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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.
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a balance of performance and flexibility for a broad range
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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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Stratix GX Transceivers
Transmitter Path

This section describes the data path through the Stratix GX transmitter 
(see Figure 2–2). Data travels through the Stratix GX transmitter via the 
following modules:

■ Transmitter PLL
■ Transmitter phase compensation FIFO buffer
■ Byte serializer
■ 8B/10B encoder
■ Serializer (parallel to serial converter)
■ Transmitter output buffer

Transmitter PLL

Each transceiver block has one transmitter PLL, which receives the 
reference clock and generates the following signals:

■ High-speed serial clock used by the serializer
■ Slow-speed reference clock used by the receiver
■ Slow-speed clock used by the logic array (divisible by two for 

double-width mode) 

The INCLK clock is the input into the transmitter PLL. There is one INCLK 
clock per transceiver block. This clock can be fed by either the REFCLKB 
pin, PLD routing, or the inter-transceiver routing line. See the section 
“Stratix GX Clocking” on page 2–30 for more information about the inter-
transceiver lines.

The transmitter PLL in each transceiver block clocks the circuits in the 
transmit path. The transmitter PLL is also used to train the receiver PLL. 
If no transmit channels are used in the transceiver block, the transmitter 
PLL can be turned off. Figure 2–3 is a block diagram of the transmitter 
PLL.
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Stratix GX Transceivers
Pre-emphasis percentage is defined as VPP/VS – 1, where VPP is the 
differential emphasized voltage (peak-to-peak) and VS is the differential 
steady-state voltage (peak-to-peak).

Programmable Transmitter Termination
The programmable termination can be statically set in the Quartus II 
software. The values are 100 Ω, 120 Ω, 150 Ω, and off. Figure 2–9 shows the 
setup for programmable termination.

Figure 2–9. Programmable Transmitter Termination

Receiver Path

This section describes the data path through the Stratix GX receiver (refer 
to Figure 2–2 on page 2–4). Data travels through the Stratix GX receiver 
via the following modules: 

■ Input buffer
■ Clock Recovery Unit (CRU)
■ Deserializer
■ Pattern detector and word aligner
■ Rate matcher and channel aligner
■ 8B/10B decoder
■ Receiver logic array interface

Receiver Input Buffer

The Stratix GX receiver input buffer supports the 1.5-V PCML I/O 
standard at a rate up to 3.1875 Gbps. Additional I/O standards, LVDS, 
3.3-V PCML, and LVPECL can be supported when AC coupled. The 
common mode of the input buffer is 1.1 V. The receiver can support 
Stratix GX-to-Stratix GX DC coupling.

Programmable
Output
Driver

50, 60, or 75 �
VCM
Altera Corporation   2–13
June 2006 Stratix GX Device Handbook, Volume 1



Stratix GX Transceivers
Figure 2–12. External Termination & Biasing Circuit

Programmable Equalizer

The programmable equalizer module boosts the high frequency 
components of the incoming signal to compensate for losses in the 
transmission medium. There are five possible equalization settings (0, 1, 
2, 3, 4) to compensate for 0”, 10”, 20”, 30”, and 40” of FR4 trace. These 
settings should be interpreted loosely. The programmable equalizer can 
be set dynamically or statically.

Receiver PLL & CRU 

Each transceiver block has four receiver PLLs and CRUs, each of which is 
dedicated to a receive channel. If the receive channel associated with a 
particular receiver PLL or CRU is not used, then the receiver PLL or CRU 
is powered down for the channel. Figure 2–13 is a diagram of the receiver 
PLL and CRU circuits.
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Deserializer (Serial-to-Parallel Converter)

The deserializer converts the serial stream into a parallel 8- or 10-bit data 
bus. The deserializer receives the least significant bit first. Figure 2–14 is 
a diagram of the deserializer.

Figure 2–14. Deserializer

Word Aligner

The word aligner aligns the incoming data based on the specific byte 
boundaries. The word aligner has three customizable modes of operation: 
bit-slip mode, 16-bit mode, and 10-bit mode, the last of which is available 
for the basic and SONET modes. The word aligner also has two 
non-customizable modes of operation, which are the XAUI and GIGE 
modes.

Figure 2–15 shows the word aligner in bit-slip mode.
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Loopback Modes

The Stratix GX transceiver has built-in loopback modes to aid in debug 
and testing. The loopback modes are set in the Stratix GX MegaWizard 
Plug-In Manager in the Quartus II software. Only one loopback mode can 
be set at any single instance of the transceiver block. The loopback mode 
applies to all used channels in a transceiver block.

The available loopback modes are:

■ Serial loopback
■ Parallel loopback
■ Reverse serial loopback

Serial Loopback

Serial loopback exercises all the transceiver logic except for the output 
buffer and input buffer. The loopback function is dynamically switchable 
through the rx_slpbk port on a channel by channel basis. The VOD of the 
output reduced. If you select 400 mV, the output is tri-stated when the 
serial loopback option is selected. Figure 2–21 shows the data path in 
serial loopback mode.

Figure 2–21. Data Path in Serial Loopback Mode
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Stratix GX Transceivers
Figure 2–30. EP1SGX40 Receiver PLL Recovered Clock to Regional Clock 
Connection

Figure 2–31 shows the possible recovered clock connection to the fast 
regional clock resource. The fast regional clocks can drive logic in their 
associated regions.
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Stratix GX Transceivers
accurately tracked by the internal bias circuit. Moreover, the reference 
voltage and internal resistor bias current is generated and replicated to 
the analog circuitry in each channel.

Hot-Socketing Capabilities

Each Stratix GX device is capable of hot-socketing. Because Stratix GX 
devices can be used in a mixed-voltage environment, they have been 
designed specifically to tolerate any possible power-up sequence. Signals 
can be driven into Stratix GX devices before and during power-up 
without damaging the device. Once operating conditions are reached and 
the device is configured, Stratix GX devices operate according to your 
specifications. This feature provides the Stratix GX transceiver line card 
behavior, so you can insert it into the system without powering the 
system down, offering more flexibility.

Applications & 
Protocols 
Supported with 
Stratix GX 
Devices

Each Stratix GX transceiver block is designed to operate at any serial bit 
rate from 500 Mbps to 3.1875 Gbps per channel. The wide, data rate range 
allows Stratix GX transceivers to support a wide variety of standard and 
future protocols such as 10-Gigabit Ethernet XAUI, InfiniBand, Fibre 
Channel, and Serial RapidIO. Stratix GX devices are ideal for many high-
speed communication applications such as high-speed backplanes, chip-
to-chip bridges, and high-speed serial communications standards 
support.

Stratix GX Example Application Support

Stratix GX devices can be used for many applications, including:

■ Backplanes for traffic management and quality of service (QOS) 
■ Switch fabric applications for complete set for backplane and switch 

fabric transceivers
■ Chip-to-chip applications such as: 10 Gigabit Ethernet XAUI to 

XGMII bridge, 10 Gigabit Ethernet XGMII to POS-PHY4 bridge, 
POS-PHY4 to NPSI bridge, or NPSI to backplane bridge
Altera Corporation   2–39
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Introduction
multiplication value. The ×1 and ×2 operation is also possible by 
bypassing the SERDES. The SERDES DPA cannot support ×1, ×2, or ×4 
natively.

On the receiver side, the high-frequency clock generated by the PLL shifts 
the serial data through a shift register (also called deserializer). The 
parallel data is clocked out to the logic array synchronized with the low-
frequency clock. On the transmitter side, the parallel data from the logic 
array is first clocked into a parallel-in, serial-out shift register 
synchronized with the low-frequency clock and then transmitted out by 
the output buffers.

There are two dedicated fast PLLs each in EP1SGX10 to EP1SGX25 
devices, and four in EP1SGX40 devices. These PLLs are used for the 
SERDES operations as well as general-purpose use.

Stratix GX Differential I/O Receiver Operation (Non-DPA Mode)

You can configure any of the Stratix GX source synchronous differential 
input channels as a receiver channel (see Figure 3–1). The differential 
receiver deserializes the incoming high-speed data. The input shift 
register continuously clocks the incoming data on the negative transition 
of the high-frequency clock generated by the PLL clock (×W).

The data in the serial shift register is shifted into a parallel register by the 
RXLOADEN signal generated by the fast PLL counter circuitry on the third 
falling edge of the high-frequency clock. However, you can select which 
falling edge of the high frequency clock loads the data into the parallel 
register, using the data-realignment circuit.

In normal mode, the enable signal RXLOADEN loads the parallel data into 
the next parallel register on the second rising edge of the low-frequency 
clock. You can also load data to the parallel register through the 
TXLOADEN signal when using the data-realignment circuit.

Figure 3–1 shows the block diagram of a single SERDES receiver channel. 
Figure 3–2 shows the timing relationship between the data and clocks in 
Stratix GX devices in ×10 mode. W is the low-frequency multiplier and J 
is the data parallelization division factor.
3–2   Altera Corporation
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Introduction
The DPA data-realignment circuitry allows further realignment beyond 
what the J multiplication factor allows. You can set the J multiplication 
factor to be 8 or 10. However, because data must be continuously clocked 
in on each low-speed clock cycle, the upcoming bit to be realigned and 
previous n − 1 bits of data are selected each time the data realignment 
logic’s counter passes n − 1. At this point the data is selected entirely from 
bit-slip register 3 (see Figure 3–11) as the counter is reset to 0. The logic 
array receives a new valid byte of data on the next divided low speed 
clock cycle. Figure 3–11 shows the data realignment logic output 
selection from data in the data realignment register 2 and data 
realignment register 3 based on its current counter value upon 
continuous request of data slipping from the logic array.

Figure 3–11. DPA Data Realigner

Use the rx_channel_data_align signal within the device to activate 
the data realigner. You can use internal logic or an external pin to control 
the rx_channel_data_align signal. To ensure the rising edge of the 
rx_channel_data_align signal is latched into the control logic, the 
rx_channel_data_align signal should stay high for at least two low-
frequency clock cycles.
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Stratix GX Architecture
Each LAB can use two asynchronous clear signals and an asynchronous 
load/preset signal. The asynchronous load acts as a preset when the 
asynchronous load data input is tied high.

With the LAB-wide addnsub control signal, a single LE can implement a 
one-bit adder and subtractor. This saves LE resources and improves 
performance for logic functions such as DSP correlators and signed 
multipliers that alternate between addition and subtraction depending 
on data.

The LAB row clocks [7..0] and LAB local interconnect generate the LAB-
wide control signals. The MultiTrackTM interconnect’s inherent low skew 
allows clock and control signal distribution in addition to data. Figure 4–3 
shows the LAB control signal generation circuit.

Figure 4–3. LAB-Wide Control Signals

Logic Elements The smallest unit of logic in the Stratix GX architecture, the LE, is compact 
and provides advanced features with efficient logic utilization. Each LE 
contains a four-input LUT, which is a function generator that can 
implement any function of four variables. In addition, each LE contains a 
programmable register and carry chain with carry select capability. A 
single LE also supports dynamic single bit addition or subtraction mode 
selectable by an LAB-wide control signal. Each LE drives all types of 
interconnects: local, row, column, LUT chain, register chain, and direct 
link interconnects. See Figure 4–4.
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Digital Signal Processing Block
Figure 4–29. DSP Block Diagram for 18 × 18-Bit Configuration
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Stratix GX Architecture
Table 4–13 shows the summary of input register modes for the DSP block.

Multiplier

The multiplier supports 9 × 9-, 18 × 18-, or 36 × 36-bit multiplication. Each 
DSP block supports eight possible 9 × 9-bit or smaller multipliers. There 
are four multiplier blocks available for multipliers larger than 9 × 9 bits 
but smaller than 18 × 18 bits. There is one multiplier block available for 
multipliers larger than 18 × 18 bits but smaller than or equal to 36 × 36 bits. 
The ability to have several small multipliers is useful in applications such 
as video processing. Large multipliers greater than 18 × 18 bits are useful 
for applications such as the mantissa multiplication of a single-precision 
floating-point number.

The multiplier operands can be signed or unsigned numbers, where the 
result is signed if either input is signed as shown in Table 4–14. The 
sign_a and sign_b signals provide dynamic control of each operand’s 
representation: a logic 1 indicates the operand is a signed number, a logic 
0 indicates the operand is an unsigned number. These sign signals affect 
all multipliers and adders within a single DSP block and you can register 
them to match the data path pipeline. The multipliers are full precision 
(that is, 18 bits for the 18-bit multiply, 36-bits for the 36-bit multiply, and 
so on), regardless of whether sign_a or sign_b set the operands as 
signed or unsigned numbers.

Table 4–13. Input Register Modes

Register Input Mode 9 × 9 18 × 18 36 × 36

Parallel input v v v

Shift register input v v

Table 4–14. Multiplier Signed Representation

Data A Data B Result

Unsigned Unsigned Unsigned

Unsigned Signed Signed

Signed Unsigned Signed

Signed Signed Signed
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Stratix GX Architecture
Figure 4–35. 36 × 36 Multiply Mode

Notes to Figure 4–35:
(1) These signals are not registered or registered once to match the pipeline.
(2) These signals are not registered, registered once, or registered twice for latency to match the pipeline.
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Stratix GX Architecture
Figure 4–48. PLL Floorplan

Figure 4–49 shows the global and regional clock connections from the 
PLL outputs and the CLK pins.
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I/O Structure
Phase Shifting 

Stratix GX device fast PLLs have advanced clock shift capability that 
enables programmable phase shifts. You can enter a phase shift (in 
degrees or time units) for each PLL clock output port or for all outputs 
together in one shift. You can perform phase shifting in time units with a 
resolution range of 150 to 400 ps. This resolution is a function of the VCO 
period. 

Control Signals

The fast PLL has the same lock output, pllenable input, and areset 
input control signals as the enhanced PLL.

For more information on high-speed differential I/O support, see the 
High-Speed Source-Synchronous Differential I/O Interfaces in Stratix GX 
Devices chapter of the Stratix GX Device Handbook, Volume 2.

I/O Structure IOEs provide many features, including:

■ Dedicated differential and single-ended I/O buffers
■ 3.3-V, 64-bit, 66-MHz PCI compliance
■ 3.3-V, 64-bit, 133-MHz PCI-X 1.0 compliance
■ Joint Test Action Group (JTAG) boundary-scan test (BST) support
■ Differential on-chip termination for LVDS I/O standard
■ Programmable pull-up during configuration
■ Output drive strength control
■ Slew-rate control
■ Tri-state buffers
■ Bus-hold circuitry
■ Programmable pull-up resistors
■ Programmable input and output delays
■ Open-drain outputs
■ DQ and DQS I/O pins
■ Double-data rate (DDR) Registers

The IOE in Stratix GX devices contains a bidirectional I/O buffer, six 
registers, and a latch for a complete embedded bidirectional single data 
rate or DDR transfer. Figure 4–58 shows the Stratix GX IOE structure. The 
IOE contains two input registers (plus a latch), two output registers, and 
two output enable registers. The design can use both input registers and 
the latch to capture DDR input and both output registers to drive DDR 
outputs. Additionally, the design can use the output enable (OE) register 
for fast clock-to-output enable timing. The negative edge-clocked OE 
register is used for DDR SDRAM interfacing. The Quartus II software 
automatically duplicates a single OE register that controls multiple 
output or bidirectional pins.
4–96   Altera Corporation
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Configuration & Testing
Local Update Mode

Local update mode is a simplified version of the remote update. This 
feature is intended for simple systems that need to load a single 
application configuration immediately upon power-up without loading 
the factory configuration first. Local update designs have only one 
application configuration to load, so it does not require a factory 
configuration to determine which application configuration to use. 
Figure 5–3 shows the transition diagram for local update mode.

Figure 5–3. Local Update Transition Diagram
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DC & Switching Characteristics
Table 6–56. EP1SGX10 Column Pin Global Clock External I/O Timing Parameters

Symbol
-5 Speed Grade -6 Speed Grade -7 Speed Grade

Unit
Min Max Min Max Min Max

tINSU 1.785 1.814 2.087 ns

tINH 0.000 0.000 0.000 ns

tOUTCO 2.000 5.057 2.000 5.438 2.000 6.214 ns

tINSUPLL 0.988 0.936 1.066 ns

tINHPLL 0.000 0.000 0.000 ns

tOUTCOPLL 0.500 2.634 0.500 2.774 0.500 3.162 ns

Table 6–57. EP1SGX10 Row Pin Fast Regional Clock External I/O Timing Parameters

Symbol
-5 Speed Grade -6 Speed Grade -7 Speed Grade

Unit
Min Max Min Max Min Max

tINSU 2.194 2.384 2.727 ns

tINH 0.000 0.000 0.000 ns

tOUTCO 2.000 4.956 2.000 4.971 2.000 5.463 ns

Table 6–58. EP1SGX10 Row Pin Regional Clock External I/O Timing Parameters

Symbol
-5 Speed Grade -6 Speed Grade -7 Speed Grade

Unit
Min Max Min Max Min Max

tINSU 2.244 2.413 2.574 ns

tINH 0.000 0.000 0.000 ns

tOUTCO 2.000 4.906 2.000 4.942 2.000 5.616 ns

tINSUPLL 1.126 1.186 1.352 ns

tINHPLL 0.000 0.000 0.000 ns

tOUTCOPLL 0.500 2.804 0.500 2.627 0.500 2.765 ns

Table 6–59. EP1SGX10 Row Pin Global Clock External I/O Timing Parameters (Part 1 of 2)

Symbol
-5 Speed Grade -6 Speed Grade -7 Speed Grade

Unit
Min Max Min Max Min Max

tINSU 1.919 2.062 2.368 ns

tINH 0.000 0.000 0.000 ns
Altera Corporation   6–39
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DC & Switching Characteristics
3.3-V LVTTL 4 mA 1,993 2,097 2,411 ps

8 mA 1,773 1,866 2,145 ps

12 mA 1,553 1,635 1,879 ps

16 mA 1,493 1,572 1,807 ps

24 mA 1,423 1,498 1,722 ps

2.5-V LVTTL 2 mA 2,631 2,768 3,182 ps

8 mA 2,051 2,159 2,482 ps

12 mA 1,941 2,043 2,349 ps

16 mA 1,901 2,001 2,300 ps

1.8-V LVTTL 2 mA 4,632 4,873 5,604 ps

8 mA 3,542 3,728 4,287 ps

12 mA 3,472 3,655 4,203 ps

1.5-V LVTTL 2 mA 6,620 6,964 8,008 ps

4 mA 6,040 6,355 7,307 ps

8 mA 5,570 5,862 6,740 ps

GTL 1,191 1,255 1,442 ps

GTL+ 1,231 1,297 1,90 ps

3.3-V PCI 1,111 1,171 1,346 ps

3.3-V PCI-X 1.0 1,111 1,171 1,346 ps

Compact PCI 1,111 1,171 1,346 ps

AGP 1× 1,311 1,381 1,587 ps

AGP 2× 1,311 1,381 1,587 ps

CTT 1,391 1,465 1,684 ps

SSTL-3 class I 1,431 1,507 1,732 ps

SSTL-3 class II 1,291 1,360 1,563 ps

SSTL-2 class I 1,912 2,013 2,314 ps

SSTL-2 class II 1,832 1,929 2,218 ps

SSTL-18 class I 3,097 3,260 3,748 ps

SSTL-18 class II 2,867 3,018 3,470 ps

1.5-V HSTL class I 4,916 5,174 5,950 ps

1.5-V HSTL class II 4,726 4,975 5,721 ps

1.8-V HSTL class I 3,247 3,417 3,929 ps

1.8-V HSTL class II 3,257 3,428 3,941 ps

Table 6–76. Stratix GX I/O Standard Output Delay Adders for Slow Slew Rate on Column Pins (Part 2 of 2)

I/O Standard
-5 Speed Grade -6 Speed Grade -7 Speed Grade

Unit
Min Max Min Max Min Max
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DC & Switching Characteristics
1.8 V 250 250 250 MHz

1.5 V 225 200 200 MHz

LVCMOS 350 300 250 MHz

GTL 200 167 125 MHz

GTL+ 200 167 125 MHz

SSTL-3 class I 167 150 133 MHz

SSTL-3 class II 167 150 133 MHz

SSTL-2 class I 200 200 167 MHz

SSTL-2 class II 200 200 167 MHz

SSTL-18 class I 150 133 133 MHz

SSTL-18 class II 150 133 133 MHz

1.5-V HSTL class I 250 225 200 MHz

1.5-V HSTL class II 225 200 200 MHz

1.8-V HSTL class I 250 225 200 MHz

1.8-V HSTL class II 225 200 200 MHz

3.3-V PCI 350 300 250 MHz

3.3-V PCI-X 1.0 350 300 250 MHz

Compact PCI 350 300 250 MHz

AGP 1× 350 300 250 MHz

AGP 2× 350 300 250 MHz

CTT 200 200 200 MHz

Differential HSTL 225 200 200 MHz

Differential SSTL-2 200 200 167 MHz

LVDS 500 500 500 MHz

LVPECL 500 500 500 MHz

PCML 350 350 350 MHz

HyperTransport technology 350 350 350 MHz

Table 6–85. Stratix GX Maximum Output Clock Rate (Using I/O Pins) for PLL[1, 2] Pins (Part 1 of 2)

I/O Standard -5 Speed Grade -6 Speed Grade -7 Speed Grade Unit

LVTTL 400 350 300 MHz

2.5 V 400 350 300 MHz

1.8 V 400 350 300 MHz

Table 6–84. Stratix GX Maximum Output Clock Rate for PLL[5, 6, 11, 12] Pins (Part 2 of 2)

I/O Standard -5 Speed Grade -6 Speed Grade -7 Speed Grade Unit
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High-Speed I/O Specification
fOUT Output frequency for internal global or 
regional clock 

0.3 450 MHz

fOUT_EXT Output frequency for external clock (2) 0.3 500 MHz

tOUTDUTY Duty cycle for external clock output 
(when set to 50%)

45 55 %

tJITTER Period jitter for external clock output (5) ±100 ps for >200 MHz outclk
±20 mUI for <200 MHz outclk

ps or 
mUI

tCONFIG5,6 Time required to reconfigure the scan 
chains for PLLs 5 and 6

289/fSCANCLK

tCONFIG11,12 Time required to reconfigure the scan 
chains for PLLs 11 and 12

193/fSCANCLK

tSCANCLK scanclk frequency (4) 22 MHz

tDLOCK Time required to lock dynamically (after 
switchover or reconfiguring any non-
post-scale counters/delays) (6) (10)

(8) 100 μs

tLOCK Time required to lock from end of 
device configuration (10)

10 400 μs

fVCO PLL internal VCO operating range 300 800 (7) MHz

tLSKEW Clock skew between two external clock 
outputs driven by the same counter

±50 ps

tSKEW Clock skew between two external clock 
outputs driven by the different counters 
with the same settings

±75 ps

fSS Spread spectrum modulation frequency 30 150 kHz

% spread Percentage spread for spread 
spectrum frequency (9)

0.4 0.5 0.6 %

tARESET Minimum pulse width on areset 
signal

10 ns

Table 6–90. Enhanced PLL Specifications for -7 Speed Grade (Part 1 of 3)

Symbol Parameter Min Typ Max Unit

fIN Input clock frequency 3 (1) 565 MHz

fINDUTY Input clock duty cycle 40 60 %

fEINDUTY External feedback clock input duty 
cycle

40 60 %

tINJITTER Input clock period jitter ±200 (2) ps

tEINJITTER External feedback clock period jitter ±200 (2) ps

Table 6–89. Enhanced PLL Specifications for -6 Speed Grades (Part 2 of 2)

Symbol Parameter Min Typ Max Unit
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