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Architectural Description

Virtex Array

The Virtex user-programmable gate array, shown in
Figure 1, comprises two major configurable elements: con-
figurable logic blocks (CLBs) and input/output blocks
(10Bs).

e CLBs provide the functional elements for constructing
logic

* |0Bs provide the interface between the package pins
and the CLBs

CLBs interconnect through a general routing matrix (GRM).
The GRM comprises an array of routing switches located at
the intersections of horizontal and vertical routing channels.
Each CLB nests into a VersaBlock™ that also provides local
routing resources to connect the CLB to the GRM.

The VersaRing™ /O interface provides additional routing
resources around the periphery of the device. This routing
improves I/O routability and facilitates pin locking.

The Virtex architecture also includes the following circuits
that connect to the GRM.

¢ Dedicated block memories of 4096 bits each

* Clock DLLs for clock-distribution delay compensation
and clock domain control

e 3-State buffers (BUFTs) associated with each CLB that
drive dedicated segmentable horizontal routing
resources

Values stored in static memory cells control the configurable
logic elements and interconnect resources. These values
load into the memory cells on power-up, and can reload if
necessary to change the function of the device.

Input/Output Block

The Virtex IOB, Figure 2, features SelectlO™ inputs and
outputs that support a wide variety of 1/0 signalling stan-
dards, see Table 1.

The three IOB storage elements function either as edge-trig-
gered D-type flip-flops or as level sensitive latches. Each
IOB has a clock signal (CLK) shared by the three flip-flops
and independent clock enable signals for each flip-flop.

In addition to the CLK and CE control signals, the three
flip-flops share a Set/Reset (SR). For each flip-flop, this sig-
nal can be independently configured as a synchronous Set,
a synchronous Reset, an asynchronous Preset, or an asyn-
chronous Clear.

The output buffer and all of the IOB control signals have
independent polarity controls.
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Figure 1: Virtex Architecture Overview

All pads are protected against damage from electrostatic
discharge (ESD) and from over-voltage transients. Two
forms of over-voltage protection are provided, one that per-
mits 5 V compliance, and one that does not. For 5 V compli-
ance, a Zener-like structure connected to ground turns on
when the output rises to approximately 6.5 V. When PCI
3.3 V compliance is required, a conventional clamp diode is
connected to the output supply voltage, Veco.

Optional pull-up and pull-down resistors and an optional
weak-keeper circuit are attached to each pad. Prior to con-
figuration, all pins not involved in configuration are forced
into their high-impedance state. The pull-down resistors and
the weak-keeper circuits are inactive, but inputs can option-
ally be pulled up.

The activation of pull-up resistors prior to configuration is
controlled on a global basis by the configuration mode pins.
If the pull-up resistors are not activated, all the pins will float.
Consequently, external pull-up or pull-down resistors must
be provided on pins required to be at a well-defined logic
level prior to configuration.

All Virtex 10Bs support IEEE 1149.1-compatible boundary
scan testing.
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Input Path

A buffer In the Virtex 0B input path routes the input signal
either directly to internal logic or through an optional input
flip-flop.

An optional delay element at the D-input of this flip-flop elim-
inates pad-to-pad hold time. The delay is matched to the
internal clock-distribution delay of the FPGA, and when
used, assures that the pad-to-pad hold time is zero.

Each input buffer can be configured to conform to any of the
low-voltage signalling standards supported. In some of
these standards the input buffer utilizes a user-supplied
threshold voltage, Vgeg The need to supply Vggg imposes
constraints on which standards can used in close proximity
to each other. See I/0O Banking, page 3.

There are optional pull-up and pull-down resistors at each
user I/O input for use after configuration. Their value is in
the range 50 kQ — 100 kQ.

Output Path

The output path includes a 3-state output buffer that drives
the output signal onto the pad. The output signal can be
routed to the buffer directly from the internal logic or through
an optional 0B output flip-flop.

The 3-state control of the output can also be routed directly
from the internal logic or through a flip-flip that provides syn-
chronous enable and disable.

Each output driver can be individually programmed for a
wide range of low-voltage signalling standards. Each output
buffer can source up to 24 mA and sink up to 48mA. Drive
strength and slew rate controls minimize bus transients.

In most signalling standards, the output High voltage
depends on an externally supplied V¢ voltage. The need
to supply Vgco imposes constraints on which standards
can be used in close proximity to each other. See 1/0 Bank-
ing, page 3.

An optional weak-keeper circuit is connected to each out-
put. When selected, the circuit monitors the voltage on the
pad and weakly drives the pin High or Low to match the
input signal. If the pin is connected to a multiple-source sig-
nal, the weak keeper holds the signal in its last state if all
drivers are disabled. Maintaining a valid logic level in this
way eliminates bus chatter.

Because the weak-keeper circuit uses the IOB input buffer
to monitor the input level, an appropriate Vygg voltage must
be provided if the signalling standard requires one. The pro-
vision of this voltage must comply with the I/O banking
rules.

I/O Banking

Some of the I/O standards described above require Veco
and/or Vggg voltages. These voltages externally and con-
nected to device pins that serve groups of IOBs, called
banks. Consequently, restrictions exist about which 1/0
standards can be combined within a given bank.

Eight 1/0 banks result from separating each edge of the
FPGA into two banks, as shown in Figure 3. Each bank has
multiple Vgco pins, all of which must be connected to the
same voltage. This voltage is determined by the output
standards in use.
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Figure 3: Virtex I/0 Banks

Within a bank, output standards can be mixed only if they
use the same Vgco. Compatible standards are shown in
Table 2. GTL and GTL+ appear under all voltages because
their open-drain outputs do not depend on Vgco.

Table 2: Compatible Output Standards

Veeo Compatible Standards

3.3V | PCI, LVTTL, SSTL3 1, SSTL3 II, CTT, AGP, GTL,
GTL+

25V | SSTL21, SSTL2 I, LVCMOS2, GTL, GTL+

1.5V | HSTL I, HSTL lll, HSTL IV, GTL, GTL+

Some input standards require a user-supplied threshold
voltage, Vrer In this case, certain user-1/O pins are auto-
matically configured as inputs for the Vggp voltage. Approx-
imately one in six of the I/O pins in the bank assume this
role.

The VReg pins within a bank are interconnected internally
and consequently only one VRygg voltage can be used within
each bank. All Vggg pins in the bank, however, must be con-
nected to the external voltage source for correct operation.

Within a bank, inputs that require Vggg can be mixed with
those that do not. However, only one Viygg voltage can be
used within a bank. Input buffers that use Vygg are not 5V
tolerant. LVTTL, LVCMOS2, and PCI 33 MHz 5 V, are 5V
tolerant.

The Vo and Vgeg pins for each bank appear in the device
Pinout tables and diagrams. The diagrams also show the
bank affiliation of each I/O.

Within a given package, the number of Vggr and Vo pins
can vary depending on the size of device. In larger devices,
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Figure 5: Detailed View of Virtex Slice
Additional Logic Block SelectRAM

The F5 multiplexer in each slice combines the function gen-
erator outputs. This combination provides either a function
generator that can implement any 5-input function, a 4:1
multiplexer, or selected functions of up to nine inputs.
Similarly, the F6 multiplexer combines the outputs of all four
function generators in the CLB by selecting one of the
F5-multiplexer outputs. This permits the implementation of
any 6-input function, an 8:1 multiplexer, or selected func-
tions of up to 19 inputs.

Each CLB has four direct feedthrough paths, one per LC.
These paths provide extra data input lines or additional local
routing that does not consume logic resources.

Arithmetic Logic

Virtex FPGAs incorporate several large block SelectRAM
memories. These complement the distributed LUT
SelectRAMs that provide shallow RAM structures imple-
mented in CLBs.

Block SelectRAM memory blocks are organized in columns.
All Virtex devices contain two such columns, one along
each vertical edge. These columns extend the full height of
the chip. Each memory block is four CLBs high, and conse-
quently, a Virtex device 64 CLBs high contains 16 memory
blocks per column, and a total of 32 blocks.

Table 3 shows the amount of block SelectRAM memory that
is available in each Virtex device.

Table 3: Virtex Block SelectRAM Amounts

Dedicated carry logic provides fast arithmetic carry capabil- - -

ity for high-speed arithmetic functions. The Virtex CLB sup- Device | #ofBlocks | Total Block SelectRAM Bits
ports two separate carry chains, one per Slice. The height XCV50 8 32,768

of the carry chains is two bits per CLB. XCV100 10 20.960

The arithmetic logic includes an XOR gate that allows a ’

1-bit full adder to be implemented within an LC. In addition, XCV150 12 49,152

a dedicated .AND gate improves the efficiency of multiplier XCV200 14 57.344
implementation.

The dedicated carry path can also be used to cascade func- XCV300 16 65,536

tion generators for implementing wide logic functions. XCV400 20 81,920

BUFTs XCV600 24 98,304

Each Virtex CLB contains two 3-state drivers (BUFTSs) that

can drive on-chip busses. See Dedicated Routing, page 7. XCV800 28 114,688

Each Virtex BUFT has an independent 3-state control pin XCV1000 32 131,072

and an independent input pin.
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Each block SelectRAM cell, as illustrated in Figure 6, is a
fully synchronous dual-ported 4096-bit RAM with indepen-
dent control signals for each port. The data widths of the
two ports can be configured independently, providing
built-in bus-width conversion.

RAMB4_S#_S#

WEA
ENA

Table 4: Block SelectRAM Port Aspect Ratios

Width Depth ADDR Bus Data Bus
1 4096 ADDR<11:0> DATA<O>
2 2048 ADDR<10:0> DATA<1:0>
4 1024 ADDR<9:0> DATA<3:0>
8 512 ADDR<8:0> DATA<7:0>
16 256 ADDR<7:0> DATA<15:0>

RSTA
> CLKA
ADDRA[#:0]
DIA[#:0]

]

WEB
ENB
RSTB

> CLKB
ADDRB[#:0]

DIB[#:0]

DOA[#:0]

L

DOB[#:0] |

The Virtex block SelectRAM also includes dedicated routing
to provide an efficient interface with both CLBs and other
block SelectRAMs. Refer to XAPP130 for block SelectRAM
timing waveforms.

Programmable Routing Matrix

It is the longest delay path that limits the speed of any
worst-case design. Consequently, the Virtex routing archi-

tecture and its place-and-route software were defined in a
single optimization process. This joint optimization mini-
mizes long-path delays, and consequently, yields the best
system performance.

xcv_ds_006

Figure 6: Dual-Port Block SelectRAM

Table 4 shows the depth and width aspect ratios for the  The joint optimization also reduces design compilation

block SelectRAM. times because the architecture is software-friendly. Design
cycles are correspondingly reduced due to shorter design
iteration times.
To Adjacent
GRM
To Adjacent €| To Adjacent
GRM GRM
To Adjacent
GRM
Direct Connection Direct Connection
To Adjacent <€«—F——>»| CLB [« To Adjacent
CcLB CLB
>
X8794b
Figure 7: Virtex Local Routing
Local Routing e Internal CLB feedback paths that provide high-speed

connections to LUTs within the same CLB, chaining
them together with minimal routing delay

» Direct paths that provide high-speed connections
between horizontally adjacent CLBs, eliminating the
delay of the GRM.

The VersaBlock provides local routing resources, as shown
in Figure 7, providing the following three types of connec-
tions.

e Interconnections among the LUTs, flip-flops, and GRM

Module 2 of 4 www.xilinx.com
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Four dedicated clock pads are provided, one adjacent to
each of the global buffers. The input to the global buffer is

selected either from these pads or from signals in the gen-
eral purpose routing.

GCLKPAD3 ?; GCLKPAD2
Global Clock Rows GCLKBUF3 % GCLKBUF2 Global Clock Column
<H> <H> <H>
<HD> <> <HD>
<HD> <H> <H{>
<HD> <H{> <H{>
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@ <F> 2 b -—— Gilobal Clock Spine
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<HP> <HP> <HP>

GCLKBUF1 g g
GCLKPAD1
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GCLKPADO
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Figure 9: Global Clock Distribution Network

Delay-Locked Loop (DLL)

Associated with each global clock input buffer is a fully digi-
tal Delay-Locked Loop (DLL) that can eliminate skew
between the clock input pad and internal clock-input pins
throughout the device. Each DLL can drive two global clock
networks.The DLL monitors the input clock and the distrib-
uted clock, and automatically adjusts a clock delay element.
Clock edges reach internal flip-flops one to four clock peri-
ods after they arrive at the input. This closed-loop system
effectively eliminates clock-distribution delay by ensuring
that clock edges arrive at internal flip-flops in synchronism
with clock edges arriving at the input.

In addition to eliminating clock-distribution delay, the DLL
provides advanced control of multiple clock domains. The
DLL provides four quadrature phases of the source clock,
can double the clock, or divide the clock by 1.5, 2, 2.5, 3, 4,
5,8, or 16.

The DLL also operates as a clock mirror. By driving the out-
put from a DLL off-chip and then back on again, the DLL can
be used to de-skew a board level clock among multiple Vir-
tex devices.

In order to guarantee that the system clock is operating cor-
rectly prior to the FPGA starting up after configuration, the
DLL can delay the completion of the configuration process
until after it has achieved lock.

See DLL Timing Parameters, page 21 of Module 3, for fre-
qguency range information.

Boundary Scan

Virtex devices support all the mandatory boundary-scan
instructions specified in the IEEE standard 1149.1. A Test
Access Port (TAP) and registers are provided that implement
the EXTEST, INTEST, SAMPLE/PRELOAD, BYPASS,
IDCODE, USERCODE, and HIGHZ instructions. The TAP
also supports two internal scan chains and configura-
tion/readback of the device.The TAP uses dedicated package
pins that always operate using LVTTL. For TDO to operate
using LVTTL, the Vo for Bank 2 should be 3.3 V. Other-
wise, TDO switches rail-to-rail between ground and V¢ go.

Boundary-scan operation is independent of individual 10B
configurations, and unaffected by package type. All IOBs,
including un-bonded ones, are treated as independent
3-state bidirectional pins in a single scan chain. Retention of
the bidirectional test capability after configuration facilitates
the testing of external interconnections, provided the user
design or application is turned off.

Table 5 lists the boundary-scan instructions supported in
Virtex FPGAs. Internal signals can be captured during
EXTEST by connecting them to un-bonded or unused IOBs.
They can also be connected to the unused outputs of IOBs
defined as unidirectional input pins.

Before the device is configured, all instructions except
USER1 and USER2 are available. After configuration, all
instructions are available. During configuration, it is recom-
mended that those operations using the boundary-scan
register (SAMPLE/PRELOAD, INTEST, EXTEST) not be
performed.
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Table 8: Master/Slave Serial Mode Programming Switching

Figure
Description References Symbol Values Units
DIN setup/hold, slave mode 1/2 Tocc/Teep 5.0/0 ns, min
DIN setup/hold, master mode 1/2 Tposck/Tckps 5.0/0 ns, min
DOUT 3 Teco 12.0 ns, max
High time 4 TecH 5.0 ns, min
CCLK
Low time 5 TeeL 5.0 ns, min
Maximum Frequency Fce 66 MHz, max
Frequency Tolerance, master mode with +45%
respect to nominal —30%
3.3V Vec
L
MO M1 330 @ MO M1
M2 M2
—
DOUT DIN pout
VIRTEX >| CCLK
MASTER XC1701L VIRTEX,
SERIAL XC4000XL,
CCLK CLK SLAVE
Optional Pull-up DN gATA . 7
Resistor on Done’ T PROGRAM o —>CE CEO > PROGRAM
\\ | DONE INIT > RESET/OE —{ DONE INIT >
Al
- (Low Reset Option Used)
<
I_
PROGRAMI
Note 1: If none of the Virtex FPGAs have been selected to drive DONE, an external pull-up resistor
of 330 Q should be added to the common DONE line. (For Spartan-XL devices, add a 4.7K Q
pull-up resistor.) This pull-up is not needed if the DriveDONE attribute is set. If used,
DriveDONE should be selected only for the last device in the configuration chain.
xcv_12_050103
Figure 12: Master/Slave Serial Mode Circuit Diagram
DIN
<_®TDCC_><_@TCCD_> <—@TCCL — >
CCLK ][ \\
®Toon
~—®Tcco
DOUT
(Output)
X5379_a
Figure 13: Slave-Serial Mode Programming Switching Characteristics
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Virtex Electrical Characteristics
Definition of Terms

Electrical and switching characteristics are specified on a
per-speed-grade basis and can be designated as Advance,
Preliminary, or Production. Each designation is defined as
follows:

Advance: These speed files are based on simulations only
and are typically available soon after device design specifi-
cations are frozen. Although speed grades with this desig-
nation are considered relatively stable and conservative,
some under-reporting might still occur.

Preliminary: These speed files are based on complete ES
(engineering sample) silicon characterization. Devices and
speed grades with this designation are intended to give a
better indication of the expected performance of production
silicon. The probability of under-reporting delays is greatly
reduced as compared to Advance data.

Production: These speed files are released once enough
production silicon of a particular device family member has
been characterized to provide full correlation between
speed files and devices over numerous production lots.
There is no under-reporting of delays, and customers
receive formal notification of any subsequent changes. Typ-
ically, the slowest speed grades transition to Production
before faster speed grades.

All specifications are representative of worst-case supply
voltage and junction temperature conditions. The parame-
ters included are common to popular designs and typical
applications. Contact the factory for design considerations
requiring more detailed information.

Table 1 correlates the current status of each Virtex device
with a corresponding speed file designation.

Table 1: Virtex Device Speed Grade Designations

Speed Grade Designations

Device Advance Preliminary | Production

XCV50 -6, -5, -4
XCV100 -6, -5, -4
XCV150 -6, -5, -4
XCV200 -6, -5, -4
XCV300 —6,-5, -4
XCV400 -6, -5, -4
XCV600 —6,-5, -4
XCV800 —6,-5, -4
XCV1000 -6, -5, -4

All specifications are subject to change without notice.
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Speed Grade
Description Device Symbol Min -6 -5 -4 Units

Setup and Hold Times with respect to Clock CLK at IOB input Setup Time / Hold Time

register(1)

Pad, no delay All Tiopick/ TioickpP 0.8/0 | 1.6/0 | 1.8/0 | 2.0/0 | ns, min

Pad, with delay XCV50 Tiopickp/TI0ICKPD 19/0 | 37/0 | 41/0 | 47/0 | ns, min
XCV100 1.9/0 3.7/0 41/0 4.7/0 | ns, min
XCV150 19/0 | 3.8/0 | 43/0 | 49/0 | ns, min
XCV200 20/0 | 39/0 | 44/0 | 50/0 | ns, min
XCV300 2.0/0 | 39/0 | 44/0 | 50/0 | ns, min
XCV400 21/0 41/0 46/0 5.3/0 | ns, min
XCV600 21/0 42/0 47/0 5.4/0 | ns, min
XCV800 22/0 | 44/0 | 49/0 | 56/0 | ns, min
XCV1000 23/0 | 45/0 | 5.0/0 | 58/0 | ns, min

ICE input All Tioiceck/Tiockice | 0.37/0 | 0.8/0 | 09/0 | 1.0/0 | ns, max

Set/Reset Delays

SR input (IFF, synchronous) All TiosRcki 0.49 1.0 1.1 1.3 ns, max

SR input to 1Q (asynchronous) All TiosriQ 0.70 1.4 1.6 1.8 ns, max

GSR to output I1Q All Tasra 4.9 9.7 10.9 12.5 | ns, max

Notes:

1.

2.

if a "0" is listed, there is no positive hold time.

Input timing for LVTTL is measured at 1.4 V. For other I/O standards, see Table 3.

A Zero "0" Hold Time listing indicates no hold time or a negative hold time. Negative values cannot be guaranteed "best-case", but

Module 3 of 4
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I0B Input Switching Characteristics Standard Adjustments

Speed Grade

Description Symbol Standard(1) Min -6 -5 -4 Units
Data Input Delay Adjustments
Standard-specific data input delay TivTTL LVTTL 0 0 0 0 ns
adjustments T\LVCMOS2 LVCMOS2 —0.02 | -0.04 | -0.04 | —0.05 | ns

Tipcias s | PCl, 33 MHz, 33V | —0.05 | -0.11 | -0.12 | -0.14 | ns
Tipcias 5 | PCl,33MHz, 50V | 013 | 025 | 028 | 0.33 ns
Tipcies. s | PCl, 66 MHz, 3.3V | -0.05 | -0.11 | -0.12 | -0.14 | ns

TiaTL GTL 010 | 020 | 023 | 026 ns
TiaTLP GTL+ 006 | 011 | 012 | 0.14 ns
TiHsTL HSTL 002 | 003 | 003 | 004 | ns
TissTLo SSTL2 -0.04 | -0.08 | -0.09 | -0.10 | ns
TissTLs SSTL3 -0.02 | -0.04 | -0.05 | -0.06 | ns

TieTT CTT 001 | 002 | 002 | 0.2 ns

TiAGP AGP -0.03 | -0.06 | —0.07 | -0.08 | ns

Notes:
1. Input timing for LVTTL is measured at 1.4 V. For other I/O standards, see Table 3.

10B Output Switching Characteristics

Output delays terminating at a pad are specified for LVTTL with 12 mA drive and fast slew rate. For other standards, adjust
the delays with the values shown in IOB Output Switching Characteristics Standard Adjustments, page 9.

Speed Grade

Description Symbol Min -6 -5 -4 Units
Propagation Delays
O input to Pad Tioop 1.2 2.9 3.2 3.5 ns, max
O input to Pad via transparent latch TiooLp 1.4 3.4 3.7 4.0 ns, max
3-State Delays
T input to Pad high-impedance (V) TioTHZ 1.0 2.0 2.2 2.4 ns, max
T input to valid data on Pad TioToN 1.4 3.1 3.3 3.7 ns, max

T input to Pad high-impedance via

transparent Iatch(1) TIOTLPHZ 1.2 2.4 2.6 3.0 ns, max

T input to valid data on Pad via

transparent latch TIOTLPON 1.6 3.5 3.8 4.2 ns, max

GTS to Pad high impedance (") TaTs 25 4.9 5.5 6.3 ns, max

Sequential Delays

Clock CLK

Minimum Pulse Width, High TcH 0.8 1.5 1.7 2.0 ns, min

Minimum Pulse Width, Low ToL 0.8 1.5 1.7 2.0 ns, min
DS003-3 (v4.0) March 1, 2013 www.xilinx.com Module 3 of 4
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CLB SelectRAM Switching Characteristics

Speed Grade

Description Symbol Min -6 -5 -4 Units
Sequential Delays
Clock CLK to X/Y outputs (WE active) 16 x 1 mode TsHcko16 1.2 2.3 2.6 3.0 ns, max
Clock CLK to X/Y outputs (WE active) 32 x 1 mode TsHcko32 1.2 2.7 3.1 3.5 ns, max
Shift-Register Mode
Clock CLK to X/Y outputs TREG 1.2 3.7 4.1 4.7 ns, max
Setup and Hold Times before/after Clock CLK (1) Setup Time / Hold Time
F/G address inputs Tas/TaH 0.25/0 | 05/0 0.6/0 0.7/0 | ns, min
BX/BY data inputs (DIN) Tps/Tpy | 0.34/0 | 0.7/0 0.8/0 0.9/0 | ns, min
CE input (WE) Tws/Twy | 0.38/0 | 0.8/0 0.9/0 1.0/0 | ns, min
Shift-Register Mode
BX/BY data inputs (DIN) TsHDICK 0.34 0.7 0.8 0.9 ns, min
CE input (WS) TsHCECK 0.38 0.8 0.9 1.0 ns, min
Clock CLK
Minimum Pulse Width, High TwpH 1.2 2.4 2.7 3.1 ns, min
Minimum Pulse Width, Low TwpL 1.2 2.4 2.7 3.1 ns, min
Minimum clock period to meet address write cycle Twe 24 4.8 5.4 6.2 ns, min
time
Shift-Register Mode
Minimum Pulse Width, High TsrPH 1.2 2.4 2.7 3.1 ns, min
Minimum Pulse Width, Low TsrpL 1.2 2.4 2.7 3.1 ns, min
Notes:

1. A Zero "0" Hold Time listing indicates no hold time or a negative hold time. Negative values can not be guaranteed "best-case", but
if a "0" is listed, there is no positive hold time.
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Virtex 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 Set-Up and Hold for LVTTL Standard, with DLL

Speed Grade

Description Symbol Device Min -6 -5 -4 Units
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 Input Delay Adjustments.
No Delay TPSDLL/TPHDLL XCV50 0.40/-0.4 | 1.7/-0.4 1.8/-04 | 21/-0.4 ns,
Global Clock and IFF, with DLL min
XCv100 | 0.40/-04 | 1.7/-0.4 | 1.9/-0.4 | 21/-0.4 ns,
min
XCVv150 | 0.40/-04 | 1.7/-0.4 | 1.9/-0.4 | 21/-0.4 ns,
min
XCv200 | 0.40/-04 | 1.7/-0.4 | 1.9/-0.4 | 21/-0.4 ns,
min
XCV300 | 040/-04 |1.7/-0.4 | 1.9/-0.4 | 21/-0.4 ns,
min
XCv400 | 040/-04 | 1.7/-0.4 | 1.9/-0.4 | 21/-0.4 ns,
min
XCve00 | 0.40/-04 | 1.7/-0.4 | 1.9/-0.4 | 21/-0.4 ns,
min
XCv800 | 040/-04 | 1.7/-0.4 | 1.9/-0.4 | 21/-0.4 ns,
min
XCvV1000 | 0.40/-0.4 | 1.7/-0.4 | 1.9/-0.4 | 2.1/-0.4 ns,
min

IFF = Input Flip-Flop or Latch

Notes:

1. Set-up 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.

2. DLL output jitter is already included in the timing calculation.

3. A Zero "0" Hold Time listing indicates no hold time or a negative hold time. Negative values can not be guaranteed "best-case", but
if a "0" is listed, there is no positive hold time.
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DLL Timing Parameters

All devices are 100 percent functionally tested. Because of the difficulty in directly measuring many internal timing
parameters, those parameters are derived from benchmark timing patterns. The following guidelines reflect worst-case
values across the recommended operating conditions.

Speed Grade
-6 -5 -4
Description Symbol Min Max Min Max Min Max Units
Input Clock Frequency (CLKDLLHF) FCLKINHF 60 200 60 180 60 180 MHz
Input Clock Frequency (CLKDLL) FCLKINLF 25 100 25 90 25 90 MHz
Input Clock Pulse Width (CLKDLLHF) ToLLPWHF 2.0 - 2.4 - 2.4 - ns
Input Clock Pulse Width (CLKDLL) ToLLPWLF 2.5 - 3.0 3.0 - ns

Notes:
1. All specifications correspond to Commercial Operating Temperatures (0°C to + 85°C).

DLL Clock Tolerance, Jitter, and Phase Information

All DLL output jitter and phase specifications determined through statistical measurement at the package pins using a clock
mirror configuration and matched drivers.

CLKDLLHF | CLKDLL
Description Symbol FeLkn Min | Max | Min | Max | Units

Input Clock Period Tolerance TipTOL - 1.0 - 1.0 ns
Input Clock Jitter Tolerance (Cycle to Cycle) Turrec - +150 | - | +300 ps
Time Required for DLL to Acquire Lock TLock > 60 MHz - 20 - 20 us

50 - 60 MHz - - - 25 us

40 - 50 MHz - - - 50 us

30 - 40 MHz - - - 90 us

25 -30 MHz - - - 120 us
Output Jitter (cycle-to-cycle) for any DLL Clock Output™ | Tojirec +60 +60 ps
Phase Offset between CLKIN and CLKO ) TPHIO +100 +100 | ps
Phase Offset between Clock Outputs on the DLL(®) ThHOO +140 +140 | ps
g/la)él(r)n(li)m Phase Difference between CLKIN and Torion +160 +160 | ps
mlelertg)Phase Difference between Clock Outputs on ToHooM 4200 +200 | ps
Notes:

1. Output Jitter is cycle-to-cycle jitter measured on the DLL output clock, excluding input clock jitter.

2. Phase Offset between CLKIN and CLKO is the worst-case fixed time difference between rising edges of CLKIN and CLKO,
excluding Output Jitter and input clock jitter.

3. Phase Offset between Clock Outputs on the DLL is the worst-case fixed time difference between rising edges of any two DLL
outputs, excluding Output Jitter and input clock jitter.

4. Maximum Phase Difference between CLKIN an CLKO is the sum of Output Jitter and Phase Offset between CLKIN and CLKO,
or the greatest difference between CLKIN and CLKO rising edges due to DLL alone (excluding input clock jitter).

5.  Maximum Phase Difference between Clock Outputs on the DLL is the sum of Output Jliter and Phase Offset between any DLL
clock outputs, or the greatest difference between any two DLL output rising edges sue to DLL alone (excluding input clock jitter).

6. All specifications correspond to Commercial Operating Temperatures (0°C to +85°C).

DS003-3 (v4.0) March 1, 2013 www.xilinx.com Module 3 of 4
Production Product Specification 1-800-255-7778 21


http://www.xilinx.com

Product Obsolete/Under Obsolescence

& XILINX® Virtex™ 2.5 V Field Programmable Gate Arrays
Table 2: Virtex Pinout Tables (Chip-Scale and QFP Packages) (Continued)
Pin Name Device CS144 TQ144 PQ/HQ240
Vgeg Bank 6 XCV50 H2, K1 116, 123 36, 50
(VRer pins are listed XCV100/150 .. +J3 . +118 .+ 47
incrementally. Connect
the required device XCV400 N/A N/A ..+33
and all smaller devices
listed in the same XCV600 N/A N/A ..+48
package.) XCV800 N/A N/A . +40
Within each bank, if
input reference voltage
is not required, all
VRer pins are general
1/0.
VRer Bank 7 XCV50 D4, E1 133, 140 9,23
(VReF pins are listed XCV100/150 ..+ D2 . +138 12
incrementally. Connect
all pins listed for both XCV200/300 N/A N/A .+5
the required device XCV400 N/A N/A ..+ 26
and all smaller devices
listed in the same XCV600 N/A N/A L+ 11
package.) XCV800 N/A N/A .. +19
Within each bank, if
input reference voltage
is not required, all
VReg pins are general
1/0O.
GND All A1, B9, B11, C7, 9, 18, 26, 35, 46, 54, 64, | 1,8,14,22,29, 37,45, 51,
D5, E4, E11, F1, 75,83, 91,100, 111,120, | 59,69, 75, 83, 91,98, 106,
G10, J1,J12, L3, 129, 136, 144, 112, 119, 129, 135, 143,
L5, L7, L9, N12 151, 158, 166, 172, 182,
190, 196, 204, 211, 219,
227, 233
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Table 3: Virtex Pinout Tables (BGA) (Continued)
Pin Name Device BG256 BG352 BG432 BG560
Veeint XCV50/100 C10, D6, N/A N/A N/A
Notes: D15, F4,
* Superset includes all pins, F17, L3,
including the ones in bold L18, R4,
type. Subset excludes pins in R17, UG,
bold type. ui5, V10
 Ba%SE for e300l e | xCv150/200/300 | Sameas | A20,C14, | A10,A17,B23, N/A
m?j(;ltNJepcoinectsdsulfoi s¢ above D10,J24, | C14,C19, K3,
B K4, P2, P25, K29, N2, N29,
t);CWiO/ZtOO’ VtCSINT pins in V24, W2, T1, T29, W2,
© subsetmustbe AC10,AE14, W31, AB2,
connected, and pins in bold AE19 AB30. AJ10
type can be left unconnected ’ ’ ’
(these unconnected pins B16, D12, AJ16, AK13,
cannot be used as user 1/0.) L1, L25, AK19, AK22,
In BG432, for R23, T1, B26, C7, F1,
XCV400/600/800 all Voeint AF11, AF16 | F30, AE29, AF1,
pins in the superset must be AH8, AH24
connected. For XCV300,
VeeinT Pins in the subset XCV400/600/800/1000 N/A N/A Same as above | A21,B14, B18,
must be connected, and pins B28, C24, E9,
in bold type can be left E12, F2, H30,
unconnected (these J1, K82, N1,
unconnected pins cannot be N33, U5, U30,
used as user 1/0.) Y2, Y31, AD2,
In BG560, for XCV800/1000 AD32, AG3,
all VoenT pins in the AG31, AKS,
superset must be connected. AK11, AK17,
For XCV400/600, VconT AK?20, AL14,
pins in the subset must be AL27, AN25,
connected, and pins in bold
type can be left unconnected B12, C22, M3,
(these unconnected pins N29, AB2,
cannot be used as user 1/0.) AB32, AJ13,
AL22
Veeo, Bank 0 All D7, D8 A17, B25, A21, C29, D21 A22, A26, A30,
D19 B19, B32
Vceo, Bank 1 All D13, D14 A10, D7, A1, A11, D11 A10, A16, B13,
D13 C8, E5
Vceo, Bank 2 All G17,H17 | B2, H4, K1 C3, L1, L4 B2, D1, H1, M1,
R2
Veeo, Bank 3 All N17,P17 | P4,U1,Y4 AA1, AA4, AJ3 V1, AA2, AD1,
AK1, AL2
Vceeo, Bank 4 All Ui13,U14 | ACS, AE2, AH11, AL1, AM2, AM15,
AF10 AL11 AN4, AN8, AN12
Veeo, Bank 5 All U7,U8 | AC14,AC20, AH21, AJ29, AL31, AM21,
AF17 AL21 AN18, AN24,
AN30
Veeo, Bank 6 All N4, P4 u26, W23, AA28, AA31, W32, AB33,
AE25 AL31 AF33, AK33,
AM32
DS003-4 (v4.0) March 1, 2013 www.xilinx.com Module 4 of 4
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Table 4: Virtex Pinout Tables (Fine-Pitch BGA)

Pin Name Device FG256 FG456 FG676 FG680
GCKO All N8 W12 AA14 AW19
GCK1 All R8 Y11 AB13 AU22
GCK2 All C9 At C13 D21
GCK3 All B8 C11 E13 A20
MO All N3 AB2 AD4 AT37
M1 All P2 us W7 AU38
M2 All R3 Y4 AB6 AT35
CCLK All D15 B22 D24 E4
PROGRAM All P15 W20 AA22 AT5
DONE All R14 Y19 AB21 AU5
INIT All N15 V19 Y21 AU2
BUSY/DOUT All C15 c21 E23 E3
DO/DIN All D14 D20 F22 C2
D1 All E16 H22 K24 P4
D2 All F15 H20 K22 P3
D3 All G16 K20 M22 R1
D4 All J16 N22 R24 AD3
D5 All M16 R21 u23 AG2
D6 All N16 T22 Va4 AHA1
D7 All N14 Y21 AB23 AR4
WRITE All C13 A20 Cc22 B4
CS All B13 C19 E21 D5
TDI All A15 B20 D22 B3
TDO All B14 A21 Cc23 C4
T™MS All D3 D3 F5 E36
TCK All C4 C4 E6 C36
DXN All R4 Y5 AB7 AV37
DXP All P4 Vé Y8 AU35
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Table 4: Virtex Pinout Tables (Fine-Pitch BGA) (Continued)
Pin Name Device FG256 FG456 FG676 FG680
Vgeg Bank 7 XCV50 C1, HS3 N/A N/A N/A
(VRer pins are listed XCV100/150 ... + D1 E2, H4, K3 N/A N/A
incrementally. Connect
the required device and XCV400 N/A N/A F4, G4, K6, M2, N/A
all smaller devices M5
listed in the same
package.) XCV600 N/A N/A ..+ H1 E38, G38, L36,
. ) N36, U36, U38
Within each bank, if
input reference Vo|’[age XCV800 N/A N/A .. +Ki1 ... + N38
Is not required, all Viper XCV1000 N/A N/A N/A .. +F36
pins are general I/O.
GND All A1, A16, B2, A1, A22, B2, A1, A26, B2, B9, | A1, A2, A3, A37,
B15, F6, F7, B21, C3, C20, B14, B18, B25, A38, A39, AA5,
F10, F11, J9, J10, J11, C3, C24, D4, D23, AA35, AH4,
G6, G7, G8, J12,J13, J14, E5, E22, J2, J25, AH5, AH35,
G9, G10, K9, K10, K11, K10, K11, K12, AH36, AR5,
G11, H7, K12, K13, K14, K13, K14, K15, AR12, AR19,
H8,H9, H10, L9, L10, L11, K16, K17, L10, AR20, AR21,
J7, J8, J9, L12, L13, L14, L11,L12, L13, AR28, AR35,
J10,K6, K7, | M9, M10, M11, L14, L15, L16, AT4,AT12,AT20,
K8,K9,K10, | M12, M13, M14, L17, M10, M11, AT28, AT36,
K11,L6, L7, N9, N10, N11, M12, M13, M14, | AU1, AU3, AU20,
L10, L11, N12, N13, N14, M15, M16, M17, AU37, AU39,
R2,R15,T1, P9, P10, P11, N2, N10, N11, AV1, AV2, AV38,
T16 P12, P13, P14, N12, N13, N14, AV39, AW1,
Y3, Y20, AA2, N15, N16, N17, AW2, AW3,
AA21, AB1, P10, P11, P12, AW37, AW38,
AB22 P13, P14, P15, AW39, B1, B2,
P16, P17, P25, B38, B39, C1,
R10, R11, R12, C3, C20, C37,
R13, R14, R15, C39, D4, D12,
R16, R17, T10, D20, D28, D36,
T11,T12, T13, E5, E12, E19,
T14,T15, T16, E20, E21, E28,
T17, U10, U1, E35, M4, M5,
U12, U13, U14, M35, M36, W5,
U15, U16, U17, | W35,Y3,Y4,Y5,
V2, V25, AB5, Y35, Y36, Y37
AB22, AC4, AC23,
ADS3, AD24, AE2,
AE9, AE13, AE18,
AE25, AF1, AF26
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TQ144 Pin Function Diagram
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Figure 2: TQ144 Pin Function Diagram
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FG256 Pin Function Diagram
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Figure 8: FG256 Pin Function Diagram
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S XILNX®

FG676 Pin Function Diagram
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Figure 10: FG676 Pin Function Diagram

Notes:

Packages FG456 and FG676 are layout compatible.
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Revision History

Date Version Revision
11/98 1.0 Initial Xilinx release.
01/99-02/99 1.2-1.3 Both versions updated package drawings and specs.
05/99 1.4 Addition of package drawings and specifications.
05/99 1.5 Replaced FG 676 & FG680 package drawings.
07/99 1.6 Changed Boundary Scan Information and changed Figure 11, Boundary Scan Bit
Sequence. Updated I0B Input & Output delays. Added Capacitance info for different I/O
Standards. Added 5 V tolerant information. Added DLL Parameters and waveforms and
new Pin-to-pin Input and Output Parameter tables for Global Clock Input to Output and
Setup and Hold. Changed Configuration Information including Figures 12, 14,17 & 19.
Added device-dependent listings for quiescent currents ICCINTQ and ICCOQ. Updated
IOB Input and Output Delays based on default standard of LVTTL, 12 mA, Fast Slew Rate.
Added IOB Input Switching Characteristics Standard Adjustments.
09/99 1.7 Speed grade update to preliminary status, Power-on specification and Clock-to-Out
Minimums additions, "0" hold time listing explanation, quiescent current listing update, and
Figure 6 ADDRA input label correction. Added T, 7cc parameter, changed Tg 110 TopHASE-
01/00 1.8 Update to speed.txt file 1.96. Corrections for CRs 111036,111137, 112697, 115479,
117158, 117154, and 117612. Modified notes for Recommended Operating Conditions
(voltage and temperature). Changed Bank information for Vg in CS144 package on p.43.
01/00 1.9 Updated DLL Jitter Parameter table and waveforms, added Delay Measurement
Methodology table for different I/O standards, changed buffered Hex line info and
Input/Output Timing measurement notes.
03/00 2.0 New TBCKO values; corrected FG680 package connection drawing; new note about status
of CCLK pin after configuration.
05/00 21 Modified "Pins not listed..." statement. Speed grade update to Final status.
05/00 2.2 Modified Table 18.
09/00 23 ¢ Added XCV400 values to table under Minimum Clock-to-Out for Virtex Devices.
e Corrected Units column in table under IOB Input Switching Characteristics.
e Added values to table under CLB SelectRAM Switching Characteristics.
10/00 24 e Corrected pinout info for devices in the BG256, BG432, and BG560 pkgs in Table 18.
e Corrected BG256 Pin Function Diagram.
04/02/01 25 ¢ Revised minimums for Global Clock Set-Up and Hold for LVTTL Standard, with DLL.
* Converted file to modularized format. See section Virtex Data Sheet, below.
04/19/01 2.6 e Corrected pinout information for FG676 device in Table 4. (Added AB22 pin.)
07/19/01 27 e Clarified VeenT Pinout information and added AE19 pin for BG352 devices in Table 3.
e Changed pinouts listed for BG352 XCV400 devices in banks 0 thru 7.
07/19/02 28 e Changed pinouts listed for GND in TQ144 devices (see Table 2).
03/01/13 4.0 The products listed in this data sheet are obsolete. See XCN10016 for further information.

Virtex Data Sheet

The Virtex Data Sheet contains the following modules:

e DS003-1, Virtex 2.5V FPGAs: e DS003-3, Virtex 2.5V FPGAs:
Introduction and Ordering Information (Module 1) DC and Switching Characteristics (Module 3)
e DS003-2, Virtex 2.5V FPGAs: e DS003-4, Virtex 2.5V FPGAs:
Functional Description (Module 2) Pinout Tables (Module 4)
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