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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
Figure 2–19. Before & After the Channel Aligner

Rate Matcher

The rate matcher, which is available only in XAUI and GIGE modes, 
consists of a 12-word deep FIFO buffer and a FIFO controller. The rate 
matcher is bypassed when the device is not in XAUI or GIGE mode.

In a multi-crystal environment, the rate matcher compensates for up to a 
100-ppm difference between the source and receiver clocks.

GIGE Mode
In the GIGE mode, the rate matcher adheres to the specifications in 
clause 36 of the IEEE 802.3 documentation, for idle additions or removals. 
The rate matcher performs clock compensation only on /I2/ ordered 
sets, composing a /K28.5/+ followed by a /D16.2/-. The rate matcher 
does not perform a clock compensation on any other ordered set 
combinations. An /I2/ is added or deleted automatically based on the 
number of words in the FIFO buffer. A 9’h19C is given at the control and 
data ports when the FIFO is in an overflow or underflow condition.
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Altera Corporation   2–23
June 2006 Stratix GX Device Handbook, Volume 1



Stratix GX Transceivers
Receiver State Machine

The receiver state machine operates in GIGE and XAUI modes. In GIGE 
mode, the receiver state machine replaces invalid code groups with 
9’h1FE. In XAUI mode, the receiver state machine translates the XAUI 
PCS code group to the XAUI XGMII code group. Table 2–8 shows the 
code conversion. The conversion adheres to the IEEE 802.3ae 
specification.

Byte Deserializer

The byte deserializer takes a single width word (8 or 10 bits) from the 
transceiver logic and converts it into double-width words (16 or 20 bits) 
to the phase compensation FIFO buffer. The byte deserializer is bypassed 
when single width mode (8 or 10 bits) is used at the PLD interface. 

Phase Compensation FIFO Buffer

The receiver phase compensation FIFO buffer resides in the transceiver 
block at the programmable logic device (PLD) boundary. This buffer 
compensates for the phase difference between the recovered clock within 
the transceiver and the recovered clock after it has transferred to the PLD 
core. The phase compensation FIFO buffer is four words deep and cannot 
be bypassed. 

Table 2–8. Code Conversion

XGMII RXC XGMII RXD PCS code-group Description

0 00 through FF Dxx.y Normal Data

1 07 K28.0 or K28.3 or K28.5 Idle in ||I||

1 07 K28.5 Idle in ||T||

1 9C K28.4 Sequence

1 FB K27.7 Start

1 FD K29.7 Terminate

1 FE K30.7 Error

1 FE Invalid code group Invalid XGMII character

1 See IEEE 802.3 reserved code 
groups

See IEEE 802.3 reserved 
code groups

Reserved code groups
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Source-Synchronous Signaling With DPA
Figure 3–10. Misaligned Captured Bits

The dynamic phase selector and synchronizer align the clock and data 
based on the power-up of both communicating devices, and the channel 
to channel skew. However, the dynamic phase selector and synchronizer 
cannot determine the byte boundary, and the data may need to be 
byte-aligned. The dynamic phase aligner’s data realignment circuitry 
shifts data bits to correct bit misalignments.

The Stratix GX circuitry contains a data-realignment feature controlled by 
the logic array. Stratix GX devices perform data realignment on the 
parallel data after the deserialization block. The data realignment can be 
performed per channel for more flexibility. The data alignment operation 
requires a state machine to recognize a specific pattern. The procedure 
requires the bits to be slipped on the data stream to correctly align the 
incoming data to the start of the byte boundary.

The DPA uses its realignment circuitry and the global clock for data 
realignment. Either a device pin or the logic array asserts the internal 
rx_channel_data_align node to activate the DPA data-realignment 
circuitry. Switching this node from low to high activates the realignment 
circuitry and the data being transferred to the logic array is shifted by 
one bit. The data realignment block cannot be bypassed. However, if the 
rx_channel_data_align is not turned on (through the altvlds 
MegaWizard Plug-In Manager), or when it is not toggled, it only acts as a 
register latency.

A state machine and additional logic can monitor the incoming parallel 
data and compare it against a known pattern. If the incoming data pattern 
does not match the known pattern, you can activate the 
rx_channel_data_align node again. Repeat this process until the 
realigner detects the desired match between the known data pattern and 
incoming parallel data pattern.

0 1 2 3 4 5 6 7

3 4 5 6 7 0 1 2

Correct Alignment

Incorrect Alignment
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Stratix GX Architecture
its own fan-out LUT. This provides another mechanism for improved 
fitting. The LE can also drive out registered and unregistered versions of 
the LUT output.

LUT Chain & Register Chain

In addition to the three general routing outputs, the LEs within an LAB 
have LUT chain and register chain outputs. LUT chain connections allow 
LUTs within the same LAB to cascade together for wide input functions. 
Register chain outputs allow registers within the same LAB to cascade 
together. The register chain output allows an LAB to use LUTs for a single 
combinatorial function and the registers to be used for an unrelated shift 
register implementation. These resources speed up connections between 
LABs while saving local interconnect resources. See “MultiTrack 
Interconnect” on page 4–11 for more information on LUT chain and 
register chain connections.

addnsub Signal

The LE’s dynamic adder/subtractor feature saves logic resources by 
using one set of LEs to implement both an adder and a subtractor. This 
feature is controlled by the LAB-wide control signal addnsub. The 
addnsub signal sets the LAB to perform either A + B or A – B. The LUT 
computes addition, and subtraction is computed by adding the two’s 
complement of the intended subtractor. The LAB-wide signal converts to 
two’s complement by inverting the B bits within the LAB and setting 
carry-in = 1 to add one to the least significant bit (LSB). The LSB of an 
adder/subtractor must be placed in the first LE of the LAB, where the 
LAB-wide addnsub signal automatically sets the carry-in to 1. The 
Quartus II Compiler automatically places and uses the adder/subtractor 
feature when using adder/subtractor parameterized functions.

LE Operating Modes

The Stratix GX LE can operate in one of the following modes:

■ Normal mode
■ Dynamic arithmetic mode

Each mode uses LE resources differently. In each mode, eight available 
inputs to the LE—the four data inputs from the LAB local interconnect; 
carry-in0 and carry-in1 from the previous LE; the LAB carry-in 
from the previous carry-chain LAB; and the register chain connection—
are directed to different destinations to implement the desired logic 
function. LAB-wide signals provide clock, asynchronous clear, 
asynchronous preset load, synchronous clear, synchronous load, and 
Altera Corporation   4–5
February 2005 Stratix GX Device Handbook, Volume 1



TriMatrix Memory
Figure 4–22. M-RAM Column Unit Interface to Interconnect
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Digital Signal Processing Block
Adder/Subtractor/Accumulator

The adder/subtractor/accumulator is the first level of the adder/output 
block and can be used as an accumulator or as an adder/subtractor.

Adder/Subtractor
Each adder/subtractor/accumulator block can perform addition or 
subtraction using the addnsub independent control signal for each first-
level adder in 18 × 18-bit mode. There are two addnsub[1..0] signals 
available in a DSP block for any configuration. For 9 × 9-bit mode, one 
addnsub[1..0] signal controls the top two one-level adders and 
another addnsub[1..0] signal controls the bottom two one-level 
adders. A high addnsub signal indicates addition, and a low signal 
indicates subtraction. The addnsub control signal can be unregistered or 
registered once or twice when feeding the adder blocks to match data 
path pipelines.

The signa and signb signals serve the same function as the multiplier 
block signa and signb signals. The only difference is that these signals 
can be registered up to two times. These signals are tied to the same 
signa and signb signals from the multiplier and must be connected to 
the same clocks and control signals. 

Accumulator
When configured for accumulation, the adder/output block output feeds 
back to the accumulator as shown in Figure 4–33. The 
accum_sload[1..0] signal synchronously loads the multiplier result 
to the accumulator output. This signal can be unregistered or registered 
once or twice. Additionally, the overflow signal indicates the 
accumulator has overflowed or underflowed in accumulation mode. This 
signal is always registered and must be externally latched in LEs if the 
design requires a latched overflow signal.

Summation

The output of the adder/subtractor/accumulator block feeds to an 
optional summation block. This block sums the outputs of the DSP block 
multipliers. In 9 × 9-bit mode, there are two summation blocks providing 
the sums of two sets of four 9 × 9-bit multipliers. In 18 × 18-bit mode, there 
is one summation providing the sum of one set of four 18 × 18-bit 
multipliers.
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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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PLLs & Clock Networks
Figure 4–49. Global & Regional Clock Connections From Side Pins & Fast PLL Outputs Note (1)

Note to Figure 4–49:
(1) PLLs 1,2 7, and 8 are fast PLLs. PLLs 7 and 8 do not drive global clocks.

Figure 4–50 shows the global and regional clocking from enhanced PLL 
outputs and top CLK pins.
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Stratix GX Architecture
Figure 4–58. Stratix GX IOE Structure

The IOEs are located in I/O blocks around the periphery of the Stratix GX 
device. There are up to four IOEs per row I/O block and six IOEs per 
column I/O block. The row I/O blocks drive row, column, or direct link 
interconnects. The column I/O blocks drive column interconnects. 
Figure 4–59 shows how a row I/O block connects to the logic array. 
Figure 4–60 shows how a column I/O block connects to the logic array.
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I/O Structure
Figure 4–63. Stratix GX IOE in Bidirectional I/O Configuration Note (1)

Note to Figure 4–63:
(1) All input signals to the IOE can be inverted at the IOE.

The Stratix GX device IOE includes programmable delays that can be 
activated to ensure zero hold times, input IOE register-to-logic array 
register transfers, or logic array-to-output IOE register transfers.

A path in which a pin directly drives a register may require the delay to 
ensure zero hold time, whereas a path in which a pin drives a register 
through combinatorial logic may not require the delay. Programmable 
delays exist for decreasing input-pin-to-logic-array and IOE input 
register delays. The Quartus II Compiler can program these delays to 
automatically minimize setup time while providing a zero hold time. 
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I/O Structure
Figure 4–66. Stratix GX IOE in DDR Output I/O Configuration  Notes (1), (2)

Notes to Figure 4–66:
(1) All input signals to the IOE can be inverted at the IOE.
(2) The tristate is by default active high. It can, however, be designed to be active low.
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Stratix GX Architecture
Figure 4–70. LVDS Input Differential On-Chip Termination

I/O banks on the left and right side of the device support LVDS receiver 
(far-end) differential termination. 

Table 4–29 shows the Stratix GX device differential termination support.

Table 4–30 shows the termination support for different pin types.

The differential on-chip resistance at the receiver input buffer is 
118 Ω ±20 %.

RD
+

Ð

+

Ð

Transmitting
Device

Receiving Device with
Differential Termination

Z0

Z0

Table 4–29. Differential Termination Supported by I/O Banks

Differential Termination Support I/O Standard Support Top & Bottom 
Banks (3, 4, 7 & 8) Left Banks (1 & 2)

Differential termination (1), (2) LVDS v

Notes to Table 4–29:
(1) Clock pin CLK0, CLK2, CLK9, CLK11, and pins FPLL[7..10]CLK do not support differential termination.
(2) Differential termination is only supported for LVDS because of a 3.3-V VC C I O.

Table 4–30. Differential Termination Support Across Pin Types

Pin Type RD

Top and bottom I/O banks (3, 4, 7, and 8)

DIFFIO_RX[] v

CLK[0,2,9,11],CLK[4-7],CLK[12-15]

CLK[1,3,8,10] v

FCLK

FPLL[7..10]CLK
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5. Configuration & Testing
SignalTap 
Embedded Logic 
Analyzer

Stratix® GX devices feature the SignalTap® embedded logic analyzer, 
which monitors design operation over a period of time through the 
IEEE Std. 1149.1 (JTAG) circuitry. You can analyze internal logic at speed 
without bringing internal signals to the I/O pins. This feature is 
particularly important for advanced packages, such as FineLine BGA® 
packages, because it can be difficult to add a connection to a pin during 
the debugging process after a board is designed and manufactured.

Configuration The logic, circuitry, and interconnects in the Stratix GX architecture are 
configured with CMOS SRAM elements. Stratix GX devices are 
reconfigurable and are 100% tested prior to shipment. As a result, you do 
not have to generate test vectors for fault coverage purposes, and can 
instead focus on simulation and design verification. In addition, you do 
not need to manage inventories of different ASIC designs. Stratix GX 
devices can be configured on the board for the specific functionality 
required.

Stratix GX devices are configured at system power-up with data stored in 
an Altera serial configuration device or provided by a system controller. 
Altera offers in-system programmability (ISP)-capable configuration 
devices that configure Stratix GX devices via a serial data stream. 
Stratix GX devices can be configured in under 100 ms using 8-bit parallel 
data at 100 MHz. The Stratix GX device’s optimized interface allows 
microprocessors to configure it serially or in parallel, and synchronously 
or asynchronously. The interface also enables microprocessors to treat 
Stratix GX devices as memory and configure them by writing to a virtual 
memory location, making reconfiguration easy. After a Stratix GX device 
has been configured, it can be reconfigured in-circuit by resetting the 
device and loading new data. Real-time changes can be made during 
system operation, enabling innovative reconfigurable computing 
applications.

Operating Modes

The Stratix GX architecture uses SRAM configuration elements that 
require configuration data to be loaded each time the circuit powers up. 
The process of physically loading the SRAM data into the device is called 
configuration. During initialization, which occurs immediately after 
configuration, the device resets registers, enables I/O pins, and begins to 
operate as a logic device. The I/O pins are tri-stated during power up, 
   5–1
  



Configuration & Testing
Partial Reconfiguration

The enhanced PLLs within the Stratix GX device family support partial 
reconfiguration of their multiply, divide, and time delay settings without 
reconfiguring the entire device. You can use either serial data from the 
logic array or regular I/O pins to program the PLL’s counter settings in a 
serial chain. This option provides considerable flexibility for frequency 
synthesis, allowing real-time variation of the PLL frequency and delay. 
The rest of the device is functional while reconfiguring the PLL. See the 
Stratix GX Architecture chapter of the Stratix GX Device Handbook, 
Volume 1 for more information on Stratix GX PLLs.

Remote Update Configuration Modes

Stratix GX devices also support remote configuration using an Altera 
enhanced configuration device (for example, EPC16, EPC8, and EPC4 
devices) with page mode selection. Factory configuration data is stored in 
the default page of the configuration device. This is the default 
configuration which contains the design required to control remote 
updates and handle or recover from errors. You write the factory 
configuration once into the flash memory or configuration device. 
Remote update data can update any of the remaining pages of the 
configuration device. If there is an error or corruption in a remote update 
configuration, the configuration device reverts back to the factory 
configuration information.

There are two remote configuration modes: remote and local 
configuration. You can use the remote update configuration mode for all 
three configuration modes: serial, parallel synchronous, and parallel 
asynchronous. Configuration devices (for example, EPC16 devices) only 
support serial and parallel synchronous modes. Asynchronous parallel 
mode allows remote updates when an intelligent host is used to configure 
the Stratix GX device. This host must support page mode settings similar 
to an EPC16 device.

Remote Update Mode

When the Stratix GX device is first powered-up in remote update 
programming mode, it loads the configuration located at page 
address 000. The factory configuration should always be located at page 
address 000, and should never be remotely updated. The factory 
configuration contains the required logic to perform the following 
operations:

■ Determine the page address/load location for the next application’s 
configuration data

■ Recover from a previous configuration error
Altera Corporation   5–3
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Operating Conditions
Sinusoidal 
jitter

f = 42.5 kHz at 
1.0625 Gbps

1.5 1.5 1.5 UI

f = 637 kHz at 
1.0625 Gbps

0.1 0.1 0.1 UI

Deterministic 
jitter

2.125 Gbps 0.33 0.33 0.33 UI

Total jitter 2.125 Gbps 0.62 0.62 0.62 UI

Sinusoidal 
jitter

f = 85 kHz at 
2.125 Gbps

1.5 1.5 1.5 UI

f = 1,274 kHz at 
2.125 Gbps

0.1 0.1 0.1 UI

Serial Rapid I/O Receiver Jitter Tolerance using 8B/10B Encoded CJPAT Note (2)

Deterministic 
jitter

1.25 Gbps 0.45 0.45 0.45 UI

Total jitter 1.25 Gbps 0.71 0.71 0.71 UI

Deterministic 
jitter

2.5 Gbps 0.41 0.41 0.41 UI

Total jitter 2.5 Gbps 0.65 0.65 0.65 UI

Deterministic 
jitter

3.125 Gbps 0.36 0.36 N/A UI

Total jitter 3.125 Gbps 0.60 0.60 N/A UI

SONET Receiver Jitter Tolerance using PRBS23 Note (2)

Sinusoidal 
jitter

f = 6 kHz at 2.48832 
Gbps

1.5 1.5 1.5 UI

f = 1 MHz at 
2.48832 Gbps

0.15 0.15 0.15 UI

XAUI Receiver Jitter Tolerance using 8B/10B Encoded CJPAT Note (2)

Deterministic 
jitter

3.125 Gbps 0.37 0.37 N/A UI

Total jitter 3.125 Gbps 0.65 0.65 N/A UI

Table 6–7. Stratix GX Transceiver Block AC Specification (Part 3 of 7)

Symbol / 
Description Conditions

-5 Commercial 
Speed Grade (1)

-6 Commercial & 
Industrial Speed 

Grade
(1)

-7 Commercial & 
Industrial Speed 

Grade
(1)

Unit

Min Typ Max Min Typ Max Min Typ Max
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DC & Switching Characteristics
VIPU Input pull-up voltage 0.7 × 
VCCIO

V

VO H High-level output voltage IO U T = –500 μA 0.9 × 
VC CI O

V

VO L Low-level output voltage IO U T = 1,500 μA 0.1 × 
VC C I O

V

Table 6–19. GTL+ I/O Specifications

Symbol Parameter Conditions Minimum Typical Maximum Units

VTT Termination voltage 1.35 1.5 1.65 V

VREF Reference voltage 0.88 1.0 1.12 V

VIH High-level input voltage VREF + 0.1 V

VIL Low-level input voltage VRE F – 
0.1

V

VOL Low-level output voltage IOL = 36 mA (1) 0.65 V

Table 6–20. GTL I/O Specifications

Symbol Parameter Conditions Minimum Typical Maximum Units

VTT Termination voltage 1.14 1.2 1.26 V

VREF Reference voltage 0.74 0.8 0.86 V

VIH High-level input voltage VREF + 
0.05

V

VIL Low-level input voltage VRE F – 
0.05

V

VOL Low-level output voltage IOL = 40 mA (1) 0.4 V

Table 6–21. SSTL-18 Class I Specifications (Part 1 of 2)

Symbol Parameter Conditions Minimum Typical Maximum Units

VCCIO Output supply voltage 1.65 1.8 1.95 V

VREF Reference voltage 0.8 0.9 1.0 V

VTT Termination voltage VR E F – 0.04 VR E F VR E F + 0.04 V

VIH(DC) High-level DC input voltage VR E F + 
0.125

V

Table 6–18. PCI-X Specifications (Part 2 of 2)

Symbol Parameter Conditions Minimum Typical Maximum Units
Altera Corporation   6–17
June 2006 Stratix GX Device Handbook, Volume 1



Timing Model
Figure 6–4 shows the TriMatrix memory waveforms for the M512, M4K, 
and M-RAM timing parameters shown in Tables 6–39 through 6–41.

Figure 6–4. Dual-Port RAM Timing Microparameter Waveform

tR X _ F R E Q L O C K The time until the clock recovery unit (CRU) 
switches to data mode from lock to reference 
mode.

tR X _ F R E Q L O C K 2 P H A S E L O C K The time until CRU phase locks to data after 
switching from lock to data mode.

Table 6–43. Stratix GX Reset & PLL Lock Time Parameter Descriptions
(Part 2 of 2)

Symbol Parameter

wrclock

wren

wraddress

data-in

reg_data-out

an-1 an a0 a1 a2 a3 a4 a5

din-1 din din4 din5

rdclock

a6

din6

unreg_data-out

rden

rdaddress bn b0 b1 b2 b3

doutn-2 doutn-1 doutn

doutn-1 doutn dout0

tWERESU tWEREH

tDATACO1

tDATACO2

tDATASU

tDATAH

tWEREH tWERESU

tWADDRSU tWADDRH

dout0

tRC
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Timing Model
Tables 6–54 through 6–59 show the external timing parameters on column 
and row pins for EP1SGX10 devices.  

tINHPLL Hold time for input or bidirectional pin using column IOE 
input register with global clock fed by enhanced PLL with 
default phase setting

tOUTCOPLL Clock-to-output delay output or bidirectional pin using 
column IOE output register with global clock enhanced PLL 
with default phase setting

CL OA D = 10 pF

Notes to Table 6–53:
(1) These timing parameters are sample-tested only.
(2) These timing parameters are for column IOE pins. Row IOE pins are 100- to 250-ps slower depending on device, 

speed grade, and the specific parameter in question. You should use the Quartus II software to verify the external 
timing for any pin.

Table 6–53. Stratix GX Global Clock External I/O Timing Parameters (Part 2 of 2) Notes (1), (2)

Symbol Parameter Conditions

Table 6–54. EP1SGX10 Column 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 2.245 2.332 2.666 ns

tINH 0.000 0.000 0.000 ns

tOUTCO 2.000 4.597 2.000 4.920 2.000 5.635 ns

Table 6–55. EP1SGX10 Column 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 2.114 2.218 2.348 ns

tINH 0.000 0.000 0.000 ns

tOUTCO 2.000 4.728 2.000 5.078 2.000 6.004 ns

tINSUPLL 1.035 0.941 1.070 ns

tINHPLL 0.000 0.000 0.000 ns

tOUTCOPLL 0.500 2.629 0.500 2.769 0.500 3.158 ns
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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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