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Understanding Embedded - FPGAs (Field
Programmable Gate Array)

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

Applications of Embedded - FPGAs

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

Common Subcategories of Embedded -
FPGAs

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

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.
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Table  5:  Summary of Voltage Supply Requirements for 
All Input and Output Standards

I/O Standard

VCCO VREF Termination Type

Output Input Input Output Input

LVDS_33

3.3

N/R

N/R(1) N/R N/R

LVDSEXT_33 N/R N/R N/R

LVPECL_33 N/R N/R N/R

SSTL3_I 1.5 N/R N/R

SSTL3_II 1.5 N/R N/R

AGP 1.32 N/R N/R

LVTTL

3.3

N/R N/R N/R

LVCMOS33 N/R N/R N/R

LVDCI_33 N/R Series N/R

LVDCI_DV2_33 N/R Series N/R

PCI33_3 N/R N/R N/R

PCI66_3 N/R N/R N/R

PCIX N/R N/R N/R

SSTL3_I_DCI 1.5 N/R Split

SSTL3_II_DCI 1.5 Split Split

LVDS_25

2.5

N/R

N/R N/R N/R

LVDSEXT_25 N/R N/R N/R

LDT_25 N/R N/R N/R

ULVDS_25 N/R N/R N/R

BLVDS_25 N/R N/R N/R

SSTL2_I 1.25 N/R N/R

SSTL2_II 1.25 N/R N/R

LVCMOS25

2.5

N/R N/R N/R

LVDCI_25 N/R Series N/R

LVDCI_DV2_25 N/R Series N/R

LVDS_25_DCI N/R N/R Split

LVDSEXT_25_DC
I

N/R N/R Split

SSTL2_I_DCI 1.25 N/R Split

SSTL2_II_DCI 1.25 Split Split

HSTL_III_18

1.8

N/R

1.1 N/R N/R

HSTL_IV_18 1.1 N/R N/R

HSTL_I_18 0.9 N/R N/R

HSTL_II_18 0.9 N/R N/R

SSTL18_I 0.9 N/R N/R

SSTL18_II 0.9 N/R N/R

LVCMOS18

1.8

N/R N/R N/R

LVDCI_18 N/R Series N/R

LVDCI_DV2_18 N/R Series N/R

HSTL_III_DCI_18 1.1 N/R Single

HSTL_IV_DCI_18 1.1 Single Single

HSTL_I_DCI_18 0.9 N/R Split

HSTL_II_DCI_18 0.9 Split Split

SSTL18_I_DCI 0.9 N/R Split

SSTL18_II_DCI 0.9 Split Split

HSTL_III

1.5

N/R

0.9 N/R N/R

HSTL_IV 0.9 N/R N/R

HSTL_I 0.75 N/R N/R

HSTL_II 0.75 N/R N/R

LVCMOS15

1.5

N/R N/R N/R

LVDCI_15 N/R Series N/R

LVDCI_DV2_15 N/R Series N/R

GTLP_DCI 1 Single Single

HSTL_III_DCI 0.9 N/R Single

HSTL_IV_DCI 0.9 Single Single

HSTL_I_DCI 0.75 N/R Split

HSTL_II_DCI 0.75 Split Split

GTL_DCI 1.2 1.2 0.8 Single Single

GTLP
N/R N/R

1 N/R N/R

GTL 0.8 N/R N/R

Notes: 
1. N/R = no requirement.

Table  5:  Summary of Voltage Supply Requirements for 
All Input and Output Standards (Continued)

I/O Standard

VCCO VREF Termination Type

Output Input Input Output Input
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Digitally Controlled Impedance (DCI)
Today’s chip output signals with fast edge rates require ter-
mination to prevent reflections and maintain signal integrity.
High pin count packages (especially ball grid arrays) can
not accommodate external termination resistors.

Virtex-II XCITE DCI provides controlled impedance drivers
and on-chip termination for single-ended and differential
I/Os. This eliminates the need for external resistors, and
improves signal integrity. The DCI feature can be used on
any IOB by selecting one of the DCI I/O standards.

When applied to inputs, DCI provides input parallel termina-
tion. When applied to outputs, DCI provides controlled
impedance drivers (series termination) or output parallel
termination.

DCI operates independently on each I/O bank. When a DCI
I/O standard is used in a particular I/O bank, external refer-
ence resistors must be connected to two dual-function pins
on the bank. These resistors, voltage reference of N transis-
tor (VRN) and the voltage reference of P transistor (VRP)
are shown in Figure 9.

When used with a terminated I/O standard, the value of
resistors are specified by the standard (typically 50Ω).
When used with a controlled impedance driver, the resistors
set the output impedance of the driver within the specified
range (25Ω to 100Ω). For all series and parallel termina-
tions listed in Table 6 and Table 7, the reference resistors
must have the same value for any given bank. One percent
resistors are recommended.

The DCI system adjusts the I/O impedance to match the two
external reference resistors, or half of the reference resis-
tors, and compensates for impedance changes due to volt-
age and/or temperature fluctuations. The adjustment is
done by turning parallel transistors in the IOB on or off.

Controlled Impedance Drivers (Series Term.)

DCI can be used to provide a buffer with a controlled output
impedance. It is desirable for this output impedance to
match the transmission line impedance (Z0). Virtex-II input
buffers also support LVDCI and LVDCI_DV2 I/O standards. 

Controlled Impedance Drivers (Parallel)
DCI also provides on-chip termination for SSTL3, SSTL2,
HSTL (Class I, II, III, or IV), and GTL/GTLP receivers or
transmitters on bidirectional lines.
Table 7 and Table 8 list the on-chip parallel terminations avail-
able in Virtex-II devices. VCCO must be set according to
Table 3. Note that there is a VCCO requirement for GTL_DCI
and GTLP_DCI, due to the on-chip termination resistor.

Figure 9:  DCI in a Virtex-II Bank
DS031_50_101200
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Figure 10:  Internal Series Termination

Table  6:  SelectI/O-Ultra Controlled Impedance Buffers

VCCO DCI DCI Half Impedance

3.3 V LVDCI_33 LVDCI_DV2_33

2.5 V LVDCI_25 LVDCI_DV2_25

1.8 V LVDCI_18 LVDCI_DV2_18

1.5 V LVDCI_15 LVDCI_DV2_15

Table  7:  SelectI/O-Ultra Buffers With On-Chip Parallel 
Termination

I/O Standard 
Description

IOSTANDARD Attribute

External 
Termination

On-Chip 
Termination

SSTL3 Class I SSTL3_I SSTL3_I_DCI(1)

SSTL3 Class II SSTL3_II SSTL3_II_DCI(1)

SSTL2 Class I SSTL2_I SSTL2_I_DCI(1)

SSTL2 Class II SSTL2_II SSTL2_II_DCI(1)

HSTL Class I HSTL_I HSTL_I_DCI

HSTL Class II HSTL_II HSTL_II_DCI

HSTL Class III HSTL_III HSTL_III_DCI

HSTL Class IV HSTL_IV HSTL_IV_DCI

GTL GTL GTL_DCI

GTLP GTLP GTLP_DCI

Notes: 
1. SSTL-compatible

Z

IOB

Z

Virtex-II  DCI

DS031_51_110600
VCCO = 3.3 V, 2.5 V, 1.8 V or 1.5 V
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Table 22 lists fine-phase shifting control pins, when used in
variable mode. 

Two separate components of the phase shift range must be
understood: 

• PHASE_SHIFT attribute range
• FINE_SHIFT_RANGE DCM timing parameter range

The PHASE_SHIFT attribute is the numerator in the following
equation: 

Phase Shift (ns) = (PHASE_SHIFT/256) * PERIODCLKIN 

The full range of this attribute is always -255 to +255, but its
practical range varies with CLKIN frequency, as constrained
by the FINE_SHIFT_RANGE component, which represents
the total delay achievable by the phase shift delay line. Total
delay is a function of the number of delay taps used in the
circuit. Across process, voltage, and temperature, this abso-
lute range is guaranteed to be as specified under DCM Tim-
ing Parameters in Module 3. 

Absolute range (fixed mode) = ± FINE_SHIFT_RANGE

Absolute range (variable mode) = ± FINE_SHIFT_RANGE/2

The reason for the difference between fixed and variable
modes is as follows. For variable mode to allow symmetric,
dynamic sweeps from -255/256 to +255/256, the DCM sets
the "zero phase skew" point as the middle of the delay line,
thus dividing the total delay line range in half.  In fixed mode,
since the PHASE_SHIFT value never changes after configu-
ration, the entire delay line is available for insertion into
either the CLKIN or CLKFB path (to create either positive or
negative skew). 

Taking both of these components into consideration, the fol-
lowing are some usage examples: 

• If PERIODCLKIN = 2 * FINE_SHIFT_RANGE, then 
PHASE_SHIFT in fixed mode is limited to ± 128, and in 
variable mode it is limited to ± 64. 

• If PERIODCLKIN = FINE_SHIFT_RANGE, then 
PHASE_SHIFT in fixed mode is limited to ± 255, and in 
variable mode it is limited to ± 128. 

• If PERIODCLKIN ≤ 0.5 * FINE_SHIFT_RANGE, then 
PHASE_SHIFT is limited to ± 255 in either mode.

Operating Modes
The frequency ranges of DCM input and output clocks
depend on the operating mode specified, either
low-frequency mode or high-frequency mode, according to
Table 23. (For actual values, see Virtex-II Switching Charac-
teristics in Module 3). The CLK2X, CLK2X180, CLK90, and
CLK270 outputs are not available in high-frequency mode.

High or low-frequency mode is selected by an attribute.

Figure 46:  Fine-Phase Shifting Effects
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= FIXED
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(PS/256) x PERIODCLKIN

(PS positive) DS031_48_101201

CLKFB
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Table  22:  Fine-Phase Shifting Control Pins

Control Pin Direction Function

PSINCDEC in Increment or decrement

PSEN in Enable ± phase shift

PSCLK in Clock for phase shift

PSDONE out Active when completed

Table  23:  DCM Frequency Ranges

Output Clock

Low-Frequency Mode High-Frequency Mode

CLKIN Input CLK Output CLKIN Input CLK Output

CLK0, CLK180 CLKIN_FREQ_DLL_LF CLKOUT_FREQ_1X_LF CLKIN_FREQ_DLL_HF CLKOUT_FREQ_1X_HF

CLK90, CLK270 CLKIN_FREQ_DLL_LF CLKOUT_FREQ_1X_LF NA NA

CLK2X, CLK2X180 CLKIN_FREQ_DLL_LF CLKOUT_FREQ_2X_LF NA NA

CLKDV CLKIN_FREQ_DLL_LF CLKOUT_FREQ_DV_LF CLKIN_FREQ_DLL_HF CLKOUT_FREQ_DV_HF

CLKFX, CLKFX180 CLKIN_FREQ_FX_LF CLKOUT_FREQ_FX_LF CLKIN_FREQ_FX_HF CLKOUT_FREQ_FX_HF

http://www.xilinx.com
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Virtex-II Performance Characteristics
This section provides the performance characteristics of
some common functions and designs implemented in
Virtex-II devices. The numbers reported here are worst-case
values; they have all been fully characterized. Note that
these values are subject to the same guidelines as Virtex-II
Switching Characteristics, page 9 (speed files).

Table 11 provides pin-to-pin values (in nanoseconds)
including IOB delays; that is, delay through the device from
input pin to output pin. In the case of multiple inputs and out-
puts, the worst delay is reported. 

Table 12 shows internal (register-to-register) performance. Values are reported in MHz. 

Table  11:  Pin-to-Pin Performance

Description Device Used & Speed Grade Pin-to-Pin (with I/O delays) Units

Basic Functions

16-bit Address Decoder XC2V1000 -5 6.3 ns

32-bit Address Decoder XC2V1000 -5 7.7 ns

64-bit Address Decoder XC2V1000 -5 9.3 ns

4:1 MUX XC2V1000 -5 5.7 ns

8:1 MUX XC2V1000 -5 6.5 ns

16:1 MUX XC2V1000 -5 6.7 ns

32:1 MUX XC2V1000 -5 8.7 ns

Combinatorial (pad to LUT to pad) XC2V1000 -5 5.0 ns

Memory

Block RAM

Pad to setup 1.6 ns

Clock to Pad 9.5 ns

Distributed RAM

Pad to setup XC2V1000 -5 2.7 ns

Clock to Pad XC2V1000 -5 5.1  (no clk skew) ns

Table  12:  Register-to-Register Performance 

Description
Device Used & Speed 

Grade
Register-to-Register 

Performance Units

Basic Functions

16-bit Address Decoder XC2V1000 -5 398 MHz

32-bit Address Decoder XC2V1000 -5 291 MHz

64-bit Address Decoder XC2V1000 -5 274 MHz

4:1 MUX XC2V1000 -5 563 MHz

8:1 MUX XC2V1000 -5 454 MHz

16:1 MUX XC2V1000 -5 414 MHz

32:1 MUX XC2V1000 -5 323 MHz

Register to LUT to Register XC2V1000 -5 613 MHz

http://www.xilinx.com
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LVDCI, 3.3V, Half-Impedance LVDCI_DV2_33 TILVDCI_DV2_33 0.00 0.00 0.00 ns

LVDCI, 2.5V, Half-Impedance LVDCI_DV2_25 TILVDCI_DV2_25 0.11 0.11 0.12 ns

LVDCI, 1.8V, Half-Impedance LVDCI_DV2_18 TILVDCI_DV2_18 0.42 0.43 0.49 ns

LVDCI, 1.5V, Half-Impedance LVDCI_DV2_15 TILVDCI_DV2_15 0.98 1.00 1.14 ns

HSLVDCI (High-Speed Low-Voltage DCI), 1.5V HSLVDCI_15 TIHSLVDCI_15 0.42 0.42 0.48 ns

HSLVDCI, 1.8V HSLVDCI_18 TIHSLVDCI_18 0.52 0.53 0.60 ns

HSLVDCI, 2.5V HSLVDCI_25 TIHSLVDCI_25 0.42 0.42 0.48 ns

HSLVDCI, 3.3V HSLVDCI_33 TIHSLVDCI_33 0.42 0.42 0.48 ns

GTL (Gunning Transceiver Logic) with DCI GTL_DCI TIGTL_DCI 0.42 0.42 0.48 ns

GTL Plus with DCI GTLP_DCI TIGTLP_DCI 0.42 0.42 0.48 ns

HSTL (High-Speed Transceiver Logic), Class I, with DCI HSTL_I_DCI TIHSTL_I_DCI 0.42 0.42 0.48 ns

HSTL, Class II, with DCI HSTL_II_DCI TIHSTL_II_DCI 0.42 0.42 0.48 ns

HSTL, Class III, with DCI HSTL_III_DCI TIHSTL_III_DCI 0.42 0.42 0.48 ns

HSTL, Class IV, with DCI HSTL_IV_DCI TIHSTL_IV_DCI 0.42 0.42 0.48 ns

HSTL, Class I, 1.8V, with DCI HSTL_I_DCI_18 TIHSTL_I_DCI_18 0.42 0.42 0.48 ns

HSTL, Class II, 1.8V, with DCI HSTL_II_DCI_18 TIHSTL_II_DCI_18 0.42 0.42 0.48 ns

HSTL, Class III, 1.8V, with DCI HSTL_III_DCI_18 TIHSTL_III_DCI_18 0.42 0.42 0.48 ns

HSTL, Class IV, 1.8V, with DCI HSTL_IV_DCI_18 TIHSTL_IV_DCI_18 0.42 0.42 0.48 ns

SSTL (Stub Series Terminated Logic), Class I, 1.8V, with DCI SSTL18_I_DCI TISSTL18_I_DCI 0.42 0.42 0.48 ns

SSTL, Class II, 1.8V, with DCI SSTL18_II_DCI TISSTL18_II_DCI 0.42 0.42 0.48 ns

SSTL, Class I, 2.5V, with DCI SSTL2_I_DCI TISSTL2_I_DCI 0.42 0.42 0.48 ns

SSTL, Class II, 2.5V, with DCI SSTL2_II_DCI TISSTL2_II_DCI 0.42 0.42 0.48 ns

SSTL, Class I, 3.3V, with DCI SSTL3_I_DCI TISSTL3_I_DCI 0.35 0.35 0.40 ns

SSTL, Class II, 3.3V, with DCI SSTL3_II_DCI TISSTL3_II_DCI 0.35 0.35 0.40 ns

LVDS (Low-Voltage Differential Signaling), 2.5V, with DCI LVDS_25_DCI TILVDS_25_DCI 0.60 0.60 0.69 ns

LVDS, 3.3V, with DCI LVDS_33_DCI TILVDS_33_DCI 0.60 0.60 0.69 ns

LVDSEXT (LVDS Extended Mode), 2.5V, with DCI LVDSEXT_25_DCI TILVDSEXT_25_DCI 0.58 0.59 0.79 ns

LVDSEXT, 3.3V, with DCI LVDSEXT_33_DCI TILVDSEXT_33_DCI 0.56 0.56 0.65 ns

Notes: 
1. Input timing for LVTTL is measured at 1.4V. For other I/O standards, see Table 18.

Table  15:  IOB Input Switching Characteristics Standard Adjustments  (Continued)

Description
IOSTANDARD 

Attribute
Timing 

Parameter

 Speed Grade

Units-6 -5 -4
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Table  27:  Enhanced Pipelined Multiplier Switching Characteristics

 

Description Symbol

Speed Grade

Units-6 -5 -4 

 Setup and Hold Times Before/After Clock

Data Inputs TMULIDCK/TMULCKID 3.00/0.00 3.45/0.00 3.89/0.00 ns, Max

Clock Enable TMULIDCK_CE/TMULCKID_CE 0.72/0.00 0.80/0.00 0.86/0.00 ns, Max

Reset TMULIDCK_RST/TMULCKID_RST 0.72/0.00 0.80/0.00 0.86/0.00 ns, Max

Clock to Output Pin

Clock to Pin 35 TMULTCK1_P35 3.05 3.25 3.74 ns, Max

Clock to Pin 34 TMULTCK1_P34 2.95 3.14 3.61 ns, Max

Clock to Pin 33 TMULTCK1_P33 2.85 3.04 3.49 ns, Max

Clock to Pin 32 TMULTCK1_P32 2.76 2.93 3.37 ns, Max

Clock to Pin 31 TMULTCK1_P31 2.66 2.82 3.25 ns, Max

Clock to Pin 30 TMULTCK1_P30 2.56 2.72 3.12 ns, Max

Clock to Pin 29 TMULTCK1_P29 2.47 2.61 3.00 ns, Max

Clock to Pin 28 TMULTCK1_P28 2.37 2.50 2.88 ns, Max

Clock to Pin 27 TMULTCK1_P27 2.27 2.40 2.75 ns, Max

Clock to Pin 26 TMULTCK1_P26 2.17 2.29 2.63 ns, Max

Clock to Pin 25 TMULTCK1_P25 2.08 2.18 2.51 ns, Max

Clock to Pin 24 TMULTCK1_P24 1.98 2.07 2.38 ns, Max

Clock to Pin 23 TMULTCK1_P23 1.88 1.97 2.26 ns, Max

Clock to Pin 22 TMULTCK1_P22 1.79 1.86 2.14 ns, Max

Clock to Pin 21 TMULTCK1_P21 1.69 1.75 2.02 ns, Max

Clock to Pin 20 TMULTCK1_P20 1.59 1.65 1.89 ns, Max

Clock to Pin 19 TMULTCK1_P19 1.50 1.54 1.77 ns, Max

Clock to Pin 18 TMULTCK1_P18 1.40 1.43 1.65 ns, Max

Clock to Pin 17 TMULTCK1_P17 1.30 1.33 1.52 ns, Max

Clock to Pin 16 TMULTCK1_P16 1.20 1.22 1.40 ns, Max

Clock to Pin 15 TMULTCK1_P15 1.11 1.11 1.28 ns, Max

Clock to Pin 14 TMULTCK1_P14 1.01 1.00 1.15 ns, Max

Clock to Pin 13 TMULTCK1_P13 0.91 1.00 1.15 ns, Max

Clock to Pin 12 TMULTCK1_P12 0.91 1.00 1.15 ns, Max

Clock to Pin 11 TMULTCK1_P11 0.91 1.00 1.15 ns, Max

Clock to Pin 10 TMULTCK1_P10 0.91 1.00 1.15 ns, Max

Clock to Pin 9 TMULTCK1_P9 0.91 1.00 1.15 ns, Max

Clock to Pin 8 TMULTCK1_P8 0.91 1.00 1.15 ns, Max

Clock to Pin 7 TMULTCK1_P7 0.91 1.00 1.15 ns, Max

Clock to Pin 6 TMULTCK1_P6 0.91 1.00 1.15 ns, Max

Clock to Pin 5 TMULTCK1_P5 0.91 1.00 1.15 ns, Max

Clock to Pin 4 TMULTCK1_P4 0.91 1.00 1.15 ns, Max

Clock to Pin 3 TMULTCK1_P3 0.91 1.00 1.15 ns, Max

Clock to Pin 2 TMULTCK1_P2 0.91 1.00 1.15 ns, Max

Clock to Pin 1 TMULTCK1_P1 0.91 1.00 1.15 ns, Max

Clock to Pin 0 TMULTCK1_P0 0.91 1.00 1.15 ns, Max
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Virtex-II Pin-to-Pin Input Parameter Guidelines
All devices are 100% functionally tested. Listed below are representative values for typical pin locations and normal clock
loading. Values are expressed in nanoseconds unless otherwise noted.

Global Clock Setup and Hold for LVTTL Standard, With DCM 
 

Table  36:  Global Clock Setup and Hold for LVTTL Standard, With DCM

Description Symbol Device

Speed Grade

Units-6 -5 -4 

Input Setup and Hold Time Relative 
to Global Clock Input Signal for 
LVTTL Standard. 

For data input with different 
standards, adjust the setup time 
delay by the values shown in IOB 
Input Switching Characteristics 
Standard Adjustments, page 11.

No Delay

Global Clock and IFF with DCM

TPSDCM/TPHDCM XC2V40 1.60/–0.90 1.60/–0.90 1.84/–0.76 ns

XC2V80 1.60/–0.90 1.60/–0.90 1.84/–0.76 ns

XC2V250 1.60/–0.90 1.60/–0.90 1.84/–0.76 ns

XC2V500 1.60/–0.90 1.60/–0.90 1.84/–0.76 ns

XC2V1000 1.60/–0.90 1.60/–0.90 1.84/–0.76 ns

XC2V1500 1.60/–0.90 1.60/–0.90 1.84/–0.76 ns

XC2V2000 1.70/–0.90 1.70/–0.90 1.96/–0.76 ns

XC2V3000 1.70/–0.90 1.70/–0.90 1.96/–0.76 ns

XC2V4000 1.70/–0.90 1.70/–0.90 1.96/–0.76 ns

XC2V6000 1.70/–0.90 1.70/–0.90 1.96/–0.76 ns

XC2V8000 1.70/–0.90 1.96/–0.76 ns

Notes: 
1. IFF = Input Flip-Flop or Latch 
2. Setup time is measured relative to the Global Clock input signal with the fastest route and the lightest load. Hold time is measured 

relative to the Global Clock input signal with the slowest route and heaviest load.
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08/01/03 3.0 • Table 13: All Virtex-II devices and speed grades now Production.
• Updated values in Virtex-II Performance Characteristics and Virtex-II Switching 

Characteristics tables, based on values extracted from speedsfile version 1.116.
• Table 34 and Table 35: Revised test setup footnote to refer to Figure 1. Previously 

specified a capacitive load parameter.
• Figure 1: Added note to figure regarding termination resistors.

10/14/03 3.1 • Table 1: Changed TJ description from “Operating junction temperature” to “Maximum 
junction temperature”. 

• In section General Power Supply Requirements, replaced reference to Answer Record 
11713 with reference to XAPP689 regarding handling of simultaneously switching 
outputs (SSO).

• In section I/O Standard Adjustment Measurement Methodology:
- Table 18 renamed Input Delay Measurement Methodology. Added footnotes.
- Added new Table 19, Output Delay Measurement Methodology. 
- Replaced Figure 1, Generalized Test Setup, with new drawing. 
- Revised and extended text describing output delay measurement procedure.

• Table 45, Table 47, and Table 48: All Source-Synchronous parameters for all devices 
now available in these tables.

• XC2V8000 is no longer offered in the -6 speed grade. The following tables containing 
parameters or other references to this device/grade combination were corrected 
accordingly: Table 13, Table 14, Table 34, Table 35, Table 36, Table 37, Table 45, 
Table 47, and Table 48.

• Table 39: For Input Clock Low/High Pulse Width, PSCLK and CLKIN, changed existing 
Footnote (2) to new Footnote (3).

03/29/04 3.2 • Table 4: 
- For XC2V40, added Maximum quiescent supply current specifications.
- For all devices, updated Typical specifications for ICCINTQ and ICCAUXQ.

• Section Power-On Power Supply Requirements, page 3: Added Footnote (1) qualifying 
statement that power supplies can be turned on in any sequence.

• Added section Configuration Timing, page 27. This section includes new timing 
diagrams as well as parameter specification tables formerly included in the Virtex-II 
Platform FPGA User Guide.

• Table 20, Clock Distribution Switching Characteristics: Added parameter TGSI/TGIS 
(Global Clock Buffer S Input Setup/Hold to I1 and I2 Inputs).

• Table 38, Operating Frequency Ranges: Added Footnote (4) to all four CLKIN 
parameters.

• Recompiled for backward compatibility with Acrobat 4 and above. 

06/24/04 3.3 • Table 1: Added TSOL parameters for Pb-free package devices.

03/01/05 3.4 • Updated values in Virtex-II Performance Characteristics and Virtex-II Switching 
Characteristics tables, based on values extracted from speedsfile version 1.120.

• Table 2: Corrected Footnote (1) to require connecting VBATT to VCCAUX or GND if 
battery is not used.

• Table 3: Corrected "VREF current per bank" to "VREF current per pin."
• Section Power-On Power Supply Requirements: Added word “monotonically” to 

description of supply voltage ramp-on requirements. Added sentence to footnote (1) 
indicating that if the stated requirements are violated, no damage to the device will 
result, but configuration will probably fail.

• Figure 3 and Figure 4: Corrected to show DOUT transitions driven by falling edge of 
CCLK.

Date Version Revision

http://www.xilinx.com/bvdocs/appnotes/xapp689.pdf
http://www.xilinx.com/bvdocs/userguides/ug002.pdf
http://www.xilinx.com/bvdocs/userguides/ug002.pdf
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2  IO_L96N_2  G11

2  IO_L96P_2  G13

3  IO_L96N_3  G12

3  IO_L96P_3  H12

3  IO_L94N_3  H11

3  IO_L94P_3  J13

3  IO_L03N_3/VREF_3  J10

3  IO_L03P_3  K13

3  IO_L02N_3/VRP_3  K12

3  IO_L02P_3/VRN_3  K11

3  IO_L01N_3  K10

3  IO_L01P_3  L13

4  IO_L01N_4/BUSY/DOUT(1)  M11

4  IO_L01P_4/INIT_B  N11

4  IO_L02N_4/D0/DIN(1)  L10

4  IO_L02P_4/D1  M10

4  IO_L03N_4/D2/ALT_VRP_4  N10

4  IO_L03P_4/D3/ALT_VRN_4  K9

4  IO_L94N_4/VREF_4  N9

4  IO_L94P_4  K8

4  IO_L95N_4/GCLK3S  L8

4  IO_L95P_4/GCLK2P  M8

4  IO_L96N_4/GCLK1S  N8

4  IO_L96P_4/GCLK0P  K7

5  IO_L96N_5/GCLK7S  N7

5  IO_L96P_5/GCLK6P  M7

5  IO_L95N_5/GCLK5S  N6

5  IO_L95P_5/GCLK4P  M6

5  IO_L94N_5  L6

5  IO_L94P_5/VREF_5  K6

5  IO_L03N_5/D4/ALT_VRP_5  L5

5  IO_L03P_5/D5/ALT_VRN_5  K5

5  IO_L02N_5/D6  N4

5  IO_L02P_5/D7  M4

5  IO_L01N_5/RDWR_B  L4

5  IO_L01P_5/CS_B  K4

Table  5:  CS144/CSG144 — XC2V40, XC2V80, and XC2V250

Bank Pin Description Pin Number No Connect in the XC2V40
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2  IO_L45N_2  H23

2  IO_L45P_2/VREF_2  H24

2  IO_L46N_2  J21

2  IO_L46P_2  J20

2  IO_L48N_2  H25

2  IO_L48P_2  H26

2  IO_L49N_2  J22

2  IO_L49P_2  J23

2  IO_L51N_2  K21

2  IO_L51P_2/VREF_2  K22

2  IO_L52N_2  K20

2  IO_L52P_2  L20

2  IO_L54N_2  J24

2  IO_L54P_2  J25

2  IO_L67N_2  K23

2  IO_L67P_2  K24

2  IO_L69N_2  J26

2  IO_L69P_2/VREF_2  K26

2  IO_L70N_2  L22

2  IO_L70P_2  L21

2  IO_L72N_2  L25

2  IO_L72P_2  L26

2  IO_L73N_2  L19 NC

2  IO_L73P_2  M19 NC

2  IO_L75N_2  L23 NC

2  IO_L75P_2/VREF_2  L24 NC

2  IO_L76N_2  M22 NC

2  IO_L76P_2  M21 NC

2  IO_L78N_2  M23 NC

2  IO_L78P_2  M24 NC

2  IO_L91N_2  M25

2  IO_L91P_2  M26

2  IO_L93N_2  M20

2  IO_L93P_2/VREF_2  N20

2  IO_L94N_2  N22

2  IO_L94P_2  N21

2  IO_L96N_2  N24

Table  8:  FG676/FGG676 BGA — XC2V1500, XC2V2000, and XC2V3000

Bank Pin Description Pin Number No Connect in XC2V1500 No Connect in XC2V2000
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2  IO_L70P_2  N19

2  IO_L72N_2  M22

2  IO_L72P_2  M23

2  IO_L73N_2  M24

2  IO_L73P_2  N24

2  IO_L75N_2  M26

2  IO_L75P_2/VREF_2  M27

2  IO_L76N_2  N20

2  IO_L76P_2  N21

2  IO_L78N_2  N22

2  IO_L78P_2  N23

2  IO_L91N_2  N25

2  IO_L91P_2  P25

2  IO_L93N_2  N26

2  IO_L93P_2/VREF_2  N27

2  IO_L94N_2  P20

2  IO_L94P_2  P21

2  IO_L96N_2  P22

2  IO_L96P_2  P23

3  IO_L96N_3  R27

3  IO_L96P_3  R26

3  IO_L94N_3  R25

3  IO_L94P_3  R24

3  IO_L93N_3/VREF_3  R23

3  IO_L93P_3  T23

3  IO_L91N_3  R22

3  IO_L91P_3  R21

3  IO_L78N_3  R20

3  IO_L78P_3  R19

3  IO_L76N_3  T27

3  IO_L76P_3  T26

3  IO_L75N_3/VREF_3  T24

3  IO_L75P_3  U24

3  IO_L73N_3  T22

3  IO_L73P_3  U22

Table  10:  BG728 BGA — XC2V3000

Bank Pin Description Pin Number
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FF896 Flip-Chip Fine-Pitch BGA Package
As shown in Table 11, XC2V1000, XC2V1500, and XC2V2000 Virtex-II devices are available in the FF896 flip-chip fine-pitch
BGA package. Pins in the XC2V1000, XC2V1500, and XC2V2000 devices are the same, except for the pin differences in the
XC2V1000 and XC2V1500 devices shown in the No Connect columns. Following this table are the FF896 Flip-Chip
Fine-Pitch BGA Package Specifications (1.00mm pitch).

Table  11:  FF896 BGA — XC2V1000, XC2V1500, and XC2V2000

Bank Pin Description Pin Number No Connect in the XC2V1000 No Connect in the XC2V1500

0  IO_L01N_0  B27

0  IO_L01P_0  A27

0  IO_L02N_0  F24

0  IO_L02P_0  E24

0  IO_L03N_0/VRP_0  C26

0  IO_L03P_0/VRN_0  C25

0  IO_L04N_0/VREF_0  A26

0  IO_L04P_0  A25

0  IO_L05N_0  F23

0  IO_L05P_0  F22

0  IO_L06N_0  C24

0  IO_L06P_0  D25

0  IO_L19N_0  A24

0  IO_L19P_0  B25

0  IO_L20N_0  G22

0  IO_L20P_0  G21

0  IO_L21N_0  D24

0  IO_L21P_0/VREF_0  D23

0  IO_L22N_0  B23

0  IO_L22P_0  B24

0  IO_L23N_0  H21

0  IO_L23P_0  H20

0  IO_L24N_0  E22

0  IO_L24P_0  E23

0  IO_L49N_0  A22

0  IO_L49P_0  B22

0  IO_L50N_0  F21

0  IO_L50P_0  F20

0  IO_L51N_0  C23

0  IO_L51P_0/VREF_0  C22

0  IO_L52N_0  B20

0  IO_L52P_0  B21
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6  IO_L95P_6  W30

6  IO_L95N_6  V30

6  IO_L96P_6  V32

6  IO_L96N_6  W32

7  IO_L96P_7  U31

7  IO_L96N_7  V31

7  IO_L95P_7  T28

7  IO_L95N_7  U28

7  IO_L94P_7  U33

7  IO_L94N_7  U34

7  IO_L93P_7/VREF_7  U29

7  IO_L93N_7  T29

7  IO_L92P_7  U27

7  IO_L92N_7  U26

7  IO_L91P_7  T30

7  IO_L91N_7  U30

7  IO_L84P_7  R32 NC

7  IO_L84N_7  T32 NC

7  IO_L83P_7  U25 NC

7  IO_L83N_7  T25 NC

7  IO_L82P_7  R34 NC

7  IO_L82N_7  T33 NC

7  IO_L81P_7/VREF_7  N34 NC

7  IO_L81N_7  P34 NC

7  IO_L80P_7  U24 NC

7  IO_L80N_7  T24 NC

7  IO_L79P_7  R31 NC

7  IO_L79N_7  T31 NC

7  IO_L78P_7  N32

7  IO_L78N_7  P32

7  IO_L77P_7  T27

7  IO_L77N_7  R27

7  IO_L76P_7  N33

7  IO_L76N_7  P33

7  IO_L75P_7/VREF_7  R29

Table  12:  FF1152 BGA — XC2V3000, XC2V4000, XC2V6000, and XC2V8000

Bank Pin Description Pin Number No Connect in the XC2V3000
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2  IO_L33P_2/VREF_2  J4 NC

2  IO_L34N_2  K2 NC

2  IO_L34P_2  J2 NC

2  IO_L35N_2  P12 NC

2  IO_L35P_2  R12 NC

2  IO_L36N_2  M6 NC

2  IO_L36P_2  L6 NC

2  IO_L43N_2  L3

2  IO_L43P_2  K3

2  IO_L44N_2  N9

2  IO_L44P_2  P9

2  IO_L45N_2  M4

2  IO_L45P_2/VREF_2  L4

2  IO_L46N_2  L1

2  IO_L46P_2  K1

2  IO_L47N_2  P10

2  IO_L47P_2  R10

2  IO_L48N_2  N5

2  IO_L48P_2  M5

2  IO_L49N_2  N3

2  IO_L49P_2  M3

2  IO_L50N_2  N8

2  IO_L50P_2  P8

2  IO_L51N_2  T11

2  IO_L51P_2/VREF_2  R11

2  IO_L52N_2  N2

2  IO_L52P_2  M2

2  IO_L53N_2  T12

2  IO_L53P_2  U12

2  IO_L54N_2  P6

2  IO_L54P_2  N6

2  IO_L55N_2  N1

2  IO_L55P_2  M1

2  IO_L56N_2  R8

2  IO_L56P_2  T8

2  IO_L57N_2  R7

Table  13:  FF1517 BGA — XC2V4000, XC2V6000, and XC2V8000

Bank Pin Description Pin Number No Connect in the XC2V4000 No Connect in the XC2V6000

http://www.xilinx.com


Virtex-II Platform FPGAs: Pinout Information
R

DS031-4 (v3.5) November 5, 2007 www.xilinx.com Module 4 of 4
Product Specification 166

3  IO_L82N_3  AA4

3  IO_L82P_3  AB4

3  IO_L81N_3/VREF_3  AB11

3  IO_L81P_3  AA11

3  IO_L80N_3  AC1

3  IO_L80P_3  AD1

3  IO_L79N_3  AA7

3  IO_L79P_3  AB7

3  IO_L78N_3  AB12

3  IO_L78P_3  AA12

3  IO_L77N_3  AC2

3  IO_L77P_3  AC3

3  IO_L76N_3  AB5

3  IO_L76P_3  AC5

3  IO_L75N_3/VREF_3  AD9

3  IO_L75P_3  AC9

3  IO_L74N_3  AD2

3  IO_L74P_3  AE2

3  IO_L73N_3  AB6

3  IO_L73P_3  AC6

3  IO_L72N_3  AD10

3  IO_L72P_3  AC10

3  IO_L71N_3  AD3

3  IO_L71P_3  AE3

3  IO_L70N_3  AC7

3  IO_L70P_3  AD7

3  IO_L69N_3/VREF_3  AE8

3  IO_L69P_3  AD8

3  IO_L68N_3  AE1

3  IO_L68P_3  AF1

3  IO_L67N_3  AD4

3  IO_L67P_3  AE4

3  IO_L60N_3  AD12

3  IO_L60P_3  AC12

3  IO_L59N_3  AF3

3  IO_L59P_3  AG3

Table  13:  FF1517 BGA — XC2V4000, XC2V6000, and XC2V8000

Bank Pin Description Pin Number No Connect in the XC2V4000 No Connect in the XC2V6000
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5  IO_L79N_5  AV24

5  IO_L79P_5  AV23

5  IO_L78N_5  AP23

5  IO_L78P_5  AP22

5  IO_L77N_5  AJ21

5  IO_L77P_5  AJ22

5  IO_L76N_5  AU24

5  IO_L76P_5  AU23

5  IO_L75N_5/VREF_5  AT25

5  IO_L75P_5  AT24

5  IO_L74N_5  AH21

5  IO_L74P_5  AH22

5  IO_L73N_5  AW26

5  IO_L73P_5  AW25

5  IO_L72N_5  AR25

5  IO_L72P_5  AR24

5  IO_L71N_5  AN23

5  IO_L71P_5  AN24

5  IO_L70N_5  AU25

5  IO_L70P_5  AV25

5  IO_L69N_5/VREF_5  AL24

5  IO_L69P_5  AL23

5  IO_L68N_5  AK23

5  IO_L68P_5  AK24

5  IO_L67N_5  AU27

5  IO_L67P_5  AU26

5  IO_L60N_5  AP25

5  IO_L60P_5  AP24

5  IO_L59N_5  AM24

5  IO_L59P_5  AM25

5  IO_L58N_5  AW28

5  IO_L58P_5  AW27

5  IO_L57N_5/VREF_5  AT27

5  IO_L57P_5  AT26

5  IO_L56N_5  AH23

5  IO_L56P_5  AH24

Table  13:  FF1517 BGA — XC2V4000, XC2V6000, and XC2V8000

Bank Pin Description Pin Number No Connect in the XC2V4000 No Connect in the XC2V6000
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3  IO_L50P_3  AB3

3  IO_L49N_3  AB5

3  IO_L49P_3  AC5

3  IO_L48N_3  W9

3  IO_L48P_3  Y9

3  IO_L47N_3  AC1

3  IO_L47P_3  AD1

3  IO_L46N_3  AC3

3  IO_L46P_3  AD3

3  IO_L45N_3/VREF_3  Y8

3  IO_L45P_3  AA8

3  IO_L44N_3  AC2

3  IO_L44P_3  AE2

3  IO_L43N_3  AB7

3  IO_L43P_3  AC7

3  IO_L27N_3/VREF_3  Y10 NC

3  IO_L27P_3  AA10 NC

3  IO_L25N_3  AE1 NC

3  IO_L25P_3  AF1 NC

3  IO_L24N_3  AF2

3  IO_L24P_3  AG2

3  IO_L23N_3  AA9

3  IO_L23P_3  AB9

3  IO_L22N_3  AD4

3  IO_L22P_3  AE4

3  IO_L21N_3/VREF_3  AD5

3  IO_L21P_3  AE5

3  IO_L20N_3  AB8

3  IO_L20P_3  AC8

3  IO_L19N_3  AG1

3  IO_L19P_3  AH1

3  IO_L06N_3  AF4

3  IO_L06P_3  AG4

3  IO_L05N_3  AB10

3  IO_L05P_3  AB11

3  IO_L04N_3  AF3

3  IO_L04P_3  AG3

3  IO_L03N_3/VREF_3  AD6

Table  14:   BF957 — XC2V2000, XC2V3000, XC2V4000, and XC2V6000

Bank Pin Description Pin Number No Connect in XC2V2000
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4  IO_L29N_4  AL6 NC

4  IO_L29P_4  AL7 NC

4  IO_L30N_4  AJ9 NC

4  IO_L30P_4  AJ10 NC

4  IO_L49N_4  AE11

4  IO_L49P_4  AE12

4  IO_L50N_4  AG10

4  IO_L50P_4  AG11

4  IO_L51N_4  AL8

4  IO_L51P_4/VREF_4  AL9

4  IO_L52N_4  AF12

4  IO_L52P_4  AF13

4  IO_L53N_4  AK9

4  IO_L53P_4  AK10

4  IO_L54N_4  AH11

4  IO_L54P_4  AH12

4  IO_L67N_4  AC12

4  IO_L67P_4  AC13

4  IO_L68N_4  AG12

4  IO_L68P_4  AG13

4  IO_L69N_4  AL10

4  IO_L69P_4/VREF_4  AL11

4  IO_L70N_4  AD13

4  IO_L70P_4  AD15

4  IO_L71N_4  AJ11

4  IO_L71P_4  AJ12

4  IO_L72N_4  AK11

4  IO_L72P_4  AK12

4  IO_L73N_4  AE14

4  IO_L73P_4  AE15

4  IO_L74N_4  AF14

4  IO_L74P_4  AF15

4  IO_L75N_4  AL12

4  IO_L75P_4/VREF_4  AL13

4  IO_L76N_4  AB14

4  IO_L76P_4  AC14

4  IO_L77N_4  AH13

4  IO_L77P_4  AH14

Table  14:   BF957 — XC2V2000, XC2V3000, XC2V4000, and XC2V6000

Bank Pin Description Pin Number No Connect in XC2V2000
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NA  GND  D10

NA  GND  D16

NA  GND  D22

NA  GND  D28

NA  GND  E5

NA  GND  E27

NA  GND  F6

NA  GND  F26

NA  GND  G7

NA  GND  G13

NA  GND  G16

NA  GND  G19

NA  GND  G25

NA  GND  H2

NA  GND  H8

NA  GND  H24

NA  GND  H30

NA  GND  J9

NA  GND  J23

NA  GND  K4

NA  GND  K16

NA  GND  K28

NA  GND  N7

NA  GND  N25

NA  GND  P14

NA  GND  P15

NA  GND  P16

NA  GND  P17

NA  GND  P18

NA  GND  R14

NA  GND  R15

NA  GND  R16

NA  GND  R17

NA  GND  R18

NA  GND  T1

NA  GND  T4

NA  GND  T7

NA  GND  T10

Table  14:   BF957 — XC2V2000, XC2V3000, XC2V4000, and XC2V6000

Bank Pin Description Pin Number No Connect in XC2V2000
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Revision History
This section records the change history for this module of the data sheet. 

Date Version Revision

11/07/00 1.0 Early access draft.

11/22/00 1.1 Initial Xilinx release. Made the following corrections:
CS144 package - Table 5, page 5:
• Added missing pin D10 in Bank 1.
• Changed dedicated pins A2 and B2 to RSVD (from DXN and DXP).
FG256 package - Table 6, page 10:
• Changed dedicated pins A3 and A4 to RSVD (from DXN and DXP).
FG896 package - Table 11, page 94:
• Corrected pin AG1 in Bank 4 to be AG12.
FF1152 package - Table 12, page 120:
• Corrected pin Y3 in Bank 6 to be Y32.

12/19/00 1.2 Reverse designations were fixed for pins in every package.

01/25/01 1.3 Data sheet divided into four modules (per current style standard). DXN and DXP pin 
information added for CS144 package (Table 5) and FG256 package (Table 6). 

02/07/01 1.4 DXN and DXP pin information was changed back to RSVD for the CS144 package (Table 5) 
and the FG256 package (Table 6). 

04/02/01 1.5 • ALT_VRN and ALT_VRP pin information was added for each package. 
• Table 8, page 34 – added No Connect designations for the XC2V1500 device in the 

FG676 package.
• Reverted to traditional double-column format.

11/07/01 1.6 • Updated list of devices supported in the FF1152, FF1517, and BF957 packages.

09/26/02 1.7 • Updated Table 3 to reflect devices supported in the BG728 and BF957 packages.
• Added mention of LVPECL to pin definition in Table 4.

10/07/02 1.8 • Corrected Table 10 heading to reflect supported devices in the BG728 package.

12/06/02 1.8.1 • Enhanced the description of the PWRDWN_B pin in Table 4.

05/07/03 1.8.2 • Added clarification to Table 4 and all device pinout tables regarding the dual-use 
nature of pins D0/DIN and BUSY/DOUT during configuration.

06/19/03 1.8.3 • The final GND pin in each of five pinout tables was inadvertently deleted in v1.8.2. This 
revision restores the deleted GND pins as follows:
- Pin C5, Table 5, page 5 (CS144)
- Pin A1, Table 6, page 10 (FG256)
- Pin A2, Table 10, page 72 (BG728)
- Pin A2, Table 12, page 120 (FF1152)
- Pin AL30, Table 14, page 198 (BF957)

08/01/03 2.0 All Virtex-II devices and speed grades now Production. See Table 13, Module 3.

03/29/04 2.0.1 Recompiled for backward compatibility with Acrobat 4 and above. 

06/24/04 3.3 Added references to, and new package drawings for, Pb-free wire-bond packages CSG, 
FGG, and BGG. (Revision number advanced to level of complete data sheet.)

03/01/05 3.4 Table 4: Changed Direction for User I/O pins (IO_LXXY_#) from “Input/Output” to 
“Input/Output/Bidirectional”. Added requirement to VBATT to connect pin to VCCAUX or GND 
if battery is not used. 

11/05/07 3.5 Updated copyright notice and legal disclaimer.
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