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Understanding Embedded - FPGAs (Field
Programmable Gate Array)

Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.
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Product Status Obsolete

Number of LABs/CLBs 6627

Number of Logic Elements/Cells 132540

Total RAM Bits 6747840

Number of I/O 734

Number of Gates -

Voltage - Supply 1.15V ~ 1.25V

Mounting Type Surface Mount

Operating Temperature -40°C ~ 100°C (TJ)

Package / Case 1508-BBGA, FCBGA

Supplier Device Package 1508-FBGA, FC (40x40)
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Stratix II GX Architecture
This module detects word boundaries for the 8B/10B-based protocols, 
SONET, 16-bit, and 20-bit proprietary protocols. This module is also used 
to align to specific programmable patterns in PRBS7/23 test mode. 

Pattern Detection
The programmable pattern detection logic can be programmed to align 
word boundaries using a single 7-, 8-, 10-, 16-, 20, or 32-bit pattern. The 
pattern detector can either do an exact match, or match the exact pattern 
and the complement of a given pattern. Once the programmed pattern is 
found, the data stream is aligned to have the pattern on the LSB portion 
of the data output bus. 

XAUI, GIGE, PCI Express, and Serial RapidIO standards have embedded 
state machines for symbol boundary synchronization. These standards 
use K28.5 as their 10-bit programmed comma pattern. Each of these 
standards uses different algorithms before signaling symbol boundary 
acquisition to the FPGA.

The pattern detection logic searches from the LSB to the most significant 
bit (MSB). If multiple patterns are found within the search window, the 
pattern in the lower portion of the data stream (corresponding to the 
pattern received earlier) is aligned and the rest of the matching patterns 
are ignored. 

Once a pattern is detected and the data bus is aligned, the word boundary 
is locked. The two detection status signals (rx_syncstatus and 
rx_patterndetect) indicate that an alignment is complete.

Figure 2–18 is a block diagram of the word aligner.

Figure 2–18. Word Aligner 
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Stratix II GX Architecture
Figure 2–42. Conditional Operation Example

The arithmetic mode also offers clock enable, counter enable, 
synchronous up and down control, add and subtract control, 
synchronous clear, synchronous load. The LAB local interconnect data 
inputs generate the clock enable, counter enable, synchronous up and 
down and add and subtract control signals. These control signals may be 
used for the inputs that are shared between the four LUTs in the ALM. 
The synchronous clear and synchronous load options are LAB-wide 
signals that affect all registers in the LAB. The Quartus II software 
automatically places any registers that are not used by the counter into 
other LABs.
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TriMatrix Memory
Figure 2–51. M4K RAM Block Control Signals

The R4, C4, and direct link interconnects from adjacent LABs drive the 
M4K RAM block local interconnect. The M4K RAM blocks can 
communicate with LABs on either the left or right side through these row 
resources or with LAB columns on either the right or left with the column 
resources. Up to 16 direct link input connections to the M4K RAM block 
are possible from the left adjacent LABs and another 16 possible from the 
right adjacent LAB. M4K RAM block outputs can also connect to left and 
right LABs through direct link interconnect. Figure 2–52 shows the M4K 
RAM block to logic array interface.
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Stratix II GX Architecture
Table 2–21 shows the number of DSP blocks in each Stratix II GX device. 
DSP block multipliers can optionally feed an adder/subtractor or 
accumulator in the block, depending on the configuration, which makes 
routing to ALMs easier, saves ALM routing resources, and increases 
performance because all connections and blocks are in the DSP block.

Additionally, the DSP block input registers can efficiently implement shift 
registers for FIR filter applications, and DSP blocks support Q1.15 format 
rounding and saturation. Figure 2–58 shows the top-level diagram of the 
DSP block configured for 18 × 18-bit multiplier mode.

Table 2–21. DSP Blocks in Stratix II GX Devices Note (1)

Device DSP Blocks Total 9 × 9 
Multipliers

Total 18 × 18 
Multipliers

Total 36 × 36 
Multipliers

EP2SGX30 16 128 64 16

EP2SGX60 36 288 144 36

EP2SGX90 48 384 192 48

EP2SGX130 63 504 252 63

Note to Table 2–21:
(1) This list only shows functions that can fit into a single DSP block. Multiple DSP 

blocks can support larger multiplication functions.
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Stratix II GX Architecture
IOE clocks have row and column block regions that are clocked by 8 I/O 
clock signals chosen from the 24 quadrant clock resources. Figures 2–65 
and 2–66 show the quadrant relationship to the I/O clock regions.

Figure 2–65. EP2SGX30 Device I/O Clock Groups
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DC and Switching Characteristics
Table 4–8. Typical VOD Setting, TX Term = 120 � Note (1)

VC C H TX = 1.5 V VOD Setting (mV)

240 480 720 960 1200

VOD Typical (mV) 260 510 750 975 1200

Note to Table 4–8:
(1) Applicable to data rates from 600 Mbps to 6.375 Gbps. Specification is for 

measurement at the package ball.

Table 4–9. Typical VOD Setting, TX Term = 150 � Note (1)

VC C H TX = 1.5 V VOD Setting (mV)

300 600 900 1200

VOD Typical (mV) 325 625 920 1200

Note to Table 4–9:
(1) Applicable to data rates from 600 Mbps to 6.375 Gbps. Specification is for 

measurement at the package ball.

Table 4–10. Typical VOD Setting, TX Term = 100 � Note (1)

VC C H TX = 1.2 V VOD Setting (mV)

320 480 640 800 960

VOD Typical (mV) 344 500 664 816 960

Note to Table 4–10:
(1) Applicable to data rates from 600 Mbps to 3.125 Gbps. Specification is for 

measurement at the package ball.
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Operating Conditions
Serial RapidIO 1.25 Gbps, 
2.5 Gbps, 

3.125 Gbps

- 2-3 1 - 0.5 4-5

SDI HD
10-bit channel 

width

- 2-3 1 - 1 4-5

HD, 3G
20-bit channel 

width

- 2-3 1 - 0.5 4-5

BASIC Single 
Width

8-bit/10-bit 
channel width

- 2-3 1 - 1 4-5

16-bit/20-bit 
channel width

- 2-3 1 - 0.5 4-5

BASIC Double 
Width

16-bit/20-bit 
channel width

- 2-3 1 - 1 4-5

32-bit/40-bit 
channel width

- 2-3 1 - 0.5 4-5

Parallel 
Loopback/

BIST

- 2-3 1 - 1 4-5

Notes to Table 4–21:
(1) The latency numbers are with respect to the PLD-transceiver interface clock cycles.
(2) The total latency number is rounded off in the Sum column.
(3) For CPRI 614 Mbps and 1.228 Gbps data rates, the Quartus II software customizes the PLD-transceiver 

interface clocking to achieve zero clock cycle uncertainty in the transmitter phase compensation FIFO 
latency. For more details, refer to the CPRI Mode section in the Stratix II GX Transceiver Architecture Overview 
chapter in volume 2 of the Stratix II GX Device Handbook.

Table 4–21. PCS Latency (Part 2 of 2) Note (1)

Functional Mode Configuration

Transmitter PCS Latency 

TX PIPE

TX 
Phase 
Comp 
FIFO

Byte 
Serializer

TX State 
Machine

8B/10B 
Encoder Sum (2)
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