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Section I. Device Core

This section provides a complete overview of all features relating to the 
Stratix® IV device family, which is the most architecturally advanced, 
high-performance, low-power FPGA in the market place. This section 
includes the following chapters:

■ Chapter 1, Stratix IV Device Family Overview

■ Chapter 2, Logic Array Blocks and Adaptive Logic Modules in 
Stratix IV Devices

■ Chapter 3, TriMatrix Embedded Memory Blocks in Stratix IV 
Devices

■ Chapter 4, DSP Blocks in Stratix IV Devices

■ Chapter 5, Clock Networks and PLLs in Stratix IV Devices

Revision History Refer to each chapter for its own specific revision history. For information 
on when each chapter was updated, refer to the Chapter Revision Dates 
section, which appears in the full handbook.
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1. Stratix IV Device Family
Overview

This chapter contains the following sections:

■ “Feature Summary” on page 1–2
■ “Architecture Features” on page 1–5
■ “Integrated Software Platform” on page 1–13

Introduction Altera® Stratix® IV FPGAs deliver a breakthrough level of system 
bandwidth and power efficiency for high-end applications, allowing 
designers to innovate without compromise. Stratix IV FPGAs are based 
on Taiwan Semiconductor Manufacturing Company’s (TSMC’s) 40-nm 
process technology and surpass all other high-end FPGAs available 
today, with the highest logic density, most transceivers, and lowest 
power.

The Stratix IV device family contains two variants optimized to meet 
different application needs:

■ Stratix IV GX transceiver FPGAs—up to 531,200 logic elements (LEs) 
and 48 full-duplex clock data recovery (CDR)-based transceivers at 
up to 8.5 Gbps

■ Stratix IV E (Enhanced) FPGAs—up to 681,100 LEs, 31,491 Kbits 
RAM, 1,360 18×18-bit multipliers

The complete Altera high-end solution includes the lowest risk, lowest 
total cost path to volume with HardCopy® IV ASICs for both family 
variants:

■ HardCopy IV GX transceiver ASICs—up to 11.5 M ASIC gates and 
24 full-duplex clock data recovery (CDR)-based transceivers at up to 
6.5 Gbps

■ HardCopy IV E (Enhanced) ASICs—up to 13.3 M ASIC gates, 
16.8 Mbits RAM, and supports up to 1,288 18×18-bit multipliers

Altera provides you the design/production choice for FPGA-based 
systems, HardCopy ASIC-based systems, or a mix of the two.

Whether you are using Stratix IV FPGAs for production, with HardCopy 
ASICs as a volume alternative, or you are using Stratix IV FPGAs for 
seamless prototyping of your HardCopy ASIC-based systems, the 
complete Altera high-end solution delivers the lowest risk, lowest total 
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Feature Summary

cost path to volume production. Altera’s industry leading Quartus® II 
software, number one in performance and productivity, is a key enabler 
for both product families as is a comprehensive portfolio of application 
solutions customized for end-markets.

Feature 
Summary

The following list summarizes the features in the Stratix IV device family:

■ Up to 32 full-duplex CDR-based transceivers supporting data rates 
between 600 Mbps and 8.5 Gbps. Up to 16 additional full-duplex 
transceivers supporting data rates between 600 Mbps and 3.2 Gbps.

■ Dedicated circuitry to support physical layer functionality for 
popular serial protocols, such as PCI Express (PIPE) Gen1 and Gen2, 
Gigabit Ethernet, Serial RapidIO, SONET/SDH, XAUI/HiGig, (OIF) 
CEI-6G, SD/HD/3G-SDI, Fibre Channel, SFI-5, and Interlaken

■ Complete PCI Express (PIPE) protocol solution with embedded PCI 
Express hard IP blocks that implement PHY-MAC layer, Data Link 
layer, and Transaction layer functionality

■ Programmable transmitter pre-emphasis and receiver equalization 
circuitry to compensate for frequency-dependent losses in the 
physical medium

■ Typical physical medium attachment (PMA) power consumption of 
100 mW at 3.125 Gbps and 135 mW at 6.375 Gbps per channel

■ 72,600 to 681,100 equivalent logic elements (LEs) per device
■ 7,370 to 31,491 Kbits of enhanced TriMatrix memory consisting of 

three RAM block sizes to implement true dual-port memory and 
FIFO buffers

■ High-speed DSP blocks configurable as 9×9-bit, 12×12-bit, 18×18-bit, 
and 36×36-bit full-precision multipliers at up to 540 MHz

■ Up to 16 global clocks (GCLK), 88 regional clocks (RCLK), and 132 
periphery clocks (PCLK) per device   

■ Programmable Power Technology that minimizes power while 
maximizing device performance

■ Up to 1,104 user I/O pins arranged in 24 modular I/O banks that 
support a wide range of single-ended and differential I/O standards

■ Support for high-speed external memory interfaces including DDR, 
DDR2, DDR3 SDRAM, RLDRAM II, QDR II, and QDR II+ SRAM on 
up to 24 modular I/O banks

■ High-speed LVDS I/O support with serializer/deserializer 
(SERDES), dynamic phase alignment (DPA) and soft-CDR circuitry 
at data rates up to 1.6 Gbps

■ Support for source-synchronous bus standards, including SGMII, 
Gigabit Ethernet, SPI-4 Phase 2 (POS-PHY Level 4), SFI-4.1, XSBI, 
UTOPIA IV, NPSI, and CSIX-L1

■ Pinouts for Stratix IV E devices designed to allow migration of 
designs from Stratix III to Stratix IV E with minimal printed circuit 
board impact
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Stratix IV GX Devices

Stratix IV GX devices provide up to 32 transceiver channels per device 
with physical coding sublayer (PCS) and physical medium attachment 
(PMA) support at data rates between 600 Mbps and 8.5 Gbps. Up to 16 
additional channels with PMA-only support at data rates between 600 
Mbps and 3.2 Gbps are also available, for a total of up to 48 transceiver 
channels per device.

Figure 1–1 shows a high-level Stratix IV GX chip view.

Figure 1–1. Stratix IV GX Chip View Note (1)

Note to Figure 1–1:
(1) Resource counts vary with device and/or package selection.
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Stratix IV E Device Family

Stratix IV E devices provide an excellent solution for applications that do 
not require high-speed CDR-based transceivers, but are logic, user I/O, 
or memory intensive. 

Figure 1–2 shows a high-level Stratix IV E chip view.

Figure 1–2. Stratix IV E Chip View Note (1)

Note to Figure 1–2:
(1) Resource counts vary with device and/or package selection.
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Architecture 
Features

Stratix IV device family features are divided into high-speed transceiver 
features, and FPGA fabric and I/O features.

1 The high-speed transceiver features apply only to the 
Stratix IV GX family variant.

High-Speed Transceiver Features

Stratix IV GX high-speed transceiver features include:

Highest Aggregate Data Bandwidth

■ Up to 32 full-duplex transceiver channels with PCS and PMA 
support at data rates between 600 Mbps and 8.5 Gbps

■ Up to 16 additional full-duplex transceiver channels with PMA-only 
support at data rates between 600 Mbps and 3.2 Gbps

Wide Range of Protocol Support

■ Physical layer support for the following serial protocols: PCI Express 
(PIPE) Gen1 and Gen2, Gigabit Ethernet, Serial RapidIO, 
SONET/SDH, XAUI/HiGig, (OIF) CEI-6G, SD/HD/3G-SDI, Fibre 
Channel, SFI-5, and Interlaken

■ Extremely flexible and easy-to-configure transceiver data path to 
implement proprietary protocols

■ PCI Express (PIPE) Support 
● Complete PCI Express (PIPE) Gen1 and Gen2 protocol stack 

solution compliant to PCI Express Base Specification 2.0 that 
includes PHY-MAC, Data Link, and Transaction layer circuitry 
embedded in PCI Express hard IP blocks 

● Root complex and end point applications
● ×1, ×4, and ×8 lane configurations
● PIPE2.0-compliant interface
● Embedded circuitry to switch between Gen1 and Gen2 data 

rates
● Built-in circuitry for electrical idle generation and detection, 

receiver detect, power state transitions, lane reversal, and 
polarity inversion

● 8B/10B encoder and decoder, receiver synchronization state 
machine, and ±300 parts per million (ppm) clock compensation 
circuitry

● Transaction layer support for up to two virtual channels (VCs). 
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■ XAUI/HiGig Support
● Compliant to IEEEP802.3ae specification
● Embedded state machine circuitry to convert XGMII idle code 

groups (||I||) to and from idle ordered sets (||A||, ||K||, ||R||) at 
the transmitter and receiver, respectively

● 8B/10B encoder and decoder, receiver synchronization state 
machine, lane deskew,  and ±100 ppm clock compensation 
circuitry

■ Gigabit Ethernet Support
● Compliant to IEEE802.3-2005 specification
● Automatic idle ordered set (/I1/, /I2/) generation at the 

transmitter, depending on the current running disparity
● 8B/10B encoder and decoder, receiver synchronization state 

machine, and ±100 ppm clock compensation circuitry

■ Support for other protocol features such as MSB to LSB transmission 
in SONET/SDH configuration and spread-spectrum clocking in PCI 
Express (PIPE) configurations

Signal Integrity

■ Programmable 3-tap transmitter pre-emphasis with up to 8192 
pre-emphasis levels to compensate for pre-cursor and post-cursor 
inter-symbol interference (ISI)

■ Up to 900% boost capability on the first pre-emphasis post-tap
■ User-controlled and adaptive 4-stage receiver equalization with up 

to 16 dB of high-frequency gain
■ On-die power supply regulators for transmitter and receiver phase-

locked loop (PLL) charge pump and voltage controlled oscillator 
(VCO) for superior noise immunity 

■ On-package and on-chip power supply decoupling to satisfy 
transient current requirements at higher frequencies, thereby 
reducing the need for on-board decoupling capacitors

■ Calibration circuitry for transmitter and receiver on-chip termination 
(OCT) resistors

Diagnostic Features

■ Serial loopback from transmitter serializer to receiver CDR for 
transceiver PCS and PMA diagnostics

■ Reverse serial loopback pre- and post-CDR to transmitter buffer for 
physical link diagnostics

■ Loopback master and slave capability in PCI Express hard IP blocks
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FPGA Fabric and I/O Features

The Stratix IV FPGA fabric and I/O features include:

■ Device Core Features:
● Up to 531,200 LEs in Stratix IV GX devices and up to 681,100 LEs 

in Stratix IV E devices, efficiently packed in unique and 
innovative adaptive logic modules (ALMs)

● 10 ALMs per logic array block (LAB) deliver faster performance, 
improved logic utilization, and optimized routing

● The most advanced power saving techniques, including a 
variety of process, circuit, and architecture optimizations and 
innovations

● Programmable Power Technology allows you to select 
power-driven compilation options for reduced static power 
consumption

● Embedded Memory
• TriMatrix embedded memory architecture provides three 

different memory block sizes to efficiently address the 
needs of diversified FPGA designs: 640-bit MLAB, 9-Kbit 
M9K, and 144-Kbit M144K

• Up to 31,491 Kbit of embedded memory operating at up to 
600 MHz

• Each memory block is independently configurable to be a 
single- or dual-port RAM, FIFO, ROM, or shift register

● Digital Signal Processing (DSP) Blocks
• Flexible DSP blocks configurable as 9×9-bit, 12×12-bit, 

18×18-bit, and 36×36-bit full-precision multipliers at up to 
540 MHz with rounding and saturation capabilities

• Faster operation due to fully pipelined architecture and 
built-in addition, subtraction, and accumulation units to 
combine multiplication results

• Optimally designed to support advanced features such as 
adaptive filtering, barrel shifters, and finite and infinite 
impulse response (FIR and IIR) filters

● Clock Networks
• Up to 16 GCLKs and 88 RCLKs optimally routed to meet the 

internal logic fMAX frequency of 600 MHz
• Up to 112 and 132 additional PCLKs in Stratix IV GX and 

Stratix IV E devices, respectively 
• Up to 66 (16 GCLK + 22 RCLK + 28 PCLK) and 71 (16 GCLK 

+ 22 RCLK + 33 PCLK) unique clock resources per device 
quadrant in Stratix IV GX and Stratix IV E devices, 
respectively
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Architecture Features

● PLLs
• Three to 12 PLLs per device supporting spread-spectrum 

input clocking, programmable bandwidth, clock switch 
over, dynamic reconfiguration, and delay compensation

• Additional PLLs available from unused transceiver blocks 
(Stratix IV GX devices only)

• On-chip PLL power supply regulators to minimize noise 
coupling

■ I/O Features:
● Sixteen to 24 modular I/O banks per device with 24 to 48 I/Os 

per bank designed and packaged for optimal SSN performance 
and migration capability

● Support for a wide range of industry I/O standards, including 
single-ended (LVTTL/CMOS/PCI/PCIX), differential 
(LVDS/mini-LVDS/RSDS), voltage-referenced single-ended 
and differential (SSTL/HSTL Class I/II) I/O standards

● On-chip series (RS) and on-chip parallel (RT) termination with 
auto-calibration for single-ended I/Os and on-chip differential 
(RD) termination for differential I/Os

● Programmable output drive strength, slew rate control, bus 
hold, and weak pull-up capability for single-ended I/Os

● User I/O /GND/VCC ratio of 8:1:1 to reduce loop inductance in 
the package

● Programmable transmitter differential output voltage (VOD) and 
pre-emphasis for high-speed LVDS I/O

■ High-Speed Differential I/O with DPA and Soft-CDR:
● Dedicated circuitry on the left and right sides of the device to 

support differential links at data rates from 150 Mbps to 
1.6 Gbps

● Up to 98 and 132 differential SERDES in Stratix IV GX and 
Stratix IV E devices, respectively

● DPA circuitry at the receiver automatically compensates for 
channel-to-channel and channel-to-clock skew in source 
synchronous interfaces

● Soft-CDR circuitry at the receiver allows implementation of 
asynchronous serial interfaces with embedded clock at up to 
1.6 Gbps data rate (SGMII and Gigabit Ethernet).
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Figure 4–15. Loopback Mode for Half-DSP Block

Note to Figure 4–15:
(1) Block output for accumulator overflow, and saturate overflow.
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18 x 18 Complex Multiply

You can configure the DSP block when used in Two-Multiplier Adder 
mode to implement complex multipliers using the two-multiplier adder 
mode. A single half DSP block can implement one 18-bit complex 
multiplier.

A complex multiplication can be written as shown in Equation 4–4.

Equation 4–4. Complex Multiplication Equation

(a + jb) × (c + jd) = ((a × c)) – (b × d)) + j((a × d) + (b × c))

To implement this complex multiplication within the DSP block, the real 
part ((a × c) – (b × d)) is implemented using two multipliers feeding one 
subtractor block while the imaginary part ((a × d) + (b × c)) is 
implemented using another two multipliers feeding an adder block. 
Figure 4–16 shows an 18-bit complex multiplication. This mode 
automatically assumes all inputs are using signed numbers.
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Figure 4–16. Complex Multiplier Using Two-Multiplier Adder Mode
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Four-Multiplier Adder

In the four-multiplier adder configuration shown in Figure 4–17, the DSP 
block can implement two four-multiplier adders (one four-multiplier 
adder per half DSP block). These modes are useful for implementing 
one-dimensional and two-dimensional filtering applications. The 
four-multiplier adder is performed in two addition stages. The outputs of 
two of the four multipliers are initially summed in the two first-stage 
adder blocks. The results of these two adder blocks are then summed in 
the second-stage adder block to produce the final four-multiplier adder 
result, as shown by Equation 4–2 and Equation 4–3. 
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Figure 4–17. Four-Multiplier Adder Mode Shown for Half-DSP Block

Note to Figure 4–17:
(1) Block output for accumulator overflow, and saturate overflow.
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The four-multiplier adder mode supports the round and saturation logic 
unit. You can use the pipeline registers and output registers within the 
DSP block to pipeline the multiplier-adder result, increasing the 
performance of the DSP block.

High-Precision Multiplier Adder Mode

In the high-precision multiplier adder configuration, shown in 
Figure 4–18, the DSP block can implement two two-multiplier adders, 
with multiplier precision of 18x36 (one two-multiplier adder per DSP half 
block). This mode is useful in filtering or FFT applications where a data 
path greater than 18 bits is required, yet 18 bits is sufficient for the 
coefficient precision. This can occur in cases where that data has a high 
dynamic range. If the coefficients are fixed, as in FFT and most filter 
applications, the precision of 18 bits provide a dynamic range over 100 
dB, if the largest coefficient is normalized to the maximum 18 bit 
representation. 

In these situations, the data path can be up to 36 bits, allowing sufficient 
capacity for bit growth or gain changes in the signal source without loss 
of precision. This mode is also extremely useful in single precision block 
floating point applications.

The high-precision multiplier adder is performed in two stages. The 
18x36 multiply is divided into two 18x18 multipliers. The multiplier with 
the LSB of the data source is performed unsigned, while the multiplier 
with the MSB of the data source can be signed or signed. The latter 
multiplier has its result left shifted by 18 bits prior to the first adder stage, 
creating an effective 18x36 multiplier. The results of these two adder 
blocks are then summed in the second stage adder block to produce the 
final result:

Z[54..0] = P0[53..0] + P1[53..0] 

where:

P0 = A[17..0] × B[35..0] and P1 = C[17..0] × D[35..0]



4–34 Altera Corporation
Stratix IV Device Handbook, Volume 1 May 2008

Operational Mode Descriptions

Figure 4–18. High-Precision Multiplier Adder Configuration Note (1)

Note to Figure 4–18:
(1) Block output for accumulator overflow, and saturate overflow.
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