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BURR-BROWNG

REF200

DUAL CURRENT SOURCE/CURRENT SINK

L I —

FEATURES APPLICATIONS
@ COMPLETELY FLOATING: ® SENSOR EXCITATION

No Power Supply or Ground Connections @ BIASING CIRCUITRY
® HIGH ACCURACY: 1001A £0.5% ©® OFFSETTING CURRENT LOOPS
@ LOW TEMPERATURE COEFFICIENT: @ LOW VOLTAGE REFERENCES
. vﬁ;’;p\;‘gLiAGE COMPLIANGE: @ CHARGE-PUMP CIRCUITRY

2.5V 1o 40V : @ HYBRID MICROCIRCUITS

® ALSO INCLUDES CURRENT MIRROR

DESCRIPTION

The REF200 combines three circuit building-blocks

on a single monolithic chip—two 100pA. current Hi'&h Hi‘gzh Subetiats M'l’;°’

sources and a current mirror. The sections are dielec- [—8—| ITI . l—s—l

trically isolated, making them completely  indepen-

dent. Also, since the current sources are two-terminal

devices, they can be used equally well as current sinks.

The performance of each section is  individually 5 100pA _L_100uA

measured and laser-trimmed to achieve high accuracy 5 C)

at low cost. C

The sections can be pin-strapped for currents of SOUA,

100pA, 200pA, 300pA or 400pA. External circuitry

can be used to obtain virtually any current. These and

many other circuit techniques are shown in the |1_, |_2_| Ii] m

Applications section of this Data Sheet. h lo Mirror  Mirror
Low Low Common Qut

The REF200 is available in plastic 8-pin mini-DIP
and SOIC packages.
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SPECIFICATIONS

ELECTRICAL

T, = +25°C, V, = 15V unless otherwise noted.

REF200AP, AU
PARAMETER CONDITION MIN TYP MAX UNITS
CURRENT SOURCES
Current Accuracy 10.25 +1 %
Current Match 10.25 +1 %
Temperature Drift Specified Temp Range 25 ppm/°C
Output Impedance 2.5V to 40V 20 100 MO
3.5Vto 30V 200 500 MQ
Noise BW =0.1Hz to 10Hz 1 nAp-p
f =10kHz 20 pANHZ
Voltage Compliance (1%) Tun 10 Toux See Curves
Capacitance 10 pF
CURRENT MIRROR | = 100pA Untess
Otherwise Noted
Gain 0.995 1 1.005
Temperature Drift 25 ppmvy°C
Impedance (output) 2V to 40V 40 100 MQ
Nonlinearity | = OpA to 250uA 0.05 %
Input Voltage 1.4 v
Output Compliance Voltage See Curves
Frequency Response (—3dB) Transfer 5 MHz
TEMPERATURE RANGE
Specification -25 +85 °C
Operating —40 +85 °C
Storage —40 +125 °C
PIN CONFIGURATION ABSOLUTE MAXIMUM RATINGS
Top View DIP/SOIC Applied Voitage —6V 10 +40V
Reverse Current —350pA
Voltage Between Any Two Sections 180V
Operating Temp —40°C to +85°C
I Low [ 1] 8 | 1, High Storage Temperature —40°C to +125°C
' Lead Temperature ing, 10s} +300°C
l, Low E Iz High (SOIC 3s) +260°C
Mirror Common u Substrate
Miror Output [ 4 | 5 ] Mirror input PACKAGE INFORMATION®
PACKAGE DRAWING
MODEL PACKAGE NUMBER
REF200AP 8-Pin Plastic DIP 006
REF200AU 8-Pin SOIC 182
NOTE: (1) For detailed drawing and dimension table, please see end of data
ORDERING INFORMATION sheet, or Appandix D of Burr-Brown IC Data Book.
TEMPERATURE
MODEL® PACKAGE RANGE
REF200AP 8-Pin Plastic DIP —25°C to +85°C
REF200AU 8-Pin Plastic SOIC —25°C to +85°C

NOTE: (1) Grade designation “A” may not be marked. Absence of grade
designation indicates A grade.

M 17313L5 0028745 357 mm

The inf ion provided herein is believed to be reliable; however, BURR-BROWN assumes no responsibility for inaccuracies or omissions. BURR-BROWN assumes
no responsibility for the use of this infarmation, and all use of such information shall be entirely at the user’s own risk. Prices and specifications are subject to change
without notice. No patent rights or licensas to any of the circuits described herein are implied or granted to any third party. BURR-BROWN does not authorize or warrant
any BURR-BROWN product for use in life support devices and/or systems.
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DICE INFORMATION

PAD FUNCTION PAD FUNCTION
1 I, Low 6 Substrate
2 1, Low 7A |, High
3 Mirror Common 7B 1, High
- 4 Mirror Qutput BA 1, High
[= S Mirror Input 8B 1, High
[=
d Substrate Blas: -Vcc.
P
-
q
[s
g MECHANICAL INFORMATION
9 MILS (0.001") | MILLIMETERS
Die Size 48 x 72 5 1,22x 1.83+13
Die Thickness 20£3 0.51 1£0.08
Min. Pad Size 4x4 0.10x0.10
Backing None
REF200 DIE TOPOGRAPHY
T, = +25°C, Vg = +15V unless otherwise noted.
CURRENT SOURCE CURRENT SOURCE
TYPICAL DRIFT vs TEMPERATURE TEMPERATURE DRIFT DISTRIBUTION
100.1 600 ‘ ‘ i
501 ;
100 — = 500 t 4
P 454 .
/ >\ Distribution of three
999 +—— = 7 400 duction lots —  —
= 4 - 2
3 / o \ 5 1284 Current Sources.
‘E 29.8 = » z 300
! o | o :
99.7 “box method” N 3 200
‘(Ses text) 117
99.6 : - 100 86 86
30
095 ’ o L2Ls 15161011
-50 =25 Q 25 50 75 100 125 0 5 10 15 20 25 30 35 40 45 50 55 60 65
Temperature (°C) Temperature Drift (ppm/°C)
CURRENT SOURCE CURRENT SOURCE
OQUTPUT CURRENT vs VOLTAGE QUTPUT CURRENT vs VOLTAGE
10t T 100.5 ‘
100.8 } 100.4 ; —
1006 1003 |{— I’ \\ :
1004 100.2 , \
3 1002 v i 5 1004 I 5T
E 100 T E 100 i =
E
3 98 3 999 [— \
%0.6 998 A\ -55°C
99.4 : 99.7 I \ ;
- |
99.2 + 99.6 - £o
99 : 995 ‘ il
5 10 15 20 25 30 35 40 0 1 2 3 4 5
Voltage (V} Voltage (V}
17313b5 0O2874L 293 mm —
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Output Current (500pA/div)

Or, Call Customer Service at 1-800-548-6132 (USA Oniy)
TYPICAL PERFORMANCE CURVES (conT)

= +25°C, V¢ = +15V unless otherwiss noted.

CURRENT SOURCE
CURRENT NOISE (0.1Hz to 10Hz)

Tims (500ms/div)

MIRROR GAIN ERAOR vs CURRENT

- R

O~ MW A o
|
bl
I
—|

128V

7ﬁ“u L Vo= |
’,‘ LI |

Error (%)

-5 | I
10pA 100pA 1mA
Mirror Current (A)
MIRROR INPUT VOTAGE/QUTPUT
COMPLIANCE VOLTAGE vs CURRENT
4 ]T‘U[\ i
:° H /i
: Wit
g, - | - I ||
2 i r .‘ \J { i
é B HI‘ [\7  Output r
1 il Compliance
‘ [I{L Voltage
} T
0 \—H Hii [ |
1pA 10pA 100uA 1mA 10mA
Current

Reverse Current (uA)

Nonlinearity (% of 250uA)
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CURRENT SOURCE

REVERSE CURRENT vs REVERSE VOLTAGE

v |

Reverse Voitage
Circuit Model

J— ——

—_—i ]
Safe Reverse Voltage

0 -2 -4 -6 -8 -10
Reverse Voltage (V)
MIRAOR TRANSFER NONLINEARITY
T T T
— r Data from Three — L B

| Representative Units
{Least-square fit)

100 150
Current (LA}
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APPLICATIONS INFORMATION

The three circuit sections of the REF200 are electrically 8,
isolated from one another using a dielectrically isolated
fabrication process. A substrate connection is provided (pin
6), which is isolated from all circuitry. This pin should be
connected to a defined circuit potential to assure rated DC
performance. The preferred connection is to the most nega-
tive constant potential in your system. In most analog
systems this would be -V .. For best AC performance, leave
pin 6 open and leave unused sections unconnected.

~
«
~

LNV
7T
S
W

Drift performance is specified by the “box method,” as
illustrated in the Current vs Temperature plot of the typical
performance curves. The upper and lower current extremes
measured over temperature define the top and bottom of the
box. The sides are determined by the specified temperature

range of the device. The drift of the unit is the slope of the
diagonal—typically 25ppm/°C from -25°C to +85°C.

>—K Current
Mirror
If the current sources are subjected to reverse voliage, a

protection diode may be required. A reverse voltage circuit (Substrate)
model of the REF200 is shown in the Reverse Current vs

Reverse Voltage curve. If reverse voltage is limited to less

than 6V or reverse current is limited to less than 35041A, no

protection circuitry is required. A parallel diode (Figure 2a) ax %‘;:::;

will protect the device by limiting the reverse voltage across (10f2)

the current source to approximately 0.7V. In some applica-

tions, a series diode may be preferable (Figure 2b) because 4 %12“}

it allows no reverse current. This will, however, reduce the
compliance voltage range by one diode drop.

Applications for the REF200 are limitless. Application guide
AN-165 shows additional REF200 circuits as well as other 1.2
related current source technigues. A collection of circuits is
shown to illustrate some techniques. Also, see AN-165A.

FIGURE 1. Simplified Circuit Diagram.

NOTE: All diodes = 1N4148.
D, Dy
1000A  p,
Bidirectional Bidirectional
Current Source Current Source
Do o= 6 o =-&-
oopa Dz
D, D,
(a) (b} © (@)

FIGURE 2. Reverse Voltage Protection.

]
1731365 no2s7ys gy -

BURR - BROWN®S
8.54 Burr-Brown IC Data Book—Linear Products



Or, Call Customer Service at 1-800-548-6132 (USA Only)

Your
—
- 50
In Out WA
Mirror
Com
3
100pA
_.VS

FIGURE 3. SOuA Current Source.

(@)

(6)

lzouw\ ' l400uA
100pA 100pA
G 1004A CD 100A A 4
In Out
Mirror
Com
13
Compliance = 4V Compliance = 4V
(a) (o) (c)
FIGURE 4. 2004A, 3001A, and 400pA Floating Current Sources.
Compliance to +Vg
Ground +Vs
Compliance to Compliance to
l 50pA 100pa ((} g+ BV Vg+ 5V
l 50pA 27kQ i S0uA
5 4
= In Out 5 M
Mi
irror In Out 5 4
Com Mirror In Out
3
] Com Mirror
0.01pF —— 3
1004A Com
100k 5.1V 3
100pA 1N4689
100pA
Vs Vg Vs

(c)

FIGURE 5. 50uA Current Sinks.
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Ry SERIES-CONNECTED CURRENT SOURCES
: CURRENT vs APPLIED VOLTAGE
101 r T T
High i
------- -4 :
100pA
100pA 100 AC)
U ‘ z 100pA /1
=9
1100uA/200pA 2 o -
£ a
_______ - 3 |
5 4 i
In Out i
Mirror 1
Com 99
3 D 10 20 30 40 50 60 70 80
Appiied Voltage (V)
Compliance to -V + 1.8V s Provides 2X Higher Compliance Voltage
FIGURE 6. Improved Low-Voltage Compliance. FIGURE 7. 100pA Current Source—30V Compliance.
+Vg
100pa( §
= L
o
a
d
_VS

(a) Compliance approximate (b) Compliance to +V5~5V.

to Gnd. HV compliance
limited by FET breakdown.

1N4148 1N4148

—

100pA 40k < == 0.01pF © 100uA<) 40kﬂ% —= 0.04F

High

E ES
*»—d p—
0.01uF —=— 40kQ 100pA 0.01yF —— 40K C)wouA
e
Low 1N4148 1N4148
(d) Floating 200pA cascoded (e) Bidirectional 200pA
current source. cascoded current source.
NOTES: (1) FET ded current offer imp d output impedance and high frequency operation. Circuit in {b}

also provides improved PSRR. (2) For cumrent sinks (Circuits {a) and (b) only), invert circuits and use “N” channel JFETS.

FIGURE 8. FET Cascode Circuits.
B 1731365 0028750 7.4 |
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YA Using Standard Potentiometer s Using Bourns Op Amp Trimpot®
Vs ——W—— Y WM
Ry Rg Ra Re
‘ 100pA
VOUT VOUT
—O
Op Amp Op Amp
To™"
——— g Other ——
202 Linear Amps 100"
= = Bourns Trimpot
Vour = Vin(-Rg/Ry) * 100uA Vour =-Vin(Rg/Ry)
Offset Adjustment Range = +5mV Offset Adjustment Range = +5mV
Vg Vg

NOTE: (1) For N Op Amps, use Potentiometer Resistance = N « 100Q.

FIGURE 9. Op Amp Offset Adjustment Circuits.

REFERENCES AND REGULATORS n REF200
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R, +Vg
100pA
NOTE: (1) Burr Brown® OPA602 or OPA128 ‘ W
EXAMPLES 0.01pF
R R |}
| =N+ 100pA 1 2 our
our Ry 100Q | 10MQ | nA | Use OPA128 >—\/\/\/\—-—<
(N R;) 10kQ | 1MQ | 1pA R,
10kQ 1kQ 1mA .
lour = N+ 100pA N - Re)
11
1
Q.01pF
100pA .
* M R,
_Vs vy
(@) (b)
FEATURES:
{1) Zero volts shunt compliance.
{2) Adjustable only to values above
reference value.
{ NOTE:

Current source/sink swing to the

“Load Return” rail is limited only

by the op amp's input common

mode range and output swing

capability. Voltage drop across “R™  g,p1pF
can be tailored for any ampiifier to

allow swing to zero volts from rail.

I0=(N+1)100pAl

EXAMPLES

R NR | b

1kQ 4k | 500pA
1kQ 9kQ2 1mA
100k | 9.9k | 10mA

0.01pF

[ 1 lo= (N +1) 100pA Reference

(c) ()

¢ lo = (N +1) 100pA

|, =100pA (N + 1). Compliance = 3.5V
with 0.1V across R. Max |, limited by FET.
Forl,=1A, R=0.1Q, NR = 1kQ.

(e)

FIGURE 10. Adjustable Current Sources.
- o B 17313kL5 0028752 597 ||
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RTD

Cable Shield

INAT10

Instrumentation Amplifier
Roeeser

200pA 200pA
Refarence Compensation
Current Current
O +Vg
—
8 7 6 5
ololm)
A B C
REF200
e )
.Vs

Vour = Gain « 200pA - A ATD

FIGURE 11. RTD Excitation With Three Wire Lead Resistance Compensation.

OPA602
+

Triangle Output \/\/\ 2Vp-p

j—:c

Square Output 2Vp-p

R
10kQ

Frequency = 1/4RC (Hz)
Frequency = 25/C {Hz)
(CisinyF and R = 10kQ)

1N4148 1N4148
1/2 —_—
REF200 + _—

1N4148 1N4148

Bidirectional
Current Source

FIGURE 12. Precision Triangle Waveform Generator.

B 1731365 0024753 423 W
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100k
Vin W
—10V <y S+10V
&
100pA + Bridge ¢

{See Figure 12)

1/4

I
\|\
/‘?
EE
+8 1

T OPA404
OPA404 *
+
L
N &
u 12Vp-p
100pA + Bridge Duty Cycle Out

(See Figure 12} 60K
V\y = +10V: 100% Duty Cycle
Viy = 0V: 50% Duty Cycle -
Viy =~10V: 0% Duty Cycle

FIGURE 13. Precision Duty-Cycle Modulator.

For current source, [ |
) o aut out
invert circuitry and For current source,
use P-Channel FET. L - 50kQ invert circuitry and
= 0.pF use P-Channel FET.
Siliconix Siliconix
J109 J109
- e 50k == 0.1pF 50k
100pA 100pA ( ) C) 100pA
-15V
15V

FIGURE 14. Low Noise Current Sink. FIGURE 15. Low Noise Current Sink with Compliance

Below Ground.

B 1731365 0028754 36T M
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High
400pA

10044 (4 ) tooua () 20k0 0.014F

2N5116

—-i: 2N434D 4 2N4340

0.01pF I%zmz
5 100pA S 4
In In Cut
Mirror Mirror
Com Com
3 3
J 300pA ¢ 400pA
Low Low
(a) Regutation (15V to 30V = 0.00003%/V (10GQ) (a) Regulation (15V to 30V = 0.000025%/V (10G€)

FIGURE 16. Floating 300pA and 400pA Cascoded Current Sources.

High

+Vg
Compliance W
4V to 30V
100pA 25mA
Vi

c 100Q %

il

17

10kQ
VoW
PRVIEY) § )iooua
Diodes: 1N4148 100€2
or PWS740-3 V,, Rate Limit = 100pA/C
Diode Bridge for =
reduced Vg 100pA
+Vg
_VS
100Q
100Q
FIGURE 17. Rate Limiter.
% 10k %40.2&1
I NOTE: Each amplifier 1/4 LM324.
Low Op amp power supplies are derived

within the circuitry, and this quiescent
current is included in the 25mA.

FIGURE 18. 25mA Floating Current Source.

W
REFERENCES AND REGULATOR;H REF200
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10pF
~15v AE%HF
+

1N4148

+15V
Vo
. 100pA 5 - +10
(50k<) (50k)
\ —1— +5
141
N4148 _;\_i 5 410
! |
| I } T 1 Y
10pF
- 1N4148 T° For V, > —5V: V, =0
oPAB02 — v, oV o avi \O
" 60 ° For V, < —5V: Vy=—V, -5V
—4-10 (Dead to 100pA = R)
R R v
(50ke2) (50k2) 2 10
v — W T
1N4148
| —+ +5
100pA —{—e R v
10pF Y
P | 1 -1 v
- 1N4148
-15v 0PAGIZ>——|—i— YV, 5
+ ForV, <5V: V, =0
ForV,»5V: Vg =5V -V,
L 4 40 (Dead to —100pA + R}
FIGURE 19. Dead-Band Circuit.
+15V Vo
—1—+10
{ 100pA
R R
(50k2) (50kE2) 1.5
~10 -5 +5 +10
1N4148 L | Iy
I L
i /
10pF -
~ Neas ‘o Eor V> 5V: Vg =V, -5V
or V, < —5V: V=V, + 5V
OPAGOZ >4 ———— A I (Dead 1o +100pA » R)
+
10kQ
v, — 10kQ
;. WA= Yo
PA
. o 3 602
(50k2) (50k0)
1N4148 -
100pA

FIGURE 20. Double Dead-Band Circuit.

8.62
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100pA

Vg = 1004V

0.01pF

FIGURE 21. Low-Voltage Reference.

VC
— +10
1kQ ] +75V (R=75K)
_L YW +5V (R = 50K5)
—1 +5
+25V (R = 25k02)
Vo -0 -5 P
I t t 1 v
Vi wpa | e
with bridge —25V (R = 25K "
? K _ 4
{See Figure 2) (50kQ) Vo=V, (-5V <V, <5V) 5V (R=50k) .-
Vg =5V (V, >5V) g
1 V2225 (V, <-5V) +7.5V (R = 75K 1
- (Bound = 100pA - R)
FIGURE 23. Bipolar Limiting Circuit.
VO
1kQ T +10
YW +75V (R =75kS)
-L 100yF 1 +5V (R = 50kC)
1N4148 Vo L +25V(R=25¢)
-10 -5 +5 +10
v, — — v
—+ -5
Vg =V, {V, <5V)
Vg =5V (V,>5V)
(Yt = 1000A « R} _L o

FIGURE 24. Limiting Circuit.

M 1731365 0028757 079 WH
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+Vg
+5V
1oopa ( §
VO
Tt 4 ' | The

- o Window

12 v
LM393, |
+ .

Oy _ | v,
-Vw +Viy
VeenTes(®
R® Vi +Vyy = 100pA + R
b—eo V,
R®
T2
LM393
\'A +
100pa( §
NOTES: (1) Capacitors optional to reduce noisa and switching time.
Vg (2) Programs center of threshokd voltage. (3) Programs window voltage.

FIGURE 25. Window Comparator.

—e +V;
1o0ua( { ) 100uA (4
" e~
OPA1013 OPA1013
+ +
PMI
+in MATO3 [—e —in
L -
INA105
Vo = +In = (=In)
+

FIGURE 26. Instrumentation Amplifier with Compliance to -Vs.
M 17313L5 0028758 TO5 mm BURR - BROWN®
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