for the phase shifter is shown in Figure 7 and
the PC board layout is shown in Figure 8. A bill of materials for
the phase shifter is shown in Table 3.

The PC board is made of 0.5 mm thick, standard FR4 material
with two-sided copper (0.02 mm thick) metallization. For test
purposes, the RF signals were fed through SMA connectors.

The 90° hybrid coupler is Skyworks model HY19-12, a GaAs IC,
optimized for PCS band applications. Although it is GaAs-based,
this product is passive and does not require external bias. All RF
leads of the HY19-12 are DC isolated, minimizing the number of
added DC blocking capacitors. Sufficient grounding is provided
through the four VIA holes under the IC body.

IN ISO

0 90°

M1

HY19-12PIN POUT

L2

2.2 nH
L1

2.2 nH

D1 D2

R1

200

C2

100 pF

VCTL

C3

1.5 pF
C1

1.5 pF

D1, D2
SMV1245-011

R2

200

Figure 7. Phase Shifter Circuit Diagram

Designator Value Part Number Footprint Manufacturer

C1 1 pF CM105CG1R0K10AB 0603 AVX/KYOCERA

C2 100 pF CM105CG200K10AB 0603 AVX/KYOCERA

C3 1 pF CM105CG1R0K10AB 0603 AVX/KYOCERA

M1 HY19-12 HY19-12 SOIC-8 Skyworks Solutions

R1 200 CR105-201J-T 0603 AVX

R2 200 CR105-201J-T 0603 AVX

D1 SMV1245-011 SMV1245-011 SOD-323 Skyworks Solutions

D2 SMV1245-011 SMV1245-011 SOD-323 Skyworks Solutions

L1 2.2 nH HI1608-1B2N2_N_K_B 0603 ACX

L2 2.2 nH HI1608-1B2N2_N_K_B 0603 ACX

Table 3. Bill of Materials
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Figure 8. Phase Shifter PCB Layout
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Figure 9b. Amplitude Response

Figure 9a and b. Measured and Simulated Responses 
of the Phase Shifter

Performance Discussion
Measured performance is shown in Figures 9a and 9b with simulated
data. Three sets of circuit values were measured and analyzed as
shown on the graphs. The largest phase shift, 240°, occurred at Lser
= 2.2 nH and Cpar = 2.0 pF for varactor voltage change from 0–12 V.
In this case, the amplitude variation was about ± 1.5 dB. For Cpar =
1.5 pF there was an approximate 190° phase shift with ± 0.75 dB
amplitude variation. With Lser = 2.2 nH and Cpar = 1.8 pF there was
an approximate 220° phase shift with ± 1.2 dB amplitude variation.

It is interesting to note that the “linear” range of phase shift (linear vs.
voltage) is similar for the three designs and is about 120° (from 60° to
180°). The highest phase/voltage sensitivity was for Cpar = 2.0 pF
estimated at about 40–50 V. Higher phase shift values are achievable
with higher Cpar values, but larger amplitude variations would occur.

The measured and simulated phase responses were noticeably sim-
ilar, validating the assumptions in the model that predict phase
properties. The simulated amplitude responses were not as close to
the measured data. Some of the discrepancies may be attributed to
the simplified, idealized model of the 90° hybrid coupler.

In this design, we considered only the SMV1245-011 varactor diode
from a large selection of varactors available. Varactors with higher
tuning sensitivity, such as the SMV1247 or SMV1263, provide a higher
range of phase shift but with more amplitude variation. Abrupt junc-
tion varactors from the SMV1400 series will operate with lower tuning
sensitivity and less phase control but with lower loss and better
amplitude linearity.
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1. “Varactor SPICE Models for RF VCO Applications.” APN1004,

Skyworks Solutions, Inc., 1998.
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1. Phase Shifter Simulation Project Files for Libra IV.

2. Phase Shifter PCB Gerber Photo-plot Files.



Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
200320 Rev. A  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  July 21, 2005 1

APN1010: A VCO Design for WLAN Applications in the 
2.4–2.5 GHz ISM Band

APPLICATION NOTE

Introduction
The increased demand for mobile network connections has led 
to the establishment of RF interface standards for Wireless Local
Area Networks (WLANs). The unlicensed ISM frequency band,
2.4–2.5 GHz, has been designated for WLAN usage. Table 11

displays frequency allocations in different parts of the world for
WLAN. In the US, IEEE 802.11 specifies two RF physical layer
interfaces for WLAN, Direct Sequence Spread Spectrum (DSSS),
and Frequency Hopped Spread Spectrum (FHSS).

DSSS uses an 11-bit Barker code where each bit of information
is spread within a single channel. The IEEE standard allocates 11
channels, each 22 MHz wide, with 5 MHz spacing between
center frequencies in the 83.5 MHz band. This creates channels
whose frequencies overlap.

With FHSS, there are 75 channels, each 1 MHz wide. The trans-
mitter and receiver follow a predetermined frequency-hopping
sequence at least once every 400 ms. The frequency-hopping
sequences have been arranged to spread the power evenly
across the ISM band.

In the typical DSSS interface architecture, shown in Figure 1, the
RF signal passes through an antenna diversity switch (this switch
may be designed using the common cathode SMP1320-074 PIN
diode). The signal passes through a bandpass filter and a T/R
switch (this switch may be designed using the PIN diodes
SMP1320-079 and SMP1322-0173). In the down/up converter IC,
Intersil HFA3683, the RF signal is converted to an IF of 374 MHz.
The IF signal enters a second down/up converter, Intersil
HFA3783, and is further converted to/from the baseband IC
input/output interface range. This architecture uses external VCOs
for the RF and IF local oscillators. In the selected frequency plan,
the RF VCO operational range is 2.06–2.1095 MHz and the IF
VCO operates at 748 MHz fixed frequency.

This application note describes the design of RF and IF VCOs for
a 2.4–2.4835 GHz WLAN application. It is based on the frequency
plan described above. Although this design addresses a particular
RF system outline, this example may be applied to most 
WLAN systems.

IF VCO

MAC

Base
Band

Processor

2.4–2.4835 GHz

2.4–2.4835 GHz
374 ± 11 MHz

2.026–2.1095 GHz
748 MHz

RF VCO

HFA3683

HFA3783

PLL PLL 0/90°

T/RAnt. Select

SM
P1

32
0-

07
9

SMP1320-074

SM
P1

32
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01
7

Figure 1. Typical WLAN RF Interface Architecture Based on Intersil Prism
TM

Chip Set2

Region Allocated Spectrum (GHz)

US, Europe 2.4–2.4835

Japan 2.471–2.497

France 2.4465–2.4835

Spain 2.445–2.475

Table 1. Global Spectrum Allocation at 2.4 GHz1
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VCO Specifications
In the frequency plan shown in Figure 1, the RF VCO frequency
range is 2.026–2.1095 GHz. In reality, the tuning range of the
specific VCO design should be stretched to accommodate condi-
tions that would affect frequency. These factors include
temperature variations, component value variations, aging, and
humidity. Table 2 shows how the tuning range needs to be
expanded to meet these conditions. We assume that the VCO has
a +0.1%/10°C temperature sensitivity, which is typical for
uncompensated RF VCO designs.

Similar considerations lead to an extension of the IF VCO range
of 748 MHz, ±3.2%, (724–772 MHz) resulting in a 48 MHz
tuning range.

The RF and IF VCO performance also depends on the characteris-
tics of the specific RF IC chip-set used. Table 3 lists typical
performance objectives for the RF and IF VCO.

VCO Design Considerations
An important consideration for the VCO and other RF components
integrated on the same PCB is the ability to cover the frequency
range with no trimming. Non-trimmed VCOs are particularly 
sensitive to variations of the component values and PCB material
characteristics. In addition, VCOs operating at oscillation 
frequencies greater than 1 GHz are even more sensitive to 
these variations.

For this reason, this design employs a frequency-doubling
scheme to achieve an RF VCO between 1.969–2.1841 GHz. The
fundamental frequency of the RF VCO architecture, in Figure 2,
operates at 0.9845–1.092 GHz, half the output frequency. This
signal is fed to a multiplier/buffer transistor, whose output circuit
is tuned to the second harmonic, 1.969–2.184 GHz.

An important benefit of frequency doubling is its inherent high
level of load isolation, reducing the VCO buffer amplifier’s com-
plexity. However, the presence of the fundamental component in
the output spectrum may require some filter circuitry at the mul-
tiplier output to prevent PLL counter errors.

The fundamental RF VCO was designed using traditional Colpitts
circuit procedures. Similarly, the IF VCO is also a traditional
design using a separate Colpitts VCO and buffer transistor, both
operating in the same frequency range of 0.726–0.770 GHz.

In this design, there is no frequency trimming allowed after
mounting. Therefore, the tuning range will be extended to cover
deviations resulting from component value variations. For induc-
tors and capacitors with a ±5% tolerance the worst case of
±2.3% frequency variation may result. Including aging and other
factors, a ±0.5% final tuning range will be from 1.969–2.184
GHz, or 215 MHz.

Range Description Margin %
Tuning Range (GHz)

Min. Max.

Operational 2.026 2.1095

Temperature +0.7 2.026 2.1243
(+15°C to + 85°C)

Components Variations ±2.3 1.979 2.1732

Aging and Other ±0.5 1.969 2.1841

Test 
Parameter Conditions RF VCO IF VCO

Frequency Range (GHz) VCTL
0.5 V 1.969 GHz 0.726 GHz
2.5 V 2.184 GHz 0.770 GHz

Tuning Sensitivity (MHz/V) 108 22

Supply Voltage (V) 3 3

Supply Current (mA) 15 10

Control Voltage (V) VCTL 0.5–2.5 0.5–2.5

Output Power (dBm) POUT -3 -8

Pushing Figure (MHz/V) 2 2

Pulling Figure (MHz) VSWR = 2 1 1
For All Phases

Phase Noise (dBc/Hz) @ 10 kHz -90 -90

Table 2. RF VCO Tuning Range Margins

Table 3. Typical RF/IF VCO Performance
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Colpitts VCO Fundamentals
The fundamental Colpitts VCO operation is illustrated in Figures
3a and 3b.

Figure 3a shows a Colpitts VCO circuit the way it is usually imple-
mented on a PCB. Figure 3b reconfigures the same circuit as a
common emitter amplifier with parallel feedback. The transistor
junction and package capacitors, CEB, CCB and CCE, are shown
separated from the transistor parasitic components to demon-
strate their direct effect on the VCO tank circuit.

In an actual low-noise VCO circuit, the capacitor we noted as
CVAR may have a more complicated structure. It would include
series and parallel connected discrete capacitors used to set the
oscillation frequency and tuning sensitivity. The parallel resonator
(or simply resonator) consists of the parallel connection of the
resonator inductance, LRES, and the varactor capacitive branch,
CVAR. A fundamental property of the parallel resonator in a
Colpitts VCO is its inductive impedance at the oscillation 
frequency. This means that its parallel resonant frequency is
always higher than the oscillation frequency.

At parallel resonance in the resonator branch, its impedance in
the feedback loop is high, acting like a stop band filter. Thus, the
closer the oscillation frequency to the parallel resonant frequency,
the higher the loss introduced into the feedback path. However,
since more reactive energy is stored in the parallel resonator
closer to the resonant frequency, a higher Q-loaded (QL) will be
achieved. Obviously, low-loss resonators, such as crystal or
dielectric resonators, allow closer and lower loss oscillation
buildup at parallel resonance in comparison to microstrip or 
discrete inductor-based resonators.

The proximity of the parallel resonance to the oscillation 
frequency may be effectively established by the CSER capacitance
value. Indeed, if the capacitance of the CSER is reduced, the
parallel resonator will have higher inductance to compensate 
for the increased capacitive reactance. This means that the 
oscillation frequency will move closer to parallel resonance
resulting in higher QL and higher feedback loss.

The Leeson equation establishing connection between tank 
circuit QL and its losses states:

VCO Transistor

0.9845–1.092 GHz

VCTL

0.9845–1.092 GHz 0.9845–1.092 GHz 1.969–2.184 GHz

X2

Buffer Transistor Frequency Doubler Transistor

Figure 2. RF VCO Block Diagram

POUTCEB

CCB

RL
CDIV2

CDIV1

CSER

CVAR
LRES

VCC

CVCCCCE

Figure 3a. Basic Colpitts VCO Configuration
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Where F is the large-signal noise figure of the amplifier, P is loop or
feedback power (measured at the input of the transistor), and QL is
loaded Q. These three parameters have significant consequence for
phase noise in an actual low-noise RF VCO. In designing a low noise
VCO, we need to define the condition for minimum F and maximum
P and QL.

This discussion shows that loop power and QL are contradictory
parameters. That is, an increase in QL leads to more loss in the
feedback path resulting in lower loop power. The condition for
optimum noise figure is also contrary to maximum loop power
and largely depends on the specific transistor used. The best
noise performance is usually achieved with a high gain transistor
whose maximum gain coincides with minimum noise at large
signals. Since there are no such specifications currently available
for standard industry transistors, we can base the transistor
choice only on experience.

The RF VCO Model
The RF VCO model is shown in Figures 4a and 4b. Some compo-
nent values, defined as variables, are listed in the “Var_Eqn”
column in Figure 4b. In the VCO resonator model, in Figure 4a,
the SMV1763-079 varactor model is described as a resistor and
inductor, SRL4, connected in series, and capacitor C9 and diode
SMV1763 are connected in parallel. The varactor choice was
based on the VCO frequency coverage and the requirement for
low phase noise. The resonator inductor, LRES, is described as a
series RL network SRL1 with parallel capacitor C4. Parallel
capacitor C4 is modeled with its parasitic series inductance and
resistance in the SRLC1 series network. Two series capacitors,
CSER and CSER2, are also modeled as SRLC series networks, X4
and XRLC4, respectively. Transmission line TL2 models the phys-
ical connection of the resonator with the base of the VCO
transistor X2 (Figure 4b).

In the RF VCO circuit model, shown in Figure 4b, transistors, X2
and X4, are connected in DC cascode sharing the base bias net-
work consisting of R4 (RDIV1), R1 (RDIV2) and R2. The bias resistor
values were designed to evenly distribute the DC voltages
between X2 and X4. The emitter bias resistor, RL1, was chosen at
the low value of 100 Ω to minimize the DC voltage drop. The 60
nH inductance in series with RL1 in the network SRL1 enhances
the RF-to-ground impedance at the emitter terminal. At RF fre-
quencies, X4 operates as a common emitter amplifier with the
emitter grounded through parallel capacitor network
SRLC1–SRLC3. The efficiency of the circuit suppresses the fun-
damental component and enhances the second harmonic at the
output of X4 and is critical to the design of that network. The
inductors L3, L2 and the parasitic inductances in SRLC1 and
SRLC3 are crucial parts of the design.

Figure 4a. The RF VCO Resonator Model

Figure 4b. The RF VCO Circuit Model
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The details of the SRLC1–SRLC3 network layout in the VCO
design are shown in Figure 5. The circuit model values 
appearing in the model were optimized to fit the circuit’s 
performance. Some inductors in the model look different from 
the layout and are attributed to the imperfection of the circuit
component models.

The output circuit of transistor, X4, consists of transmission line
TL2 and coupling capacitor SLC3. This output circuit is tuned 
to the second harmonic of the oscillation frequency. The buffer
transistor X3 operates at the second harmonic as an ordinary
common-emitter amplifier with about 10 mA DC current for 
high gain.

In the test bench in Figure 6, the loop gain Ku = VOUT/VIN is
defined as the ratio of voltage phasors at the input and output
ports of an OSCTEST component. Defining the oscillation point is
a technique to balance the input (loop) power in order to provide
zero gain for zero loop phase shift. Once the oscillation point is
defined, the frequency and output power may be measured.
We do not recommend the use of the OSCTEST2 component 
for closed loop analysis, since it may not converge and does not
allow clear insight to VCO behavior.

Figure 5. SRLC1-SRLC3 Network Layout Details

Figure 6. The RF VCO Test Bench for Open Loop Oscillator Analysis Using OSCTEST Coupler from Libra IV Library
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The IF VCO Model
The IF VCO model is shown in Figures 7a and 7b. Some component
values, defined as variables, are listed in the “Var_Eqn” column in
Figure 7b. In the resonator model Figure 7a, the SMV1763-079
varactor model is described with resistor and inductor, SRL4, con-
nected in series, and capacitor C9 and diode SMV1763 connected
in parallel. For this narrow-band application, many varactors,
abrupt and hyperabrupt, work well; however the low resistance
and the hyperabrupt characteristic of the SMV1763-079 help
improve tuning linearity and phase noise. The resonator inductor,
LRES, is described as a series RL network, SRL1, with parallel
capacitor C4. The parallel capacitor is modeled with its parasitic
series inductance and resistance in the SRLC1 series network. Two
series capacitors, CSER and CSER2, are also modeled as SRLC series
networks, X4 and XRLC4 respectively. Transmission line, TL2,
models the physical connection of the resonator with the base of
the VCO transistor, X2, in Figure 7b.

In the IF VCO circuit model, in Figure 7b, transistors X2 and X4 are
DC biased separately to independently optimize the performance
of the VCO and buffer transistors. The emitter bias resistor, RL1,
was chosen as low as 130 Ω to achieve current/performance
balance in the VCO transistor. The overall current from the 3 V DC
bias was set at approximately 10 mA, which is adequate to pro-
vide sufficient power with good phase noise performance.

The VCO output signal is fed from collector resistor R2, shown in
the base of common-emitter amplifier buffer stage X3. The output
circuit of the buffer stage consists of parallel-connected inductor,
SRL1, capacitor, SLC2, and coupling capacitor, SRLC1. The col-
lector inductance is modeled as a lossy inductance with 0.6 Ω
series resistance in parallel with parasitic capacitor, C5.

Transmission line, TL1, is an essential contributor to VCO perfor-
mance, as a part of the load/tank circuitry. Referring  to Figure
3b, RL (the VCO active load) shown as R2 in Figure 7b, could be
interpreted as series impedance between the collector of the VCO
transistor and capacitor CVCC. Transmission line, TL1, in Figure
7b, may be considered an inductor in series with that load. The
buffer input circuit then becomes parallel to both R2 and TL1 (in
Figure 7b). The effective inductance of TL1 improves the input
match of the buffer stage and increases the output power level;
however this will also increase the load on the VCO feedback
power, which may lead to phase noise degradation.

The test bench was identical to Figure 6 (RF VCO), which was
defined for open loop analysis with the OSCTEST component above.

Figure 7a. IF VCO Resonator Model
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SMV1763-079 SPICE Model
SMV1763-079 is a low series resistance, hyperabrupt junction
varactor diode. It is packaged in the small footprint, SC-79 plastic
package with a body size of 47 x 31 x 24 mils (total length with
leads is 62 mils).

The SPICE model for the SMV1763-079 varactor diode, defined
for the Libra IV environment, is shown in Figure 8 with a descrip-
tion of the parameters employed.

Figure 7b. IF VCO Circuit Model

DIODE
DIOD3
AREA = 1
MODEL = amv1763
MODE = nonlinear

RES
Rs
R = 0.60

IND
LS
L = 1.10

CAP
Cpo
C = 1.60

PORT
P_anode
port – 1

PORT
P_cathode
port = 2

DIODEM
smv1763
IS = 1.00e-014
RS = 0
N = 1
TT = 0
CJO = 7.60e-012
VJ = 120
M = 90
EG = 1.11
XTI = 3
KF =0
AF =1
FC = 0.50
BV = 0
IBV = 1.00e-003
ISR – 0

 
NR = 2
IKF = 0
NBV = 1
IBVL = 0
NBVL = 1
TBV1 = 0
TNOM = 27
FFE = 1

Figure 8. SMV1763-079 SPICE Model for Libra IV
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Table 4 describes the model parameters. It shows default values
appropriate for silicon varactor diodes that may be used by the
Libra IV simulator.

According to the SPICE model, the varactor capacitor, CV, is a
function of the applied reverse DC voltage, VR, and may be
expressed as follows:

This equation is a mathematical expression of the capacitance
characteristic. The model is most accurate for abrupt junction
varactors (like the SMV1408). For hyperabrupt junction varactors,
the model is less accurate because the coefficients are depen-
dent on the applied voltage. To make this equation work better
for hyperabrupt varactors, the coefficients were optimized for the
best capacitance vs. voltage fit as shown in Table 2.

Note that in the Libra model in Figure 8, CP is given in
picoFarads, while CGO is given in farads to comply with the
default unit system used in Libra.

Parameter Description Unit Default

IS Saturation current (with N, determine the DC characteristics of the diode) A 1e-14

RS Series resistance Ω 0

N Emission coefficient (with IS, determines the DC characteristics of the diode) - 1

TT Transit time S 0

CJO Zero-bias junction capacitance (with VJ and M define nonlinear junction capacitance of the diode) F 0

VJ Junction potential (with VJ and M define nonlinear junction capacitance of the diode) V 1

M Grading coefficient (with VJ and M define nonlinear junction capacitance of the diode) - 0.5

EG Energy gap (with XTI, helps define the dependence of IS on temperature) EV 1.11

XTI Saturation current temperature exponent (with EG, helps define the dependence - 3
of IS on temperature)

KF Flicker noise coefficient - 0

AF Flicker noise exponent - 1

FC Forward-bias depletion capacitance coefficient - 0.5

BV Reverse breakdown voltage V Infinity

IBV Current at reverse breakdown voltage A 1e-3

ISR Recombination current parameter A 0

NR Emission coefficient for ISR - 2

IKF High injection knee current A Infinity

NBV Reverse breakdown ideality factor - 1

IBVL Low-level reverse breakdown knee current A 0

NBVL Low-level reverse breakdown ideality factor - 1

TNOM Nominal ambient temperature at which these model parameters were derived °C 27

FFE Flicker noise frequency exponent - 1

Table 4. Silicon Diode Default Values in Libra IV

M

J

R

JO
V C

V
V

C
C +

+

=

1

Table 5. SPICE Parameters for SMV1763-079

Part Number CJO (pF) M VJ (V) CP (pF) RS (ΩΩ) LS (nH)

SMV1763-079 7.6 90 120 1.6 0.6 1.1
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D1
SMV1763-079

VCTL: 0.5–2.5 V

VCC: +3 V
20 mA

POUT
C4

1.8 pF

L 2
3.

9 
nH

R2

8.2 k

R1

2.4 k

C5

6 p
C6

3.6 p

C7

560 pF

C8

2 p

V1

NE68519

C2

5 pF
C3

1 p

R4

100

R3

270

C13

1 p

L 3
8 

x 
0.

15
 m

m

C12

560 p

V2
NE68019

C1

100 pF

D1

R6

100

R7

3 k

V3

NE68019

C11

1.2 p

L4

8 x 0.15 mm

R5

5.6 k

C9

100 p

C10

7 p
L5

68 nH

C14

560 p

RF VCO Design, Materials and Layout
The RF VCO circuit diagram is shown in Figure 9. The circuit is
powered by a 3 V voltage source. The ICC current was established
near 20 mA. The RF output signal is coupled from the VCO
through capacitor C13 (1 pF).

The PCB layout is shown in Figure 10. The board is made of stan-
dard 10 mil thick FR4 material. The passive components on the
board have 0402 footprints. The bill of materials is shown in
Table 6.

Figure 9. RF VCO Schematic

Figure 10. RF VCO PCB
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IF VCO Design, Materials and Layout
The IF VCO circuit diagram is shown in Figure 11. This circuit is
also powered by a 3 V voltage source. The ICC current was estab-
lished near 9 mA. The RF output signal is coupled from the VCO
through capacitor C11 (3 pF).

The PCB layout is shown in Figure 12. The board is made using
standard 10 mil thick FR4 material. Passive components on the
board have 0402 footprints. The bill of materials is shown in
Table 7.

Designator Value Part Number Footprint Manufacturer

C1 100 pF 0402AU101KAT 0402 AVX

C2 5 pF 0402AU5R0JAT 0402 AVX

C3 1 pF 0402AU1R0JAT 0402 AVX

C4 1.8 pF 0402AU1R8JAT 0402 AVX

C5 6 pF 0402AU6R0JAT 0402 AVX

C6 3.6 pF 0402AU3R6JAT 0402 AVX

C7 560 pF 0402AU561KAT 0402 AVX

C8 2 pF 0402AU2R0JAT 0402 AVX

C9 100 pF 0402AU101KAT 0402 AVX

C10 7 pF 0402AU7R0KAT 0402 AVX

C11 1.2 pF 0402AU1R2KAT 0402 AVX

C12 560 pF 0402AU561KAT 0402 AVX

C13 1 pF 0402AU1R0KAT 0402 AVX

C14 560 pF 0402AU561KAT 0402 AVX

D1 SMV1763-079 SMV1763-079 SC-79 Skyworks Solutions

R1 2.4 k CR10-242J-T 0402 AVX/KYOCERA

R2 8.2 k CR10-822J-T 0402 AVX/KYOCERA

R3 270 CR10-271J-T 0402 AVX/KYOCERA

R4 100 CR10-101J-T 0402 AVX/KYOCERA

R5 5.6 k CR10-562J-T 0402 AVX/KYOCERA

R6 100 CR10-101J-T 0402 AVX/KYOCERA

R7 3 k CR10-302J-T 0402 AVX/KYOCERA

L1 22 nH LL1005-FH22NK 0402 TOKO

L2 3.9 nH 0402CS-3N9XJB 0402 COILCRAFT

L3 8 x 0.11 mm MSL(Meander Line) 8 x 0.11mm

L4 8 x 0.11 mm MSL(Meander Line) 8 x 0.11mm

L5 68 nH HI1608-1B68N_N_K 0603 ACX (Taiwan)

V1 NE68119 NE68119 SOT-416 NEC/CEL

V2 NE68619 NE68619 SOT-416 NEC/CEL

V2 NE68619 NE68619 SOT-416 NEC/CEL

Table 6. Bill of Materials for RF VCO
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VCTL: 0.5–2.5 V

C1

100 pF

D1
SMV1763-079

C2

4 pF

L2

6.8 nH

L1

49 nH

D1

C3

2.7 p

C4

2.7 pF

R2

3 k

R1

3 k

V1

NE68119

C5

4 p

C6

3 p

C8

3 p

R4

120

R6

3 k

R3

20

C9

100 p

C10

2 p

V2
NE68019

R7

200

C11

3 p

R5

3 k

VCC: +3 V
9 mA

L3

10 nH

C7

100 pF

TL1

8 x 0.1 mm

Figure 11. IF VCO Schematic

Figure 12. IF VCO PCB
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RF VCO: Measurement and Simulation Results
The measured performance of this circuit and the simulated results
obtained from the model are shown in Figures 13 and 14. Phase
noise measurements are shown in Figure 15, showing better than 
-91 dBc/Hz at 10 kHz offset and better than -111 dBc/Hz at 100 kHz
offset. This 20 dB/decade slope is constant to below 10 MHz.

Designator Value Part Number Footprint Manufacturer

C1 100 pF 0402AU101KAT 0402 AVX

C2 4 pF 0402AU4R0JAT 0402 AVX

C3 2.7 pF 0402AU2R7JAT 0402 AVX

C4 2.7 pF 0402AU2R7JAT 0402 AVX

C5 4 pF 0402AU4R0JAT 0402 AVX

C6 3 pF 0402AU3R0JAT 0402 AVX

C7 560 pF 0402AU561KAT 0402 AVX

C8 3 pF 0402AU3R0JAT 0402 AVX

C9 100 pF 0402AU101KAT 0402 AVX

C10 2 pF 0402AU2R0KAT 0402 AVX

C11 3 pF 0402AU3R0JAT 0402 AVX

D1 SMV1763-079 SMV1763-079 SC-79 Skyworks Solutions

R1 3 k CR10-302J-T 0402 AVX/KYOCERA

R2 3 k CR10-302J-T 0402 AVX/KYOCERA

R3 20 CR10-200J-T 0402 AVX/KYOCERA

R4 130 CR10-131J-T 0402 AVX/KYOCERA

R5 3 k CR10-302J-T 0402 AVX/KYOCERA

R6 3 k CR10-302J-T 0402 AVX/KYOCERA

R7 200 CR10-201J-T 0402 AVX/KYOCERA

L1 56 nH 0402CS-56NXJB 0402 COILCRAFT

L2 6.8 nH 0402CS-6N8XJB 0402 COILCRAFT

L3 10 nH 0402CS-10NXJB 0402 COILCRAFT

V1 NE68119 NE68119 SOT-416 NEC/CEL

V2 NE68019 NE68019 SOT-416 NEC/CEL

Table 7. IF VCO Bill of Materials

Figure 13. RF VCO Tuning Response
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Figure 14. RF VCO Pushing Response

Figure 15. RF VCO Phase Noise at VCTL = 1.5 V and VCC = 3 V

Because of frequency doubling, phase noise at the fundamental
frequency should be 6 dB better at the far offset. The doubled
frequency phase response, shown in Figure 15, gradually
diverges from the fundamental frequency as the offset frequency
increases with the phase noise difference close to the ideal value
of 6 dB. The measurements were performed using an Aeroflex
PN9000 Phase Noise Test Set with a 100 ns delay-line.

The measured frequency tuning response, in Figure 13, shows
near linear, 145 MHz/V, tuning sensitivity in the 0.5–2.5 V range
typical for battery applications. The simulated frequency tuning
response is similar to the measured response. The VCO output

power vs. tuning voltage shows a 2–4 dB divergence between
measurement and simulation. This may be attributed to an inac-
curacy in the VCO model parameters, especially to the transistor
model parameters. These models are derived for small-signal
amplifier applications and may not accurately reflect the higher
degree of nonlinearity of a VCO.

The DC supply pushing response is shown in Figure 14. It shows
a distinct change of frequency vs. supply voltage, which is prob-
ably a result of the dominant VCO emitter-base capacitance.

Table 8 summarizes the data measured for RF and IF VCOs.

Test 
Parameter Conditions RF VCO IF VCO

Frequency Range (GHz) VCTL
0.5 V 1.93 GHz 0.720 GHz
2.5 V 2.22 GHz 0.765 GHz

Tuning Sensitivity (MHz/V) 145 22

Supply Voltage (V) 3 3

Supply Current (mA) 20 10

Control Voltage (V) VCTL 0.5–2.5 0.5–2.5

Output Power (dBm) POUT 0 ±2 -8

Pushing Figure (MHz/V) 10 5

Pulling Figure (MHz) VSWR = 2 - -
For All Phases

Phase Noise (dBc/Hz) @ 10 kHz -91 -94

Table 8. Measured RF/IF VCO Performances
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IF VCO: Measurement and Simulation Results
The measured performance and simulated results of the IF VCO
are shown in Figures 16 and 17. Phase noise measurements,
shown in Figure 18, demonstrate better than -94 dBc/Hz at 10
kHz offset and better than -114 dBc/Hz at 100 kHz offset. This 20
dB/decade slope is constant to below 10 MHz. As with the RF
VCO, these measurements were performed with the Aeroflex
PN9000 Phase Noise Test Set.

The measured frequency tuning response, in Figure 16, shows 22
MHz/V tuning sensitivity in the 0.5–2.5 V range, typical for battery
applications. The simulated frequency tuning response shows a

higher tuning range because the transmission line (TL1 in Figure
7b) significantly affects VCO performance. Another reason for the
divergence of the simulation and measurement data is the effect
of higher harmonics. A far more complicated circuit model than
the one described in Figure 7b is required to account for higher
harmonics.

The model used, however, was quite successful in achieving the
design goals at the first attempt (directly from simulation to phys-
ical design) and in understanding phenomena such as the
influence of TL1.
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Figure 16. IF VCO Tuning Response
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Figure 17. IF VCO Pushing Response

Figure 18. IF VCO Phase Noise at VCTL = 1.5 V and VCC = 3 V
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Summary
In this application note, two VCO designs applicable for 2.4–2.5
GHz WLAN transceiver functions were demonstrated. It was
shown that an RF VCO with a large tuning sensitivity (about 150
MHz/V) could be achieved with low phase noise (< -91 dBc/Hz at
10 kHz offset) using Skyworks low resistance hyperabrupt var-
actor SMV1763-079. This varactor was also shown to suit a
lower frequency IF VCO, providing good tuning range and low
phase noise. VCO models were developed that were able to accu-
rately predict performance, and were confirmed by a comparison
of simulated and measured performance.
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APN1011: A 5–6 GHz Switch Using Low-Cost 
Plastic Packaged PIN Diodes

APPLICATION NOTE

Introduction
Short-range wireless LANs are being developed for use in the
ISM frequency bands between 5.15 and 5.875 GHz. Using low-
cost, plastic packaged, surface mount components, such as 
PIN diodes, is problematic in this frequency range because 
of package parasitics. In traditional designs, using low-cost 
packages like the SOT-23, coverage is limited to about 2.5 GHz.
In this Application Note, a new design for an SPDT switch in the
5–6 GHz range will be described using PIN diodes in a low 
inductance SOT-23 package. The design has performance
approaching 1 dB insertion loss and 20 dB isolation.

PIN Diode Switch Fundamentals
PIN diodes are widely used in switches at frequencies below 
2.5 GHz. A typical design for a simple SPDT switch, covering a
fixed bandwidth, consists of shunt connected PIN diodes each
connected a quarter wavelength from the common input port,
as shown in Figure 1. Using low-cost plastic packaged PIN 
diodes, the isolation of this circuit is limited by package induc-
tance. The expression for attenuation based on the inductance,
L, and resistance, R, of PIN diode is shown above. A PIN diode 
in a SC-79 package with typical inductance of 0.7 nH and PIN
diode resistance of 1 Ω results in approximately 9 dB isolation,
in this switch design at 5.8 GHz. This level of performance is 
not satisfactory.

This paper describes the design and performance of an SPDT
switch covering 5–6 GHz using low-cost, commercially available
PIN diodes in SOT-23 packages that use a low inductance
internal lead configuration. The design is based on a Libra 
IV simulation.

The Libra IV Circuit Model
In the Libra IV model shown in Figure 2, the PIN diodes, X1 and 
X4 are shunt connected to the RF path. The PIN diodes X1 and 
X4 are designated to work complimentary. That is, when the PIN
diode in one arm is forward biased (isolation or OFF state) the
diode in the other arm is reverse biased (insertion loss or ON
state). This operation is provided by defining X1 bias voltage as
VCTL; therefore, the bias for X2 is VCTL2 = 3 - VCTL. Thus,
switching VCTL from 0–3 V, VCTL2 would toggle from 3–0 V 
synchronously. The function of the transmission lines TL6 +
SRLC1 + TL7 and TL5 + SRLC2 + TL10 is to match the impedance
of the forward and reverse-biased PIN diodes, X1 and X4 at the
coupling point TEE1, to the 50 Ω source. Since both RF branches
(Port 2 and Port 3) are symmetrical, the input impedance at Port
1 should not change as the switch changes its state from ON/OFF
to ON/OFF, or opposite.

Figure 1. Typical SPDT Switch Design
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The transmission lines TL1 and the DC decoupling capacitors
SRLC4 and SRLC3 match the impedance of the ON diodes to the
50 Ω RF ports.

The decoupling capacitors SRLC1–SRLC4 are modeled as series
RLC networks to account for both the parasitic inductance 
(L = 0.75 nH) and ohmic loss (R = 0.2 Ω) typical for 0402
ceramic capacitors.

Capacitors C1, C3, C4, C5, C6, C7, C9, C10 and C11 are modeled 
as parasitic effects of component mounting pads on the PCB.
Inductors L1 and L3 are modeled as the inductive effects of
grounding VIA-holes and connecting lines.

DC biasing is provided through the 3 k resistors, R1 and R2,
which are connected to the RF lines through transmission lines
TL7 and TL9.

The variable values of the circuit-like capacitances and transmis-
sion line lengths and widths were optimized to fit both minimum
insertion loss and maximum isolation requirements in the band
from 5–6 GHz.

Figure 2. Libra Switch Model
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Figure 3. Default Bench Values

Figure 4. Low Inductance SOT-23

SMP1320 and SMP1304 SPICE Models
The SMP1304-007 and SMP1320-007 are silicon PIN diodes 
with I region thickness of 100 um and 8 um respectively and 
carrier lifetimes of 1.0 us and 0.4 us respectively. Both devices
exhibit a wide range of resistance vs. current and are capable 
of operating with low distortion as a switching element. For the
same RF resistance, the SMP1320 requires less DC current 
than SMP1304. However, at zero bias the SMP1304 has higher
impedance.

The 007 low inductance package style for the SOT-23 was
designed to minimize inductance for shunt connected diodes.
To be effective, it must be inserted with each anode contact
attached to either side of a gap in a microstrip trace, as shown 

in Figure 4. When the Dpin diode is OFF (no DC current) the diode
is at high impedance and the current, Ish, is minimal. The RF
input current primarily flows directly to the output, IOUT. Parasitic
inductances, L1 and L2, formed mostly by bonding wires and par-
tially by the package leadframe, combine, resulting in about 
2–2.5 nH total inductance on the IOUT current path.

When the diode Dpin is ON, the forward bias condition, the shunt
current Ish is high. The voltage drop between Dpin anode and the
ground is mostly due to the small (0.4–0.5 nH) inductance of the
lead and the PCB VIA-hole. This small shunt impedance causes
the through current, IOUT, to be relatively small. This allows the
PIN diode in this package to provide useful attenuation at fre-
quencies to beyond 6 GHz.
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SPICE models for the SMP1320-007 and SMP1304-007 PIN
diodes defined for the Libra IV environment are shown in Figure 5
with a description of the parameters employed. In each model,
two diodes were used fitting both the DC and the RF properties of
each PIN diode. The PIN diode built-in model of Libra IV is used to
model behavior of RF resistance vs. DC current, while the 
PN-junction diode model is used to model DC voltage-current
characteristics. Both diodes are connected in series to ensure the
same current flow with the PN-junction diode effectively RF
shorted with capacitor C2 set at 1011 pF. The portion of the RF
resistance that reflects residual series resistance was modeled
with R2 = 2.2 Ω. This is in shunt with an ideal inductor, L1 =
1019 nH, to avoid affecting DC performance. Capacitors CG, CP
and inductor L2 reflect junction and package properties of
SMP1320/1304-007 diodes.

The described model is a linear model that emulates the DC and
RF properties of PIN diode. It is described in Reference 2.

For details on the fundamental properties of PIN diodes refer to
Reference 1.

Tables 1 and 2 describe the model parameters for a silicon PIN
diode and silicon PN diode. It shows default values appropriate
for silicon diodes that may be used by the Libra IV simulator.
Some of the values of PIN diode built-in model of Libra IV were
not used. Those are marked “not used” in the tables.

Figure 5. SMP1320-007 Small-Signal SPICE Model 
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Parameter Description Unit
Default

SMP1320/1304

IS Saturation current (not used) A 1.9E-9

VI I region forward bias voltage drop V 7.5E-4

UN Electron mobility cm**2/(V*S) (not used) cm**2/(V*S) 900

WI I region width ( not used) M 1.2E-4

RR I region reverse bias resistance Ω 4E5

CMIN PIN punchthrough capacitance F 0

TAU Ambipolar lifetime within I region (not used) S 1E-12

RS Series resistance Ω 0

CJ0 Zero-bias junction capacitance F 1.8E-15

VJ Junction potential V 1

M Grading coefficient - 1.01

KF Flicker noise coefficient (not used) - 0

AF Flicker noise exponent (not used) - 1

FC Coefficient for forward bias - 0.5
depletion capacitance (not used)

FFE Flicker noise frequency exponent (not used) - 1

Table 1. Silicon PIN Diode Values in Libra IV Assumed for SMP1320/1304 Models
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Circuit Design and Layout
The circuit diagram for the switch is shown in Figure 6 and the PC
board layout is shown in Figure 7. The bill of materials for the
switch is shown in Table 3.

The PC board was made using 0.78 mm thick standard FR4 mate-
rial. For convenience, the PC board also has a printed TRL
calibration. A through-line should be prepared from a spare PCB by
cutting it along the designated board cut mark followed by cleaning
and polishing the interface surfaces. The RF terminations were
shaped to fit the Wiltron 3680 Series Universal Test Fixture.

We do not recommend using SMA adapters because in this fre-
quency range and board thickness a microstrip-to-SMA coaxial
may significantly differ from 50 Ω. This may cause substantial
measurement errors. The loss of the 10 mm long 50 Ω line on
this circuit board was less than 0.2 dB.

The measurement data shown are two-port measurements with
the third port loaded with a 50 Ω discrete resistor.

Parameter Description Unit
Default Default

SMP1320 SMP1304

IS Saturation current A 2.4E-10 2.2E-9

RS Series resistance Ω 2.6 0.62

N Emission coefficient (not used) - 1.75 2.0

TT Transit time (not used) S 0 0

CJO Zero-bias junction capacitance (not used) F 0 0

VJ Junction potential (not used) V 1 1

M Grading coefficient (not used) - 0.5 0.5

EG Energy gap (with XTI, helps define EV 1.11 1.11
the dependence of IS on temperature)

XTI Saturation current temperature exponent (with EG, - 3 3
helps define the dependence of IS on temperature)

KF Flicker noise coefficient (not used) - 0 0

AF Flicker noise exponent (not used) - 1 1

FC Forward bias depletion capacitance coefficient (not used) - 0.5 0.5

BV Reverse breakdown voltage (not used) V Infinity Infinity

IBV Current at reverse breakdown voltage (not used) A 1E-3 1E-3

ISR Recombination current parameter (not used) A 0 0

NR Emission coefficient for ISR (not used) - 2 2

IKF High-injection knee current (not used) A Infinity Infinity

NBV Reverse breakdown Ideality factor (not used) - 1 1

IBVL Low Level reverse breakdown knee current (not used) A 0 0

NBVL Low Level reverse breakdown Ideality factor (not used) - 1 1

TNOM Nominal ambient remperature at which rhese model °C 27 27
Parameters were derived

FFE Flicker noise frequency exponent (not used) 1 1

Table 2. Silicon PN Diode Values in Libra IV Assumed for SMP1320/1304 Models
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Figure 6. 5–6 GHz Switch Circuit Diagram
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L6

(0.2 x 0.49 mm)

FR4, Er = 4.2

H = 0.78 mm

t = 0.02 mm

Designator Value Part Number Footprint Manufacturer

C1 5 p CM05CG5R0K10AB 0402 AVX/KYOCERA

C2 5 p CM05CG5R0K10AB 0402 AVX/KYOCERA

C3 10 p CM05CG100K10AB 0402 AVX/KYOCERA

C4 10 p CM05CG100K10AB 0402 AVX/KYOCERA

R1 3 k CR05-302J-T 0402 AVX

R2 100 CR05-302J-T 0402 AVX

D1 SMP1320-007 SMP1320-007 SOT-23 Solutions Solutions

D2 SMP1320-007 SMP1320-007 SOT-23 Solutions Solutions

L1 1.7 x 8 mm MSL, 50 Ω 1.7 x 8 mm (printed on PCB)

L2 0.68 x 0.22 mm MSL 0.68 x 0.22 mm (printed on PCB)

L3 0.68 x 0.22 mm MSL 0.68 x 0.22 mm (printed on PCB)

L4 0.3 x 0.2 mm MSL 0.3 x 0.2 mm (printed on PCB)

L5 0.3 x 0.2 mm MSL 0.3 x 0.2 mm (printed on PCB)

L6 0.2 x 0.49 mm MSL 0.2 x 0.49 mm (printed on PCB)

L7 0.2 x 0.49 mm MSL 0.2 x 0.49 mm (printed on PCB)

L8 1.7 x 8 mm MSL, 50 Ω 1.7 x 8 mm (printed on PCB)

L9 1.7 x 8 mm (printed on PCB)

Table 3. Bill of Materials for the 5–6 GHz Switch
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Figure 7.  PCB Layout

Switch Performance
Measurement results using the SMP1320-007 are shown in
Figure 8 for both ON and OFF states. The dashed line shows that
an improvement of at least 0.5 dB in the insertion loss was
obtained when the OFF state diode was reverse biased to 5 V
from zero bias. This improvement is due to the reduction in junc-
tion capacitance for the SMP1320 with increased reverse bias.
The forward bias current was less than 2 mA. Our measurements
showed approximately 1 dB insertion loss and 15 dB isolation
achievable for the SMP1320-007 with 5 V negative bias over the
5–6 GHz frequency range.

Figure 9 shows the simulated switch performance using the
SMP1320-007. The PIN diode model used was not able to model
capacitance vs. voltage. It was simulated, however, by changing
the capacitance value from 0.45 pF to 0.35 pF as shown.

Some of the differences of the measured curves vs. simulation
may be attributed to imperfections of the calibration standards,
the switch model and/or the components used. For example,
dimensionless lumped models were used for the passive ele-
ments; at these frequencies the effect of a physical length of
even 1 mm may be significant.

The multiple sharp peaks in the measured insertion loss graphs
are probably due to imperfections of the calibration standards.
Our estimate for measurement accuracy is ±0.25 dB, which is
about the size of the peaks shown in the graphs. The reason for
this large error is probably the inconsistency of the FR4 material
and the standard PCB printing process used, which may have
caused impedance deviations in the calibration standards at
these frequencies.

Switch performance with the SMP1304-007 diode is shown in
Figure 10. This PIN diode, by virtue of its thicker I region width,
displays no measured change in capacitance or loss with reverse
bias. Because it has about three times higher resistance than the
SMP1320-007, at the same forward current, the forward control
voltage was raised to 15 V. Both insertion loss and isolation show
improvement in the range between 5.5–6 GHz, with insertion loss
of about 1 dB and isolation slightly better than 20 dB.
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APN1012: VCO Designs for Wireless Handset and 
CATV Set-Top Applications

APPLICATION NOTE 

Introduction
Voltage Controlled Oscillators (VCOs) have come to the forefront
of RF designs together with the first PLL circuits. In the era
before the PLL, oscillators were mostly free running, and only in
rare cases were varactors used for modulation or temperature
compensation. Nowadays, we rarely see free running oscillators,
instead they have become varactor-controlled oscillators. This is
because most RF applications require band coverage, which can
be realized through the PLL circuit requiring two sources of RF
power. The reference source frequency is often a VCXO or TCXO,
while the other frequency is controlled by the PLL phase detector.

Usually, both VCXO/TCXO and the RF VCO are voltage controlled
oscillators. The difference between a reference oscillator and a
tuned VCO is that the former usually has a very high Q resonator,

which allows for very stable oscillation, while the latter has a
lower Q resonator, allowing a relatively high tuning range. In ref-
erence oscillators, varactors are used for fine tuning or
temperature compensation (TCXO). In tunable oscillators, varac-
tors are used to change (tune) the frequency. In some VCOs,
varactors may be used also for modulation, for example in a
DECT system where modulation is used to generate a constant
envelope GMSK signal.

Although it is a small part of the RF design, the VCO is often a
major headache for designers. The goal, in this application note,
is to show how Skyworks products and services may help you to
overcome VCO concerns and help to make your design among
the best products on the market.
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VCOs in Digital Wireless Phones
Consider the hypothetical wireless handset phone. Today, the
handset is a dual-band (cellular/PCS) and multimode system
employing many VCO functions. There are many ways to realize
these functions, making it virtually impossible to specify the fre-
quency and tuning range for all designs. However, there are
certain common features that are outlined in Figure 1.

In a typical receiver, dual conversion superheterodyne solutions
are usually employed. They convert either 900 MHz (cellular) or
1.8 GHz (PCS) down to the SAW frequency range, which may be
between 90–400 MHz. Further, this signal is either downcon-

verted or demodulated into a digital I/Q signal using a lower fre-
quency IF VCO. The transmitter path is either directly modulated
at 900 MHz or uses a dual conversion scheme requiring at least
two VCOs.

When dual-band requirements are needed, up to eight or more
VCOs may be required to satisfy specific frequency plans. This is
often a technically and economically restrictive solution. Many
designers try to solve this over-VCOed problem using both smart
frequency planning and multiband VCOs, as shown in Figure 1.
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400–1900 MHz

T/R
Switch

I

IF VCO

RF VCO

BPF

BPF

BPF BPF

LNA

RF
Detector

PA
BPF

PLL
Control

PLL

PLL
Control

PLL

π/2ΣBPF

PLL
Control

π/2

PLL
Control

PLL

I

Q

Q

RF VCO

IF VCO
Ranging:

100–400 MHz

PLL

Coupler

Figure 1. VCOs in a Digital Wireless Phone
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Fundamental Low Noise Colpitts VCO
The characteristic feature of the Colpitts VCO is that it uses a
capacitive divider for the feedback consisting of C1 and C2, and
an inductive branch including a parallel resonator and series
capacitor C3. The parallel resonator includes inductive element
M1 (that may be a discrete inductor for lower frequencies or a
length of microstrip line for RF) and a capacitive branch, con-
sisting of a varactor and a series capacitor(s). The entire
inductive branch should have inductive impedance at the fre-
quency of oscillation, otherwise there will be no oscillation. This
means that the resonant frequency should be higher than the
oscillation frequency.

Note that the resonator current circulates through the varactor,
series capacitor C11 and inductor M1 and is the largest current in
the tank circuit. Because of this, losses introduced in this current
path are the crucial ones with respect to phase noise.

Without delving deeply into phase noise theory, we note that
phase noise is inversely proportional to the power bypassed
through the feedback loop, and the loaded Q of the tank circuit.
Thus, the more power lost on the way to the transistor base, the
higher the noise. It is clear that varactor loss plays a crucial role
in the phase noise property of the VCO. If phase noise is an issue,
the varactor series resistance should be carefully considered.

There is an additional concern because phase noise is not only a
function of varactor loss. The varactor capacitance voltage char-
acteristic has a crucial impact on phase noise as well. With a
higher capacitance ratio, the varactor’s coupling to the resonator
is reduced, resulting in lower resonator current. Therefore, a
hyperabrupt varactor having higher series resistance is often a
better choice than a lower capacitance ratio abrupt varactor
having lower series resistance.
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Figure 2. Low Noise, High-Performance Colpitts VCO
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Differential VCO for Integration with an RF IC
Designs based on RF IC solutions, with built-in VCOs, often
employ a differential VCO configuration. One possible differential
VCO configuration is shown in Figure 3. In this case, the tank cir-
cuit is formed by C3, C4 and a resonator C8, C9, D1, M1. Here
again, the resonator current plays a decisive role in phase noise
definition. Thus, phase noise is strongly dependent on resonator
loss. Capacitors C3 and C4 help establish the correct phase shift
value in the feedback loop moving oscillations closer to the reso-
nant frequency. This is the principal difference between a Colpitts

and a differential VCO. In the Colpitts case, the resonant fre-
quency is always higher than the oscillation frequency; in the
differential VCO the resonant and oscillation frequencies may
coincide. Thus the loaded Q of the circuit becomes significantly
higher, and the feedback loop losses are increased due to the
higher resonant currents. When this happens, the differential VCO
is more vulnerable to resonator loss than the Colpitts VCO and
usually shows 5–10 dB higher noise if compared to an equivalent
Colpitts case.
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Figure 3. Differential VCO for the Integration with the RF IC
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Dual-Band Switchable VCO Schematic
One way to improve design economics in the multi-VCO require-
ment is to employ band switching in the VCO. If the frequency
switching required isn’t very large (say within 20%), it may usu-
ally be realized within the same tank circuit, by switching “on” or
“off” an additional capacitor or inductor. However, if the required
switching is more than 30%, it becomes very difficult to satisfy
both wideband and low noise requirements in a single design.
One possible solution is to use two separate tank resonator cir-
cuits switched with two PIN diodes. In this case, the feedback
needs to be optimized to fit both band requirements at the same

time. Thus, a trick is used — connecting a capacitor C11 in par-
allel with C6 when a lower band resonator is selected. This
provides significant improvement in phase noise since C6 may
then be optimized for the best performance at high band, and C11
at the lower band.

Another important feature of this switching scheme is that the
PIN diodes are not in the resonator current path. Because of this,
phase noise is not sensitive to the PIN diode resistance. This is
fortunate, since it means less forward current is needed. In addi-
tion, any noise on the PIN diode bias current (common for the
noisy digital environment of today’s phones) would not cause sig-
nificant modulation noise.
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Figure 4. Dual-Band Switchable VCO Schematic



Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
July 21, 2005  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  200322 Rev. A

APPLICATION NOTE  •  APN1012

6

Dual-Band Switchable RF VCO
As mentioned before, relatively small (less than 20%) frequency
switching may be achieved inside the same tank circuit by con-
necting or disconnecting capacitors (and sometimes inductors).
The PIN diode D2 performs a tricky task — it adds more capaci-
tance in parallel with the existing parallel capacitance of the
resonator, and also adds more capacitance in parallel with the

existing series capacitor. This technique is used to overcome the
problem of increased resonator Q, when connecting additional
parallel capacitance, by decreasing it with higher series capaci-
tance. It allows D2 to keep phase noise near its optimum at both
bands. Another PIN diode in the output matching circuit tunes the
buffer to a frequency doubler mode when working in PCS band.

VCC (3 V)

RF Out

D3D2

D1

VVAR

VCTL1

VCTL2

D1: SMV1493-079

D2, D3: SMP1322-079

PINs are Used in Both Resonator Tank
and Output Matching Circuits

Figure 5. Dual-Band Switchable RF VCO
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VCOs in a Set-Top Cable Downconverter 
The typical set-top downconverter is a dual-conversion receiver
employing upconversion and downconversion techniques to
overcome image problems in a wideband environment of
50–1000 MHz. In the dual up/downconversion scheme, the
problem of image channel and input filtering virtually does not
exist because there is no signal at the image channel. The
image channel is always higher than the highest frequency of
the cable signal.

Two RF VCOs are required for dual downconversion. The first is a
wideband VCO tuned from 1100–2000 MHz with a control voltage
from 1–20 V. The other is a narrow-band VCO, which may use a
CDR, coaxial dielectric resonator, at 1144 MHz. In a digital
system, the second IF signal may be further demodulated,
requiring an additional 44 MHz VCO.

The specific action of the wideband VCO is its wideband tuning
requirement. Let us consider some possible solutions for the
wideband VCO.
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Figure 6. VCOs in a Set-Top Cable Down-Converter
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Wideband Colpitts VCO Schematic
The unique action of the wideband Colpitts VCO is in its tank cir-
cuit design, which uses an inductor with a varactor connected in
series and no parallel capacitor, in contrast to the low noise
Colpitts VCO described in Figure 7. The feedback capacitors are
optimized to the best power flatness over the entire frequency

band. Back-to-back varactors are often used to minimize para-
sitic mounting capacitance (between mounting pads and
adjoining components). This circuit is usually designed to mini-
mize any parasitic parallel capacitance that may be caused by
component pads or transmission lines close to the inductive path.
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A carefully designed layout with minimum parasitic capacitances
may show large frequency coverage, for example 980–2120 MHz
as the performance indicates. The varactor selection is a crucial

part of the design. Skyworks new SMV1265-011 varactor is
specifically designed to fit this wideband application.

Figure 7. Wideband Colpitts VCO Schematic

Figure 8. Wideband Colpitts VCO Performance
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Wideband Balanced VCO Schematic
An even wider tuning range may be achieved with a balanced
VCO configuration. The reason for its wider tuning performance is
that the phase response of this VCO’s active element is flatter

over the range of tuning compared to a Colpitts VCO. This allows
the tank circuit more control over the oscillation frequency.

The best results are achieved with back-to-back connected
SMV1265 varactors, where there is 820–2120 MHz coverage.
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Figure 9. Wideband Balanced VCO Schematic

Figure 10. Wideband Balanced VCO Performance



Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
July 21, 2005  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  200322 Rev. A

APPLICATION NOTE  •  APN1012

10

Varactor Fundamentals
Let us consider some fundamental properties of varactors. A var-
actor is a specially designed P-N junction diode, whose
capacitance changes significantly in reverse bias mode. There
are three important parameters characterizing varactors. The first
is the capacitance ratio at two reverse voltages; this value char-
acterizes the tuning ability of the varactor capacitance and is one
of the most important parameters. The second is the value of
capacitance at a given voltage. The third is the series resistance
of the varactor.

The structure of the basic varactor, called an abrupt junction var-
actor, is shown in Figure 11. Generally, it is built as a P++ - N -
N+ structure, using epitaxial N-growth on the N+ substrate with
a constant doping level in the N-region. The lower doped N-
region is the active area where the electron concentration
changes, depending on the reverse voltage applied between the
anode and cathode of the varactor. There are certain limitations
on the level of doping in the N-region, which is usually defined by
the required capacitance ratio of the varactor. Because of this,

the conductance of the N-area is a major contributor to the 
varactor’s series resistance. Note that as the reverse voltage is
increased, the series resistance (due to the N-area) will decrease
along with the capacitance.

The hyperabrupt junction varactor has a more complicated
doping profile. Because of much higher doping on the P++
border, the electron concentration changes much more abruptly
compared to an abrupt junction. As a result, the capacitance of
the hyperabrupt diode at zero bias is much higher than for the
abrupt diode. Therefore, the capacitance change vs. reverse bias
becomes significantly higher for hyperabrupt diodes. The trade-
off for this better capacitance ratio is increased series resistance.
The reason is that the doping level of the N-area has been
reduced to keep average doping level over the N-region the same
as the abrupt diode level. There are many ways to bring the
series resistance in the hyperabrupt diode to as low a level as
possible. Modern state-of-the-art hyperabrupt diodes for low
noise VCOs have series resistance almost as low as discrete
ceramic capacitors.
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Figure 11. Varactor Fundamentals 
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Varactor Packaging
Most high-volume discrete applications require varactors in low-
cost, small surface mount plastic packages. Skyworks provides a

large variety of both plastic and ceramic packages. The recent,
most advanced, miniature plastic package, SC-79, shown in
Figure 12, is as small as 0402 discrete components.

Figure 12. Varactor Packaging 
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The coupling coefficient may be derived from the known (or typ-
ical) values of the tuning frequency and varactor capacitance
variation. Note that the total temperature drift in this case is
about 0.5%, as compared to 1% maximum drift caused by tem-

perature compensated discrete ceramic capacitors. Even those
numbers are extremely small when compared to the temperature
drifts caused by a VCO transistor.

For the Typical Wireless Case:
f = 1.6 ± -0.04 GHz

Using SMV1235-011 Varactor:  
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Due to Varactor in the 

-40 to +85°C Becomes:  

LRES

CRES CDIV1

CDIV2

CBE

CCE

CCB

CSER2

CVAR

0.24
8

1.6 GHz
0.08 GHz

22 ≈ =  x x
∆C VAR

=
3.4 pF

 pFC
f

∆f
K

Compare to the Discrete Capacitor!

f
∆fT %54.0≈

Relative Capacitance Change vs. Temperature 
Figure 13 shows typical relative capacitance variations vs. tem-
perature for different reverse voltages. It indicates a total
capacitance change of 5–6% in the range of -40°C to +80°C. In
comparison, a temperature compensated, ceramic capacitor

residual variation bar is shown for a typical ±100 ppm device.
This has a possible total capacitance change of over 2%. When
comparing the overall effect of temperature on varactors and
ceramic capacitors, the coupling of the devices to the resonator
circuit should be considered.
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Figure 13. Relative Capacitance Change vs. Temperature for Hyperabrupt Varactors

Figure 14. Varactor Temperature Effect on the Oscillation Frequency 
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Varactor SPICE Model
To model a varactor in most commercial simulators, we recom-
mend the available PN-junction diode SPICE model. We specify
the barrier junction capacitance parameters CGO, VJ, and M,
instead of the default parameters. In addition, we add a value of
CP, in parallel with the junction capacitor, which is not the

package capacitance. For ideal abrupt junction varactors, the
parameters are constant and may be defined from physical
theory. However, for actual abrupt or hyperabrupt varactors, these
values are not constant. In these cases, we use the same equa-
tion, to fit its parameters, for the best compliance with measured
capacitance vs. voltage response.

M
+ CP

VJ

VVAR

CGOCV = 

1 +

SPICE Model for SMV1142-011 

⎟⎠
⎞

⎜⎝
⎛

Because of formalization, parameters describing the junction
capacitance of hyperabrupt varactors may be significantly dif-
ferent from the default values used in the SPICE simulators for
the ideal silicon PN-junction.
For example, typical hyperabrupt varactor SMV1235 was fitted
with M = 4 as opposed to 0.5, which follows silicon PN diode

theory. Note that some SPICE simulators offer fixed default values
of M = 0.5 which can’t be changed. In this case, a diode model
may not be used, however, direct nonlinear capacitance may be
used as defined in the given formula.
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Figure 15. Typical Varactor SPICE Model 

Figure 16. C (V) Curve Fitting for Typical Hyperabrupt Varactor 
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Super-hyperabrupt Varactor Modeling
To overcome limitations of the “standard” PN-junction SPICE
model for hyperabrupt and super-hyperabrupt devices, such as
the SMV1265, an interleaving technique is used. In this tech-
nique, the entire capacitance reverse voltage range is broken into
several subranges. These subranges are small enough for the

formula to provide good approximation, not only within a given
subrange, but also for certain extensions beyond it. The extension
margin is defined from previously estimated RF signal amplitude.
Such interleaving ensures that the formula would work well, not
only in terms of DC bias, but for large signal RF analysis as well.

M = pwl (VVAR 0  2  2.5  2  2.500009  25  6.5  25  6.50009  7.3  11  7.3  11.0009  1.8  40  1.8)

VJ = pwl (VVAR 0  4  2.5  4  2.500009  68  6.5  68  6.50009  14  11  14  11.0009  1.85  40  1.85)

CP = pwl (VVAR 0  0  2.5  0  2.500009  0   6.5   0   6.50009   0.9  11  0.9  11.0009  0.56  40  0.56)

CJO = pwl (VVAR 0  22.5 2.5  22.5  2.500009  21  6.5  21  6.50009  20  11  20  11.0009 20  40 20)*10 -12

 RS = pwl (VVAR 0  2.4  3  2.4  4  2.3  5  2.2  6  2  7  1.85  8  1.76  9  1.7  10  1.65  11  1.61  12  1.5  40  1.5)
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Figure 17. Piece-Wise Curve Fitting for High C (V) Ratio Varactors
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VCO Modeling Concept
For the purpose of modeling and analysis, a VCO design may be
simulated as an amplifier with parallel feedback. This analysis
involves measuring loop gain using a specific idealized direc-

tional coupler called OSCTEST in Libra IV. (For Harmonica users
there is an application note showing how to implement OSCTEST
function using S-parameters file. Refer to your Harmonica vendor
for more information).
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Figure 18. VCO Modeling Concept
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The major goal of the large signal, open loop VCO analysis is to
observe the magnitude (defined in dB) and the phase of the open
loop voltage gain Ku, to identify particular features of the
designed VCO.

First, we need to establish the optimum conditions for the oscilla-
tions in a given tuning range. Second, we need to find out

whether there are possibilities for parasitic oscillations both in
the lower and higher frequency ranges. If there are parasitic
oscillations, some preventive measures should be taken. Third,
we need to find ways to make both QL and the loop power (PIN)
as high as possible to facilitate phase noise performance. Finally,
other features of the VCO need to be addressed, among them
load pulling and VCC pushing.
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Wideband Colpitts VCO Model
The OSCTEST component interrupts the oscillator feedback,
allowing the designer to analyze the VCO as an ordinary two-port
circuit (amplifier). To observe the loop response, we define the
open loop voltage gain Ku. For more details, please refer to the

VCO application notes listed in the References section. The var-
actor model is defined as a PN-junction diode SPICE model for
large signal, harmonic balance analysis. The transistor is
described by the Gumel Poon SPICE model with parameters pro-
vided by the vendor.

Transistor
Subcircuit

Seamless
VCO Loop
Opener

Varactor
Model

Figure 20. Wideband Colpitts VCO Model
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Differential VCO Fundamentals
The differential VCO utilizes paired transistors in common emitter
and common base configurations. The phase balance condition
for sustaining oscillations requires significantly lower phase shift
in comparison to a Colpitts design (ideally 0 degrees vs. 180

degrees). This makes it possible to use a resonator tuned to the
exact resonant frequency. However, the feedback losses may be
higher because the higher resonating currents will cause
increased ohmic losses.

Resonator Works at its
Parallel Resonance, Giving

Best Phase Slope Performance

Two Transistors in the
Loop Give Advantage
of Higher Loop Gain

Common-collector -
Common-base Phase

Shift Ideally Is 0

Figure 21. Concept of Differential VCO
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Balanced VCO Fundamentals
Fundamental properties of the balanced VCO are more clearly
understood using the simplified circuit diagram shown in Figure
22. The transistors are in common collector configuration. This
is characterized by high input impedance, looking from the
transmission line and referenced as LB. Capacitor CBP simulates
the transmission lines and the grounding effect of the mounting
pads. Coupling current ICPL circulates between the transistor

bases to drive them with a 180° phase shift. The emitter cur-
rent IFB forms the feedback loop, carrying an amplified energy
surplus that is needed to sustain resonant current IRES and cou-
pling current ICPL through the emitter base path. Unlike a
Colpitts VCO, this circuit does not require frequency dependent
feedback to match the internal transistor, high frequency phase
shifts. When properly compensated for wideband performance
with interbase inductor, LB, this circuit will be more broadband
than a Colpitts VCO.
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Figure 22. Balanced VCO Fundamentals
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APN1013: A Differential VCO Design for 
GSM Handset Applications

APPLICATION NOTE 

Introduction
The differential pair of bipolar transistors is the common building
block in modern RF integrated circuits. An advantage of this
architecture is its high loop gain making it popular for differential
Voltage Controlled Oscillator (VCO) designs in RFICs. Designers of
discrete (or hybrid) VCO circuits usually use the more traditional
Colpitts design, avoiding the added complexity of the differential
VCO configuration.

Because of its primary usage in proprietary RFICs, only limited
differential VCO design and modeling information has been made
available. In this application note, we will attempt to build a
bridge toward better understanding of the differential VCO by
describing a design covering 910–980 MHz which is appropriate
for use in GSM handsets. This design will also demonstrate how
the SMV1493-079 varactor diode, an essential element in this
VCO, may be used advantageously in designs aimed at other
wireless applications including AMPS, CDMA, and PCS.

The VCO Model
In the circuit in Figure 1 the transistor pair X1 and X2 form a
differential configuration with X3 as a current source. All of the
transistors are NEC NE68519 with 12 GHz fT. We chose this 
transistor for this demonstration because it is commonly used in
many VCO applications and its SPICE parameters are available.
The RF signal from collector of X1 is fed through the coupling
capacitor SRLC3 to the resonator. The resonator is formed by the
parallel connection of capacitive branches SRLC4 and SRLC5/X4,
and the inductive branch formed by microstrip line TL1. The
output signal from the resonator is fed through the coupling
capacitor SRLC2 to the base of transistor X2, which is in differ-
ential feedback with X1. There it closes the feedback path. Ideally,
the phase shift between the base of X2 and the collector of X1 in
the differential stage is 0°, and the oscillation should occur at the
exact parallel resonance of the tank circuit. In reality, however,
the phase shift in the differential pair is not 0°, because of
unavoidable transit times and parasitic reactances.

For example, the phase shift in this loop changes from 
-50° to -100° in the frequency range of 0.8–1.5 GHz. To
compensate this (capacitive) phase shift, the resonator should be
inductive and provide an opposite phase shift. It is interesting to
note that compared to the Colpitts VCO configuration, the
resonant frequency may be set at the exact oscillation frequency.
The Colpitts design cannot be used at the natural resonance
frequency of the resonator due to losses in the feedback path.
Therefore, the differential design has the advantage of both high
phase slope at resonance and low loss in the feedback path.
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Spice Model for SMV1493-079

Figure 1. VCO Model Schematic
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Capacitors SRLC2 and SRLC3 are used to obtain the required
phase shift at the center of the tank circuit resonant frequency.
By changing the values of these capacitors, optimum phase noise
may be achieved.

Resistor R5 suppresses higher frequency oscillation modes
caused by the parasitic resonance between SRLC4 and varactor
branch SRLC5/X4. A resistance of 20–50 Ω is normally enough to
perform this function without serious degradation of loop power
and phase noise.

The differential stage bias is set by voltage dividers R6/PRC1 and
R8/R7. The base currents are limited by R3 and R5 for the differ-
ential pair and R2 for the current source. In this case, the 3 V, VCC
current is set to about 7 mA.

In the VCO model test bench in Figure 2 we define open loop
gain, Ku = VOUT/VIN, as the ratio of voltage phasors at the input
and output ports of an OSCTEST component. Defining the oscil-
lation point is a technique to balance input (loop) power to
provide zero gain for a zero loop phase shift. Once the oscillation
point is defined, the frequency and output power may be
“measured.” We do not recommend the use of the OSCTEST2
component for closed loop analysis, since it may not converge
and does not allow clear insight to VCO behavior.

Figure 2. VCO Model Test Bench
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.

Figure 3 shows the default bench where some circuit variables
were defined in the “Variables and Equations” component 
for the convenience of “tuning” during performance analysis 
and optimization

SMV1493-079 SPICE Model
SMV1493-079 is a low series resistance, hyperabrupt junction
varactor diode. It features the industry’s smallest plastic package
SC-79 with a body size of 47 x 31 x 24 mm (the total length with
leads is 62 mm).

The SPICE model for the SMV1493-079 varactor diode, defined
for the Libra IV environment, is shown in Figure 1 with a
description of the parameters employed.

Table 1 describes the model parameters. It shows default values
appropriate for silicon varactor diodes that may be used by the
Libra IV simulator.

Figure 3. VCO Model Default Bench
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Parameter Description Unit Default

IS Saturation current (with N, determine the DC characteristics of the diode) A 1e-14

RS Series resistance Ω 0

N Emission coefficient (with IS, determines the DC characteristics of the diode) - 1

TT Transit time S 0

CJO Zero-bias junction capacitance (with VJ and M define nonlinear junction capacitance of the diode) F 0

VJ Junction potential (with VJ and M define nonlinear junction capacitance of the diode) V 1

M Grading coefficient (with VJ and M define nonlinear junction capacitance of the diode) - 0.5

EG Energy gap (with XTI, helps define the dependence of IS on temperature) eV 1.11

XTI Saturation current temperature exponent (with EG, helps define the dependence of IS on temperature) - 3

KF Flicker noise coefficient - 0

AF Flicker noise exponent - 1

FC Forward bias depletion capacitance coefficient - 0.5

BV Reverse breakdown voltage V Infinity

IBV Current at reverse breakdown voltage A 1e-3

ISR Recombination current parameter A 0

NR Emission coefficient for ISR - 2

IKF High injection knee current A Infinity

NBV Reverse breakdown ideality factor - 1

IBVL Low-level reverse breakdown knee current A 0

NBVL Low-level reverse breakdown ideality factor - 1

TNOM Nominal ambient temperature at which these model parameters were derived °C 27

FFE Flicker noise frequency exponent - 1

Table 1. Silicon Diode Default Values in Libra IV

According to the SPICE model, the varactor capacitance, CV, is a
function of the applied reverse DC voltage, VR, and may be
expressed as follows:

This equation is a mathematical expression of the capacitance
characteristic. The model is accurate for abrupt junction varactors
(like the SMV1408). For hyperabrupt junction varactors, the model
is less accurate because the coefficients are dependent on the
applied voltage. To make the equation work better for the hyper-
abrupt varactors, the coefficients were optimized for the best
capacitance vs. voltage fit as shown in Table 2 and Figure 4.

Note, that in the Libra model above, CP is given in picofarads,
while CGO is given in farads to comply with the default unit
system used in Libra.
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Figure 4. SMV1493-079 CV Curve

CV = + CP

1 +

CJO

MVVAR

VJ

( )

Part CJO M VJ CP RS LS
Number (pF) (V) (pF) (ΩΩ) (nH)

SMV1493-079 29 0.47 0.63 0 0.25 1.7

Table 2. SPICE Parameters for SMV1493-079



Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
July 21, 2005  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  200323 Rev. A

APPLICATION NOTE  •  APN1013

6

VCO Design, Materials, Layout and Performance
The differential VCO schematic diagram appropriate for an RFIC
in many wireless or cordless applications is shown in Figure 5.
This circuit is supplied from the 3 V voltage source. The ICC
current is established at approximately 8 mA, and the RF output
signal is fed from the VCO through capacitor C4 (1 pF).

The PCB layout is shown in Figure 6. The board is made of
standard 30 mil thick FR4 material.

Table 3 lists the bill of materials.

V1
NE68519

V2
NE68519

V3
NE68519

R1
47R2

3 k

R3
9.1 k

R4
3 k

R5
3 k

R6
3 k

R7
3 k

R8
20

R9
3.9 k

L1
33 n

C1
100 p

C2
3.6 p

C3
2 p

D1
SMV1493-079

C4
1 p

C5
100 p

C6

100 p

 VCC +3 V

VVAR

RF Out

C7
2 p

C8
6 p

M1
4 x 0.5 mm

M2
6.5 x 0.2 mm

R10
51

Figure 5. VCO Schematic Diagram

Figure 6. Differential VCO PC Board Layout
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Designator Value Part Number Footprint Manufacturer

C1 100 p 0603AU101JAT9 0603 AVX

C2 3.6 p 0603AU3R6JAT9 0603 AVX

C3 2 p 0603AU2R0JAT9 0603 AVX

C4 1 p 0603AU1R0JAT9 0603 AVX

C5 100 p 0603AU101JAT9 0603 AVX

C6 100 p 0603AU101JAT9 0603 AVX

C7 2 p 0603AU2R0JAT9 0603 AVX

C8 6 p 0603AU6R0JAT9 0603 AVX

D1 SMV1493-079 SMV1493-079 SOD-323 Skyworks Solutions

L1 33 n 0603CS-33NX_BC 0603 Coilcraft

M1 4 x 0.5 mm MSL 4 x 0.5 mm

M2 6.5 x 0.2 mm MSL 6.5 x 0.2 mm

R1 47 CR10-470J-T 0603 AVX

R10 51 CR10-510J-T 0603 AVX

R2 3 k CR10-302J-T 0603 AVX

R3 9.1 k CR10-912J-T 0603 AVX

R4 3 k CR10-302J-T 0603 AVX

R5 3 k CR10-302J-T 0603 AVX

R6 3 k CR10-302J-T 0603 AVX

R7 3 k CR10-302J-T 0603 AVX

R8 20 CR10-200J-T 0603 AVX

R9 3.9 k CR10-392J-T 0603 AVX

V1 NE68519 NE68519 SOT-416 NEC

V2 NE68519 NE68519 SOT-416 NEC

V3 NE68519 NE68519 SOT-416 NEC

Table 3. VCOs Bill of Materials
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List of Available Documents
The Differential RF VCO Simulation Project Files for Libra IV.

The Differential RF VCO Circuit Schematic and PCB Layout for
Protel EDA Client, 1998 Version.

The Differential RF VCO PCB Gerber Photo-plot Files.

VCO Related Application Notes
APN1004, “Varactor SPICE Models for RF VCO Applications.”

APN1006, “A Colpitts VCO for Wideband (0.95– 2.15 GHz) Set-Top
TV Tuner Applications.”

APN1005, “A Balanced Wideband VCO for Set-Top TV Tuner
Applications.”

APN1007, “Switchable Dual-Band 170/420 MHz VCO for Handset
Cellular Applications.”

“An RF VCO Design for Wireless and Broadband Applications.”

The measured performance of this circuit and the simulated
results obtained with the model are shown in Figure 7.

Fairly good compliance of frequency response vs. varactor tuning
voltage confirms the validity of the varactor model for predicting
the frequency behavior of the VCO. However, the power response
simulation indicates more variation of power in the tuning range
than the measured response. This may be due to the transistor
modeling accuracy or the accuracy of the overall VCO model. For
example, simulations show that the power may strongly depend
on high order harmonics which may not be accurately described
by the VCO model.

Figure 8 shows the phase noise of the VCO measured in the
range of 100 Hz to 8 MHz offset from the carrier. This
measurement was made using the Aeroflex PN9000 Phase Noise
Test Set with a 40 ns delay line. The best phase noise occurred
with circuit components very close to the originally established
values in the preliminary simulation. Only small changes were
introduced such as: C2 from its original 4 pF to 3.6 pF, C3 from
1.5 pF to 2 pF and C4 from 1.5 pF to 1 pF.

Phase noise was approximately -93 dBc/Hz at a 10 kHz offset,
which is about 5–10 dB poorer than a typical Colpitts low noise
VCO having similar bias condition. The reason for the poorer
phase noise may be that the resonator in a differential VCO works
at its resonance frequency (or very near to it). This results in high
reactive currents in the resonator, causing high power losses,
causing much higher phase noise sensitivity to resonator
component losses. This was confirmed by replacing the resonator
circuit components with similar ones having less loss. For
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Figure 7. Measured and Simulated Frequency and Power
Responses of the Differential VCO

Figure 8. The VCO Phase Noise 
vs. Carrier Offset Frequency

example, after exchanging the varactor with a lower loss discrete
ceramic capacitor, the phase noise was improved by 5–6 dB. In
another example, increasing the solder thickness on the
microstrip line improved phase noise as much as 3 dB. In
comparison, typically there is less phase noise sensitivity to
circuit components in a Colpitts VCO design, where the oscillation
frequency is always below the resonance frequency of the
resonator.
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APN1014: A Level Detector Design for 
Dual-Band GSM-PCS Handsets

APPLICATION NOTE 

Introduction
Schottky diode detectors are commonly used as amplitude
demodulators and level detectors in wireless and other RF and
microwave signal processors. Detector designs are simple to
realize using low-cost, plastic packaged, silicon Schottky
diodes. Figure 1 shows a simple conceptual design.

In this application note, we will review detector fundamentals
and show the performance of a broadband detector that 
terminates a 50 Ω transmission line. Finally, a design for a 
level detector is presented for use in a dual-band GSM-PCS
handset. This application uses the SMS7630 Zero-Bias Detector
(ZBD) Schottky diode.

Schottky Detector Fundamentals

Schottky Equation

Schottky diode detector operation is based on the equation that
characterizes the current-voltage relationship in a diode junction,
as shown:

Where: n = ideality factor (typically 1.0) 

K = Boltsmann’s constant, 1.38044 
X10-23 (joule/Kelvin)

q = electronic charge, 1.60206X10-19

(coulombs)

t = temperature (Kelvin)

RS = series resistance (Ω)

ISAT = saturation current

RF Input RF Choke Video Output

Load
> 1 M

Source
50 Ω

Figure 1. Conceptual Video Detector Circuit

-1)(
)

nKt
IR(V -q s

SATII = e
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Figure 2. Square Law and Linear Regions

This equation may be simplified for a Schottky diode operated as
a zero-biased detector at 300 K, where RS may be neglected and
n = 1.0 to:

This equation is appropriate for all junction diodes (PN, PIN and
Schottky). However, only for the Schottky diode is this equation
valid at high microwave frequencies — even beyond 100 GHz.
The Schottky diode employs a metal to semiconductor junction
(palladium-silicide on P-type silicon for a ZBD). It is a majority
carrier diode with virtually zero minority carrier lifetime (stored
charge) to inhibit high-frequency performance. PN and PIN
junction diodes have finite minority carrier lifetime precluding
their use as a detector (or mixer) element at microwave
frequencies.

The dynamic resistance of a Schottky diode (the slope of the I-V
characteristic) is a function of forward current and may be
expressed as:

This expression also gives the video resistance of the diode at
zero bias as:

The video resistance value may then be calculated directly from
saturation current.

As a detector, the Schottky diode’s performance has been
analyzed by simulating the application of a sinusoidal signal at a
DC operating point and deriving the generated nonsinusoidal
response. Because of the nonlinear nature of the diode equation,
this response is not sinusoidal but is rich in harmonics. Among
the second order terms is a DC component, which is a measure
of the magnitude of the applied signal and becomes the
generated detector signal.

-1)( 38.6 V
SATII = e

x
q

nKt
I
1RV =

0.026nRV =
SATI

Square Law and Linear Response 
The response of a Schottky detector is generally presented as a
curve of detected output voltage vs. applied input power in a
circuit where the detector diode terminates a transmission line
as shown in Figure 1. At small signals, the output voltage is
closely proportional to the input power or the square of the
input voltage. This is called the square law region. In this
region, a 10 dB increase in input power results in a 10 times
increase in output voltage. At large input signals, the detector
voltage is more directly proportional to the input RF voltage.
This is the linear region, and it is where a 10 dB increase in
input power results in a 5 times increase in output voltage.
Figure 2 demonstrates this effect.

In a typical level detector, where the video load impedance is
much higher than the video resistance of the Schottky diode, the
square law region occurs when the output voltage is less than 10
mV. The linear region begins at about 100 mV output voltage. It is
more accurate to describe the borders of these regions based on
output voltage rather than input power. Output voltage is inde-
pendent of matching, coupling and source impedance.

The Zero Bias Detector (ZBD)
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Silicon Schottky diodes are distinguished by their barrier height
and are determined by the different metals used in forming the
metal-semiconductor junction. Silicon Schottky diodes are
available in ZBD, low, medium, and high barrier designs. The
primary electrical differences, for the same junction area (capaci-
tance), is the higher the barrier the higher the forward voltage.
For Schottky diodes used as mixers, the performance benefit of
the higher barrier diode is wider dynamic range (lower distortion).
Consequently, a higher barrier diode requires higher local oscil-
lator power.

All Schottky diodes operating at zero external bias generate
virtually the same open circuit detector voltage at the same input
power. In this respect, all Schottky diodes may be considered
zero-bias detectors. However, the SMS7630 ZBD at zero bias has
a video resistance value of typically 3500 Ω. At zero bias, the
video resistance for the SMS7621, a low barrier Schottky diode
with similar capacitance, is about 650 kΩ. In many applications,
the video load resistance presented by an operational amplifier is
100 kΩ or less. In this configuration, system sensitivity using the
SMS7630 ZBD is significantly better.

Detector Performance
The SMS7630-079 diode has been evaluated in the detector
circuit shown in Figure 3 with the Schottky diode terminating a
50 Ω line. Data were taken from 100 MHz to 10 GHz at power
levels from -30 dBm to +15 dBm. The SC-79 packaged diode
was attached to the terminal of a 3.5 mm connector and the
output voltage was measured through a HP11612A bias TEE on a
voltmeter with 10 MΩ input resistance.

The results in Figure 3 show that, with no attempt at matching,
this low-cost device gives a flat response generating approxi-
mately 30 mV at -20 dBm across this wide frequency band. The
voltage peak at 5 GHz is due to a resonance of the SC-79
package inductance with the diode junction capacitance. This
results in higher RF voltage across the diode junction.

Improved detector sensitivity may be achieved by maximizing the
RF voltage on the diode junction. This is accomplished by
increasing the source impedance. For the SMS7630 with 500 Ω
source impedance at -20 dBm input power, the output voltage
will be about 130 mV, which is more than 4 times higher than
with a 50 Ω source impedance. This type of matching is not the
same as the traditional conjugate power match and a conse-
quence of high detector sensitivity is high SWR.
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Figure 3. Unmatched Detector and Measurements
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Schottky Diode Model
The SPICE model is a reliable representation of the Schottky
diode. For the SMS7630, the SPICE model parameters are
presented in Table 1.

Table 1. Silicon PN Diode Values in Libra IV Assumed for SMS7630 and SMS1546 Models

SMS7630 SMS1546
Parameter Description Unit & Default & Default

IS Saturation current A 5E-6 3E-7

RS Series resistance Ω 30 4

N Emission coefficient (not used) - 1.05 1.04

TT Transit time (not used) S 1E-11 1E-11

CJO Zero-bias junction capacitance (not used) F 1.4E-13 3.8E-13

VJ Junction potential (not used) V 0.34 0.51

M Grading coefficient (not used) - 0.4 0.36

EG Energy gap (with XTI, helps define the dependence of IS on temperature) EV 0.69 0.69

XTI Saturation current temperature exponent - 2 2
(with EG, helps define the dependence of IS on temperature)

KF Flicker noise coefficient (not used) - 0 0

AF Flicker noise exponent (not used) - 1 1

FC Forward bias depletion capacitance coefficient (not used) - 0.5 0.5

BV Reverse breakdown voltage (not used) V 2 2.5

IBV Current at reverse breakdown voltage (not used) A 1e-4 1e-5

ISR Recombination current parameter (not used) A 0 0

NR Emission coefficient for ISR (not used) - 2 2

IKF High injection knee current (not used) A Infinity Infinity

NBV Reverse breakdown ideality factor (not used) - 1 1

IBVL Low-level reverse breakdown knee current (not used) A 0 0

NBVL Low-level reverse breakdown ideality factor (not used) - 1 1

TNOM Nominal ambient temperature at which these model parameters were derived °C 27 27

FFE Flicker noise frequency exponent (not used) 1 1
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The power response at 1 GHz was modeled using these SPICE
parameters in a Libra IV platform and using the methodology in
Reference 1 showing good compliance of both methods to
measured values. This is shown in Figure 4.
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Figure 4. Detector Output Voltage
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Figure 5. Level Detector Circuit Diagram

Dual-Band GSM-PCS Level Detector Design
A detector design was initiated to generate approximately 10 mV
at 10 dBm input power using a low-loss coupled structure for
use as a level detector. The frequency coverage would
encompass the GSM and PCS bands for typical usage in a dual-
band handset.

Figure 5 shows the design that uses two Schottky diodes in a
voltage doubler configuration. In the voltage doubler, the RF
voltage is applied to the parallel connection of two diodes, each
diode generating the same rectified voltage. The video output is
extracted from the series connection of the two diodes thus its
magnitude is twice that of a single diode.

The consequence of this design is twice the video resistance, Rv,
in comparison to a single diode detector. This does not detract
from the performance because the RV value for a single ZBD
Schottky diode is about 5 kΩ — much lower than the input
impedance of the typical operational amplifier following the
detector. Higher order voltage multipliers may be designed using
the same principle.

In the Libra IV model shown in Figure 6, the SMS7630-079
Schottky diodes DIOD1 and DIOD2 are used in a voltage doubler
configuration. Capacitors C4 and C5, and inductors L1 and L2
simulate the effect of the SC79 package. Capacitor C2 reflects
the mounting pad capacitance. The RF coupling is realized
through a high impedance resistive voltage divider, consisting of
two resistors.
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Figure 6. Level Detector Circuit Model
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Figure 7. Detector PCB Layout

PRC1 = 3 kΩ, and SRLC2 = 100 Ω. The total impedance of the
divider is 3500 Ω, causing about a 0.06 dB loss in the trans-
mission path from Port 1 to Port 2. Capacitors SRLC1 and SRLC2
are used to prevent DC current leakage.

The PCB layout is shown in Figure 7, and the Bill of Materials is
shown in Table 2.

Designator Value Part Number Footprint Manufacturer

C1 10 p CM05CG100K10AB 0402 AVX

C2 100 p CM05CG5101K10AB 0402 AVX

C3 100 p CM05CG5101K10AB 0402 AVX

R1 3 k CR05-302J-T 0402 AVX/KYOCERA

R2 100 CR05-101J-T 0402 AVX/KYOCERA

R3 56 k CR05-563J-T 0402 AVX/KYOCERA

D1 SMS7630-079 SMS7630-079 SC-79 Skyworks Solutions

D2 SMS7630-079 SMS7630-079 SC-79 Skyworks Solutions

Table 2. Bill of Materials
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VOUT VOUT VOUT VOUT VOUT VOUT
Input Power mV mV mV mV mV mV

800 MHz 1 GHz 1.2 GHz 1.8 GHz 2 GHz 2.2 GHz

-10 dBm 0.131 0.129 0.128 0.122 0.118 0.112

0 dBm 1.24 1.23 1.22 1.21 1.18 1.13

5 dBm 4.15 4.13 4.11 3.88 3.84 3.12

10 dBm 12.23 12.21 11.99 11.91 11.53 11.39

15 dBm 34.81 34.62 34.33 33.77 33.65 33.53

20 dBm 91.38 91.36 91.35 88.86 86.51 83.91

30 dBm 422.65 422.61 422.15 421.38 419.38 405.31

Dual-Band Detector Performance
In Figure 8, the measured detector DC output voltage is shown
vs. input power in the through line at 1 GHz simulating the GSM
band and at 2 GHz simulating the PCS band. Both measured and
simulated results agree. A useful dynamic range of 32 dB is
achieved based on an output voltage range from 10 mV to 2 V.

The coupling ratio of this detector circuit is about 37 dB in a 
50 Ω environment. This circuit may be modified by changing the
through line resistors R1 and R2. This allows the designer to
achieve the same output voltage performance at different input
power levels. Table 3 demonstrates the flatness of the frequency
response at different signal levels.
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Figure 8. Detector Output Voltage vs. Input Power 
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Table 3. Detector Frequency Response

In the 800 MHz to 1 GHz band the detector was flat within 
0.10 dB; between 1.8 GHz and 2 GHz flatness was better than
0.15 dB.

The through line insertion loss of the detector is less than 0.3 dB
at frequencies below 1 GHz and less than 0.4 dB in the band
between 1.8 GHz and 2.0 GHz. Figure 9 shows that this
difference agrees well with the loss model used in the simulation.
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Conclusion
This application note demonstrates a detector design that may be
used for level setting in a dual-band handset. It operates with
frequency flatness better than 0.15 dB in any band. The design
utilizes two low-cost, plastic packaged  SMS7630-079 ZBD
Schottky diodes in a voltage doubler. Although intended for GSM-
PCS service, the design is appropriate for any dual-band
applications covering 800 MHz to 2.4 GHz.
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APN1015: A Dual-Band Switchable IF VCO 
for GSM/PCS Handsets

APPLICATION NOTE 

Introduction
Many of today’s handset cellular telephones are multifunctional,
multiband units. They are complex RF systems with frequency
plans requiring multiple RF sources. To accomplish this, the
number of VCOs can be increased, however this is expensive and
requires more PCB area. This approach strongly contradicts
current market trends. A straightforward solution proposed in this
application note is using switchable (multiband) VCOs.

Skyworks application note APN1007, Switchable Dual-Band
170/470 MHz VCO for Handset Cellular Applications, discusses a
switchable Colpitts VCO design switching between the 170 MHz
and 420 MHz range. Described here is a solution for higher
frequency range switching, 450/640 MHz, using a DC Cascode
Colpitts configuration for the VCO. This design is optimized for the
lowest phase noise meeting GSM/PCS handset requirements.

The Colpitts VCO Fundamentals
Fundamental Colpitts VCO operation is illustrated in Figures 1a
and 1b. Figure 1a shows the Colpitts VCO circuit as it is usually
implemented. In Figure 1b, the same circuit is shown as a
common emitter amplifier with parallel feedback. The transistor
junction and package capacitors CEB, CCB and CCE are separated
from the rest of the transistor parasitic components to demon-
strate their direct effect on the VCO tank circuit.

In a real low noise VCO circuit, the capacitor, CVAR, may have a
more complicated structure including series and parallel
connected discrete capacitors used to set required oscillation
frequency and tuning sensitivity. The parallel connection of
resonator inductor, LRES, and varactor capacitive branch, CVAR ,
constitutes a parallel resonator (or simply resonator). A funda-
mental property of the parallel resonator in a Colpitts VCO
implementation is that it always shows inductive impedance at
the oscillation frequency. This means that its parallel resonant
frequency is always above the oscillation frequency.

Loss in the resonator increases as the frequency approaches
resonance in the feedback loop, acting as a stop-band filter at
resonance. Thus, the nearer the oscillation frequency to parallel
resonance, the more loss incurred in the feedback path. However,
since more reactive energy is stored in the resonator nearer to
the resonance frequency, higher loaded Q (QL) is achieved.
Obviously, low loss resonators, such as crystals or dielectric
resonators, allow oscillation buildup closer to parallel resonance
with much lower loss compared to microstrip or discrete
component-based resonators.

The proximity of the parallel resonant frequency to the oscillation
frequency is established by the value of capacitor, CSER. If the
capacitance of CSER were reduced, then the parallel resonator
would be more inductive to compensate for the increased capac-
itive reactance. This means that the oscillation frequency should
move closer to the parallel resonance and would result in higher
QL and higher feedback losses.

Figure 1a. Basic Colpitts VCO Configuration
Figure 1b. Common Emitter View of the Colpitts VCO
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The Leeson equation, establishing connection between tank
circuit QL and its losses, states:

Where F is the large signal noise figure of the amplifier shown in
Figure 1b, P is the loop or feedback power (the one which
measured at the input of the transistor), and QL is loaded Q.

These three parameters have significant consequences for phase
noise in a low noise RF VCO. In designing a low noise VCO, we
need to define the conditions for minimum F and maximum P and
QL. The above discussion shows that the loop power and QL are
contradictory parameters. That is, an increase of QL leads to
more losses in the feedback path resulting in lower loop power.
The optimum conditions for noise also contradict maximum loop
power, and largely depend on transistor choice. Usually the best
noise is achieved with high gain transistors with maximum gain
coinciding with minimum noise at the large signal condition.
Because no such specifications are currently available for
industry-standard transistors, we can base our transistor choice
only on experience.

A Switchable Resonator VCO Circuit
Switchable resonator VCO designs are shown in Figures 2a and
2b. In the switchable resonator concept, two or more separate
resonators, tuned and optimized according frequency bands, are
activated (switched) by low resistance PIN-diodes (D3 and D4).
The advantage of switching the entire resonator rather than
switching an element within the resonator (capacitor or inductor)

is that the control component (PIN diode) is not placed in the
resonator current path. That way it exercises control over a small
reactance portion of the overall tank circuit. This has significant
impact on VCO performance, especially if more than 10% of the
switching gap (the difference between designated frequency
bands) is required.

To understand the impact of switching on the resonator losses,
consider the following example. Assume switching between 0.47
and 0.62 GHz bands using these two concepts. In the intra-
resonator-switching scheme in Figure 3a, the capacitance
changes from 10 pF to 5.8 pF. In this case, 4.2 pF was added to
jump to the lower frequency band. Alternately, in the inter-
resonator switching scheme, 2 pF was added to the switching
path. Simple analysis shows that the current flowing through the
switching component in the intraresonator scheme may be more
than double. This results in more than 6 dB additional loss in the
lower band compared to the interresonator concept, which may
be enough to prevent any oscillation. Even if oscillation could be
sustained due to the excess of gain in the oscillator’s active
portion, there is still the problem of balancing loaded Q and the
feedback loop power to optimize the phase noise performance.

Other problems with the intraresonator switching scheme include
the lack of flexibility in providing optimum tuning in both
frequency bands and extra noise modulation. The PIN diode
control current comes from the same source that feeds the rest
of the handset circuitry. This current may be carrying low-
frequency noise that may not be filterable. Even though these
noise fluctuations of DC current are small and relatively fast, the
PIN diode is still a semiconductor device with inevitable nonlinear
and/or parametric consequences that may result in excess
modulation noise.
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The two circuits shown in Figure 2 differ only in resonator design.
Figure 2a shows a simplified resonator design, minimizing the
component count, thus minimizing cost and space. Resonator
inductors L1 and L2 are also used as varactor biasing chokes.

However, this circuit has some drawbacks. One is a lack of
design flexibility caused by discrete choices of available varactors
(D1 and D2) and inductors (L1 and L2) values. Capacitors may be
added in parallel to the varactors to improve design flexibility, but
this may degrade the tuning sensitivity. Tuning linearity may also
suffer in such a circuit because there is no capacitor in series
with the varactor.

Alternately, the resonator in Figure 2b has more components,
which allows more design flexibility and better tuning linearity,
but the component count is higher. The effect of capacitor, CSER2,
in series with the varactor is demonstrated in Figure 4. The
relative tuning sensitivity is defined as:

Where VVAR is varactor DC bias in the middle of the tuning
range,CSER2 and CPAR are capacitors in series with the varactor
(C11 and C13 in Figure 2b) and resonator parallel capacitors 
(C12 and C14 in Figure 2b), and CJO, VJ, M are parameters
describing varactor capacitance [1]: See SMV1763-079 SPICE
model section.

According to this equation, relative tuning sensitivity variation is
defined as the percent variation of tuning sensitivity per volt in
the tuning range from 0.5–2.5 V — typical for most battery
handset applications. The graph shows that higher values of
CSER2 cause larger tuning sensitivity variations. Consequently,
high variation of tuning sensitivity would occur across the tuning
range without CSER2 in Figure 2a.

VCO Model Description
In the circuit in Figure 5 transistors, X3 and X9 are connected in
DC Cascode sharing the base biasing network consisting of R1
(RDIV2), R4 (RDIV1), and R7 (RDIV3). The bias resistor values were
selected to evenly distribute DC voltages between X3 and X9.
Resistor R5 (RL) was chosen as low as 100 Ω to minimize the 
DC voltage drop for the specified 8 mA DC current. At RF
frequencies, X9 works as a common emitter amplifier with the
emitter grounded through capacitor SRLC1. The oscillator stage
output is fed to the buffer transistor through coupling capacitor
C17 (CCPL).

The output circuit of the buffer stage consists of discrete
inductor, L4, modeled with parallel capacitor, C5 (0.38 pF), and
output capacitor C1 (COUT). For flatter power response over the
specified 450/640 MHz range, capacitor SLC2 (for values less
than 2 pF), in parallel with inductor L4 (in Figure 5), may be used
for fine trimming.
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The dual-band switchable resonator circuit in Figure 6 consists of
two identical parts (low band on the left, and high band on the
right). The PIN diodes were modeled as parallel RC networks

Figure 5. Open Loop Analysis VCO Schematic Bench

Figure 6. Dual-Band Resonator Schematic Bench

PRC1 and PRC2, with switching resistors, RSW_L and RSW_H, in
the low band and high band branches respectively.
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The appropriate biasing resistors, R1, R2, and R3, are shown as
shunt elements to ground. The truth table showing the values 
of RSW_L and RSW_H for the appropriate low/high switching is
shown below:

RSW_L RSW_H State

3  Ω 3000 Ω Low band

3000  Ω 3 Ω High band

Resonator inductors, L1 and L4, are modeled as inductance
losses with parallel capacitors, C4 and C5 respectfully. The
resonator’s parallel capacitors are presented as series equivalent
models, SRLC1 and SRLC2, each with 1.5 nH inductance and 0.2
Ω series resistance. Other discrete capacitors are modeled with
similar series SRLC networks. The different inductor values were
selected based on the individual RF path layout.

Figure 7. VCO Default Bench

Varactor SMV1763-079, used in this design, is described by the
PN-junction diode SPICE model described in the next section.

The variable values used in the circuit are given in the Variable
Equation module of the Default Bench shown in Figure 7. The
Test Bench is shown in Figure 8. For open loop analysis we use
the OSCTEST component supplied in the Libra IV library. This
component allows us to observe the open loop VCO feedback
gain as a function of frequency and power (in the loop)
preserving feedback loading integrity. This is the way the VCO
would see it when the feedback loop is closed. (Refer to Libra IV
manual for further details of OSCTEST operation).
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The SPICE model for the SMV1763-079 varactor diode, defined
for the Libra IV environment, is shown in Figure 9 with a
description of the parameters employed.

Figure 8. VCO Test Bench

Figure 9. SMV1763-079 SPICE Model for Libra IV

SMV1763-079 SPICE Model
SMV1763-079 is a low series resistance, hyperabrupt varactor
diode. It has the industry’s smallest plastic package SC-79 with a
plastic body size of 47 x 31 x 24 mils (the total length with leads
is 62 mils).
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Table 1. Silicon Diode Default Values in Libra IV

Parameter Description Unit Default

IS Saturation current (with N, determine the DC characteristics of the diode) A 1e-14

RS Series resistance Ω 0

N Emission coefficient (with IS, determines the DC characteristics of the diode) - 1

TT Transit time S 0

CJO Zero-bias junction capacitance (with VJ and M define nonlinear F 0
junction capacitance of the diode)

VJ Junction potential  (with VJ and M define nonlinear junction capacitance of the diode) V 1

M Grading coefficient (with VJ and M define nonlinear junction capacitance of the diode) - 0.5

EG Energy gap (with XTI, helps define the dependence of IS on temperature) EV 1.11

XTI Saturation current temperature exponent (with EG, helps define - 3
the dependence of IS on temperature)

KF Flicker noise coefficient - 0

AF Flicker noise exponent - 1

FC Forward-bias depletion capacitance coefficient - 0.5

BV Reverse breakdown voltage V Infinity

IBV Current at reverse breakdown voltage A 1e-3

ISR Recombination current parameter A 0

NR Emission coefficient for ISR - 2

IKF High injection knee current A Infinity

NBV Reverse breakdown ideality factor - 1

IBVL Low-level reverse breakdown knee current A 0

NBVL Low-level reverse breakdown ideality factor - 1

TNOM Nominal ambient temperature at which these model parameters were derived °C 27

FFE Flicker noise frequency exponent - 1

Table 1 describes the model parameters. It shows the appropriate
default values for silicon varactor diodes that may be used by the
Libra IV simulator.

According to the SPICE model the varactor capacitance, CV, is a
function of the applied reverse DC voltage, VR, and may be
expressed as follows:

This equation is a mathematical expression of the capacitor char-
acteristic. The model is most accurate for abrupt junction
varactors (like the SMV1408). However, for hyperabrupt junction
varactors the model is less accurate because the coefficients are
dependent on the applied voltage. To make the above equation
work better for hyperabrupt junction varactors, the coefficients
were optimized for the best capacitance vs. voltage fit. These
simulated coefficients may not have physical meaning.

Note that in the Libra model, CP, is given in picoFarads, while 
CGO is given in Farads to comply with the default unit system
used in Libra.

M P+ C

JV
RV

JOC
VC =

1 +

Table 2. SPICE Parameters for SMV1763-079

Part Number CJO (pF) M VJ (V) CP (pF) RS (ΩΩ) LS (nH)

SMV1763-079 8.87 2.7 4.3 0.1 0.5 0.9



Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
July 21, 2005  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  200325 Rev. A

APPLICATION NOTE   •  APN1015

8

C3

3 p

L3

15 nH

R2

1.0 k

C9

100 pF

C12

100 pF

R6

3.9 k

C13

10 p C15

1 p

C17

2 p

L5

15 nH

C16

100 p

VCC: 3 V
8 mA

V2

NE68019

C18

5 p

POUT: 0 dBm

R7

270

V1

NE68119

VSW_460 MHz

L4

10 nH
L2

100 nH
C6

6 p

C7

100 pF

C10

100 pF

R4

1.5 k

C11

100 pF

VSW _600 MHz

R5

6.8 kR3

1.0 k

C8

3 p

L1

100 nH
C4

2 p

R1

50

C5

1.5 p

D3

D4

C2

8 p

C1

100 pF

VCTL: 0.5–2.5 V

D1, D2
SMV1763-079

D3, D4
SMV1320-079

C14

6 p R8

100

D 1

D 2

VCO Design, Materials and Layout 
The VCO schematic diagram is shown in Figure 10. The circuit is
powered from a 3 V voltage source. The ICC current was set at
approximately 8 mA. The RF output signal is coupled from the
VCO through capacitor C18 (5 pF). Band selection is accomplished

by forward biasing either of the PIN diodes D3 or D4. Bias current
is set by resistors R2, R3 and R4. In the “ON” state, the PIN diodes
(SMP1320-079) have about 2 Ω RF resistance with 1 mA control
current.

Figure 10. The Switchable VCO Circuit Diagram
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The PCB layout is shown in Figure 11. The board was made of
standard, 30 mil thick, FR4 material.

Figure 11. PCB Layout
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Designator Value Part Number Footprint Manufacturer

C1 100 p 0402AU101KAT 0402 AVX

C2 8 p 0402AU8R0KAT 0402 AVX

C3 3 p 0402AU3R0KAT 0402 AVX

C4 2 p 0402AU2R0KAT 0402 AVX

C5 1.5 p 0402AU1R5KAT 0402 AVX

C6 6 p 0402AU6R0KAT 0402 AVX

C7 100 p 0402AU101KAT 0402 AVX

C8 3 p 0402AU3R0KAT 0402 AVX

C9 100 p 0402AU101KAT 0402 AVX

C10 100 p 0402AU101KAT 0402 AVX

C11 100 p 0402AU101KAT 0402 AVX

C12 100 p 0402AU101KAT 0402 AVX

C13 10 p 0402AU100KAT 0402 AVX

C14 6 p 0402AU6R0KAT 0402 AVX

C15 1 p 0402AU1R0KAT 0402 AVX

C16 100 p 0402AU101KAT 0402 AVX

C17 2 p 0402AU2R0KAT 0402 AVX

C18 5 p 0402AU5R0KAT 0402 AVX

D1 SMV1763-079 SMV1763-079 SC-79 Skyworks Solutions

D2 SMV1763-079 SMV1763-079 SC-79 Skyworks Solutions

D3 SMP1320-079 SMP1320-079 SC-79 Skyworks Solutions

D4 SMP1320-079 SMP1320-079 SC-79 Skyworks Solutions

L1 100 nH LL1608-FHR10 0603 TOKO

L2 100 nH LL1608-FHR10 0603 TOKO

L3 15 nH 0402CS-15NXJB 0402 COILCRAFT

L4 10 nH 0402CS-10NXJB 0402 COILCRAFT

L5 15 nH LL1005-F15NS 0402 TOKO

R1 50 CR10-500J-T 0402 AVX/KYOCERA

R2 1 k CR10-102J-T 0402 AVX/KYOCERA

R3 1 k CR10-102J-T 0402 AVX/KYOCERA

R4 1.5 k CR10-152J-T 0402 AVX/KYOCERA

R5 6.8 k CR10-682J-T 0402 AVX/KYOCERA

R6 3.9 k CR10-392J-T 0402 AVX/KYOCERA

R7 270 CR10-271J-T 0402 AVX/KYOCERA

R8 100 CR10-101J-T 0402 AVX/KYOCERA

V1 NE68119 NE68119 SOT-416 NEC/CEL

V2 NE68019 NE68019 SOT-416 NEC/CEL

Table 3. The VCO’s Bill of Materials

The bill of materials used is given in the Table 3.
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Measurement and Simulation Results
The measured performance of this circuit and the simulated
results obtained with the model above are shown in Figures 12
and 13. The simulated results agree with the measurements
confirming the validity of the VCO model. A difference of about 
1 dB in simulation of the output power at low band may be
attributed to the effects of higher harmonics. A more precise 
VCO simulation would require more accurate modeling of 
miscellaneous parasitic components such as pad capacitances 
to the ground, transmission lines and discontinuities. Note that 
in the simulations, the low band resonator inductor (L3 = 15 nH 
in Figure 10) was replaced with a 16.5 nH measured for that 
type of inductor in our lab. Another reason for the divergence of
simulated power response from the measurements may be 
in the precision of the transistor models used. These models 
are usually derived for small-signal or relatively weak-signal
amplifier applications, and may not reflect the highly nonlinear
operation of a VCO.

Both measured and simulated VCO output power variations in the
tuning ranges are less than 1 dB. The measured frequency tuning
sensitivity in Figures 12 and 13 are relatively linear at 27 MHz/V
(low band) and 28 MHz/V (high band) in the 0.5–2.5 V range for
battery applications. The simulated frequency tuning response is
very similar to the measured one, although a slightly higher
tuning voltage was observed in simulations for high band over
the 2 V varactor bias voltage.
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Figure 12. Low Band VCO Tuning Performance
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List of Available Documents
The GSM/PCS Switchable IF VCO Simulation Project 
Files for Libra IV.

The GSM/PCS Switchable IF VCO Circuit Schematic and PCB
Layout for Protel EDA Client 1998 version.

The GSM/PCS Switchable IF VCO PCB Gerber Photo-plot files.

VCO Related Application Notes
APN1004: Varactor SPICE Models for RF VCO Applications

APN1006: A Colpitts VCO for Wide Band (0.95 GHz
2.15 GHz) Set-Top TV Tuner Applications.

APN1005: A Balanced Wide Band VCO for Set-Top TV 
Tuner Applications.

APN1007: Switchable Dual-Band 170/420 MHz VCO For Handset
Cellular Applications.

An RF VCO Design for Wireless and Broadband 

A Differential VCO for GSM Handset Applications

measurements were done using a Comstron-Aeroflex PN9000
Phase Noise Test Set in the range of less than 7 MHz offset
because of the 100 ns delay-line setup used.

Phase noise measurements vs. frequency offset for both low
band and high band are shown in Figure 14. It shows 
-100 dBc/Hz in high band and -105 dBc/Hz in low-band at 
10 kHz offset and -120 dBc/Hz and -126 dBc/Hz at 100 kHz
offset. The 20 dB/Decade slope is fairly constant to 5 MHz. The

Figure 14. Measured VCO Phase Noise for Low and High Bands at VCC = 3 V, VVAR = 1.5 V
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APN1016: A Low Phase Noise VCO Design for 
PCS Handset Applications 

APPLICATION NOTE 

Introduction
The VCO design in a PCS handset must satisfy a number of
stringent electrical, cost, and size requirements which include:

• Power supply 

- 3 V DC power supply

- < 6 mA total current consumption
• Layout

- Minimum components count

- Aggressive PCB layout design and component placement
rules with spacing less than 5 mils and placement pads no
larger than component’s land area

- Total VCO footprint smaller than 7 x 8 mm
• Cost 

- Minimum component cost

- Maximum production yield

- Tight component tolerance control to minimize or 
avoid trimming 

- Total VCO cost well under $0.50

The factors that have significant impact on the primary VCO elec-
trical specifications may be summarized as follows:

• Primary design criteria

- Frequency tuning range

- Tuning sensitivity

- Output power level
• Stability and spectrum purity factors

- Phase noise at a given frequency offset

- Frequency pulling when terminated with SWR > 2 at all
phases

- Frequency pushing 

- Temperature stability
Other electrical specifications may include harmonic content or
spur levels in the output signal, tuning linearity, etc. However, for
the existing handset VCO market these specifications have been
standardized based on available technology. Some typical PCS
VCO characteristics for PCS handsets are given in Table 1.

MManufaccturer

MMurata OOther

PParameter Tesst  CCoondditioonss MMQQE523 MMQQE992200 Typiccal

Frequency Range* (GHz) 
VCTL = 0.5 V 1.715 1.948 -

VCTL = 2.5 V 1.778 2.086 -

Tuning Sensitivity (MHz/V) 31.5 69 40

Supply Voltage (V) 3 3 3

Supply Current (mA) 15.3 7 < 8

Control Voltage (V) VCTL 0.5–2.5 0.5–2.5 0.5–2.5

Output Power (dBm) POUT -2 -0.5 0

Pushing Figure (MHz/V) 3.8 - < 2

Pulling Figure (MHz) SWR = 2, for all phases 0.90 - < 2

Phase Noise (dBc/Hz) @ 10 kHz -91 -91 -90

Taabbllee  11.  TTyyppiiccaall  CChaarraacctterriisstiiccss  ffoorr  PPCCSS  HHaannddsseett  VVCCOOss
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This application note describes the design and performance of a
VCO centered at 1750 MHz for a PCS handset that uses the
SMV1763-079 varactor diode. This low R varactor was designed
specifically for low phase noise applications. The VCO was
designed to satisfy the listed requirements for a PCS handset.

The Colpitts VCO Fundamentals
The fundamental Colpitts VCO operation is illustrated in Figures
1a and 1b.

Figure 1a shows a Colpitts VCO circuit the way it is usually imple-
mented on a PCB. Figure 1b reconfigures the same circuit as a
common emitter amplifier with parallel feedback. We have sepa-
rated the transistor junction and package capacitors, CEB, CCB
and CCE, from the transistor parasitic components to demonstrate
their direct effect on the VCO tank circuit.

In an actual low noise VCO circuit, the capacitor we noted as CVAR
may have a more complicated structure. It would include series
and parallel connected discrete capacitors used to set the oscil-
lation frequency and tuning sensitivity. The parallel connection of
the resonator inductor, LRES, and the varactor capacitive branch,
CVAR, refer to the parallel resonator (or simply resonator). A

fundamental property of the parallel resonator in a Colpitts VCO
implementation is its inductive impedance at the oscillation
frequency. This means that its parallel resonant frequency is
always higher than the oscillation frequency.

At parallel resonance in the resonator branch, the impedance in
the feedback loop is high, acting like a stop-band filter. Thus, the
closer the oscillation frequency to the parallel resonant frequency,
the higher the loss introduced in the feedback path. However,
since more reactive energy is stored in the parallel resonator
closer to the resonant frequency, then higher Q load (QL) will be
achieved. Obviously, low loss resonators, like crystal or dielectric
resonators, allow much closer and lower oscillation loss buildup
at parallel resonance, in comparison to microstrip or discrete
inductor-based resonators.

The proximity of the parallel resonance to the oscillation
frequency may be effectively established by the CSER capacitor
value. Indeed, if the capacitance of CSER is reduced, the parallel
resonator will have higher inductance to compensate for the
increased capacitive reactance. This means that the oscillation
frequency will move closer to parallel resonance resulting in
higher QL and higher feedback loss.

Fiigguuree  1aa.  BBaassicc  CCoollppiittttss  VVCCOO  CCoonnffiggurrattiioon FFiigguurree  11bb.  CCoommoonn-EEmmiitteer  VViieeww  ooff  tthee  CCoolppitttss  VVCCOO
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signals. Since there are no such specifications currently available
for standard industry transistors, we can base our transistor
choice only on experience.

The VCO Model
In Figure 2, the transistors X1 and X2 are connected in DC
Cascode sharing the base biasing network consisting of R2
(RDIV1), R3 (RDIV2) and R4 (RDIV3). The bias resistor values were
designed to distribute the DC voltages evenly between X1 and X2.
Resistor R6 (RL) was chosen as low as 100 to minimize the DC
voltage drop to the specified 8 mA. At RF frequencies, X2 works
as a common emitter amplifier with the emitter grounded through
capacitor SRLC2. The oscillator stage output is fed to the buffer
transistor through coupling capacitor C17 (CCPL).

The output circuit of the buffer stage consists of the printed
microstrip line inductor TL5 and output capacitor C1 (COUT).
Capacitor SLC2, in parallel with the microstrip line inductor TL5,
may be used for finer trimming, when SLC2 is selected lower
than 0.5 pF.

The Leeson equation, establishing a connection between tank
circuit QL and its losses, states:

Where F is the large signal noise figure of the amplifier as shown
in Figure 1b; P is the loop or feedback power (measured at the
input of the transistor); and QL is loaded Q. These three para-
meters have significant consequences for phase noise in an
actual low noise RF VCO. In designing a low noise VCO, we need
to define the condition for minimum F and maximum P and QL.

This discussion shows that loop power and QL are contradictory
parameters. That is, an increase in QL leads to more loss in the
feedback path resulting in lower loop power. The condition for the
optimum noise figure is also contrary to maximum loop power
and largely depends on the specific transistor used. The best
noise performance is usually achieved with a high gain transistor
and the maximum gain coinciding with minimum noise at large

1 + 2
mƒ4 2

LQ

2ƒ
2P

FkT(   ) =mƒξ

Fiigguure  22.  PPCCSS  VVCCOO  SScchheemmaatticc  ffoorr  LLiibbrraa  IIVV,  UUssiingg  DDCC  CCaassccooddee  CCoollppiitttss  VVCCOO  CCoonnffiigguuraattiioonn
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The resonator circuit consists of the printed microstrip line
inductor T3 in parallel with ceramic capacitor X3 (CPAR), the
capacitive varactor branch with X5 (CSER1) and varactor
SMV1763-079 X6 connected in series. The model for varactor
SMV1763-079 is described in a separate circuit schematic bench
shown in Figure 4. The varactor choice was based on the VCO
frequency coverage and the requirement for low phase noise.
This requirement is related to the need for low equivalent series
resistance, RS_EQV, in the overall VCO resonator.

The equivalent series resistance of the capacitive branch of the
VCO resonator, shown in Figure 1, includes the varactor with its
series resistance. This resistance may be expressed as follows:

VAR

1

VAR

_

1
;12

;2)(

V
ƒ
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VVAR is the varactor DC bias in the middle of the tuning range; 

CE is the capacitance of the resonator capacitive branch in the
middle of the tuning range;

CJO, VJ, M are the parameters describing varactor capacitance[1];

RP, RS are the series resistances of CPAR and CSER1; and

KF is the relative tuning sensitivity.
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The results of this equation versus relative tuning sensitivity are
given in Figure 3 for different varactor processes. The low resis-
tance SMV1763 process looks best for tuning sensitivities higher
than 1.5–2.0% per V.

The values of variables used in the circuit are given in the
variable equation module.

The default and test benches are shown in Figures 4 and 5
respectively.

FFiigguurree  33.  OOppttiimmuumm  RRSS vvss.  RReellaattiivvee  FFrreeqqueenccyy  
SSeennssiittiivvittyy  ffoorr  DDiffferreenntt  CCE
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Fiigguuree  44.  DDeeffauultt  BBenncchh  ffoor  LLiibbrraa  IVV

FFiggurree  55.  PPCCSS  VVCCOO  TTeesst  BBeenncchh  
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Table 2 describes the model parameters. It shows default values
appropriate for silicon varactor diodes that may be used by the
Libra IV simulator.

FFiigguurree  66.  SSMMVV11776633-007799  SSPPIICCEE  MMooddeel  foorr  Liibbrraa  IIVV

SMV1763-079 SPICE Model
The SMV1763-079 is a low series resistance, hyperabrupt
varactor diode. It has the industry’s smallest plastic package, SC-
79, with a body size of 47 x 31 x 24 mils (total length with leads
is 62 mils).

The SPICE model for the SMV1763-079 varactor diode, defined
for the Libra IV environment, is shown in Figure 6 with a
description of the parameters employed.
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TTaabblee  22.  SSiilliccoonn  DDiioodde  DDeeffaauulltt  VValluueess  iinn  Libbraa  IIVV

Parameter Description Unit Default

IS Saturation current (with N, determine the DC characteristics of the diode) A 1e-14

RS Series resistance Ω 0

N Emission coefficient (with IS, determines the DC characteristics of the diode) - 1

TT Transit time S 0

CJO Zero-bias junction capacitance (with VJ and M define nonlinear F 0
junction capacitance of the diode)

VJ Junction potential (with VJ and M define nonlinear junction capacitance of the diode) V 1

M Grading coefficient (with VJ and M define nonlinear junction capacitance of the diode) - 0.5

EG Energy gap (with XTI, helps define the dependence of IS on temperature) EV 1.11

XTI Saturation current temperature exponent (with EG, helps define - 3
the dependence of IS on temperature)

KF Flicker noise coefficient - 0

AF Flicker noise exponent - 1

FC Forward bias depletion capacitance coefficient - 0.5

BV Reverse breakdown voltage V Infinity

IBV Current at reverse breakdown voltage A 1e-3

ISR Recombination current parameter A 0

NR Emission coefficient for ISR - 2

IKF High injection knee current A Infinity

NBV Reverse breakdown ideality factor - 1

IBVL Low-level reverse breakdown knee current A 0

NBVL Low-level reverse breakdown ideality factor - 1

TNOM Nominal ambient temperature at which these model parameters were derived °C 27

FFE Flicker noise frequency exponent - 1

According to the SPICE model, the varactor capacitance, CV, is a
function of the applied reverse DC voltage, VR, and may be
expressed as follows:

This equation is a mathematical expression of the capacitance
characteristic. This model is accurate for abrupt junction
varactors (like the SMV1408); however for hyperabrupt junction
varactors the model is less accurate because the coefficients are
dependent on the applied voltage. To make the equation work
better for the hyperabrupt varactors, the coefficients were opti-
mized for the best capacitance versus voltage fit, as shown in
Table 3.

Please note that in the Libra model above, CP is given in pico-
farads, while CJO is given in farads to comply with the default
unit system used in Libra.

M P+ C

JV
RV

JOC
VC =

1 +

TTaabblee  33.  SSPPIICCEE  PPaaraammeeteerss  foorr  SSMMVV11776633-007799

Part Number CJO (pF) M VJ (V) CP (pF) RS (ΩΩ) LS (nH)

SMV1763-079 7.6 90 120 1.6 0.6 1.1
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VCC  (3 V)

RF Out

D1

VVAR

C1

100

C2

2.0

C3

2.0

C4

1.0

R1

3.9 k

R2

6.8 k

C5

2.4

C6

0.5

C7

0.75

V1

NE68119

C8

100

R4

100

R3

270
C9

100

C10

2.0

V2

NE68619

C11

0.5

MSL1

SL1

MSL2

VCO Design, Materials and Layout 
The VCO schematic diagram is shown in Figure 7. The circuit is
powered by a 3 V voltage source. The ICC current was established
near 8 mA. The RF output signal is coupled from the VCO through
the capacitor C10 (2 pF).

The PCB layout is shown in Figure 8. The board was made of
standard, 30 mil thick FR4 material. A more detailed drawing of
the VCO layout is shown in Figure 9 with the dimensions of
critical circuit components.

The bill of materials used is given in Table 4.

FFiigguurree  77.  PCCSS  VVCCOO  SSchhemmaattiic  ((DD1:  SSMMVV11776633-007799))

Designator Value Part Number Footprint Manufacturer

C1 100 p 0402AU101KAT 0402 AVX

C2 2 p 0402AU2R0JAT 0402 AVX

C3 2 p 0402AU2R0JAT 0402 AVX

C4 1 p 0402AU1R0JAT 0402 AVX

C5 2.4 p 0402AU2R4JAT 0402 AVX

C6 0.5 p 0402AU0R5JAT 0402 AVX

C7 0.75 p 0402AU0R75JAT 0402 AVX

C8 100 p 0402AU101KAT 0402 AVX

C9 100 p 0402AU101KAT 0402 AVX

C10 2 p 0402AU2R0KAT 0402 AVX

C11 0.5 p 0402AU0R5KAT 0402 AVX

D1 SMV1763-079 SMV1763-079 SC-79 Skyworks Solutions

R1 3.9 k CR10-392J-T 0402 AVX/KYOCERA

R2 6.8 k CR10-682J-T 0402 AVX/KYOCERA

R3 270 CR10-271J-T 0402 AVX/KYOCERA

R4 100 CR10-101J-T 0402 AVX/KYOCERA

V1 NE68119 NE68119 SOT-416 NEC/CEL

V2 NE68619 NE68619 SOT-416 NEC/CEL

TTaabblle  44.  BBiilll  ooff  MMaatterriiaallss



APPLICATION NOTE •  APN1016

Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
200326 Rev. A  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  July 21, 2005 9

FFiigguuree  88.  PPCCBB  Laayyoouut
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FFiigguurree  99.  DDettaiileedd  DDrawwiinngg  ooff  tthhe  PPCCSS  VVCCOO  Layyooutt

Measurement and Simulation Results
The measured performance of this circuit and the simulated
results obtained with the model are shown in Figures 10 through
12. Phase noise measurements versus frequency offset are
shown in Figure 12. It shows greater than -90 dBc/Hz at 10 kHz
offset and greater than -110 dBc/Hz at 100 kHz offset. This 20
dB/decade slope is fairly constant up to 5–6 MHz. The measure-
ments were done in the range below 7 MHz, offset because of
the 100 ns delay-line setup used. This measurement was made
using the Aeroflex PN9000 Phase Noise Test Set.

The measured frequency tuning response in Figure 10 shows
linear 60 MHz/V tuning in the 0.5–2.5 V range typical for battery
applications. The simulated frequency tuning response is very
similar to the measured response. VCO output power variation
versus tuning shows a divergence within ±2 dB between
measurement and simulation. This may be attributed to the VCO
model parameters, especially to the transistor model parameters.
These models are usually derived for small-signal amplifier appli-
cations, and may not necessary reflect the higher nonlinearity of
a VCO.
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pushing in the VCO may be further minimized by reducing the DC
bias current. However, the model supplied by the transistor
vendor does not reflect a negative pushing slope. The simulation
results shown in Figure 11 were obtained for a modified tran-
sistor model, which is available with the PCS VCO simulation
project file.

The simulated loop power shows constant behavior in the battery
range of 0.5–2.5 V and rapid degradation above it. This degra-
dation may cause proportional degradation of phase noise
according to the Leeson equation.

The DC supply pushing response, shown in Figure 11, shows
even larger differences between simulated and measured data.
The measured “slow down” of pushing near 2.4 V indicates that
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List of Available Documents
The PCS VCO Simulation Project Files for Libra IV.

The PCS VCO Circuit Schematic and PCB Layout for Protel, EDA
Client, 1998 version.

The PCS VCO PCB Gerber Photo-plot Files.

VCO Related Application Notes
APN1004, Varactor SPICE Models for RF VCO Applications.

APN1006, A Colpitts VCO for Wide Band (0.95 GHz–2.15 GHz)
Set-Top TV Tuner Applications.

APN1005, A Balanced Wide Band VCO for Set-Top TV Tuner
Applications.

APN1007, Switchable Dual-Band 170/420 MHz VCO for Handset
Cellular Applications.

APN1012, VCO Designs for Wireless Handset and CATV Set-Top
Applications.

APN1013, A Differential VCO for GSM Handset Applications.
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APN1017: GaAs IC 1 Bit Digital Attenuator
10 dB LSB DC–2.5 GHz

APPLICATION NOTE 

Introduction
In cable TV line amplifiers and set-top applications, a variable
attenuator is used in front of an LNA as an AGC. Figure 1 shows a
block diagram of a typical transceiver used in a set-top box. The
attenuator’s purpose is to normalize the level of the high dynamic
range multichannel TV signal. The input signal level may vary
from 0 to 20 dBmV (-49 to -29 dBm) depending on the local
cable network layout and standards. Thus, the attenuator should
provide at least 20 dB of low distortion attenuation.

Application note APN1003, A Wideband General-Purpose PIN
Diode Attenuator, describes a PI attenuator design using four
individually packaged SMP1307-011 PIN diodes with coverage
from 10 MHz to 3 GHz. This application note describes a four-
diode PI-type attenuator specifically designed for CATV
applications with coverage to 1 GHz. The benefits of this design
are the cost and space savings resulting from the SMP1320-027,
a single package, four PIN diode array configured as a PI atten-
uator in a SOT-5 plastic package.

Figure 1. Block Diagram of Typical Dual-Conversion Cable Transceiver
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Figure 2. PI Attenuator

PI Attenuator Fundamentals
PIN diode designs are commonly used for matched broadband
applications, especially those covering low RF frequencies (to 5
MHz) through frequencies greater than 1 GHz. The most popular
circuits are the TEE, bridged TEE and PI configurations. These
designs use PIN diodes as current controlled RF resistors whose
resistance values are set by a DC control established by an 
AGC loop.

Figure 2 shows a basic PI attenuator that uses three PIN diodes.
It also shows the expressions that determine the resistor values
for each PIN diode as a function of attenuation.
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Figure 3 displays the value of PIN diode resistance for a 50 Ω PI
attenuator. Note that the minimum value for the shunt diodes, R1
and R2, is 50 Ω.

Figure 4 shows a PI attenuator that uses four PIN diodes and is
the subject of this application note. The benefit of the four-diode
circuit is that its symmetry allows for a simpler bias network and
a reduction of distortion due to cancellation of harmonic signals
resulting from the back-to-back configuration of the series
connected diodes.
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Figure 4. Four Diode PI Attenuator

Figure 5. SOT-5 Package Assembly Couplings
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SOT-5 Package Assembly Model and
Feedthrough Compensation Circuitry
Figure 5 shows the model for the RF couplings that exist within
the fourdiode SOT-5 package. The effect of these couplings is
most noticeable at high attenuation where the series diodes, D1
and D3, are in a high impedance state, and shunt diodes, D2 and
D4, are in a low impedance state. The capacitive coupling
between the RF input and output, designated as CFB, is the result
of the diode junction capacitance (about 0.3 pF) and the inter-
terminal package capacitance (about 0.1–0.15 pF). This results in
a capacitance of approximately 0.4–0.45 pF. There is also
magnetic coupling between the shunt connected diodes, caused
by the proximity of bond wires and package leadframe pads,
shown as the transformer M. This provides a circulating feed-
through current path (ISH). Without compensating for these
internal couplings, the maximum isolation at 1 GHz was less than
25 dB, compared to greater than 40 dB achieved using separate
packaged diodes demonstrated in APN1003.

To improve the high-frequency isolation, a simple and robust
compensation circuit was developed, as shown in Figure 5. The
compensation circuit requires only one or possibly two additional
components and uses existing parasitic components of a PI
attenuator. The series connected C1–LC1 and C2–LC2 are the
existing RF ground capacitors with their respective parasitic
inductors, LC1 and LC2. Since the values of C1 and C2 are usually
very large at the high-frequency end of the CATV band, they may
be neglected. Capacitor CB, a necessary addition for the compen-
sation circuit to work, is represented with its parasitic inductance
LB. Resistor RB represents the loss of capacitors C1, C2, CB (about
0.6 Ω) which may be added to the compensation circuit if more
flatness at the high-frequency response is desired.

Compensation occurs when capacitors C1, C2, CB resonate with
LC1 and LC2 at a frequency near or above the highest frequency
of the band. As shown in Figure 5, a portion of the resonating
current component, IRES, flows in the opposite direction of the
feedthrough currents, ITH + ISH, resulting in cancellation when
balanced. Resistor RB may be used to regulate the depth and
flatness of the cancellation across the frequency range.

Attenuator Circuit Model
In the circuit in Figure 6, the PIN diode pairs X2/X4 and X1/X3 are
symmetrically biased from two DC sources. The reference DC
voltage source (5 V) provides adequate biasing to keep shunting
diodes X3 and X4 at approximately 75 Ω (for the 75 Ω system
analyzed in the case below) during “shut-down” of series diodes
X1 and X2. The values of biasing resistors SRL1, SRL2, SRL3, R1,
SRL5 and SRL4 were selected to provide minimum VSWR for the
whole range of the attenuation changes. Attenuation is controlled
by the control voltage source, VCTL, which ranges from 1 to 5 V.
This source supplies control current to the series diodes X1 and
X2 through the wideband high impedance ferrite inductor X5
(FBM H4525, Taiyoyuden) and resistors SRL4, SRL5, and SRL6.

Capacitors SRLC5 and SRLC7 provide RF grounding for the shunt
diodes. The separation of the biasing path into two branches,
SRL1 and SRL2, reduces RF coupling between input and output.
This will affect maximum attenuation, especially at high
frequencies, due to the parasitic series inductances.

Capacitors C6 and C7 reflect the total effect of the 50 Ω SMA
coaxial connectors used on the test board.

The values of all biasing resistors were optimized for the best
SWR performance over the attenuation range. The values of SRL5
and SRL4 were kept as small as possible to ensure maximum
forward current for the series diodes X1 and X2 and high enough
not to affect insertion loss of the whole attenuator.

Capacitors C4 and C5 reflect the interterminal parasitic capacitive
interactions. The effect of magnetic coupling between shunting
branches was modeled with coupled microstrip lines CLIN1. Its
parameters were established empirically.

The compensation circuitry, consisting of capacitor CBAL (2 pF),
was optimized for the highest attenuation at the high end of the
band, while keeping frequency response reasonably smooth.
Lower values of CBAL improve flatness at the cost of less attenu-
ation at the high-frequency range.

SMP1307 SPICE Model
The SMP1307-027 is a four-diode assembly specifically designed
for PI-type attenuator applications based on the SMP1307 die.

The SMP1307 is a silicon PIN diode with a thick I region (175
µm) and a long carrier lifetime (TL = 1.5 µs). This results in a
variable resistance device capable of attenuating frequencies
below 10 MHz with low distortion while providing high dynamic
range of resistance variation.
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The SPICE model for the SMP1307-011 varactor diode defined
for the Libra IV environment is shown in Figure 7, with a
description of the parameters employed. In this model, two
diodes were used to fit both the DC and RF properties of the PIN
diode. The built-in PIN diode model of Libra IV was used to model
behavior of RF resistance vs. DC current. The P-N junction diode
model was used to model DC voltage-current response. Both
diodes were connected in series to ensure the same current flow,
while the PN-junction diode was effectively RF short-circuited
with capacitor C2 = 1E11 pF. The portion of the RF resistance,
reflecting residual series resistance, was modeled with R2 = 2.2
Ω, which was shunted with the ideal inductor L1 = 1E19 nH to
avoid affecting DC performance. Capacitors CG, CP and inductor
L2 reflect junction and mounting properties of the SMP1307 die.

This is a linear model emulating the DC and RF properties of the
PIN diode when the signal frequency is higher than 0.0425 MHz.
For more details on the properties of the PIN diode, see
Reference 1.

Tables 1 and 2 describe the model parameters. Default values
are shown that are appropriate for silicon PIN diodes that may be
used by the Libra IV simulator. Some built-in Libra IV PIN diode
values were not used. They are marked “not used” in the tables.

Figure 6. SMP1307 Model for Libra IV
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Parameter Description Unit Default

IS Saturation current (not used) A 1.9E-9

VI I region forward bias voltage drop V 0.08

UN Electron mobility cm**2/(V*S) (not used) cm**2/(V*S) 900

WI I region width (not used) M 1.2e-4

RR I region reverse bias resistance Ω 4E5

CMIN PIN punchthrough capacitance F 0

TAU Ambipolar lifetime within I region (not used) S 1E-12

RS Ohmic resistance Ω 0

CJO Zero-bias junction capacitance F 1.8E-15

VJ Junction potential V 1

M Grading coefficient - 1.01

KF Flicker noise coefficient (Not used) - 0

AF Flicker noise exponent (Not used) - 1

FC Coefficient for forward-bias depletion capacitance (not used) - 0.5

FFE Flicker noise frequency exponent (not used) - 1

Figure 7. Libra IV CATV/Modem PIN Attenuator Model

Table 1. Silicon PIN Diode Values in Libra IV (Assumed for SMP1307 Model)
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Table 2. Silicon Diode Values in Libra IV (Assumed for SMP1307 Model)

Parameter Description Unit Default

IS Saturation current A 1.1E-8

RS Series resistance Ω 1.48

N Emission coefficient (not used) - 2.2

TT Transit time (not used) S 0

CJO Zero-bias junction capacitance (not used) F 0

VJ Junction potential (not used) V 1

M Grading coefficient (not used) - 0.5

EG Energy gap (with XTI, helps define the dependence of IS on temperature) EV 1.11

XTI Saturation current temperature exponent (with EG, helps define the dependence of - 3
IS on temperature)

KF Flicker noise coefficient (not used) - 0

AF Flicker noise exponent (not used) - 1

FC Forward bias depletion capacitance coefficient (not used) - 0.5

BV Reverse breakdown voltage (not used) V Infinity

IBV Current at reverse breakdown voltage (not used) A 1e-3

ISR Recombination current parameter (not used) A 0

NR Emission coefficient for ISR (not used) - 0

IKF High injection knee current (not used) A Infinity

NBV Reverse breakdown ideality factor (not used) - 1

IBVL Low-level reverse breakdown knee current (not used) A 0

NBVL Low-level reverse breakdown ideality factor (not used) - 1

TNOM Nominal ambient temperature at which these model parameters were derived ÞC 27

FFE Flicker noise frequency exponent (not used) 1

The model DC voltage-current response calculated by Libra IV is
shown in Figure 8a, with the measured data. It shows very good
compliance of our model’s DC properties with measured results.
Figure 8b shows internal RF resistance with the parasitic capac-
itors CG, CP and inductor L2 unembedded.
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Attenuator Design, Materials, Layout and
Performance
Both 50 and 75 Ω versions of the four-diode PIN attenuator were
designed and tested. The schematic diagram is shown in Figure 9
with values for the 75 Ω design; the 50 Ω
design schematic differs only by the value of R5 (= 560 Ω).
The 50 Ω PCB layout shown in Figure 10a was designed for the
0402 size components, and the 75 Ω PCB layout shown in Figure
10b was designed for the 0805 size components. The boards are
made of standard FR4 material, 62 mil thick for both the 50 Ω
and 75 Ω versions.

Table 3 lists the bill of materials based on the 0402 
size components.

The major difference between the 50 Ω and 75 Ω PCB design is
the width of the main throughline. A remarkable fact about this
design is that to minimize return loss of the attenuator at the
higher frequencies of the CATV band (especially in the lowest
attenuation modes), the width of the main throughline is made
smaller than required for the matching characteristic impedance of
the input/output system. Thus, the optimum width for the 50 Ω
version is about 1.5 mm (60 mils), and about 0.8 mm (32 mils) for
the 75 Ω version. The thinner lines introduce some inductance,
which help compensate for the miscellaneous parasitic capaci-
tance resulting from the numerous pads and discontinuities.
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Designator Value Part Number Footprint Manufacturer

C1 22,000 p CM05CG223K10AB 0402 AVX/KYOCERA

C2 22,000 p CM05CG223K10AB 0402 AVX/KYOCERA

C3 22,000 p CM05CG223K10AB 0402 AVX/KYOCERA

C4 22,000 p CM05CG223K10AB 0402 AVX/KYOCERA

C5 22,000 p CM05CG223K10AB 0402 AVX/KYOCERA

C6 22,000 p CM05CG223K10AB 0402 AVX/KYOCERA

C7 2 p CM05CG2R0K10AB 0402 AVX/KYOCERA

D1–D4 SMP1307-027 SMP1307-027 SOT-5 Skyworks Solutions

L1 FBMH4525 FBMH4525_HM162NT 1810 TAIYO-YUDEN

R1 510 CR05-511J-T 0402 AVX

R2 30 CR05-300J-T 0402 AVX

R3 1 k CR05-102J-T 0402 AVX

R4 1 k CR05-102J-T 0402 AVX

R5 1.5 k CR05-102J-T 0402 AVX

R6 510 CR05-511J-T 0402 AVX

R7 Optional Optional 0402 AVX

R8 5.6 k CR05-562J-T 0402 AVX

Table 3. Attenuator Bill of Materials

Figures 10a and 10b. PCB Layouts for 50 and 75 Ω CATV/Modem PIN Attenuator

10a 10b

The measured and simulated results are shown in Figures 11
through 13. Figures 11 and 12 show measured results and simu-
lated performances for the 50 Ω attenuator using 0402 size
components. Figure 13 shows measured results for the 75 Ω
attenuator using 0805 size components.

For attenuation less than 15 dB, shown in Figure 11, flatness of

±1 dB up to 900 MHz was demonstrated. Attenuation starts to
increase faster at higher frequencies as the control voltage drops
below 1.5 V. This occurs partially due to the effect of the
correction circuit.
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The correction circuit (C7/R7) for the 50 Ω design consisted of C7
= 2 pF and R7 = 20 Ω. For the 75 Ω design, where C7 = 1.6 pF
and R7 = 50 Ω, the effect was substantially subdued to improve
the frequency response smoothness. As a result, the high-
frequency insertion loss response in Figure 13 doesn’t show the
characteristic “dip” observed in Figures 11 and 12, where the
compensation circuit effect is much stronger. As a result, the
attenuation flatness stays within ±2 dB to the 30 dB range.

The input SWR shown in Figures 11 and 12 show some deterio-
ration in the low-frequency area, which is the result of
optimization to benefit the higher frequency end. However, that
balance could be easily changed by trimming either the reference
voltage or the value of the resistor R5. In Figure 11, the SWR for

the 50 Ω attenuator was kept well below 1.6. The SWR for the 
75 Ω attenuator was higher, but still below 2. The cause for the
75 Ω system degradation was the integrated effect of multiple
parasitic capacitances from the component’s pad placement,
biasing lines, etc. Also, reducing the overall transmission line
width to 0.8 mm would significantly improve the return loss
performance.

A comparison of the simulated and measured curves shows that
the model is able to accurately predict attenuator performance.
There is a discrepancy of approximately 0.1 V in the vicinity of 1
V control voltages. However, this uncertainty may be neglected
because in most CATV/modem set-top applications, the atten-
uator is part of a closed loop level control.
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Conclusions
A four-diode PI attenuator was designed and constructed in both
50 Ω and 75 Ω environments suitable for CATV service using a
single package, SMP1307-27 PIN diode array. The attenuator
performed with an attenuation range of greater than 25 dB and
with an insertion loss of below 3 dB. The measurements show
that for attenuation levels lower than 15 dB, a flatness of better
than ±1 dB to 900 MHz was recorded. This performance appears
to be consistent with most CATV set-top system requirements.

Figure 13. Measured Insertion Loss for 75 Ω Attenuator
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APN5001: Theory and Application of
Sampling Phase Detector 

APPLICATION NOTE

The phase lock of a Voltage Controlled Oscillator (VCO) for VHF, UHF
and microwave frequencies is very important in communications
and radar application. It combines the far-out phase noise of fun-
damental oscillators, especially in the microwave frequency range
(100 kHz away from carrier frequency and beyond), the excellent
long-term stability, and the close-in phase noise of a crystal oscil-
lator (from carrier frequency to 100 kHz away).

A voltage-controlled oscillator can be phase locked by 
two methods:

1. Digital phase lock: This is usually achieved by using a fre-
quency divider to divide the higher frequency of the VCO to the
same frequency of the crystal reference. A digital phase
detector is then used to acquire the phase lock. The advantage
of this method is that it is self-acquiring and can operate at
very low frequencies. It is widely used at low frequencies from
1 MHz up to 3 GHz. However, this method also has two disad-
vantages. First, the noise floor of the divider will limit its phase
noise; and second, at microwave frequencies it will not be
economical.

2. Analog phase lock: This is achieved by using an SRD as a
comb generator to create a comb of reference frequencies to
the frequency of the VCO. The phase detecting is accomplished
by using a mixer to detect the phase differences between the
reference and the VCO. The Skyworks sampling phase detector
is designed to perform the analog phase lock in a simple and
more economical way.

The sampling phase detector used in phase lock of a VCO oper-
ating by the theory of principles of feedback control systems.

The error signal output of the sampling phase detector Vbeat =
Em sin∅ is the differential phase error between the VCO and the
crystal oscillator. The loop amplifier amplifies the error signal to
the VCO and corrects the VCO to be in phase with the crystal
oscillator. At the same time, the loop amplifier acts as a low pass
filter and filters away the crystal frequency.

This method of phase lock will achieve the lowest phase noise
possible beside the theoretical degradation of 20 log N, where 
N is the multiplication factor between the crystal oscillator and
the VCO. The other circuits that will generate additional noise 
are the driver amplifier, sampling phase detector, and the loop
amplifier. They may all contribute to further degradation in phase
noise (typically 1 dB if the crystal oscillator has a noise floor 
of -155 dBc/Hz or 3 dB if the crystal oscillator noise floor is 
-160 dBc/Hz).

Circuit Description and Operation of the
Sampling Phase Detector
The sampling phase detector is shown in figure 2.

Crystal
Oscillator

VC(t) = E1 sin(wct + 0t)

F(s)

K VCO

Vbeat(t) = Em sinφ

VVCO(t) = E2 sin(wvcot + 0 VCO)

Loop
Amplifier

Sampling
Phase

Detector
VCO

Kφ

Figure 1

2
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Figure 2
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The sampling phase detector consists of three main parts inte-
grated to form a module. The integrated part has the advantage
of minimized size and improved performance, as it eliminates the
circuit self-resonance, especially at higher frequencies (13 GHz
and above). The following is the description and function of the
three parts:

1. SRD: The SRD takes an input crystal frequency and generates
a sharp narrow pulse (in the time domain) or combs (in the
frequency domain). The period of the pulse is the same as that
of the input crystal frequency. The operating range of the sam-
pling phase detector is heavily dependent on the narrow pulse
generated by the SRD or the transition time of the SRD. The
SRD also needs to recover before the next cycle of the crystal
frequency. This is defined by the carrier lifetime of the SRD.
Thus, for a selected input crystal frequency and output phase
locked VCO frequency, a special SRD is selected in the partic-
ular sampling phase detector. There are two ways to optimize
the SRD:

a) For narrow-band operation, the SRD is selected to opti-
mize at the first peak of sin X/X wave form, which
generates the maximum beat note at a specific frequency.

b) For broadband operation, the SRD is selected to 70% of the
first null of the sin X/X wave form, which generates a broad
band of combs of virtually equal amplitude. This is more
suitable for wide bandwidth operation, as it generates equal
beat note over a wide frequency range.

2. Capacitors: The capacitors in the sampling phase detector
act as a switch. The switch turns on/off by the pulse gener-
ated by the SRD. Therefore, these capacitors should be a
single layer microwave capacitor that has very low ESR and
high self-resonating frequency well above the operating fre-
quency of the sampling phase detector. The value of the
capacitor is typically inversely proportional to the operating
frequency. Thus, the higher the operating frequency, the
smaller the value of the capacitor. The capacitor controls the
efficiency of the transfer of energy or signal from VHF (crystal
or multiple frequency) to microwave frequency (VCO). As the
capacitor turned “ON,” it quickly charged up to its peak RF
level, and when turned “OFF,” it quickly fully discharged its
energy. A more efficient transfer of energy results in lower
phase noise.

3. Series pair Schottky diodes: The series pair Schottky diodes in
the sampling phase detector are used to detect the errors
between the microwave VCO frequency and the crystal refer-
ence. The Schottky diodes are turned on and off by the gated
capacitor. When turned on, a sample of microwave frequency
is compared with the switch frequency. An error frequency pro-
portional to the differences will be generated as an error signal
output or beat note. This error signal will be processed through
the loop amplifier for phase lock (refer to figure 1). The crucial
parameter on the Schottky diodes is the balance between the
series pair, especially over temperature. Also, the drive level of
the microwave signal sometimes requires medium or high-
level Schottky diodes instead of the normal low-level diodes.
The drive level should be proportional to the diodes used. Any
underdrive results in temperature and unit-to-unit variation.
Excessive overdrive will result in increased noise floor.
Therefore, the diodes should be selected based on the opera-
tion parameter design for them. Skyworks has a variety of
sampling phase detectors for all applications.

Characterization and Evaluation of Sampling
Phase Detector
There are two circuits widely used to evaluate and characterize
the performance of the sampling phase detector. Figure 3a and
3b show the single-end and double-end configuration of the test
circuit. These circuits can also be used in real application for
phase locked VCO.

To evaluate the sampling phase detector, certain precautions
have to be taken to ensure that the data are varied and repeat-
able. The following is the sequence of setup and test equipment
required for the test.

Test Equipment
1. Stable signal source: Crystal oscillators or signal generators. If

a signal generator is selected, a synthesized signal generator
is preferred.

2. Power amplifier: Frequency range of 10–500 MHz. Capable of
15 dB min. gain and a linear power output of 25 dBm min.

3. Sweep microwave signal generator: Should cover the
microwave frequency range to be tested. Power output up to 
5 dBm min.

4. Oscilloscope: A dual channel 400 MHz oscilloscope will be
adequate for this test.
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Test Setup
1. Set-up the reference signal, typically 100 MHz @ 17 dBm or

16 VPP across the primary of the transformer. The reference
signal should have minimum harmonic contents.

2. Between the secondary of the transformer and the sampling
phase detector is a matching network, which isolates the
transformer from the sampling phase detector. The matching
network also acts as a termination and tune circuit (figure 3a)
or as a short at reference frequency and an open circuit at
microwave frequency. The transformer should have an ampli-
tude balance of 0.5 dB and a phase balance of 2 degrees at
the operating frequency of 100 MHz.

3. The microwave signal input is terminated by a thin-film, high-
frequency, 5O Ω terminating resistor. The coupling input
capacitor acts as a high pass filter, which allows the
microwave frequency to pass through, but blocks the lower
reference frequency. The beat note output is connecting to the
operational amplifier, which is wired as a unity gain buffer. The

operational amplifier is used as a low pass filter and it also
lowers the impedance of the Sampling Phase Detector output.
As a result, the measured beat note will be consistent and will
not be loaded down by the capacitance of the scope probe.
The frequency set for the microwave source is the frequency
we set to test. The power level of the microwave signal is typi-
cally set to 0 dBm.

Once all the test conditions are set, the beat note can be mea-
sured at the output using the oscilloscope. The input reference
signal level and the microwave signal levels are adjusted to mea-
sure the 1 dB compression point of the sampling phase detector.
The data can be taken across the entire operating bandwidth.
Temperature data can be taken in the same manner. From these
data, one can select the proper reference frequency and drive
level, as well as the proper microwave frequency and power
level, which will ensure that their system requirements are met.
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Figure 3a. Test Circuit for Sampling Phase Detector
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Figure 3b. Test Circuit for Sampling Phase Detector
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Implementation and Optimization of Sampling
Phase Detector
To achieve the best phase noise, the implementation and optimiza-
tion of the sampling phase detector requires the proper selection of
the components and circuits. The following are circuit guidelines
placed in descending order according to their importance.

1. The crystal oscillator should have a minimum phase noise of 
3 dB better than the system specification from 10 Hz to 
100 kHz away from the carrier.

2. The VCO or DRO should have a minimum phase noise of 
3 dB worse than the specification at 100 kHz away from the
carrier and 6 dB better at 1 MHz away from the carrier. At 
5 and 10 MHz away from the carrier, the phase noise should
be minimum 3 dB better than the system.

3. The noise loop bandwidth should be set at 250–300 kHz, using
a second order loop. This will give enough correction to correct
the VCO or DRO phase noise to the crystal reference, and at 
the same time, suppress the phase noise of the VCO or DRO at 
1 MHz.

4. The VCO or DRO should have good tuning linearity. The linear
tuning range should be a minimum of twice the range of tem-
perature drift and long-term drift. The linear tuning range
defines as the maximum, variation of voltage tuning sensitivity
by ±10%. This will guarantee a stable loop with minimum
bandwidth change in temperature.

5. The loop amplifier is also a critical part of the system. A
proper operational amplifier should be selected for this func-
tion. The operational amplifier should have low noise, low DC
offset and low DC offset drift. The bandwidth of the opera-
tional amplifier should be between 1–8 MHz. The noise of 
2.5 nV/root square Hz is sufficient for most applications. At
this level, the operational amplifier is still reasonably priced 
at about $1.50 each in 1K quantities. For the extremely low
noise of 0.8 nV/root square Hz, the operational amplifier
becomes very expensive at approximately $8.00 each.

Test Circuit and Data on the Sampling Phase
Detector

Typical Performance

0 42 6 8 10 20 2212 14 16 18

Be
st

 N
ot

e 
Vo

lta
ge

 (m
V)

VCO Frequency (GHz)

SPD1101-111

0

200

400

600

800

1000

Ref. Frequency: 100 MHz
Ref Input Power: 17 dBm

VCO Power: 0 dBm

Suggested Circuit

Reference
Frequency

Input
10–500 MHz

47 pF

47 pF

Input
Transformer

22 pF
CL

CL

39 pF

RFC

SRD

IF
Output

VCO
Input

100 Ω

100 Ω

100 Ω

10 kΩ

10 kΩ

Input transformer: 10:1 step down impedance ratio.



APPLICATION NOTE  •  APN5001

Skyworks Solutions, Inc. •  Phone [781] 376-3000  •  Fax [781] 376-3100  •  sales@skyworksinc.com  •  www.skyworksinc.com
200328 Rev. A  •  Skyworks Proprietary Information  •  Products and Product Information are Subject to Change Without Notice. •  July 21, 2005 5

-111 Package Outline

0.110 (2.794 mm)

12

3

4

50.090 (2.286 mm)

0.015
(0.381 mm)

0.073 (1.854 mm)
0.053 (1.346 mm)

0.017 (0.432 mm)
0.000 0.002 (0.051 mm)

0.088 (2.235 mm)

0.
00

0
0.

01
7 

(0
.4

32
 m

m
)

0.
03

7 
(0

.9
40

 m
m

)

0.
07

3 
(1

.8
54

 m
m

)

0.
09

3 
(2

.3
62

 m
m

)
0.

10
8

(2
.7

43
 m

m
)

0.
07

2
(1

.8
29

 m
m

)

0.
00

2
(0

.0
51

 m
m

)

0.
03

9
(0

.9
41

 m
m

)
0.040

(1.016 mm)
Epoxy

Ceramic

Schematic Diagram

3 5

12

Schematic

SRD

4

Application of the Sampling
Phase Detector
The most widely used application of the sampling phase detector
is for phase locking a Dielectric Resonator Oscillator (DRO). The
phase-locked DRO is mainly used in the wireless industry, com-
munication systems and RADAR as a stable LO. In all these
systems, low cost simplicity, reliability, and good performance are
required. Here, we discuss the application of the sampling phase
detector used in the function of a phase-locked DRO.

To design a good phase-locked DRO the first requirement is to
define the performance of all the components as follows:

1. Crystal oscillator: To ensure the best performance, a 100 MHz
3rd overtone SC-cut crystal is selected to design a crystal
oscillator, which can achieve a noise floor of -0.170 dBc/Hz.
The cost of the crystal is high, approximately $20.00 each in
50K quantities. The alternative is to use an AT-cut crystal,
which costs approximately $4.00 each in 50K quantities.
However, the trade off is 3 dB degrading in phase noise and
some increase in the long-term aging rate.

2. DRO: The DRO performance is very important. The DRO should
have a buffer amplifier to isolate the load pulling and also to
achieve an output power of 19 dBm, which is adequate for
most applications as LO. The free running phase noise of the
DRO at 100 KHz away from carrier should be -116 dBc/Hz min-
imum over temperature in the operating range (9–13 GHz). The
operating range is defined as the linear tuning range of the
DRO, which should be twice as the temperature drift of the DRO
over its operating temperature range. The linear tuning range is
defined as the tuning range over which the tuning sensitivity of
the DRO varies less than 10%.

3. Sampling phase detector: The sampling phase detector
SPD1102-111 will suit for this design.

4. Loop amplifier: For low cost, an Analog Device OP113 will be
adequate for the design.

5. Low noise power supply: A low noise power supply is very
important for the performance of the phase-locked DRO. In the
system, it is preferable to have local, on-board, low noise reg-
ulators to supply the voltage source to the individual circuits.
This will also isolate the interference from outside and mini-
mize the voltage variation created by current variation and
power wire length variation.
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In this design, the sampling phase detector circuit we selected is
shown in Figure 3b. This was selected because most systems do
not have negative voltage available. This allows us to use a single
supply and make everything simple and universally adaptable to
most systems. The crystal oscillator will be amplified and drive
the primary of the transformer with a power level of 16 V peak-
to-peak. The DRO/Amp. output is passed through a 16 dB
directional coupler. This results in a 2 dBm microwave signal to
the sampling phase detector. This will generate a beat note of
400 mV peak-to-peak output. The loop amplifier used is a
second-order loop (Figure 4a), and the phase noise loop band-
width was set at 300 kHz.
A wide loop bandwidth will be less susceptible to microphonics.
This is very important in the wireless industry, as the unit is nor-
mally mounted outside and is subject to such environmental
effects as wind, rain and hail. In this configuration, we can
achieve a system phase noise of -80 dBc/Hz at 100 Hz; 
-104 dBc/Hz at 1 kHz; -114 dBc/Hz at 10 kHz; -124 dBc/Hz at
100 kHz; -136 dBc/Hz at 1 MHz; -155 dBc/Hz at 5 MHz. The
system noise floor limits the phase noise measurement at 5 MHz
on the HP Phase Noise Measurement System. If further suppres-
sion of noise is required, a higher order of loop amplifier design
can be selected as shown in Figures 4b through 4d.

The simplicity of the sampling phase detector used in the phase-
locked DRO allows us to fabricate the complete circuit including
the reference crystal oscillator all on one small PC board. The
integration of the high-frequency components into one single
package allows us to eliminate wire-bonding, and as a result,
create a complete system which can be automated using surface
mount technology.
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Figure 4a. Second Order Loop
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AMERICAS

EASTERN USA

Alabama/Mississippi/ 
W. Tennessee/Kentucky
Beacon Electronic Associates, Inc.
7501 S. Memorial Parkway,  
Suite 104
Huntsville, AL 35801
Telephone: 1 (256) 881 5031
Fax: 1 (256) 883 9516
Email: dataal@beaconmail.com

Connecticut/Maine/Massachusetts/ 
New Hampshire/Rhode Island/Vermont
Advanced Technology Marketing
2 Courthouse Ln., Suite 16
Chelmsford, MA 01824
Telephone: 1 (978) 458 0200
Fax: 1 (978) 458 7990
Email: atm@atmink.com

Florida
Beacon Electronic Associates, Inc.
1465 Waukon Circle
Casselberry, FL 32707
Telephone: 1 (407) 788 1155
Fax: 1 (407) 788 1176
Email: dyonchik@beaconmail.com

Georgia/Kentucky/Tennessee
Beacon Electronic Associates, Inc. 
(Headquarters)
5887 Glenridge Dr.,  
Suite 130
Atlanta, GA 30328
Telephone: 1 (404) 256 9640
Fax: 1 (404) 256 1398
Email:  mquattlebaum@beaconmail.com

New Jersey (Southern)/Pennsylvania  
(Eastern Zip Codes 17000 and Above)/ 
Delaware
Beacon Electronic Associates, Inc.
115 Locust Grove Rd. 
Rosemont, PA 19010
Telephone: 1 (610) 525 9782 
Fax: 1 (610) 525 0142
Email: mmaz@beaconmail.com

New York/New Jersey (Northern)/ 
Fairfield County, Connecticut
Beacon Electronics 
115 Locust Grove Rd.                         
Rosemont, PA 19010                                 
Telephone: 1 (610) 525 9782 
Fax: 1 (610) 525 0142                                 
Email: mmaz@beaconmail.com 

North Carolina/South Carolina
Beacon Electronic Associates, Inc.
127 Southwold Dr.
Cary, NC 27519
Telephone: 1 (919) 303 7129
Fax: 1 (425) 675 0868
Email: davery@beaconmail.com

MIDWESTERN USA

Arkansas/Louisiana/Oklahoma/Texas  
(except El Paso)
Cain-Forlaw Co.
1701 N. Greenville Ave., 
Suite 1120
Richardson, TX 75801
Telephone: 1 (214) 827 8188
Fax: 1 (214) 827 8110
Email: sales@cain-forlaw.com

Illinois/Indiana/Ohio/Pennsylvania 
(Zip Codes 16400–16599)/ 
Wisconsin (Eastern)
Cain-Forlaw Co.
510 N. Plum Grove Rd.
Palatine, IL 60067
Telephone: 1 (847) 202 9898
Fax: 1 (847) 202 9896
Email: sales@cain-forlaw.com

Michigan
Shaw-Newman
1731 Old Lantern Trail
Fort Wayne, IN 46845
Telephone: 1 (260) 637 8128
Fax: 1 (260) 637 8128
Email: admin@shaw-newman.com

Iowa/Kansas/Missouri/Nebraska
Cain-Forlaw Co.
3343 Southgate Ct. SW,  
Suite 213
Cedar Rapids, IA 52404
Telephone: 1 (319) 286 9898
Fax: 1 (319) 286 9899
Email: mark.roskopf@cain-forlaw.com

Maryland/Virgina/West Virgina
Beacon Electronics
8 Heritage Hills Ct.,
Kingsville, MD 21087
Telephone: 1 (410) 299 6344
Fax: 1 (408) 538 9926
Email: datava@beaconmail.com

Minnesota/North Dakota/South Dakota/
Wisconsin (Western)
Cain-Forlaw Co.
201 W. Travelers Tr.,  
Suite 20
Burnsville, MN 55337
Telephone: 1 (952) 882 4090
Fax: 1 (952) 882 4088
Email: tom.ottoson@cain-forlaw.com

Pennsylvania (Zip Codes 
15000–16399, 16600–16899)
Cain-Forlaw Co. 
207 B. South Sandusky Ave.
Bucyrus, OH 44820
Telephone: 1 (419) 563 9702
Fax: 1 (419) 563 9702
Email: todd.reffey@cain-forlaw.com

WESTERN USA

Arizona/New Mexico/El Paso,Texas  
and Bordering Cities of Nogales and  
Juarez, Mexico
Youngewirth & Olenick Assoc.
2925 East Riggs Rd.,  
Suite 8-141
Chandler, AZ 85249
Telephone: 1 (800) 515 1554
Fax: 1 (800) 515 1574
Email: jbeard@yando.com

California (Northern)/Nevada
Disman Bakner
883 N. Shoreline Blvd.,
Suite C100
Mountain View, CA 94043
Telephone: 1 (650) 969 3010
Fax: 1 (650) 969 5620
Email: sales@dbsales.com

California (Southern)
Cain Technology
2629 Townsgate Rd.,
Suite 200
Tustin, CA 92780
Telephone: 1 (805) 496 5702
Fax: 1 (805) 496 6702
Email: sales@caintech.com

Colorado/Utah
Crestone Technology Group
9033 East Easter Place, 
Suite 201
Englewood, CO 80112
Telephone: 1 (303) 280 7202
Fax: 1 (303) 280 7702
Email: info@crestonegroup.com

Washington/Oregon/Idaho/ 
Montana/Wyoming
Conifer RF
1951 Crestline Blvd. N.W. 
Olympia, WA 98502
Telephone: 1 (360) 350 4720
Email: sales@coniferrf.com
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CANADA

Calgary
Intelatech
14939 Mt. McKenzie Dr. S. E.
Calgary, Alberta
T2Z 2M6
Telephone: (403) 277 7626
Fax: (403) 686 6926
Email: sales@intelatech.com

Montreal
Intelatech
1755 St. Regis Blvd. Suite 220.
DDO, Quebec
Telephone: (514) 421 5833
Fax: (514) 421 4105
Email: sales@intelatech.com

Ottawa
Intelatech
21 Concourse Gate, Unit 12.
Nepean, Ont
K2E 7S4
Telephone: (613) 599 7330
Fax: (613) 221 9160
Email: sales@intelatech.com

Toronto
Intelatech
5225 Orbitor Dr.
Mississauga, Ont
L4W 4Y8
Telephone: (905) 629 0082
Fax: (905) 629-1795
Email: sales@intelatech.com

MEXICO • SOUTH AMERICA

Brazil
Marathon International Assoc., Inc.
115 Granada Ct.
Orlando, FL  32803
Telephone: 1 (407) 872 5775
Fax: 1 (407) 872 0535 
Email: jmg@marathontech.com

Mexico (Guadalajara Jalisco)
Beacon Electronic Associates, Inc.
2100 Trailridge Ct.
Raleigh, NC 27603
Telephone: 1 (919) 523 1483
Fax: 1 (703) 903 8533
Email: egallegos@beaconmail.com

Mexico (Nogales and Juarez)
Youngewirth & Olenick Assoc.
2925 Riggs Rd.,  
Suite 8-141
Chandler, AZ 85249
Telephone: 1 (800) 515 1554
Fax: 1 (800) 515 1574
Email: jbeard@yando.com

EUROPE • MIDDLE EAST • AFRICA 

Germany/Austria
Gigacomp GmbH 
Domagkstrasse 33, Haus 26 
D-80807, Munchen 
Germany 
Telephone: 49 (6122) 530 554 
Fax: 49 (89) 3220 8958
Email: info@gigacomp.de 

Israel
RFMW Israel         
P.O. Box 1064 
Hod Hasharon 45110 Israel         
Telephone: (972) 9 740 6884         
Fax: (972) 9 740 5881         
Email: israelw@rfmw.com 

Sweden and Norway
InResonance
Box 715 
187 27 Täby 
Sweden
Telephone: +46 8 559 155 49 
Mobile: +46 70 771 55 49 
Fax: +46 8 768 04 60
Email: info@nordimar.se

ASIA • PACIFIC

China
Hong Kong 
Pangaea (Hong Kong)         
Room 901-6 Tai Yau Bldg. 
181 Johnston Rd. 
Wan Chai Hong Kong 
Telephone: 011 852 2836 3301 
Fax: 011 852 2834 7340 
Email: rfung@pangaea.com.hk 

India
Complus Systems Pvt., Ltd.
#18, 1st "B" Main 
Ganganagar Extension 
Bangalore 560 032 
India
Telephone: 91 80 2343 8707
Fax: 91 80 2343 4038
Email: complus@vsnl.com

Korea
Bluesky Semiconductor         
Rm. #258, Posville 156, Gumi-Dong 
Bundang-Gu Sungnam-Si 
Kyunggi-Do 463-500 Korea 
Telephone: 82 31 603 1913         
Fax: 82 31 603 1914 
Email: alex.lim@bluesemi.com  
       
Taewon Inc.       
A-304, Chungang Yutong 
1258, Gurobon-Dong 
Guro-gu Seoul 152-721 Korea 
Telephone: 82 2 6679 9000         
Fax: 82 2 6679 9009         
Email: hgkim@taewon.net 

Philippines 
Asian Information Technology, Inc.
7F, No. 439 Jui-Kuang Rd.
Taipei, Taiwan, R.O.C.
Telephone: 886 2 8797 6866
Fax: 886 2 8797 6877
Email: david_wu@aitinc.com.tw

Pangaea International Trading Co. 
Unit 204 Alabang Business Tower 
1216 Acacia Ave. 
Madrigal Business Park 
Ayala Alabang 
Muntinlupa City 176080 Philippines 
Telephone: 63 2 807 8429         
Fax: 63 2 809 1355 
Email: chris@pangaea.com.ph 

Singapore
E-Smart Distribution Pte, Ltd. 
17 Kallang Junction 
#04-03 Esmart Centre 
Singapore 339274 
Telephone: 65 6299 7811, Ext. 226 
Fax: 65 6294 1518 
Email: dionchua@e-smart.com.sg

Taiwan
Asian Information Technology, Inc.
7F, No. 439 Jui-Kuang Rd.
Taipei, Taiwan, R.O.C.
Telephone: 886 2 8797 6866
Fax: 886 2 8797 6877
Email: david_wu@aitinc.com.tw
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MEXICO • SOUTH AMERICA
 
Mexico
Avnet
Avenida Iteso 8900, Edifficio 1-B
Parque Industrial Technologico
Tiaquepaque Jalisco
Mexico 45080
Telephone: 523 134 2300
Fax: 523 133 1788
Email: stella.yee@avnet.com

Brazil
Avnet do Brasil
r. Luis Gois 1205
Sao Paulo 04043-300
Brazil
Telephone: 11 5079 2150
Fax: 11 5079 2160
Email: vendas@avnet.com.br

EUROPE • MIDDLE EAST • AFRICA 

Austria
BFI Optilas GmbH 
Boschstrasse 12 
D-82178 Puchheim 
Germany 
Telephone: 49(0)89 890 13 50 
Fax: 49(0)89 800 25 61 
Email: Sabine.Peick@bfioptilas.com

Belgium
BFI Optilas B.V. 
Chr. Huygensweg 17 (P.O. Box 222) 
2408 AJ Alphen AAN DEN RIJN 
The Netherlands 
Telephone: 31(0)172 44 60 60 
Fax: 31(0)172 44 34 14 
Email: Piet.van-der-Kuijl@bfioptilas.com

Denmark
BFI Optilas A/S 
Hedelykke, Hovedgaden 451K 
DK-2640 Hedehusene 
Denmark 
Telephone: 45 465 9999 
Fax: 45 4655 9998 
Email: Claus.Nilsson@bfioptilas.com

Finland
BFI Optilas AB 
Bangardsgatan 8 
751 43 Uppsala 
Sweden 
Telephone: 46 18 565830 
Fax: 46 18 565835 
Email: Henry.Laine@bfioptilas.com

France
BFI Optilas S.A. 
4, Allee du Cantal 
Z.I. La Petite Montagne Sud 
91018 - EVRY Cedex 
France 
Telephone: 33(0)1 60 79 59 00 
Fax: 33(0)1 60 79 89 01 
Email: Pierre.Ball@bfioptilas.com 

Germany
BFI Optilas GmbH 
Boschstrasse 12 
D-82178 Puchheim 
Germany 
Telephone:49(0)89 890 13 50 
Fax: 49(0)89 800 25 61 
Email: Sabine.Peick@bfioptilas.com

Ireland
BFI Optilas, Ltd. 
Mill Square, Featherstone Road 
Wolverton Mill South 
Milton Keynes MK12 5ZY 
United Kingdom 
Telephone: 44(0)1908 326326 
Fax: 44(0)1908 221110 
Email: Ian.O'Neill@bfioptilas.com 

Israel
RFMW
P.O. Box 1064
Hod Hasharon
Israel 45110
Telephone: 972 9-740 6884
Fax: 972 9-740 5881
Email: israelw@rfmw.com  

Italy
BFI Optilas S.r.l. 
Via Brembo 27 
20139 Milano 
Italy 
Telephone: 39 02 53583208 
Fax: 39 02 53583201 
Email: Giorgio.Papis@bfioptilas.com 

BFI Optilas
Via Emilio De Marchi 27 
00141 Roma 
Italy 
Telephone: 39 06 86894259 
Fax: 39 06 86595354 
Email: Ernesto.Prestifilippo@bfioptilas.com 

Netherlands
BFI Optilas B.V. 
Chr. Huygensweg 17 (Po Box 222) 
2408 AJ Alphen AAN DEN RIJN 
The Netherlands 
Telephone: 31(0)172 44 60 60 
Fax: 31(0)172 44 34 14 
Email: Piet.van-der-Kuijl@bfioptilas.com 

Norway
BFI Optilas A/S 
Hedelykke, Hovedgaden 451K 
DK-2640 Hedehusene 
Denmark 
Telephone: 45 465 9999 
Fax: 45 4655 9998 
Email: Claus.Nilsson@bfioptilas.com 

Avnet Electronics Marketing
866-AvnetRF (866 286-3873)
www.em.avnet.com/semi

Component Distributors, Inc.
800 777-7334
www.cdiweb.com

RFMW, Ltd.
877 FOR-RFMW
877 367-7369 (USA & Canada)
www.rfmw.com

NORTH AMERICA
Local branch offices exist throughout North America for the following distributors. Please visit their Web sites for more information.
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Portugal
BFI Optilas SA 
Anabel Segura 7 Planta Baja 
28108 Alcobendas 
Madrid 
Spain 
Telephone: 34 (91) 453 11 60 
Fax: 34 (91) 662 68 37 
Email: Javier.Fuente@bfioptilas.com 

Russia
BFI Optilas GmbH 
Boschstrasse 12 
D-82178 Puchheim 
Germany 
Telephone: 49 (0) 89 890 13 50 
Fax: 49 (0) 89 800 25 61 
Email: Sabine.Peick@bfioptilas.com 

Spain
BFI Optilas SA 
Anabel Segura 7 Planta Baja 
28108 Alcobendas 
Madrid 
Spain 
Telephone: 34 (91) 453 11 60 
Fax: 34 (91) 662 68 37 
Email: Javier.Fuente@bfioptilas.com 

Sweden
BFI Optilas AB 
Bangardsgatan 8 
751 43 Uppsala 
Sweden 
Telephone: 46 18 565830 
Fax: 46 18 565835 
Email: Henry.Laine@bfioptilas.com 

Switzerland
BFI Optilas GmbH 
Boschstrasse 12 
D-82178 Puchheim 
Germany 
Telephone: 49(0)89 890 13 50 
Fax: 49(0)89 800 25 61 
Email: Sabine.Peick@bfioptilas.com 

United Kingdom
BFI Optilas, Ltd. 
Mill Square, Featherstone Road 
Wolverton Mill South 
Milton Keynes MK12 5ZY 
United Kingdom 
Telephone: 44(0)1908 326326 
Fax: 44(0)1908 221110 
Email: Ian.O'Neill@bfioptilas.com 

ASIA • PACIFIC

Australia/New Zealand
Avnet (Australia) Pty, Ltd. 
2 Giffnock Avenue 
North Ryde NSW 2113, Australia
Telephone:  1300 888 364  

61 2 9878 1299
Fax: 61 2 9878 1266
avnet.au@avnet.com

Caelera Pty., Ltd.
First Floor, 479 Warrigal Rd.
Moorabbin, Victoria 3189
Australia
Telephone: 61 0 3 9532 5709
Fax: 61 0 3 9532 2512
Email: grant.beaumont@caelera.com

Caelera Pty. Ltd.         
1B Riddell Parade 
Elsternwick 
Victoria 3185 Australia 
Telephone: 613 9532 9444         
Fax: 613 9533 0179         
Email: greg.burns@caelera.com

CHINA

Beijing 
Avnet China
Rm 1201-1207 Tower A  
Cheng Jian Plaza, 
No 18 Beitaipingzhuang Road 
Haidian District, Beijing PRC 
100088 
Telephone: (10) 82255181 
Fax: (10) 82255299

Changsha 
Avnet China
Room C, 12/F., Oversea Chinese Building
18 Jie Fang Road 
Central, Changsha, PRC
410011
Telephone: (731) 4411732
Fax: (731) 4412732

Chengdu
Avnet China
Block H, 25F
First City Plaza, No.308
Shun Cheng Avenue
Chengdu, PRC
610017
Telephone: (28) 86528262
Fax: (28) 82528261  

Chongqing
Avnet China
Rm.12 B-6, 12 Floor
TaiXing Science and Technology Plaza
8 YuZhou Road
Shi Qiao Pu, High-Tech District
Chongqing, PRC
400039
Telephone: (23) 68790845
Fax: (23) 68790845    

Dalian
Avnet China
Room 504, 5F, Yinhai Building 
NO.156 Jinma Road, Dalian Economy  
and Technology Development Zone
Dalian, PRC
116600
Telephone: (411) 87922610
Fax: (411) 87922621   

Fuzhou
Avnet China
Rm. 2118, TianHua Building 
283 Wu Si Road
North, Fuzhou, Fujian
PRC
350003
Telephone: 86 591 7737851
Fax: 86 591 7737194   

Guangzhou
Avnet China
28A East Tower 
China Travel Comm'l Building
No.39-49 Qiao Lin Street
Tian He Bei Road
Guangzhou, PRC
510610
Telephone: (20) 22838106
Fax: (20) 22838109    
        
Hangzhou
Avnet China
Rm 803, Jinhui Business Building
No. 631 North Zhongshan Road
Hangzhou, Zhejiang, PRC
310014
Telephone: (571) 8580 0906
Fax: (571) 8580 0919 
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Hong Kong
Avnet/MEMEC Insight
Unit 3612, 36F Metroplaza Tower I
Hing Fong Road
Kwai Fong N.T., Hong Kong
Telephone: (852) 24102780 
Fax: (852) 2401 2518 
Email: insight@memec-asiapacific.com

Avent Technolgoy Hong Kong Ltd.
16/F Spectrum Tower
53 Hung To Road
Kwun Tong Kowloon
Hong Kong
Telephone: (852) 21765202

Pangaea (Hong Kong), Ltd.
Rooms 1803, 1809, 1810
Tai Yau Bldg.
181 Johnston Rd.
Wanchai, Hong Kong
Telephone: 852 2836 3301
Fax: 852 2834 7340
Email: rfung@pangaea.com.hk

Silicon Application Co., Ltd. 
T2-A3 Hi-Tech Industrial Park 
Nanshan District 
Shenzhen, China 
Telephone: 86 755 2671 1655, ext. 506 
Fax: 86 755 2671 1670 
Email: waynehsu@sac.com.hk

Nanjing
Avnet China
Rm A2, A3, 22/F, 
Nanjing Shang Mao Plaza
49 South Zhong Shan Road
Nanjing, Jiang Su, PRC
210005
Telephone: (25) 86890220
Fax: (025) 86890280 

Ningbo
Avnet China
Room 1706, Building B, 
Yinxin Center Mansion
No. 787, Bai Zhang Road
Ningbo, Zhejiang Province, PRC
315040
Telephone: (574) 87714702
Fax: (574) 87714712  

Qingdao
Avnet China
Rm. 1102, Zhong Gang Plaza,
No 16 Fuzhou South Road,
Qingdao, PRC
266071
Telephone: (532) 5773254
Fax: (532) 5710557    
        
Shanghai
Avnet China
21/F & 22/F, Block 3, Strength Plaza
Lane 600, Tian Shan Road
Shanghai, PRC
200051
Telephone: (21) 52062288
Fax: (21) 52062299 

Holy Stone International Trading  
(Shanghai) Co., Ltd. 
905 Walton Plaza 
801 Changle Road 
Shanghai 20031 PRC 
Telephone: 86 21 5403 1122 
Fax: 86 21 5404 4177 
Email: autumn@holystone.com.tw  

Shenzhen
Avnet Logistics (Shenzhen) Ltd.
10/F., Block A
Electronics Science & Technology Building
2070 Shennan Road Central
Shenzhen, PRC 518031
Telephone: (755) 8378 1886
Fax: (755) 8378 3656    

Holy Stone International Trading  
(Shanghai) Co., Ltd.         
2708, Top Office, Glittery City 
3027 Shennan Rd. 
Shenzhen PRC 518033 
Telephone: 86 755 83031903 
Fax: 86 755 83289091 
Email: kevin@holystone.com.tw

Comtech Broadband Corp. (Shenzhen)
Rm. 1104, Tower A, Skyworth Bldg.
High-Tech. Industrial Park
Shenzhen, PRC 518057
Telephone: +86 755 26743011
Email: jerry.ye@comtech.com 

Suzhou
Avnet China
Suite 405 of Building No 01 
Lijing Garden
636 Ganjiang Dong Road 
Suzhou, Jiangsu, PRC
215005
Telephone: (512) 65222535
Fax: (512) 65222536 
     

Tianjin
Avnet China
Room 602, Huaying Building
418 Hongqi Road, 
South, Nankai District
Tianjin, PRC
300070
Telephone: (22) 23530190
Fax: (22) 23530191  

WuHan
Avnet China
Unit 2406, Tower B, Zhong Shang Plaza
7 Zhong Nan Road, 
Wuchang District
Wuhan, PRC
430071
Telephone: (27) 87322659
Fax: (27) 87322659

Xiamen
Avnet China
Rm 11 C1, International Trade Building
No.388, Hubin South Road
Xiamen, Fujian, PRC
361004
Telephone: (592) 5163621
Fax: (592) 5163620

Xian
Avnet China
Room 805,Gao Ke Building
No. 52, Gao Xin Road
Xi'an, PRC
710075
Telephone: (29) 8831 1055
Fax: (29) 8831 0390   
        
ZhengZhou
Avnet China
Room 6003, LongMen Hotel
No 20, Zhenghua Road
ZhengZhou, PRC
450052
Telephone: (371) 7975032
Fax: (371) 7976542    
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INDIA

Bangalore
Avnet India
2nd Floor, “The Estate”
121 Dickenson Road
Bangalore, 560042 
India
Telephone: 91 80 5323420
Fax: 91 80 5588146
Email: avnet.in@avnet.com  

SM Electronic Technologies Pvt., Ltd.  
Fusion Technology Group
#1790, 5th Main, 9th Cross, RPC Layout 
Vijayanagar 2nd Stage,  
Bangalore 560040 India 
Telephone: 91 80 23301030 
Fax: 91 80 23387197 
Email: smgroup@vsnl.com 

Chennai   
SM Electronic Technologies Pvt., Ltd. 
Sarojini Street, T. Nagar, 
Chennai 600017 India 
Telephone: 91 80 23301030 
Fax: 91 80 23387197 
Email: smgroup@vsnl.com 

Delhi
Avnet India 
#8, Second Floor, Community Centre
East of Kailash,
New Delhi 110 065 
India
Telephone: 91 11 26443495 98
Fax: 91 11 26447688 

SM Electronic Technologies Pvt., Ltd.
New Rajinder Nagar, 
New Delhi 110060 India 
Telephone: 91 80 23301030 
Fax: 91 80 23387197 
Email: smgroup@vsnl.com 

Hyderabad   
SM Electronic Technologies Pvt., Ltd. 
Gandhinagar 
Hyderabad 500080 India 
Telephone: 91 80 23301030 
Fax: 91 80 23387197 
Email: smgroup@vsnl.com 

Mumbai
Avnet India 
101, Nirman Kendra
Behind Famous Cine Studio
Dr. E. Moses Road
Mahalaxmi
Mumbai 400011
Telephone: 91 22 4950625
Fax: 91 22 4950628
Email: avnet.in@avnet.com   

Pune   
SM Electronic Technologies Pvt., Ltd. 
Sus - Baner Link Road, Pashan, 
Pune 411021 India 
Telephone: 91 80 23301030 
Fax: 91 80 23387197 
Email: smgroup@vsnl.com   

JAPAN
Tokyo Headquarters
Avnet Japan Co., Ltd.
19F, Bunkyo Green Court
2-28-8 Honkomagome
Bunkyo-Ku, Tokyo 113-6591
Japan 
Admin: 81 3 5978 8200
Sales: 81 3 5978 8201
Fax: 81 3 5987 1818
Email: JAPAN-PR@avnet.com

Mitaka
Avnet Japan Co., Ltd.
8F, Mitaka Mitsubishi Bldg.
3-26-12, Shimorenjaku
Mitaka-shi, Tokyo 181-0013
Japan 
Telephone: 81 422 41 2922
Fax: 81 422 41 2966
Email: JAPAN-PR@avnet.com

Nagoya
Avnet Japan Co., Ltd.
3F, Sumitomo Seimei Chikusa 2nd Bldg.
3-15-31, Aoi, Higashi-ku
Nagoya-shi, Aichi 461-0004
Japan 
Telephone: 81 52 934 1780
Fax: 81 52 934 1781
Email: JAPAN-PR@avnet.com
 
Osaka 
Avnet Japan Co., Ltd.
5F, Shin-Osaka Dai-ichi Seimei Bldg.
3-5-24, Miyahara, Yodogawa-ku
Osaka-shi, Osaka 532-0003
Japan 
Telephone: 81 6 6391 1874
Fax: 81 6 6391 4949
Email: JAPAN-PR@avnet.com

Tokyo
M-RF Co., Ltd.         
1-8-11, Kandaizumi-cho         
Sun Center Bldg. 5F 
Tokyo, Chiyoda-ku 101-0024 Japan 
Telephone: 81 3 5821 3623         
Fax: 81 3 5821 3625         
Email: kazami@mrf.co.jp 

Tachibana Eletech Co., Ltd.
Shuwa Shiba Park Bldg, A-5F, 2-4-1
Shiba-Koen,  
Minato-Ku 
Tokyo, Japan
105-0011
Telephone: 81 6 6539 2513
Fax: 81 6 6539 8828
Email: yano@tachibana.co.jp

Korea
Avnet/Memec Insight         
9th Floor, KLI 63 Building 60 
Youido-Dong, Youngdungpo-ku 
Seoul 150-763 
Korea 
Telephone: 82 2 6277 6300
Fax: 82 2 761 4121         
Email: insight-kr@memec-asiapacific.com 

Myungmin Systems Inc.         
410 Gwanyang Doosan 
Venture Dime         
1307-37 Gwanyang 2- Dong         
Dongan-Gu, Anyang-Si
Gyeonggi-Do 431-810
Korea 
Telephone: 82-31-596-6750         
Fax: 82-31-596-6751 
Email: sjchung@myungmin.com

Malaysia
Avnet Technology
24-1 Jalan Medan Setia 2, 
Plaza Damansara, 
Bukit Damansara WP 50490 
Kuala Lumpur
Telephone: (603) 2093 9721
Fax: (603) 2093 9723
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Philippines
Avnet Philippines Pty., Ltd.
1505 Richville Corporate Tower 1107 
Alabang Zapote Road 
Madrigal Business Park 
Ayala Alabang, Muntinlupa City 1780
Telephone: (632) 7724201/02/03
Fax: (632) 7724204
Email: yhilek@avnet.com

Pangaea International Trading Co.
Unit 204 Alabang Business Tower 
Madrigal Business Park 
Ayala Alabang 
Muntinlupa City 
1780 Philippines
Telephone: 63 2 807 8429
Fax: 63 2 809 1355
Email: no.li@pangaea.com.ph

Singapore/Malaysia
Avnet Asia Pte, Ltd.
151 Lorong Chuan
New Tech Park #06-03 
Singapore 556743
Telephone: (65) 6580 6000
Fax: (65) 6580 6200
Email: yhilek@avnet.com

Avnet Malaysia Sdn. Bhd.
24-1 Jalan Medan Setia 2 
Plasa Damansara
Bukit Damansara WP
50490 Kuala Lumpur
Malaysia
Telephone: (603) 20939721
Email: yhilek@avnet.com

Avnet Malaysia Sdn. Bhd.
1-2-29 Krystal Point Corporate Park 
Lebuh Bukit Kecil 6 11900 Bayan Lepas 
Penang 11900
Telephone: (604) 646 1837
Fax: (604) 646 1950
Email: yhilek@avnet.com

E-Smart Distribution Pte., Ltd.
17 Kallang Junction 
#04-03 Esmart Centre
Singapore 339274
Telephone: 65 6299 7811
Fax: 65 6294 1518
Email: sales@e-smart.com.sg

Taiwan
Asian Information Technology, Inc.
7F, No. 439 Jui-Kuang Roard,
Taipei, Taiwan
Telephone: 886 2 879 76866
Fax: 886 2 879 76877
Email: david-wu@aitinc.com.tw

Holy Stone Enterprise Co., Ltd.
7F No.17, Lane 91
Sec. 1, Nei Hu Rd.
Nei Hu Dist.,
Taipei 114, Taiwan R.O.C.
Telephone: 886 2 2658955, ext: 333
Fax: 886 2 2798 5529
Email: kevin@holystone.com.tw

Silicon Application Co., Ltd.         
T2-A3 Hi-Tech Industrial Park         
Nanshan District 
Shenzhen 518000 China         
Telephone: 86-755-2671-1655, x506         
Fax: 86-755-2671-1670 
Email: waynehsu@sac.com.hk 

Taewon Technology
A-304, Chungang Yutong,
1258, Gurobon-Dong,
Guro-gu
Seoul
152-721
Korea
Telephone: 82 2 6679 9000
Email: hgkim@taewon.net

Thailand
Avnet Technology (Thailand) Co., Ltd. 
184/153 Forum Tower 
Tower 25th Floor 
Rachadapisek Road 
Khet/Kwang Huay Kwang, Bangkok 10320
Telephone: (662) 645 3678 80
Fax: (662) 645 3681
Email: yhilek@avnet.com
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Skyworks Sales Offices

Headquarters 
Skyworks Solutions, Inc.
20 Sylvan Road
Woburn, MA 01801
Telephone: (781) 376 3000
Fax: (781) 376 3100
sales@skyworksinc.com

Skyworks Solutions, Inc.
5221 California Avenue
Irvine, CA 92617
Telephone: (949) 231 3000
Fax: (949) 231 3206
kirat.hatzfeld@skyworksinc.com

Skyworks Solutions, Inc.
5520 Adamstown Road
Adamstown, MD 21710
Telephone: (301) 695 9400
Fax: (301) 695 7065
transtech@skyworksinc.com

Skyworks Solutions, Inc.
Parallelvej 10
Lyngby 2800, Denmark
Telephone: +45 45267945 
Fax: +45 45267710
jan.thoning@skyworksinc.com

Skyworks Solutions, Inc.
34 Avenue Franklin Roosevelt
Suresnes 92150, France
Telephone: +00 33 1 41443663
Fax: +00 33 1 41443661
sophie.petard@skyworksinc.com

Skyworks Solutions, Inc. 
Business Park Niederrhein 
Dr. Alfred Herrhausen Allee 20 
47228 Duisburg, Germany 
Telephone: +49 0 2065 306 461
Fax: +49 0 2065 306 200 
marcjohann.bollig@skyworksinc.com

Skyworks Solutions, Ltd. 
Abbey Manor Business Centre 
The Abbey 
Preston Road, 
Yeovil, Somerset BA20 2EN 
UK 
Telephone: +44 1935 848546 
Fax: +44 1935 431269 
mike.carroll@skyworksinc.com 

China 
Skyworks Solutions, Inc.
LT Square Building 
500 Chengdu North Road  
Room 2506 
Shanghai, 200003, China 
Telephone:  +862 133134590  

ext. 60167  
Fax: +862 163607147 
elaine.zhao@skyworksinc.com

Skyworks Solutions, Inc. 
Room 1912-1913 
19/F, International Chamber of 
Commerce Building Phase B 
Fuhua Yi Road, Futian District 
Shenzhen 518048 PRC 
Telephone:  +86 755 8293 1833  

ext. 60016 
Fax: +86 755 8293 1633 
jesse.li@skyworksinc.com 
 
Skyworks Solutions, Inc. 
Suite 1212, COFCO, No. 8 
Jianguomennei Avenue 
Dongcheng District 
Beijing, 100005 PRC
Telephone: +861 085297056 ext.103   
Fax: +861 085298350   
david.qi@skyworksinc.com 

Japan
Skyworks Solutions, Inc.
Opera City Tower 
36 Floor, 3-20-2
Nishi-Shinjuku, Shinjuku-Ku
Tokyo 163-1436 Japan
Telephone: +81 3 5308 5188 
Fax: +81 3 5308 5190
satomi.tsukamoto@skyworksinc.com

Korea 
Skyworks Solutions, Inc.
Sam Hee Bldg.
559-10, 13F
Bumeo-1 Dong, Soosung-Gu
Daegu 706-011 Korea 
Telephone: +825 3746 7141
Fax: +825 3745 1440
hannah.kim@skyworksinc.com

Skyworks Solutions, Inc.
24th Floor Rodamco Tower
679-4, Yeoksam-dong
Kangnam-gu, 
Seoul, Korea 135-923
Telephone: +822 3457 8810 
Fax: +822 553 5459 
helen.jeon@skyworksinc.com

Singapore
Skyworks Solutions, Inc. 
Singapore Representative Office
NSC Executive Centre
Suite 40
Level 28 Gateway East
152 Beach Road
Singapore 189721
Telephone: 65-67375386
Fax: 65-63468340 
peter.gan@skyworksinc.com 

Taiwan
Skyworks Solutions, Inc.
4 F, #198, Section 2
Tun Hwa. S. Road
Taipei 106, Taiwan ROC
Telephone: +8862 5559 8990 
Fax: +8662 2735 6508
diana.wang@skyworksinc.com

www.skyworksinc.com

USA EUROPE ASIA  •  PACIFIC
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