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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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Section I. Stratix II Device
Family Data Sheet

This section provides the data sheet specifications for Stratix® II devices. 
This section contains feature definitions of the internal architecture, 
configuration and JTAG boundary-scan testing information, DC 
operating conditions, AC timing parameters, a reference to power 
consumption, and ordering information for Stratix II devices. 

This section contains the following chapters:

■ Chapter 1, Introduction

■ Chapter 2, Stratix II Architecture

■ Chapter 3, Configuration & Testing

■ Chapter 4, Hot Socketing & Power-On Reset

■ Chapter 5, DC & Switching Characteristics

■ Chapter 6, Reference & Ordering Information

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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Stratix II Architecture

The Quartus II Compiler automatically creates carry chain logic during 
design processing, or you can create it manually during design entry. 
Parameterized functions such as LPM functions automatically take 
advantage of carry chains for the appropriate functions.

The Quartus II Compiler creates carry chains longer than 16 (8 ALMs in 
arithmetic or shared arithmetic mode) by linking LABs together 
automatically. For enhanced fitting, a long carry chain runs vertically 
allowing fast horizontal connections to TriMatrix memory and DSP 
blocks. A carry chain can continue as far as a full column.

To avoid routing congestion in one small area of the device when a high 
fan-in arithmetic function is implemented, the LAB can support carry 
chains that only utilize either the top half or the bottom half of the LAB 
before connecting to the next LAB. This leaves the other half of the ALMs 
in the LAB available for implementing narrower fan-in functions in 
normal mode. Carry chains that use the top four ALMs in the first LAB 
carry into the top half of the ALMs in the next LAB within the column. 
Carry chains that use the bottom four ALMs in the first LAB carry into the 
bottom half of the ALMs in the next LAB within the column. Every other 
column of LABs is top-half bypassable, while the other LAB columns are 
bottom-half bypassable.

See the “MultiTrack Interconnect” on page 2–22 section for more 
information on carry chain interconnect.

Shared Arithmetic Mode

In shared arithmetic mode, the ALM can implement a three-input add. In 
this mode, the ALM is configured with four 4-input LUTs. Each LUT 
either computes the sum of three inputs or the carry of three inputs. The 
output of the carry computation is fed to the next adder (either to adder1 
in the same ALM or to adder0 of the next ALM in the LAB) via a 
dedicated connection called the shared arithmetic chain. This shared 
arithmetic chain can significantly improve the performance of an adder 
tree by reducing the number of summation stages required to implement 
an adder tree. Figure 2–13 shows the ALM in shared arithmetic mode.
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MultiTrack Interconnect

Figure 2–18. C4 Interconnect Connections Note (1)

Note to Figure 2–18:
(1) Each C4 interconnect can drive either up or down four rows.

C4 Interconnect
Drives Local and R4
Interconnects
up to Four Rows

Adjacent LAB can
drive onto neighboring
LAB's C4 interconnect

C4 Interconnect
Driving Up

C4 Interconnect
Driving Down

LAB

Row
Interconnect

Local
Interconnect
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Stratix II Architecture

f See the TriMatrix Embedded Memory Blocks in Stratix II & Stratix II GX 
Devices chapter in volume 2 of the Stratix II Device Handbook or the 
Stratix II GX Device Handbook for more information on TriMatrix 
memory.

Table 2–4. M-RAM Row Interface Unit Signals

Unit Interface Block Input Signals Output Signals

L0 datain_a[14..0]
byteena_a[1..0]

dataout_a[11..0]

L1 datain_a[29..15]
byteena_a[3..2]

dataout_a[23..12]

L2 datain_a[35..30]
addressa[4..0]
addr_ena_a
clock_a
clocken_a
renwe_a
aclr_a

dataout_a[35..24]

L3 addressa[15..5]
datain_a[41..36]

dataout_a[47..36]

L4 datain_a[56..42]
byteena_a[5..4]

dataout_a[59..48]

L5 datain_a[71..57]
byteena_a[7..6]

dataout_a[71..60]

R0 datain_b[14..0]
byteena_b[1..0]

dataout_b[11..0]

R1 datain_b[29..15]
byteena_b[3..2]

dataout_b[23..12]

R2 datain_b[35..30]
addressb[4..0]
addr_ena_b
clock_b
clocken_b
renwe_b
aclr_b

dataout_b[35..24]

R3 addressb[15..5]
datain_b[41..36]

dataout_b[47..36]

R4 datain_b[56..42]
byteena_b[5..4]

dataout_b[59..48]

R5 datain_b[71..57]
byteena_b[7..6]

dataout_b[71..60]
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PLLs & Clock Networks

IOE clocks have row and column block regions that are clocked by eight 
I/O clock signals chosen from the 24 quadrant clock resources. 
Figures 2–35 and 2–36 show the quadrant relationship to the I/O clock 
regions.

Figure 2–35. EP2S15 & EP2S30 Device I/O Clock Groups
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PLLs & Clock Networks

Figure 2–39. External PLL Output Clock Control Blocks

Notes to Figure 2–39:
(1) These clock select signals can only be set through a configuration file (.sof or .pof) 

and cannot be dynamically controlled during user mode operation.
(2) The clock control block feeds to a multiplexer within the PLL_OUT pin’s IOE. The 

PLL_OUT pin is a dual-purpose pin. Therefore, this multiplexer selects either an 
internal signal or the output of the clock control block.

For the global clock control block, the clock source selection can be 
controlled either statically or dynamically. The user has the option of 
statically selecting the clock source by using the Quartus II software to set 
specific configuration bits in the configuration file (.sof or .pof) or the 
user can control the selection dynamically by using internal logic to drive 
the multiplexor select inputs. When selecting statically, the clock source 
can be set to any of the inputs to the select multiplexor. When selecting 
the clock source dynamically, you can either select between two PLL 
outputs (such as the C0 or C1 outputs from one PLL), between two PLLs 
(such as the C0/C1 clock output of one PLL or the C0/C1 c1ock output of 
the other PLL), between two clock pins (such as CLK0 or CLK1), or 
between a combination of clock pins or PLL outputs. The clock outputs 
from corner PLLs cannot be dynamically selected through the global 
control block.

For the regional and PLL_OUT clock control block, the clock source 
selection can only be controlled statically using configuration bits. Any of 
the inputs to the clock select multiplexor can be set as the clock source.

PLL Counter
Outputs (c[5..0])

Enable/
Disable
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Logic
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IOE
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Stratix II Architecture

Figure 2–53. Input Timing Diagram in DDR Mode

 

When using the IOE for DDR outputs, the two output registers are 
configured to clock two data paths from ALMs on rising clock edges. 
These output registers are multiplexed by the clock to drive the output 
pin at a ×2 rate. One output register clocks the first bit out on the clock 
high time, while the other output register clocks the second bit out on the 
clock low time. Figure 2–54 shows the IOE configured for DDR output. 
Figure 2–55 shows the DDR output timing diagram.
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High-Speed Differential I/O with DPA Support

High-Speed 
Differential I/O 
with DPA 
Support

Stratix II devices contain dedicated circuitry for supporting differential 
standards at speeds up to 1 Gbps. The LVDS and HyperTransport 
differential I/O standards are supported in the Stratix II device. In 
addition, the LVPECL I/O standard is supported on input and output 
clock pins on the top and bottom I/O banks.

The high-speed differential I/O circuitry supports the following high 
speed I/O interconnect standards and applications:

■ SPI-4 Phase 2 (POS-PHY Level 4)
■ SFI-4
■ Parallel RapidIO
■ HyperTransport technology

There are four dedicated high-speed PLLs in the EP2S15 to EP2S30 
devices and eight dedicated high-speed PLLs in the EP2S60 to EP2S180 
devices to multiply reference clocks and drive high-speed differential 
SERDES channels.

Tables 2–21 through 2–26 show the number of channels that each fast PLL 
can clock in each of the Stratix II devices. In Tables 2–21 through 2–26 the 
first row for each transmitter or receiver provides the number of channels 
driven directly by the PLL. The second row below it shows the maximum 
channels a PLL can drive if cross bank channels are used from the 
adjacent center PLL. For example, in the 484-pin FineLine BGA EP2S15 

Non-Stratix II VCC = 3.3 V v (1) v (2) v (3) Level shifter 
required

Level shifter 
required

VCC = 2.5 V v (1), (4) v (2) v (3) Level shifter 
required

Level shifter 
required

VCC = 1.8 V v (1), (4) v (2), (5) v Level shifter 
required

Level shifter 
required

VCC = 1.5 V v (1), (4) v (2), (5) v (6) v v
Notes to Table 2–20:
(1) The TDO output buffer meets VOH (MIN) = 2.4 V.
(2) The TDO output buffer meets VOH (MIN) = 2.0 V.
(3) An external 250-Ω pull-up resistor is not required, but recommended if signal levels on the board are not optimal.
(4) Input buffer must be 3.3-V tolerant.
(5) Input buffer must be 2.5-V tolerant.
(6) Input buffer must be 1.8-V tolerant.

Table 2–20. Supported TDO/TDI Voltage Combinations (Part 2 of 2)

Device TDI Input 
Buffer Power

Stratix II TDO VC C I O  Voltage Level in I/O Bank 4

VC C I O  = 3.3 V VC C I O  = 2.5 V VC C I O  = 1.8 V VC C I O = 1.5 V VC C I O  = 1.2 V
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SignalTap II Embedded Logic Analyzer

f For more information on JTAG, see the following documents:

■ The IEEE Std. 1149.1 (JTAG) Boundary-Scan Testing for Stratix II & 
Stratix II GX Devices chapter of the Stratix II Device Handbook, 
Volume 2 or the Stratix II GX Device Handbook, Volume 2

■ Jam Programming & Test Language Specification

SignalTap II 
Embedded Logic 
Analyzer

Stratix II devices feature the SignalTap II 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 II architecture are 
configured with CMOS SRAM elements. Altera® FPGA devices are 
reconfigurable and every device is tested with a high coverage 
production test program so you do not have to perform fault testing and 
can instead focus on simulation and design verification.

Stratix II devices are configured at system power-up with data stored in 
an Altera configuration device or provided by an external controller (e.g., 
a MAX® II device or microprocessor). Stratix II devices can be configured 
using the fast passive parallel (FPP), active serial (AS), passive serial (PS), 
passive parallel asynchronous (PPA), and JTAG configuration schemes. 
The Stratix II 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 II devices as 
memory and configure them by writing to a virtual memory location, 
making reconfiguration easy.

In addition to the number of configuration methods supported, Stratix II 
devices also offer the design security, decompression, and remote system 
upgrade features. The design security feature, using configuration 
bitstream encryption and AES technology, provides a mechanism to 
protect your designs. The decompression feature allows Stratix II FPGAs 
to receive a compressed configuration bitstream and decompress this 
data in real-time, reducing storage requirements and configuration time. 
The remote system upgrade feature allows real-time system upgrades 
from remote locations of your Stratix II designs. For more information, 
see “Configuration Schemes” on page 3–7.
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Configuration & Testing

1 An encryption configuration file is the same size as a non-
encryption configuration file. When using a serial configuration 
scheme such as passive serial (PS) or active serial (AS), 
configuration time is the same whether or not the design 
security feature is enabled. If the fast passive parallel (FPP) 
scheme us used with the design security or decompression 
feature, a 4× DCLK is required. This results in a slower 
configuration time when compared to the configuration time of 
an FPGA that has neither the design security, nor 
decompression feature enabled. For more information about 
this feature, refer to AN 341: Using the Design Security Feature in 
Stratix II Devices. Contact your local Altera sales representative 
to request this document.

Device Configuration Data Decompression

Stratix II FPGAs support decompression of configuration data, which 
saves configuration memory space and time. This feature allows you to 
store compressed configuration data in configuration devices or other 
memory, and transmit this compressed bit stream to Stratix II FPGAs. 
During configuration, the Stratix II FPGA decompresses the bit stream in 
real time and programs its SRAM cells.

Stratix II FPGAs support decompression in the FPP (when using a 
MAX II device/microprocessor and flash memory), AS and PS 
configuration schemes. Decompression is not supported in the PPA 
configuration scheme nor in JTAG-based configuration.

Remote System Upgrades

Shortened design cycles, evolving standards, and system deployments in 
remote locations are difficult challenges faced by modern system 
designers. Stratix II devices can help effectively deal with these 
challenges with their inherent re-programmability and dedicated 
circuitry to perform remote system updates. Remote system updates help 
deliver feature enhancements and bug fixes without costly recalls, reduce 
time to market, and extend product life.

Stratix II FPGAs feature dedicated remote system upgrade circuitry to 
facilitate remote system updates. Soft logic (Nios® processor or user logic) 
implemented in the Stratix II device can download a new configuration 
image from a remote location, store it in configuration memory, and direct 
the dedicated remote system upgrade circuitry to initiate a 
reconfiguration cycle. The dedicated circuitry performs error detection 
during and after the configuration process, recovers from any error 
condition by reverting back to a safe configuration image, and provides 
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DC & Switching Characteristics

Table 5–12. LVPECL Specifications

Symbol Parameter Conditions Minimum Typical Maximum Unit

VCCIO (1) I/O supply voltage 3.135 3.300 3.465 V

VID Input differential voltage 
swing (single-ended)

300 600 1,000 mV

VICM Input common mode voltage 1.0 2.5 V

VOD Output differential voltage 
(single-ended)

RL = 100 Ω 525 970 mV

VOCM Output common mode 
voltage

RL = 100 Ω 1,650 2,250 mV

RL Receiver differential input 
resistor

90 100 110 Ω

Note to Table 5–12:
(1) The top and bottom clock input differential buffers in I/O banks 3, 4, 7, and 8 are powered by VCCINT, not VCCIO. 

The PLL clock output/feedback differential buffers are powered by VCC_PLL_OUT. For differential clock 
output/feedback operation, VCC_PLL_OUT should be connected to 3.3 V.

Table 5–13. HyperTransport Technology Specifications

Symbol Parameter Conditions Minimum Typical Maximum Unit

VCCIO I/O supply voltage for left and 
right I/O banks (1, 2, 5, and 6)

2.375 2.500 2.625 V

VID Input differential voltage swing 
(single-ended)

RL = 100 Ω 300 600 900 mV

VICM Input common mode voltage RL = 100 Ω 385 600 845 mV

VOD Output differential voltage 
(single-ended)

RL = 100 Ω 400 600 820 mV

Δ VOD Change in VOD between high 
and low

RL = 100 Ω 75 mV

VOCM Output common mode voltage RL = 100 Ω 440 600 780 mV

Δ VOCM Change in VOCM between high 
and low

RL = 100 Ω 50 mV

RL Receiver differential input 
resistor

90 100 110 Ω

Table 5–14. 3.3-V PCI Specifications (Part 1 of 2)

Symbol Parameter Conditions Minimum Typical Maximum Unit

VCCIO Output supply voltage 3.0 3.3 3.6 V

VIH High-level input voltage 0.5 × VCCIO VCCIO + 0.5 V
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DC & Switching Characteristics

Table 5–21. SSTL-2 Class I & II Differential Specifications

Symbol Parameter Conditions Minimum Typical Maximum Unit

VCCIO Output supply voltage 2.375 2.500 2.625 V

VSWING 

(DC)
DC differential input voltage 0.36 V

VX (AC) AC differential input cross 
point voltage

(VCCIO/2) – 0.2 (VCCIO/2) + 0.2 V

VSWING 

(AC)
AC differential input voltage 0.7 V

VISO Input clock signal offset 
voltage

0.5 × VCCIO V

ΔVISO Input clock signal offset 
voltage variation

±200 mV

VOX 
(AC)

AC differential output cross 
point voltage

(VCCIO/2) – 0.2 (VCCIO/2) + 0.2 V

Table 5–22. 1.2-V HSTL Specifications

Symbol Parameter Conditions Minimum Typical Maximum Unit

VCCIO Output supply voltage 1.14 1.20 1.26 V

VRE F Reference voltage 0.48 × VC C I O 0.50 × VC C I O 0.52 × VC C I O V

VIH (DC) High-level DC input voltage VR E F + 0.08 VC CI O + 0.15 V

VIL (DC) Low-level DC input voltage –0.15 VR E F – 0.08 V

VIH (AC) High-level AC input voltage VR E F + 0.15 VC CI O + 0.24 V

VIL (AC) Low-level AC input voltage –0.24 VR E F – 0.15 V

VOH High-level output voltage IO H = 8 mA VR E F + 0.15 VC CI O + 0.15 V

VOL Low-level output voltage IO H = –8 mA –0.15 VR E F – 0.15 V
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Operating Conditions

Table 5–23. 1.5-V HSTL Class I Specifications

Symbol Parameter Conditions Minimum Typical Maximum Unit

VCCIO Output supply voltage 1.425 1.500 1.575 V

VREF Input reference voltage 0.713 0.750 0.788 V

VTT Termination voltage 0.713 0.750 0.788 V

VIH (DC) DC high-level input voltage VREF + 0.1 V

VIL (DC) DC low-level input voltage –0.3 VREF – 0.1 V

VIH (AC) AC high-level input voltage VREF + 0.2 V

VIL (AC) AC low-level input voltage VREF – 0.2 V

VOH High-level output voltage IOH = 8 mA (1) VCCIO – 0.4 V

VOL Low-level output voltage IOH = –8 mA (1) 0.4 V

Note to Table 5–23:
(1) This specification is supported across all the programmable drive settings available for this I/O standard as shown 

in the Stratix II Architecture chapter in volume 1 of the Stratix II Device Handbook.

Table 5–24. 1.5-V HSTL Class II Specifications

Symbol Parameter Conditions Minimum Typical Maximum Unit

VCCIO Output supply voltage 1.425 1.500 1.575 V

VREF Input reference voltage 0.713 0.750 0.788 V

VTT Termination voltage 0.713 0.750 0.788 V

VIH (DC) DC high-level input voltage VREF + 0.1 V

VIL (DC) DC low-level input voltage –0.3 VREF – 0.1 V

VIH (AC) AC high-level input voltage VREF + 0.2 V

VIL (AC) AC low-level input voltage VREF – 0.2 V

VOH High-level output voltage IOH = 16 mA (1) VCCIO – 0.4 V

VOL Low-level output voltage IOH = –16 mA (1) 0.4 V

Note to Table 5–24:
(1) This specification is supported across all the programmable drive settings available for this I/O standard as shown 

in the Stratix II Architecture chapter in volume 1 of the Stratix II Device Handbook.
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EP2S15 Clock Timing Parameters

Tables 5–44 though 5–47 show the maximum clock timing parameters for 
EP2S15 devices.

Table 5–44. EP2S15 Column Pins Regional Clock Timing Parameters

Parameter
Minimum Timing -3 Speed 

Grade
-4 Speed 

Grade
-5 Speed 

Grade Unit
Industrial Commercial

tC I N  1.445 1.512 2.487 2.848 3.309 ns 

tC O UT 1.288 1.347 2.245 2.570 2.985 ns 

tP L L C I N  0.104 0.102 0.336 0.373 0.424 ns 

tP L L C O UT -0.053 -0.063 0.094 0.095 0.1 ns 

Table 5–45. EP2S15 Column Pins Global Clock Timing Parameters

Parameter
Minimum Timing -3 Speed 

Grade
-4 Speed 

Grade
-5 Speed 

Grade Unit
Industrial Commercial

tC I N  1.419 1.487 2.456 2.813 3.273 ns 

tC O UT 1.262 1.322 2.214 2.535 2.949 ns 

tP L L C I N  0.094 0.092 0.326 0.363 0.414 ns 

tP L L C O UT -0.063 -0.073 0.084 0.085 0.09 ns 

Table 5–46. EP2S15 Row Pins Regional Clock Timing Parameters

Parameter
Minimum Timing -3 Speed 

Grade
-4 Speed 

Grade
-5 Speed 

Grade Unit
Industrial Commercial

tC I N  1.232 1.288 2.144 2.454 2.848 ns 

tC O UT 1.237 1.293 2.140 2.450 2.843 ns 

tP L L C I N  -0.109 -0.122 -0.007 -0.021 -0.037 ns 

tP L L C O UT -0.104 -0.117 -0.011 -0.025 -0.042 ns 
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EP2S90 Clock Timing Parameters

Tables 5–56 through 5–59 show the maximum clock timing parameters 
for EP2S90 devices.

Table 5–56. EP2S90 Column Pins Regional Clock Timing Parameters

Parameter
Minimum Timing -3 Speed 

Grade
-4 Speed 

Grade
-5 Speed 

Grade Unit
Industrial Commercial

tC I N  1.768 1.850 3.033 3.473 4.040 ns 

tC O UT 1.611 1.685 2.791 3.195 3.716 ns 

tP L L C I N  -0.127 -0.117 0.125 0.129 0.144 ns 

tP L L C O UT -0.284 -0.282 -0.117 -0.149 -0.18 ns 

Table 5–57. EP2S90 Column Pins Global Clock Timing Parameters

Parameter
Minimum Timing -3 Speed 

Grade
-4 Speed 

Grade
-5 Speed 

Grade Unit
Industrial Commercial

tC I N  1.783 1.868 3.058 3.502 4.070 ns 

tC O UT 1.626 1.703 2.816 3.224 3.746 ns 

tP L L C I N  -0.137 -0.127 0.115 0.119 0.134 ns 

tP L L C O UT -0.294 -0.292 -0.127 -0.159 -0.19 ns 

Table 5–58. EP2S90 Row Pins Regional Clock Timing Parameters

Parameter
Minimum Timing -3 Speed 

Grade
-4 Speed 

Grade
-5 Speed 

Grade Unit
Industrial Commercial

tC I N  1.566 1.638 2.731 3.124 3.632 ns 

tC O UT 1.571 1.643 2.727 3.120 3.627 ns 

tP L L C I N  -0.326 -0.326 -0.178 -0.218 -0.264 ns 

tP L L C O UT -0.321 -0.321 -0.182 -0.222 -0.269 ns 
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1.5-V 
Differential 
HSTL Class II 

16 mA tO P 881 924 1431 1501 1644 1734 ps

tD I P  901 946 1497 1571 1720 1824 ps

18 mA tO P 884 927 1439 1510 1654 1744 

tD I P  904 949 1505 1580 1730 1834 

20 mA tO P 886 929 1450 1521 1666 1757 

tD I P  906 951 1516 1591 1742 1847 

Notes to Table 5–75:
(1) This is the default setting in the Quartus II software.
(2) These I/O standards are only supported on DQS pins.
(3) These numbers apply to -3 speed grade EP2S15, EP2S30, EP2S60, and EP2S90 devices.
(4) These numbers apply to -3 speed grade EP2S130 and EP2S180 devices.

Table 5–76. Stratix II I/O Output Delay for Row Pins (Part 1 of 3)

I/O Standard Drive 
Strength Parameter

Minimum Timing -3 
Speed 
Grade 

(2)

-3 
Speed 
Grade 

(3)

-4 
Speed 
Grade 

-5 
Speed 
Grade 

Unit 
Industrial Commercial

LVTTL 4 mA tO P 1267 1328 2655 2786 3052 3189 ps

tD I P 1225 1285 2600 2729 2989 3116 ps

8 mA tO P 1144 1200 2113 2217 2429 2549 ps

tD I P 1102 1157 2058 2160 2366 2476 ps

12 mA 
(1)

tO P 1091 1144 2081 2184 2392 2512 ps

tD I P 1049 1101 2026 2127 2329 2439 ps

LVCMOS 4 mA tO P 1144 1200 2113 2217 2429 2549 ps

tD I P 1102 1157 2058 2160 2366 2476 ps

8 mA (1) tO P 1044 1094 1853 1944 2130 2243 ps

tD I P 1002 1051 1798 1887 2067 2170 ps

Table 5–75. Stratix II I/O Output Delay for Column Pins (Part 8 of 8)

I/O Standard Drive 
Strength Parameter

Minimum Timing -3 
Speed 
Grade 

(3)

-3 
Speed 
Grade 

(4)

-4 
Speed 
Grade 

-5 
Speed 
Grade 

Unit 
Industrial Commercial
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1.8-V LVTTL OCT 50 Ω 700 550 450 700 550 450 700 550 450

3.3-V LVCMOS OCT 50 Ω 350 350 300 350 350 300 350 350 300

1.5-V LVCMOS OCT 50 Ω 550 450 400 550 450 400 550 450 400

SSTL-2 Class I OCT 50 Ω 600 500 500 600 500 500 600 500 500

SSTL-2 Class II OCT 25 Ω 600 550 500 600 550 500 600 550 500

SSTL-18 Class I OCT 50 Ω 560 400 350 590 400 350 450 400 350

SSTL-18 Class II OCT 25 Ω 550 500 450 - - - 550 500 450

1.2-V HSTL (2) OCT 50 Ω 280 - - - - - 280 - -

1.5-V HSTL 
Class I

OCT 50 Ω 600 550 500 600 550 500 600 550 500

1.8-V HSTL 
Class I

OCT 50 Ω 650 600 600 650 600 600 650 600 600

1.8-V HSTL 
Class II

OCT 25 Ω 500 500 450 - - - 500 500 450

Differential 
SSTL-2 Class I

OCT 50 Ω 600 500 500 600 500 500 600 500 500

Differential 
SSTL-2 Class II

OCT 25 Ω 600 550 500 600 550 500 600 550 500

Differential 
SSTL-18 Class I

OCT 50 Ω 560 400 350 590 400 350 560 400 350

Differential 
SSTL-18 Class II

OCT 25 Ω 550 500 450 - - - 550 500 450

1.8-V Differential 
HSTL Class I

OCT 50 Ω 650 600 600 650 600 600 650 600 600

1.8-V Differential 
HSTL Class II

OCT 25 Ω 500 500 450 - - - 500 500 450

1.5-V Differential 
HSTL Class I

OCT 50 Ω 600 550 500 600 550 500 600 550 500

Table 5–78. Maximum Output Toggle Rate on Stratix II Devices (Part 4 of 5)  Note (1)

I/O Standard Drive 
Strength

Column I/O Pins (MHz) Row I/O Pins (MHz) Clock Outputs (MHz)

-3 -4 -5 -3 -4 -5 -3 -4 -5
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fH S D R (data rate) J = 4 to 10 (LVDS, HyperTransport technology) 150 1,040 Mbps

J = 2 (LVDS, HyperTransport technology) (4) 760 Mbps

J = 1 (LVDS only) (4) 500 Mbps

fH S D R DPA (DPA data rate) J = 4 to 10 (LVDS, HyperTransport technology) 150 1,040 Mbps

TCCS All differential standards - 200 ps

SW All differential standards 330 - ps

Output jitter   190 ps

Output tR I S E All differential I/O standards  160 ps

Output tFA L L All differential I/O standards  180 ps

tDUTY  45 50 55 %

DPA run length   6,400 UI

DPA jitter tolerance Data channel peak-to-peak jitter 0.44 UI

DPA lock time Standard Training 
Pattern

Transition 
Density

 Number of 
repetitions

SPI-4 0000000000
1111111111

10% 256

Parallel Rapid I/O 00001111 25% 256

10010000 50% 256

Miscellaneous 10101010 100% 256

01010101 256

Notes to Table 5–89:
(1) When J = 4 to 10, the SERDES block is used.
(2) When J = 1 or 2, the SERDES block is bypassed.
(3) The input clock frequency and the W factor must satisfy the following fast PLL VCO specification: 150 ≤ input clock 

frequency × W ≤ 1,040.
(4) The minimum specification is dependent on the clock source (fast PLL, enhanced PLL, clock pin, and so on) and 

the clock routing resource (global, regional, or local) utilized. The I/O differential buffer and input register do not 
have a minimum toggle rate.

Table 5–89. High-Speed I/O Specifications for -3 Speed Grade (Part 2 of 2) Notes (1), (2)

Symbol Conditions
-3 Speed Grade

Unit
Min Typ Max


