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Stratix GX Transceivers
The CRU has a built-in switchover circuit to select whether the 
voltage-controlled oscillator of the PLL is trained by the reference clock or 
the data. The optional port rx_freqlocked monitors when the CRU is 
in locked to data mode. 

In the automatic mode, the following conditions must be met for the CRU 
to switch from locked to reference to locked to data mode:

■ The CRU PLL is within the prescribed PPM frequency threshold 
setting (125 PPM, 250 PPM, 500 PPM, 1,000 PPM) of the CRU 
reference clock.

■ The reference clock and CRU PLL output are phase matched (phases 
are within .08 UI).

The automatic switchover circuit can be overridden by using the optional 
ports rx_lockedtorefclk and rx_locktodata. Table 2–6 shows the 
possible combinations of these two signals.

If the rx_lockedtorefclk and rx_locktodata ports are not used, 
the default is auto mode.

Multiplication factor (W) 2, 4, 5, 8, 10, 16, or 20 (1)

PPM detector 125, 250, 500, 1,000

Bandwidth Low, medium, high

Run length detector 10-bit or 20-bit mode: 5 to 160 in steps of 
5

8-bit or 16-bit mode: 4 to 128 in steps of 4

Note to Table 2–5:
(1) Multiplication factors 2, 4, and 5 can only be achieved with the use of the pre-

divider on the REFCLKB port or if the CRU is trained with the low speed clock 
from the transmitter PLL.

Table 2–6. Possible Combinations of rx_lockedtorefclk & rx_locktodata

rx_locktodata rx_lockedtorefclk VCO (lock to mode)

0 0 Auto

0 1 Reference CLK

1 x DATA

Table 2–5. Receiver PLL & CRU Adjustable Parameters (Part 2 of 2)
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Stratix GX Transceivers
Parallel Loopback

The parallel loopback mode exercises the digital logic portion of the 
transceiver data path. The analog portions are not use in the loopback 
path. The received data is not retimed. Figure 2–22 shows the data path in 
parallel loopback mode. This option is not dynamically switchable. 
Reception of an external signal is not possible in this mode.

Figure 2–22. Data Path in Parallel Loopback Mode

Reverse Serial Loopback

The reverse serial loopback exercises the analog portion of the 
transceiver. This loopback mode is dynamically switchable through the 
tx_srlpbk port on a channel by channel basis. Asserting 
rxanalogreset in reverse serial loopback mode powers down the 
receiver buffer and CRU, preventing data loopback. Figure 2–23 shows 
the data path in reverse serial loopback mode.
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3. Source-Synchronous
Signaling With DPA
Introduction Expansion in the telecommunications market and growth in Internet use 
requires systems to move more data faster than ever. To meet this 
demand, rely on solutions such as differential signaling and emerging 
high-speed interface standards including RapidIO, POS-PHY 4, SFI-4, or 
XSBI.

These new protocols support differential data rates up to 1 Gbps and 
higher. At these high data rates, it becomes more challenging to manage 
the skew between the clock and data signals. One solution to this 
challenge is to use CDR to eliminate skew between data channels and 
clock signals. Another potential solution, DPA, is beginning to be 
incorporated into some of these protocols.

The source-synchronous high-speed interface in Stratix GX devices is a 
dedicated circuit embedded into the PLD allowing for high-speed 
communications. The High-Speed Source-Synchronous Differential I/O 
Interfaces in Stratix GX Devices chapter of the Stratix GX Device Handbook, 
Volume 2 provides information on the high-speed I/O standard features 
and functions of the Stratix GX device.

Stratix GX I/O Banks

Stratix GX devices contain 17 I/O banks. I/O banks one and two support 
high-speed LVDS, LVPECL, and 3.3-V PCML inputs and outputs. These 
two banks also incorporate an embedded dynamic phase aligner within 
the source-synchronous interface (see Figure 3–8 on page 3–10). The 
dynamic phase aligner corrects for the phase difference between the clock 
and data lines caused by skew. The dynamic phase aligner operates 
automatically and continuously without requiring a fixed training 
pattern, and allows the source-synchronous circuitry to capture data 
correctly regardless of the channel-to-clock skew.

Principles of SERDES Operation

Stratix GX devices support source-synchronous differential signaling up 
to 1 Gbps in DPA mode, and up to 840 Mbps in non-DPA mode. Serial 
data is transmitted and received along with a low-frequency clock. The 
PLL can multiply the incoming low-frequency clock by a factor of 1 to 10. 
The SERDES factor J can be 8 or 10 for the DPA mode, or 4, 7, 8, or 10 for 
all other modes. The SERDES factor does not have to equal the clock 
   3–1
  



Logic Elements
Figure 4–4. Stratix GX LE

Each LE’s programmable register can be configured for D, T, JK, or SR 
operation. Each register has data, true asynchronous load data, clock, 
clock enable, clear, and asynchronous load/preset inputs. Global signals, 
general-purpose I/O pins, or any internal logic can drive the register’s 
clock and clear control signals. Either general-purpose I/O pins or 
internal logic can drive the clock enable, preset, asynchronous load, and 
asynchronous data. The asynchronous load data input comes from the 
data3 input of the LE. For combinatorial functions, the register is 
bypassed and the output of the LUT drives directly to the outputs of the 
LE.

Each LE has three outputs that drive the local, row, and column routing 
resources. The LUT or register output can drive these three outputs 
independently. Two LE outputs drive column or row and direct link 
routing connections and one drives local interconnect resources. This 
allows the LUT to drive one output while the register drives another 
output. This feature, called register packing, improves device utilization 
because the device can use the register and the LUT for unrelated 
functions. Another special packing mode allows the register output to 
feed back into the LUT of the same LE so that the register is packed with 
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TriMatrix Memory
TriMatrix 
Memory

TriMatrix memory consists of three types of RAM blocks: M512, M4K, 
and M-RAM blocks. Although these memory blocks are different, they 
can all implement various types of memory with or without parity, 
including true dual-port, simple dual-port, and single-port RAM, ROM, 
and FIFO buffers. Table 4–2 shows the size and features of the different 
RAM blocks.

Table 4–2. TriMatrix Memory Features (Part 1 of 2)

Memory Feature M512 RAM Block 
(32 × 18 Bits)

M4K RAM Block 
(128 × 36 Bits)

M-RAM Block 
(4K × 144 Bits)

Maximum 
performance

(1) (1) (1)

True dual-port 
memory v v

Simple dual-port 
memory v v v

Single-port memory v v v

Shift register v v

ROM v v (2)

FIFO buffer v v v

Byte enable v v

Parity bits v v v

Mixed clock mode v v v

Memory initialization v v

Simple dual-port 
memory mixed width 
support

v v v

True dual-port 
memory mixed width 
support

v v

Power-up conditions Outputs cleared Outputs cleared Outputs 
unknown

Register clears Input and output 
registers

Input and output 
registers

Output registers

Mixed-port read-
during-write

Unknown 
output/old data

Unknown 
output/old data

Unknown output
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Stratix GX Architecture
Figure 4–16. M4K RAM Block Control Signals

Figure 4–17. M4K RAM Block LAB Row Interface
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Stratix GX Architecture
blocks facing to the left, and another 10 possible from the right adjacent 
LABs for M-RAM blocks facing to the right. For column interfacing, every 
M-RAM column unit connects to the right and left column lines, allowing 
each M-RAM column unit to communicate directly with three columns of 
LABs. Figures 4–20 through 4–22 show the interface between the M-RAM 
block and the logic array.
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PLLs & Clock Networks
Figure 4–41. Global Clock Resources

Regional Clock Network

There are four regional clock networks RCLK[3..0] within each 
quadrant of the Stratix GX device that are driven by the same dedicated 
CLK[7..0] and CLK[15..12] input pins, PLL outputs, or transceiver 
clocks. The regional clock networks only pertain to the quadrant they 
drive into. The regional clock networks provide the lowest clock delay 
and skew for logic contained within a single quadrant. The CLK clock pins 
symmetrically drive the RCLK networks within a particular quadrant, as 
shown in Figure 4–42.
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PLLs & Clock Networks
Figure 4–47. EP1SGX40 Device I/O Clock Groups

You can use the Quartus II software to control whether a clock input pin 
is either global, regional, or fast regional. The Quartus II software 
automatically selects the clocking resources if not specified.

Enhanced & Fast PLLs

Stratix GX devices provide robust clock management and synthesis using 
up to four enhanced PLLs and four fast PLLs. These PLLs increase 
performance and provide advanced clock interfacing and clock frequency 
synthesis. With features such as clock switchover, spread spectrum 
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Stratix GX Architecture
clocking, programmable bandwidth, phase and delay control, and 
dynamic PLL reconfiguration, the Stratix GX device’s enhanced PLLs 
provide you with complete control of your clocks and system timing. The 
fast PLLs provide general purpose clocking with multiplication and 
phase shifting as well as high-speed outputs for high-speed differential 
I/O support. Enhanced and fast PLLs work together with the Stratix GX 
high-speed I/O and advanced clock architecture to provide significant 
improvements in system performance and bandwidth.

The Quartus II software enables the PLLs and their features without 
requiring any external devices. Table 4–17 shows which PLLs are 
available for each Stratix GX device and their type. Table 4–18 shows the 
enhanced PLL and fast PLL features in Stratix GX devices.

Table 4–17. Stratix GX Device PLL Availability

Device
Fast PLLs Enhanced PLLs

1 2 3 (1) 4 (1) 7 8 9 (1) 10 (1) 5 (2) 6 (2) 11 (3) 12 (3)

EP1SGX10 v v v v

EP1SGX25 v v v v

EP1SGX40 v v v v v v v v

Notes to Table 4–17:
(1) PLLs 3, 4, 9, and 10 are not available in Stratix GX devices. However, these PLLs are listed in Table 4–17 because 

the Stratix GX PLL numbering scheme is consistent with Stratix devices.
(2) PLLs 5 and 6 each have eight single-ended outputs or four differential outputs.
(3) PLLs 11 and 12 each have one single-ended output.

Table 4–18. Stratix GX Enhanced PLL & Fast PLL Features (Part 1 of 2) Notes (1)–(8)

Feature Enhanced PLL Fast PLL

Clock multiplication and division m/ (n × post-scale counter) (1) m/(post-scale counter) (2)

Phase shift Down to 156.25-ps increments (3), 
(4)

Down to 125-ps increments (3), (4)

Delay shift 250-ps increments for ±3 ns

Clock switchover v

PLL reconfiguration v

Programmable bandwidth v

Spread spectrum clocking v

Programmable duty cycle v v

Number of internal clock outputs 6 3 (5)
Altera Corporation   4–77
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Stratix GX Architecture
Clock Multiplication & Division

Each Stratix GX device enhanced PLL provides clock synthesis for PLL 
output ports using m/(n ×  post-scale counter) scaling factors. The input 
clock is divided by a pre-scale divider, n, and is then multiplied by the m 
feedback factor. The control loop drives the VCO to match fIN ×  (m/n). 
Each output port has a unique post-scale counter that divides down the 
high-frequency VCO. For multiple PLL outputs with different 
frequencies, the VCO is set to the least common multiple of the output 
frequencies that meets its frequency specifications. Then, the post-scale 
dividers scale down the output frequency for each output port. For 
example, if output frequencies required from one PLL are 33 and 66 MHz, 
set the VCO to 330 MHz (the least common multiple in the VCO’s range). 
There is one pre-scale divider, n, and one multiply divider, m, per PLL, 
with a range of 1 to 512 on each. There are two post-scale dividers (l) for 
regional clock output ports, four counters (g) for global clock output 
ports, and up to four counters (e) for external clock outputs, all ranging 
from 1 to 512. The Quartus II software automatically chooses the 
appropriate scaling factors according to the input frequency, 
multiplication, and division values entered.

Clock Switchover

To effectively develop high-reliability network systems, clocking schemes 
must support multiple clocks to provide redundancy. For this reason, 
Stratix GX device enhanced PLLs support a flexible clock switchover 
capability. Figure 4–52 shows a block diagram of the switchover 
circuit.The switchover circuit is configurable, so you can define how to 
implement it. Clock-sense circuitry automatically switches from the 
primary to secondary clock for PLL reference when the primary clock 
signal is not present.
Altera Corporation   4–83
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Stratix GX Architecture
PLL typically provides 0.5% down spread modulation using a triangular 
profile. The modulation frequency is programmable. Enabling spread 
spectrum for a PLL affects all of its outputs.

Lock Detect

The lock output indicates that there is a stable clock output signal in 
phase with the reference clock. Without any additional circuitry, the lock 
signal may toggle as the PLL begins tracking the reference clock. You may 
need to gate the lock signal for use as a system control. The lock signal 
from the locked port can drive the logic array or an output pin.

Whenever the PLL loses lock for any reason (be it excessive inclk jitter, 
clock switchover, PLL reconfiguration, power supply noise etc.), the PLL 
must be reset with the areset signal for correct phase shift operation. If 
the phase relationship between the input clock versus output clock, and 
between different output clocks from the PLL is not important in the 
design, then the PLL need not be reset. 

f See the Stratix GX FPGA Errata Sheet for more information on 
implementing the gated lock signal in the design.

Programmable Duty Cycle

The programmable duty cycle allows enhanced PLLs to generate clock 
outputs with a variable duty cycle. This feature is supported on each 
enhanced PLL post-scale counter (g0..g3, l0..l3, e0..e3). The duty cycle 
setting is achieved by a low and high time count setting for the post-scale 
dividers. The Quartus II software uses the frequency input and the 
required multiply or divide rate to determine the duty cycle choices.

Advanced Clear & Enable Control

There are several control signals for clearing and enabling PLLs and their 
outputs. You can use these signals to control PLL resynchronization and 
gate PLL output clocks for low-power applications.

The pllenable pin is a dedicated pin that enables/disables PLLs. When 
the pllenable pin is low, the clock output ports are driven by GND and 
all the PLLs go out of lock. When the pllenable pin goes high again, the 
PLLs relock and resynchronize to the input clocks. You can choose which 
PLLs are controlled by the pllenable signal by connecting the 
pllenable input port of the altpll megafunction to the common 
pllenable input pin.
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I/O Structure
Figure 4–69. Stratix GX I/O Banks Notes (1), (2), (3)

Notes to Figure 4–69:
(1) Figure 4–69 is a top view of the Stratix GX silicon die.
(2) Banks 9 through 12 are enhanced PLL external clock output banks.
(3) If the high-speed differential I/O pins are not used for high-speed differential signaling, they can support all of the 

I/O standards except HSTL class I and II, GTL, SSTL-18 Class II, PCI, PCI-X, and AGP 1×/2×.
(4) For guidelines for placing single-ended I/O pads next to differential I/O pads, see the Selectable I/O Standards in 

Stratix & Stratix GX Devices chapter in the Stratix GX Device Handbook, Volume 2.
(5) These I/O banks in Stratix GX devices also support the LVDS, LVPECL, and 3.3-V PCML I/O standards on reference 

clocks and receiver input pins (AC coupled)

LVDS, LVPECL, 3.3-V PCML, 
and HyperTransport I/O Block
and Regular I/O Pins (3)

I/O Banks 3, 4, 9 & 10 Support 
All Single-Ended I/O Standards (2)

I/O Banks 7, 8, 11 & 12 Support 
All Single-Ended I/O Standards (2)

I/O Banks 1 and 2 Support All
Single-Ended I/O Standards Except 
Differential HSTL Output Clocks, 
Differential SSTL-2 Output Clocks, 
HSTL Class II, GTL, SSTL-18 Class II, 
PCI, PCI-X, and AGP 1×/2× 
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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
■ Receive new configuration data and write it into the configuration 
device

The factory configuration is the default and takes control if an error 
occurs while loading the application configuration.

While in the factory configuration, the factory-configuration logic 
performs the following operations:

■ Loads a remote update-control register to determine the page 
address of the new application configuration

■ Determines whether to enable a user watchdog timer for the 
application configuration

■ Determines what the watchdog timer setting should be if it is 
enabled

The user watchdog timer is a counter that must be continually reset 
within a specific amount of time in the user mode of an application 
configuration to ensure that valid configuration occurred during a 
remote update. Only valid application configurations designed for 
remote update can reset the user watchdog timer in user mode. If a valid 
application configuration does not reset the user watchdog timer in a 
specific amount of time, the timer updates a status register and loads the 
factory configuration. The user watchdog timer is automatically disabled 
for factory configurations.

If an error occurs in loading the application configuration, the 
configuration logic writes a status register to specify the cause of the 
reconfiguration. Once this occurs, the Stratix GX device automatically 
loads the factory configuration, which reads the status register and 
determines the reason for reconfiguration. Based on the reason, the 
factory configuration takes appropriate steps and writes the remote 
update control register to specify the next application configuration page 
to be loaded.

When the Stratix GX device successfully loads the application 
configuration, it enters into user mode. The Stratix GX device then 
executes the main application of the user. Intellectual property (IP), such 
as a Nios® embedded processor, can help the Stratix GX device determine 
when remote update is coming. The Nios embedded processor or user 
logic receives incoming data, writes it to the configuration device, and 
loads the factory configuration. The factory configuration reads the 
remote update status register and determine the valid application 
configuration to load. Figure 5–1 shows the Stratix GX remote update. 
Figure 5–2 shows the transition diagram for remote update mode.
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Operating Conditions
Fibre Channel Transmitter Jitter using 8B/10B Encoded CRPAT Note (9)

Deterministic 
jitter

1.0625 Gbps
Pre-emphasis = 0
VOD = 1,200 mV

0.09 0.09 0.09 UI

Total jitter 0.17 0.17 0.17 UI

Deterministic 
jitter

2.125 Gbps
Pre-emphasis= 1
VOD = 1,200 mV

0.16 0.16 0.16 UI

Total jitter 0.33 0.33 0.33 UI

Serial Rapid I/O Short Run Transmitter Jitter using 8B/10B Encoded CRPAT Note (9)

Deterministic 
jitter

1.25 Gbps
Pre-emphasis = 1
VOD = 1,600 mV

0.09 0.09 0.09 UI

Total jitter 0.17 0.17 0.17 UI

Deterministic 
jitter

2.5 Gbps
Pre-emphasis = 1
VOD = 800 mV

0.15 0.15 0.15 UI

Total jitter 0.32 0.32 0.32 UI

Deterministic 
jitter

3.125 Gbps
Pre-emphasis = 1
VOD = 800 mV

0.15 0.15 N/A UI

Total jitter 0.32 0.32 N/A UI

Serial Rapid I/O Long Run Transmitter Jitter using 8B/10B Encoded CRPAT Note (9)

Deterministic 
jitter

1.25 Gbps
Pre-emphasis = 1
VOD = 1,600 mV

0.09 0.09 0.09 UI

Total jitter 0.17 0.17 0.17 UI

Deterministic 
jitter

2.5 Gbps
Pre-emphasis = 2
VOD = 1,400 mV

0.18 0.18 0.18 UI

Total jitter 0.35 0.35 0.35 UI

Deterministic 
jitter

3.125 Gbps
Pre-emphasis = 2
VOD = 1,400 mV

0.20 0.20 N/A UI

Total jitter 0.37 0.37 N/A UI

SONET Transmitter Jitter PRBS23 Note (9)

Total jitter 2.48832 Gbps
Pre-emphasis = 1
VOD = 800 mV

0.20 0.20 0.20 UI

Table 6–7. Stratix GX Transceiver Block AC Specification (Part 5 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
6–8   Altera Corporation
Stratix GX Device Handbook, Volume 1 June 2006



DC & Switching Characteristics
VOH High-level output voltage IOH = –8.1 mA 
(1)

VTT + 0.57 V

VOL Low-level output voltage IOL = 8.1 mA (1) VT T – 0.57 V

Table 6–24. SSTL-2 Class II Specifications

Symbol Parameter Conditions Minimum Typical Maximum Units

VCCIO Output supply voltage 2.3 2.5 2.7 V

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

VREF Reference voltage 1.15 1.25 1.35 V

VIH High-level input voltage VR E F + 0.18 VCCIO + 0.3 V

VIL Low-level input voltage –0.3 VR E F – 0.18 V

VOH High-level output voltage IOH = –16.4 mA 
(1)

VTT + 0.76 V

VOL Low-level output voltage IOL = 16.4 mA (1) VT T – 0.76 V

Table 6–25. SSTL-3 Class I Specifications

Symbol Parameter Conditions Minimum Typical Maximum Units

VCCIO Output supply voltage 3.0 3.3 3.6 V

VTT Termination voltage VR E F – 0.05 VR E F VR E F + 0.05 V

VREF Reference voltage 1.3 1.5 1.7 V

VIH High-level input voltage VR E F + 0.2 VCCIO + 0.3 V

VIL Low-level input voltage –0.3 VR E F – 0.2 V

VOH High-level output voltage IOH = –8 mA (1) VTT + 0.6 V

VOL Low-level output voltage IOL = 8 mA (1) VT T – 0.6 V

Table 6–26. SSTL-3 Class II Specifications (Part 1 of 2)

Symbol Parameter Conditions Minimum Typical Maximum Units

VCCIO Output supply voltage 3.0 3.3 3.6 V

VTT Termination voltage VR E F – 0.05 VR E F VR E F + 0.05 V

VREF Reference voltage 1.3 1.5 1.7 V

VIH High-level input voltage VR E F + 0.2 VCCIO + 0.3 V

Table 6–23. SSTL-2 Class I Specifications (Part 2 of 2)

Symbol Parameter Conditions Minimum Typical Maximum Units
Altera Corporation   6–19
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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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High-Speed I/O Specification
High-Speed I/O 
Specification

Table 6–86 provides high-speed timing specifications definitions.

1.5 V 350 300 300 MHz

LVCMOS 400 350 300 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 150 133 133 MHz

SSTL-2 class II 150 133 133 MHz

SSTL-18 class I 150 133 133 MHz

SSTL-18 class II 150 133 133 MHz

HSTL class I 250 225 200 MHz

HSTL class II 225 225 200 MHz

3.3-V PCI 250 225 200 MHz

3.3-V PCI-X 1.0 225 225 200 MHz

Compact PCI 400 350 300 MHz

AGP 1× 400 350 300 MHz

AGP 2× 400 350 300 MHz

CTT 300 250 200 MHz

Differential HSTL 225 225 200 MHz

LVDS 717 717 500 MHz

LVPECL 717 717 500 MHz

PCML 420 420 420 MHz

HyperTransport technology 420 420 420 MHz

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

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

Table 6–86. High-Speed Timing Specifications & Definitions (Part 1 of 2)

High-Speed Timing Specification Definitions

tC High-speed receiver/transmitter input and output clock period.

fHSCLK High-speed receiver/transmitter input and output clock frequency.

tRISE Low-to-high transmission time.
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DLL Jitter
DLL Jitter Table 6–93 reports the jitter for the DLL in the DQS phase-shift reference 
circuit.

tDUTY Duty cycle for DFFIO 1× CLKOUT pin (3) 45 55 %

tJITTER Period jitter for DIFFIO clock out (3) ±80 ps

Period jitter for internal global or 
regional clock

±100 ps for >200 MHz outclk
±20 mUI for <200 MHz outclk

ps or 
mUI

tLOCK Time required for PLL to acquire lock 10 100 μs

m Multiplication factors for m counter (4) 1 32 Integer

l0, l1, g0 Multiplication factors for l0, l1, and g0 
counter (4), (5)

1 32 Integer

tARESET Minimum pulse width on areset 
signal

10 ns

Notes to Tables 6–91 & 6–92:
(1) See “Maximum Input & Output Clock Rates” on page 6–54.
(2) When using the SERDES, high-speed differential I/O mode supports a maximum output frequency of 210 MHz 

to the global or regional clocks (that is, the maximum data rate 840 Mbps divided by the smallest SERDES J factor 
of 4).

(3) This parameter is for high-speed differential I/O mode only.
(4) These counters have a maximum of 32 if programmed for 50/50 duty cycle. Otherwise, they have a maximum 

of 16. 
(5) High-speed differential I/O mode supports W = 1 to 16 and J = 4, 7, 8, or 10.

Table 6–92. Fast PLL Specifications for -7 & -8 Speed Grades (Part 2 of 2)

Symbol Parameter Min Max Unit

Table 6–93. DLL Jitter for DQS Phase Shift Reference Circuit

Frequency (MHz) DLL Jitter (ps)

197 to 200 ± 100

160 to 196 ± 300

100 to 159 ± 500
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