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40-nm Stratix IV FPGAs

Innovation Without Compromise
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Stratix IV FPGAs: A Closer Look
 Highest density (these numbers need to be updated)

− Up to 680K LEs
− Up to 22.4 Mbits internal RAM
− Up to 1,360 18 x 18 multipliers

 Highest bandwidth and performance
− Up to 48 transceivers operating up to 8.5 Gbps
− Up to 4 x8 hard intellectual property (IP) blocks for 

PCI Express Gen1 and Gen2
− Up to 748 giga multiply-accumulate operations per second (GMACS) 

digital signal processing (DSP) performance 
− 2 speed grade performance advantage

 Lowest power
− Programmable Power Technology
− Quartus II PowerPlay technology
− 40-nm process benefits including 0.9V core voltage

 Seamless FPGA prototyping to HardCopy 
ASIC production

 Quartus II software: #1 in performance and productivity

Highest density, 
highest performance, 

AND lowest power

Shippin
g

now!
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Device LEs Transceivers 
(11.3,8.5, 6.5 Gbps)

LVDS(1)

(1.6, 1.1 Gbps) I/Os Memory 
(Mbits)

Multipliers
(18x18)

Stratix IV GX
FPGA

EP4SGX70 70K 24 (0, 16, 8) 120 (56, 64) 480 6.3 384

EP4SGX110 110K 24 (0, 16, 8) 120 (56, 64) 480 8.1 512

EP4SGX180 180K 36 (0, 24,12) 184 (88, 96) 736 11.1 920

EP4SGX230 230K 36 (0, 24,12) 184 (88, 96) 736 13.9 1,288

EP4SGX290 290K 48 (0, 32,16) 226 (98, 128) 904 13.3 832

EP4SGX360 360K 48 (0, 32,16) 226 (98, 128) 904 17.7 1,040

EP4SGX530 530K 48 (0, 32,16) 226 (98, 128) 904 20.3 1,024

Stratix IV GT
FPGA

EP4S40G2 230K 36 (12,12,12) 140 (44, 96) 636 13.9 1,288

EP4S40G5 530K 36 (12,12,12) 140 (44, 96) 636 20.3 1,024

EP4S100G2 230K 36 (24, 0,12) 140 (44, 96) 636 13.9 1,288

EP4S100G3 290K 48 (24, 8,16) 172 (44, 128) 754 13.3 832

EP4S100G4 360K 48 (24, 8,16) 172 (44, 128) 754 17.7 1,024

EP4S100G5 530K 48 (24, 8,16) 172 (44, 128) 754 20.3 1,024

Stratix IV E
FPGA

EP4SE230 230K - 120 (56, 64) 480 13.9 1,288

EP4SE360 360K - 216 (88, 128) 864 17.7 1,040

EP4SE530 530K - 240 (112, 128) 960 20.3 1,024

EP4SE680 680K - 276 (132, 144) 1,104 22.4 1,360

Stratix IV Device Family Plan

(1) LVDS channel count represents number of full duplex channels, included in the total I/O count. (True LVDS, Emulated LVDS)
      All LVDS Rx can be used as True LVDS Rx or emulated LVDS Tx, effectively doubling the number of LVDS Tx available per device
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Device F780
(29 mm)

F1152
(35 mm)

F1517
(40 mm)

F1760
(43 mm)

Stratix III
device

EP3SL50 480, 56

EP3SL70 480, 56

EP3SL110 480, 56 736, 88

EP3SL150 480, 56 736, 88

EP3SL200 480, 56 (2) 736, 88 960, 112

EP3SL340 736, 88 (2) 960, 112 1,104, 132

EP3SE50 480, 56

EP3SE80 480, 56 736, 88

EP3SE110 480, 56 736, 88

EP3SE260 480, 56 (2) 736, 88 960, 112

Stratix IV E
device

EP4SE230 480, 56

EP4SE360 480, 56 (2) 736, 88

EP4SE530 736, 88 (2) 960, 112 (2) 960, 112

EP4SE680 736, 88 (2) 960, 112 1,104, 132

(1) All devices are offered in flip-chip ball-grid array (BGA) with 1.0-mm pitch
(2) These devices are in hybrid flip-chip ball-grid array, identical ball pattern but larger body overhang
(3) LVDS I/O count represents number of full duplex channels, these are included in the total I/O count

Stratix IV E Device Package Plan

Pin
migration

Total I/O count, LVDS count
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Altera’s Transceiver Innovations  
 Enhanced quad transceiver blocks

− Additional configurable 5th and 6th 
full-duplex channels 

− Channel bonding up to 24 channels 
including support for SFI-5 and 
HyperTransport™ 3.0 protocols

 Dynamic reconfiguration
− Run-time reconfiguration of transceiver 

settings, data rates, and protocols
− Hitless for adjacent channels
− Tremendous flexibility allows 

universal front ends
− Less board and software variations

 Identical HardCopy IV GX 
transceiver block

Unprecedented 
system bandwidth 

AND superior signal 
integrity

Channel 2PMA

Channel 1PMA

FP
G

A
 fa

br
ic PMA

PMA

PLL 1

PCS

PCS

PLL 2

Channel 4PMA

Channel 3PMA

PCS

PCS

Channel 5

Channel 6

8.5 Gbps

8.5 Gbps

6.5 Gbps

Channel 2PMAPMA

Channel 1PMAPMA

FP
G

A
 fa

br
ic PMAPMA

PMAPMA

PLL 1PLL 1

PCSPCS

PCSPCS

PLL 2PLL 2

Channel 4PMAPMA

Channel 3PMAPMA

PCSPCS

PCSPCS

Channel 5

Channel 6

8.5 Gbps

8.5 Gbps

PCS = Physical coding sublayer. PMA = Physical medium attachment. PLL = Phase-locked loop.
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Stratix IV GX FPGA @ 6.5 Gbps (Ring Oscillator and LC)

 Ring oscillator
− Random jitter: 1.15 ps

 LC tank
− Random jitter: 605 fs

 Meets CEI-6 jitter and PCI Express 
Gen2 jitter requirements with 
robust margin

 Breakthrough results on LC tank 
performance (< 1ps Rj)

    6.5 Gbps
(Ring oscillator)

6.5 Gbps
(LC tank)
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Pre-emphasis Eye Diagrams @ 8.5 Gbps

 Vod = 12mA

Pre-emphasis off 2 mA 3 mA

4 mA 5 mA 5.875 mA

Vertical scale = 0.2 V/div
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Robust Transceiver System Design

 8.5-Gbps transceivers with superior         
       signal integrity

 Jitter compliance for PCI Express, CEI-
6, and SONET/synchronous digital 
hierarchy (SDH) with margin

 Ability to drive 50” of FR-4 backplane at 
6.375 Gbps with built-in pre-emphasis 
and equalization

 Plug & Play Signal Integrity, only 
from Altera

− Monitors and optimizes receive equalization 
over process, voltage, and temperature (PVT)

− Supports hot swapping of transceivers
− Watch the demo video to see 

Plug & Play Signal Integrity in action at 
www.altera.com/plugandplay

http://www.altera.com/plugandplay
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Protocol Support
Protocol HardCopy IV ASICs Stratix IV FPGAs

3G protocols

PCI Express Gen1 (x1, x2, x4, x8), PCI Express Cable  

Serial RapidIO® (1x, 4x)  

Gigabit Ethernet, XAUI (IEEE 802.3ae), HiGig+  

3G Basic (proprietary), 3G SerialLite II  

CPRI v3.0, OBSAI v2.0/RP3-01 v4.0  

SONET OC-3/12/48, GPON  

SATA, SAS  

SD, HD and 3G SDI, ASI  

Serial Data Converter (JESD204)  

SFI 5.1  

HyperTransport 3.0  

6G protocols

PCI Express Gen2 (x1, x2, x4, x8)  

HiGig2, CEI 6G (SR/LR), Interlaken, DDR-XAUI, SPAUI  

6G basic (proprietary), 6G SerialLite II  

6G CPRI/OBSAI  

Fibre Channel (FC1/FC2/FC4)  
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Hard IP for PCI Express Benefits

 Pre-verified, complex IP cores
− x8, x4, x2, x1 PCI Express Base rev 2.0 compliant core (includes rev 1.1) supporting 

a rootport and endport function
− Integrated Transaction layer (TL), Data Link layer (DLL), physical interface/media 

access control (PHY/MAC), and transceivers
− 2.5 Gbps (Gen1) and 5 Gbps (Gen2) per lane
−  Supports a PIPE 2.0 compliant interface

 Device cost reduction 
− Fit designs in a smaller FPGA
− Resource savings 

 Up to 25K LEs (x8 Gen2 configuration)
 Embedded memory buffers 

− Replay buffer 
− Receive buffer (per virtual channel)

 Power savings relative to soft IP core implementations 
 Shorter design and compile times 
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Highest Performance Memory Interfaces

 Altera® innovations enable DDR3 at 1,067 Mbps/533 MHz
− Smart interface module with PVT auto-calibration
− Performance maintained on all banks on all sides

 Dynamic on-chip termination significantly saves power
−  Example: 1.0W on a 72-bit I/F with a 50/50 read/write cycle

Read

Write

Sync
block

Sync
blockDynamic

on-chip 
termination

Programmable 
output drive strength 
and slew rate control

Read/write leveling and 
resynchronization capability

DQ hard I/O

Variable delay for 
dynamic trace 
compensation

1:2
multiplex
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Stratix III/IV I/O Stratix III/IV I/O Performance

Stratix III/IV 
FPGAs

Interconnect Performance

DDR3 533 MHz/1,067 
Mbps

DDR2 400 MHz/800 Mbps

QDR II 350 MHz

QDR II+ 400 MHz

RLDRAM II 400 MHz

LVDS 1.6 Gbps

I/O feature Stratix III/IV 
FPGAs Benefit

Dynamic 
on-chip 

termination
 Saves 

power

DDR3 
Read/Write 

leveling
 DIMM 

support

Variable 
I/O delay 

Allows 
signal

de-skew

Up to 24 I/O banks distributed on 
all sides offer more flexibility
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TriMatrix Embedded Memory

Optimized size for optimal memory/logic ratio 
and maximum memory bandwidth

 Dual-port RAM, error correction coding (ECC), low-power mode

Memory functions Stratix IV devices Memory

 Processor code storage
 Packet buffers
 External memory I/F cache
 Video frame buffers

 16–64 M144K (2,048 x 72 bits)
 600 MHz

 General purpose memory
 462-1,280 M9K (256 x 36 bits)
 600 MHz

 Shift registers
 Small FIFO buffers
 Filter delay lines

 50 percent of the logic can be 
turned into an  MLAB 

 600 MHz

9K Bits

144K 
Bits

640 Bits

M144K

MLAB

M9K
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Clocking Resources

 Clock routing resources
− 16 global clock networks (GCLK),
− Up to 88 quadrant clock networks (QCLK),
− Up to 132 periphery clock networks (PCLK) 
− Global clock routing can also be used for global signals
− Powered down when not in use

 Full-featured and robust PLLs
− Up to 12 low-jitter PLLs
− 10 programmable outputs per PLL
− Both frequency and phase can be dynamically changed
− Cascadable to allow broader frequency generation

Flexible and robust clocking resources
to support higher system integration

Global clock networks

Regional clock networks

16 networks per device

Up to 88 networks per device



15

© 2009 Altera Corporation— Public
ALTERA, ARRIA, CYCLONE, HARDCOPY, MAX, MEGACORE, NIOS, QUARTUS & STRATIX are Reg. U.S. Pat. & Tm. Off. 
and Altera marks in and outside the U.S.

Architecture Optimized for Performance
 Most advanced FPGA 

architecture
− Adaptive logic modules 

(ALMs) perform logic 
operations in less time

− Multi-track routing
− Ability to implement wide 

high-performance buses

 Reach more logic faster
 Efficient, high-

performance data 
passing through the 
system

Number of reachable 
ALMs Benefit

Hops Stratix IV 
FPGA

Virtex-5 
FPGA

Stratix IV to 
Virtex-5 FPGA

1 850 132 6.4X

2 2,400 1,056 2.3X

3 4,000 1,980 2.0X

Total 7,250 3,168 2.3X

Reg

Reg

Adder

Adder

1

2

3

4

5

6
7

8

AL
M

 In
pu

ts

ALM

Comb.
Logic

8-Input 
Fracturable LUT

Two 3-input 
adders

Two registers

Reg

Reg

Adder

Adder

1

2

3

4

5

6
7

8

AL
M

 In
pu

ts

ALM

Comb.
Logic

8-input 
Fracturable LUT

Two 3-input 
adders

Two registers
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Stratix IV Power Rail Recommendations

8 regulators for data rates @ 8.5Gbps5 regulators for data rates < 6.5Gbps

 Delivers best tradeoffs between total system cost and performance
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DSP Performance Through Parallelism

 Optimal DSP/memory/
logic ratio

 Resources per 
18 x 18 multiplier

− 400 registers
− 17 Kbit embedded memory
− 500 LEs

748 GMACS

Total 18 x 18 multipliers = 1,360
Maximum clock frequency = 550 MHz
DSP performance = 1,360 * 550 MHz =

14
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Advantages Over Dedicated DSPs

DSP DSP 

DSP DSP

Up to 1,360
multipliers

ADI TS203S
@ 600 MHz

TI C6488
3 cores

@ 1 GHz

G
M

AC
S

24
4.8

0
20
40
60
80

100
120
140
160

210
748

Altera EP4SE680
1,360 18x18 
@ 550 MHz

Altera EP4SGX70
384 18x18

@ 550 MHz

 Combination of logic, memory, and multipliers allows for efficient 
implementation of arithmetic DSP functions

− Integrate multiple DSP devices into a single Stratix IV FPGA
− Process multiple signal data streams at lower cost per channel than 

dedicated DSP devices
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Power Efficiency = Maximum Performance/Watt

Highest performance where you need it,
lowest power everywhere else

 40-nm process benefits enable power reduction
 Programmable Power Technology



© 2009 Altera Corporation— Public

40-nm HardCopy IV ASICs

Innovation Without Compromise
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 Seamless prototyping
− One design, one register transfer level 

(RTL), one IP set, one tool delivers 
FPGA and ASIC implementations

 Now with transceivers
− Identical Stratix IV GX transceiver block

 Low risk, lowest total cost access 
to deep sub-micron ASIC benefits

 Low power
− 50 percent or lower than 

companion FPGA
 Guaranteed first-time right

HardCopy IV ASICs: A Closer Look

Now with 
transceivers

The benefits of 
FPGAs AND

the benefits of ASICs
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HardCopy Benefits
 System development methodology 

− Fastest time to market AND fastest time to volume
− Lowest total cost ASIC AND lowest total cost system development

 Low risk
− Guaranteed first time right silicon AND first time right system
− Fast and predictable

 Resource minimization
− Design once – two implementations
− Design for test part of the HCDC backend

 The only ASIC with reconfigurable high speed transceivers
− In-system, in-ASIC reconfiguration using DPRIO
−  Supports multiple high-speed protocols in a single set of transceivers using SPRIO

 ASIC benefits          AND FPGA benefits
− Low power
− Cost effective
− Very SEU tolerant
− Hard-wired security
− Instant-on

 Access to leading edge technology AND Altera’s operational excellence
− Built in “DFx” - Design For Manufacturability, Design For Yield, Design For Reliability

–  Time to market
–  Flexibility
–  Low tool cost / easier design flow
–  True software / hardware co-design / co-verification
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 Seamless FPGA 
prototyping

− Fast time-to-market
− Low total cost
− Maximum flexibility
− SW/HW co-design

One Design, One RTL, One IP Set, 
One Tool—Two Implementations

 HardCopy ASICs 
for production

− Fast time-to-profit
− Low risk
− Low power
− High performance
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HardCopy IV GX ASIC Summary


