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Product Specification

XC4000E and XC4000X Series
Features

Note: XC4000 Series devices described in this data sheet
include the XC4000E family and XC4000X Series.
XC4000X Series devices described in this data sheet
include the XC4000EX and XC4000XL famities. This infor-
mation does not apply to the older Xilinx families: XC4000,
XC4000A, XC4000D, XC4000H, or XC4000L. For informa-
tion on these devices, see the Xilinx WEBLINX at http://
www.xilinx.com.

+ System featured Field-Programmable Gate Arrays
- Select-RAM™ memory: on-chip ultra-fast RAM with
- synchronous write option
- dual-port RAM option
- Fully PCl compliant {(speed grades -2 and faster)
- Abundant flip-flops
- Flexible function generators
- Dedicated high-speed carry logic
- Wide edge decoders on each edge
- Hierarchy of interconnect lines
- Internal 3-state bus capability
- 8 global low-skew ciock or signal distribution
networks
System Performance beyond 80 MHz
Flexible Array Architecture
Low Power Segmented Routing Architecture
Systems-Oriented Features
- |EEE 1149.1-compatible boundary scan logic
support
- Individually programmable output slew rate
- Programmable input puli-up or pull-down resistors
- 12-mA sink current per XC4000E output
* Configured by Loading Binary File
- Unlimited reprograrnmability
» Readback Capability
- Program verification
- Internal node observability
« Backward Compatible with XC4000 Devices
*  XACTstep Development System runs on most common
computer platforms
- Interfaces to popular design environments
- Fully automatic mapping, placement and routing
- Interactive design editor for design optimization

Low-Voltage Versions Available

* Low-Voitage Devices Function at 3.0 - 3.6 Volts
» XC4000XL: High Performance Low-Voltage Versions of
XC4000EX devices

Additional XC4000X Series Features

Highest Performance — 3.3 V XC4000XL

Highest Capacity — Over 180,000 Usable Gates

5V tolerant I/Os on XC4000XL

0.35u SRAM process for XC4000XL

Additional Routing Over XC4000E

- almost twice the routing capacity for high-density
designs

« Buffered Interconnect for Maximum Speed

¢ New Latch Capability in Configurable Logic Biocks

* Improved VersaRing™ I/O Interconnect for Better Fixed
Pinout Flexibility

¢ 12-mA Sink Current Per XC4000X Output

* Fiexible New High-Speed Clock Network
- 8 additional Early Buffers for shorter clock delays
- Virtually unlimited number of clock signals

* Optional Multiplexer or 2-input Function Generator on
Device Outputs

* 4 Additional Address Bits in Master Parallel

Configuration Mode

Introduction

XC4000 Series high-performance, high-capacity Field Pro-
grammable Gate Arrays (FPGASs) provide the benefits of
custom CMOS VLS|, while avoiding the initial cost, long
development cycle, and inherent risk of a conventional
masked gate array.

The result of thirteen years of FPGA design experience and
feedback from thousands of customers, these FPGAs com-
bine architectural versatility, on-chip Select-RAM memory
with edge-triggered and dual-port modes, increased
speed, abundant routing resources, and new, sophisticated
software to achieve fully automated implementation of
complex, high-density, high-performance designs.

The XC4000E and XC4000X Series currently have 20
members, as shown in Table 2.

Note: All functionality in low-voltage families is the same as
in the corresponding 5-Voit family, except where numerical
references are made to timing or power.
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Table 2: XC4000E and XC4000X Series Field Programmable Gate Arrays

Max Logic | Max. RAM Typical | Number |
Logic Gates Bits Gate Range CcLB Total of Max.
Device Cells (No RAM) |{No Logic) {Logic and RAM)*| Matrix CLBs |Flip-Flops| User VO :
XC4003E 238 3,000 3,200 | 2,000 - 5,000 10x 10 100 360 80
XC4005E/XL 466 5,000 6,272 3,000 - 9,000 14x 14 196 616 112
XC4006E 608 6,000 8,192 4,000 - 12,000 16x 16 256 768 128
XC4008E 770 . 8000 | 10,368 | 6000-15000 = 18x18 | 324 | 936 | 144
XC4010E/XL 950 10,000 12,800 | 7,000-20,000 : 20x20 400 1,120 160
XC4013E/XL 1368 13,000 18,432 | 10,000 - 30,000 | 24 x 24 576 1,536 192
XC4020E/XL 1852 20,000 | 25,088 | 13,000-40,000 | 28x28 784 2,016 224
XC4025E 2432 25,000 | 32,768 | 15,000-45000 | 32x32 | 1,024 2,560 256
XC4028EX/XL 2432 28,000 32,768 | 18,000-50,000 | 32x32 | 1,024 2,560 256
XCA4036EX/XL 3078 36,000 41,472 | 22,000-65,000 | 36x36 | 1,296 3,168 | 288
XCA044XL 3800 44,000 51,200 | 27,000-80,000 | 40x40 | 1,600 3,840 320
XC4052XL 4598 52,000 | 61,952 | 33,000-100,000 | 44x44 | 1,936 4,576 352
XCa062XL | 5472 62,000 | 73,728 |40,000-130,000 | 48x48 | 2,304 5376 = 384 |
XC4085XL | 7448 | 85000 | 100,352 | 55,000-180,000 | 56x56 | 3,136 7,168 | 448 |

" Max values of Typical Gate Range include 20-30% of CLBS used as RAM.

Description

XC4000 Series devices are implemented with a regular,
flexible, programmabile architecture of Configurable Logic
Blocks {CLBs), interconnected by a powerful hierarchy of
versatile routing resources, and surrounded by a perimeter
of programmable Input/Output Blocks (IOBs). They have
generous routing resources to accommodate the most
complex interconnect patterns.

The devices are customized by loading configuration data
into internal memory cells. The FPGA can either actively
read its configuration data from an externat serial or byte-
parallel PROM (master modes), or the configuration data
can be written into the FPGA from an external device (slave
and peripheral modes).

XC4000 Series FPGAs are supported by powerful and
sophisticated software, covering every aspect of design
from schematic or behavioral entry, floorplanning, simula-
tion, automatic block placement and routing of intercon-
nects, to the creation, downloading, and readback of the
configuration bit stream.

Because Xilinx FPGAs can be reprogrammed an unlimited
number of times, they can be used in innovative designs
where hardware is changed dynamically, or where hard-
ware must be adapted to different user applications.

FPGAs are ideal for shortening design and development
cycles, and also offer a cost-effective solution for produc-
tion rates well beyond 5,000 systems per month. For lowest
high-volume unit cost, a design car first be implemented in
the XC4000E or XC4000X, then migrated to one of Xilinx’
compatible HardWire mask-prograrnmed devices.

Taking Advantage of Reconfiguration

FPGA devices can be reconfigured to change logic function
while resident in the system. This capability gives the sys-
tem designer a new degree of freedom not available with
any other type of logic.

Hardware can be changed as easily as software. Design
updates or modifications are easy, and can be made to
products already in the field. An FPGA can even be recon-
figured dynamically to perform different functions at differ-
ent times.

Reconfigurable logic can be used to implement system
self-diagnostics, create systems capable of being reconfig-
ured for different environments or operations, or implement
multi-purpose hardware for a given application. As an
added benefit, using reconfigurable FPGA devices simpli-
fies hardware design and debuggirg and shortens product
time-to-market.

4-6
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XC4000E and XC4000X Series
Compared to the XC4000

For readers already familiar with the XC4000 family of Xil-
inx Field Programmable Gate Arrays, the major new fea-
tures in the XC4000 Series devices are listed in this
section. The biggest advantages of XC4000E and
XC4000X devices are significantly increased system
speed, greater capacity, and new architectural features,
particularly Select-RAM memory. The XC4000X devices
also offer many new routing features, including special
high-speed clock buffers that can be used to capture input
data with minimal delay.

Any XC4000E device is pinout- and bitstream-compatible
with the corresponding XC4000 device. An existing
XC4000 bitstream can be used to program an XC4000E
device. However, since the XC4000E includes many new
features, an XC4000E bitstream cannot be loaded into an
XC4000 device.

XC4000X Series devices are not bitstream-compatible with
equivalent array size devices in the XC4000 or XC4000E
famities. However, equivalent array size devices, such as
the XC4025, XC4025E, XC4028EX, and XC4028XL, are
pinout-compatible.

Improvements in XC4000E and XC4000X

Increased System Speed

XC4000E and XC4000X devices can run at synchronous
system clock rates of up to 80 MHz, and internal perfor-
mance can exceed 150 MHz. This increase in performance
aver the previous families stems from improvements in both
device processing and system architecture.  XC4000
Series devices use a sub-micron muiti-layer metal process.
In addition, many architectural improvements have been
made, as described below.

The XC4000XL family is a high performance 3.3V family
based on 0.351 SRAM technology and supports system
speeds to 80 MHz.

PCI Compliance

XC4000 Series -2 and faster speed grades are fully PCl
compliant. XC4000E and XC4000X devices can be used to
implement a one-chip PCI solution.

Carry Logic

The speed of the carry logic chain has increased dramati-
cally. Some parameters, such as the delay on the carry
chain through a single CLB (Tevp), have improved by as

much as 50% from XC4000 values. See “Fast Carry Logic”
on page 4-18 for more information.

Select-RAM Memory: Edge-Triggered, Synchronous
RAM Modes

The RAM in any CLB can be configured for synchronous,
edge-triggered, write operation. The read operation is not
affected by this change to an edge-triggered write.

Duai-Port RAM

A separate option converts the 16x2 RAM in any CLB into a
16x1 dual-port RAM with simultaneous Read/Write.

The function generators in each CLE can be configured as
either level-sensitive (asynchronous) single-port RAM,
edge-triggered (synchronous) single-port RAM, edge-trig-
gered (synchronous) dual-port RAM, or as combinatorial
logic.

Configurable RAM Content

The RAM content can now be loaded at configuration time,
so that the RAM starts up with user-defined data.

H Function Generator

In current XC4000 Series devices, the H function generator
is more versatile than in the original XC4000. Its inputs can
come not only from the F and G function generators but
also from up to three of the four control input lines. The H
function generator can thus be totally or partially indepen-
dent of the other two function generators, increasing the
maximum capacity of the device.

10B Clock Enable

The two flip-flops in each 10B have a comman clock enable
input, which through configuration can be activated individ-
ually for the input or output flip-flop or both. This clock
enable operates exactly like the EC pin on the XC4000
CLB. This new feature makes the 10Bs more versatile, and
avoids the need for clock gating.

Output Drivers

The output pull-up structure defaults to a TTL-like totem-
pole. This driver is an n-channel pull-up transistor, pulling to
a voltage one transistor threshold below Vcc, just like the
XC4000 family outputs. Alternatively, XC4000 Series
devices can be globally configured with CMOS outputs,
with p-channel pull-up transistors pulling to Vece. Also, the
configurable pull-up resistor in the XC4000 Series is a p-
channel transistor that pulls to Vcc, whereas in the original
XC4000 family it is an n-channe! transistor that pulls to a
voltage one transistor threshold below Vcc.

November 10, 1997 (Version 1.4)
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Input Thresholds

The input thresholds of 5V devices can be globally config-
ured for either TTL (1.2 V threshold) or CMOS (2.5 V
threshold), just like XC2000 and XC3000 inputs. The two
global adjustments of input threshold and output level are
independent of each other. The XC4000XL family has an
input threshold of 1.6V, compatible with both 3.3V CMOS
and TTL levels.

Gilobal Signal Access to Logic

There is additional access from global clocks to the F and
G function generator inputs.

Configuration Pin Pull-Up Resistors

During configuration, the three mode pins, MO, M1, and
M2, have weak pull-up resistors. For the most popular con-
figuration mode, Slave Serial, the mode pins can thus be
left unconnected.

The three mode inputs can be individually configured with
or without weak puli-up or pull-down resistors after configu-
ration.

The PROGRAM input pin has a permanent weak puli-up.

Soft Start-up

Like the XC3000A, XC4000 Series devices have “Soft
Start-up”” When the configuration process is finished and
the device starts up, the first activation of the outputs is
automatically slew-rate limited. This feature avoids poten-
tial ground bounce when ali outputs are turned on simulta-
neously. Immediately after start-up, the slew rate of the
individual outputs is, as in the XC4000 family, determined
by the individual configuration option.

XC4000 and XC4000A Compatibility

Existing XC4000 bitstreams can be used to configure an
XC4000E device. XC4000A bitstreams must be recompiled
for use with the XC4000E due to improved routing
resources, although the devices are pin-for-pin compatible.

Additional Improvements in XC4000X Only

Increased Routing

New interconnect in the XC4000X includes twenty-two
additional vertical lines in each column of CLBs and twelve
new harizontal lines in each row of CLBs. The twelve “Quad
Lines” in each CLB row and column include optional repow-
ering buffers for maximum speed. Additional high-perfor-
marnce routing near the |0Bs enhances pin flexibility.

Faster Input and Output

A fast, dedicated early clock sourced by global clock buffers
is available for the 10Bs. To ensure synchronization with the
regular global clocks, a Fast Capture latch driven by the
early clock is available. The input data can be initially
loaded into the Fast Capture latch with the early clock, then
transferred to the input flip-flop or latch with the low-skew
global clock. A programmable delay on the input can be
used to avoid hold-time requirements. See “IOB Input Sig-
nals” on page 4-21 for more information.

Latch Capability in CLBs

Storage elements in the XC4000X CLB can be configured
as either flip-flops or latches. This capability makes the
FPGA highly synthesis-compatible.

108 Output MUX From Output Clock

A multiplexer in the 10B allows the output clock to select
either the output data or the IOB clock enable as the output
to the pad. Thus, two different data signals can share a sin-
gle output pad, effectively doubling the number of device
outputs without requiring a larger, more expensive pack-
age. This multiplexer can also be configured as an AND-
gate to implement a very fast pin-to-pin path. See “{0OB Out-
put Signalg” on page 4-24 for more information.

Additional Address Bits

Larger devices require more bits of configuration data. A
daisy chain of several large XC4000X devices may require
a PROM that cannot be addressed by the eighteen address
bits supported in the XC4000E. The XC4000X Series
therefore extends the addressing in Master Parailel config-
uration mode to 22 bits.

4-8
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Detailed Functional Description

XC4000 Series devices achieve high speed through
advanced semiconductor technology and improved archi-
tecture. The XC4000E and XC4000X support system clock
rates of up to 80 MHz and internal performance in excess
of 150 MHz. Compared to older Xilinx FPGA families,
XC4000 Series devices are more powerful. They offer on-
chip edge-triggered and dual-port RAM, clock enables on I/
O flip-flops, and wide-input decoders. They are more versa-
tilte in many applications, especially those involving RAM.
Design cycles are faster due to a combination of increased
routing resources and more sophisticated software.

Basic Building Blocks

Xilinx user-programmable gate arrays include two major
configurable elements: configurable logic blocks (CLBs)
and input/output blocks (IOBs).

* CLBs provide the functional elements for constructing
the user’s logic.

« OBs provide the interface between the package pins
and internal signal lines.

Three other types of circuits are also available:

* 3-State buffers (TBUFs) driving horizontal longlines are
associated with each CLB.

* Wide edge decoders are available around the periphery
of each device.

* An on-chip oscillator is provided.

Programmable interconnect resources provide routing
paths to connect the inputs and outputs of these config-
urable elements to the appropriate networks.

The functionality of each circuit block is customized during
configuration by programming internal static memory cells.
The values stored in thase memory cells determine the
logic functions and interconnections implemented in the
FPGA. Each of these available circuits is described in this
section.

Configurable Logic Blocks (CLBs)

Configurable Logic Blocks implement most of the logic in
an FPGA. The principal CLB elements are shown in
Figure 2. Two 4-input function generators (F and G) offer
unrestricted versatility. Most combinatorial logic functions
need four or fewer inputs. However, a third function gener-
ator (H) is provided. The H function generator has three
inputs. Either zero, one, or two of these inputs can be the
outputs of F and G; the other input(s) are from outside the
CLB. The CLB can, therefore, implement certain functions
of up to nine variables, like parity check or expandable-
identity comparison of two sets of four inputs.

Each CLB contains two storage elements that can be used
to store the function generator outputs. However, the stor-
age elements and function generators can also be used
independently. These storage elements can be configured
as flip-flops in both XC4000E and XC4000X devices; in the
XC4000X they can optionaily be configured as latches. DIN
can be used as a direct input to either of the two storage
elements. H1 can drive the other through the H function
generator. Function generator outputs can also drive two
outputs independent of the storage element outputs. This
versatility increases logic capacity and simplifies routing.

Thirteen CLB inputs and four CLB outputs provide access
to the function generators and storage elements. These
inputs and outputs connect to the programmable intercon-
nect resources outside the block.

Function Generators

Four independent inputs are provided to each of two func-
tion generators (F1 - F4 and G1 - G4). These function gen-
erators, with outputs iabeled F' and G’, are each capable of
implementing any arbitrarily defined Boolean function of
four inputs. The function generators are implemented as
memory look-up tables. The propagation delay is therefore
independent of the function implemented.

A third function generator, labeled H’, can implement any
Boolean function of its three inputs. Two of these inputs can
optionally be the F’' and G’ functional generator outputs.
Alternatively, one or both of these inputs can come from
outside the CLB (H2, H0). The third input must come from
outside the block (H1).

Signals from the function generators can exit the CLB on
two outputs. F’ or H’ can be connected to the X output. G’ or
H’ can be connected to the Y output.

A CLB can be used to implement any of the foliowing func-
tions:

* any function of up to four variables, plus any second
function of up to four unrelated variables, plus any third
function of up to three unrelated variables’

* any single function of five variables

» any function of four variables together with some
functions of six variables

* some functions of up to nine variables.

Implementing wide functions in a single block reduces both
the number of blocks required and the delay in the signal
path, achieving both increased capacity and speed.

The versatility of the CLB function generators significantly
improves system speed. In addition, the design-software
tools can deal with each function generator independently.
This fiexibility improves cell usage.

1. When three separate functions are generated, one of the function outputs must be captured in a flip-flop internal to the CLB. Only two

unregistered function generator outputs are available from the CLB.

November 10, 1997 (Version 1.4)
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Figure 2: Simplified Block Diagram of XC4000 Series CLB (RAM and Carry Logic functions not shown)

Flip-Flops

The CLB can pass the combinatorial output(s) to the inter-
connect network, but can also store the combinatorial
results or other incoming data in one or two flip-flops, and
connect their outputs to the interconnect network as well.

The two edge-triggered D-type flip-flops have common
clock (K} and clock enable (EC) inputs. Either or both clock
inputs can also be permanently enabled. Storage element
functionality is described in Table 3.

Latches (XC4000X only)

The CLB storage elements can also be configured as
latches. The two latches have common clock(K) and clock
enable (EC) inputs. Storage element functionality is
described in Table 3.

Clock Input

Each flip-flop can be triggered on either the rising or falling
clock edge. The clock pin is shared by both storage sle-
ments. However, the clock is individualily invertible for each
storage element. Any inverter placed on the clock input is
automatically absorbed into the CLB.

Clock Enable

The clock enable signal (EC) is active High. The EC pin is
shared by both storage elements. If left unconnected for
either, the clock enable for that storage element defaults to
the active state. EC is not invertible within the CLB.

Table 3: CLB Storage Element Functionality
(active rising edge is shown)

Mode | K EC | SR D Q
Power-Up or ! :
GSR X X 4 X ] X SR
X X 1 X SR
Flip-Flop _/ 1* o* D b
0 X o X Q
1 1* 0~ X Q
\{ -
Lateh 0 "o 7D D
Both X 0 o X Q o
Legend:
X Don't care
_J Rising edge
SR Set or Reset value. Reset is default.

0* Input is Low or unconnected {defauit value)
1 Input is High or unconnected {default value)
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Set/Reset

An asynchronous storage element input (SR) can be con-
figured as either set or reset. This configuration option
determines the state in which each flip-flop becomes oper-
ational after configuratior. It also determines the effect of a
Global Set/Reset pulse during normal operation, and the
effect of a pulse on the SR pin of the CLB. All three set/
reset functions for any single flip-flop are controlled by the
same configuration data bit.

The set/reset state can be independently specified for each
flip-flop. This input can also be independently disabled for
either flip-flop.

The set/reset state is specified by using the INIT attribute,
or by placing the appropriate set or reset flip-fiop library
symbol.

SR is active High. It is not invertible within the CLB.
Global Set/Reset

A separate Global Set/Reset line (not shown in Figure 2)
sets or clears each storage element during power-up,
reconfiguration, or when a dedicated Reset net is driven
active. This global net (GSR) does not compete with other
routing resources; it uses a dedicated distribution network.

Each flip-flop is configured as either globally set or reset in
the same way that the local set/reset (SR) is specified.
Therefore, if a flip-flop is set by SR, it is also set by GSR.
Similarly, a reset flip-flop is reset by both SR and GSR.

STARTUP
™.
{_PAD i/ GSR Q2 +—
IBUF — GTS Q3 +—
Q1Q4 —
—pCLK DONEIN |—

X5260
Figure 3: Schematic Symbols for Global Set/Reset

GSR can be driven from any user-programmable pin as a
global reset input. To use this global net, place an input pad
and input buffer in the schematic or HDL code, driving the
GSR pin of the STARTUP symbol. (See Figure 3.) A spe-
cific pin location can be assigned to this input using a LOC
attribute or property, just as with any other user-program-
mable pad. An inverter can optionaily be inserted after the
input buffer to invert the sense of the Global Set/Reset sig-
nal.

Alternatively, GSR can be driven from any internal node.

Data Inputs and Outputs

The source of a storage element data input is programma-
ble. it is driven by any of the functions F’, G’, and H’, or by
the Direct in (DIN) block input. The flip-flops or latches drive
the XQ and YQ CLB outputs.

Two fast feed-through paths are available, as shown in
Figure 2. A two-to-one multiplexer on each of the XQ and
YQ outputs selects between a storage element output and
any of the control inputs. This bypass is sometimes used by
the automated router to repower internal signals.

Control Signals

Muttiplexers in the CLB map the four control inputs (C1.- C4
in Figure 2) into the four internal control signals (H1, DIN/
H2, SR/HO, and EC). Any of these inputs can drive any of
the four internal control signals.

When the logic function is enabled, the four inputs are:

* EC — Enable Clock

* SR/HO — Asynchronous Set/Reset or H function
generator Input O

* DIN/H2 — Direct In or H function generator Input 2

» H1 — H function generator Input 1.

When the memory function is enabled, the four inputs are:

* EC — Enable Clock

* WE — Write Enable

* DO — Data Input to F and/or G function generator

* D1 — Data input to G function generator (16x1 and
16x2 modes) or 5th Address bit (32x1 mode).

Using FPGA Flip-Flops and Latches

The abundance of flip-flops in the XC4000 Series invites
pipelined designs. This is a powerful way of increasing per-
formance by breaking the function into smaller subfunc-
tions and executing them in parallel, passing on the results
through pipeline flip-flops. This method should be seriously
considered wherever throughput is more important than
latency.

To include a CLB flip-flop, place the appropriate library
symbol. For example, FDCE is a D-type flip-flop with clock
enable and asynchronous clear. The corresponding latch
symbol {for the XC4000X only) is called LDCE.

In XC4000 Series devices, the flip flops can be used as reg-
isters or shift registers without blocking the function gener-
ators from performing a different, perhaps unrelated task.
This ability increases the functional capacity of the devices.

The CLB setup time is specified between the function gen-
erator inputs and the clock input K. Therefore, the specified
CLB flip-flop setup time includes the delay through the
function generator.

Using Function Generators as RAM

Optional modes for each CLB make the memory look-up
tables in the F’ and G’ function generators usable as an
array of Read/Write memory cells. Available modes are
level-sensitive (similar to the XC4000/A/H famities), edge-
triggered, and dual-port edge-triggered. Depending on the
selected mode, a single CLB can be configured as either a
16x2, 32x1, or 16x1 bit array.
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Supported CLB memory configurations and timing modes
for single- and dual-port modes are shown in Table 4.

XC4000 Series devices are the first programmable logic
devices with edge-triggered (synchronous) and dual-port
RAM accessible to the user. Edge-triggered RAM simpli-
fies system timing. Dual-port RAM doubles the effective
throughput of FIFO applications. These features can be
individuaily programmed in any XC4000 Series CLB.

Advantages of On-Chip and Edge-Triggered RAM

The on-chip RAM is extremely fast. The read access time is
the same as the logic delay. The write access time is
slightly siower. Both access times are much faster than
any off-chip solution, because they avoid 1/O delays.

Edge-triggered RAM, also calied synchronous RAM, is a
feature never before available in a Field Programmable
Gate Array. The simplicity of designing with edge-triggered
RAM, and the markedly higher achievable performance,
add up to a significant improvement over existing devices
with on-chip RAM.

Three application notes are available from Xilinx that dis-
cuss edge-triggered RAM: “XC4000E Edge-Triggered and
Dual-Port RAM Capability’ “Implementing FIFOs in
XC4000E RAM; and “Synchronous and Asynchronous
FIFO Designs! All three application notes apply to both
XC4000E and XC4000X RAM.

Table 4: Supported RAM Modes

16 | 16 | 32 | Edge- | Level- j%
X x x | Triggered | Sensitive
1 2 1 Timing Timing
Single-Port | v N N N N }
Dual-Port | N | ] 7 v ]

RAM Configuration Options

The function generators in any CLB can be configured as
RAM arrays in the following sizes:

« Two 16x1 RAMs: two data inputs and two data outputs
with identical or, if preferred, different addressing for
each RAM

» One 32x1 RAM: one data input and one data output.

One F or G function generator can be configured as a 16x1
RAM while the other function generators are used to imple-
ment any function of up to 5 inputs.

Additionally, the XC4000 Series RAM may have either of
two timing modes:

» Edge-Triggered (Synchronous): data written by the
designated edge of the CLB clock. WE acts as a true
clock enable.

* |Level-Sensitive (Asynchronous): an external WE signal
acts as the write strobe.

The selected timing mode applies to both function genera-
tors within a CLB when both are configured as RAM.

The number of read ports is also programmable:

* Single Port: each function generator has a common
read and write port

* Dual Port: both function generators are configured
together as a single 16x1 dual-port RAM with one write
port and two read ports. Simultaneous read and write
operations to the same or different addresses are
supported.

RAM configuration options are selected by placing the
appropriate library symbol.

Choosing a RAM Configuration Mode

The appropriate choice of RAM mode for a given design
should be based on timing and resource requirements,
desired functionality, and the simplicity of the design pro-
cess. Recommended usage is shown in Table 5.

The difference between level-sensitive, edge-triggered,
and dual-port RAM is only in the write operation. Read
operation and timing is identical for all modes of operation.

Table 5: RAM Mode Selection

| Dual-Port
Level- Edge- Edge-
Sensitive | Triggered | Triggered
UseAfor New No Yes Yes
Designs? )
Size (16x1, 12CLB | 1/2CLB  1CLB
Registered) ] B
Simultaneous :
Read/Write No N No Yes
Relative | X (4X
Performance - X i 2% effective) |

RAM Inputs and Outputs

The F1-F4 and G1-G4 inputs to the function generators act
as address lines, selecting a particular memory cell in each
look-up table.

The functionality of the CLB control signals changes when
the function generators are configured as RAM. The DIN/
H2, H1, and SR/HO lines become the two data inputs (DO,
D1) and the Write Enable (WE) input for the 16x2 memory.,
When the 32x1 configuration is selected, D1 acts as the
fifth address bit and DO is the data input.

The contents of the memory cell{s) being addressed are
available at the F’ and G’ function-generator outputs. They
can exit the CLB through its X and Y outputs, or can be cap-
tured in the CLB flip-flop(s).

Configuring the CLB function generators as Read/Write
memory does not affect the functionality of the other por-
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tions of the CLB, with the exception of the redefinition of the
control signals. In 16x2 and 16x1 modes, the H’' function
generator can be used to implement Boolean functions of
F', G’, and D1, and the D flip-fiops can latch the F’, G’, H', or
DO signals.

Single-Port Edge-Triggered Mode

Edge-triggered (synchronous) RAM simplifies timing
requirements. XC4000 Series edge-triggered RAM timing
operates like writing to a data register. Data and address
are presented. The register is enabled for writing by a logic
High on the write enable input, WE. Then a rising or falling
clock edge loads the data into the register, as shown in
Figure 4.

DATA IN

ADDRESS

nals. An internal write pulse is generated that performs the
write. See Figure 5 and Figure 6 for block diagrams of a
CLB configured as 16x2 and 32x1 edge-triggered, single-
port RAM.

The relationships between CLB pins and RAM inputs and
outputs for singie-port, edge-triggered mode are shown in
Table 6.

The Write Clock input (WCLK) can be configured as active
on either the rising edge (default) or the falling edge. it uses
the same CLB pin (K) used to ciock the CLB flip-flops, but it
can be independently inverted. Consequently, the RAM
output can optionally be registered within the same CLB
either by the same clock edge as the RAM, or by the oppo-
site edge of this clock. The sense of WCLK applies to both
function generators in the CLB when both are configured
as RAM.

The WE pin is active-High and is not invertible within the
CLB.

Note: The pulse following the active edge of WCLK (Tyypsg
in Figure 4) must be less than one millisecond wide. For
most applications, this requirement is not overly restrictive;
however, it must not be forgotten. Stopping WCLK at this
point in the write cycle could result in excessive current and
even damage to the larger devices if many CLBs are con-
figured as edge-triggered RAM.

Table 6: Single-Port Edge-Triggered RAM Signals

RAM Signal CLB Pin Function
D DO or D1 (16x2, Data In
DATA OUT 16x1), DO (32x1)
o A[3:0] F1-F4or G1-G4 | Address )

Figure 4: Edge-Triggered RAM Write Timing Al4] D1 (32x1) Adqress

WE WE Write Enable
Complex timing relationships between address, data, and WCLK K ‘ | Clock
write enable signals are not required, and the external write SPO ForQG Single Port Out
enable pulse becomes a simple clock enable. The active {Data Out) | (Data Out)
edge of WCLK latches the address, input data, and WE sig- -

4-13
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Figure 6: 32x1 Edge-Triggered Single-Port RAM (F and G addresses are identical)
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Dual-Port Edge-Triggered Mode

In dual-port mode, both the F and G function generators
are used to create a single 16x1 RAM array with one write
port and two read ports. The resulting RAM array can be
read and written simultaneously at two independent
addresses. Simultaneous read and write operations at the
same address are also supported.

Dual-port mode always has edge-triggered write timing, as
shown in Figure 4.

Figure 7 shows a simple model of an XC4000 Series CLB
configured as dual-port RAM. One address port, labeled
A[3:0], supplies both the read and write address for the F
function generator. This function generator behaves the
same as a 16x1 single-port edge-triggered RAM array. The
RAM output, Single Port Out (SPQ), appears at the F func-
tion generator output. SPO, therefore, reflects the data at
address A[3:0].

The other address port, labeled DPRA[3:0] for Dual Port
Read Address, supplies the read address for the G function
generator. The write address for the G function generator,
however, comes from the address A[3:0]. The output from
this 16x1 RAM array, Dual Port Out (DPQ), appears at the
G function generator output. DPO, therefore, reflects the
data at address DPRA[3:0].

Therefore, by using A[3:0] for the write address and
DPRAJ[3:0] for the read address, and reading only the DPQO
output, a FIFO that can read and write simultaneously is
easily generated. Simuitaneous access doubles the effec-
tive throughput of the FIFO.

The relationships between CLB pins and RAM inputs and
outputs for dual-port, edge-triggered mode are shown in
Tabie 7. See Figure 8 on page 4-16 for a block diagram of a
CLB configured in this mode.

RAM16X1D Primive

e e e PO (Dual Port Ot

WE WE
o D . 0 0f—— Registered DPO
DPRAS:0] - ~r- AR[3:0)
. AW[30) JR—
-
G Functon Gere ator
F' ~——-———————=—-—= BP0 {Single Port Out)
—{we l
R o Q [———— Regsiered SPO
A3.0] g - o) AR
AWI3:0 ¢————
I
WOLK = _d

X758

Figure 7: XC4000 Series Dual-Port RAM, Simple
Model

Table 7: Dual-Port Edge-Triggered RAM Signals

RAM Signal | CLB Pin Function

D DO Data in

A[3:0] F1-F4 Read Address for F,
Write Address for F and G

DPRA[3:0] G1-G4 Read Address for G

WE | WE Write Enable

WCLK 'K Clock

SPO F Singte Port Out
(addressed by A[3:0])

DPO G’ Dual Port Out

- (addressed by DPRA[3:0]) |

Note: The pulse following the active edge of WCLK (Tywpsg
in Figure 4) must be less than one millisecond wide. For
most applications, this requirement is not overly restrictive;
however, it must not be forgotten. Stopping WCLK at this
point in the write cycle could result in excessive current and
even damage to the larger devices if many CLBs are con-
figured as edge-triggered RAM.

Single-Port Level-Sensitive Timing Mode

Note: Edge-triggered mode is recommended for all new
designs. Level-sensitive mode, also called asynchronous
mode, is still supported for XC4000 Series backward-com-
patibility with the XC4000 family.

Level-sensitive RAM timing is simple in concept but can be
complicated in execution. Data and address signals are
presented, then a positive puise on the write enable pin
(WE) performs a write into the RAM at the designated
address. As indicated by the “level-sensitive” label, this
RAM acts like a latch. During the WE High pulse, changing
the data lines results in new data written to the old address.
Changing the address lines while WE is High results in spu-
rious data written to the new address—and possibly at
other addresses as well, as the address lines inevitably do
not all change simultaneously.

The user must generate a carefully timed WE signal. The
delay on the WE signal and the address lines must be care-
fully verified to ensure that WE does not become active
until after the address lines have settied, and that WE goes
inactive before the address lines change again. The data
must be stable before and after the falling edge of WE.

In practical terms, WE is usually generated by a 2X clock. If
a 2X clock is not available, the falling edge of the system
clock can be used. However, there are inherent risks in this
approach, since the WE pulse must be guaranteed inactive
before the next rising edge of the system clock. Several
older application notes are available from Xilinx that dis-
cuss the design of level-sensitive RAMs. These application
notes include XAPP031, “Using the XC4000 RAM Capabil-
ity? and XAPP042, “High-Speed RAM Design in XC4000”
However, the edge-triggered RAM available in the XC4000
Series is superior to level-sensitive RAM for almost every
application.
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Figure 8: 16x1 Edge-Triggered Dual-Port RAM

Figure 9 shows the write timing for level-sensitive, single-
port RAM.

The relationships between CLB pins and RAM inputs and
outputs for single-port level-sensitive mode are shown in
Table 8.

Figure 10 and Figure 11 show biock diagrams of a CLB
configured as 16x2 and 32x1 level-sensitive, single-port
RAM.

Initializing RAM at Configuration

Both RAM and ROM implementations of the XC4000
Series devices are initialized during configuration. The ini-
tial contents are defined via an INIT attribute or property

X6748

attached to the RAM or ROM symbol, as described in the
schematic library guide. If not defined, all RAM contents
are initialized to all zeros, by default.

RAM initialization occurs only during configuration. The
RAM content is not affected by Global Set/Reset.

Table 8: Single-Port Level-Sensitive RAM Signals

| RAM Signal CLB Pin Function

D DO or D1 Data In \
(AE0) F1-F4 or Gi-G4 ~ | Address 7
ME’ ) WE |Write Enable |
o T FaG T Data Out |

4-16

November 10, 1897 (Version 1.4)



& XILINX

| N R — )
ADDRESS * X

{
1
i

+ b Fmpu—

|
!<~7— Tas y Twp -~ el
WRITE ENABLE /
} ‘
|- TOg ol |- TDH

DATAIN

X6462

Figure 9: Level-Sensitive RAM Write Timing
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Figure 10: 16x2 (or 16x1) Level-Sensitive Single-Port RAM
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Figure 11: 32x1 Level-Sensitive Single-Port RAM (F and G addresses are identical)

Fast Carry Logic

Each CLB F and G function generator contains dedicated
arithmetic logic for the fast generation of carry and borrow
signats. This exira output is passed on to the function gen-
erator in the adjacent CLB. The carry chain is independent
of normal routing resources.

Dedicated fast carry logic greatly increases the sfficiency
and performance of aciders, subtractors, accumulators,
comparators and counters. It also opens the door to many
new applications involving arithmetic operation, where the
previous generations of FPGAs were not fast enough or too
inefficient. High-speed address offset calculations in micro-
processor or graphics systems, and high-speed addition in
digital signal processing are two typical applications.

The two 4-input function generators can be configured as a
2-bit adder with built-in hidden carry that can be expanded
to any length. This dedicated carry circuitry is so fast and
efficient that conventiona! speed-up methods like carry
generate/propagate are meaningless even at the 16-bit
level, and of marginal benefit at the 32-bit level.

This fast carry logic is one of the more significant features
of the XC4000 Series, speeding up arithmetic and counting
into the 70 MHz range.

The carry chain in XC4000E devices can run either up or
down. At the top and bottom of the columns where there
are no CLBs above or below, the carry is propagated to the
right. (See Figure 12.} In order to improve speed in the
high-capacity XC4000X devices, which can potentially
have very long carry chains, the carry chain travels upward
only, as shown in Figure 13. Additionally, standard intercon-
nect can be used o route a carry signal in the downward
direction.

Figure 14 on page 4-20 shows an XC4000E CLB with ded-
icated fast carry logic. The carry logic in the XC4000X is
similar, except that COUT exits at the top only, and the sig-
nal CINDOWN does not exist. As shown in Figure 14, the
carry logic shares operand and control inputs with the func-
tion generators. The carry outputs connect to the function
generators, where they are combined with the operands to
form the sums.

Figure 15 on page 4-21 shows the details of the carry logic
for the XC4000E. This diagram shows the contents of the
box labeled “CARRY LOGIC” in Figure 14. The XC4000X
carry logic is very similar, but a multipiexer on the pass-
through carry chain has been eliminated to reduce deiay.
Additionally, in the XC4000X the multiplexer on the G4 path
has a memory-programmable 0 input, which permits G4 to
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directly connect to COUT. G4 thus becomes an additional
high-speed initialization path for carry-in.

The dedicated carry logic is discussed in detail in Xilinx CLB -;+ CLB {-;»| CLB }-.-» CLB
document XAPP 013: “Using the Dedicated Carry Logic in : : :
XC4000” This discussion also applies to XC4000E * : T ‘ 3 ' T
devices, and to XC4000X devices when the minor logic \ : . I .

changes are taken into account. : ; E
. . CLB | -+ CLB | .+ CLB | i-»| CLB
The fast carry logic can be accessed by placing special : . ;

library symbols, or by using Xilinx Relationally Placed Mac- T : T y : x

ros (RPMs) that already include these symbols. T 5 T ; = : i
CLB [—| CLB |4 CLB |—»| CLB CLB | i~ CLB | i~ CLB | i+ CLB
: o A H
T | I
. » P1 L] L

ctB | L. cB | i o | L. cLB

cLB CLB cLB cLB
' D : 3 ' D
= 3 = = 1 £ 3 X6610 Lo : G ' LN ‘
R S I S I . .
Figure 13: Awvailable XC4000X Carry Propagation
CLB CLB CLB CLB Paths (dotted lines use general interconnect)
i 4 4 §
v l I l T + T
CLB » CLB [+v» CLB » CLB

X6687
Figure 12: Available XC4000E Carry Propagation
Paths

November 10, 1997 (Version 1.4) 4-19



XC4000E and XC4000X Series Field Programmable Gate Arrays

CARRY Cout  Cinpown Pin
LOGIC O
G
_ .y
. G |~
CARRY
G4
~iL
G3 | ]
G |—
G2 ™~ DIN
*>—]
N H S/R
: G — D QF—— YQ
/ F
Gt
EC
Couto
H1 1 N
-
b DIN
F e H S/R
CARRY| i} a b ol—+xa
9
F
F4 '\I EC
F3 it ;
: F
F2
- i "
. i N — X
L F
e t t
’ i i @ |
] :
Cinup Cour K S/R EC
X6699

Figure 14: Fast Carry Logic in XC4000E CLB (shaded area not present in XC4000X)
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Figure 15: Detail of XC4000E Dedicated Carry Logic

Input/Qutput Blocks (I0Bs)

User-configurable input/output blocks (IOBs) provide the
interface between external package pins and the internal
logic. Each OB controls one package pin and can be con-
figured for input, output, or bidirectional signals.

Figure 16 shows a simplified block diagram of the
XC4000E 10B. A more complete diagram which includes
the boundary scan logic of the XC4000E 10B can be found
in Figure 41 on page 4-44, in the “Boundary Scan” section.

The XC4000X IOB contains some special features not
included in the XC4000E |0B. These features are high-
lighted in a simplified block diagram found in Figure 17, and
discussed throughout this section. When XC4000X special
features are discussed, they are clearly identified in the
text. Any feature not so identified is present in both
XC4000E and XC4000X devices.

10B Input Signals

Two paths, fabeled 11 and 12 in Figure 16 and Figure 17,
bring input signals into the array. Inputs also connect to an
input register that can be programmed as either an edge-
triggered flip-flop or a level-sensitive latch.

Cinue

Cin pown

The choice is made by placing the appropriate library sym-
bol. For example, IFD is the basic input flip-flop (rising edge
triggered), and ILD is the basic input latch (transparent-
High). Variations with inverted clocks are available, and
some combinations of latches and flip-flops can be imple-
mented in a single 0B, as described in the XACT Libraries
Guide.

The XC4000E inputs can be giobally configured for either
TTL (1.2V) or 5.0 volt CMOS thresholds, using an option in
the ‘bitstream generation software. There is a slight input
hysteresis of about 300mV. The XC40G00E output levels are
also configurable; the two global adjustments of input
threshold and output level are independent.

Inputs on the XC4000XL are TTL compatible and 3.3V
CMOS compatible. Outputs on the XC4000XL are pulled to
the 3.3V positive supply.

The inputs of XC4000 Series 5-Volit devices can be driven
by the outputs of any 3.3-Volit device, if the 5-Volt inputs are
in TTL mode.

Supported sources for XC4000 Series device inputs are
shown in Table 9.

November 10, 1997 (Version 1.4)
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Table 9: Supported Sources for XC4000 Series Device
Inputs

XC4000E/EX | XC4000XL
Series Inputs | Series Inputs
Source "5V, | 5V, 3.3V

TTL |CMOS CMOS
Any device, Vec = 3.3V, N N
CMOS outputs i
XC4000 Series, Vec =5V, |, | Unreli T
TTL outputs v | -able N

. Data - ——————

Any device, Vec=5V, N N
TTL outputs (Voh < 3.7 V)
Any device, Vcc =5V, N N N
CMOS outputs

XC4000XL 5-Volt Tolerant /Os

The {/Os on the XC4000XL are fully 5-volt tolerant even
though the Vo is 3.3 volts. This allows 5 V signals to
directly connect to the XC4000XL inputs without damage,
as shown in Table 9. In addition, the 3.3 volt V¢ can be
applied before or after 5 volt signals are applied to the 1/Os.
This makes the XC4000XL immune to power supply
sequencing problems.

Registered inputs

The i1 and 2 signals that exit the block can each carry
either the direct or registered input signal.

The input and output storage elements in each I0B have a
common clock enable input, which, through configuration,
can be activated individually for the input or output flip-flop,
or both. This clock enable operates exactly like the EC pin
on the XC4000 Series CLB. It cannot be inverted within the
108B.

The storage element behavior is shown in Table 10.

Table 10: Input Register Functionality
(active rising edge is shown)

Optional Delay Guarantees Zero Hold Time

The data input to the register can optionally be delayed by
several nanoseconds. With the delay enabled, the setup
time of the input flip-flop is increased so that normal clock
routing does not result in a positive hold-time requirement.
A positive hold time requirement can lead to unreliable,
temperature- or processing-dependent operation.

The input flip-flop setup time is defined between the data
measured at the device /O pin and the clock input at the
OB (not at the clock pin). Any routing delay from the device
clock pin to the clock input of the IOB must, therefore, be
subtracted from this setup time to arrive at the real setup
time requirement relative to the device pins. A short speci-
fied setup time might, therefore, result in a negative setup
time at the device pins, i.e., a positive hold-time require-
ment.

When a delay is inserted on the data line, more clock delay
can be tolerated without causing a positive hold-time
requirement. Sufficient delay eliminates the possibility of a
data hold-time requirement at the external pin. The maxi-
mum delay is therefore inserted as the default.

The XC4000E {OB has a one-tap delay element: either the
delay is inserted (default), or itis not. The delay guarantees
a zero hold time with respect to clocks routed through any
of the XC4000E giobal clock buffers. (See “Global Nets and
Buffers (XC4000E only)” on page 4-36 for a description of
the global clock buffers in the XC4000E.) For a shorter
input register setup time, with non-zero hold, attach a
NODELAY attribute or property to the flip-flop.

The XC4000X IOB has a two-tap delay element, with
choices of a full delay, a partial delay, or no delay. The
attributes or properties used to select the desired delay are
shown in Table 11. The choices are no added attribute,
MEDDELAY, and NODELAY. The default setting, with no
added attribute, ensures no hold time with respect to any of
the XC4000X clock buffers, including the Global Low-Skew
buffers. MEDDELAY ensures no hold time with respect to

T " Clock the Globai Early buffers. Inputs with NODELAY may have a
. Mode Clock Enable D Q positive hold time with respect to all clock buffers. For a
description of each of these buffers, see “Global Nets and
i Power-Up or X X X SR N
| GSR Buffers (XC4000X only)” on page 4-38.
Tﬁip-Flop e 1 ) D Table 11: XC4000X IOB Input Delay Element
| 0 X X Q [ Vvalue z ‘When to Use
Latch 1 1 X Q full delay Zero Hold with respect to Global Low-
: 0 1" D b {default, no Skew Buffer, Global Early Buffer
| Both X 0 X Q atiribute added)
“Legend: o MEDDELAY Zero Hold with respect to Global Early
X Don't care Buffer
v Hising edge — - — .
SR Set or Reset value. Reset is default. NODELAY Short Setup, positive Hold time
0* Input is Low or unconnected (default value)
1* input is High or unconnected (default value)
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Additional Input Latch for Fast Capture (XC4000X only)

The XC4000X I0B has an additional optional latch on the
input. This latch, as shown in Figure 17, is clocked by the
output clock — the clock used for the output flip-flop —
rather than the input clock. Therefore, two different clocks
can be used to clock the two input storage elements. This
additional latch allows the very fast capture of input data,
which is then synchronized fo the internat clock by the 10B
flip-flop or latch.

To use this Fast Capture technique, drive the output clock
pin (the Fast Capture latching signal) from the output of one
of the Global Early buffers supplied in the XC4000X. The
second storage element should be clocked by a Global
Low-Skew buffer, to synchronize the incoming data to the
internal logic. (See Figure 18.) These special buffers are
described in “Globa! Nets and Buffers {XC4000X only)” on
page 4-38.

The Fast Capture latch (FCL) is designed primarily for use
with a Global Early buffer. For Fast Capture, a single clock
signal is routed through both a Global Early buffer and a
Global Low-Skew buffer. (The two buffers share an input
pad.) The Fast Capture latch is clocked by the Global Early
buffer, and the standard 0B flip-flop or latch is clocked by
the Global Low-Skew buffer. This mode is the safest way to
use the Fast Capture latch, because the clock buffers on
both storage elements are driven by the same pad. There is
no external skew between clock pads to create potential
problems.

To place the Fast Capture latch in a design, use one of the
special library symbols, ILFFX or ILFLX. ILFFXis a trans-
parent-Low Fast Capture latch followed by an active-High
input flip-flop. ILFLX is a transparent-Low Fast Capture
latch followed by a transparent-High input latch. Any of the
clock inputs can be inverted before driving the library ele-
ment, and the inverter is absorbed into the I10B. If a single
BUFG output is used 1o drive both clock inputs, the soft-
ware automatically runs the clock through both a Global
Low-Skew buffer and a Global Early buffer, and clocks the
Fast Capture latch appropriately.

Figure 17 on page 4-22 also shows a two-tap delay on the
input. By default, if the Fast Capture latch is used, the Xilinx
software assumes a Global Early buffer is driving the clock,
and selects MEDDELAY 10 ensure a zero hold time. Select

ILFFX

- to internal
togic

i

—

BUFGLS

Figure 18: Examples Using XC4000X FCL

X3033

the desired delay based on the discussion in the previous
subsection.

10B Output Signals

Output signals can be optionally inverted within the 10B,
and can pass directly to the pad or be stored in an edge-
triggered flip-flop. The functionality of this flip-flop is shown
in Table 12.

An active-High 3-state signal can be used to place the out-
put buffer in a high-impedance state, implementing 3-state
outputs or bidirectional /0. Under configuration contro, the
output (OUT)} and output 3-state (T) signals can be
inverted. The polarity of these signals is independently con-
figured for each 1OB.

The 4-mA maximum output current specification of many
FPGAs often forces the user to add external buffers, which
are especially cumbersome on bidirectional 1/0 lines. The
XC4000E and XC4000EX/XL devices solve many of these
problems by providing a guaranteed output sink current of
12 mA. Two adjacent outputs can be interconnected exter-
nally to sink up to 24 mA. The XC4000E and XC4000EX/XL
FPGAs can thus directly drive buses on a printed circuit
board.

By default, the output pull-up structure is configured as a
TTL-like totem-pole. The High driver is an n-channei pull-up
transistor, pulling to a voltage one transistor threshold
below Vcc. Alternatively, the outputs can be globally config-
ured as CMOS drivers, with p-channel pull-up transistors
pulling to Vce. This option, applied using the bitstream gen-
eration software, applies to all outputs on the device. It is
not individually programmable. In the XC4000XL., all out-
puts are pulled to the positive supply rail.

Table 12: Output Flip-Flop Functionality (active rising
edge is shown)

[

Clock | | o

Mode | Clock = Enable T D Q
I Power-Up X X 0* X SR |
Lor GSR |
B =i
| X 0 3 o X Q
\FipFlop __—/ | 1" 0] D D]
| X ) X 1 X Z
| o . x o X Q
Legend:

X Don’t care

_/  Rising edge

SR Set or Reset vaiue. Reset is default.

o* Input is Low or unconnected (default vaiue)

1" input is High or unconnected (default value)

Z 3-state
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Any XC4000 Series 5-Volt device with its outputs config-
ured in TTL mode can drive the inputs of any typical 3.3-
Volt device. (For a detailed discussion of how to interface
between 5V and 3.3 V devices, see the 3V Products sec-
tion of The Programmable Logic Data Book.)

Supported destinations for XC4000 Series device outputs
are shown in Table 13.

An output can be configured as open-drain (open-collector)
by placing an OBUFT symbol in a schematic or HDL code,
then tying the 3-state pin (T) to the output signal, and the
input pin (1) to Ground. (See Figure 19.)

Table 13: Supported Destinations for XC4000 Series
Outputs

XC4000 Series
Outputs
Destination 3.3V, 8V, SV,

CMOS| TTL | CMOS
Any typical device, Vec =3.3V,] ¥ v | some’
CMOS-threshold inputs
Any device, Vec =5V, N N ~
TTL-threshold inputs
Any device, Vec =5V, Unreliable N
CMOS-threshold inputs Data

1. Only if destination device has 5-V tolerant inputs

X6702

1 OBUFT
Figure 19: Open-Drain Output

Output Slew Rate

The slew rate of each output buffer is, by default, reduced,
to minimize power bus transients when switching non-criti-
cal signals. For critical signals, attach a FAST attribute or
property to the output buffer or flip-flop.

For XC4000E devices, maximum total capacitive load for
simultaneous fast mode switching in the same direction is
200 pF for all package pins between each Power/Ground

pin pair. For XC4000X devices, additional internal Power/
Ground pin pairs are connected to special Power and
Ground planes within the packages, to reduce ground
bounce. Therefore, the maximum total capacitive load is
300 pF between each external Power/Ground pin pair.
Maximum loading may vary for the low-voltage devices.

For slew-rate limited outputs this totai is two times larger for
each device type: 400 pF for XC4000E devices and 600 pF
for XC4000X devices. This maximum capacitive load
should not be exceeded, as it can resuit in ground bounce
of greater than 1.5 V amplitude and more than 5 ns dura-
tion. This level of ground bounce may cause undesired
transient behavior on an output, or in the internal logic. This
restriction is common to all high-speed digital ICs, and is
not particular to Xilinx or the XC4000 Series.

XC4000 Series devices have a feature called “Soft Start-
up,” designed to reduce ground bounce when all outputs
are turned on simultaneously at the end of configuration.
When the configuration process is finished and the device
starts up, the first activation of the outputs is automatically
slew-rate limited. Immediately following the initial activation
of the /O, the slew rate of the individual outputs is deter-
mined by the individual configuration option for each 10B.

Global Three-State

A separate Global 3-State line (not shown in Figure 16 or
Figure 17) forces all FPGA outputs to the high-impedance
state, unless boundary scan is enabled and is executing an
EXTEST instruction. This global net (GTS) does nat com-
pete with other routing resources; it uses a dedicated distri-
bution network.

GTS can be driven from any user-programmable pin as a
global 3-state input. To use this global net, place an input
pad and input buffer in the schematic or HDL code, driving
the GTS pin of the STARTUP symbol. A specific pin loca-
tion can be assigned to this input using a LOC attribute or
property, just as with any other user-programmabile pad. An
inverter can optionally be inserted after the input buffer to
invert the sense of the Giobal 3-State signal. Using GTS is
similar to GSR. See Figure 3 on page 4-11 for details.

Alternatively, GTS can be driven from any internal node.

November 10, 1997 (Version 1.4)
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Output Multiplexer/2-input Function Generator
(XC4000X only)

As shown in Figure 17 on page 4-22, the output path in the
XC4000X 10B contains an additional multiplexer not avail-
able in the XC4000E {OB. The multiplexer can also be con-
figured as a 2-input function generator, implementing a
pass-gate, AND-gate, OR-gate, or XOR-gate, with 0, 1, or 2
inverted inputs. The logic used to implement these func-
tions is shown in the upper gray area of Figure 17,

When configured as a multiplexer, this feature allows two
output signals to time-share the same output pad; effec-
tively doubling the number of device outputs without requir-
ing a larger, more expensive package.

When the MUX is configured as a 2-input function genera-
tor, logic can be implemented within the 10B itself. Com-
bined with a Global Early buffer, this arrangement allows
very high-speed gating of a single signal. For example, a
wide decoder can be implemented in CLBs, and its output
gated with a Read or Write Strobe Driven by a BUFGE
buffer, as shown in Figure 20. The critical-path pin-to-pin
delay of this circuit is less than 6 nanoseconds.

As shown in Figure 17, the 10B input pins Out, Output
Clock, and Clock Enable have different delays and different
fiexibilities regarding polarity. Additionally, Output Clock
sources are more limited than the other inputs. Therefore,
the Xilinx software does not move logic into the 10B func-
tion generators unless explicitly directed to do so.

The user can specify that the 0B function generator be
used, by placing special library symbols beginning with the
letter “O.” For exampie, a 2-input AND-gate in the 1OB func-
tion generator is called OAND2. Use the symbol input pin
labelled “F” for the signal on the critical path. This signal is
placed on the OK pin — the 10B input with the shortest
delay to the function generator. Two examples are shown in
Figure 21,

fom [ )—<cean]

internal FAST
logic

%9019
Figure 20: Fast Pin-to-Pin Path in XC4000X

~~~~~~~ 1F bo__
R .0
__________ , o] ]

OAND2 50 |

B —

peee)

Figure 21: AND & MUX Symbols in XC4000X |I0B

Other I0OB Options

There are a number of other programmable options in the
XC4000 Series 10B.

Puii-up and Puli-down Resistors

Programmable puli-up and pull-down resistors are useful
for tying unused pins to Vcc or Ground to minimize power
consumption and reduce noise sensitivity. The configurable
pull-up resistor is a p-channel transistor that pulis to Vce.
The configurable pull-down resistor is an n-channel transis-
tor that pulls to Ground.

The value of these resistors is 50 kQ — 100 k€2 This high
value makes them unsuitable as wired-AND pull-up resis-
tors.

The pull-up resistors for most user-programmabie I0Bs are
active during the configuration process. See Tabie 23 on
page 4-59 for a list of pins with pull-ups active before and
during configuration.

After configuration, voltage levels of unused pads, bonded
or unbonded, must be valid logic levels, to reduce noise
sensitivity and avoid excess current. Therefore, by default,
unused pads are configured with the internal pull-up resis-
tor active. Alternatively, they can be individually configured
with the pull-down resistor, or as a driven output, or to be
driven by an external source. To activate the internal pull-
up, attach the PULLUP library component to the net
attached to the pad. To activate the internal pull-down,
attach the PULLDOWN library component to the net
attached to the pad.

independent Clocks

Separate clock signals are provided for the input and output
flip-flops. The clock can be independently inverted for each
flip-flop within the 10B, generating either falling-edge or ris-
ing-edge triggered flip-flops. The clock inputs for each IOB
are independent, except that in the XC4000X, the Fast
Capture latch shares an |OB input with the output clock pin.

Early Clock for 10Bs (XC4000X only)

Special early clocks are available for IOBs. These clocks
are sourced by the same sources as the Global Low-Skew
buffers, but are separately buffered. They have fewer loads
and therefore less delay. The early clock can drive either
the 10B output clock or the IOB input clock, or both. The
sarly clock allows fast capture of input data, and fast clock-
to-output on output data. The Global Early buffers that drive
these clocks are described in “Global Nets and Buffers
(XCA000X only)” on page 4-38.

Global Set/Reset

As with the CLB registers, the Global Set/Reset signal
(GSR) can be used to set or clear the input and output reg-
isters, depending on the value of the INIT attribute or prop-
erty. The two flip-flops can be individually configured to set
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or clear on reset and after configuration. Other than the glo-
bal GSR net, no user-controlied set/reset signal is available
to the /O flip-flops. The choice of set or clear applies to
both the initial state of the flip-flop and the response to the
Global Set/Reset pulse. See “Global Set/Reset” on page 4-
11 for a description of how to use GSR.

JTAG Support

Embedded logic attached to the 1OBs contains test struc-
tures compatible with IEEE Standard 1149.1 for boundary
scan testing, permitting easy chip and board-level testing.
More information is provided in “Boundary Scan” on
page 4-43.

Three-State Buffers

A pair of 3-state buffers is associated with each CLB in the
array. (See Figure 28 on page 4-31.) These 3-state buffers
can be used to drive signals onto the nearest horizontal
longlines above and beiow the CLB. They can therefore be
used to implement multiplexed or bidirectional buses on the
horizontal longlines, saving logic resources. Programmable
pull-up resistors attached to these longlines help to imple-
ment a wide wired-AND function.

The buffer enable is an active-High 3-state (i.e. an active-
Low enable), as shown in Table 14.

Another 3-state buffer with similar access is located near
each /O biock along the right and left edges of the array.
(See Figure 34 on page 4-35.)

The horizontal longlines driven by the 3-state buffers have
a weak keeper at each end. This circuit prevents undefined
floating levels. However, it is overridden by any driver, even
a puli-up resistor.

Special longlines running along the perimeter of the array
can be used to wire-AND signals coming from nearby 10Bs
or from internal longlines. These longlines form the wide
edge decoders discussed in “Wide Edge Decoders” on
page 4-28.

Standard 3-State Buffer

All three pins are used. Place the library element BUFT.
Connect the input to the | pin and the output to the O pin.
The T pin is an active-High 3-state (i.e. an active-Low
enable). Tie the T pin to Ground to implement a standard
buffer.

Wired-AND with Input on the | Pin

The buffer can be used as a Wired-AND. Use the WAND1
library symbol, which is essentially an open-drain buffer.
WAND4, WANDS, and WAND16 are also available. See the
XACT Libraries Guide for further information.

The T pin is internally tied to the | pin. Connect the input to
the | pin and the output to the O pin. Connect the outputs of
all the WAND1s together and attach a PULLUP symbol.

Wired OR-AND

The huffer can be configured as a Wired OR-AND. A High
level on either input turns off the output. Use the
WOR2AND library symbol, which is essentially an open-
drain 2-input OR gate. The two input pins are functionally
equivalent. Attach the two inputs to the 10 and 11 pins and
tie the output to the O pin. Tie the outputs of all the
WOR2ANDs together and attach a PULLUP symboal.

Three-State Buffer Examples

Figure 22 shows how to use the 3-state buffers to imple-
ment a wired-AND function. When all the buffer inputs are
High, the pull-up resistor(s) provide the High output.

Figure 23 shows how to use the 3-state buffers to imple-
ment a multiplexer. The selection is accomplished by the
buffer 3-state signal.

Pay particular attention to the polarity of the T pin when
using these buffers in a design. Active-High 3-state (T) is
identical to an active-Low output enable, as shown in
Table 14.

Table 14: Three-State Buffer Functionality

Three-State Buffer Modes IN T ouT
The 3-state buffers can be configured in three modes: X 1 Zz
« Standard 3-state buffer IN ‘ 0 IN
*  Wired-AND with input on the | pin
* Wired OR-AND
Z =D, 80, 8{0;+D,) #(0c+Dp) ? % g
L
. - - é
. - B ] DE 1
DA WAND1Y DB WAND1 o -@' DF j:Q:}““M_—
WORZAND WORZAND

Figure 22: Open-Drain Buffers implement a Wired-AND Function
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Figure 23: 3-State Buffers Implement a Muitiplexer

Wide Edge Decoders

Dedicated decoder circuitry boosts the performance of
wide decoding functions. When the address or data field is
wider than the function generator inputs, FPGAs need
multi-level decoding and are thus slower than PALs.
XC4000 Series CLBs have nine inputs. Any decoder of up
to nine inputs is, therefore, compact and fast. However,
there is also a need far much wider decoders, especially for
address decoding in large microprocessor systems.

An XC4000 Series FPGA has four programmable decoders
located on each edge of the device. The inputs to each
decoder are any of the OB 11 signals on that edge plus one
local interconnect per CLB row or column, Each row or col-
umn of CLBs provides up to three variables or their compli-
ments., as shown in Figure 24, Each decoder generates a
High output (resistor pull-up) when the AND condition of
the selected inputs, or their complements, is true. This is
analogous to a product term in typical PAL devices.

Each of these wired-AND gates is capable of accepting up
to 42 inputs on the XC4005E and 72 on the XC4013E.
There are up to 96 inputs for each decoder on the
XC4028X and 132 on the XC4052X. The decoders may
also be split in two when a larger number of narrower
decoders are required, for a maximum of 32 decoders per
device.

The decoder outputs can drive CL.B inputs, so they can be
combined with other logic to form a PAL-like AND/OR struc-
ture. The decoder outputs can also be routed directly to the
chip outputs. For fastest speed, the output should be on the
same chip edge as the decoder. Very large PALs can be
emulated by ORing the decoder outputs in a CLB. This
decoding feature covers what has long been considered a
weakness of older FPGAs. Users often resorted to external
PALs for simple but fast decoding functions. Now, the dedi-
cated decoders in the XC4000 Series device can imple-
ment these functions fast and efficiently.

To use the wide edge decoders, place one or more of the
WAND library symbols (WAND1, WAND4, WANDS,
WAND16). Attach a DECODE attribute or property to each
WAND symbol. Tie the outputs together and attach a PUL-

Dy — — O -

e
BUFT BUFT . BUFT
[V p—

| G~

X6466

LUP symbol. Location attributes or properties such as L
(left edge) or TR (right half of top edge} should also be used
to ensure the correct placement of the decoder inputs.

INTERCONNECT
108 108
i i
A c B
] ]
? ( G ..
(AeB+C)....
' (AsBsCy.....
} (ReBeC) ...

X2627

Figure 24: XC4000 Series Edge Decoding Example

OSC4

FaMm |-
F500K |- —-
F18K |-
Fago |-
F15 |-

6733

Figure 25: XC4000 Series Oscillator Symbol

On-Chip Oscillator

XC4000 Series devices include an internal oscillator. This
oscillator is used to clock the power-on time-out, for config-
uration memory clearing, and as the source of CCLK in
Master configuration modes. The oscillator runs at a nomi-
nal 8 MHz frequency that varies with process, Vce, and
temperature. The output frequency falis between 4 and 10
MHz,
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The oscillator output is optionally available after configura-
tion. Any two of four resynchronized taps of a built-in divider
are also available. These taps are at the fourth, ninth, four-
teenth and nineteenth bits of the divider. Therefore, if the
primary oscillator output is running at the nominal 8 MHz,
the user has access to an 8 MHz clock, plus any two of 500
kHz, 16kHz, 490Hz and 15Hz (up to 10% lower for low-volt-
age devices). These frequencies can vary by as much as -
50% or +25%.

These signals can be accessed by placing the OSC4
library element in a schematic or in HDL code (see
Figure 25).

The oscillator is automatically disabled after configuration if
the OSC4 symbol is not used in the design.

Programmable Interconnect

All internal connections are composed of metal segments
with programmable switching points and switching matrices
to implement the desired routing. A structured, hierarchical
matrix of routing resources is provided to achieve efficient
automated routing.

The XC4000E and XC4000X share a basic interconnect
structure. XC4000X devices, however, have additional rout-
ing not available in the XC4000E. The extra routing
resources allow high utilization in high-capacity devices. Ali
XC4000X-specific routing resources are clearly identified
throughout this section. Any resources not identified as
XC4000X-specific are present in all XC4000 Series
devices.

This section describes the varied routing resources avail-
able in XC4000 Serigs devices. The implementation soft-
ware automatically assigns the appropriate resources
based on the density and timing requirements of the
design.

Interconnect Overview
There are several types of interconnect.

« CLB routing is associated with each row and column of
the CLB array.

» OB routing forms a ring {called a VersaRing) around
the outside of the CLE armay. It connects the i/O with the
internal logic blocks.

* Global routing consists of dedicated networks primarily
designed to distribute clocks throughout the device with
minimum delay and skew. Global routing can aiso be
used for other high-fanout signals.

Five interconnect types are distinguished by the relative
length of their segments: single-length lines, double-length
lines, quad and octal lines (XC4000X only), and longlines.
in the XC4000X, direct connects aflow fast data flow
between adjacent CLBs, and between |0Bs and CLBs.

Extra routing is included in the OB pad ring. The XC4000X
also includes a ring of octal interconnect lines near the
10Bs to improve pin-swapping and routing to locked pins.

XCA4000E/X devices include two types of global buffers.
These global buffers have different properties, and are
intended for different purposes. They are discussed in
detail later in this section.

CLB Routing Connections

A high-level diagram of the routing resources associated
with one CLB is shown in Figure 26. The shaded arrows
represent routing present only in XC4000X devices.

Table 15 shows how much routing of each type is available
in XC4000E and XC4000X CLB arrays. Clearly, very large
designs, or designs with a great deal of interconnect, will
route more easily in the XC4000X. Smaller XC4000E
designs, typically requiring significantly less interconnect,
do not require the additional routing.

Figure 28 on page 4-31 is a detailed diagram of both the
XC4000E and the XC4000X CLB, with associated routing.
The shaded square is the programmable switch matrix,
present in both the XC4000E and the XC4000X. The L-
shaped shaded area is present only in XC4000X devices.
As shown in the figure, the XC4000X block is essentially an
XC4000E block with additionai routing.

CLB inputs and outputs are distributed on all four sides,
providing maximum routing flexibility. In general, the entire
architecture is symmetrical and regular. It is well suited to
established placement and routing algorithms. Inputs, out-
puts, and function generators can freely swap positions
within a CLB to avoid routing congestion during the place-
ment and routing operation.

November 10, 1997 (Version 1.4)
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Figure 26: High-Level Routing Diagram of XC4000 Series CLB (shaded arrows indicate XC4000X only)

Table 15: Routing per CLB in XC4000 Series Devices

XC4000E XC4000X
Vertical | Horizontal | Vertical | Horizontal

Singles 8 8 8 8
Doubles 4 4 4 4
Quads 0 0 12 12
Longlines 6 6 10 6
Direct 0 0 2 2
Connects

Globals 4 0 8 0
Carry Logic 2 0 1 0
Total 24 18 45 32

Programmable Switch Matrices

The horizontal and vertical single- and double-length lines
intersect at a box called a programmable switch matrix
(PSM). Each switch matrix consists of programmable pass
transistors used to estakiish connections between the lines
(see Figure 27).

For example, a single-length signal entering on the right
side of the switch matrix can be routed to a single-length
line on the top, left, or bottom sides, or any combination
thereof, if multiple branches are required. Similarly, a dou-
ble-length signal can be routed to a double-length line on
any or all of the other three edges of the programmable
switch matrix.

It i Bt B -t y N
Double : : —

1 T .

N : ;
Singles 0 ; i

T T . .

T + Six Pass Transistors

1 s Per Switch Matrix
Double ! : interconnect Point

LI S R S R i i

X6600
Figure 27: Programmable Switch Matrix (PSM)

Single-Length Lines

Single-length lines provide the greatest interconnect flexi-
bility and offer fast routing between adjacent blocks. There
are eight vertical and eight horizontal single-length lines
associated with each CLB. These lines connect the switch-
ing matrices that are located in every row and a column of
CLBs.

Single-length lines are connected by way of the program-
mable switch matrices, as shown in Figure 29. Routing
connectivity is shown in Figure 28.

Single-length lines incur a deiay whenever they go through
a switching matrix. Therefore, they are not suitable for rout-
ing signals for long distances. They are normaily used to
conduct signals within a localized area and to provide the
branching for nets with fanout greater than one.
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Figure 28: Detail of Programmable Interconnect Associated with XC4000 Series CLB
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Figure 29: Single- and Double-Length Lines, with
Programmable Switch Matrices (PSMs)

Double-Length Lines

The double-length lines consist of a grid of metal segments,
each twice as long as the single-length lines: they run past
two CLBs before enteting a switch matrix. Double-length
lines are grouped in pairs with the switch matrices stag-
gered, so that each line goes through a switch matrix at
every other row or column of CLBs (see Figure 29).

There are four vertical and four horizontal double-length
lines associated with each CLB. These lines provide faster
signal routing over intermediate distances, while retaining
routing flexibility. Double-length lines are connected by way
of the programmable switch matrices. Routing connectivity
is shown in Figure 28.

Quad Lines (XC4000X only)

XC4000X devices also include twelve vertical and twelve
horizontal quad lines per CLB row and column. Quad lines
are four times as long as the single-length lines. They are
interconnected via buffered switch matrices (shown as dia-
monds in Figure 28 on page 4-31). Quad lines run past four
CLBs before entering a buffered switch matrix. They are
grouped in fours, with the buffered switch matrices stag-
gered, so that each line goes through a buffered switch
matrix at every fourth CLB location in that row or column.
(See Figure 30.)

The buffered switch matrixes have four pins, one on each
edge. All of the pins are bidirectional. Any pin can drive any
or all of the other pins.

Each buffered switch matrix contains one buffer and six
pass transistors. It resembles the programmable switch
matrix shown in Figure 27, with the addition of a program-
mable buffer. There can be up to two independent inputs

cLB LB Wil
Wk e WK |ows
X > R
CiB CLB{ || ik |CLB
Y x AN
R X R
= X ==
X =&
CLB f r F ce| |} r | [ci

X9014
Figure 30: Quad Lines (XC4000X only}

and up to two independent outputs. Only one of the inde-
pendent inputs can be buffered.

The place and route software automatically uses the timing
requirements of the design to determine whether or not a
quad line signal should be buffered. A heavily loaded signal
is typically buffered, while a lightly loaded one is not. One
scenario is to alternate buffers and pass transistors. This
allows both vertical and horizontal quad lines to be buffered
at alternating buffered switch matrices.

Due to the buffered switch matrices, quad lines are very
fast. They provide the fastest available method of routing
heavily loaded signals for long distances across the device.

Longlines

Longlines form a grid of metal interconnect segments that
run the entire length or width of the array. Longlines are
intended for high fan-out, time-critical signal nets, or nets
that are distributed over long distances. In XC4000X
devices, quad lines are preferred for critical nets, because
the buffered switch matrices make them faster for high fan-
out nets.

Two horizontal longlines per CLB can be driven by 3-state
or open-drain drivers (TBUFs). They can therefore imple-
ment unidirectional or bidirectional buses, wide multiplex-
ers, or wired-AND functions. (See “Three-State Buffers” on
page 4-27 for more details.)

Each horizontal longline driven by TBUFs has either two
{(XC4000E) or eight (XC4000X) pull-up resistors. To acti-
vate these resistors, attach a PULLUP symbol to the long-
line net. The software automatically activates the appropri-
ate number of pull-ups. There is also a weak keeper at
each end of these two horizontal longlines. This circuit pre-

4-32

November 10, 1997 (Version 1.4)



& XILINX

vents undefined floating levels. However, it is overridden by
any driver, even a pull-up resistor.

Each XC4000E longline has a programmable splitter switch
at its center, as does each XC4000X longline driven by
TBUFs. This switch can separate the line into two indepen-
dent routing channels, each running half the width or height
of the array.

Each XC4000X longline not driven by TBUFs has a buff-
ered programmable splitter switch at the 1/4, 1/2, and 3/4
points of the array. Due to the buffering, XC4000X longline
performance does not deteriorate with the larger array
sizes. If the longline is split, the resulting partial longlines
are independent.

Routing connectivity of the longlines is shown in Figure 28
on page 4-31.

Direct interconnect (XC4000X only)

The XC4000X offers two direct, efficient and fast connec-
tions between adjacent CLBs. These nets facilitate a data
flow from the left to the right side of the device, or from the
top to the bottom, as shown in Figure 31. Signals routed on
the direct interconnect exhibit minimum interconnect prop-
agation delay and use no general routing resources.

The direct interconnect is also present between CLBs and
adjacent |0Bs. Each OB on the left and top device edges
has a direct path to the nearest CLB. Each CLB on the right
and bottom edges of the array has a direct path to the near-
est two 10Bs, since there are two IOBs for each row or col-
umn of CLBs.

The place and route software uses direct interconnect
whenever possible, to maximize routing resources and min-
imize interconnect delfays.
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Figure 31: XC4000X Direct Interconnect

I/0O Routing

XC4000 Series devices have additional routing around the
10B ring. This routing is called a VersaRing. The VersaRing
facilitates pin-swapping and redesign without affecting
board layout. Included are eight double-length lines span-
ning two CLBs (four 1OBs), and four longlines. Global lines
and Wide Edge Decoder lines are provided. XC4000X
devices also include eight octal lines.

A high-level diagram of the VersaRing is shown in
Figure 32. The shaded arrows represent routing present
only in XC4000X devices.

Figure 34 on page 4-35 is a detailed diagram of the
XC4000E and XC4000X VersaRing. The area shown
includes two I0Bs. There are two 10Bs per CLB row or col-
umn, therefore this diagram corresponds to the CLB routing
diagram shown in Figure 28 on page 4-31. The shaded
areas represent routing and routing connections present
only in XC4000X devices.

Octal /O Routing (XC4000X only)

Between the XC4000X CLB array and the pad ring, eight
interconnect tracks provide for versatility in pin assignment
and fixed pinout flexibility. (See Figure 33 on page 4-34.)

These routing tracks are called octals, because they can be
broken every eight CLBs (sixteen 1OBs) by a programma-
ble buffer that also functions as a splitter switch. The buffers
are staggered, so each line goes through a buffer at every
eighth CLB location around the device edge.

The octal lines bend around the corners of the device. The
lines cross at the corners in such a way that the segment
most recently buffered before the turn has the farthest dis-
tance to travel before the next buffer, as shown in
Figure 33.
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Figure 32: High-Level Routing Diagram of XC4000 Series VersaRing (Left Edge)

WED = Wide Edge Decoder, 10B = I/O Block (shaded arrows indicate XC4000X only)

— i N g
N A
: cee = X b
it b4 1
GRERET I 108 : / TE
¢ % S i R e e e sy g o e l,: Sj&
108 % // 108
; Segment with nearest butfer /
[ connects to segment with furthest buffer \
. .
. .
P .
X9015

Figure 33: XC4000X Octal I/0 Routing
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I0B inputs and outputs interface with the octal lines via the
single-length interconnect lines. Single-length lines are
also used for communication between the octals and dou-
ble-length lines, quads, and longlines within the CLB array,

Segmentation into buffered octals was found to be optimal
for distributing signals over long distances around the
device.

Global Nets and Buffers

Both the XC4000E and the XC4000X have dedicated glo-
bal networks. These networks are designed to distribute
clocks and other high fanout control signals throughout the
devices with minimal skew. The global buffers are
described in detail in the following sections. The text
descriptions and diagrams are summarized in Table 16.
The table shows which CLB and I0B clock pins can be
sourced by which global buffers.

in both XC4000E and XC4000X devices, placement of a
library symbol called BUFG results in the software choos-
ing the appropriate clock buffer, based on the timing
requirements of the design. The detailed information in
these sections is included only for reference.

Global Nets and Buffers (XC4000E only)

Four vertical longlines in each CLB column are driven
exclusively by special global buffers. These longlines are
in addition to the vertical longlines used for standard inter-
connect. The four global lines can be driven by either of two
types of global buffers. The clock pins of every CLB and
|OB can also be sourced from local interconnect.

Table 16: Clock Pin Access

Two different types of clock buffers are available in the
XC4000E:

* Primary Global Buffers (BUFGP)
* Secondary Global Buffers (BUFGS)

Four Primary Global buffers offer the shortest delay and
negligile skew. Four Secondary Global buffers have
slightly longer delay and slightly more skew due to poten-
tially heavier loading, but offer greater flexibility when used
to drive non-clock CLB inputs.

The Primary Globa!l buffers must be driven by the semi-
dedicated pads. The Secondary Global buffers can be
sourced by either semi-dedicated pads or internal nets.

Each CLB column has four dedicated vertical Giobal lines.
Each of these lines can be accessed by one particular Pri-
mary Global buffer, or by any of the Secondary Global buff-
ers, as shown in Figure 35. Each corner of the device has
one Primary buffer and one Secondary buffer.

IOBs along the left and right edges have four vertical global
longlines. Top and bottom iOBs can be clocked from the
global lines in the adjacent CLB column.

A global buffer should be specified for all timing-sensitive
global signal distribution. To use a global buffer, place a
BUFGP (primary buffer), BUFGS (secondary buffer), or
BUFG (either primary or secondary buffer) element in a
schematic or in HDL code. If desired, attach a LOC
attribute or property to direct placement to the designated
location. For example, attach a LOC=L atiribute or property
to a BUFGS symbol to direct that a buffer be placed in one
of the two Secondary Global buffers on the left edge of the
device, or a LOC=BL to indicate the Secondary Global
buffer on the bottorn edge of the device, on the leit.

XC4000E XC4000X Local
. L&R T&B Inter-

BUFGP | BUFGS | BUFGLS | purge | BUFGE | connect
All CLBs in Quadrant N v v N N v
All CLBs in Device N N N v
10Bs on Adjacent Vertical N y N N N N
Half Edge
IOBs on Adjacent Vertical v v N N v
Fuil Edge
|10Bs on Adjacent Horizontal N ~
Half Edge (Direct) ; ‘ o
IOBs on Adjacent Horizontal ' v N N N v —J
Half Edge (through CLB globals) ‘
IOBs on Adjacent Horizontal | N N N v
Full Edge (through CLB globals)

L = Left, R = Right, T = Top, B = Bottom
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Figure 36: XC4000X Global Net Distribution
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Global Nets and Buffers (XC4000X only)

Eight vertical longlines in each CLB column are driven by
special giobal buffers. These longlines are in addition to the
vertical longlines used for standard interconnect. The glo-
bal lines are broken in the center of the array, to allow faster
distribution and to minimize skew across the whole array.
Each half-column global line has its own buffered multi-
plexer, as shown in Figure 36. The top and bottom global
lines cannot be connected across the center of the device,
as this connection might introduce unacceptable skew. The
top and bottom halves of the global lines must be sepa-
rately driven — although they can be driven by the same
global buffer.

The eight global lines in each CLB column can be driven by
either of two types of global buffers. They can also be
driven by internal logic, because they can be accessed by
single, double, and quad lines at the top, bottom, half, and
quarter points. Consequently, the number of different
clocks that can be used simuitaneously in an XC4000X
device is very large.

There are four global lines feeding the 10Bs at the left edge
of the device. IOBs along the right edge have eight global
lines. There is a single global line along the top and bottom
edges with access to the IOBs. All IOB global lines are bro-
ken at the center. They cannot be connected across the
center of the device, as this connection might introduce
unacceptable skew.

10B global lines can be driven from two types of global buff-
ers, or from local interconnect. Alternatively, top and bottom
IOBs can be clocked from the global lines in the adjacent
CLB column.

Two different types of clock buffers are available in the
XC4000X:

» Global Low-Skew Buffers (BUFGLS)
* Global Early Buffers (BUFGE)

Global Low-Skew Buffers are the standard clock buffers.
They should be used for most internal clocking, whenever a
large portion of the device must be driven.

Global Early Buffers are designed to provide a faster clock
access, but CLB access is limited to one-fourth of the
device. They also facilitate a faster /O interface.

Figure 36 is a conceptual diagram of the giobal net struc-
ture in the XC4000X.

Global Early butfers and Global L.ow-Skew buffers share a
single pad. Therefore, the same IPAD symbol can drive one
buffer of each type, in paraliel. This configuration is particu-
larly useful when using the Fast Capture latches, as
described in *IOB Input Signais” on page 4-21. Paired Glo-
bal Early and Global Low-Skew buffers share a common
input; they cannot be driven by two different signals.

Choosing an XC4000X Clock Buffer

The clocking structure of the XC4000X provides a large
variety of features. However, it can be simple to use, with-
out understanding all the details. The software automati-
cally handles clocks, along with all other routing, when the
appropriate clock buffer is placed in the design. In fact, if a
buffer symbol called BUFG is placed, rather than a specific
type of buffer, the software even chooses the buffer most
appropriate for the design. The detailed information in this
section is provided for those users who want a finer level of
control over their designs.

if fine control is desired, use the following summary and
Table 16 on page 4-36 to choose an appropriate clock
buffer.

* The simplest thing to do is to use a Global Low-Skew
buffer.

* It a faster clock path is needed, try a BUFG. The
software will first try to use a Global Low-Skew Buffer. if
timing requirements are not met, a faster buffer will
automatically be used.

* If a single quadrant of the chip is sufficient for the
clocked logic, and the timing requires a faster clock than
the Global Low-Skew buffer, use a Global Early buffer.

Global Low-Skew Buffers

Each corner of the XC4000X device has two Global Low-
Skew buffers. Any of the eight Global Low-Skew buffers can
drive any of the eight vertical Global lines in a column of
CLBs. In addition, any of the buffers can drive any of the
four vertical lines accessing the |OBs on the left edge of the
device, and any of the eight vertical lines accessing the
I0OBs on the right edge of the device. (See Figure 37 on
page 4-39.)

I0Bs at the top and bottom edges of the device are
accessed through the vertical Global lines in the CLB array,
as in the XCA4000E. Any Global Low-Skew buffer can,
therefore, access every 0B and CLB in the device.

The Global Low-Skew buffers can be driven by either semi-
dedicated pads or internal logic.

To use a Global Low-Skew buffer, instantiate a BUFGLS
element in a schematic or in HDL code. If desired, attach a
LOC attribute or property to direct placement to the desig-
nated location. For example, attach a LOC=T attribute or
property to direct that a BUFGLS be placed in one of the
two Global Low-Skew buffers on the top edge of the device,
or a LOC=TR to indicate the Global Low-Skew buffer on the
top edge of the device, on the right.
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Figure 37: Any BUFGLS (GCK1 - GCK8) Can
Drive Any or All Clock Inputs on the Device

Global Early Buffers

Each corner of the XC4000X device has two Global Early
butfers. The primary purpose of the Global Early buffers is
to provide an earlier clock access than the potentially
heavily-loaded Global Low-Skew buffers. A clock source
applied to both buffers will result in the Global Early clock
edge occurring several nanoseconds earlier than the Glo-
bal Low-Skew buffer clock edge, due to the lighter loading.

Gilobal Early buffers also facilitate the fast capture of device
inputs, using the Fast Capture latches described in “{OB
input Signais” on page 4-21. For Fast Capture, take a sin-
gle clock signal, and route it through both a Global Early
buffer and a Global Low-Skew buffer. (The two buffers
share an input pad.) Use the Giobal Early buffer to clock the
Fast Capture latch, and the Global Low-Skew buffer to
clock the normal input flip-flop or latch, as shown in
Figure 18 on page 4-24.

The Global Early buffers can also be used to provide a fast
Clock-to-Out on device output pins. However, an early clock
in the output flip-flop 10B must be taken into consideration
when caiculating the internal clock speed for the design.

The Global Early buffers at the left and right edges of the
chip have slightly different capabilities than the ones at the
top and bottom. Refer to Figure 38, Figure 39, and
Figure 36 on page 4-37 while reading the following expla-
nation.

Each Global Early buffer can access the eight vertical Glo-
bal lines for all CLBs in the quadrant. Therefore, only one-
fourth of the CLB clock pins can be accessed. This restric-
tion is in large part responsible for the faster speed of the
buffers, relative to the Global Low-Skew buffers.
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[ 10B 1< 5
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X6751
Figure 38: Left and Right BUFGEs Can Drive Any or
All Clock Inputs in Same Quadrant or Edge (GCK1 is
shown. GCK2, GCK5 and GCKB6 are similar.)

The left-side Global Early buffers can each drive two of the
four vertical lines accessing the IOBs on the entire left edge
of the device. The right-side Global Early buffers can each
drive two of the eight vertical lines accessing the IOBs on
the entire right edge of the device. (See Figure 38.)

Each left and right Global Early buffer can also drive half of
the 10Bs along either the top or bottom edge of the device,
using a dedicated line that can only be accessed through
the Global Early buffers.

The top and bottom Global Early buffers can drive half of
the IOBs along either the left or right edge of the device, as
shown in Figure 39. They can only access the top and bot-
tom 10Bs via the CLB global lines.

8 7
24 ioB <
A
1
CcLB 0
B
|
CLB CLB 0
B
N A
2 > 108 ] L 108 1< 5
3 4

X6747

Figure 39: Top and Bottom BUFGEs Can Drive Any
or All Clock Inputs in Same Quadrant (GCKS8 is
shown. GCK3, GCK4 and GCK7 are similar.)

November 10, 1997 (Version 1.4)

4-39




XC4000E and XC4000X Series Field Programmable Gate Arrays

The top and bottom Global Early buffers are about 1 ns
slower clock to out than the left and right Global Early buff-
ers.

The Global Early buffers can be driven by either semi-ded-
icated pads or internal icgic. They share pads with the Glo-
bal Low-Skew buffers, so a single net can drive both global
buffers, as described above.

To use a Global Early buffer, place a BUFGE element in a
schematic or in HDL code. If desired, attach a LOC
attribute or property to direct placement to the designated
location. For example, attach a LOC=T attribute or property
to direct that a BUFGE be placed in one of the two Global
Early buffers on the top edge of the device, or a LOC=TR to
indicate the Global Early buffer on the top edge of the
device, on the right.

Power Distribution

Power for the FPGA is distributed through a grid to achieve
high noise immunity and isolation between logic and /0.
Inside the FPGA, a dedicated Vcc and Ground ring sur-
rounding the logic array provides power to the I/O drivers,
as shown in Figure 40. An independent matrix of Vcc and
Ground lines supplies the interior logic of the device.

This power distribution grid provides a stable supply and
ground for all internal logic, providing the external package
power pins are all connected and appropriately decoupled.
Typically, a 0.1 uF capacitor connected between each Vcc
pin and the board's Ground plane will provide adequate
decoupling.

Output buffers capable of driving/sinking the specified 12
mA loads under specified worst-case conditions may be
capable of driving/sinking up to 10 times as much current
under best case conditions.

Noise can be reduced by minimizing external load capaci-
tance and reducing simultaneous output transitions in the
same direction. It may also be beneficial to locate heavily
loaded output buffers near the Ground pads. The /O Block
output buffers have a slew-rate limited mode (default) which
should be used where output rise and fall times are not
speed-critical.
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Figure 40: XCA000 Series Power Distribution

Pin Descriptions

There are three types of pins in the XC4000 Series
devices:

* Permanently dedicated pins
* User I/Q pins that can have special functions
e Unrestricted user-programmable l/O pins.

Before and during configuration, all outputs not used for the
configuration process are 3-stated with a 50 kQ - 100 kQ
pull-up resistor.

After configuration, if an OB is unused it is configured as
an input with a 50 kQ - 100 k€ pull-up resistor.

XC4000 Series devices have no dedicated Reset input.
Any user /O can be configured to drive the Global Set/
Reset net, GSR. See “Global Set/Reset” on page 4-11 for
more information on GSR.

XC4000 Series devices have no Powerdown control input,
as the XC3000 and XC2000 families do. The XC3000/
XC2000 Powerdown control also 3-stated all of the device

170 pins. For XC4000 Series devices, use the global 3-state
net, GTS, instead. This net 3-states all outputs, but does
not place the device in low-power mode. See “{OB Output
Signals” on page 4-24 for more information on GTS.

Device pins for XC4000 Series devices are described in
Table 17. Pin functions during configuration for each of the
seven configuration modes are summarized in Table 23 on
page 4-59, in the “Configuration Timing” section.
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Table 17: Pin Descriptions

110 [Io]
During | After
Pin Name | Config. | Config. Pin Description

gPermanentIy Dedicated Pins

Eight or more (depending on package) connections to the nominal +5 V supply voltage
vCC i I (+3.3 V for low-voltage devices). All must be connected, and each must be decoupled
with a 0.01 - 0.1 uF capacitor to Ground.

Eight or more (depending on package type) connections to Ground. All must be con-

GND i |
nected.
During configuration, Configuration Clock (CCLK) is an output in Master modes or Asyn-
chronous Peripheral mode, but is an input in Slave mode and Synchronous Peripheral
CCLK lorO | mode. After configuration, CCLK has a weak pull-up resistor and can be selected as the

Readback Clock. There is no CCLK High or Low time restriction on XC4000 Series de-
vices, except during Readback. See “Violating the Maximum High and Low Time Spec-
ification for the Readback Clock™ on page 4-57 for an explanation of this exception.
DONE is a bidirectional signal with an optional internal pull-up resistor. As an output, it
indicates the completion of the configuration process. As an input, a Low level on DONE
DONE o O  ican be configured fo delay the global logic initialization and the enabling of outputs.
The optional pull-up resistor is selected as an option in the XACT step program that cre-
ates the configuration bitstream. The resistor is included by default.

PROGRAM is an active Low input that forces the FPGA to clear its configuration mem-
ory. It is used to initiate a configuration cycle. When PROGRAM goes High, the FPGA
PROGRAM | | finishes the current clear cycle and executes another complete clear cycle, before it

goes into a WAIT state and releases INIT.

The PROGRAM pin has a permanent weak pull-up, so it need not be externally puiled
up to Vee.

User /O Pins That Can Have Special Functions

During Peripheral mode configuration, this pin indicates when it is appropriate to write
another byte of data into the FPGA. The same status is also available on D7 in Asyn-
RDY/BUSY o] /0 ichronous Peripheral mode, if a read operation is performed when the device is selected.
After configuration, RDY/BUSY is a user-programmable 1/O pin.

RDY/BUSY is pulled High with a high-impedance puil-up prior to INIT going High.
During Master Parallel configuration, each change on the A0-A17 outputs (AO - A21 for
XC4000X) is preceded by a rising edge on RCLK, a redundant output signal. RCLK is
useful for clocked PROMSs. It is rarely used during configuration. After configuration,
RCLK is a user-programmable /O pin.

As Mode inputs, these pins are sampled after INIT goes High to determine the configu-
ration mode to be used. After configuration, MO and M2 can be used as inputs, and M1
can be used as a 3-state output. These three pins have no associated input or output
registers.

1 (MD), {During configuration, these pins have weak puill-up resistors. For the most popular con-
MO, M1, M2 | O (M1), |figuration mode, Slave Serial, the mode pins can thus be left unconnected. The three

I {(M2) !mode inputs can be individually configured with or without weak pull-up or pull-down re-
sistors. A pull-down resistor value of 4.7 kQ is recommended.

These pins can only be used as inputs or outputs when called out by special schematic
definitions. To use these pins, place the library components MDO, MD1, and MD2 in-
stead of the usual pad symbols. Input or output buffers must still be used.

if boundary scan is used, this pin is the Test Data Qutput. If boundary scan is not used,
this pin is a 3-state output without a register, after configuration is completed.

TDO (o] O  |This pin can be user output only when called out by special schematic definitions. To
iuse this pin, place the library component TDO instead of the usual pad symbol. An out-
\put buffer must still be used.

RCLK (o] e}
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Table 17: Pin Descriptions (Continued)

Pin Name

/o
During
Contfig.

)

After

Config. . Pin Description

TDI, TCK,
T™S

If boundary scan is used, these pins are Test Data In, Test Clock, and Test Mode Select
inputs respectively. They come directly from the pads, bypassing the IOBs. These pins
can also be used as inputs to the CLB logic after configuration is completed.

If the BSCAN symbol is not placed in the design, all boundary scan functions are inhib-
ited once configuration is completed, and these pins become user-programmable /0.
lIn this case, they must be called out by special schematic definitions. To use these pins,
.place the library components TDI, TCK, and TMS instead of the usual pad symbols. In-!
put or output buffers must stili be used. ‘

1le]
orl
(JTAG)

High During Configuration (HDC) is driven High until the I/O go active. It is available as
a control output indicating that configuration is not yet completed. After configuration,
HDC is a user-programmable /O pin.

o

Low During Configuration (LDC) is driven Low until the 1O go active. It is available as a
control output indicating that configuration is not yet completed. After configuration,
LDC is a user-programmable /O pin.

o

|
|
|
i
{
\
1

INIT

Before and during configuration, INIT is a bidirectional S|gnal "A1 K - 10 k2 external
pull-up resistor is recommended.

As an active-Low open-drain output, INIT is held Low during the power stabilization and
internal clearing of the configuration memory. As an active-Low input, it can be used
to hold the FPGA in the internal WAIT state before the start of configuration. Master !
mode devices stay in a WAIT state an additional 30 to 300 us after INTT has gone High.
During configuration, a Low on this output indicates that a configuration data error has
occurred After the VO go active, | W‘T isa user-programmable VO pin.

o)

PGCK4
(XC4000E
only)

Weak
Pufi-up

and minimal skew. If not used to drive a global buffer, any of these pins is a user-pro-i
igrammable 1/O, |
The PGCK1-PGCK4 pins drive the four Primary Global Buffers. Any input pad symbol‘
connected directly to the input of a BUFGP symbol is automatically placed on one of!
{these pins. ‘

lor O |

SGCK1 -
SGCK4
{XC4000E
only)

. Weak
Puli-up

lFour Secondary Globalinputs each drive a dedicated internal global net with short delay |
‘and minimal skew. These internal global nets can also be driven from internal logic. If |
not used to drive a global net, any of these pins is a user-programmable /O pin.

The SGCK1-SGCK4 pins provide the shortest path to the four Secondary Global Buff- | |
ers. Any input pad symbol connected directly to the input of a BUFGS symbol is auto- |
matically placed on one of these pins. ‘

1or /O

GCK1 -
GCKs8
(XC4000X
only)

Weak

Pull-up

:Eight inputs can each drive a Global Low-Skew buffer. In addition, each can drivea Gio-|
bal Early buffer. Each pair of global buffers can also be driven from internal logic, but ]
must share an input signal. if not used to drive a global buffer, any of these pinsisa |
user-programmable /0. :
Any input pad symbol connected directly to the input of a BUFGLS or BUFGE symbol |
lis automatically placed on one of these pins.

torl/QO

S — ]

iThese four inputs are used in Asynchronous Peripheral ‘mode. The chlp is selected f
when CS80 is Low and CS1 is High. While the chip is selected, a Low on Write Strobe |
(WS) loads the data present on the DO - D7 inputs into the internal data buffer. A Low
on Read Strobe (RS) changes D7 into a status output — High if Ready, Low if Busy — |
and drives DO - D6 High. j
‘In Express mode, CS1 is used as a serial-enable signal for daisy-chaining. |
,WS and RS should be mutually exclusive, but if both are Low simultaneously, the Wnte
Strobe overrides. After configuration, these are user-programmable /O pins.

o)

U

" |During Master Paraflel configuration, these 18 output pins address the configuration l
EPROM. After configuration, they are user-programmable 1/9_‘9,‘9_%; B !

i
|
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Table 17: Pin Descriptions (Continued)

Vo vo | 1

During | After | f

Pin Name | Config. | Contig. Pin Description |
A18 - A21 During Master Parallel configuration with an XC4000X master, these 4 cutput pins add
(XC4000X o /O |4 more bits to address the configuration EPROM. After configuration, they are user-pro-

only) grammable /O pins. (See Master Parallel Configuration section for additional details.)

DO - D7 | 1o During Master Parallel and Peripheral configuration, these eight input pins receive con-
figuration data. After configuration, they are user-programmabile 1/O pins.

:During Slave Serial or Master Serial configuration, DiN is the serial configuration data
/input receiving data on the rising edge of CCLK. During Parallel configuration, DIN is
the DO input. After configuration, DIN is a user-programmable /O pin. ;
During configuration in any mode but Express mode, DOUT is the serial configuratiéﬁ ’
data output that can drive the DIN of daisy-chained slave FPGAs. DOUT data changes
on the falling edge of CCLK, one-and-a-half CCLK periods after it was received at the
DIN input.
‘In Express mode, DOUT is the status output that can drive the CS1 of daisy-chained
3 FPGAs, to enable and disable downstream devices.
: ‘ |After configuration, DOUT is a user-programmable 1/O pin.
:Unrestricted User-Programmable )/O Pins

DIN ‘ J e

DOUT o | vo

These pins can be configured to be input and/or output after configuration is completed.

Weak Before configuration is completed, these pins have an internal high-value pull-up resis-

O /o

Pull-up

tor (25 k€2 - 100 kQ) that defines the logic level as High.

Boundary Scan

The ‘bed of nails’ has been the traditional method of testing
electronic assemblies. This approach has become less
appropriate, due to closer pin spacing and more sophisti-
cated assembly methods like surface-mount technology
and multi-layer boards. The IEEE Boundary Scan Standard
1149.1 was developed to facilitate board-level testing of
electronic assemblies. Design and test engineers can
imbed a standard test logic structure in their device to
achieve high fault coverage for /O and internal logic. This
structure is easily implemented with a four-pin interface on
any boundary scan-compatible IC. IEEE 1149.1-compati-
ble devices may be serial daisy-chained together, con-
nected in parallel, or a combination of the two.

The XC4000 Series implements IEEE 1149.1-compatible
BYPASS, PRELOAD/SAMPLE and EXTEST boundary
scan instructions. When the boundary scan configuration
option is selected, three normal user 1O pins become ded-
icated inputs for these functions. Another user output pin
becomes the dedicated boundary scan output. The details
of how to enable this circuitry are covered later in this sec-
tion.

By exercising these input signals, the user can serially load
commands and data into these devices to control the driv-
ing of their outputs and to examine their inputs. This
method is an improvement over bed-of-nails testing. It
avoids the need to over-drive device outputs, and it reduces
the user interface to four pins. An optional fifth pin, a reset

for the control logic, is described in the standard but is not
implemented in Xilinx devices.

The dedicated on-chip logic implementing the IEEE 1149.1
functions includes a 16-state machine, an instruction regis-
ter and a number of data registers. The functional details
can be found in the IEEE 1149.1 specification and are also
discussed in the Xilinx application note XAPP 017: “Bound-
ary 8can in XC4000 Devices”

Figure 41 on page 4-44 shows a simplified block diagram of
the XC4000E Input/Output Block with boundary scan
implemented. XC4000X boundary scan logic is identical.

Figure 42 on page 4-45 is a diagram of the XC4000 Series
boundary scan logic. It includes three bits of Data Register
per OB, the IEEE 1149.1 Test Access Port controller, and
the Instruction Register with decodes.

XC4000 Series devices can also be configured through the
boundary scan logic. See “Readback” on page 4-56.

Data Registers

The primary data register is the boundary scan register. For
each I0B pin in the FPGA, bonded or not, it includes three
bits for In, Out and 3-State Control. Non-IOB pins have
appropriate partial bit population for In or Out only. PRO-
GRAM, CCLK and DONE are not included in the boundary
scan register. Each EXTEST CAPTURE-DR state captures
all In, Out, and 3-state pins.

The data register also includes the following non-pin bits:
TDO.T, and TDO.O, which are always bits 0 and 1 of the
data register, respectively, and BSCANT.UPD, which is
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always the last bit of the data register. These three bound-
ary scan bits are special-purpose Xilinx test signals.

The other standard data register is the single flip-flop
BYPASS register. It synchronizes data being passed
through the FPGA to the next downstream boundary scan
device.

The FPGA provides two additional data registers that can
be specified using the BSCAN macro. The FPGA provides

3-State TS

Boundary
Scan

D
|

QUTPUY

INVERT
QUTPUT

sd

TSINV | M
o el
TS - cApIUre w——m—r

TS - update me——- il

N

two user pins (BSCAN.SEL1 and BSCAN.SEL2) which are
the decodes of two user instructions. For these instructions,
two corresponding pins (BSCAN.TDO1 and
BSCAN.TDO2) allow user scan data to be shifted out on
TDO. The data register clock (BSCAN.DRCK) is available
for control of test logic which the user may wish to imple-
ment with CLBs. The NAND of TCK and RUN-TEST-IDLE
is also provided (BSCAN.IDLE).

EXTEST SLEW
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Figure 41: Biock Diagram of XC4000E IOB with Boundary Scan (some details not shown).

XC4000X Boundary Scan Logic is Identical.
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Figure 42: XC4000 Series Boundary Scan Logic

Instruction Set

The XC4000 Series boundary scan instruction set aiso
includes instructions to configure the device and read back
the configuration data. The instruction set is coded as
shown in Table 18.

Bit Sequence

The bit sequence within each 0B is: In, Out, 3-State. The
input-only MO and M2 mode pins contribute only the In bit
to the boundary scan I/O data register, while the output-
only M1 pin contributes all three bits.

The first two bits in the /O data register are TDO.T and
TDQ.O, which can be used for the capture of internal sig-
nals. The final bit is BSCANT.UPD, which can be used to
drive an internal net. These locations are primarily used by
Xitinx for internal testing.

From a cavity-up view of the chip (as shown in XDE or
Epic), starting in the upper right chip corner, the boundary
scan data-register bits are ordered as shown in Figure 43.
The device-specific pinout tables for the XC4000 Series
include the boundary scan locations for each 0B pin.

BSDL (Boundary Scan Description Language) files for
XC4000 Series devices are available on the Xilinx FTP site.

r— b LE
| i
“{i— _______ : ....... _.___,_;.. ........ @: ™ - —]i
RS L e [ ,
mlla ] > T

S mah—

7

—

SHIFT
CAPTURE

DATADUT UPDATE EXTEST

CLOCK BATA
REGISTER

Including Boundary Scan in a Schematic

If boundary scan is only to be used during configuration, no
special schematic elements need be included in the sche-
matic or HDL code. In this case, the special boundary scan
pins TDI, TMS, TCK and TDO can be used for user func-
tions after configuration.

To indicate that boundary scan remain enabled after config-
uration, place the BSCAN library symbol and connect the
TDI, TMS, TCK and TDO pad symbols to the appropriate
pins, as shown in Figure 44,

Even if the boundary scan symbol is used in a schematic,
the input pins TMS, TCK, and TDi can still be used as
inputs to be routed to internal logic. Care must be taken not
to force the chip into an undesired boundary scan state by
inadvertently applying boundary scan input patterns to
these pins. The simplest way to prevent this is to keep TMS
High, and then apply whatever signal is desired to TDI and
TCK.
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Table 18: Boundary Scan Instructions

Instruction Test { YO Data |
|12 11 10 | Selected ‘TDO SourcerSource ‘
' 0 00 EXTEST | DR | DR |
L0 1 0 1 | SAMPLE/ DR | Pin/Logic
" j PRELOAD ]

0 110 USER 1 BSCAN. | User Logic
| ! 1 TDO1
ot 1 USER 2 BSCAN. | User Logic |
| g i TDO2 |
l‘ 110 i 0 | READBACK | Readback . Pin/Logic
L L Data |

1 0 1 |CONFIGURE| DOUT Disabied
1 1 0 Reserved —_— —
71171 1 [ BYPASS | Bypass -
; ‘ Register |

Bit 0 { TDO end) J TDO.T
Bit 1 TDO.O
Bit2 [
i Top-edge 10Bs {Right to Left)
{ Left-edge IOBs (Top ta Bottorn)
| MD1.T
MD1.O
MD1 I
MDO.L
MD2.l
{ Bottom-edge 10Bs (Left to Right)
4; Right-ecge JOBs {Bottom to Top)
{TDt end) 8 SCANT.UPD

X6075

Figure 43: Boundary Scan Bit Sequence

Avoiding Inadvertent Boundary Scan

If TMS or TCK is used as user 1/O, care must be taken to
ensure that at least one of these pins is held constant dur-
ing configuration. In some applications, a situation may
occur where TMS or TCK is driven during configuration.
This may cause the device to go into boundary scan mode
and disrupt the configuration process.

To prevent activation of boundary scan during configura-
tion, do either of the following:

+ TMS: Tie High to put the Test Access Port controller
in a benign RESET state
» TCK: Tie High or Low—don't toggle this clock input.

For more information regarding boundary scan, refer to the
Xilinx Application Note XAPP 017.001, “Boundary Scan in
XC4000E Devices."

Optional To User
Logic
1BUF
BSCAN
[0 > D! 0 f~-———{TD0 >
[(TMs>—— ™8 DRCK b=
TCK TCK OLE f-—
© To User
From -1 TBO1 SELY e Logic
Userlogic | ——1tpoz  selzf--
X2675

Figure 44: Boundary Scan Schematic Example

Configuration

Configuration is the process of loading design-specific pro-
gramming data into one or more FPGAs to define the func-
tional operation of the internal blocks and their
interconnections. This is somewhat like loading the com-
mand registers of a programmable peripheral chip. XC4000
Series devices use several hundred bits of configuration
data per CLB and its associated interconnects. Each con-
figuration bit defines the state of a static memory cell that
controls either a function look-up table bit, a multiplexer
input, or an interconnect pass transistor. The XACTstep
development system translates the design into a netlist file.
It automatically partitions, places and routes the logic and
generates the configuration data in PROM format.

Special Purpose Pins

Three configuration mode pins (M2, M1, M0) are sampled
prior to configuration to determine the configuration mode.
After configuration, these pins can be used as auxiliary
connections. M2 and MO can be used as inputs, and M1
can be used as an output. The XACTstep development sys-
tem does not use these resources unless they are explicitly
specified in the design entry. This is done by placing a spe-
cial pad symbol called MD2, MD1, or MDO instead of the
input or output pad symbol.

In XC4000 Series devices, the mode pins have weak pull-
up resistors during configuration. With ail three mode pins
High, Slave Serial mode is selected, which is the most pop-
ular configuration mode. Therefore, for the most comman
configuration mode, the mode pins can be left uncon-
nected. (Note, however, that the internal pul-up resistor
value can be as high as 100 k) After configuration, these
pins can individually have weak pull-up or pull-down resis-
tors, as specified in the design. A pull-down resistor value
of 4.7 kQ is recommended.

These pins are focated in the lower left chip corner and are
near the readback nets. This location allows convenient
routing if compatibility with the XC2000 and XC3000 family
conventions of MO/RT, M1/RD is desired.
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Configuration Modes

XC4000E devices have six configuration modes. XC4000X
devices have the same six modes, plus an additional con-
figuration mode. These modes are selected by a 3-bit input
code applied to the M2, M1, and MO inputs. There are three
self-loading Master modes, two Peripheral modes, and a
Serial Slave mode, which is used primarily for daisy-
chained devices. The coding for mode selection is shown in
Table 19.

Table 19: Configuration Modes

Mode M2[M1 | MO| CCLK  Data |
Master Serial 0 0 0 | output Bit-Serial |
Slave Serial 1 1 1 input Bit-Serial ‘
Master 1 0 | 0 | output | Byle-Wide, |
Paraliel Up increment

from 00000 |
Master 11 0 | output | Byte-Wide, |
Paraliel Down : decrement |
from 3FFFF .
Peripheral 0 | 1 1 | input | Byte-Wide
Synchronous* |
Peripheral 1 01 output | Byte-Wide
Asynchronous
Reseved | 0 | 1 O | — —
Reserved 0! 0 1 — | —

Note: * Peripheral Synchronous can be considered byte-

wide Slave Parallel
A detailed description of each configuration mode, with tim-
ing information, is included later in this data sheet. During
configuration, some of the /O pins are used temporarily for
the configuration process. All pins used during configura-
tion are shown in Table 23 on page 4-59.

Master Modes

The three Master modes use an internal oscillator to gener-
ate a Configuration Clock (CCLK) for driving potential slave
devices. They also generate address and timing for exter-
nal PROM(s) containing the configuration data.

Master Parallel (Up or Down) modes generate the CCLK
signal and PROM addresses and receive byte parallel data.
The data is internally serialized into the FPGA data-frame
format. The up and down selection generates starting
addresses at either zero or 3FFFF (3FFFFF when 22
address lines are used), for compatibility with different
microprocessor addressing conventions. The Master Serial
mode generates CCLK and receives the configuration data
in serial form from a Xitinx serial-configuration PROM.

CCLK speed is selectable as either 1 MHz (default) or 8
MHz. Configuration always starts at the default slow fre-
quency, then can switch to the higher frequency during the
first frame. Frequency tolerance is -50% to +25%.

Additional Address lines in XC4000 devices

The XC4000X devices have additional address lines (A18-
A21) allowing the additional address space required to
daisy-chain several large devices.

The extra address lines are programmable in XC4000EX
devices. By default these address lines are not activated. In
the default mode, the devices are compatible with existing
XC4000 and XC4000E products. i desired, the extra
address lines can be used by specilying the address lines
option in bitgen as 22 (bitgen -g Addresslines:22). The
lines (A18-A21) are driven when a master device detects,
via the bitstream, that it should be using all 22 address
lines. Because these pins will initially be pulled high by
internal pull-ups, designers using Master Parallel Up mode
shouid use external pull down resistors on pins A18-A21. If
Master Paraliel Down mode is used external resistors are
not necessary.

All 22 address lines are always active in Master Parallel
modes with XC4000XL devices. The additional address
lines behave identically to the lower order address lines. If
the Address Lines option in bitgen is set to 18, it will be
ignored by the XC4000XL device.

The additional address lines ({A18-A21) are not availabie in
the PC84 package.

Peripheral Modes

The two Peripheral modes accept byte-wide data from a
bus. A RDY/BUSY status is available as a handshake sig-
nal. in Asynchronous Peripheral mode, the internal oscitla-
tor generates a CCLK burst signal that serializes the byte-
wide data. CCLK can also drive slave devices. In the syn-
chronous mode, an externally supplied clock input to CCLK
serializes the data.

Slave Serial Mode

In Slave Serial mode, the FPGA receives serial configura-
tion data on the rising edge of CCLK and, after loading its
configuration, passes additional data out, resynchronized
on the next falling edge of CCLK.

Multiple slave devices with identical configurations can be
wired with paratlel DIN inputs. In this way, muitiple devices
can be configured simultaneously.

Serial Daisy Chain

Multiple devices with different configurations can be con-
nected together in a “daisy chain,” and a single combined
bitstream used to configure the chain of slave devices.

To configure a daisy chain of devices, wire the CCLK pins
of ali devices in parallel, as showr in Figure 52 on page
4-61. Connect the DOUT of each device to the DIN of the
next. The lead or master FPGA and following slaves each
passes resynchronized configuration data coming from a
single source. The header data, including the length count,
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is passed through and is captured by each FPGA when it
recognizes the 0010 preambie. Following the length-count
data, each FPGA outputs a High on DOUT until it has
received its required number of data frames.

After an FPGA has received its configuration data, it
passes on any additional frame start bits and configuration
data on DOUT. When the total number of configuration
clocks applied after memory initialization equals the value
of the 24-bit length count, the FPGAs begin the start-up
sequence and become operational together. FPGA 1/O are
normally released two CCLK cycles after the last configura-
tion bit is received. Figure 48 on page 4-54 shows the start-
up timing for an XC4000 Series device.

The daisy-chained bitstream is not simply a concatenation
of the individual bitstreams. The PROM file formatter must
be used to combine the bitstreams for a daisy-chained con-
figuration.

Multi-Family Daisy Chain

All Xilinx FPGAs of the XC2000, XC3000, and XC4000
Series use a compatible bitstream format and can, there-
fore, be connected in a daisy chain in an arbitrary
sequence. There is, however, one limitation. The lead
device must belong to the highest family in the chain. If the
chain contains XC4000 Series devices, the master nor-
mally cannot be an XC2000 or XC3000 device.

The reason for this rule is shown in Figure 48 on page 4-54.
Since all devices in the chain store the same length count
value and generate or receive one common sequence of
CCLK pulses, they ali recognize length-count match on the
same CCLK edge, as indicated on the left edge of
Figure 48. The master device then generates additional
CCLK pulses until it reaches its finish point F. The different
families generate or require different numbers of additional
CCLK pulses until they reach F. Not reaching F means that
the device does not really finish its configuration, although
DONE may have gone High, the outputs became active,
and the internal reset was released. For the XC4000 Series
device, not reaching F means that readback cannot be ini-

tiated and most boundary scan instructions cannot be
used.

The user has some control over the relative timing of these
events and can, therefore, make sure that they occur at the
proper time and the finish point F is reached. Timing is con-
trolled using options in the bitstream generation software.

XC3000 Master with an XC4000 Series Slave

Some designers want to use an inexpensive lead device in
peripheral mode and have the more precious /O pins of the
XC4000 Series devices all available for user 1/Q. Figure 45
provides a solution for that case.

This solution requires one CLB, one IOB and pin, and an
internal oscillator with a frequency of up to 5 MHz as a
clock source. The XC3000 master device must be config-
ured with late Internal Reset, which is the default option.

One CLB and one 10B in the lead XC3000-family device
are used to generate the additional CCLK pulse required by
the XC4000 Series devices. When the lead device removes
the internal RESET signal, the 2-bit shift register responds
to its clock input and generates an active Low output signal
for the duration of the subsequent clock period. An external
connection between this output and CCLK thus creates the
extra CCLK pulse.

o

Active Low Ouiput
Active High Output

co~a-a0oqg
®
eeool

ete
: X8223

Figure 45: CCLK Generation for XC3000 Master
Driving an XC4000 Series Slave
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Setting CCLK Frequency

For Master modes, CCLK can be generated in either of two
frequencies. In the default slow mode, the frequency
ranges from 0.5 MHz to 1.25 MHz for XC4000E and
XC4000EX devices and from 0.6 MHz to 1.8 MHz for
XC4000XL devices. In fast CCLK mode, the frequency
ranges from 4 MHz to 10 MHz for XC4000EX devices and
from 5 MHz to 15 MHz for XC4000XL devices. The fre-
quency is selected by an option when running the bitstream
generation software. If an XC4000 Series Master is driving
an XC3000- or XC2000-family slave, slow CCLK mode
must be used. In addition, an XC4000XL device driving a
XC4000E or XC4000EX should use slow mode. Slow mode
is the default.

Table 20: XC4000 Series Data Stream Formats

Ali Other
DataType Modes (D0...)
Filt Byte 11111111b
Preamble Code 0010b
Length Count COUNT(23:.0)
Fill Bits i1
Start Field ob
Data Frame DATA(n-1:0)
CRC or Constant xxxx (CRC)
Field Check or 0110b
Extend Write Cycle —
Postamble -~ o1t |
Start-Up Bytes xxh |
LEGEND:
Unshaded Once per bitstream
Light Once per data frame
Dark | Once per device

Data Stream Format

The data stream (“bitstream”) format is identical for all con-
figuration modes.

The data stream formats are shown in Tabie 20. Bit-serial
data is read from left to right, and byte-parallel data is effec-
tively assembled from this serial bitstream, with the first bit
in each byte assigned to DO.

The configuration data stream begins with a string of eight
ones, a preamble code, followed by a 24-bit length count
and a separator field of ones. This header is followed by the
actual configuration data in frames. The length and number
of frames depends on the device type (see Table 21 and
Table 22). Each frame begins with a start field and ends
with an error check. A postamble caode is required to signal
the end of data for a single device. In all cases, additional
start-up bytes of data are required to provide four clocks for
the startup sequence at the end of configuration. Long
daisy chains require additional startup bytes to shift the last
data through the chain. All startup bytes are don't-cares;
these bytes are not included in bitstreams created by the
Xilinx software.

A setection of CRC or non-CRC error checking is aliowed
by the bitstream generation software. The non-CRC error
checking tests for a designated end-of-frame field for each
frame. For CRC error checking, the software calculates a
running CRC and inserts a unique four-bit partial check at
the end of each frame. The 11-bit CRC check of the last
frame of an FPGA includes the last seven data bits.

Detection of an error results in the suspension of data load-
ing and the pulling down of the TNIT pin. In Master modes,
CCLK and address signals continue to operate externally.
The user must detect INIT and initialize a new configuration
by pulsing the PROGRAM pin Low or cycling Vce.
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Table 21: XC4000E Program Data

Device XCA003E | XC4005E | XC4008E | XC4008E | XC4010E | XC4013E | XC4020E | XC4025E
Max Logic Gates 3,000 5,000 6,000 8,000 10,000 13,000 20,000 25,000
CLBs 100 196 256 324 400 576 784 1,024
(Row x Col.) (10x10) | (14x14) @ (16x16) | (18x18) | (20x20) | (24x24) | (28x28) | (32x32)
10Bs 80 112 128 144 160 192 224 256
Flip-Flops 360 616 768 936 1,120 1,636 2,016 2,560
Bits per Frame 126 166 186 206 226 266 306 346
Frames 428 : 572 644 716 788 932 1,076 1,220
Program Data 53,936 ‘ 94,960 119,792 147,504 178,096 247,920 329,264 422,128
PROM Size 53,984 95,008 119,840 147,552 178,144 247,968 329,312 422,176
(bits)
Notes: 1. Bits per Frame = (10 x number of rows) + 7 for the top + 13 for the bottom + 1 + 1 start bit + 4 error check bits

Number of Frames = (36 x number of columns) + 26 for the left edge + 41 tor the right edge + 1
Program Data = (Bits per Frame x Number of Frames) + 8 postamble bits
PROM Size = Program Data + 40 (header) + 8

2. The user can add more “one” bits as leading dummy bits in the header, or, if CRC = off, as trailing durnmy bits at the end of
any frame, following the four error check bits. However, the Length Count value must be adjusted for all such extra “one”
bits, even for exira leading ones at the beginning of the header.

Table 22: XC4000EX/XL Program Data

Device XC4005] XC4010|XC4013 | XC4020 | XC4028| XC4036 | XC4044 | XC4052 | XC4062 | XC4085
Max Logic Gates | 5,000 | 10,000 | 13,000 | 20,000 | 28,000 | 36,000 | 44,000 | 52,000 & 62,000 | 85,000
CLBs 196 | 400 | 576 | 784 | 1,024 | 1,296 | 1,600 | 1,936 | 2,304 | 3,136
(Row x Column) (14 x 14)|(20 x 20)((24 x 24)| (28 x 28)/(32 x 32)|(36 x 36)| (40 x 40) | (44 x 44) | (48 x 48) | (56 x 56)
i0Bs 112 | 160 | 192 | 224 | 256 | 288 320 352 | 384 448
Flip-Flops 616 | 1,120 | 1536 | 2,016 2560 | 3,168 | 3,840 | 4576 | 5376 | 7,168
Bits per Frame 205 | 277 | 325 | 373 | 421 469 517 565 613 709
Frames 741 | 1,023 | 1,211 | 1,399 @ 1587 | 1,775 | 1963 | 2,151 @ 2339 | 2,715
Program Data | 151,910 | 283,376 | 393,580 | 521,832 | 668,132 | 832,480 |1,014,876| 1,215,320/ 1,433,812 1,924,940
PROM Size (bits) | 151,960 | 283,424 | 393,632 | 521,880 ; 668,184 | 832,528 |1,014,928| 1,215,368 1,433,864 1,924,992

1. Bits per frame = (12 x number of rows}) + 8 for the top + 16 for the bottom + 8 + 1 start bit + 4 error check bits.
Frames = (47 x number of columns) + 27 for the left edge + 52 for the right edge + 4.
Program data = (bits per frame x number of frames) + 5 postamble bits.
PROM size = (program data + 40 header bits + 8 start bits) rounded up to the nearest byte.

2. The user can add more “one” bits as leading dummy bits in the header, or, if CRC = off, as trailing dummy bits at the end of
any frame, following the four error check bits. However, the Length Count value must be adjusted for all such extra “one” bits,
even for extra leading “ones” at the beginning of the header.t

Cyclic Redundancy Check (CRC) for
Configuration and Readback

The Cyclic Redundancy Check is a method of error detec-
tion in data transmissior: applications. Generally, the trans-

Notes:

performs an identical calculation on the bitstream and com-
pares the result with the received checksum.

Each data frame of the configuration bitstream has four
error bits at the end, as shown in Table 20. If a frame data

mitting system performs a calculation on the serial
bitstream. The result of this calculation is tagged onto the
data stream as additional check bits. The receiving system

error is detected during the loading of the FPGA, the con-
figuration process with a potentially corrupted bitstream is
terminated. The FPGA pulis the INTT pin Low and goes into
a Wait state.

November 10, 1997 (Version 1.4)



& XILINX

During Readback, 11 bits of the 16-bit checksum are added
to the end of the Readback data stream. The checksum is
computed using the CRC-16 CCITT polynomial, as shown
in Figure 46. The checksum consists of the 11 most signifi-
cant bits of the 16-bit code. A change in the checksum indi-
cates a change in the Readback bitstream. A comparison
to a previous checksum is meaningful only if the readback
data is independent of the current device state. CLB out-
puts should not be included (Read Capture option not
used), and if RAM is present, the RAM content must be
unchanged.

Statistically, one error out of 2048 might go undetected.

Configuration Sequence

There are four major steps in the XC4000 Series power-up
configuration sequence.

* Configuration Memory Clear
* Initialization

* Configuration

* Start-Up

The full process is illustrated in Figure 47,

Configuration Memory Clear

Boundary Scan
instructions
Available:
[}
Test MO Generate (R,
One Time-Out Pulse PROGRAM |
of 16 of 64 ms =Llow |
|
Keep Clearing |
Configuration Mamory /™
EXTEST
SAMPBL\%ZRSESLOAD Completely Clear
Configuration Memory ~1.3 ps per Frame
CONFIGURE Boee More uepe
(" it PROGRAM = High)

Master Waits 50 to 250 us
: Before Sampling Mode Lines

Sample
Mode Lines

Master CC.LK
When power is first applied or is reapplied to an FPGA, an Goes Active ¥
internal circuit forces initialization of the configuration logic. céﬁ?gﬂi . f
When Vcc reaches an operational level, and the circuit Data Frame _;4
passes the write and read test of a sample pair of configu- §
ration bits, a time delay is started. This time delay is nomi- z
nally 16 ms, and up to 10% longer in the low-voltage Pull INIT Low u
devices. The delay is four times as long when in Master §
Modes (MG Low), to allow ample time for ali slaves to reach Q
a stable Voc. When ait INIT pins are tied together, as rec- SAMPLE/PRELOAD Corti H
ommended, the longest delay takes precedence. There- BYPASS uration N
fore, devices with different time delays can easily be mixed | T ‘
and matched in a daisy chain. R
This delay is applied only on power-up. It is not applied . :’assﬁ
. . N . N ration
when reconfiguring an FPGA by pulsing the PROGRAM pin Data & DOUT
X5 coLK N
=30 «C_}D«{zlalﬂaiew 8.9 10[11¢12[1§[14]—b.«-:>D Count Equais o
SERIALDATA IN \
Polynomial: X16 + X15+ X2 + 1 Stant-Up
_____________________________ Sequence
S, N e
‘ ! : e
EEENEIERE ﬁ151\4|’3112i11h0|9!8|716!5) EXTEST g
LAST DATA FRAME -~ & te—— CRC - CHECKSUM ——» SAMPLE PRELOAD e
g BYPASS =
< USER 1 If Boundary Scan
B USER 2 is Selected
R T8 CONFIGURE
 Data Stream READBACK x6075
Figure 46: Circuit for Generating CRC-16
Figure 47: Power-up Configuration Sequence
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Low. During this time delay, or as long as the PROGRAM
input is asserted, the configuration logic is held in a Config-
uration Memory Clear state. The configuration-memory
frames are consecutively initialized, using the internal oscil-
lator.

At the end of each complete pass through the frame
addressing, the power-on time-out delay circuitry and the
level of the PROGRAM pin are tested. If neither is asserted,
the logic initiates one additional clearing of the configura~
tion frames and then tests the INIT input.

Initialization

During initialization and configuration, user pins HDC, LDC,
INIT and DONE provide status outputs for the system inter-
face. The outputs LDC, INIT and DONE are held Low and
HDC is held High starting at the initial application of power.

The open drain INIT pin is released after the final initializa-
tion pass through the frame addresses. There is a deliber-
ate delay of 50 to 250 us {(up to 10% longer for low-voltage
devices) before a Master-mode device recognizes an inac-
tive INIT. Two internal clocks after the INIT pin is recognized
as High, the FPGA samples the three mode lines to deter-
mine the configuration mode. The appropriate interface
lines become active and the configuration preamble and
data can be loaded.Configuration

The 0010 preamble code indicates that the following 24 bits
represent the length count. The length count is the total
number of configuration clocks needed to ioad the com-
plete configuration data. (Four additional configuration
clocks are required to complete the configuration process,
as discussed below.) After the preamble and the length
count have been passed through to all devices in the daisy
chain, DOUT is held High to prevent frame start bits from
reaching any daisy-chained devices.

A specific configuration Lit, early in the first frame of a mas-
ter device, controls the configuration-clock rate and can
increase it by a factor of eight. Therefore, if a fast configu-
ration clock is selected by the bitstream, the slower clock
rate is used until this corfiguration bit is detected.

Each frame has a start field followed by the frame-configu-
ration data bits and a frame error field. if a frame data error
is detected, the FPGA halts loading, and signals the error
by pulling the open-drain INIT pin Low. After all configura-
tion frames have been loaded into an FPGA, DOUT again
follows the input data so that the remaining data is passed
on to the next device.

Delaying Configuration After Power-Up

There are two methods of delaying configuration after
power-up: put a logic Low on the PROGRAM input, or pull
the bidirectional INIT pin Low, using an open-coliector
(open-drain) driver. (See Figure 47 on page 4-51.)

A Low on the PROGRAM input is the more radical
approach, and is recommended when the power-supply

rise time is excessive or poorly defined. As long as PRO-
GRAM is Low, the FPGA keeps clearing its configuration
memory. When PROGRAM goes High, the configuration
memory is cleared one more time, followed by the begin-
ning of configuration, provided the INIT input is not exter-
nally held Low. Note that a Low on the PROGRAM input
automatically forces a Low on the INIT output. The XC4000
Series PROGRAM pin has a permanent weak pull-up.

Using an open-collector or open-drain driver to hold TNIT
Low before the beginning of configuration causes the
FPGA to wait after completing the configuration memory
clear operation. When INIT is no longer heid Low exter-
nally, the device determines its configuration mode by cap-
turing its mode pins, and is ready to start the configuration
process. A master device waits up to an additional 250 ps
to make sure that any slaves in the optional daisy chain
have seen that INIT is High.

Start-Up

Start-up is the transition from the configuration process to
the intended user operation. This transition involves a
change from one clock source to another, and a change
from interfacing parallel or serial configuration data where
most outputs are 3-stated, to normal operation with I/O pins
active in the user-system. Start-up must make sure that the
user-logic ‘wakes up’ gracefully, that the outputs become
active without causing contention with the configuration sig-
nals, and that the internal flip-flops are released from the
global Reset or Set at the right time.

Figure 48 describes start-up timing for the three Xilinx fam-
ilies in detail. The configuration modes can use any of the
four timing sequences.

To access the internal start-up signals, place the STARTUP
library symbol.

Start-up Timing
Different FPGA families have different start-up sequences.

The XC2000 family goes through a fixed sequence. DONE
goes High and the internal global Reset is de-activated one
CCLK period after the 1/0 become active.

The XC3000A family offers some flexibility. DONE can be
programmed to go High one CCLK period before or after
the 1/0 become active. Independent of DONE, the internal
global Reset is de-activated one CCLK period before or
after the I/O become active.

The XC4000 Series offers additional flexibility. The three
events — DONE going High, the internal Set/Reset being
de-activated, and the user i/O going active — can all occur
in any arbitrary sequence. Each of them can occur one
CCLK period before or after, or simultaneous with, any of
the others. This relative timing is selected by means of soft-
ware options in the bitstream generation software.
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The default option, and the most practical one, is for DONE
to go High first, disconnecting the configuration data source
and avoiding any contention when the 1/Os become active
one clock later. Reset/Set is then released another clock
period later to make sure that user-operation starts from
stable internal conditions. This is the most common
sequence, shown with heavy lines in Figure 48, but the
designer can modify it to meet particular requirements.

Normatlly, the start-up sequence is controlled by the internal
device oscillator output {CCLK), which is asynchronous to
the system ciock.

XC4000 Series offers another start-up clocking option,
UCLK_NOSYNC. The three events described above need
not be triggered by CCLK. They can, as a configuration
option, be triggered by a user clock. This means that the
device can wake up in synchronism with the user system.

When the UCLK_SYNC option is enabled, the user can
externally hold the open-drain DONE output Low, and thus
stall all further progress in the start-up sequence until
DONE is released and has gone High. This option can be
used to force synchronization of several FPGAs to a com-
mon user clock, or to guarantee that all devices are suc-
cessiully configured before any I/0s go active.

If either of these two options is selected, and no user clock
is specified in the design or attached to the device, the chip
could reach a point where the configuration of the device is
complete and the Done pin is asserted, but the outputs do
not become active. The solution is either to recreate the bit-
stream specifying the start-up clock as CCLK, or to supply
the appropriate user clock.

Start-up Sequence

The Start-up sequence begins when the configuration
memory is full, and the total number of configuration clocks

received since INIT went High equals the loaded value of
the length count.

The next rising clock edge sets a flip-flop QO, shown in
Figure 49. QO is the leading bit of a 5-bit shift register. The
outputs of this register can be programmed to control three
events.

» The release of the open-drain DONE output

* The change of configuration-related pins to the user
function, activating all IOBs.

* The termination of the global Set/Reset initialization of
all CLB and 10B storage elemenits.

The DONE pin can also be wire-ANDed with DONE pins of
other FPGAs or with other external signals, and can then
be used as input to bit Q3 of the start-up register. This is
called “Start-up Timing Synchronous to Done In” and is
selected by either CCLK_SYNC or UCLK_SYNC.

When DONE is not used as an input, the operation is called
“Start-up Timing Not Synchronous to DONE In” and is
selected by either CCLK_NOSYNC or UCLK_NOSYNC.

As a configuration option, the start-up control register
beyond QO can be clocked either by subsequent CCLK
pulses or from an on-chip user net called STARTUP.CLK.
These signals can be accessed by placing the STARTUP
library symbol.

Start-up from CCLK

If CCLK is used to drive the start-up, Q0 through Q3 pro-
vide the timing. Heavy lines in Figure 48 show the default
timing, which is compatible with XC2000 and XC3000
devices using early DONE and late Reset. The thin lines
indicate all other possible timing options.

November 10, 1997 (Version 1.4)
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r Length Count Matc COLK Period

CCLK

XC2000

F = Finished, no more
configuration clocks needed
Daigy-chain lead device

XC3000 must have fatest F

Heavy lines describe
default timing

XC4000E/X
CCLK_NOSYNC

XCA4000E/X
CCLK_SYNC

XC4000E/X
UCLK_NOSYNC

XCA000E/X
UCLK_SYNC
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Uncertainty !‘-»*’f—— UCLK Pericd
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Figure 48: Start-up Timing
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Start-up from a User Clock (STARTUP.CLK)

When, instead of CCLK, a user-supplied start-up clock is
selected, Q1 is used to bridge the unknown phase relation-
ship between CCLK and the user clock. This arbitration
causes an unavoidable one-cycle uncertainty in the timing
of the rest of the start-up sequence.

DONE Goes High to Signal End of Configuration

XC4000 Series devices read the expected length count
from the bitstream and store it in an internal register. The
length count varies according to the number of devices and
the composition of the daisy chain. Each device also counts
the number of CCLKs during configuration.

Two conditions have to be met in order for the DONE pin to
go high:

« the chip’s internal memory must be full, and
» the configuration length count must be met, exactly.

This is important because the counter that determines
when the length count is met begins with the very first
CCLK, not the first one after the preamble.

Therefore, if a stray bit is inserted before the preamble, or
the data source is not ready at the time of the first CCLK,
the internal counter that holds the number of CCLKs will be
one ahead of the actual number of data bits read. At the
end of configuration, the configuration memory will be full,
but the number of bits in the internal counter will not match
the expected length count.

As a consequence, a Master mode device will continue to
send out CCLKs until the internal counter turns over to
zero, and then reaches the correct length count a second
time. This will take several seconds [2%* = CCLK period} —
which is sometimes interpreted as the device not configur-
ing at all.

If it is not possible to have the data ready at the time of the
first CCLK, the problem can be avoided by increasing the
number in the length count by the appropriate value. The
XACT User Guide includes detailed information about man-
ually altering the length count.

Note that DONE is an open-drain output and does not go
High unless an internal puli-up is activated or an external
pull-up is attached. The internal pull-up is activated as the
default by the bitstream generation software.

Release of User I/O After DONE Goes High

By default, the user /O are released one CCLK cycle after
the DONE pin goes High. If CCLK is not clocked after
DONE goes High, the outputs remain in their initial state —
3-stated, with a 50 kQ - 100 kQ pull-up. The delay from
DONE High to active user /O is controlled by an option to
the bitstream generation software.

Release of Global Set/Reset After DONE Goes
High

By default, Global Set/Reset (GSR) is released two CCLK
cycles after the DONE pin goes High. If CCLK is not
clocked twice after DONE goes High, all flip-flops are held
in their initial set or reset state. The delay from DONE High
to GSR inactive is controlled by an option to the bitstream
generation software.

Configuration Complete After DONE Goes High

Three full CCLK cycles are required after the DONE pin
goes High, as shown in Figure 48 on page 4-54. If CCLK is
not clocked three times after DONE goes High, readback
cannot be initiated and most boundary scan instructions
cannot be used.

Configuration Through the Boundary Scan
Pins

XC4000 Series devices can be configured through the
boundary scan pins. The basic procedure is as follows:

+ Power up the FPGA with INIT held Low (or drive the
PROGRAM pin Low for more than 300 ns followed by a
High while holding INIT Low). Holding TNIT Low aliows
enough time to issue the CONFIG command to the
FPGA. The pin can be used as /O after configuration if
a resistor is used to hold TNIT Low.

* issue the CONFIG command 1o the TMS input

o Wait for INIT to go High

» Sequence the boundary scan Test Access Port to the
SHIFT-DR state

» Toggle TCK to clock data into TDI pin.

The user must account for aill TCK clock cycles after INIT
goes High, as all of these cycles affect the Length Count
compare.

For more detailed information, refer to the Xilinx application
note XAPP017, “Boundary Scan in XC4000 Devices” This
application note also applies to XC4000E and XC4000X
devices.
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Figure 49: Start-up Logic

Readback

The user can read back the content of configuration mem-
ory and the level of certain internal nodes without interfer-
ing with the normal operation of the device.

Readback not only reports the downloaded configuration
bits, but can also include the present state of the device,
represented by the content of all flip-flops and latches in
CLBs and IOBs, as well as the content of function genera-
tors used as RAMs.

Note that in XC4000 Series devices, configuration data is
not inverted with respect to configuration as it is in XC2000
and XC3000 famities.

XC4000 Series Readback does not use any dedicated
pins, but uses four internal nets (RDBK.TRIG, RDBK.DATA,
RDBK.RIP and RDBK.CLK) that can be routed to any |OB.
To access the internal Readback signals, place the READ-

*  CONFIGURATION 81T OPTIONS SELECTED 8Y USER IN "MAKEBITS"

%1528

BACK library symbol and attach the appropriate pad sym-
bols, as shown in Figure 50.

After Readback has been initiated by a Low-to-High transi-
tion on RDBK.TRIG, the RDBK.RIP (Read In Progress)
output goes High on the next rising edge of RDBK.CLK.
Subsequent rising edges of this clock shift out Readback
data on the RDBK.DATA net.

Readback data does not include the preamble, but starts
with five dummy bits (all High) followed by the Start bit
{Low) of the first frame. The first two data bits of the first
frame are always High.

Each frame ends with four error check bits. They are read
back as High. The last seven bits of the last frame are also
read back as High. An additional Start bit (Low) and an
11-bit Cyclic Redundancy Check (CRC) signature follow,
before RDBK.RIP returns LLow.

4-56
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Figure 50: Readback Schematic Example

Readback Options

Readback options are: Read Capture, Read Abort, and
Clock Select. They are set with the bitstream generation
software.

Read Capture

When the Read Capture option is selected, the readback
data stream includes sampled values of CLB and IOB sig-
nals. The rising edge of RDBK.TRIG latches the inverted
values of the four CLB outputs, the I0B output flip-flops and
the input signals 11 and 12. Note that while the bits describ-
ing configuration (interconnect, function generators, and
RAM content) are notinverted, the CLB and |OB output sig-
nals are inverted.

When the Read Capture option is not selected, the values
of the capture bits reflect the configuration data originally
written to those memory locations.

If the RAM capability of the CLBs is used, RAM data are
available in readback, since they directly overwrite the F
and G function-table configuration of the CLB.

RDBK.TRIG is located in the lower-left corner of the device,
as shown in Figure 51.

Read Abort

When the Read Abort option is selected, a High-to-Low
transition on RDBK.TRIG terminates the readback opera-
tion and prepares the logic to accept another trigger.

After an aborted readback, additional clocks (up to one
readback clock per configuration frame) may be required to
re-initialize the control logic. The status of readback is indi-
cated by the output control net RDBK.RIP. RDBK.RIP is
High whenever a readback is in progress.

Clock Select

CCLK is the default clock. However, the user can insert
another clock on RDBK.CLK. Readback control and data
are clocked on rising edges of RDBK.CLK. If readback
must be inhibited for security reasons, the readback control
nets are simply not connected.

RDBK.CLK is located in the lower right chip corner, as
shown in Figure 51.

X1786

% _ PROGRAMMABLE
| / INTERCONNECT

f

ot
8z -
[ rabk | WG Jeese [0 ] [ rdcik ]

I
2Dl

¥1787

Figure 51: READBACK Symbol in Graphical Editor

Violating the Maximum High and Low Time
Specification for the Readback Clock

The readback clock has a maximum High and Low time
specification. In some cases, this specification cannot be
met. For example, if a processor is controlling readback, an
interrupt may force it to stop in the middle of a readback.
This necessitates stopping the clock, and thus violating the
specification.

The specification is mandatory only on clocking data at the
end of a frame prior to the next start bit. The transfer mech-
anism will load the data to a shift register during the last six
clock cycles of the frame, prior to the start bit of the follow-
ing frame. This loading process is dynamic, and is the
source of the maximum High and Low time requirements.

Therefore, the specification only applies to the six clock
cycles prior to and including any start bit, including the
clocks before the first start bit in the readback data stream.
At other times, the frame data is already in the register and
the register is not dynamic. Thus, it can be shifted out just
like a regutar shift register.

The user must precisely calculate the location of the read-
back data relative to the frame. The system must keep
track of the position within a data frame, and disable inter-
rupts before frame boundaries. Frame lengths and data
formats are listed in Table 20, Table 21 and Tabie 22.

Readback with the XChecker Cable

The XChecker Universal Download/Readback Cable and
Logic Probe uses the readback feature for bitstream verifi-
cation. It can also display selected internal signals on the
PC or workstation screen, functioning as a low-cost in-cir-
cuit emulator.

November 10, 1997 (Version 1.4)
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XC4000E/EX/XL Program Readback Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are not measured directly. They are derived from benchmark timing patterns
that are taken at device introduction, prior to any process improvements.

The following guidelines reflect worst-case values over the recommended operating conditions.

Finished 35
Internal Net

{
(/1\2’ TaTRG :Taca'r @) (‘DTHTF!; TRCRT ™|
(4

—{ ~~ d
(4)TRcL <—->LTRCH (\5 5/

5 5
rdbk.RIP . \
————d (8)
TReRR

®F

rdbk.DATA &UMMYX DUMMY K:: :VAL)D X VALID / T \
- TrACRD (:,‘) ’ _790

E/EX

Description ? Symbol Min Max Units |
rdbk. TRIG rdbk. TRIG setup to initiate and abort Readback | 1 TarRC 200 - ns f
g rdbk. TRIG hold to initiate and abort Readback } 2 Trert 50 ‘ - ns !
rdclk.1 rdbk.DATA delay | 7| Trero | - 250 ns |

rdbk RIP delay ] Trerr - 250 ns |

High time | 5 TreH 250 | 500 ns
~. Low time o 4 TheL 250 . 500 | ns |
Note 1: Timing parameters apply to all speed grades.
Note 2:  If rdbk.TRIG is High prior to Finished, Finished will trigger the first Readback.
XL

Description Symbol Min | Max Units
rdbk. TRIG rdbk. TRIG setup to initiate and abort Readback | 1 TatRC 200 - ns

rdbk.TRIG hold to initiate and abort Readback 2 Thert 50 - i ns
'rdctk.1 rdbk.DATA delay 7 | Tacrp - 250 ns
! rdbk RIP delay 6 TreRR - 250 ns
i High time 5 TacH 250 | 500 ns {
i_ Low tirme 4 TReu | 250 | 500 ns

Note 1: Timing parameters apply to all speed grades.
Note 2: If rdbk. TRIG is High prior to Finished, Finished will trigger the first Readback.
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Table 23: Pin Functions During Configuration

CONFIGURATION MODE <M2:M1:M0>

SLAVE
SERIAL
<1:1:1>

MASTER
SERIAL

SYNCH.
PERIPHERAL

’<0:1:1> e

ASYNCH.
PERIPHERAL
<1:0:1>

MASTER
PARALLEL DOWN
<1 1: 0> ‘

MASTER !
PARALLEL UP
<1:0:0>

USER
OPERATION

MOGHIGH) (1)

MRHIGRY ) VB
MIHIGH W | M

HDC (HIGH)

JHDC (HIGH)

HDC (HIGH)

HDC (HIGH)

MO ( SG B
HDC (HIGH)

Mg%ﬁ(

4]

©)

()

HDC (HiGH) '

/O

LDC (LOW)

LDC (LOW)

CBC (LoW)

LBC (LOW)

LDC (LOW)

LDC (LOW)

o

INIT

INTT

INIT

TNTT

INTT

INIT

/0

'DONE

DONE

~CCLK (0)

DONE

DONE

DONE

PROGRAM

CCLK (0)

CCLK (O)

CCLK ()

CCLK(Q) |

110

RDY/BUSY (0) |

RCLK (O)

RCLK Q)

/o

O

/0

170

170

[i{e]

o

O

/O

TR

O

DOUT

SGCK4-GCK5-1/0

TDI-/O

TCK-I/O

TMS-1/O

TDO-(0)

o

PGCK4-GCK6-/0

I8}

[l[e]

/O

48]

YO

o~

10

110

A10

A0

/O

A1

Alt

110

Al2

Al12

O

A13

A13

YO

A4

Al4

110

Al5

Atl5

SGCK1-GCK7-I/O

AlB

A16

PGCK1-GCK8-I/O

A17

Al17

[li®]

Al18*

Al8”

110

A19*

A19*

[lje]

A20*

| A20"

lie)

A21*

| A21*

/O

ALL OTHERS
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Table 24: Pin Functions During Configuration

CONFIGURATION MODE <M2:M1:M0>

SLAVE
SERIAL

MASTER
SERIAL
§O:O:Q>

HDC (HIGH)

HDC (HIGH)

SYNCH.
PERIPHERAL
<0:1 1>

HDC (HIGH)

ASYNCH.
PERIPHERAL
<1:0:1>

HDC (HIGH)

MASTER
PARALLEL DOWN
<1:1:0>

HDC (HIGH)

MASTER

PARALLEL UP

<1 :0:0?

USER
OPERATION

U]

(8]

(U]

HDC (HIGH)

170

CDC (LOW)

LDC (LowW)

LOC (LOW)

BC (LOW)

LDC (LowW)

[l{®] !

INIT

INIT

INIT

INIT

INIT

e}

__DONE _

]

DON|

| PROGRAM

DONE

CCLK (0)

CCLK (i)

DOUT_

ot —

RCLK (O)

RCIK (0)

10

C

e

[lie]

1o

l{e}

YO

/O

1O

/0

110

SGCK4-GCK5-VO

TDI-O

TCK-/0

TMS-I/0

TDO-(0)

O

PGCK4-GCK6-1/O

[tie]

110

IfQ

'O

e}

O

O

o

/0

/O

/o

/0

/0

SGCK1-GCK7-1/0

PGCK1-GCK8-//O

1o

[[®]

/O

17O

10O

ALL OTHERS i

* XC4000X only
Notes

2. (1) represents an input; (Q) represents an output.
3. INIT is an open-drain output during configuration.

1. A shaded table cell represents a 50 kQ - 100 kQ pull-up before and during configuration.
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Configuration Timing

The seven configuration modes are discussed in detail in
this section. Timing specifications are included.

Slave Serial Mode

in Slave Serial mode, an external signal drives the CCLK
input of the FPGA. The serial configuration bitstream must
be available at the DIN input of the lead FPGA a short
setup time before each rising CCLK edge.

The lead FPGA then presents the preamble data—and all
data that overflows the lead device—on its DOUT pin.

NOTE:
M2, M1, MO can be shorted
to Ground if not used as O

There is an internal delay of 0.5 CCLK periods, which
means that DOUT changes on the falling CCLK edge, and
the next FPGA in the daisy chain accepts data on the sub-
sequent rising CCLK edge.

Figure 52 shows a full master/slave system. An XC4000
Series device in Slave Serial mode should be connected as
shown in the third device from the left.

Slave Serial mode is selected by a <111> on the mode pins
(M2, M1, M0). Slave Serial is the default mode if the mode
pins are left unconnected, as they have weak pull-up resis-
tors during configuration.

NOTE:
M2, M1, MQ can be shorted
te Vce it not used as /O

T
. —" !
; . é = i NC
i S T
S P NG -] M2
oouUT DN 00Ut
XC4000E/X Vee I | COLK eI COLK
MASTER b XC1700D .sv XCA4000E/X, XC3100A
SERIAL Zer T XC5200 SLAVE
COLK K yop f-—1 SLAVE
DIN | GATA
] FIOGRAN e —3 CE CEQ e j—— 3] PHOGRAM ——»| RESET
! —] DONE T » RESETIOE -{ sonE T - e NI [
i i
‘ (Lcw Reset Optian Usad) |
‘ i
|
PROGRAM l i X9025
Figure 52: Master/Slave Serial Mode Circuit Diagram
DIN Bitn T Bitn+1
e @ Toce —>*— @cho @TCCL |
CCLK /V \\ #
@TCCH @TCCOQ
DOUT ] )
(Output) Bitn -1 Bitn
X5379
Description Symbol Min Max Units
DIN setup 1 Toce 20 ns
DIN hold 2 ‘TCCD 0 ns
COLK 'DIN to DOUT 3 Teco 30 ns
'High time 4 Teen 45 ~ns |
‘Low time 5 TeeL 45 ns
-Frequency Fec 10 MHz

Note:  Configuration must be delayed until the INIT pins of all daisy-chained FPGAs are High.

Figure 53: Slave Serial Mode Programming Switching Characteristics
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XC4000E and XC4000X Series Field Programmable Gate Arrays

Master Serial Mode

In Master Serial mode, the CCLK output of the lead FPGA
drives a Xilinx Serial PROM that feeds the FPGA DIN input.
Each rising edge of the CCLK output increments the Serial
PROM internal address counter. The next data bit is put on
the SPROM data output, connected to the FPGA DIN pin,
The lead FPGA accepts this data on the subsequent rising
CCLK edge.

The lead FPGA then presents the preambie data—and all
data that overflows the lead device—on its DOUT pin.
There is an internal pipeline delay of 1.5 CCLK periods,
which means that DOUT changes on the falling CCLK
edge, and the next FPGA in the daisy chain accepts data
on the subsequent rising CCLK edge.

In the bitstream generation software, the user can specify
Fast ConfigRate, which, starting several bits into the first

CCLK

frame, increases the CCLK frequency by a factor of eight.
For actual timing values please refer to “Configuration
Switching Characteristics” on page 4-69. Be sure that the
serial PROM and slaves are fast enough to support this
data rate. XC2000, XC3000/A, and XC3100A devices do
not support the Fast ConfigRate option.

The SPROM CE input can be driven from either LDC or
DONE. Using LT avoids potential contention on the DIN
pin, if this pin is configured as user-l/O, but LDC is then
restricted to be a permanently High user output after con-
figuration. Using DONE can also avoid contention on DIN,
provided the early DONE option is invoked.

Figure 52 on page 4-61 shows a full master/slave system.
The leftmost device is in Master Serial mode.

Master Serial mode is selected by a <000> on the mode
pins (M2, M1, MO).

{Output)
@ Texos
P@ Tosck
Serial Data in n n+1 \ X n+2 X
W X e X e o X
X3223

’ Description Symbol Min Max Units
| DIN set 1 T 20 ns
‘ CCLK setup DSCK
§ DIN hold 2 Tokos 0 ns

Notes: 1. At power-up, Vcc must rise from 2.0 V to Vee min in less than 25 ms, otherwise delay configuration by pulling PROGRAM

Low untit Vec is valid.

2. Master Serial mode timing is based on testing in stave mode.

Figure 54: Master Serial Mode Programming Switching Characteristics
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Master Parallel Modes

in the two Master Parallel modes, the lead FPGA directly
addresses an industry-standard byte-wide EPROM, and
accepts eight data bits just before incrementing or decre-
menting the address outputs.

The eight data bits are serialized in the lead FPGA, which
then presents the preamble data—and all data that over-
flows the lead device—on its DOUT pin. There is an inter-
nal delay of 1.5 CCLK periods, after the rising CCLK edge
that accepts a byte of data (and also changes the EPROM
address) untit the falling CCLK edge that makes the LSB
(DO) of this byte appear at DOUT. This means that DOUT
changes on the falling CCLK edge, and the next FPGA in
the daisy chain accepts data on the subsequent rising
CCLK edge.

The PROM address pins can be incremented or decre-
mented, depending on the mode pin settings. This option
allows the FPGA to share the PROM with a wide variety of
microprocessors and microcontrollers. Some processors
must boot from the bottom of memory (all zeros) while oth-
ers must boot from the top. The FPGA is flexible and can
load its configuration bitstream from either end of the mem-
ory.

Master Parallel Up mode is selected by a <100> on the
mode pins (M2, M1, M0). The EPROM addresses start at
00000 and increment.

Master Parallel Down mode is seiected by a <110> on the
mode pins. The EPROM addresses start at 3FFFF and
decrement.

Additional Address lines in XC4000 devices

The XC4000X devices have additional address lines (A18-
A21) allowing the additional address space required to
daisy-chain several large devices.

The extra address lines are programmable in XC4000EX
devices. By default these address lines are not activated. in
the default mode, the devices are compatible with existing
XC4000 and XC4000E products. If desired, the extra
address lines can be used by specifying the address lines
option in bitgen as 22 (bitgen -g AddressLines:22). The
lines (A18-A21) are driven when a master device detects,
via the bitstream, that it should be using all 22 address
lines. Because these pins will initially be pulled high by
internal pull-ups, designers using Master Paraliel Up mode
should use external pull down resistors on pins A18-A21. If
Master Parallel Down mode is used external resistors are
not necessary.

All 22 address lines are always active in Master Parallel
modes with XC4000XL devices. The additional address
lines behave identically to the lower order address lines. If
the Address Lines option in bitgen is set to 18, it will be
ignored by the XC4000XL device.

The additional address lines {A18-A21) are not available in
the PC84 package.

HIGH
4.7KQ
o™

MO M1

or
Low hC
i

TO DIN OF OPTIONAL |
DAISY-CHAINED FPGAS

TO CCLK OF OPTIONAL
DAISY-GHAINED FPGAS

NOTE Mo can ba shortea | 24T

10 Ground if not used
as HO.

Ve
EPROM
{BK x B)

A2

At

A0

PROGRAM
74
ne

Ag

AR

A7

05 A6

G4 Az

n3 As

o2 A3

D1

Az

fali} At

AD
OE
TE

ERRERRERR

DONE

(DR LARGER)

USEA CONTROL OF HIGHER

ORDER PROM ADDRESS BITS

CAN BE USED TO SELECT BETWEEN
ALTERNATIVE CONFIGURATIONS

XC4000E/%
SLAVE

PROGAAM

DONE

DD

DATA BUS

h
joo

PROGRAM -~

Figure 55: Master Parailel Mode Circuit Diagram
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XCA4000E and XC4000X Series Field Programmable Gate Arrays

AD-A17 X Address for Byte n

Address for Byte n + 1

{output) \

< (DTaac

— @ Taco

po-D7
i @ Tore

RCLK /
{output) <&

CCLK
(output)

/ -
CCLK !
f

pouT
{output)

Byten- 1 X6078
| Description Symbol Min Max | Units
! Delay to Address valid 1 Trac 0 200 ns
RCLK Data setup time 2 | Tope | 60 ‘ 1 s 4
!Data hold time | 3 Treo 0 B ns

Notes: 1. At power-up, Vcc must rise from 2.0 V to Vee min in less than 25 ms, otherwise delay configuration by pulling PROGRAM

Low untit Vce is valid.

2. The first Data byte is loaded and CCLK starts at the end of the first RCLK active cycle (rising edge).

This timing diagram shows that the EPROM requirements are extremely relaxed. EPROM access time can be longer than

500 ns. EPROM data output has no hold-time requirements.

Figure 56: Master Parallel Mode Programming Switching Characteristics
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Synchronous Peripheral Mode

Synchronous Peripheral mode can also be considered
Slave Parallel mode. An external signal drives the CCLK
input(s) of the FPGA(s). The first byte of parallel configura-
tion data must be available at the Data inputs of the lead
FPGA a short setup time before the rising CCLK edge.
Subsequent data bytes are clocked in on every eighth con-
secutive rising CCLK edge.

The same CCLK edge that accepts data, also causes the
RDY/BUSY output to go High for one CCLK period. The pin
name is a misnomer. In Synchronous Peripheral mode it is
really an ACKNOWLEDGE signal. Synchronous operation
does not require this response, but it is a meaningful signal
for test purposes. Note that RDY/BUSY is pulled High with
a high-impedance puliup prior to INIT going High.

NOTE:

The lead FPGA serializes the data and presents the pre-
amble data (and all data that overflows the lead device) on
its DOUT pin. There is an internal delay of 1.5 CCLK peri-
ods, which means that DCUT changes on the falling CCLK
edge, and the next FPGA in the daisy chain accepts data
on the subsequent rising CCLK edge.

In order to complete the serial shift operation, 10 additional
CCLK rising edges are required after the last data byte has
been loaded, plus one more CCLK cycle for each daisy-
chained device.

Synchronous Peripheral mode is selected by a <011> on
the mode pins (M2, M1, MO).

M2 can be shorted to Ground
if not used as /0O

N/C 4.7 k2

MO M1 M2
CLOCK CCLK

8
DATA BUS <

Do.7
DOUT

vee XC4000E/X

47 ml’
RDY/BUSY

{ ! INIT
47K %

PROGRAM

SYNCHRO-
NOuUs
PERIPHERAL

CONTROL
SIGNALS

DONE

PROGRAM

NC
1 [ 11
MO M1 M2
CCLK
OPTIONAL
DAISY-CHAINED
FPGAs
DIN DOUT p—
XC4000E/X
SLAVE
INIT DONE |——
PROGRAM

Figure 57: Synchronous Peripheral Mode Circuit Diagram
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4k

l’?ﬁ\ . /1BY_TE\

BYTE 0 QUT | BYTE10QUT

DoUT ; ‘(0X1X2X3X4X5X6X7*0X:E
RDY/BUSY /_\ / \

X6096
Description Symbol Min Max Units
INIT (High) setup time Tic 5 us
DO - D7 setup time Toe 60 ns
DO - D7 hold time Tep 0 ns
LK
cC CCLK High time Toon 50 ns
CCLK Low time TeeL ) 60 ns
CCLK Frequency Fee 8 MHz

Notes: 1. Peripheral Synchronous mode can be considered Slave Parallel mode. An external CCLK provides timing, clocking in the
first data byte on the second rising edge of CCLK after INIT goes High. Subsequent data bytes are clocked in on every
eighth consecutive rising edge of CCLK.

2. The RDY/BUSY line goes High for one CCLK period after data has been clocked in, although synchronous operation does
not require such a response.

3. The pin name RDY/BUSY is a misnomer. In Synchronous Peripheral mode this is really an ACKNOWLEDGE signal.

4. Note that data starts to shift out serially on the DOUT pin 0.5 CCLK periods after it was loaded in parallel. Therefore,
additional CCLK pulses are clearly required after the last byte has been loaded.

Figure 58: Synchronous Peripheral Mode Programming Switching Characteristics
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Asynchronous Peripheral Mode
Write to FPGA

Asynchronous Peripheral mode uses the trailing edge of
the logic AND condition of WS and TS50 being Low and RS
and CS1 being High to accept byte-wide data from a micro-
processor bus. In the lead FPGA, this data is loaded into a
double-buffered UART-like parallel-to-serial converter and
is serially shifted into the internal logic.

The lead FPGA presents the preamble data (and all data
that overflows the lead device) on its DOUT pin. The RDY/
BUSY output from the lead FPGA acts as a handshake sig-
nal to the microprocessor. RDY/BUSY goes Low when a
byte has been received, and goes High again when the
byte-wide input buffer has transferred its information into
the shift register, and the buffer is ready to receive new
data. A new write may be started immediately, as soon as
the RDY/BUSY output has gone Low, acknowledging
receipt of the previous data. Write may not be terminated
until RDY/BUSY is High again for one CCLK period. Note
that RDY/BUSY is pulled High with a high-impedance pull-
up prior to TNIT going High.

The length of the BUSY signal depends on the activity in
the UART. If the shift register was empty when the new
byte was received, the BUSY signal lasts for only two CCLK
periods. If the shift register was still fuli when the new byte
was received, the BUSY signal can be as long as nine
CCLK periods.

Note that after the last byte has been entered, only seven of
its bits are shifted out. CCLK remains High with DOUT
equal to bit 6 (the next-to-last bit) of the last byte entered.

I

NG =
i 4Tk

The READY/BUSY handshake can be ignored if the delay
from any one Write to the end of the next Write is guaran-
teed to be longer than 10 CCLK periods.

Status Read

The logic AND condition of the €S0, CS1and RS inputs
puts the device status on the Data bus.

s D7 High indicates Ready
* D7 Low indicates Busy
* DO through D6 go unconditionally High

It is mandatory that the whole start-up sequence be started
and completed by one byte-wide input. Otherwise, the pins
used as Write Strobe or Chip Enable might become active
outputs and interfere with the final byte transfer. If this
transfer does not occur, the start-up sequence is not com-
pleted all the way to the finish (point F in Figure 48 on page
4-54).

In this case, at worst, the internal reset is not released. At
best, Readback and Boundary Scan are inhibited. The
length-count value, as generated by the XACTstep soft-
ware, ensures that these problems never occur.

Aithough RDY/BUSY is brought out as a separate signal,
microprocessors can more easily read this information on
one of the data lines. For this purpose, D7 represents the
RDY/BUSY status when RS is Low, WS is High, and the
two chip select lines are both active.

Asynchronous Peripheral mode is selected by a <101> on
the mode pins (M2, M1, MO).

nNC

NG PR

%ﬁ

MO M2 Mo M M2
DQES 007 COLK — COLK
OPTIONAL
DAISY-CHAINED
1 FPGAS
— DouT DIN DOUT e
vee | ADDRESS =)
phvi - cso
{ aopRess | [ DECODE XC4000E/X
| Bus | | Loaic ASYNCHRO- XC4000E/X

- [ Nous SLAVE

, ; ; PERIPHERAL
4.7 %2 4.7 k02 [ S———
It . _
: RS
!
: WS
CONTROL <‘ ROY/BUSY
senale Y L i

P T | NIT
1 |
Pt DONE ‘ | PONE
| REPHOGRAM e |
: PACGRAM i PROGRAM

4.7 k2

X9C28

Figure 59: Asynchronous Peripheral Mode Circuit Diagram

November 10, 1997 (Version 1.4)

4-67




XC4000E and XC4000X Series Field Programmable Gate Arrays

Write to LCA Read Status

WS/CS0

RS,c81 W8, cs1

READY
BUSY

CCLK s % . ' s . . W
o L L .t
TwTrRe @ -~ -
——————
; 8 ) Tausy
RDY/BUSY K

DOUT X Previous Byte D6 X 07 X Do x D1 X D2

Do-D7 D7

X6097

" Description Symbol Min Max f Units
Effective Write time 1 Tea 100 ’ ns
, (CS0, WS=Low; RS, CS1=High) ‘
Wite 51N setup fime 2 Toc 60 1 ns
IDIN hold time T s Tep 0 ) ns
RDY/BUSY delay after end of 4 Twrre 60 ns
Write or Read :
RDY RDY/BUSY active after beginning | 7 | T s0 ns
of Read !
'RDY/BUSY Low output (Note 4) 6 | Tpysy 2 9 CCLK
i periods

. Configuration must be delayed until the INIT pins of all daisy-chained FPGAs are High.

. The time from the end of WS to CCLK cycle for the new byte of data depends on the completion of previous byte processing
and the phase of the internal timing generator for CCLK.

. CCLK and DOUT timing is tested in slave mode.

. Tgyusy indicates that the double-buffered parailel-to-serial converter is not yet ready to receive new data. The shortest
Tgusy occurs when a byte is loaded into an empty parallel-to-serial converter. The longest Tggy 0ccurs when a new word
is loaded into the input register before the second-level buffer has started shifting out data.

Notes:

W N -

This timing diagram shows very relaxed requirements. Data need not be heid beyond the rising edge of WS. RDY/BUSY wili
go active within 60 ns after the end of WS. A new write may be asserted immediately after RDY/BUSY goes Low, but write
may not be terminated until RDY/BUSY has been High for one CCLK period.

Figure 60: Asynchronous Peripheral Mode Programming Switching Characteristics
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Configuration Switching Characteristics

Vee VA Tpor »|
et RE-PROGRAM
. ! <— >300 ns
PROGRAM ] ' k \
i
"""""""""" To
INIT

——{ Ticek le— TooLk —
CCLK OUTPUT or INPUT / \-j_\—
—

4—— <300 ns
MO, M1, M2 >
(Required) VALID DONE RESPONSE

xis32 —— <300 ns
Master Modes (XC4000E/EX)
Description ~ Symbol | Min Max Units
MO = High TroR 10 40 ms
Power-On Reset MO = Low " Teom 40 130 ms
Program Latency Tpp Rl 4 us per
CLB column
CCLK (output) Delay Ticck 40 250 i us
CCLK (output) Period, slow Tecik 640 2000 "~ ns
CCLK (output) Period, fast Teok 80 250 ? ns
Master Modes (XC4000XL)
Description Symbol Min Max Units
MO = High TroR 10 40 ms
Power-On Reset MO = Low  Tror 40 130 ms
Program Latency Tei 1 4 us per
; CLB column
7}’CCLK (output) Delay T - i|;|CCK 40 250 0 us
.CCLK (output) Period, slow Teeik 540 | 1600 ns
iCCLK (output) Period, fast T Teak 67 ‘ 200 ns
Slave and Peripheral Modes(All)
‘ Description o Symbol “Min ' Max | Units
Power-On Reset TroR 10 33 ms
Program Latency T Th 1 4 us per
j CLB column
CCLK (input) Delay (required) ‘ Ticek 4 us
CCLK (input) Period (required)  Teox 100 - 1 s
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XC4000XL Switching Characteristics
Definition of Terms

in the following tables, some specifications may be designated as Advance or Preliminary. These terms are defined as
follows:

Advance: Initial estimates based on simulation and/or extrapolation from other speed grades, devices, or device
families. Values are subject to change. Use as estimates, not for production.

Preliminary: Based on preliminary characterization. Further changes are not expected.

Unmarked: Specifications not identified as either Advance or Preliminary are to be considered Final.

All specifications subject to change without notice.

Additional Specifications

Except for pin-to-pin input and output parameters, the a.c. parameter delay specifications included in this document are
derived from measuring internal test patterns.All specifications are representative of worst- case supply voltage and junction
temperature conditions. The parameters included are common to popular designs and typical applications. For design
considerations requiring more detailed timing information, see the appropriate family a.c. supplements available on the
Xilinx WEBLINX at http://www.xilinx.com.

XC4000XL Absolute Maximum Ratings

Symbol Description Value Units
Ve Supply voltage relative to GND -0.5t04.0 \'
Vin input voitage relative to GND (Note 1) -05t055 Vv
Vs Voitage applied to 3-state output (Note 1) -0.5t05.5 \
Vet Longest Supply Voltage Rise Time from 1V to 3V 50 ms

Tsta Storage temperature (ambient) -65 to +150 °C
TsoL Maximum soldering temperature (10 s @ 1/16 in. = 1.5 mm) +260 °C
T Junction temperature Ceramic packages +150 °C
J Piastic packages +125 °C

Notes: 1. Maximum DC undershoot below GND must be limited to either 0.5 V or 10 mA, whichever is easier to achieve. During
transitions, the device pins may undershoot to -2.0 V or overshoot to + 7.0 V, provided this over- or undershoot lasts less
than 10 ns and with the forcing current being limited to 200 mA.

2. Stresses beyond those listed under Absclute Maximum Ratings may cause permanent damage to the device. These are
stress ratings only, and functional operation of the device at these or any other conditions beyond those listed under
Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for extended periods of time may
affect device reliability.

XC4000XL Recommended Operating Conditions

Symbol Description Min Max Units
Supply vaitage relative to GND, T, = 0°C to +85°C | Commercial 3.0 3.6 \
Voo Supply voltage relative to GND, T = -40°C to Industrial 3.0 3.6 \
+100°C
Viu High-level input voltage 50% of V¢ 55 \
ViL Low-level input voltage 0 30% of Vg \
Tin Input signal transition time 250 ns

Notes: At junction temperatures above those listed as Operating Conditions, all delay parameters increase by 0.35% per °C.
Input and output measurement threshold is ~40% of V.
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XC4000XL DC Characteristics Over Recommended Operating Conditions

Symbol Description Min Max Units

Vor High-level output voltage @ loy = -4.0 mA, Vg min (LVTTL) 24 v
High-level output voltage @ oy = -500 pA, (LVCMOS) 90% Ve A

VoL Low-level output voltage @ lg_ = 12.0 mA, V¢ min (LVTTL) (Note 1) 04 '

Low-level output voltage @ lo, = 1500 pA, (LVCMOS) 10% Veg Vv

Vbr Data Retention Supply Voltage (below which configuration data may be lost) 25 v
lcco | Quiescent FPGA supply current (Note 2) 5 mA
I Input or output leakage current -10 +10 pA
Input capacitance (sample tested) BGA, SBGA, PQ, HQ, MQ 10 pF

Cin packages

PGA packages 16 pF
irpu Pad pull-up (when selected) @ V;, = 0V (sample tested) 0.02 0.25 mA
IrPD Pad pull-down (when selected) @ Vi, = 3.6V (sample tested) 0.02 0.15 mA
laiy Horizontal Longline pull-up (when selected) @ logic Low 0.3 2.0 mA

Note 1:  With up to 64 pins simultaneously sinking 12 mA.
Note 2: With no output current loads, no active input or Longtine pull-up resistors, all VO pins Tri-stated and floating.
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XC4000XL Global Buffer Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values where one global clock input drives one vertical clock line in each accessible column, and where all
accessible OB and CLB flip-flops are clocked by the global clock net.

When fewer vertical clock lines are connected, the clock distribution is faster; when multiple clock lines per column are driven
from the same global clock, the delay is longer. For more specific, more precise, and worst-case guaranteed data, reflecting
the actual routing structure, use the values provided by the static timing analyzer (TRCE in the Xilinx Development System)
and back-annotated to the simulation netlist. These path delays, provided as a guideline, have been extracted from the static
timing analyzer report. All timing parameters assume worst-case operating conditions (supply voltage and junction
temperature).

Speed Grade -3 -2 -1 -09 Unlt
Description Symbol Device Max Max Max Max s

From pad through Global Low Skew buffer, | Tgis XC4005XL 2.7 2.3 2.0 1.9 ns
to any clock K XC4010XL 3.2 2.8 2.4 23 ns
XC4013XL 3.6 3.1 2.7 2.6 ns

XC4020XL 4.0 35 3.0 2.9 ns

XC4028XL 4.4 3.8 3.3 3.2 ns

XC4036XL 4.8 4.2 3.6 3.5 ns

XC4044XL 5.3 4.6 4.0 3.9 ns

XC4052XL 5.7 5.0 4.5 4.4 ns

XC4062XL 6.3 54 4.7 46 ns

XC4085XL 7.2 6.2 5.7 55 ns

From pad through Global Early buffer, Tae XC4005XL 1.9 1.8 1.7 1.6 ns
to any clock K in same quadrant XC4010XL 2.2 1.9 1.7 1.7 ns
Values are for BUFGE #s 1, 2, 5 and 6. Add 1 XC4013XL 24 21 1.8 1.7 ns
- 2 ns for BUFGE #s 3, 4, 7 and 8 or consult XC4020XL 2.6 2.2 2.1 2.0 ns
TRCE. XC4028XL 2.8 2.4 2.1 2.0 ns
XC4036XL 3.1 2.7 2.3 2.2 ns

XC4044XL 3.5 3.0 2.6 2.4 ns

XC4052XL 4.0 35 3.0 3.0 ns

XC4062XL 4.9 4.3 3.7 3.4 ns

XC4085XL 5.8 5.1 4.7 4.3 ns

" Preliminary

November 10, 1997 (Version 1.4) 4-73



XC4000E and XC4000X Series Field Programmable Gate Arrays

XC4000XL CLB Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. All timing
parameters assume worst-case operating conditions (supply voltage and junction temperature). Values apply to all
XC4000XL devices and expressed in nanoseconds unless otherwise noted.

Speed Grade -3 -2 -1 -09 .
" - Units

Description Symbol | Min | Max | Min | Max | Min | Max | Min | Max
Combinatorial Detays b T R
F/G inputs to X/Y outputs Tiio 1.6 15 1.3 12 ns
F/G inputs via H’ to X/Y outputs Tio 2.7 2.4 2.2 20 ns
F/G inputs via transparent latch to Q outputs Tiro 2.9 2.6 2.2 20 ns
C inputs via SR/HO via H to X/Y outputs ThHoo 25 2.2 2.0 18} ns
C inputs via H1 via H to X/Y outputs TuH10 2.4 2.1 1.9 16] ns
C inputs via DIN/H2 via N to X/Y outputs THk20 2.5 2.2 2.0 181 ns
C inputs via EC, DIN/H2 to YQ, XQ output (bypass) Tecayp 1.5 1.3 1.1 10} ns
CLB Fast Carry Logic 3 ]
Operand inputs (F1, F2, G1, G4) to Cqoyt Topcy 2.7 2.3 2.0 1.6
Add/Subtract input (F3) to Copt Tascy 3.3 2.9 25 1.8
Initialization inputs (F1, F3) to Cour Tiney 2.0 1.8 .5 1.0
Cyy through function generators to X/Y outputs Tsum 2.8 2.6 24 1.7
Ci to Couyr. bypass function generators Teyp 0.26 0.23 0.20 0.14
Carry Net Delay, COUT o CIN TNET 0.32 0.28 0.25 0.24
Sequential Delays : ‘ :
Clock K to Flip-Flop outputs Q Tcko 2.1 1.9 1.6 1.5 ns
Clock K to Latch outputs C TekLo 2.1 1.9 1.8 1.5 ns
Setup Time before Clock K : N e : . L C
F/G inputs Tick 1.1 1.0 0.9 0.8 ns

/G inputs via H TiHek 2.2 1.9 1.7 1.6 ns
C inputs via HO through H ThHock 2.0 1.7 1.6 1.4 ns
C inputs via H1 through H THH1CK 1.9 1.6 1.4 1.2 ns
C inputs via H2 through H THHock 2.0 1.7 1.6 1.4 ns
C inputs via DIN Toick 0.9 0.8 0.7 0.6 ns
C inputs via EC Tecek 1.0 0.9 0.8 0.7 ns
C inputs via S/R, going Low (inactive) TRek 0.6 0.5 05 0.4 ns
CIN input via F/G Teek 2.3 21 1.9 1.7 ns
CiN input via F/G and H Tenck 3.4 30 | 27 2.5 ns
Hold Time after Clock K E )

/G inputs Tex 0 0 0 0 ns
F/G inputs via H TekiH 0 0 0 0 ns
C inputs via SR/HO through H TokHHo 0 0 8} 0 ns
C inputs via H1 through H TEKHHA 0 0 0 0 ns
C inputs via DIN/H2 through H TokHH2 0 [ 0 0 ns
C inputs via DIN/H2 Tekos 0 0 0 0 ns
C inputs via EC Tekee 0 0 Q 0 ns
C inputs via SR, going Low (inactive) Tekr 0 0 0 0 ns
Clock : . il
Clock High time Tou 3.0 2.8 25 23 ns
Clock Low time Tor 3.0 2.8 25 23 ns
Set/Reset Direct : ’

Width (High) Trew 3.0 2.8 25 23 ns
Delay from C inputs via S/R, going High to Q Trio 3.7 3.2 2.8 27 ns
Gilobal Set/Reset : ) ) :

Minimum GSR Pulse Width Turw | 198 | 173 15.0 | [ 140} ns
Delay from GSR input to any Q Tumra See page 4-80 for Tag values per device

Toggle Frequency (MHz) (for export control purposes) | Frog T 166 | [ 179 ] [ 200 7217 | MHz
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XC4000XL CLB RAM Synchronous (Edge-Triggered) Write Operation Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. Al timing
parameters assume worst-case operating conditions (supply voltage and junction temperature). Values apply to all
XC4000XL devices and are expressed in nanoseconds uniess otherwise noted.

) Speed Grade -3 -2 -1 -09
Single Port RAM - - Units
Size | Symbol | Min | Max | Min [ Max | Min | Max | Min | Max
Write Operation L R R R ;
Address write cycle time (clock K period) [ 16x2 | Tyes 9.0 8.4 7.7 7.4 ns
32x1 TWCTS 9.0 8.4 7.7 7.4 ns
Clock K pulse width (active edge) 16x2 | Twps 4.5 4.2 3.9 37 ns
32x1 TWPTS 4.5 4.2 3.9 3.7 ns
Address setup time before clock K 16x2 | Tass 2.2 2.0 1.7 1.7 ns
32x1 | TasTs 2.2 20 1.7 1.7 ns
Address hold time after clock K 16x2 | Taus 0 0 0 0 ns
32x1 TAHTS 0 0 0 0 ns
DIN setup time before clock K 16x2 | Tpss 2.0 1.9 1.7 1.7 ns
32x1 TDSTS 2.5 2.3 2.1 21 ns
DIN hold time after clock K 16x2 | Tpus 0 0 0 0 ns
32x1 TDHTS 0 0 0 0 ns
WE setup time betfore clock K 16x2 | Twss 2.0 1.8 1.6 1.6 ns
32x1 TWSTS 1.8 1.7 15 1.5 ns
WE hold time after clock K 16x2 | Twhs 0 0 0 0 ns
32x1 TWHTS 0 0 0 0 ns
Data valid after clock K 16x2 | Twos 6.8 58 ] ns
32x1 TWOTS 8.1 6.9 ns
Speed Grade -3 -2 -1 -09 .
Dual Port RAM _ Units
Size | Symbol | Min l Max | Min | Max | Min l Max | Min | Max
Write Operation gy F o s R ]
Address write cycle time {clock K period)l 16x1 |Tweps | 9.0 8.4 77 7.4 ns
Clock K pulse width (active edge) 16x1 | Tweps | 45 4.2 3.9 3.7 ns
Address setup time before clock K 16x1 1 Tasps 25 20 1.7 1.7 ns
Address hold time after clock K 16x1 | TamHps 0 0 0 0 ns
DIN setup time before clock K 16xt | Tpsps 25 2.3 20 20 ns
DIN hold time after clock K 16x1 | Tpups 0 0 0 0 ns
WE setup time before clock K 16x1 {Twsps | 18 1.7 1.6 1.6 ns
WE hold time after clock K 16x1 | TwHps 0 0 0 0 ns
Data valid after clock K 16x1 | Twops 7.8 67| ns

Note:  Timing for the 16 x1 RAM option is identical to 16 x 2 RAM timing.

November 10, 1997 (Version 1.4) 4-75
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CLB RAM Synchronous (Edge-Triggered) Write Timing
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XC4000XL Pin-to-Pin Output Parameter Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Pin-to-pin timing parameters are derived from measuring external and internal test patterns and are
guaranteed over worst-case operating conditions (supply voitage and junction temperature). Listed below are representative
values for typical pin locations and normal clock loading. For more specific, more precise, and worst-case guaranteed data,
reflecting the actual routing structure, use the values provided by the static timing analyzer (TRCE in the Xilinx Development
System) and back-annotated to the simulation netlist. These path delays, provided as a guideline, have been extracted from
the static timing analyzer report.

XC4000XL Output Flip-Flop, Clock to Out

Speed Grade -3 -2 -1 -09 Unit
Description Symbol Device Max Max Max Max nis
Global Low Skew Clock to Output using OFF | Tickor XC4005XL 77 6.7 58 54 ns
XC4010XL 8.3 7.2 6.2 58 ns
XC4013XL 8.6 7.5 6.5 6.1 ns
XC4020%L 3.0 7.9 6.8 6.4 ns
XC4028XL 9.4 8.2 7.1 6.7 ns
XC4036XL 9.8 8.5 7.4 7.0 ns
XC4044XL 10.3 9.0 7.8 7.4 ns
XC4052XL 10.7 9.3 8.3 7.9 ns
XC4062XL 11.3 9.7 8.5 8.1 ns
XC4085XL 12.2 10.5 8.5 9.0 ns
Global Early Clock to Qutput using OFF Tickeor | XC4005XL 6.9 6.1 55 5.1 ns
Values are for BUFGE #s 1, 2, 5 and 6. Add XC4010XL. 7.2 6.2 55 5.2 ns
1 -2 ns for BUFGE #s 3, 4, 7 and 8, or con- XC4013XL 7.4 6.4 56 5.2 ns
sult TRCE XC4020XL 7.6 6.5 59 55 ns
XC4028XL 7.8 6.7 5.9 55 ns
XC4036XL 8.1 7.0 6.1 57 ns
XC4044XL 8.5 7.3 6.4 59 ns
XC4052XL 9.0 7.8 6.8 6.5 ns
XC4062XL 9.9 8.6 7.5 6.9 ns
XC4085XL 10.8 9.4 8.5 7.8 ns
For output SLOW option add TsLow All Devices 3.0 25 2.5 1.7 ns
OFF = Output Flip Flop e

Notes: Listed above are representative values where one global clock input drives one vertical clock line in each accessible column,
and where all accessible I0B and CLB fiip-flops are clocked by the global clock net.
Output timing is measured at ~50% V¢ threshold with 50 pF external capacitive load. For different loads, see graph below.

Capacitive Load Factor 3 i
Figure 1 shows the relationship between /O output delay /b
and load capacitance. It allows a user to adjust the speci- —_ 2 74
fied output delay if the load capacitance is different than -

50 pF. For example, if the actual load capacitance is : 1

120 pF, add 2.5 ns to the specified delay. If the load capac- ]

itance is 20 pF, subtract 0.8 ns from the specified output 8 0

delay. s

Figure 1 is usable over the specified operating conditions ot 8 -1

voltage and temperature and is independent of the output

slew rate control. -2 .

0 20 40 60 80 100 120 140

Capacitance (pF) s
Figure 61: Additional Delay VS Capacitive Loads™"
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XC4000XL Pin-to-Pin Input Parameter Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Pin-to-pin timing parameters are derived from measuring external and internal test patterns and are
guaranteed over worst-case operating conditions (supply voltage and junction temperature). Listed below are representative
values for typical pin locations and normal clock loading. For more specific, more precise, and worst-case guaranteed data,
reflecting the actual routing structure, use the values provided by the static timing analyzer (TRCE in the Xilinx Development
Systern) and back-annotated to the simulation netlist. These path delays, provided as a guideline, have been extracted from
the static timing analyzer report.

XC4000XL Global Low Skew Clock, Set-Up and Hold

Speed Grade] -3 2 -1 -09 )
Description Symbol Device Min Min Min Min Units
Input Setup Time, using Global Low Skew | Tpgp XC4005XL 8.8 7.6 6.6 5.6 ns
clock and IFF (full delay) XC4010XL 9.0 7.8 6.8 5.8 ns
XC4013XL* 6.4 6.0 5.6 48 ns
XC4020XL 8.8 7.6 6.6 6.2 ns
XC4028XL 9.3 8.1 7.0 6.4 ns
XC4036XL* 6.6 6.2 5.8 5.3 ns
XC4044XL 10.6 9.2 8.0 6.8 ns
XC4052XL 11.2 9.7 8.4 7.0 ns
XC4062XL" 6.8 6.4 6.0 55 ns
XC4085XL 12.7 11.0 9.6 8.4 ns
Input Hold Time, using Global Low Skew TeHp All Devices 0 0 0 0 ns
clock and IFF (full delay)
IFF = Input Flip-Flop or Latch S

Notes: Setup time is measured with the fastest route and the lightest load. Use the static timing analyzer tc determine the setup time
under given design conditions. Hold time is measurad using the furthest distance and a reference load of one clock pin per
two 10Bs. Use the static timing analyzer to determine the setup and hold times under given design conditions.

For Setup and Hold parameter adjustments related to Voitage and Temperature, check the latest XC4000XL. data sheet
supplement on the Xilinx website, WEBLINX at http://www.xilinx.com, or contact your local sales representative.
For partial and no delay input path parameters, check the latest XC4000XL data sheet supplement on the Xilinx website,
WEBLINX at http//www.xilinx.com, or contact your local sales representative.
* The XC4013XL., XC4036XL., and 4062XL have significantly faster setup times than other family members.
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XC4000XL BUFGE #s 3, 4, 7, and 8 Global Early Clock, Set-Up and Hold for IFF and FCL

Speed Grade| -3 -2 -1 -09
Description Symbol Device Min Min Min Min Units

Input Setup Time XC4005XL 8.4 7.9 7.4 7.2 ns
Global Early clock and IFF (partial delay) | Tpgep XC4010XL 10.3 9.0 78 7.4 ns
Global Early ciock and FCL (partial delay) | Tepsep XC4013XL* 5.4 4.9 4.4 43 ns
XC4020XL 9.8 9.3 8.8 8.5 ns
XC4028XL 12.7 11.0 9.6 9.3 ns
XC4036XL* 6.4 5.9 5.4 5.0 ns
XC4044XL 13.8 12.0 10.4 10.2 ns
XC4052XL 145 12.7 11.0 10.7 ns
XC4062XL* 84 7.9 7.4 6.8 ns
XC4085XL 14.5 12.7 11.0 10.8 ns
Input Hold Time XC4005XL 0 0 0 0 ns
Clobal Early clock and IFF (partial delay) | Tpugp XC4010XL 0 0 Q 0 ns
Global Early clock and FCL (partial delay) | Tpenep XC4013XL 0 0 0 0 ns
XC4020XL 0 0 0 0 ns
XC4028XL 0 0 0 0 ns
XC4036XL 0.8 0.8 0.8 0.8 ns
XC4044XL 0 0 0 0 ns
XC4052XL 0 0 0 0 ns
XC40862XL 1.5 1.5 1.5 1.5 ns
XC4085XL 0 0 0 0 ns

IFF = Input Flip-Flop or Latch, FCL = Fast Capture Latch :

XC4000XL BUFGE #s 1, 2, 5, and 6 Global Early Clock, Set-Up and Hold for IFF and FCL

Speed Grade| -3 -2 -1 -09 Uni
Description Symbol Device Min | Min | Min | Min | NS
Input Setup Time XC4005XL 9.0 8.5 8.0 7.5 ns
Global Early clock and IFF (partial delay) | Tpgep XC4010XL 11.9 10.4 9.0 8.0 ns
Global Early clock and FCL (partial delay) | Tprgep XC4013XL* 6.4 5.9 5.4 4.9 ns
XC4020XL 10.8| 103 9.8 9.0 ns
XC4028XL 14.0 12.2 10.6 9.8 ns
XC4036XL* 7.0 6.6 6.2 5.2 ns
XC4044XL 1486 12.7 11.0 10.8 ns
XC4052XL 16.4 14.3 12.4 11.4 ns
XC4062XL" 9.0 8.6 8.2 7.0 ns
XC4085XL 16.7 14.5 12.6 11.6 ns
input Hold Time XC4005XL 0 0 0 0 ns
Global Early clock and IFF (partial delay) | Tpuep XC4010XL. 0 0 0 0 ns
Global Early clock and FCL (partial delay) | Tpruyep XC4013XL 0 0 0 0 ns
XC4020XL 0 0 0 0 ns
XC4028XL 0 0 0 0 ns
XC4036XL o] 0 0 0 ns
XC4044XL 0 0 0 0 ns
XC4052XL 0 0 0 0 ns
XC4062XL 0.8 0.8 0.8 0.8 ns
XC4085XL 0 0 0 0 ns

“TEF = Input Fiip-Flop or Latch, FCL = Fast Capture Latch

Notes: Setup time is measured with the fastest route and the lightest load. Hold time is measured usmgt e farthest dlstance and a reference
load of one clock pin per two [OBs. Use the static timing analyzer to determine the setup and hold times under given design condi-
tions.

* The XC4013XL, XC4036XL, and 4062XL have significantly faster setup times than other family members.
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XC4000XL IOB Input Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MiL-M-38510/605. All devices are 100%
functionally tested. Internai timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, mare precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. These path
delays, provided as a guideline, have been extracted from the static timing analyzer report. All timing parameters assume
worst-case operating conditions (supply voltage and junction temperature).

Speed Grade| -3 -2 -1 Units
Description Symbol | Device Min Min Min Min
Clocks L e e
Clock Enabie {(EC) to Clock (IK) TeciK All devices | 0.3 0.2 0.1 0.0 ns

Delay from FCL enable (OK) active edge to IFF | Tokik All devices 1.7 1.5 1.3 1.2 ns
clock (IK) active edge

Setup Times BRI BRI R
Pad to Clock {IK}), no delay Teick All devices 1.7 1.5 13 1.3 ns
Pad to Clock (IK), via transparent Fast Capture Teicke | All devices 23 2.1 1.8 1.7 ns

Latch, no delay
Pad to Fast Capture Latch Enable (OK), no delay | Tpook | Alldevices | 0.7 0.6 05 0.5 ns
Hold Times sk e ' '

All Hold Times All devices 0 0 0 0 ns
Propagation Delays o T _! Max Max Max Max :
Padto 1, 12 Tep Alidevices | 1.6 1.4 1.2 1.1 ns
Pad to 11, i2 via transparent input latch, no delay | Tp Alldevices § 2.6 2.2 1.9 1.8 ns
Pad to 11, 12 via transparent FCL and input latch, | Tpg, Alt devices | 3.1 2.7 24 2.2 ns
no delay
Ciock (IK} to 11, {2 (flip-flop) Tikal All devices 1.8 1.5 1.3 1.2 ns
Clock (IK) to 11, 12 (latch enable, active Low) TikLi All devices 1.9 1.7 14 1.3 ns
FCL Enable (OK) active edge to I1, 12 TokLi All devices 3.6 3.1 27 2.6 ns
(via transparent standard input latch)
Global Set/Reset R B R T e e g B
Minimum GSR Puise Width Turw | Al devices 19.8 17.3 15.0 14.0] ns
Delay from GSR input to any Q Tari XC4005XL 11.3 9.8 8.5 8.1 ns

XC4010XL 13.9 1241 10.5 10.0 ns
XC4013XL 15.9 13.8 12.0 11.4] ns
XC4020XL 18.6 16.1 14.0 13.3 ns
XC4028XL 20.5 17.9 155 14.3] ns
XC4036XL 225 19.6 17.0 16.2] ns
XC4044XL 25.1 21.9 19.0 18.1 ns
XC4052XL 27.2 23.6 20.5 19.5] ns
XC4062XL 2.1 25.3 22.0 209 ns
XC4085XL 34.4 24.7] ns

IFF = input Flip-Flop or Latch, FCL = Fast Capture Latch
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XC4000XL 0B Output Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. These path
delays, provided as a guideline, have been extracted from the static timing analyzer report. All timing parameters assume
worst-case operating conditions (supply voltage and junction temperature). For Propagation Delays, slew-rate = fast unless
otherwise noted. Values are expressed in nanoseconds uniess otherwise noted.

-3 -2 -1 -09 Unit
nits
Description Symbol | Min ) Max | Min 1 Max | Min | Max | Min | Max
Clocks ’ st Gy Gt SN S I
Clock High Ten 3.0 2.8 25 23 ns
Clock Low TeL 3.0 2.8 2.5 23 ns
Propagation Delays SRR O R i
Clock {OK) to Pad Tokpor 5.0 44 38 35 ns
Output (O) to Pad Tope 4.1 3.6 3.1 3.0 ns
3-state to Pad hi-Z (slew-rate independent) | Tygyz 4.4 3.8 33 33 ns
3-state to Pad active and valid TrsoNF 4.1 3.6 3.1 3.0 ns
Output (O) to Pad via Fast Output MUX Torpr 55 48 4.2 4.0 ns
Select (OK) to Pad via Fast MUX Tokrpr 5.1 45 3.9 3.7 ns
Setup and Hold Times ’ g ’ ;
Output (O) to clock {OK) setup time Took 0.5 0.4 0.3 0.3 ns
Qutput (O} to clock (OK) hold time Toko 0.0 0.0 0.0 0.0 ns
Clock Enable (EC) to clock (OK) setup time| Tecok 0.0 0.0 0.0 0.0 ns
Clock Enable (EC) to ciock (OK) hold time | Tokec 0.3 0.2 0.1 0.0 ns
Global Set/Reset ‘ o ¥ e o
Minimum GSR pulse width Tamaw 19.8 17.3 15.0 14.0 ns
Delay from GSR input to any Pad Trro
XC4005XL 15.9 13.8 12.0 114 ns
XC4010XL 18.5 16.1 14.0 13.3 ns
XC4013XL 20.5 17.8 15.5 14.7 ns
XC4020XL 23.2 20.1 175 16.6 ns
XC4028XL 251 21.9 19.0 17.6 ns
XC4036XL 271 236 20.5 19.4 ns
XC4044XL 29.7 259 22.5 21.4 ns
XC4052XL 31.7 27.6 24.0 22.8 ns
XC4062X1. 33.7 29.3 255 24.2 ns
XC4085XL 39.0 33.9 29.5 28.0 ns
Slew Rate Adjustment = ' o
For output SLOW option add TsLow ns

Note: Output timing is measured at ~50% V¢ threshold, with 50 pF external capacitive loads.
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XC4000EX Switching Characteristics
Definition of Terms

In the following tables, some specitications may be designated as Advance or Preliminary. These terms are defined as
follows:

Advance: Initial estimates based on simulation and/or extrapolation from other speed grades, devices, or device
families. Values are subject to change. Use as estimates, not for production.

Prefiminary: Based on preliminary characterization. Further changes are not expected.

Unmarked: Specifications not identified as either Advance or Preliminary are to be considered Final.

All specifications subject to change without notice.

XC4000EX Absolute Maximum Ratings

Symbol Description Value Units
Vee Supply voltage relative to GND 0510 +7.0 \'
ViN Input voltage relative to GND (Note 1) -0.5t0 Vg +0.5 \
Vs Voitage applied to 3-state output (Note 1) -0.510 Vg +0.5 Vv
Veer Longest Supply Voltage Rise Time from 1 Vio 4 V 50 ms

Ts1e Storage temperature (ambient) -65 to +150 °C
TsoL Maximum soldering temperature (10 s @ 1/16in. = 1.5 mm) +260 °C
T, Junction temperature Ceramic packages +150 °C
Plastic packages +125 °C

Notes: 1. Maximum DC overshoot or undershoot above V. or below GND must be fimited to either 0.5 V or 10 mA, whichever is
easier to achieve. During transitions, the device pins may undershoot to -2.0 V or overshoot to Vcc + 2.0 V, provided this
over- or undershoot lasts less than 20 ns.

2. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are
stress ratings only, and functionat operation of the device at these or any other conditions beyond those listed under
Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for extended periods of time may
affect device refiability.

XC4000EX Recommended Operating Conditions

Symbol Description Min Max Units
Voc Supply voltage relative to GND, T; = 0 °C to +85°C Commercial 4.75 5.25 v
Supply voltage relative to GND, T = -40°C to +100°C | Industrial 4.5 5.5 Vv
v High-level input voltage TTL inputs 2.0 Veo \%
" CMOS inputs 70% | 100% | Voo
Vi Low-level input voltage TTL inputs ¢] 0.8 Vv
CMOS inputs 0 20% Vee
Tin Input signal transition time 250 ns

Notes: At junction temperatures above those listed as Operating Conditions, ail delay parameters increase by 0.35% per °C.
Input and output measurement thresholds for TTL are 1.5 V. Input and output measurement thresholds for CMOS are 2.5 V.
All timing parameters are specified for Commercial temperature range only.
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XC4000EX DC Characteristics Over Recommended Operating Conditions

Symbol Description Min Max Units

Vou High-tevel output voltage @ oy = -4.0 mA, Ve min TTL outputs 2.4 \%
High-level output voltage @ lgy =-1.0 mA CMOS outputs Voo-0.5 Vv

Low-level output voltage @ lg. = 12.0 mA, V¢ min TTL outputs 0.4 \

Voo | (Note 1) CMOS outputs 04 v
Vpr Data Retention Supply Voltage (below which configuration data may be lost) 3.0 Vv
leco Quiescent FPGA supply current (Note 2) 25 mA
In Input or output leakage current -10 +10 pA
Input capacitance (sample tested) BGA, SBGA, PQ, 10 pF

Cin HQ, MQ packages

PGA packages 16 pF

lrpu Pad pull-up (when selected) @ V;, = 0 V (sample tested) 0.02 0.25 mA
IrPD Pad pull-down (when selected) @ V;, = 5.5 V (sample tested) 0.02 0.25 mA
laLL Horizontal Longline pull-up (when selected) @ logic Low 0.3 2.0 mA

Note 1:  With up to 64 pins simultaneously sinking 12 mA.
Note 2:  With no output current loads, no active input or Longline pull-up resistors, all package pins at Vcc or GND.

XC4000EX Global Buffer Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values where one global clock input drives one vertical clock line in each accessible column, and where all
accessible IOB and CLB flip-flops are clocked by the globat ciock net.

When fewer vertical clock lines are connected, the clock distribution is faster; when multiple clock lines per column are driven
from the same global clock, the delay is longer. For more specific, more precise, and worst-case guaranteed data, reflecting
the actual routing structure, use the values provided by the static timing analyzer (TRCE in the Xitinx Development System)
and back-annotated to the simulation netlist. These path delays, provided as a guideline, have: been extracted from the static
timing analyzer report. All timing parameters assume worst-case operating conditions (supply voltage and junction
temperature).

Speed Grade -4 -3 -2 -1 Units
Description Symbol Device Max Max Max Max
From pad through Global Low Skew buffer, | Tg s XC4028EX 9.2 75 6.4 ns
to any ciock K XC4036EX 9.8 7.9 7.1 ns
From pad through Global Early buffer, Tge XCA4028EX 57 4.4 4.2 ns
to any clock K in same quadrant XC4036EX 5.9 4.6 4.4 ns
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XCA000E and XC4000X Series Field Programmable Gate Arrays

XC4000EX Longline and Wide Decoder Timing Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx. Development System) and back-annotated to the simulation netlist. These path
delays, provided as a guideline, have been extracted from the static timing analyzer report. All timing parameters assume
worst-case operating conditions (supply voltage and junction temperature). Values apply o all XC4000EX devices unless
otherwise noted. Fewer than the specified number of pullup resistors can be used, if desired. Using fewer pullups reduces
power consumption but increases delays. Use the static timing analyzer to determine delays if fewer pullups are used.

XCA4000EX Horizontal Longline Switching Characteristic Guidelines

Speed Grade]| -4 -3 -2 -1 Units
ni
Description Symbol | Device | Max | Max | Max | Max
TBUF driving a Horizontal Longline : o S St ‘
I going High or Low to Horizontal Longline going High | To4 XC4028EX]| 13.7 11.3 10.9 ns
or Low, while T is Low. Buffer is constantly active. XC4036EX ]| 16.5 13.6 13.2 ns
T going Low to Horizontal Longline going from resis- { Toy XC4028EX ] 14.7 121 117 ns
tive puil-up or fioating High to active Low. TBUF con- XC4036EX ]} 174 14.4 14.0 ns
figured as open-drain or active buffer with | = Low.
T going High to Horizontal Longline going from Low to | Tpyo XC4028EX ns
High, pulled up by two resistors. (Note 1) XC4036EX ns
TBUF driving Half a Horizontal Longline ) . 3
t going High or Low to half of a Horizontal Longline go- | T4 XC4028EX] 6.3 56 4.6 ns
ing High or Low, while T is Low. Buffer is constantly XC4036EX] 7.3 6.0 57 ns
active.
T going Low to half of a Horizontal Longline going from | Tyon XC4028EX]) 7.2 6.4 54 ns
resistive pull-up or floating High to active Low. TBUF XC4036EX] 8.2 6.8 6.5 ns
configured as open-drain or active buffer with | = Low.
T going High to half of a Horizontal Longline going Thpua XC4028EX ns
from Low to High, pulled up by four resistors. (Note 1) XC4036EX ns
Note:  These values include a minimum load of one output, spaced as far as possible from the activated pullup(s). Use the static
timing analyzer to determine the delay for each destination.
XC4000EX Wide Decoder Switching Characteristic Guidelines
Speed Grade -4 -3 -2 -1 Units
Description Symbol Device Max | Max | Max | Max
Full tength, two pull-ups, inputs from 10B |-pins Twar2 XC4028EX ns
XC4036EX ns
Full length, two pull-ups, inputs from internal logic TwaraL | XC4028EX ns
XC4036EX ns
Half length, two pull-ups, inputs from IOB I-pins Twao2 XC4028EX ns
XC4036EX ns
Half length, two pull-ups, inputs from internal logic TwaozL | XC4028EX ns
XC4036EX ns

Notes: These delays are specified from the decoder input to the decoder output.
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XC4000EX CLB Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MiIL-M-38510/605. Al devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. All timing
parameters assume worst-case operating conditions (supply voltage and junction temperature). Values apply to all
XC4000EX devices unless otherwise noted.

Speed Grade -4 -3 -2 -1 Units
Description Symbol | Min | Max [ Min | Max | Min | Max | Min | Max
Combinatorial Delays ! : ; i :
F/G inputs to X/Y outputs Tio 22 1.8 15 ns
F/G inputs via H' to X/Y outputs Tio 38 3.2 27 ns
F/G inpuis via transparent latch to Q outputs Tiro 3.2 27 25 ns
C inputs via SR/HO via H’ to X/Y outputs ThHoo 3.6 3.0 2.5 ns
C inputs via H1 via H' to X/Y outputs Tunio 3.0 25 23 ns
C inputs via DIN/H2 via H' to X/Y outputs TaHzo 3.6 3.0 25 ns
C inputs via EC, DIN/H2 to YQ, XQ output (bypass) | Teayp 2.0 1.6 1.4 ns
CLB Fast Carry Logic : i
Operand inputs (F1, F2, G1, G4) to COUT Topcy 25 2.2 1.9 ns
Add/Subtract input (F3) to COUT Tascy 4.1 36 3.1 ns
Initialization inputs (F1, F3) to COUT Tincy 19 1.6 1.4 ns
CIN through function generators to X/Y outputs Tsum 3.0 2.6 22 ns
Cy to Cour. bypass function generators Tayp 0.60 0.50 0.40 ns
Carry Net Delay, Coytto Ciy Ther 0.18 0.15 0.15 ns
Sequential Delays :
Clock K to Flip-Flop outputs Q Teko 22 1.9 1.7 ns
Clock K to Latch outputs Q Tekio 2.2 19 1.7 ns
Setup Time before Clock K :
F/G inputs Tick 13 1.1 1.1 ns
F/G inputs via H' TiHek 3.0 25 2.2 ns
C inputs via HO through H’ THHocK 2.8 2.3 20 ns
C inputs via H1 through H’ THHTCK 2.2 1.8 1.8 ns
C inputs via H2 through H’ Thhzex | 28 2.3 2.0 ns
C inputs via DIN Toick 1.2 0.8 0.9 ns
C inputs via EC Tecek 1.2 1.0 0.9 ns
C inputs via $/R, going Low {inactive) Trek 0.8 0.7 0.6 ns
CIN input via F/G' Teek 22 1.8 2.1 ns
CIN input via F/G’ and H' ToHek 39 3.2 3.2 ns
Hold Time after Clock K RO
F/G inputs Tek 0 [t} 0 ns
F/G inputs via H’ TokiH 0 o} 0 ns
C inputs via SR/HO through H' TekhHo 0 0 0 ns
C inputs via H1 through H’ ToKHH1 0 0 0 ns
C inputs via DIN/H2 through H’ TokHH2 0 0 0 ns
C inputs via DIN/H2 Tekpt o] 0 0 ns
C inputs via EC Tekee 0 o} 0 ns
C inputs via SR, going Low (inactive) Tekr o] 0 0 ns
Clock . : E ) ; :
Clock High time Ten 35 3.0 3.0 ns
Clock Low time ToL 35 3.0 3.0 ns
Set/Reset Direct : e )
Width (High) Tapw 35 3.0 3.0 ns
Detay from C inputs via S/R, going High to Q Trio 4.5 3.8 36 ns
Global Set/Reset ‘ b : S v
Minimum GSR Pulse Width TMRW 13.0 115 115 ns
Delay from GSR input to any Q (XC4028EX) Tumra 22.8 19.0 19.0 ns
Delay from GSR input to any Q (XC4038EX) TMRQ 24.0 21.0 21.0 ns
Toggle Frequency ) (for export controf purposes) | Frog 143 _ 166 166 MHz
~ - Preliminary.
i
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XC4000E and XC4000X Series Field Programmable Gate Arrays

XC4000EX CLB RAM Synchronous (Edge-Triggered) Write Operation Guidelines

Testing of switching paramaters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100% functionally tested.
Internal timing parameters are derived from measuring internal fest patterns. Listed below are representative values. For more specific, more
precise, and worst-case guaranteed data, use the values reported by the static timing analyzer (TRCE in the Xilinx-Development System) and
back-annotated to the simulation netlist. All timing parameters assume worst-case operating conditions (supply voltage and junction
temperature). Vaiues apply to all XC4000EX devices unless otherwise noted.

., Speed Grade -4 -3 -2 -1
Single Port RAM Units
size } Symbol | Min | Max | Min | Max | Min | Max | Min | Max
Write Operation RN R ‘ SRS
Address write cycle time (clock K period) | 16x2 | Tywes 11.0 9.0 8.0 ns
32x1 TWCTS 11.0 9.0 9.0 ns
Clock K pulse width (active edge) 16x2 | Twps 5.5 45 45 ns
32x1 TWPTS 55 4.5 4.5 ns
Address setup time before clock K 16x2 | Tass 27 2.3 22 ns
32x1 TASTS 2.6 2.2 2.2 ns
Address hold time after clock K 16x2 | Tans 0 0 0 ns
32x1 TAHTS 0 0 0 ns
DIN setup time before clock K 16x2 | Tpss 2.4 20 2.0 ns
32x1 TDSTS 2.9 25 25 ns
DIN hold time after clock K 16x2 | Tpus 0 0 0 ns
32x1 TDHTS 0 0 a ns
WE setup time before clock K 16x2 | Twss 23 20 2.0 ns
32x1 TWSTS 2.1 1.8 1.8 ns
WE hold time after clock K 16x2 | TwHs 0 0 0 ns
32x1 TWHTS 0 0 0 ns
Data valid after clock K 16x2 | Twos 8.2 6.8 6.8 ns
32x1 TWOTS 10.1 8.4 8.2 ns
, u'.i'”“‘if’.y
Notes: Timing for the 16x1 RAM option is identical to 16x2 RAM timing.
Applicable Read timing specifications are identical to Level-Sensitive Read timing.
Speed Grade -4 -3 -2 -1
Dual-Port RAM Units
Size | Symbol | Min [ Max | Min LMax Min | Max } Min | Max
] L
Write Operation : ' 3
Address write cycle time (clock K period) | 16x1 | Twcps |11.0 9.0 9.0 ns
Clock K pulse width (active edge) 16x1 | Tweps 55 45 4.5 ns
Address setup time before clock K 16x1 | Tasps 3.1 26 25 ns
Address hold time after clock K 16x1 | Tapps 0 0 0 ns
DIN setup time before clock K 16x1 | Tpsps 29 25 25 ns
DIN hold time after clock K 16x1 | Tops 0 0 0 ns
WE setup time before clock K 16x1 | Twsps 2.1 1.8 1.8 ns
WE hold time after clock K 16x1 | Twrps 0 0 0 ns
Data valid after clock K 16x1 | Twops 9.4 7.8 7.8 ns

Note:  Applicable Read timing specifications are identical to Level-Sensitive Read timing.
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XC4000EX CLB RAM Synchronous (Edge-Triggered) Write Timing
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XC4000E and XC4000X Series Field Programmable Gate Arrays

XC4000EX CLB RAM Asynchronous (Level-Sensitive) Write and Read Operation Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simuiation netlist. All timing
parameters assume worst-case operating conditions (supply voltage and junction temperature). Values apply to all
XC4000EX devices unless otherwise noted.

Note:  Timing for the 16:1 RAM option is identical to 16x2 RAM timing.

Speed Grade -4 -3 -2 -1
Units
Description Size —{ Symbol | Min lMax Min [ Max | Min | Max | Min | Max
Write Operation ' . '
Address write cycle time 16x2 |Twe 10.6 9.2 8.0 ns
32x1 TWCT 10.6 9.2 8.0 ns
Write Enable pulse width (High) 16x2 | Twpe 5.3 46 4.0 ns
32x1 TWPT 53 4.6 4.0 ns
Address setup time before WE 16x2 | Tag 2.8 2.4 2.0 ns
32x1 TAST 29 2.5 2.0 ns
Address hold time after end of WE | 16x2 | Tay 1.7 1.4 1.4 ns
32x1 TAHT 1.7 1.4 1.4 ns
DIN setup time before end of WE téx2 | Tps 1.1 0.9 0.8 ns
32x1 | Tpgr 1.1 0.9 0.8 ns
DIN hold time after end of WE 16x2 | Tpy 6.6 57 5.0 ns
32x1 TDHT 6.6 5.7 5.0 ns
Read Operation
Address read cycle time 16x2 | Tre 45 3.1 3.1 ns
32x1 | Tger 6.5 55 55 ns
Data valid after address change 16x2 | Tyuo 22 1.8 1.5 ns
(no Write Enable) 32x1 [ Tio 38 3.2 27 ns
Read Operation, Clocking Data into Flip-Flop ’
Address setup time before clock K | 16x2 | Tiek 1.5 1.2 1.2 ns
32x1 TlHCK 3.2 26 2.6 ns
Read During Write :
Data valid after WE goes active 16x2 | Two 6.5 57 4.9 ns
(DIN stable before WE) 32x1 | Twort 7.4 6.5 56 ns
Data valid after DIN 16x2 | Tpo 7.7 6.7 58 ns
(DIN changes during WE) 32x1 (Tpor 8.2 7.2 6.2 ns
Read During Write, Clocking Data into Flip-Flop ;
WE setup time before clock K 16x2 | Twek 7.1 6.2 55 ns
32x1 TWCKT 9.2 8.1 7.0 ns
Data setup time before clock K 16x2 | Tpek 5.9 5.2 46 ns
32x1 | Tyt | 84 7.4 6.4 ns
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XC4000EX CLB RAM Asynchronous (Level-Sensitive) Timing Characteristics
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XC4000E and XC4000X Series Field Programmable Gate Arrays

XC4000EX Pin-to-Pin Output Parameter Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Pin-to-pin timing parameters are derived from measuring external and internal test patterns and are
guaranteed over worst-case operating conditions {supply voltage and junction temperature). Listed below are representative
values for typical pin locations and normal clock loading. For more specific, more precise, and worst-case guaranteed data,
reflecting the actual routing structure, use the values provided by the static timing analyzer (TRCE in the Xilinx Development
System) and back-annotated to the simulation netlist. These path delays, provided as a guideline, have been exiracted from
the static timing analyzer report. Values apply to all XC4000EX devices unless otherwise noted.

XC4000EX Output Flip-Flop, Clock to Out

Speed Grade -4 -3 -2 -1 Units
Description Symbol Device Max Max Max Max
Global Low Skew Clock to TTL Tickor | XC4028EX 16.6 13.7 12.4 ns
Output (fast) using OFF XC4036EX 17.2 14.1 131 ns
Global Early Clock to TTL Output (fast) using | Tickeor | XC4028EX 13.1 10.6 10.2 ns
OFF XC4036EX 13.3 10.8 10.4 ns
OFF = Qutput Flip Flop 5 —$ iinary.
XC4000EX Qutput MUX, Clock to Out
Speed Grade -4 -3 -2 -1 Units
Description Symbol Device Max Max Max Max
Global Low Skew Clock to TTL Terer XC4028EX 15.9 1314 1.8 ns
Output (fast) using OMUX XC4036EX 16.5 13.5 12.5 ns
Global Early Clock to TTL Output (fast) us- | Tpeppe XC4028EX 124 10.0 9.6 ns
ing OMUX XC4036EX 12.8 9.8 ns
OMUX = Output MUX ; o o

Notes: Listed above are representative values where one global clock input drives one vertical clock line in each accessible column,
and where all accessible 10B and CLB flip-flops are clocked by the global clock net.
Qutput timing is measured at TTL threshold with 35 pF external capacitive load.
Set-up time is measured with the fastest route and the lightest load. Hold time is measured using the farthest distance and a
reference load of one clock pin per two IOBs. Use the static timing analyzer to determine the setup and hotd times under given
design conditions.

XCA000EX Output Level and Slew Rate Adjustments
The following table must be used to adjust output parameters and output switching characteristics.

e S

J o Speed Grade -4 3 -2 -1

P Description Symbol Device Max Max Max | Max ﬁ Units |
For TTL output FAST add Trmor | AlDevices [ 0 | 0 o T {‘“n? '}
For TTL output SLOW add Tr1L0 All Devices 29 | 24 24 | ns
For CMOS FAST output add Tomosor Al Devices . ns ;
For CMES SLOW outgtﬁ?gd | TCMQ§9 AH Devices ) : ns J
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XC4000EX Pin-to-Pin Input Parameter Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
funictionally tested. Pin-to-pin timing parameters are derived from measuring external and internal test patterns and are
guaranteed over worst-case operating conditions (supply voltage and junction temperature). Listed below are representative
values for typical pin locations and normal clock loading. For more specific, more precise, and worst-case guaranteed data,
reflecting the actual routing structure, use the values provided by the static timing analyzer (TRCE in the Xilinx Development
System) and back-annotated to the simulation netlist. These path delays, provided as a guideline, have been extracted from
the static timing analyzer report. Values apply to alt XC4000EX devices unless otherwise noted

XC4000EX Global Low Skew Clock, Set-Up and Hold

Speed Grade -4 -3 -2 -1 .
Description Symbol Device Min Min Min Min Units
Input Setup Time, using Global Low Skew | Tpgp XC4028EX 8.0 6.8 6.8 ns
clock and IFF (full delay) XC4036EX 8.0 6.8 6.8 ns
Input Hold Time, using Global Low Skew Tenp XC4028EX 0 0 0 ns
clock and IFF (full delay) XC4036EX 0 0 0 ns
IFF = Flip-Flop or Latch : Pretminary o
| =
XC4000EX Global Early Clock, Set-Up and Hold for IFF
Speed Grade -4 -3 -2 -1 Units
Description Symbol Device Min Min Min Min
Input Setup Time, using Global Early clock | Tpggp XC4028EX 6.5 5.4 54 ns
and IFF (partial delay) XC4036EX 6.5 54 5.4 ns
Input Hold Time, using Global Early clock TeHER XC4028EX 0 0 0 ns
and IFF (partial delay) XC4036EX Q 0 0 ns
IFF = Flip-Flop or Latch —__ Proliminary
i
Note:  Set-up parameters are for BUFGE #s 3, 4, 7 and 8. Add 1.6 ns for BUFGE #s 1, 2, 5 and 6.
XC4000EX Global Early Clock, Set-Up and Hold for FCL
Speed Grade -4 -3 -2 -1 Units
Description Symbol Device Min Min Min Min
input Setup Time, using Global Early clock | Tppgep | XC4028EX 34 3.4 34 ns
and FCL (partial delay) XC4036EX 4.4 4.2 4.2 ns
Input Hold Time, using Global Early clock | Tpruge | XC4028EX 0 0 0 ns
and FCL (partial delay) XC4036EX 0 0 0 ns
FCL = Fast Capture Latch mm—m

Notes: For CMOS input levels, see the “XC4000EX fnput Threshold Adjustments” on page 4-91.
Setup time is measured with the fastest route and the lightest load. Use the static timing analyzer to determine the setup time
under given design conditions. Hold time is measured using the farthest distance and a reference load of one clock pin per two
iOBs. Use the static timing analyzer to determine the setup and hold times under given design conditions.
Note:Set-up parameters are for BUFGE #s 3, 4, 7 and 8. Add 1.2 ns for BUFGE #s 1,2, 5and 6.

XC4000EX input Threshold Adjustments

The foliowing table must be used to adjust input parameters and input switching characteristics.

Speed Grade -4 -3 -2 -1
Description Symbol Device Max Max Max Max  Units
For TTL input add Tr7u All Devices 0 0 0 ns
For CMOS input add Temos: All Devices 0.3 02 . 02 ns
M

November 10, 1997 (Version 1.4) 4-91



XC4000E and XC4000X Series Field Programmable Gate Arrays

XC4000EX 10B Input Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. These path
delays, provided as a guideline, have been extracted from the static timing analyzer report. All timing parameters assume
worst-case operating conditions (supply voltage and junction temperature). Values apply to all XC4000EX devices unless

otherwise noted.

FCL = Fast Capture Latch, IFF = Input Flip-Flop or Latch

Notes: For CMOS input levels, see the "XC4000EX input Threshold Adjustments” on page 4-91.

Speed Grade -4 -3 -2 -1 Units
Description Symbol | Device Min Min Min Min

Clocks Cme T ‘ G aE
Delay from FCL enable (OK) active edge to IFF | Tokik All devices 3.2 2.6 2.6 ns
clock (IK) active edge
Propagation Delays e B el Max Max Max Max :
Padto 1, 12 Teio [ Aldevices | 22 1.9 1.8 ns
Pad to I1, |12 via transparent input latch, no delay | Tpy All devices 38 3.2 3.0 ns
Pad to {1, 12 via transparent input latch, TepLul XC4028EX ]| 13.3 1141 10.9 ns
partial delay XC4036EX | 14.5 121 1.9 ns
Pad to I1, 12 via transparent input latch, full delay | Tppyy XC402BEX | 18.2 15.2 14.9 ns

XC4036EX ]| 194 16.2 15.9 ns
Pad to 11, 12 via transparent FCL and input latch, | Tpg, All devices 5.3 44 42 ns
no delay
Pad to 11, [2 via transparent FCL and input latch, | Tepg; | XC4028EX ]| 13.6 1.3 1.1 ns
partial delay XC4036EX | 14.8 12.3 12.1 ns
Propagation Delays A e T T e
Clock (IK) to I1, 12 (flip-flop) Tikri All devices 3.0 25 2.4 ns
Ciock (IK) to 11, 12 (latch enable, active Low) Tk All devices 3.2 27 2.6 ns
FCL Enable (OK) active edge to 11, 12 Toku All devices 6.2 52 5.0 ns

(via transparent standard input latch)

Global Set/Reset L I T e T )
Minimum GSR Pulse Width TMRW All devices | 13.0 1.5 1.5 ns
Delay from GSR input to any Q TrRi XC4028EX] 228 19.0 19.0 ns
Delay from GSR input to any Q Trri XC4036EX | 24.0 21.0 21.0 ns

For setup and hold times with respect to the clock input pin, see the Global Low Skew Clock and Global Early Ciock Set-up and

Hold tables on page 4-91.
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XC4000EX 10B Input Switching Characteristic Guidelines (Continued)

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer {TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. These path
delays, provided as a guideline, have been extracted from the static timing analyzer report. All timing parameters assume
worst-case operating conditions (supply voltage and junction temperature). Values apply to all XC4000EX devices unless
otherwise noted.

Speed Grade -4 -3 -2 -1 Units
Description Symbol | Device Min Min Min Min
Setup Times B e e e i
Pad to Clock (IK), no delay Teick All devices 25 2.0 2.0 ns
Pad to Clock (IK), partial delay Trickp XC4028EX 10.8 9.0 9.0 ns
XC4036EX 12.0 10.0 10.0 ns
Pad to Clock (IK), full delay TpickD XC4028EX 15.7 13.1 13.1 ns
XC4036EX 16.9 14.1 14.1 ns
Pad to Clock (IK), via transparent Fast | Tpiokr All devices 3.9 33 3.3 ns
Capture Latch, no delay
Pad to Clock (IK), via transparent Fast | Tpigkpp | XC4028EX 12.3 10.2 10.2 ns
Capture Latch, partial delay XC4036EX 13.5 11.2 11.2 ns
Pad to Fast Capture Latch Enable (OK), | Teock All devices 0.8 0.7 0.7 ns
no delay
Pad to Fast Capture Latch Enable (OK), | Tpockp | XC402BEX 9.1 7.6 7.6 ns
partial delay XC4036EX 10.3 8.6 8.6 ns
Setup Times (TTL or CMOS Inputs) s e T L i : : ,
Clock Enable (EC) to Clock (1K) Teok | Alldevices | 03 [ 02 [ 02 | ns
Hold Times e T
Pad to Clock (IK),
no delay Tiket All devices 0 0 0 ns
partial delay Tikpip All devices 0 0 0 ns
full delay TikpiD All devices 0 0 0 ns
Pad to Clock {IK) via transparent Fast
Capture Latch,
no delay TikepI All devices 0 0 0 ns
partial delay TikEPIP All devices 0 0 0 ns
full delay TikePID All devices 0 0 0 ns
Clock Enable (EC) to Clock (IK),
no delay Tikee All devices 0 0 0 ns
partial delay Tikece All devices 0 0 0 ns
full delay TikecoD Ali devices 0 0 0 ns
Pad to Fast Capture Latch Enable (OK),
no delay Toxpt All devices 0 0 0 ns
partial delay Tokpip All devices 0 0 0 ns |

Notes: For CMOS input levels, see the “XC4000EX input Threshold Adjustments” on page 4-91.
For setup and hold times with respect to the clock input pin, see the Global Low Skew Clock and Global Early Clock Set-up and
Hold tables on page 4-91.
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XCA4000E and XC4000X Sieries Field Programmable Gate Arrays

XC4000EX 10B Output Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development Systam) and back-annotated to the simulation netlist. These path
delays. provided as a guideline, have been extracted from the static timing analyzer report. All timing parameters assume
worst-case operating conditions (supply voltage and junction temperature). For Propagation Delays, slew-rate = fast unless
otherwise noted. Values apply to all XC4000EX devices unless otherwise noted.

Speed Grade -4 -3 -2 -1 Unit
nits
Description Symbol | Min ]Max Min [ Max MinTMax

Propagation Delays L e e e
Clock (OK) to Pad 6.2 6.0 ns
Output (O) to Pad 5.2 5.0 ns
3-state to Pad hi-Z (slew-rate independent) Trsnuz 4.1 4.1 ns
3-state to Pad active and valid TrsoNF 52 5.0 ns
Output MUX Select (OK) to Pad Tokrer 56 5.4 ns
Fast Path Output MUX Input (EC) to Pad 5.1 5.0 ns
Stowest Path Output MUX Input (O) to Pad Torpr 6.0 59 ns
Setup and Hold Times e S i
Output (O) to clock (OK) setup time Took 0.6 ns
Qutput (O) to clock (OK) hold time Toko ¢] ns
Clock Enable (EC) to clock (OK) setup Tecok 0 ns
Clock Enable (EC) to clock (OK) hold Tokee 0 ns
Clock g :
Clock High Ten ns
Clock Low Too ns
Global Set/Reset o , \
Minimum GSR pulse width TMRW 13.0 ns
Delay from GSH input to any Pad (XC4028EX) | Trpo 30.2 ns
Delay from GSR input to any Pad (XC4036EX) | Trpo 31.4 ns

Notes: Qutput timing is measured at TTL threshold, with 35pF externat capacitive loads.
For CMOS output levels, see the “XC4000EX Output Level and Stew Rate Adjustments” on page 4-90.
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XC4000E Switching Characteristics

Definition of Terms

In the following tables, some specifications may be designated as Advance or Preliminary. These terms are defined as
follows:

Advance: Initial estimates based on simulation and/or extrapolation from other speed grades, devices, or device
families. Use as estimates, not for production.

Preliminary: Based on preliminary characterization. Further changes are not expected.
Unmarked: Specifications not identified as either Advance or Preliminary are to be considered Final.!

XCA4000E Absolute Maximum Ratings

Symbol Description Value Units
Vee Supply voitage relative to GND 0510 +7.0 \
Vin Input voltage relative to GND (Note 1) -0.5t0 Vg +0.5 \
V1s Voltage applied to 3-state output (Note 1) -0.5t0 Vg +0.5 A
Tsta Storage termnperature (ambient) -65 to +150 °C
TsoL Maximum soldering temperature (10 s @ 1/16in. = 1.5 mm}) +260 °C
T Juncticn temperature Ceramic packages +150 °C

Plastic packages +125 °C
Note 1: Maximum DC overshoot or undershoot above Vee or below GND must be limited to either 0.5 V or 10 mA, whichever is

easier to achieve. During transitions, the device pins may undershoot to -2.0 V or overshoot to Vee + 2.0 V, provided this
over- or undershoot lasts less than 20 ns.

Note 2:  Stresses beyond thase listed under Absolute Maximum Ratings may cause permanent damage to the device. These are
stress ratings only, and functional operation of the device at these or any other conditions beyond those listed under
Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for extended periods of time may
affect device reliability.

XC4000E Recommended Operating Conditions

Symbol Description Min Max Units

Vee Supply voltage relative to GND, T, = -0 °C to +85°C Commercial 4.75 5.25 \"

Supply voltage relative to GND, T = -40°C to +100°C  |Industrial 45 55 \

Supply voltage relative to GND, T = -55°C to +125°C  [Military 45 55 Vv

Vi High-level input voltage TTL inputs 20 Vee 1
CMOS inputs 70% 100% | Ve

Vi Low-level input voltage TTL inputs 0 0.8 A%
CMGQOS inputs 0 20% Vee

Tin Input signal transition time 250 ns

Note: At junction temperatures above those listed as Recommended Operating Conditions, all delay parameters increase by

0.35% per °C.
Input and output Measurement thresholds are: 1.5V for TTL and 2.5V for CMOS.

1. Notwithstanding the definition of the above terms, all specifications are subject to change without notice.

November 10, 1997 (Version 1.4) 4-95
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XC4000E DC Characteristics Over Operating Conditions

Symbol Description Min Max Units
Vou High-level output voltage @ loy = -4.0mA, Voo min TTL outputs 24 \'
High-leve! output voltage @ Iy = -1.0mA, Ve min CMOS outputs Vge-0.5 v
VoL Low-level output voitage @ I = 12.0mA, Vg min TTL outputs 04 \
{Note 1) CMOS outputs 0.4 v
lcco Quiescent FPGA supply current (Note 2) Commercial 3.0 mA
Industrial 6.0 mA
Military 6.0 mA
I Input or output leakage current -10 +10 uA
Cin Input capacitance (sample tested) PQFP and MQFP 10 pF
packages
Other packages 16 pF
Iain Pad pull-up (when selected) @ V) = OV (sample tested) -0.02 -0.25 mA
laLr Horizontal Longline pull-up (when selected) @ logic Low 0.2 25 mA
Note 1; With 50% of the outputs simultaneously sinking 12mA, up to a maximum of 64 pins.
Note 2:  With no output current loads, no active input or Longline pull-up resistors, all package pins at Vcc or GND, and the FPGA

configured with a Development system Tie option.
Characterized Only.

XC4000E Global Buffer Switching Characteristic Guidelines

Testing of the switching parameters is modeled after tasting methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values where one global clock input drives one vertical clock line in each accessible column, and where all
accessible OB and CLB flip-flops are clocked by the global clock net.

When fewer vertical clock lines are connected, the clock distribution is faster; when multiple clock lines per column are driven
from the same global clack, the delay is longer. For more specific, more precise, and worst-case guaranteed data, reflecting
the actual routing structure, use the values provided by the static timing analyzer (TRCE in the Xilinx Development System)
and back-annotated to the simulation netlist. These path delays, provided as a guideline, have been extracted from the static
timing analyzer report. All timing parameters assume worst-case operating conditions (supply voltage and junction

temperature)
Speed Grade -4 -3 -2 -1
Description Symbol Device Max Max Max Max Units
From pad through Tra XC4003E 7.0 4.7 4.0 35 ns
Primary buffer, XC4005E 7.0 47 4.3 3.8 ns
to any clock K 1 XC4006E 7.5 5.3 5.2 4.6 ns
XC4008E 8.0 6.1 52 4.6 ns
XC4010E 11.0 6.3 54 4.8 ns
XC4013E 1.5 6.8 58 5.2 ns
XC4020E 12.0 7.0 6.4 6.0 ns
; XC4025E 12.5 7.2 6.9 - ns
From pad through Tsa XC4003E 75 5.2 4.4 40 ns
Secondary buffer, XC4005E 7.5 5.2 4.7 4.3 ns
to any clock K XC4006E 8.0 5.8 5.6 5.1 ns
i XC4008E 8.5 6.6 5.6 5.1 ns
XC4010E 115 6.8 5.8 5.3 ns
XC4013E 12.0 7.3 6.2 5.7 ns
XC4020E 12.5 7.5 6.7 6.5 ns
XC4025E 13.0 7.7 7.2 - ns
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XC4000E Horizontal Longline Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. These path
delays, provided as a guideline, have been extracted from the static timing analyzer report. Al timing parameters assume
worst-case operating conditions (supply voltage and junction temperature). Values apply to all XC4000E devices unless
otherwise noted.

The following guidelines reflect worst-case values over the recommended operating conditions.

Speed Grade -4 -3 -2 -1
Description Symbol Device Max Max Max Max Units
TBUF driving a Horizontal Longline (LL): ‘ .
1 going High or Low to LL going High or Tio1 = XC4003E 5.0 4.2 34 29 ns
Low, while T is Low. XC4005E 5.0 5.0 4.0 3.4 ns
. . . XC4006E 6.0 5.9 47 4.0 ns
Buffer is constantly active.  XCA400BE 70 63 50 43 ns
(Note1) XC4010E 8.0 6.4 5.1 4.4 ns !
XC4013E 9.0 7.2 57 4.9 ns !
XC4020E 10.0 8.2 7.3 56 ns |
| XC4025E 11.0 9.1 7.3 - ns |
| going Low to LL going from resistive Tio2 | XC4003E 5.0 42 3.6 3.1 ns |
putl-up High to active Low. ‘ igigggg ?-g g-i gi i-g s
TBUF configured as open-drain. | XC4D08E 8.1 6.8 58 49 s
XC4010E 10.5 6.9 59 5.0 ns
(Note1) XC4013E 11.0 7.7 €5 5.5 ns
XC4020E 12.0 8.7 8.7 7.4 ns |
XC4025E 12.0 9.6 9.6 - ns_ |
T going Low to LL going from resistive Ton XC4003E 55 4.6 3.9 35 ns ‘
pull-up or floating High to active Low XC4005E 70 6.0 57 47 ns
TBUF configured as open-drain or active) Joanoet 8 &7 > i e
9 p XC4008E 8.0 7.1 6.0 5.2 ns |
buffer with | = Low. XC4010E 8.5 7.3 6.2 5.4 ns
XC4013E 8.7 7.5 7.0 6.2 ns
XC4020E 11.0 8.4 7.1 6.3 ns
(Note1) XC4025E 11.0 8.4 71 e
T going High to TBUF going inactive, Tore | All devices 1.8 15 1.3 1.1 ns
not driving LL
T going High to LL going from Low to Tpys | XC4003E 20.0 14.0 ‘4-8 12-8 ns
i i i XC4005E 23.0 16.0 16, 14, ns
High, pulied up by a single resistor. XCAO06E 220 180 150 160 ne
XC4008E 27.0 20.0 20.0 16.0 ns
(Note 1) XC4010E 29.0 22.0 22.0 18.0 ns
XC4013E 32.0 26.0 26.0 21.0 ns
XC4020E 35.0 325 32,5 26.0 ns
XC4025E 42.0 39.1 39.1 - ns
T going High to LL going from Low to Tepup | XC4003E 9.0 g.g g;g g.g ns
; ; XC4005E 10.0 . . . ns
High, pulled up by two resistors. XCA00BE s 00 b g ne
‘ ! XC4008E 12,5 10.0 8.5 75 ns
(Notet) XC4010E 13.5 1.0 9.4 8.0 ns |
XC4013E 15.0 13.0 1.7 9.4 ns |
| XC4020E 16.0 14.8 14.8 10.5 ns |
| XC4025E 18.0 16.5 16.5 - ns
Preliminary
Note 1: These values include a minimum load. Use the static timing analyzer to determine the delay for each destination.
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XC4000E and XC4000X Series Field Programmable Gate Arrays

XC4000E Wide Decoder Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Interna! timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. These path
delays, provided as a guideline, have been extracted from the static timing analyzer report. All timing parameters assume
worst-case operating conditions (supply voltage and junction temperature}. Values apply to all XC4000E devices unless
otherwise noted.

The following guidelines reflect worst-case values over the recommended operating conditions.

Speed Grade -4 -3 -2 -1
Description Symbol Device Max Max Max Max Units
Full length, both puli-ups, Twar XC4003E 9.2 5.0 5.0 43 ns
inputs from OB I-pins XC4005E 9.5 6.0 6.0 5.1 ns
XC4006E 12.0 7.0 7.0 8.0 ns
XC4008E 125 8.0 8.0 6.5 ns
XC4010E 15.0 9.0 9.0 75 ns
XC4013E 18.0 11.0 11.0 8.6 ns
XC4020E 17.0 13.9 13.9 10.1 ns
XC4025E 18.0 16.9 16.9 - ns
Full length, both pull-ups, TwaAEL XC4003E 12.0 7.0 7.0 55 ns
linputs from internal logic XG4005E 125 8.0 8.0 6.4 ns
‘ XC4006E 14.0 9.0 9.0 7.0 ns
XC4008E 16.0 10.0 10.0 7.5 ns
XC4010E 18.0 11.0 11.0 8.5 ns
XC4013E 19.0 13.0 13.0 10.0 ns
XC4020E 20.0 155 15.5 11.8 ns
3 XC4025E 21.0 18.9 18.9 - ns
IHalf length, one pull-up, ' Twao XC4003E 10.5 6.0 6.0 5.1 ns
linputs from OB I-pins XC4005E 10.5 7.0 7.0 6.0 ns
| ' XC4006E 13.5 8.0 8.0 6.5 ns
XC4008E 14.0 8.0 9.0 7.0 ns
XC4010E 16.0 10.0 10.0 7.5 ns
| XC4013E 17.0 12.0 12.0 10.0 ns
: XC4020E 18.0 15.0 15.0 11.8 ns
| XC4025E 19.0 17.6 17.6 - ns
Half length, one pull-up, TwaoL XC4003E 12.0 8.0 8.0 6.0 ns
inputs from internal logic XCAOO5E 12.5 9.0 9.0 7.0 ns
XC4006E 14.0 10.0 10.0 7.6 ns
XC4008E 16.0 11.0 11.0 8.4 ns
XC4010E 18.0 12.0 12.0 9.2 ns
XC4013E 19.0 14.0 14.0 10.8 ns
XC4020E 20.0 16.8 16.8 12.6 ns
XC4025E 21.0 19.6 19.6 - ns

Notes: These delays are specified from the decoder input to the decoder output.
Fewer than the specified number of pullup resistors can be used, if desired. Using fewer pullups reduces power consumption
but increases delays. Use the static timing analyzer to determine delays if fewer pullups are used.
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XCA4000E CLB Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MiL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative vaiues. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer {TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. These path
delays, provided as' a guideline, have been extracted from the static timing analyzer report. Ali timing parameters assume
worst-case operating conditions (supply voltage and junction temperature). Values apply to all XC4000E devices uniess

otherwise noted.

Speed Grade -4 -3 -2 -1 Units
Description Symbol | Min | Max | Min | Max | Min | Max | Min = Max
Combinatorial Detays Tl T R SRR
F/G inputs to X/Y outputs Tho 2.7 16 ' 13 ns
F/G inputs via H to X/Y outputs TiHo 4.7 L 27 . 2.2 ns
C inputs via SR through H to X/Y outputs TrHro0 4.1 L 24 1.9 ns
C inputs via H to X/Y outputs Tuuio 3.7 22 - 1.6 ns
C inputs via DIN through H to X/Y outputs Thrz20 4.5 . .26 1.9 ns
CLB Fast Carry Logic e i e
Operand inputs (F1, F2, G1, G4) to COUT | Tgopey 3.2 2.6 241 1.7 ns
Add/Subtract input (F3) to COUT Tascy 5.5 4.4 § 37 2.5 ns
Initialization inputs (F1, F3) to COUT Tincy 1.7 1.7 1.4 1.2 ns
CIN through function generators to Tsum 3.8 3.3 i 286 18 ns
X/Y outputs i
CIN to COUT, bypass function generators Tave 1.0 0.7 | 0.6 05 ns
Sequential Delays e S S - S
Clock K to outputs Q Teko | [ 3.7 | | 28 | 28] 19 ] ns
Setup Time before Clock K e T e e T g T
F/G inputs Tick 4.0 3.0 2.4 | 1.8 ns
F/G inputs via H TiHck 6.1 4.6 39 2.8 ns
'C inputs via HO through H TuHock | 4.5 3.6 35 | 2.4 ns
:C inputs via H1 through H Tuhick | 5.0 4.1 33 | 2.1 ¢ ns
‘C inputs via H2 through H ThHzck | 4.8 3.8 3.7 | 25 ns
-C inputs via DIN Tock | 30 2.4 20 . 1.0 ns
:C inputs via EC Tecck 4.0 3.0 26 2.0 ns
C inputs via S/R, going Low (inactive) Trek 4.2 4.0 4.0 | 1.5 ns
:[CIN input via F/G TCCK 2.5 2.1 ! ns
EClN input via F/G and H TCHCK 4.2 35 : ns
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XC4000E and XC4000X Series Field Programmable Gate Arrays

XC4000E CLB Switching Characteristic Guidelines (continued)

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. These path
delays, provided as a guideline, have been extracted from the static timing analyzer report. All timing parameters assume
worst-case operating conditions (supply voltage and junction temperature). Values apply to all XC4000E devices unless
otherwise noted.

! " Speed Grade -4 -3 -2 -1 Unit
Description Symbol | Min | Max | Min | Max | Min | Max | Min [ Max | "~

Hold Time after Clock K Ty i e :
F/G inputs I Teki 0 0 0 0 ns
F/G inputs via H Tekin 0 0 0 0 ns
:C inputs via HO through H TekHHo 0 0 0 0 ns
{C inputs via H1 through H Teknei | O 0 0 0 ns

C inputs via H2 through H TCKHH2 0 0 0 0 ns

C inputs via DIN Tekp 0 0 0 0 ns

C inputs via EC Tekee 0 0 0 0 ns

C inputs via SR, going Low (inactive) TekR 0 0 0 0 ns
Clock R e s Ea |

Clock High time TcH 4.5 4.0 4.0 3.0 | ns
Clock Low time TeL 45 4.0 4.0 3.0 | ns
Set/Reset Direct o S e

Width (High) Tapw 5.5 4.0 4.0 3.0 ns
|Delay from C inputs via S/R, Trio 6.5 4.0 4.0 3.0 ns

going High to Q
Master Set/Reset (Note 1) d i ; SR g N
Width (High or Low) Turw | 13.0 15 115 10.0 ns
Delay from Global Set/Resetnettoc Q | Tpaa 23.0 18.7 17.4 15.0 | ns
Global Set/Reset inactive to first | Tmrk
active clock K edge :
Toggle Frequency (Note 2) Froa 111 125 125 166 | MHz |

Note 1: Timing is based on the XC4005E. For other devices see the static timing analyzer.
Note 2: Export Control Max. flip-flop foggle rate.
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XC4000E CLB Edge-Triggered (Synchronous) RAM Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MiL.-M-38510/605. Ali devices are 100% functionally tested.
Internal timing parameters are derived from measuring internal test patterns. Listed below are representative values. For more specific, more
precise, and worst-case guaranteed data, use the values reported by the static timing analyzer (TRCE in the Xilinx Development System) and
back-annotated to the simulation netlist. All timing parameters assume worst-case operating conditions (supply voltage and junction
temperature). Values apply to all XC4000E devices uniess otherwise noted.

. Speed Grade -4 -3 -2 -1
Single Port RAM Units
Size | Symbol| Min | Max | Min | Max | Min 1 Max | Min | Max
Write Operation I TP '
Address write cycle time (clock K period) | 16x2 | Twes 15.0 144 11.6 8.0 ns
32x1 [ Twers | 15.0 14.4 11.6 8.0 ns
Clock K pulse width (active edge) 16x2 | Twps 75 1ms| 72 [1ms| 58 |1ms| 40 ns
32x1 (Twprs | 75 |[1ms| 7.2 |1ms| 58 [1ms] 4.0 ns
Address setup time before clock K 16x2 | Tass 2.8 24 2.0 1.5 ns
32x1 TASTS 2.8 24 2.0 1.5 ns
Address hold time after clock K 16x2 | Taps 0 0 0 0 ns
32x1 TAHTS 0 0 0 0 ns
DIN setup time before clock K 16x2 | Tpgs 35 3.2 2.7 1.5 ns
32xt {Tpgrs | 2.5 1.9 1.7 1.5 ns
DIN hold time after clock K 16x2 | Tpus 0 0 0 0 ns
32x1 TDHTS 0 0 0 0 ns
WE setup time before clock K 16x2 | Twss 2.2 2.0 1.6 1.5 ns
32x1 TWSTS 2.2 2.0 1.6 15 ns
WE hold time after clock K 16x2 | Twhs 0 0 0 0 ns
32x1 TWHTS 0 0 0 0 ns
Data valid after clock K 16x2 | Twos 10.3 8.8 7.9 6.5 ns
32x1 | Twors 1.6 10.3 9.3 7.0 ns
Preliminary
Notes: Timing for the 16x1 RAM option is identical to 16x2 RAM timing.
Applicable Read timing specifications are identical 1o Level-Sensitive Read timing.
Speed Grade -4 -3 -2 ~1
Dual-Port RAM Units
Size | Symbol | Min [ Max | Min l Max | Min | Max | Min | Max
Write Operation S " C
Address write cycle time {clock K period) | 16x1 | Tweps | 15.0 9.0 11.6 8.0 ns
Clock K pulse width (active edge) 16x1 | Twepsg tms| 45 | 1ms | 58 |1ms| 4.0 ns
Address setup time befare clock K 16x1 { Tasps 7.5 2.5 2.1 1.5 ns
Address hold time after clock K 16x1 | Tanps 2.8 0 0 0 ns
DIN setup time before clock K 16x1 | Tpsps 0 2.5 1.6 1.5 ns
DIN hold time after clock K 16x1 | Tpups 2.2 o] 0 0 ns
WE setup time before clock K 16x1 | Twsps 0 1.8 1.6 1.5 ns
WE hold time after clock K 16x1 | TwHps | 2.2 0 0 0 ns
Data valid after clock K 16x1 | Twops | 0.3 | 10.0 7.8 7.0 6.5 ns
Preliminary:

Note:  Applicable Read tirning specifications are identical to Level-Sensitive Read timing.
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XC4000E and XC4000X Series Field Programmable Gate Arrays

XC4000E CLB RAM Synchronous (Edge-Triggered) Write Timing

DATAIN 2

ADDRESS

DATA OUT

xg4s1

DATAIN

ADDRESS

DATA OUT :

X6474
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XCA4000E CLB Level-Sensitive RAM Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. All timing
parameters assume worst-case operating conditions (supply voltage and junction temperature). Values apply to all
XC4000E devices unless otherwise noted.

Speed Grade -4 -3 -2 -1
— Units
Description } Size l Symbol | Min | Max | Min | Max | Min | Max | Min | Max

Write Operation B ' s ‘

Address write cycle time 16x2 | Twe 8.0 8.0 8.0 8.0 ns
32x1 | Twer 8.0 8.0 8.0 8.0 ns

Write Enable pulse width (High) 16x2 | Twp 4.0 4.0 4.0 4.0 ns
32x1 | Twet 4.0 4.0 4.0 40 ns

Address setup time before WE 16x2 | Tag 2.0 20 2.0 2.0 ns
32x1 | Tast 2.0 2.0 2.0 2.0 ns

Address hold time after end of WE 16x2 | Tan 25 2.0 2.0 2.0 ns
32x1 | Tamt 2.0 2.0 20 2.0 ns

DIN setup time before end of WE 16x2 | Tps 4.0 2.2 0.8 08 ns
32x1 | TpsT 5.0 22 0.8 0.8 ns

DIN hold time after end of WE 16x2 | Tpn 2.0 2.0 2.0 2.0 ns
32x1 | Tput 2.0 2.0 20 2.0 ns

Read Operation

Address read cycle time 16x2 | Tre 45 3.1 26 2.6 ns
32xt | Tper 6.5 55 3.8 3.8 ns

Data valid after address change 16x2 | TLo 2.7 1.8 1.6 1.6 ns

(no Write Enable) 32x1 | Tino 4.7 3.2 27 27 ns

Read Operation, Clocking Data into Flip-Flop

Address setup time before clock K 16x2 | Tick 4.0 3.0 24 2.4 ns
32xt | Tiek 6.1 4.6 39 3.9 ns

Read During Write ey

Data valid after WE goes active (DIN | 16x2 | Two 10.0 6.0 4.9 4.9 ns

stable before WE) 32x1 | Twor 12.0 7.3 5.6 5.6 ns

Data valid after DIN 16x2 | Tpo 9.0 6.6 ! 5.8 5.8 ns

(DIN changes during WE) 32x1 | Tpor 11.0 76 6.2 6.2 ns

Read During Write, Clocking Data into Flip-Flop i

WE setup time before clock K 16x2 | Twek 8.0 6.0 5.1 5.1 ns
32x1 TWCKT 9.6 6.8 58 5.8 ns

Data setup time before clock K 16x2 | Tpek 7.0 5.2 4.4 4.4 ns
32x1 TDCKT 8.0 6.2 5.3 5.3 ns

Prefiminary

Note:  Timing for the 16x1 RAM option is identical to 16x2 RAM timing.
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XC4000E CLB Level-Sensitive RAM Timing Characteristics

e TWG _
ADDRESS
WRITE
-——-Tag Twp f TAM -~
WRITE ENABLE
DATAIN REQUIRED
READ WITHOUT WRITE
TiLO ~—
X.Y OUTPUTS VALID VALID
READ, CLOCKING DATA INTO FLIP-FLOP
Tick — f TGH =

CLOCK
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VALID
(NEW)

XQ, YQ QUTPUTS

READ DURING WRITE
e - Twp -

WRITE ENABLE

DATAIN
(stable during WE)
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XC4000E Guaranteed Input and Output Parameters (Pin-to-Pin, TTL 1/O)

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Pin-to-pin timing parameters are derived from measuring external and internal test patterns and are
guaranteed over waorst-case operating conditions (supply voltage and junction temperature). Listed below are representative
values for typical pin locations and normal clock loading. For more specific, more precise, and worst-case guaranteed data,
reflecting the actual routing structure, use the values provided by the static timing analyzer (TRCE in the Xilinx Development
System) and back-annotated to the simulation netlist. These path delays, provided as a guideline, have been extracted from
the static timing analyzer report. Values apply to all XC4000E devices unless otherwise noted.

Speed Grade -4 -3 -2 -1 .
- - Units
Description Symbol Device
Global Clock to Output TickoF §84003E 125 102 B.Z 58 ns
: 4005E 14.0 107 9. 6.2 ns
(fast) using OFF XC4006E 145 10.7 9.1 6.4 ns
XC4008E 15.0 108 9.2 6.6 ns
- o || (Max) XC4010E 16.0 10.9 9.3 6.8 ns
- : XC4013E 165 11.0 9.4 7.2 ns
Giobal Clock-to-Output Delay - XC4020E 17.0 1.0 10.2 7.4 ns
aziz XC4025E 17.0 126 10.8 - ns
:Global Clock to Qutput Ticko Xg4OO3E 16.5 14.0 11.3 gg ns
imi i XC4005 18.0 147 12. . ns
(slew-limited) using OFF XC4006E 18.5 147 12.0 8.4 ns
XC4008E 19.0 14.8 12.1 8.6 ns
T o | {Max) XC4010E 20.0 149 12.2 8.8 ns
: XC4013E 20.5 15.0 12.8 9.2 ns
Glotal Ciock-t6-Output Detay . XC4020E 21.0 15.1 12.8 9.4 ns
iz XC4025E 21.0 15.3 13.0 - ns
Input Setup Time, using IFF Tesur XC4003E 25 23 23 1.5 ns
(no delay) XC4005E 20 12 12 0.8 ns
XC4006E 1.9 1.0 1.0 0.6 ns
o i XC4008E 1.4 0.6 0.6 0.2 ns
input | (Min) XC4010E 1.0 0.2 0.2 0 ns
ser- gl XC4013E 0.5 0 0 0 ns
Jod XC4020E 0 0 0 0 ns
‘ ‘ | XC4025E 0 0 0 - ns
‘input Hold Time, using IFF Teur XC4003E 4.0 4.0 4.0 1.5 ns
{(no delay) XC4005E 46 45 4.5 20 ns
" e XC4006E 5.0 47 4.7 2.0 ns
' PR Y ) XC4008E 8.0 5.1 5.1 25 ns
toput | {Min) XC4010E 6.0 5.5 5.5 25 ns
setpl T F XC4013E 7.0 6.5 55 3.0 ns
L S == N XC4020E 7.5 6.7 5.7 35 ns
. ‘ _ XC4025E 8.0 7.0 59 - ns
Input Setup Time, using IFF Tesy XC4003E 8.5 7.0 6.0 5.0 ns
{with delay) XC4005E 8.5 7.0 6.0 5.0 ns
o XC4006E 8.5 7.0 6.0 5.0 ns
S N _ XC4008E 8.5 7.0 6.0 5.0 ns
toput ! {Min) XC4010E 8.5 7.0 6.0 5.0 ns
Set-Up T F XC4013E 8.5 7.0 6.0 5.0 ns
=N XC4020E 9.5 7.0 6.8 5.0 ns
‘ _ XC4025E 9.5 76 6.8 - ns
Input Hold Time, using IFF Tel XC4003E 0 0 0 0 ns
(with delay) XCA4005E 0 0 0 0 ns ‘
R XC4006E 0 0 0 0 ns |
S . XC4008E 0 Q 0 0 ns |
ot * (Min) XC4010E 0 0 0 0 ns |
st T i XCA4013E 0 0 0 0 ns |
Ry S PN | | XC4020E 0 0 0 0 ns
‘ _ | XC4025E 0 0 0 - ns |
OFF = Qutput Flip-Flop IFF = Input Flip-Flop or Latch EPI:QHMM
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XC4000E I0OB Input Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Pin-to-pin timing parameters are derived from measuring external and internal test patterns and are
guaranteed over worst-case operating conditions (supply voltage and junction temperature). Listed below are representative
values for typical pin locations and normal clock loading. For more specific, more precise, and worst-case guaranteed data,
reflecting the actual routing structure, use the values provided by the static timing analyzer (TRCE in the Xilinx Development
System) and back-annotated to the simulation netlist. These path delays, provided as a guideline, have been extracted from

the static timing analyzer report. Values apply to all XC4000E devices unless otherwise noted.

Speed Grade -4 -3 -2 -1 Unit
Description [Symbol | Device | Min [ Max | Min | Max | Min | Max | Min | Max nits
Propagation Delays (TTL Inputs) L e PR R T e R R
Padto 11, 12
Pad to I1, I2 via transparent Teip All devices 3.0 25 2.0 1.4 ns
latch, no delay
with delay Teu All devices 4.8 3.6 3.6 28 ns
TPDU XC4003E 104 9.3 6.9 6.4 ns
XC4005E 10.8 9.6 7.4 6.5 ns
XC4006E 10.8 10.2 8.1 6.9 ns
! XC4008E 10.8 10.6 8.2 7.0 ns
XC4010E 11.0 10.8 8.3 1 7.3 ns
XC4013E 1.4 11.2 9.8 . 8.4 ns
XC4020E 13.8 12.4 1115 1 9.0 ns
‘ XC4025E 13.8 13.7 1124 L= ns
[Propagation Delays (CMOS Inputs) | -~ ..~ = o G S b i
‘Padto i1, 12 Teipc | All devices 55 41 L 3.7 S 19 ns
‘Pad to I1, 12 via transparent
latch, no delay TpLic | All devices 8.8 6.8 8.2 3.3 ns
with delay Tepuc | XC4003E 16.5 12.4 11.0 6.9 ns
‘ XG4005E 16.5 13.2 11.9 70 | ns
XC4008E 16.8 13.4 12.1 7.4 ns
XC4008E 17.3 13.8 12.4 7.4 ns
XC4010E 17.5 14.0 12.6 7.8 ns
XC4013E 18.0 14.4 13.0 9.0 ns
| XC4020E 208 15.6 14.0 9.5 ns
5 | XC4025E 208 15.6 14.0 L = | s
Propagation Delays e o vl n : SRR : o
Clock (IK) to 11, 12 (flip-flop) Tikat [All devices 56 2.8 28 2.7 ns
Clock (IK) to 11, 12
(tatch enable, active Low)  |Tixy All devices 6.2 4.0 3.9 P 3.2 ns
Hold Times (Note 1) TR T e e St i :
Pad to Ciock (iK), no deiay Tikp  |All devices| 0O 0 0 0 ns
“with delay Tkpip |All devices| 0 0 0 0 ns
:Clock Enable (EC) to Clock (1K), ;
| nodelay Tikec | AWl devices| 1.5 15 0.9
with delay Tkeco (All devices| 0 ] 0
Note 1: Input pad setup and hold times are specified with respect to the internal clock (iK). For setup and hold times with respect to

the clock input pin, see the pin-to-pin parameters in the Guaranteed Input and Output Parameters table. )
Note 2: Voltage levels of unused pads, bonded or unbonded, must be valid logic levels. Each can be configured with the internal pull-
up (default) or puli-down resistor, or configured as a driven output, or can be driven from an externai source.
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XC4000E IOB Input Switching Characteristic Guidelines (continued)

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. These path
delays, provided as a guideline, have been extracted from the static timing analyzer report. All timing parameters assume
worst-case operating conditions (supply voltage and junction temperature). Values apply to all XC4000E devices unless
otherwise noted.

Speed Grade -4 -3 -2 -1 Unit
Description Symbol | Device | Min | Max | Min | Max | Min | Max | Min | Max nis
|Setup Times (TTL Inputs) ST : ' o -
‘Pad to Clock (IK), no delay Tpick Al devices | 4.0 2.6 2.0 1.5 { ns
with delay| Tpickp (XC4003E | 10.9 8.2 6.0 4.8 ; ns
:XC4005E | 10.9 8.7 6.1 51 | ns
XC4006E 10.9 9.2 8.2 5.8 | ns
' XC4008E 11.1 9.6 6.3 58 ns
XC4010E | 11.3 9.8 6.4 6.0 | ns
XC4013E 11.8 10.2 7.9 7.6 | ns
XC4020E 14.0 11.4 9.4 8.2 ns
XC4025E 14.0 11.4 10.0 - ns
Setup Time (CMOS Inputs) | .- ‘ , ‘ '
Pad to Clock (IK), nodelay | Tpickc | All devices | 6.0 3.3 24 2.4 ns
with delay| Tpickpe | XC4003E | 12.0 8.8 6.9 5.3 ns
XCA4005E | 12.0 9.7 8.0 5.6 ns
XC4006E | 12.3 9.9 8.1 6.3 ns
: XC4008E | 12.8 10.3 8.2 6.3 ns
XC4010E | 13.0 10.5 8.3 6.5 ns
; XC4013E | 13.5 10.9 10.0 7.9 ns
XC4020E | 18.0 12.1 12.1 8.1 ns
. XC4025E | 16.0 121 12.1 - ns
{(TTL or CMOS) '
Clock Enable (EC) to Clock
(IK), no delay © Tgcik | Alldevices| 3.5 2.5 241 1.5 ns
with delay Tecikp | XC4003E | 10.4 8.1 4.3 43 ns
XC4005E | 10.4 8.5 5.6 5.0 ns
XC4006E | 10.4 g1 6.7 6.0 ns
XC4008E | 104 9.5 6.9 6.0 ns
: XC4010E | 10.7 9.7 71 6.5 ns
; XC4013E | 11.1 10.1 9.0 8.0 ns
XC4020E | 14.0 11.3 10.6 9.0 ns
. XC4025E | 14.0 11.3 11.0 - ns
Global Set/Reset (Note 3)
\Delay from GSR net TRRI 12.0 7.8 6.8 6.8 ns
.~ throughQto 1,12 :
‘GSR width Tuaw 13.0 11.5 1.5 10.0 | ns
GSR inactive to first active TRl ‘
Clock (IK) edge i
Preliminary
Note 1: Input pad setup and hold times are specified with respect to the internal clock (IK). For setup and hold times with respect to

the clock input pin, see the pin-to-pin parameters in the Guaranteed Input and Output Parameters table.

Note 2: Voltage levels of unused pads, bonded or unbonded, must be valid logic levels. Each can be configured with the internal puli-
up (default) or pull-down resistor, or configured as a driven output, or can be driven from an external source.

Note 3:  Timing is based on the XC4005E. For other devices see the XACT timing caiculator.
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XC4000E IOB Output Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. These path
delays, provided as a guideline, have been extracted from the static timing analyzer report. All timing parameters assume
worst-case operating conditions {supply voltage and junction temperature). Values apply to all XC4000E devices unless

otherwise noted.

Speed Grade -4 -3 Unit
Description Symbol | Min | Max | Min | Max Min | Max nits
Propagation Delays s e
(TTL Output Levels) e S Lae
Clack (OK) to Pad, fast TokPoF 75 6.5 L 45 | 3.0 ns
slew-rate limited| Tokpos 11.5 9.5 1 7.0 © 50 ns
Output (O} to Pad, fast Toee 8.0 55 I 438 32 ns
slew-rate limited| - Topg 12.0 8.5 7.3 52 ns
3-state to Pad hi-Z TrsHz 5.0 4.2 ‘ 3.8 3.0 ns
. (slew-rate independent) ‘
'3-state to Pad active |
and valid, fast TTSONF 9.7 8.1 ns
slew-rate fimited! Tygons 13.7 11.1 ns
Propagation Delays [ B e G o
{{CMOS Output Levels) : R S Taioiie S EhaT ;
IClock (OK) to Pad, fast TokpPorc 9.5 7.8 ( 7.0 4.0 ns
slew-rate limited Tokposc 13.5 11.6 - 104 7.0 ns
|Output (O) to Pad, fast Topkc 10.0 9.7 . 87 4.0 ns
slew-rate limited| Topsc 14.0 134 { 12.1 . 6.0 ns
3-state to Pad hi-Z TrsHze 5.2 4.3 i 39 39 ns
(slew-rate independent) .
‘3-state to Pad active
and valid, fast TTSONFC 9.1 7.6 ! 6.8 6.8 ns
slew-rate limited| Ttgonsc 131 11.4 L 102 8.8 ns

Note 1:  Output timing is measured at pin threshold, with 50pF external capacitive loads (incl. test fixture). Slew-rate iimited output
rise/all times are approximately two times longer than fast output rise/fall times. For the sffect of capacitive loads on ground
bounce, see the "Additional XC4000 Data” section of the Programmable Logic Data Book.

Note 2: Voltage levels of unused pads, bonded or unbonded, must be valid logic levels. Each can be configured with the internai putl-
up (default) or pull-down resistor, or configured as a driven output, or can be driven from an external source.
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XC4000E 10B Output Switching Characteristic Guidelines (continued)

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and warst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. These path
delays, provided as a guideline, have been extracted from the static timing analyzer report. All timing parameters assume
worst-case operating conditions (supply voltage and junction temperature). For Propagation Delays, slew-rate = fast uniess
otherwise noted. Values apply to all XC4000E devices unless otherwise noted.

Speed Grade -4 -3 -2 -1 Uni
Description Symbol [ Min | Max | Min | Max | Min | Max | Min | Max nits
‘Setup and Hold
Output (O) to clock (OK}) Took 5.0 4.8 3.8 23 | ns
setup time
Output (O) to clock (OK) Toko 0 0 0 (. ns
hold time :
Clock Enable (EC) to Tecok 4.8 3.5 27 20 ns
clock (OK) setup
‘Clock Enable (EC) to Tokec 1.2 1.2 0.5 0 ns
clock (OK) hold
:Clock
‘Clock High Tew 45 4.0 40 | 3.0 ns
Clock Low L Ta 45 4.0 40 | 3.0 ns
Global Set/Reset (Note 3) | :
Delay from GSRH net to Pad Trpo 15.0 11.8 8.7 7.0 ns
GSR width f TMRW 13.0 11.5 1.5 ns
GSR inactive fo first active Tumro
clock {OK) edge
Preliminary

Note 1:  OQutput timing is measured at pin threshold, with 50pF external capacitive loads (incl. test fixture). Slew-rate limited output
rise/fall times are approximately two times longer than fast output rise/fall times. For the effect of capacitive loads on ground
bounce, see the “Additional XC4000 Data” section of the Programmable Logic Data Book.

Note 2: Voltage levels of unused pads, bonded or unbonded, must be valid logic levels. Each can be configured with the internal pull-
up (default) or pull-down resistor, or configured as a driven output, or can be driven from an external source.

Note 3:  Timing is based on the XC4005E. For other devices see the XACT timing calculator.
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Device-Specific Pinout Tables

Device-specific tables include all packages for each XC4000 and XC4000X Series device. They follow the pad locations
around the die, and include boundary scan register locations..

Pin Locations for XC4003E Devices

XCAO03E T ocgs | Pa100 VG100 | PGIZ0 | BrdryScan | pedNeme | PCS4 | PQI00 | VQ100 | PG120 | Brary Scan
VCC P2 Po2 P89 G3 N 110 P47 P47 P44 K13 172
170 (AB) P3 Pa3 P90 Gi 32 i8] P48 P48 P45 J12 175
170 (A9) i Pa Po4 Pa1 E1 35 o] P49 P49 P46 13 178
[1Ze) N Pas P92 E1 ¢ 38 ) O P50 P50 P47 M13 181
e} N P96 P93 F2 1 /0, SGCK3 P51 P51 P48 L12 184
70 (A10) P5 Pa7 PO4 3 Y ; GND P52 P52 P49 K11 -
170 (AT1) P6 Po8 PO5 D1 47 : DONE P53 P53 P50 Lt | -
10 (A12) P7 ) PO6 c1 50 veC P54 P54 P51 L10 -
110 (A13) P8 P160 | P97 D2 53 [PROGRAM P55 P55 P52 | Mi2 -
VG (A14) Pg P1 P98 c2 56 . Y0 (D7) P56 P56 P53 M1t | 187
170, SGCK1 (A15) B10 P2 ) D3 59 : 110, PGCK3 P57 P57 P54 N13 190
VCC P11 P3 5100 c3 T ! 10 (D6) P58 P58 P55 M10 193
GND P12 P4 P c4 N - ie] - P59 P56 N11 196
/0, PGCK1 (A16) P1d P5 P2 B2 62 0 (DS) P59 P60 P57 M9 199
/0 (A17) P14 PE P3 B3 85 10 (C30) P60 Pé1 P58 N10 202
170, T0I P15 P7 P4 C5 88 | 10 - Pe2 P59 L8 205
110, TCK Pi6__ P8 P5 B4 71 1o - Pe3s | P80 N9 208
/0, TMS P17 Pg PE B5 74 - 110 (D4) P61 ' P64 P81 M8 211
e} P1g P10 P7 A4 77 1Q P62 P65 P62 N8 214
1) PR B C6 80 VCC P63 P66 P63 M7 | -
7a) TP P8RS 83 GND P64 P67 P64 L7 - "‘
Vo) P19 | P12 P9 B6 86 110 (D3} P65 P&8 P85 N7 217
e} T P30 Pis P10 | A6 89 10 (AS) P66 | Peg P86 N8 220
GND P21 P14 P11 B7 N 10 - P70 P67 N5 223
VCC P23 Fi5 P12 c7 R Vo S - M6 228
Yo P23 P16 P13 A7 92 1 10 (D2) P&7 P71 P88 L6 229
1 P24 P17 P14 A8 95 {lle] P68 P72 P69 N4 232
) . P18 515 A9 %8 0 (©1) P69 | P73 F70 M5 235
Ve R A - o) for 10 (RCLK, P70 | P74 P71 N3 238
o F25 P9 Pie | C8 104 RDY/BUSY) !
5 T 575 D) T /0 (D0, DIN) B71 P75 P72 N2 TTaar
i 57 o1 515 55 15 /0, SGCK4 (DOUT) | P72 P76 P73 M3 | Zda
S - Fan Big e 13 CCLK P73 P77 _| P4 [ »
70 P2s | P23 | P20 C9 e vee P74 | P78 | P75 L3 - ;
/0, SGCK2 Bog P4 | P2 Az 119 0.TDo P75 (P79 | P76 | M2 0 '
O (M1) P30 | P25 | P23 BN 2 GND P76 | P8O | P77 Ka - f
GND B31 Bo6 P23 1o = /0 (AQ, W5) P77 P81 P78 12 2
o) T 55 57 Pod &7 ET /0, PGCK4 (A1) P78 B2 P79 NA 5
Ve 555 Fo8 P25 OTT . 170 (CS1. A2) P79 PE3 P8O K2 8
I {M2) P3s | P29 | P26 B12 I VO (A3) Pa0 | PB4 | PB1 U1 u
i, PGCKE Pas_| Ps0_| Po7 | Ci2 w7 [Hod) Pa1 | Pes | Pe2 2 14
70 (HDC) P3| P31 | P28 A3 130 KO (AS) Pe2 | PB6 | P83 Ki 7
1O B T Pee | DIz I o : Per | P84 H3 L
'O (CDG) P37 P33 | P30 | Ci3 136 1o - Peg | P85 J 8
7 538 3 P31 E12 m 70 (A6) P83 P89 PBG | H2 26 :
B 533 ok 555 513 T 110 (A7) P84 POO P87 | HI 39 :
1o - B3 | Paa | Fu | e GND P Pot | P88 |, G2 | -
) - P37 | P34 | E13 s 8547
T S A - Additional XC4003E Package Pins
vCC P42 Pad P37 G2 B j PG120
IGND P43 P4t P38 Git 1 A Not C ted Pins
14 P44 P42 P39 : G13 157 ; At A2 { A3 B1 B10 Bi3
e Pas P43 Pa0 | Hi3 160 Es E3 TR NE) 711 Ki2
] - P44 P41 J13 163 ; L5 ) 1 M1 [ N12 N
o - pas P42 Hi2 166 | 5597
o P46 P46 | P43 H11 169 |
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Pin Locations for XC4005E/XL Devices

The following table may contain pinout information for unsupported device/package combinations. Please see the availability
charts elsewhere in the XC4000 Series data sheet for availability information.

[ XCa005E/XL | PC | PQ | VQ | TQ | PG | PQ | PQ |Bndry] TUXCa005EXL. [ PC PG| VQ | TG | PG PQ | PQ |Bndry]
PadName | 84 | 100 | 100tt| 144 | 1561 | 160 | 208 | Scan Pad Name 84 | 100 (10044: 144 | 156 . 160 | 208 | Scan
VGG " P2  POZ | PBY |P128| H3 |Pi42{P183| - GND - - - P45 | Fi4 | P51 [ P67 | - |
(7O (AB) P3 | P93 | P90 P129| Hi_ [ P143 | Pig4| 44 Lis} Lo | - [ - P4 | Fi5 | P52 | P68 | 193 |
/0 (A9) P4 | P94 | P91 | PI30| G1 |P144 (P85 | 47 | 8] - - - | P47 | E16 | P53 | P69 | 196
VO(ATST Tt | - | P95 | P92 |Pi3l| G2 |Pi4b|PiB6| 50 Yo P38 | P34 | P31 | P48 F16 | P54 ' P70 | 199
YO (A18) + CTPes | P93 |P132 | G3 | P146 | P187 | 53 { o P39 | P35 | P32 | P49 | G14 | P55 ' P71 | 202
10 (A10) P5 | P97 | Po4 P33 Fi |P147 P190| 56 | Yo - P36 | P33 | PSO | G5 | P56 | P74 | 205
VO (A11) P6 | PaB | P95 |P134 | F2 |P14B P191| 59 | Vo - | P37 | P34 | P51 | G16 | P57 | P75 | 208
[IZe) N N N P135 | E1 | P149 Pi93| 62 o P40 | P38 | P35 | P52 | HiB | P58 | P78 | 211
0 : N T TPi36 | E2 [Pi50 P193| 65 /O (INIT) P41 | P39 | P36 | P53 | H15 | P59 | P77 214 |
GND R N R R ERIGE VCe P42 | P40 | P37 | P54 | H14 | P60 | P78 | -
0 (A1D) P7 | Po9 | Pos |Pi38| E3 |Pi54 | P99 68 GND _ | P43 | Pal | P38 | PS5 | J14 | P61 | P79 | -
VO (A13) P8 P100| P97 |P130| C1 |P156|P200 | 71 o . P44 P42 | P39 | P56 . J15 | P62 | P8O | 217
) TTOTTTITTTTUTR40 | C2 L Pis6 | Paot | 74 o P45 P43 | P40 P57  J16 | P63 | P81 | 220 .
e - | - T Pia1| D3 pi57|P202| 77 o - | P44 P41 P58 . K16 P84 | P82 | 223
110 (A14) P9 | P1 | POB |Pi42| Bi  P158|P203| 80 o - P46 P42 | P59 KI5 | PBS | P83 | 226
/0, SGCKT 1, P10 | Pz | P9g |P143| B2 |P159|P204| 83 Vo P46 | P46 | P43 | P60 K14 | P66 | P86 | 229
GCKB 11 (A15) ) i Vo P47 | P47 | PA4 | P61 Lie | P67 P87 | 232
VGC P11 P3 [ P1G0 | P14 C3 |Pieo P205 - | o } -1 | P62 Mie | P68 | P88 | 235 |
GND Piz P4 | Pt | Pl C4 | PT P2 - | o - - -1 P63 . L156 | P69 | P89 | 238
170, PGCK11, P13l P5 | P2 | P21 B3 | P2 Pa ! 86 GND -l < | Pe4 . L14 (P70 | PSO | -
GCKI1t1 (A16) | L o} P48 | P48 | Pab | P65 | P16 | P73 | P95 | 241
110 (A17) P14 P6 | P3 | P3| Al | P3 | P5 ' 89 | o P43 [P4g | P46 | P66 | M14 | P74 | P96 244 |
o 1 R P4 A2 [ Pa [ Pe 92 e} S - P67 | N15 1 P75 | P97 | 247
o) N ST TTTTTPs [¢5 | PE | B7 | 95 ) - - 'Pes | Pi5_ P76 | P38 | 250
/0, TDI [PI5 P7 P4  P6 | B4 ' P6 | P8 | 98 | Vo P50 P50 - P47 | P69 | N14 - P77 | P89 . 253
70, TCK Pi6| P8 P5 | P7 | A3 | P7 | P9 | 101 170, SGCK3 1, P51 | P51 P48 | P70 | R16 , P78 | P100 | 256
GND -1 - - | P8 [ Ce [Plo P14| -~ |GCKatt S AU S S N R
Vo) N B . Pg | B85 | Pit | P15 | 104 GND P52 | P52 | P49 | P71 ' P14 1 P78 P101 . - |
176} N . - P10 ' B6 | P12 P16 | 107 DONE i P53 | P53, P50 | P72 | R15 ; P80  P103 o
/0, TMS JP17 [ P9 | P6 (P11 AS | P13 P17 | 110 vee PS4 | P54 | P51 | P73 | P13 | P81 TP106 .
) P18 P10 | P7 | P12 | C7 | P14 | P18 | 113 PROGRAM P55 | P55 | P52 | P74 | R14 | P82 P108 ! -
o S T3 B T Pis T Pal 116 VO(G7) P56 | P56 | P53 | P75 | Ti6 | P83 |Pi09 250 |
Yo R P11 P8 | P14 | A8 1'Pi6 | P22 119 170, PGCK3t. P57 | P57 | P54 . P76 | T15 | P84 |P110. 262
7o) P19 P12 | PG | Pi5 | A7 | Pi7 | P23 | 122 GoKstt el
W0 P20 | P13 P10 | Pi6 | A8 | P18 | P24 | 125 10 C < P77 RS
GND P2i | P14 P11 | P17 | C8 | Pig | P25 | - o s - F78 [ P12
VCC P2z | Pi5 | P12 | P18 | B8 | P20 | P26 | - Vooe) P58 P58 PSS | P79 | T14
[iA P23 [Pi6 | P13 | P19 C9 | P21 | P37 | 128+ VO - PS9 | P56 | Peo | T13
Vo P24 |Pi7 P14 | P20 | BS | P22 | P28 | 131 S ~._ppa1 P
e TTTTIeig P15 P21 | A8 | P23 | Pag | 134 | (MO Tl . P82 | R
1) I I P22 [ Bi0 | P24 | Pag | 137 wo - 4 - - P8 TH
o P25 | Pis Pie | P23 | C10 | P25 | Pai | 140 | VO (D5) P59 | P60 | P57 | P84 | T10
[0 [ P26 | P20 P17 | P24 | A10 | P26 | Pas . 13 |  VO(CSQ) [ P60 | P61 | P58 | P85 | P10
f R A1 P27 TP3s | 146 B - P62 | P59 | P86 | R10
B11 | P28 | P36 | 149 - (P63 P60 : P87 | T9
Cii P29 [ P37 | - P61 | P64 | P61 P88 | RY
Bi2 | P32 | P4z | 152 Vo .. | P62 P65 | P62 | P89 | P9 298
A13 | P33 | P43 | 155 | _\{EC‘__ P63 | P66 | PB3 | PI0 R8 {P100 P130 o
TATA | Pak Pas | 158 [GND ~"Pe4 P67 | P64 | P91 PB | P101 Pi31
Ciz | P35 | Pes | 1ol /5 (D3) _Pe5 [Pes | Fes P92 | 18 |P102|P132 307
813 T Pag | Pag | 164 1 P66 | P69 | P66 ' P93 | T7 |P103:P133 . 304
10, SGCK2 1, P29 | P24 | P21 | Pa3 | Bi4 | P37 | P47 | 167 - P70 | P67 P94 T6 |P104 P134, 307
GCK2 t1 : i - - - P95 . R7 IP105 P135; 310
O (M1) P30 | P25 P2 P34 | Ai5 . Pag | Pag | 170 P67 P71 P68 P96 | P7 P106/P138} 313
GND P31 P26 | P23 | P35 | C13 | P39 | P49 - P68 | P72 | P69 P97 | T5 |P107!P133: 316 |
T (M0) P32 | P27 | P24 | P36 | Al6 | P40 | P50 | 173 - -l - |- [ PSB RE P08 P140, 319 |
VCC P33 | P28 | P25 | P37  Cl4 | P41 PB5 | - | - -0 P99 T4 (P109 P41 322
[ {M2) P34 (P20 | P26 | P38 | B15 | P42 P56 | 174 - -7 - Tpioc] Pe (P11 PidR | -
10, PGCK2 1, P35 | P30 | P27 | Pdg | BI6 | P43 | P57 | 175 oy P69 | P73 | P70 P101! T3 [P113:P147 325 |
GCK3 1 | 'O (HCLK, P70 [ P74 | P71 | P102| P5 | Pi14 |Pi48 | 328
110 (HDC) P36 | P31 P28 | PAD | D14 . Pa4 | P58 178 | RDY/BUSY) S S ‘
o R TTTP4l | C15 P45 | P5g | 181 | o - -
o ST P42 D15 P46 | Pe0 | 184 | K] S I e
[ls] - P32 P20 P43 [ E14 | P47 | P61 | 187 WO (DO, DIN) | P71 1 P75
VO(CDC) P37 | P33 | P30 | P44 | C16 | P48 | P62 | 190 |
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XC4005E/XL | PC [ PG | V@ | TQ | PG | PQ | PQ |Bndry, PG156
____Pad Name 84 | 100 | 100tt, 144 | 156 | 160 | 208 | Scan | - Not Connacted Pins
'g%xsssti%gm P72 P76 | P73 P106| T2 P118|P152| 340 T A D1 D2 56 | Eis
CCLK P73 | P77 | P74 | P107| Rz |P119|P153] - 'l':’1”2 : "12 M.15 NTB H.s T sz
VGe P74 | P78 | P75 |P108] P3| P120 | P154 | - 557 - -
O, TD0 P75 P79 | P76 | P109] T1 |Pi21|Pi59' 0
GND P76 | P8O | P77 |P110| N3_|P122 [P160. -
10 (AD, WS) P77 | P81 | P78 |P111]| A1 |P123|Pi61 2 | PQ160
/0, PGCKA 1, P78 | P82 | P79 |P112| P2 |P124|Pi62]| & Mot Cor dBine ey
GCK7 11 (A1) i .
e - — et e tEia s P8 Pg P30 Pal | P49 Psa |
5 L Tyt R o ] :71 P72 P89 P90 T PTI | Pite
110 (CS1, A2) P79 | P83 | P80 |P115] P1 |P127 | P165 8,1639279 P130 Pise P18 Piss : :
10 (A3) P80 | P34 | P81 |P116] N1 | Pi28 | P166
GND T T |Piis L3 [Pt part| -
[Ie) - - - P19 12 [P132|P172| 20
) T TR0 L1 | P133 | P173 | 28 PQ208
O (a4 PE1 [ B35 | Pe2 [P121| K3 |P134|Pi74] 26 L i Not Connected Pins
O (A5) Pa2 | P86 | P83 |P120| K2 |PI135|Pi761 26 P1 P3 il P11 P12 P13
O (A21) T T P87 | PB4 |Pi23| K1 |P137|Pi78 | 32 P19 P20 P31 P32 P38 P39
1O (A20) ¥t ITI'P8e | P85 |P124a| J1_ | P138|Pi79| 35 -..Pao P41 PS1 | P52 P53 P54
0 (AB) P83 | P8¢ | P86 |P125| J2  P139|P180, 38 P63 Pe4 Pes P66 Pra_ | P73
10 (A7) P84 POC | P87 |P126| J3  P140 |P181 41 | . Pad P85 P91 P92 P93 P94
&N B TpoT T Pes [Pz | 1B TRiai [Pies T P10 P104 P105 | P07 P115 P116
81097 P117 P18 . P124 P125  P136 P137
t = E only P143 P144 P145 P146 P155 P156
H = XL only P157 Pi58 P167 B168 P69 Pi70
_Pi78 P177 P188 P189 P195 P196
£
Additional XC4005E/XL Package Pins sagp D19 | Fee [ P07 | PR i -
TQ144 . -
" Not Connected Pins B
A R N - ' -
5/5/97
Pin Locations for XC4006E Devices
XC4006E PC | TQ PG | PQ [ PQ | Bndry | XC4006E PC / T@ PG | PQ | PQ | Bndry
Pad Name 84 144 ~ 156 | 160 | 208 @ Scan Pad Name 84 144 156 | 160 | 208 Scan
Pz | P28 _H3 | Pi42 | P183 | - Vo : Po . BS | P11 | P15 122
P3| P129  Hi | Pi43 | P184 | 50 119 - | P10 BE | P12 | P16 125
Ba T Pise G T Piad | Piss P /0, TMS F17 | P11 | AB | P13 | Pi7 128
YT G2 P145 | P186 56 11O o P18 Pt2 | C7 P14 P18 131
i Pi32 G3 P146  P187 59 g l{e] - P13 B7 P15 P21 134
P5 | 'P133 | Fi | Pi47  Pis0 | 62 | Vo - L P14 A8 | P18 | P22 | 187
Be T Pias |5 Pias B4 65 VO Pig | P15 | A7 | P17 | P23 140
N P135 E1 P149 | P192 68 1 1/Q P20 P16 A8 P18 P24 143
T T™Pi3e | E2- | Pis0 P193 " {GND_ P21 | P17 | C8 | P19 | P25 :
P17 | F3 P11 | P194 - vee Pe2 | P18 | B8 | P20 P26 | -
N T D1 P162 | P197 74 T [I{o] P23 P19 C9 P21 P27 146
, N 551 Fig3 | F138 55 o P24 | P20 | BS | P22 | P28 149
VO A1g P7 P38 | E3 | Pi54 | P199 80 | 10 - ' Pa1 | A9 | P23 | P29 152
TO(A13) P8 | P1aa | C1 | P155 | P2a0 B3 o . P2 | B10 | P24 | P30 135
o T Pras T 62 T Hige T Poos PP 7e) — P25 | P23 | Ci0 | Pes | P33 158
7/6'”’ ERE-TYT] D3 P187 | P202 89 1{e] P26 Pz4 A0 P26 P34 161
VO (A1) P9 P14z | B1 | Pi58 | P203 92 o - Pes | A1t | P27 | P33 164
WO, SGCK1 (A15) | Pi0 | Pia3 | B2 | P159 | P204 95 o - Pa6 | B1Y | P28 | P36 167
vee P11 | P144 | C3 | P160 | P205 T GND : 27 | C11 1 P29 . P37 :
'GND P2 | Pi [ P2 T Yo y " Ai2 | P30 | P40 170
VO.PGCKI (A1) | P13 | P2 | B3 | P2 | P4 o8 | (8] : - - P31 Pa 173
HO (A17) Pla P3| A1 P3| P 01 :FO P27 | P2 | B12 | P32 | P42 178
- PR - R Ao 04 10 : P29 | Aid | P33 | P43 179
TR TR TR TRy o7 %e) : P30 | A4 | Pad | P44 12
P15 | P6 | B4 | P | P8 | 110 LS : Pt _| C12 | P35 | P45 185
T 5 A ¥ T I R T e P28 | Paz | B13 | P36 | P46 188
: - A Be TS 16 VO, SGCK2 | Pag | Pa3 | Bi4 | P37 | PA7 e
T : Fo T BT 16 6 (M) P30 | Pa4 | Ai5 | Pag | pas 194
N Pa &6 TR0 TP B IGND P31 | P35 | C13 | P3g | P49 -
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XC4000E and XC4000X Series Field Programmable Gate Arrays

XCAQ06E PC TQ PG PQ | PQ Bndry ; XC4006E PC | TQ PG PQ PQ Bndry
Pad Name 84 144 | 156 | 160 | 208 Scan Pad Name 84 i 144 | 156 | 160 | 208 Scan

1 (M0) P32 | P36 | A6 . P40 | P50 197 Vo - Pg4 | T6 | P104 | P134 349
vCC P33 | P37 | C14 | Pal | P55 B o) - P95 | R7 | P105 | Pi35 352
1 (M2) P34 | P38 | BI15 | P42 | P5 198 /O (D2) Pe7 | P96 P7 | P106 | P138 355
Y0, PGCK2 P35 | P39 | Bis | P43 | P57 199 | 110 Peg | P97 | T5 | P107 | P139 358
/0 (HDC) P36 | P40 | Di4 | P44 | P58 202 ¢ 110 - P98 | R6 | P108 | P140 361
[[s) I P41 | C15 [ P45 | Pe@ - 205 [5) - Peg | T4 | P09 | P14t 364
[I[e) i P42 | D15 | P46 | P60 . 208 GND - P100 | P8 | P110 | P142 -
1o - P43 | Et4 | P47 | P61 211 o } - - R5 | P111 | P145 367
110 (LDC) . P37 | P44 | Ci6 | P48 | P62 214 [e) - - - P112 [ P146 370
0 - - E15 | P49 | Pe3 217 /0 (D1) P69 | P101 | T3 | P13 [ P47 | 373
1Q - - D16 | P50 | Pé4 220 110 {RCLK, ¢ P70 | P102 | P5 | P114 | P148 376
GND - P45 | Fi4 | P51 | P67 - RDY/BUSY) ;

I - P46 | F15 | P52 | PeB | 223 [e) - | P03 R4 | P115 | P149 379
[le) : P47 | Ei6 | P53 | P69 226 [l[e] - P104  R3 | P116 | P150 382
[Fe) P38 P48 F16 P54 P70 229 /0 (D0, DiN} P71 Pi05 P4 P117 | Pi51 385
o P39 P49 Gld P55 P71 232 /0, SGCK4 (DOUT) . P72 | P106 T2 P118 | P152 388
0 - 50 | G15 | P56 | P74 235 CCLK P73 | P107 | R2 | P11 | P153 -
110 R 251 G16 P57 P75 238 VCC P74 | Pi08 P3 P120 | P154 -
[ls) P40 | P52 | Hi6 | P58 | P76 241 0, TDO P75 [ P109 | Tt [ P121 | P159 Q
1o (IRTT) P41 | P53 | Hi5 | P59 | P77 244 GND P76 | P110_ N3 | P122 | P160 -
vCC P42 | P54 | H14 | P60 | P78 - 170 (AQ, WS) P77 [ P11, RT T'P123 | P16t 2
GND P43 255 414 P61 P79 - /O, PGCK4 (A1) P78 | P112 P2 Pi124 | P162 5
) P44 | P56 | J15 | P62 | P80 247 [{s] - P113 ] N2 | P125 | P163 8
o) P45 | P57 316 P63 P81 250 I{e] P114 M3 P126 | P164 11

Vo - Psg | Kie | Pea | Pe2 | 253 VO (CS1, A2) P79 | P15 [ P

/O . P127 | P165 14
1o - 559 | K15 | P65 | Pea 256 110 (A3) P80 | P116 | N1 Pi28 | P166 17
[Ile) P4s P60 K14 P66 P86 259 /(o] - P17 M2  P129 | P167 20
o) P47 P61 | L6 | P67 | P87 262 o N M1 | Pi30 | P68 23
o) - " Pg2 | Mie | Pes | Pss 265 GND - P8 L3 P3P :
[%e) - 263 Li5 P69 P89 268 [I{e] - P119 L2 | P132 | Pi72 26
GND - Pe4 | Li4 | P70 | P90 - o - TP120 [ U1 P33 | Piv 29
o . . Ni6 | P71 | P93 571 170 (A4) P81 I P121 | K3 Pi34 | P174 2
Vo - UTMis P | Poa | 274 [VO (AS) P82 | P122 | K2 P135 | P175 35
o P48 | P65 | P16 . P73 | P95 277 10 L. - P23 | K1 " P137 | P178 38
[l[e) P49 | PB6E | M14 ' P74 | P96 280 ¥o - P24 | N P138 | P179 41
Vo - P67 | N15 P75 | P97 283 /O (AB) P83 | P125 | J2 P139 | PiB0 44
o - P68 | P15 . P76 | P98 | 286 1O (A7) P84 | P125 | J3 _ P140 | Pi81 47
o P50 | P69 | Ni4 | P77 | P99 289 GND P1 | P127 | H2 P4l | PiB2 T
{70, SGCK3 P51 | P70 | R16 . P78 | Pi00 292 5/5/97
GND P52 | P71 | P14 | P79 | P10l ¢ T
DONE P53 | P72 | R15 | P80 | Pi03 -

B . . .

i B 8T Py B~ Additional XC4006E Package Pins
170 (D7) P56 | P75 | Ti6 | Pa3 | P109 295 PQ160
170, PGCK3 P57 | P76 | Ti6 | Ps4 | Piid 298 i Not Connected Pins 1
s} i P77 | R13 | P85 | P111 301 IZE - : - [ - -
o - P78 | P12 | P8 | P112 304 5597 B
1/0 (D6) P58 | P79 | Ti4 | P87 | P113 307
) - Pg0 | Ti3 | P88 | P114 310
1o T : Riz | P89 | P15 . 31a PQ208
o : TR pap | PIi6 316 Not ¢ fed Pins g
GND - Pg1 | P11 | P91 | P119 - P1 P3 P12 P13 : P19
ii0 - P82 | Ri1 | P92 | P120 319 P20 P31 P32 .. P . P39
I . P83 | Ti1 | Pea | P12t 322 P51 P52 P83 P54 Pes |
170 (D5) P59 | Pad4 | T10 | P94 | P122 325 P66 P72 P73 P84 : P85
1/0 (€50) P60 | P85 | P10 | P95 | Pi23 328 ... P92 P102 Pi04 @ P105
[Ve) A P86 R1C Pos P126 331 P107 P117 P118 P124 i P125
70 i Pg7 Tg po7 | P127 334 P136 P137 P143 P144 ! P155
1/O (D4) P61 | P88 | R9 | PoB | Piea | 337 P156 p157 P158 P169 P170
1) P62 P89 ) Pog Pi29 340 P176 P177 P188 P189 P195
vCC P63 | P90 | R8 | P100 | P130 - P196 P206 P207 P208 -
GND P64 | P91 | P8 | P101 | P13l - 6/5/97
10 (D3) P65 | P92 | T8 | P102 | Pi32 343
[0 (RS) P66 | P93 | T7 | P103 | P133 346
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Pin Locations for XC4008E Devices

XCA4008E Pad Name PC84 |PQ160 | PG191 | PQ208 | Bndry Scan XC4008E Pad Name PC84 | PQ160 | PG191 | PQ208 | Bndry Scan
VCC P2 P142 i) P63 N /0 {(HDC) P36 P44 E16 P58 226
170 (AB) P3| P143 | J3 | PB4 58 18] : Pds | C17 | P59 229
/0 (A9) P4 | Piad | J2 | P85 59 1o . P46 | D17 | P60 | 232
e} N P145 i P186 62 10 - P47 B18 P61 235
[iZe) N P146 H1 P187 65 1/0 (LOCT) P37 P48 | E17 P62 | 238 H
o : R Vo - | Pas | Fi6 | Pes | 241
[Ye) R R H3 Pi8o 71 e - P50 C18 P64 244 |
1O (A1G) P5 | P147 | G1_| P90 74 GND - | P51 . Gi6 | P&7 : ;
10 (A1) P6 | P1a8 | G2 | Pi91 77 110 - | P52  E18 | P68 247 |
e} - [ Pag | F1_| Piaz2 80 10 - P53 | F18 | P69 250
o) - Pi50 El Pi93 83 110 P38 P54 | Gi17 P70 253 j
GND - P151 G3 [ Piod N } 0 P39 P55 @ G18 | P71 256 ]
10 - | Pis2| c1_| Pig7 86 1o y - Hi6 | P72 259
9 - | Pi53 | E2 | Pige 89 o sl o HIT L PTS 22
70 A13) P7 [ Pisd | F3 I'Pigg 92 o : Pse ; HiB [ P74 265
70 (A13) P8 | Pis5 | D2 | P200 g5 1o - P57 . 1B | P75
0 - 1Piss | BT | P20i 98 b Pag | F58 | J17 . P78
10 S Pi57 | Ea P20z 01 0 (INTT) P41 | P53 . N6 | P77 274 _
0 (A14) P9 | P68 | C2 | P203 104 veo Pa2 | PE0_ . J15 ; P78 :
/O, SGCK1 (A15) P10 | Pi59 | B2 | P204 107 GND P43 | P61 KIS | P79 y
VCC P11 | P60 | D3 | P205 S vo P4s | P62 . K16 | P8O 277
GND Piz | P1_ | D4 | P2 - o P45 | P63 | K17 | P81 ;280
1/0, PGCKI (A16) P13 | P2 | C3 | P4 110 vo - Péa . K18 | P82 283
10 (A17) Pia | P3| C4 | P5 113 i ' Pes_ L8 . P83 286
1) - P4 B3 P | 116 i T : L7 | P84 289
1o - P5 | G5 | P7 | {i9 o |l - i L6 | PBS 292
i/0, 1D Pi5 | P6 | A3 | P8 | 22 o Pag | Pes  Mi8 | P86 285
170, TCK P16 | P7 B4 P9 125 e | P47 PE7 . M7 | P87 298
i) . P8 | Cs | P10 128 [ - Pes | Nis | pss 301
17} R Pg A3 P11 131 Kol - PBg . P18 P89 304
GND TTPio | 67 | Pia B GND o | P70 M16 | PSO -
i TP | A4 | PiB 134 we Lol PriTie P3Ol m7
[e) ‘ Piz A5 F16 137 |l{®] - P72 P17 P94 310
10, TMS ) P17 1 TPi3 | B7 | Pi7 140 Mo | P48 | P73 . Ni6 | PS5 313
wo TTTTTTTPiE | P1a | A6 | PIB 143 1o Pag | P74 | T17 | P96 | 316
1) . _ c8 B19 146 [s) - P75  Ri7 | P97 319
1) - ~ A7 P20 149 o e - Pre | P16 | Pos | 322
0 RIS T TBE T RA 152 o psc_| P77 . UiB | P99 35
ey . Fie T AR | P22 155 /0. SGCK3 P51 | P78 Tie | Pia0 328
Vo Pio | Pi7 | B9 | P23 88 GND P52z | P79 R18 | P101 | -
110 P20 | P18 | C9 | P24 161 DONE P53 _| P80 @ Ui7 | P103 -
GND Boq P19 [bF) Pog A VCC P54 P81 R15 P106 .
Veo poz B30 D10 [ N PROGRAM P5E P82 | Vi8 P108 | T :
o P23 P21 C10 P27 164 /0 (D7) P5€ P83 ! T15 P109 331
o P24 P22 B10 | P28 167 : (1O, PGCK3 P57 P84 ine P110__‘ 334
0 TP T Ag P29 T R L N N N T A 6L 30 SRR T
o - p2a A0 P30 173 o i - Pge . U1s | Pit2 340
e S PR T 76 110 (D6) Pse | Pa7 | Vi7 | Pii3 . 343
15 T - Cil1 PR 179 1o .| P88 . vie P14 346
o P25 P25 BIi P33 182 (4% : P89 : T13 . P15 349
ii5 P26 P26 Al2 P 185 1o - P90 _© U4 - P116 352
i7 PR T BiZ  Pas 188 GND Pl T2 o P9 ]
[ie) 17 Pes T A3 P36 191 ) o - P92 U138 . P120 355
GND - P29 ciz . P37 B 0 - P93 . Vi3 | Pi21 358
e e B R E T TG 9% 10 (D5) P50 . P94 utz | pi22 361
o TTURA 613 . Pal 197 noEesy Pe0_ P95 - V12 | P123 3684
) 557 | Paz | Bid4 P42 200 i ‘ Lol T P124 367
o - : P33 . A6 P43 | 203 1 LAY P125 370
e - Pas TEiE TP 206 [T} STTBgs VI Pige 373
o : Fas Cia RS 69 e) JTUpe7 VARG P97 376
o P28 | P36 | Al7 | Pab 212 UO (D4) . Pe1 | Pog | Uto | P128 879
0. SGOK2 P29 | P37 | Bi6 | P47 215 LA Po2 ,.P93 . T10 | P129 . 882
O (M1) P3G | P38 | Ci5 | Pag | 218 Yeo P63 | P100 | R10 | PISO . -
‘GND P31 | P39 | D15 | P49 B GND Pe4_| P101 , RS P131 :
Moy P32 | P40 | Al | P50 221 ¥y | P65 (P02 T9 | P132 | 385
VEC P33 | P41 | Di6 | PS5 - 10 (RS) P66 | P103 | U9 | P133 388
i (M2) P34 | P4z | Ci6 | P56 222 o s Pl04 . Ve | P134 361
70, PGCK2 B35 | P43 | Bi7 | P57 | 223 e} ) - P105 . VB P35 394

0 ST Us” P13 397
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XC4000E and XC4000X Series Field Programmable Gate Arrays

XC400BE Pad Name | PCB4 | PQ160 | PG191 | PG208 | Brdry Scan | XC4008E Pad Name | PC84 | PQ160 | FG191 | PQ208 | Bndry Scan
70 - - T8 | P1a7 460 0] - : s | P76 38
110 (02) P67 | P106 | V7 | P138 403 o) - [P [ 2 [P 41
) PE8 | P107 | U7 | Pi39 406 ) P17 L1 | PiTB 7
110 - P08 | v | Pido 409 1o TP K| PiTe 7
o “TRios | Us | Biad iz 10 (AB] P83 | P139 | Kz | P180 50
GND TTTPR0 | 17| Pl - 10 (A7) P84 _| P14D | K3 | Pigi 53
70 S PIL | Us | Pies 415 GND Pi_| Pi41 | K& | Pise -
o - P12 | _T6_| Pids a8 5/5/87
VO (1) Peg | P113 | V3| Pi47 431
O (RCLK, RDY/BUSY) P70 | P114 | V2 | Pi48 424
1) - P15 | U4 | P1ad 127 - .

o T Biie T8 1 PiEs | 450 Additional XC4008E Package Pins

70 (DG, DIN) P71 | P17 | U3 _| P151 433 PG191

/0, SGCKa (DOUT) P72 | Piis | T4 | P15z 436 Not Conrecied Pirs

|COLK P78 LIS L V1| P153 : Ald BS B6 B13 B 518
vee Pra [ P120 | R4 | P54 F2 Fi7 NZ Ni7 Ri A8
0,700 P75 | Pi21 | Uz | Piso 0 va e Vi ViE - -
&N P76 | P122 | R3_| Pi60 : 535

11O (AC, WS} P77 1 P123] T3 | P18t 2

/0, PGCK4 (AT) P78 | Pi24 | U1 | Pige 5

o - P25 | P3| Piea 8

1e) T Pize | Rz | Pish K PQ208 _

0 (C81, A2) P79 | F127 | T2 | Pi6s 14 Not € Pins ]
VO (A3) PE0 | P18 | N3 | Pi66 17 Pl P3 P12 P13 pag P39

o T hise TR T Pie 55 P51 P52 P53 P54 P65 P66
S 5135 T 1 T Fiea 5 P91 P2 Fi02 P104 P05 F107
“GND T Biar T Mg FI73 : Pii7_ | P18 P143 P44 155 P156
A —tEraa TP 193 5% P157 . P158 Fi69 170 F195 P96
e R NN 29 i P06 pa07 P208 - - -
VO (Ad) , Pai | Pisd M2 Pi7a 2 6/3/97

| P82 [ PY35 . M1 P175 T35

Pin Locations for XC4010E/XL Devices

The following table may contain pinout information for unsupported device/package combinations. Please see the availability
charts elsewhere in the XC4000 Series data sheet for availability information.

PO/ XCA010E/XL. PC | PQ TQ PG TQ PG
XC4010E/XL. | PC P TQ PQ TQ PG i
PC::Name 84 100t |184tt] 160 |176t) 191t ;‘0‘: | 225t | 256tt Scan PadName | 84 100tt|144ft| 160 |76t 197t
VCC P2 | P92 [P128 | P142| P155 VCC* | P183, VCC™ |VCC™ | - | 0 - S| P4 | P4 P4 B3
10 (A8) P3 | P93 |P129|P143 Pibe. J3 |Pis4. E8 | Gio | 62 | 1O - | - | P65 P P55
[0 (ag) P4 | P94 |P130[P144 P157 | J2 P85, B7 | D10 | 65 V0, TOI PIS| P7 | P6 | PE | P6 | A2
{0 (19) - P95 |P1a1|P145 P188. J1 | P186| A7 | A3 | 68 VO,TCK __|P16| P8 | P7 | P7 | P7 | B4
/0 (18) - | P96 [P132 [P146 P1581 H1 (P187| C7 | B8 | 71 o S sl | PB | P8 | GCB
0 T B - Pi60] H2 |P188| D7 | Co | 74 Vo - - | P8 P9 A3
o - - “IPie1 H3 |P189| E7 | D9 | 77 | 0 i - - - | B
VO (A10) PS5 | P97  P133|P147 | P162. Gi |P190| A6 | A8 | 80 Vo S - oo | B8
10 (A11) PG | Po8  P134 | P148|P163, G2 |Pi91| B6 | 88 | 83 GND - |- | P8 | P10 P10 |GND*
VT T - - - veer| - jveer et - /0 G L o L R L Y,
s -~ 1 TTTP1a5|Piad P16 F1|P192| A5 | 86 | 86 . |¥O Sl - _PW|P12 P12] A5
50 B -~ Pi36|P150 | P65, EY |P193] Bb | A5 | 89 O, TMS P17 P9 (P11 P13 1 P13, 87
‘GND - - TPig7|Pis1 | Ple6  GND' | P194 | GND” | GND'| - [M@ P18 P10 P12 | P14 P14 | 48
o T T T F Pes| D6 | ce | 98 VGO S ST NSNS S SN L%
o S v - iPie7._ D1 (Pt9s| Cs5 | B5 | 95 | O s per s oo I P18 c8
o - - 1 - |Pis2|Pie8 C1 _Pi97| A4 | A4 | 98 L) S - B ‘P‘B A7
o - - | - Pi53|Pig9, E2 (P198! E6 | C5 | 101 O - - (P13 P15 P17 38
[0 (A12) P7 | P99 | P38 (P54 P170| F3  P193| B4 | B4 | 104 o L [P P14 | Pig | P18 A8
110 (A13) P8 | P100|P138 . P1551P171| D2 P200] D5 | A3 | 107 0 P19 | P12 | P15 | P17 | P19 | B9
0 - | T P40 P56 P172| B1 (P20t B3 | B3 | 110 [1e) P20 | P13 | P16 P18 | P20 | O9
o P4t P57 P173| E3 |P202] F8 | B2 | 113 GND P21 P14 | P17 | P18 | P21  GND-
/0 {A14) P9 . P1 |P142|Pi58 P174| C2 |P203| A2 : A2 | 118 vee P22, P15 | P18 | P20 | P22 vee
VO, SGCK1 T, | P10| P2 |P143|P153 P175| B2 |P204 | Ca , ca 119 = |0 P23 | M6 | P19 | P21 | P28 | C10
GOKS 1 e P24 | P17 | P20 | P22 | P24 | B10
(A15) [Zs) | - TP Pai|Paa | Pas | A
vee P11 P3 | P144| P10 P176{VCC' | P205 VG [VECT . - o B ST Pz P24 P26 | A0
{GND Pl2| P4 | Pt | P1__P1 _|GND'| P2 . GND'|GND*| - [i0 ST ey | AT
(1O, PGCK1t. |P13| P5 | P2 | P2 P2 | C3 | P4 D4 | B | 122 o T P8 [ it
GCK1tt VGC - - - - | - |veer
AIE) ! I 79 PZ5 | pio | Pag | P25 | Pog | B11
L0 (A17) P14 P6 P3| P3| P3| C4 | P5 B [0 P26 | P20 | P24 | P26 | P30 | A1Z |
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&7 XILINX

© XCAO10E/XL PQ | Te PO | TQ } ':g XC4010E/XL Ta | Pa TQ | PG Z‘g BG | BG |Bndry
© Pad Name 100+ | 14444} 160 | 176+t Lo Pad Name 100H | 144t | 160 1914 | jug | 2251 | 256tt| Scan
10 - | P25 P27 | P31 P35 /0 P77 | P85 T1a [P111] L11 | T17 | 373
10 P26 | P28 | P32 | P36 IO P78 | P86 U5 [P1121 M13 | V20 | 376
GND - | Pe7 | P29 | P33 P37 VG (D6) P79 | P87 V17 [P113, J10 | T19 | 379
e - - - - P38 3) F80 | PE8 V16 |P114| 12 | T20 | 382
[® - - - P33 110 - | Pag T13 |P115| MI5 | R18 | 385
o » STP30 | P34 P40 1o o C I P@0 U14 [P116] 113 Ri9 | 388
Vo - - P3| P35 Pai o - V15 |P117| Li4 . R20 | 391
1o P21 | P28 | P32 | P36 | Pa2 e - Vi4 [Pi18] Ki1 P18 | 394
0 P22 [ P2g | P33 | P37 | Pa3 | GND P81 | Pai GND*TP119 | GND* | GND* |

110 -~ P30 | P34 | P38 P43 s P82 | Po2 [P100| 1113 |P120| K18 | N19

) - |Pa1 | P35 | Pag P45 o P83 | Po3 |P101. Vi3 P121| Ki4 | N20

7e) P23 | P32 | P36 | P40 P46 vee - - VCC. - | veor | veet

/0, SGCK2 1, P24 | P33 | P37 | Pal Pa7 1O (D5) P84 | Poa | P102° U12 |P122| K15 | MI7

GCK2 1t ; 110 (CS0) P85 | Pe5 vi2 |P123] J12 | M18

G M1 P25 ; P34 | P38 | P42 P43 7s) B TI1 [P124] 413 | M20

GND P26 | P35 | P39 | P43 P49 o) - S PiosT Ut (Pi2s| J14 119

1iM0) P27 | P36 | P40 : P44 P50 | o P86 | PS6 | P106. V11 |P126| Ji5 | L18

[vee P28 | P37 | P41 | P45 P55 P87 | PS7 [P107. V10 |P127| J1 | 120

TiM2) P29 | P38 | P42 | P46 P56 P8a | Pes |P108 L10 [P128| H13 | K20

VO, PGCK2 1, P30 | P39 | P43 | P47 P57 5 | P8y | PS9 T10 |P129| Hi4 | Ki19

GCK3 tt P90 | P100 VCC™ | P130 | VCC' [ VCC | -
0 (HOC) i P31 | P4 | P44 | Pag P58 GND PO1 {P10T GND*[P131 | GND* [GND*|
{8 o | P41 | Pab | Pag P59 O (D3) P92 | P102 T8 [P132| HiZ | K18

{48) -_| P42 | Pag | PSO P60 /O (RS) P93 [P103 Ue |P133] H11 | Ki7

o P32 | P43 | P47 | PS1 P61 e} PS4 | P04 Ve P134] G14 | J20

10 (LDC) P33 | Pa4 | P48 | P52 P62 o P95 |P105 V8 |P135 Gi5 | Ji9

110 - 1 - | P4s | P53 P63 ¢ - Us TP136, Gia | Jis | 439
1) - P50 | P54 P64 o FR T8 P37 G2 | N7 | 442
Vo : Pes 1O (D2} P96 [P106 V7 |P138° G1t | H19 | 445
48] - - - P&s e} Po7 |P107 U7 P139_ F15 | Hi18 | 448
GND P45 | P51 | P55 P67 VeC . N veCT i - VCCr [ veC T -
4 P46 | P52 | P56 o P8 [Pics V6 |P140. F14 | G19 451 |
4] - | P47 | P53 | P57 o~ Pg9 [Piog Ug [P141 F13 | F20 | 454
48] P34 | P48 | P54 | P58 IGND F100|P110 ' 'GND*| P142 GND* [GND™"_ - |
e} P35 | P49 | P55 | P59 e} B N v5 |P143| Ei3 D20 457
vCo - ER : ) - V4 |[Pi44. D15 | E18 _ 460
o - P60 - TPin US |P145] Fii - D19 463
vo - - -1 P81 - P12 76 [P146| D14 C20 466
4e) P36 | P60 P56 | PE2 P101|P113 V3 [P147] E12 ' E17 469 |
[le) P37 | P51 . P57 | P63 P1021P114 vz |P1as} C15 D18 472
) P38 | P52 P58 | PB4 ROYBUSYY | . b

170 (INIT) P39 | P53 P59 | P65 s) P103 P15 U4 [P148| D13 C19 475
voC P40 | P54 . P60 | P66 10 |P104 | P16 T5 [P150| C14  B20 478
GND P41 | P55 - Pe1 | P67 110 (DO, DIN) P105'P117 U3 [P151| Fio_ cC18 . 481
0 P4z | P56 P62 | P68 1/0, SGCK4 1, Pi06 P118 | T4 TP152| B15 B19 484
/0 P43 | P57 _ P63 | P69 P81 GCKS 1t 1

) P44 [ P58 P64 | P70 P82 (DOUT) .

110 P45 | P5G. P&5 | P71 P83 CCLK P77 |P107 :P119; Vi 'P1531 C13 A0

) N R = P84 e 8 |P108 " P120 VCC' | P154] VCC™ VCC* -
Is) B B P73 g5 [0, TnC P109 , P121 U2 TP159 A5 . A1S O
VGC - . A ; . IGND 0 [P170° P122 | P134 GND" P160| GND* :GND* - -
o 546 | P60 | PEs | Pra P86 7O (A0, WS) P111 P23 T3 Piel Al4a B8 2
VO P47 | Pt | P67 | P75 P87 1O, PGCKA t, P112:P124 U1 P82 B13 : BYY 5
10 T P62 Pe8 | P76 Pg8 GCK7 1t (A1) _ -

o TR Pes | B 589 o P1131P125 E1f C17

END T TPed P70 P8 P95 o - P14 P26 R2 [Pig4| Cl2_ D16

) - S o1 110 (CS1, A2) P83 | P15 Pz T2 [P1651 AI3 | A18

s - T N Pos VO A3 P116, P12 N3 P66 | B12  A17

Ny SR AT Poa 1) TP117 P23l B2 TPi67 | A1Z - A16 20
iVe) - N P72 | PBO PO4 o F’18(r)‘ Tt (P188| C11 C15 23
o P48 | P65 | P73 | P81 Pg5 L S 21 _|P169| BI1  Bi5 26
7e) P49 | Pg5 | P74 | P82 P96 o - - M2 (P170] E10 A15 . 29
110 - Pe7 | P75 | PE3 Pa7 GnNo P118 P11 GND®|P171 | GND* GND™- - |
e} R Pg8 | P76 | PB4 P98 /0 P119:P132 P1_|P172] A11  B14 32
) 556 TPas | P77 | PBs B39 o P120 P133 Ni | PI73] DI0 Al4 35
/0, SGCK3 1, P51 | P70 | P78 | P86 P100 vee T Voo - VCCTiveer -
GCK4 +1 0 (Ad) P121 P134 M2 TPi74] ATC Ci2

GND P52 P87 Pi01 /0 (A5) P122 | P135 M1 |P175] DS . B12
DONE P53 P8s P103 o - - L3 [P176] C9 | A12

VCC P4 | P54 P89 P106 0 P136 L2 |P177| BS BT
PROGRAM P55 PO P108 V0 (A2t i ‘ Li_|Pi78] AS  CH1

1O 07 P56 Pgi | T15 |P10g /0 (A20)1 Ki_|Pi79! ES | A1,

(/3. PGCK3 1,| P57 | P57 | Pez pTi0| N14 VO (A8) P25 Pi39|P152, K2 [P180. CB | A0,
|GCKS 11 | | ! 1O (A7) P126  P140|P153] K3 [P181] BB | B10
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XCA000E and XC4000X Series Field Programmable Gate Arrays

T : 7
: xcaoroens [Pc | po | Ta | palta !l e | T BG | BG |Bnoy
{ PadName | B84 |100Ht|144tt| 160 1761t 191t | ..o | 2251 | 2661 | Scan
[GND P1 | P91 [P127|P141[P154 [GND"[P182 | GND’ [GND*| -
6/19/97

* Pads labelled GND* or VCC* are internally bonded to Ground or
VCC planes within the package. They have no direct connection to
any specific package pin.

1 =E only

11 = XL onty
Additional XC4010E/XL Package Pins

PQ/HG208 o
Not Connected Pins ;
P1 P3 P51 P52 P53 P54 P102 |
Pi04 | P05 | P07 Pi85_"Pi56 | P57 | Pi58 |
P206 | P207 | P208 - - - B
5/27/97
PG191 S
T VCC Pins 1
D3 | Do | D6 Ja T 415 R4 | RIO |
LRts 1 - 4 - : -1
o GND Pins o
c7 c12 D4 D9 Di5 | G3_ | Gig
K4 K15 M3 M16 R3 ' R9 | RI6 |
37 Ti2 - - - §
5/27/97

BG225
[ VCC Pins - T
[ B2 | B4 ] D8 I HI | Wi At R8
" Ris - | T - A ,
GND Pins
Al A8 D12 F8 G7 G8 G
HZ He H7 Ha H9 H10 w7
J8 J9 K8 M8 - - -
Not C d Pins ] o
A3 BIO ' Cc4 T Cs C10 D11 E2
E3 E14 Ei5 F1 F2 F7 F9
F2_| a1o S Kl Kd Ki2 L
L6 L5 . MI0_ | MiZ N7 N1 Ni5
P5 P7 7 P10 | R10 - - B
6/16/97
BG256 o .
VCC Pins T
Ci4 Ds | D7 [ D1 Di4 D15 £20
[ F Fe T F17 | G4 G17 K4 Li7
P4 P17 | P19 | Re R4 R17 us
u7 uto [ U4 uts | vt W20 -
GNDPins -
Al B7 D4 | D8 D13 D17
TTHa H17 N3 | N4 N17 U4
“U13 u17 Wia |- -
) Not Connected Pins -
A6 A7 [ A13 B13 B16 . ¢4 c7
—c8 Ci3 C16 D5 D12 E19 F2
F3 F18 F19 G18 H1 H2 H20
J3 J4 M4& T M19 N1 N2 T UN1B
“““ P20 R3 T T8 U20 Ve K
V15 W6 | W9 wid wi3 W16 Y6 |
Y9 Yia [ v14 - - - -
52797 o

Pin Locations for XC4013E/XL Devices

The following table may contain pinout information for unsupported device/package combinations. Please see the availability
charts elsewhere in the XC4000 Series data sheet for availability information.

; . : P XC4013E i i i Pa/ T
o e e T (e e Dl e e s R s
Pad Name | 14411 | 180 17611 | 208 | 223t | 225t 0 | 256tt | Scan Pad Name ! 240
veC P128 | P142 | P156 | P183 | VCC' | VCC® | P212 | VCC' | - VO(A14) | P142 |P158| P174 | P203 | C2 | A2  P238 | A2 | 140
/O (AB) | P12e | P143 | P156 | PiBd | J3 | EB | P213 | C10 | 74 | gg’cm ; P143 |P159 | P175 | P204 | B2 | C3  P239 | C3 | 143
VO(AS) | P10D | P14 | Pi67 | P85 | J2 | B7 | P214 | D10 | 77 | aoKS 11 :
0 P131 | P145 | P158 | P186 | J1 | A7 | P2i5| A9 | 80 (AL5) | |
(A19) T ; : TRVaTeT T —
1/:3 . P13z | P1a6 | P15g | Pia7 | H1 | C7 | P216 | BY | 83 é‘\f‘g P;‘:“ P;?O P;:G P§g5 éﬁgéﬁg Pg‘:o Zﬁg S
(A18) 1 .

Vo T TPso | Piss | Wz | b7 | Pai7 | ©C9 | 8 ekt R Po P27 P2 P4 [ C3 T D4 P2 148
e : - TPi61 | Pisg | H3 | E7 | P2ia| D9 | 89 GOk 41 !

(VO (A10) | P133 | Pi47 | P162 . P190 | GI | A6 | P220 . AB | 99 {(A18) ; 5

0{A11) | P134 |P1481 P163 | P191 | G2 ' Bs | P22t BB 95 VO (AT P3 P3 P3 5 ca BT

vGC -4 - - VCC* | VCC* | P222 | VCC* - o Pa P4 Pa_ | P6 B3 T Cz
1o - - Ha | C6 | P223 | A6 | 98 o PS5 | P5 | P5 | P7 | C5 | E5
/O - - : : G4 | F7 [ P224) C7 | 101 170, TDI P6 | P6 | P6 . P8 | A2 | D3
o Pi35 | P143| Pib4 | P192 | Fi | A5 | P225 | Be | 104 oTek 1B TR R P T e
o~ P136 (P150 | P165 | P193 | E1 | Bb | P226| A5 | 107 ) — B8 P8 P10 1"Ce | D2
GND P137 | P151 | P166 | P194 {GND* I GND*! P227 | GND” s o N P9 Pa P11 A3 G
e) - - T T P1gs | F2 | D6 | P22 | Cb | 110 (7 B - . 515 T 85 | E4
[76) ~Tpye7 [ Pi96 | D1 | C5 | P2eg | B& | 113 o _ s T 86 T3
o P52 P68 | P197 | C1 | A4 P230| A4 | 116 [Te) P R D )

e - P53 P169 | P198 | Ec | E6 . P23i | C5 | 119 6 . . : ‘ 56 TTE3
VO (A12) | P138 | P164) P170 | P199 | F3 B4 - P232| B4 122 | GND P8 | P10 | P10 P14 | GNG*| GND™

VO (A13) |'P139 | Pis5 | P71 | PagD | D2 | D5 , P233 | A3 | 125 o) B TP11 1 P11 T Pis T ad 1 Fs

) - R - P4 ¢ A3 P234) D5 | 128 | [ie} P10 | P12 . P12 | P16 | A5 | Ei
0 : - - - B4 | C4 P35 G4 | 131 | o, TMS | P11 | P13 P13 | P17 | B7 | F4

o P140 | P156 | P172 | P201 B1 B3 | P236 B3 134 o P12 | P14 | Pi4 P8 AB F3

WO |'P1a1 P157 | P173 | P202 | E3 | Fe_ | P23’ | B2 | 137 vee ; S TTTNGE T TVES
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& XILINX

XCA13E | yr [ pa | wr pama| pe [ Bo | P | Ba |Bnaryl | XCE] yr [ g | ur [eamol PG | BG PY | BG |Bndry
Pad Name | 14411 | 160 | 178t 208 | 223t | 225t | 5,5 | 25611 | Secan | ! pad Name | 14411 | 160 | 176t 208 | 223t | 225¢ | ,o | 2561t | Sean |
) - - D7 | F2 | P20 | He | 194 | 10 P57 | P63 | P69 | P8l __ Ki7 | P9 | Pe3 | U1l | 370
) - - A D8 | F1_| P2l | A1 | 197 | 10 P58 | P64 | P70 | P82  KIB | RS | P94 | Yi2 | 373
o - T IP15 | P19 | C8 | G4 | P23 | J2 | 200 0 P59 P65 | P71 | P83 L18 | N9 | P95 W12 | 376
) - —1"P16 | P20 | A7 | G3 | P24 | J1 | 203 - - [P72 | Pea 117 | M9 | Pss . vi2 | 379
I} P13 | Pi5 | P17 | P21 | B8 | G2 | P25 | K2 | 206 ~ P73 . P85 | Li6 | L9 | Pe7 _ U12 | 382 |
/G P14 | P16 | P18 | P22 | A8 | GI | P26 | K3 . 209 - - - - 115 { R10 | Pgo Vi3 | 385
/o P15 | P17 | P19 | P23 | B | G5 | P27 | Ki_ & 212 - ' - - Mi5§ P10 | Pl00 | Y14 | 388
o Pi6 [ P18 | P20 | P24 | C9 | H3 | P28 | L1 218 - - - - IVCC vCCr| Piol | veCt | -
GND Pi7 | P19 | P21 | P25 |GND"|GND*| P29 P60 | P66 | P74 | PB6 | M18 | N10 | P102 | Y15 | 391
VCC P18 | P20 | P22 | P26 | VCC'|VCC'| P30 P61 | P67 | P75 | P87 | Mi7 | K9 | P103 | Vi4 | 384
s} P19 | P21 . P23 | P27 | C10 | H4 | P31 P62 | P68 | P76 | PBB | Ni8 | A1l | P104 | W15 | 3g7
o P20 [ P22 | P24 | P28 | BIO | H5 | P32 P53 | P69 | P77 | PB9 | P18 { P11 | P105 | Y16 | 400
o P21 | P23 | P25 | P29 | Ag | J2 | P33 Pe4 | P70 | P78 | P90 |GND*|GND*| P106 | GND" | -
Vo P22 | P24 . P26 | P30 | ATD | J1 | P34 - - - - Ni5 | Mi0 ; P107 | V15 ' 403
110 1 - P27 | P31 | A11 | J3 | PS5 - - - P15 | N11 | P10B | W16 . 406 .
110 |- T'Peg | P32 | C11, J4 | P36 - P91 | N17 | Ri2 1 P108 . Y17 409
10 - Tonlys | Paa - - P32 | R18 | L10 | P110 | Vi6 . 412
110 D12 © K1 | P39 P71 P79 | P93 | Ti8 | P12 [ P11 | W17 __ al5
VCC -l - < Jvecveet| pao [ veer | - 1'P72 P80 | P94 | P17 | Mi1 | Pi12 | YiB | 418
) P23 [ P25 | Pe9 | P33 | B11 K2 | P41 | P1 | 242 P65 | P73 [ P81 | P95 | N16 | R13 | P113 | W16 . 421
10 P24 | P26 | P30 | P34 | Al2 K3 | P42 | P2 | 245 P66 | P74 | PB2 | P96 | T17 | Ni2 [Pi14| V17 424
i©0 P27 | P31 | P35 | B12 | J6 | P43 | A1 | 248 P67 | P75 | PB3 | P97 | A17 . P13 | P115 | W18 | 427
wo P26 | P28 | P32 | P36 | A13 | L1 | P44 | P3| 251 P68 | P76 | PB4 | P98 | P16 ; KI0 | P116 | Y13 | 430
GND P27 | P20 | P33 | P37 |GND' GND'| P45 | GND* | - P69 | P77 | P85 | P99 UT8 | R14 | P117 ] V18 | 433
1o : - - - D13 | 12 | P46 | T1_ | 254 P70 | P78 | P86 | F100 | T16 & N13 | Pi18 | W19 | 436
110 5 B - D14 | K4 | P47 | R3 | 257 ! i
10 - - P38 BI3 | L3 | Pag | T2 | 260 ‘ ;
o N . P39 Ald | M1 P49 U1 263 P71 P79 | Pa7 F101 GND"{ GND*| P119 | GND* !
/0 P30 | P34 PAG AlS K5 P50 T3 266 p72 | P80 | P88 P103 | U7 | P14 | P120 | Y20 |
o B3 T Pas | Pal e1a | M | Pst ] U2 T 26 VCC P73 | Pai | P89 | P10B | VCC' | VCC'| Pi2l | vCC* | -
) P28 | P32 P36 | P42 | Bi4 L4 P52 V1 272 \‘pﬁ—d—; P74 | P82 P30 F10B | VI8 | Mi12 | P122 | V19 -
P20 | P33 | Pa7 | P43 | A16 | NI | P53 | T4 | 275 GRAM I -
Pao TP Pas | Pas T Bis | Ws | Pes | U3 T 578 110 (D7) P75 | P83 | Pe1 | P109 | T15 | P15 [ P123 | U19 | 439
Par Tpas T Bas | s T Gra [ N2 [ Pss | va | 28t o, P76 | P84 | P92 | F110 UT6 | Ni4 | P124 | U1B | 442
Ps2 | P36 | Pao | P46 T A17 | Ke | P | Wi | ass | Lolidh .
P33 | P37 | Pa1 | P47 1 BIE ) P1 oy PST [ VS ) 287 i F77 | Pa5 | Pa3 | Pi11 T14 | Lil | Pis5 | Ti7 | 445
: GO T r7s | Po6 | Poa | P12 . U5 | MI3 | P126 | V20 | 448 .
Faa [ P38 | P4z | P48 C15 | N3 | P56 | W | 280 vo SR S oo B4 NS P27 L20 ) 451
P35 | P33 | Pa3 | P49 | GND'|GND'| P59 | GND* | - Vo SN S - RI3 | M4 Pi28 | T18 | 454
Pac | Pao T Pad | Pso T AtE | P2 | Pe6 | vi | 263 170 (D6) P79 | P87 | P95 | F113 V17 | Ji0 | Pi29 | T19 | 457
P37 | P41 | PaE | PEs Vo vee | et Ve T s} PBO | P88 | P96 | P114  Vi6 | L12 | P130 | 120 | 460 !
Pag T Pas | Pae [ Pe6 T Cie | ma | Pez | Wa | 204 10 T | Pes | P97 | Pii5 113 | Mi5 | P13l | RI8 | 463 !
P35 T Fas TPE T RE B TR e Ve 265 ) T | Pa0 | Pes | P116 . U14 | L33 | Pi32 | R19 | 466 :
o) - - T TPi17 Vis | Li4 | P133 | R20 | 469 .
[e] - - - B11B . V14 | Ki1 | P134 | P18 472
P40 | P44 | P48 P58 | E16 | P3 | PB4 W4 208 GND I Pe1 | P31 | P99 | P113 GND'|GND"| P135 | GND" -
Pai | P45 | P49 | P59  C17 | L6 | P65 | V4 | 301 s} - |- - Ri2 | L15 | P136 | P20 | 475 |
P42 | P46 | P50 | Pg0 | D17 | N4 | PE6 | US | 304 o - - - SR Ki2 [ P137 | N18 | 478 .
P43 | P47 | P51 P61 Bi8 R3 P67 Y3 307 ] P82 | P92 | PI0C | P120 P138 | Ni19 481
Pas | Pag | P52 | Pez | E17 | P4 | P68 | ¥4 | 310 Lo P83 | P33 | P10t P139 | N20 ; 484
P4a | P53 | P63 F16 | K7 | P89 | V5 | 313 vCC - - - P140 | VCC* | -
P50 | P54 P64 C18 | M5 P70 W5 316 110 (D5) Pg4 | P94 | P102 P141 | M17 487
N - Be5 . Di8 | Ré | P71 Y5 319 /0 (CS0) | Pe5 | P95 | P103 P142 | M18 | 490
o TTPes T FI7 [ Ns [ P72 T Ve | a22 110 - - | Plo4 P1a4 | M20 | 493
S TTTTEis | P5 | P73 w6 3925 110 - - P105 P145 | L19 496
: . . CEIS T U6 T PiA | Ve | 38 P86 | P96 | P106 P146 | L18 | 499
P45 | P51 | P55 | P67 _GND*|GND*| P75 | GND* | - P87 | P97 | P107 P47 120 | 802
P46 | P52 | P56 | P88  E18 | R5 | P76 | W7 | 331 Pgs | P98 | P108 P148 | K20 | 505
Ba7 | P53 | P57 | P69 F18 | M6 | P77 | Y7 [ 33a P89 _| P99 | P109 P149 | K19 | 508
P48 | P54 | P58 | P70 . G17 | N6 ; P78 | VB | 337 Pgo | P100 | P110 P150 | VGG | -
P49 | P55 | P59 | P71 ) G18 | P6 | P79 | W8 | 340 P9t | P101 | P111 P151 | GND* -
P B TTNEET VeS| Peb | vecT A Po2 | P102] P112 P152 | K18 | 511
P80 P72 TH16 | B8 | P81 Y& 343 P93 | P103 | P113 P153 | K17 514
N R P61 P73 H17 | M7 | P82 U9 346 P94 | P104 | P114 P154 | J20 517
_ ‘ Pad T T¥e | 3ag P95 | P105| P115 | F136 : V8 | GI5 | P155 | J19 | 520
, N . P85 | W10 | 352 - P116 | F136 | US : Gi13 | P156 . JI18 | 523
P50 | P56 | P62 | P74 | Hig P86 | Vi0 | 355 - s P17 | P137 ¢ 7B | Gi2 | P157 | J17 | 528
P51 | P57 | Pe3 | P75 | Jia | 17 | Pe7 | vio | ds8 P96 | P106 | P118 | F138 . V7 | G11 | P159 | H19 = 629
Ps2 P58 | Pe4 | P78 | J17 pes | vii | 361 P97 | P107 | P119 j7 | Fi5 | P160 | H18 ; 532
P53 | P59 | P65 | P77 | J16 P89 | Wil | 364 - - - vee:| piet | VOCT -
P54 | PEO | P66 P78 | VCC* P90 | VCC* B P98 | P108 . P120 F14 | Pig2 | G19 535
P55 | Petl | P67 | P79 | GND* Pa1 T GND* B P99 | P109  P121 F13 ' P163 | F20 - 538
P56 | P6z | P68 | P80 . Ki6 | L8 | P92 | Vil | 367 o G10 | P164; G18 541
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XC4000E and XC4000X Series Field Programmable Gate Arrays

XCH13E [ ur | pa | n1 |Pamal PG | Ba | *9 | 8a meay| Additional XC4013E/XL Package Pins

Pad Name | 14411 | 160 (17611 | 208 | 223+ | 225t | 7O | 256tt | Sean POHG208

10 - - - - R7 : E15 | P165 | F19 | 544 | Not Connected Pins ;
GND P100 | P110 | P122 | P142 |GND*|GND’| P166 | GND* - P1 P3 P51 P52 P53 P54 41
;L:jg - - - - 22 23 :g ;g 2;7] F102 P104 P105 P107 P165__~ P156 |
L - - - : P157 P158 P21 P; P2 | - |
o - - - | P143 | V5 | E13 | P169 | D20 | 553 5557 06 297 | P28 | -
e - - T T Pi44 V4 | DI5 | P170 | E1B | 586

0 - _|PUT|Pi23 | P145 | US | F11 | P171 . D19 | 589

0 - TPif2] P124 | P146 | Te | D14 | P172 | C20 | 562 |

vO(D1) [ P101 TP113| P126 | P147 | V3 | E12 | P173 | E17 | 565 | PG223

VO (RCLR, | P10z | P114 | P126 | P148 | V2 | G5 | Pi74 | D18 | 568 | VCC Pins

RDY/ ‘ D3 [ D10 | D16 | J& | a5 T R
BUSY) R10 i Ris |- i - 1 - 1

10 P103 |P115| P12/ | P14 | U4 | Di3 | Pi75 | 19 | 671 ot GND Pine
I B104 | P116 | Pi28 | P150 | 15 | Ci4 | P176 | B20 | 574 | & T B 5 TS &
OO, | P105 |P117| P129 | Pis1 | U3 | Fi0 | P177 | C1 7" ;

o) | v cie &7 Gis Ka ] Ki5 M3 T Mis G
o, P106 |P118 | P130 | Pise | 74 | BI5 | Pi7a | 819 | 580 | L R9 Ri6 | T7 [ T2 | - - !
SGOK4 1, 5/5/97

GCKS Tt

(DoUT) §

COLK P107 | P119 | P13i | Pi53 | Vi | C13 | P179| A2o | -

VGG P108 | P120| P13z | P154 |VCC | vCC' | Piso | veer | - | BG225 ] — —
O.TDO | P108 [ P121 | P34 | P159 | U2 | Ai5 | Pi81 | Alg | © ‘ : _ VCC Pins :

GND P110 | P122 | P134 | Pi60_ GND' |GND'| P82 | GND* | - B2 | B4 [ 08 [ W [ HS

VO AG, [ P11t | P123 | Pi3E | P16l | T3 | Al | P183  Bis | 2 R1 R | mi5 i - )
W) ; GND Pins

Vo, Pi12 | P124 | Pi36 | Pi62 | U1 | B13 | Pis4  B17 | 5 Al A8 | Di2 F8 Y

o 1y | | e G T he I A
o T : T8 H9 H10 J7 8

) P113 | P125]| P137 | Pi63 | P3 | Ei1 | Pig5 | Ci7 | 8 J9 K8 . M8 -

110 Pi14 | P126] Pi3e | P164 | Re | Ci2 | P18a | D16 | 11 5/5/97

WO {CS1, | P115 | P127 | P139 . P165S T2 A13 | P187 | A18 @ 14 )
A2) ;
10 (A3) P116 | P128 | P14C | P166 N3 | B12 | P188 | At17 ;| 17

The BG225 package pins in this table are bonded to an internal
Ground plane on the XC4013E die. They must all be externally con-
nected to Ground.

VO (Ad) P121 [ P134 | P146 | P174 | M2 | A10 : P202 : Gi2 50
YO (A5} P122 | P135 | P147 | P175 | M1 D9 | P203 @ B2 53

o - - P148 | P176 L3 C9 | P205 : A2 56
i) - [P136| P149 | P177 | L2 | B9 | P206 . BI1 | 59
[lis] P123 | P137 | P150 | P178 L1 A9 | P207 . Gt 62
A2 1t ) -
"0 P124 - P138 % P151 . P79 K1 9 | P208 ' A1l 85
(A20) Tt -

1O (A6) P125 * P138 ; P152 : P180 | K2 C8 | P20g | A1D 68

VO(A7) | P126 P140| P153  P181 | K3 | B8 | P210 | BI10 | 71 .
GND P127  P141] P154 P82 |GND'{GND* P211 | GND"
6/9/97

* Pads labelied GND* or VCC* are internally bonded to Ground or
VCC planes within the package. They have no direct connection to
any specific package pin.

1 = E only, 11 = XL only

e} - - - P4 | Fg P19 | C16 | 20 |
o) - - B - N4 | D11 [ P190 | Bi6 | 23

[[e) PY17 [P129| P141 | P167 | P2 | A12 | P191 | A16 | 26 PQ/HQ240

[ - |P130 | P14z | P168 | 11 | Gi1 | P192 | C15 | 29 | GND Pins

) - - -~ Pl6o | A1 | Bi1 | P193 | Bi5 | a2 (_Peap | Pary | P83y | P9t | P143t | P158f
Vo - - - P170 | N2_ E10 | P194 | A15 | 35 | P2o4at | P2ief | - | - - { -

GND P118 | P131 | P143 | P171 |GND' [GND*| P196 | GND* | - Not Connecied Pins t
] P119 | P132 | Pi4d | Pi72 | P1 | A1l | Pi97 | Bi4 | 38 P1os T B T N \ B N P
110 P120 [ P133] P148 | P173 | N1 | D10 | P198 | A4 | 41 YT -

10 - - B B M4 [ C10 | P199 | C13 | 44

70 T . . " 4 | B10 | P200 813 | 47 1 Pins marked with this symbol are used for Ground connections on
NCe - . VCC* | VCC™ | PaoT | VoC o some revisions of the device. These pins may not physically con-

nect to anything on the current device revision. However, they
should be externally connected to Ground, if possible.

BG256 )
! VCC Pins :
i cla T pse | Dr ' "'bii | D4 | DI5
E20 F1_ Fa4 F17 T G4 | Gi7
K4 117 P4 P17 Pl | Rz
R4 RIT7 Ug U7 I yio U4
| U5 | vz w20 R
) GND Pins
Al B7 D4 DE D13 | D17
G20 Ha H17 N2 N4 N17
U4 us U13 ui7 wia T
Not Connected Pins B
A7 A3 o) D12 H20 g3
T M4~ MIg T ve T we W13
Y13 - - - e -
6/4/97

4-120
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@ XILINX

Pin Locations for XC4020E/XL Devices

The following table may contain pinout information for unsupported device/package combinations. Please see the availability
charts elsewhere in the XC4000 Series data sheet for availability information.

XC4020E/XL HT PQ HT HG2081 PG HQz401 BG | Bndry XC4020E/XL. HT PQ HT HQ2081 PG HQ2401 BG . Bndry |
Pad Name | 144t | 1604+ | 176+t | PQ2081} | 2231 | PQ2401} | 2861t | Scan PadName | 144t |1601t | 17611 PQ20BYt | 223t | PQ240ft | 256t | Scan
VCC Piz8 | P142 | P155 | P183 | VCC*| Pei2  |veC'| - o P24 | P26 | P3O P34 A2 P42 P2 | 287
YO (AB) P129 | P143 | Pi56 Pi84 J3 P213 €10 86 o P25 | P27 | P31 P35 B12 P43 Rl 290 -
10 (Ag) P30 | Pia4 | P57 | Pi85 32 Pzi4_ | D0 | 89 o P26 | P28 | P32 P36 A13 P44 P3| 298
VO (A9 P131 | P145 | P158 | P186 Ji P2ig Ae |2 GND P27 | P2g | P33 P37 __|GNDT) P45 |GNDY; -
VO (A18) 11 P132 | P146 | P159 | P187 | HY | P26 | B9 | 95 Vo S D : : D13 | P4g T1_ 2%
0 - - |Ptec| Pies H2 pzi7 1 Co | &8 L - : : D14 P47 R3 | 299
) - T Pie1 | Pisg Ha P218 Dg | 101 Yo S - P B3 P48 2 %02
VO (A0 P133 | P147 | P62 | P10 | Gi P220 | A8 | 104 o .. - - op Po9 Al P4g Ut | 305
VO (A11) Pi34 | P14 | P163 | Pi91 G2 P22 Bs | 107 o _.| P30 | P34 P40 A1 P50 T3 | 808
0 . - : . - i &% T 110 s} TlPar [P Pai | G13 | PS1 vz | art
) - : - : - AT [5) P28 | P32 | P36 | P42 874 P52 vi | 326
VGE . S S e B R N B 0 P2e | Pag | Pa7 P43 A6 PE3 T4 | 323
i) - . . - 7y P53 a6 TiTE 5} P30 | Paa | P38 Paa 875 P54 U3 | 3%
) . , : ; Ga 1 " Faza = 318 Vo P31 | Pa5 | Pag Pas | Cia | pPss | vE [ 39
o P135 | P149 | P164 | P192 F1 P225 | BE | 122 o] P32 | P36 | Pag Pds A7 Psé Wi | o332
) 5135 TPigo | Fies |~ Piea = 226 a1 Y25 V0, SGCK2 1, P33 Pa7 | Pat Py B8 P57 V3 | 335
{GND P137 | Pi51 | P166 | P194 | GND-| P27 |GND'| - GCK2 1y o o
o - - FToE E> 58 S 5% O (M1) P3a | P3s | paz P48 | Ti5 P58 w2 | 338
0 - “TEer | Fiee 1 Foos T e T A GND P35 | Pag | pa3 P4y [GND'| PSS [GND'| -
o T UPiBz | PYea | P1e7 | C1 | Pes0 | A4 | 134 LM P3g L Pag | Pas | P50 L AMe ) PEO_ L Y1 | 341
o) ~ TIP3 | pies | Piea | Ez | Pas1 | o5 | 37 ) vee P37 | P41 | P45 | PS5 JveCil P& Ve - |
VO (ATZ) [PiaB | Pis4 | P70 | Pioa | F3 | Poae | B4 | 140 HLM2) P | P42 | Pap | P86 [ C16 | Pe2 | Wi | a4
10 (A13) 139 [Pres [Pt | Pa0g 5 5533 T HOPGCKZ T, P39 | P4z | Pa7 P57 Bi7 F6d VE T 343
0 - B B - F4 P234 D5 | 152 aeKs -
O - - T - £4 B35 o 155 : /0 (HDC) P40 | P44 | P48 W4 346
; . > 10 Pi1 | P45 | Pap Vil 3ag
i) P140 | P156 | P1/2 | _ P201 B1 P236 Bs | 158 nE 612 T Pas 1 g e
) P41 | Pi87 | P1v3 | P22 £3 F237 B2 | e o e T R 5
40 (A14) Pia2 | P166 | P174 | Pab3 | C2 PZ38 Az | ies 6T oas oas P va o
7O, SGCK1 1, P1a3 | P159 | P145 | P2G4 B2 p23e | Ca | 187 : A
GO 11 (A18) 0 T TPas | Ps3 VB T 387
vee Plaa | P160 | P176 |  P20s | vCGe | ppag |veer | T | PSO | PB4 WS 1970
[GND RN Pz Tanp | e laNpi o - - - Y5 | 373
V0. PGGKI 1 P2 R R TR c3 [ g1 | 170 - - e i 376
{GCK1 11 (A16) - - - We | 379
0 (A17) P3 | P3 PS5 [ P3 [¢; 173 - - y Ye_,_ 382
e P4 | P4 P6 B3 P4 02 | 176 P45 | P51 | PSS GND | -
o P5 | PS5 7 [+ PS5 03 | 179 Pag | P52 | PS6 w7 | 385
hoTo P6_ | P6 P8 Az [ Pe E4 | 182 Pa7 | P53 | P57 Y7 _ 1. 388
VO, TCK P7 7 7 Py B4 P7 ct [ 185 | P58
8) TFe | P Fi0 [ ) D1 [ Te4 Ps9
i) i “iPe P P11 A3 Pg E3 1197 . -
I R A A 85 P10 Ez | 200 P60
() - T - P13 B6 P11 Ei | 203 SR W 0 W1 .
w : 05 P12 F3 | 206 -
0 : - : : 06 P13 F2_| 209 S IO AU 5
GND P8 | P10 | P10 P14 |GND'| P14 jGND*| - - - - Y8 [ 409
19 P9 | P11 | P11 P15 A4 P15 Ga | 212 U O A L HIS P85 wig | 412
i3] P10 | P12 | P12 P16 A5 P16 G2 | 215 P50 | P56 | Pez (i Hig L P86 | VIO | 415
10, TMS P11 | P13 | P13 Pi7 87 pi7 G | 218 Ps1 | P57 | P63 98 P87 Y10 | 418
i TIEie e pia Pis A6 P18 H3 | 201 P52 | P58 | P64 917 pes yu |42
VoG " . " . VEor Bia veor T /O (INIT) Ps3 | Psg | Pe5 416 Pgg wit !l ap4 |
o - . - - o7 50 Ty VCC P54 | P60 | Pe6 Voot | pee veer
o) - - - X e s T ey GND P55 | P61 | P67 GNot L PsT T GND*
o - et I Sl - T 230 o P56 | P62 | PEB | K6 | Po2 Vi
7 - : : " . . 51583 8] P57 | P63 | Peg | Ki7 1 Pes [ Tunh
) - TR 5T T B BT 556 9] P58 | P64 | P70 K18 Po4 ¥iz
0 - - | re P20 A7 P24 Ji | 230 Vo .. .....1P58 | Pes | P71 Lig P95 | Wi2
10 P13 | P15 | P17 P21 B8 P25 K2 | 242 0 ' - P72 Liz Poe | vi2
o P14 | P16 | P18 P22 A8 P26 K3 | 245 . e LPT3 L1 P97 u12
10 P15 | P17 | Pig P23 BY P27 Ki | 248 - - PR ACI
0 P16 | P18 | P20 P24 [ P28 L1 | 251 - - w13
GND | Pi7 | Pis [ Pai P25 |GND'| P28 |GND'| - .
VEE P18 | Pac | Pe2 P26 |vecr| paa lveet L : _
9 Pig | P21 | Pa3 P27 | Cio |  Pat 127 254 I - e
{7 P20 | Paz | P24 P28 B10 P32 a1 a7 P60 | P6E | P74
10 P21 | P23 | P25 P29 A9 P33 i4 | 260 P61 | P67 | P75
10 P22 | P24 | P26 P30 ATG P34 W 263 | Fe2 | Pe8 | P76 L
L) - SR P31 At1 P35 M2 | 266 P63 | Pe9 | P77 P18 : 8 .
10 - | Pes P32 ci1 P36 M3 | 269 Pe4 | P70 , P78 | P90 OND'! P06 GND' -
10 - - B - - M4 | o7 SN IS S - o Nis P17 VIS . 489
- B— - - - o S5 TR » e P15 P08 | Wis o am
o - D - D15 T B3 NER - : CWi7 T P1as . Yi7 | 475
vee - S - vCC | Pa0_ VoGt - SO RN S O S i A3 LI
1o P23 | P25 | P29 P33 | B11 Pt Pl Y 284 - L PT P79 Ro3 L Ti8 481
e - TP Peo Poa T RTY T ans
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XCAQOQE and XC4000X Series Field Programmable Gate Arrays

[ XCaozoEXt. | HT | PQ .| HT | HQO208f | PG | HQ240t | BG | Bndry | XCA020E/Xt. | MT | PQ | HT | HO208t | PG | MQ240f | BG | Bndry |
PadName | 14411| 16041 | 17611 | PQ208+T | 2231 | PQ240f} | 25611 | Scan Pad Name | 144tt| 16011 | 176t | PQ208T | 223t | PQ240t} | 2561, Scan -
) P65 | P73 | P8l P95 | Ni6 | P11@ | U6 | 493 Vo A g - - - P4 | Pise | C16 | 26
WO T 1Pes | Pra | Pe2 | P96 | Ti7 | Pi14__ | Vi7 | 496 s} - - - - N4 | PS50 | Bi16 | 29 |
%9} Pg7 | P75 | P83 | Pg7 | R17 | P115 | WiB | 493 | o~ Bri7 [ Bizs [Prai | Bier | Pz | Pt | Al | a2 ]
o] | Pes [ Pre | PBa | P98 | P16 | Pii6 | Y19 | 502 Vo -~ | Pi3o| P14z | Pigs | T1 P192_ | C15 | 35
lio~ P69 | P77 | P85 Pgg Uts | P17 | V18 | 505 o N P169 R1 P193 | Bi5 | 38
1/0, SGCK3 1, P70 | P78 | P86 | P100 | Ti6 | P118 | Wi9 | 508 ) e - P170 N2 P194 | A5 | 4t
GCKA t - ] [GND P118 | P131 1 P143 | P71 |GND*| P198 | GND*| -
GND P71 | P79 | P87 | P101 | GND'| Pi1g  GND*| - ) Pi19 | Pi32 | P14d | P172 | P1 Flo7 | Bia |
DONE Brz | P80 | Pes | P10 | Ui7 | P20 y20 | - o P120 | P133 | P45 | P173 | Ni | P198 | Ald |
[VeE P73 | Pai | P8g | P06 |veet| piaf_ (veer, - ) T ; : . Ma P88 T C1a
PROGRAM P74 | P82 | Poo | Pios | vis | Pizz | V19 | - | ) : - TTTTTa | P20 [ BI3
[0 (07) P76 | Paa | Po1 | P108 | Ti5 | Pi23 | W19 | B11 7o) B B : vCCT{ P201 | veC
110, PGCK3 1. B76 | Psa | pez | Pi10 | U6 | Piz4 | U1E | 614 o . , He S S A3
GOK5 11 S S § o ] - - - - - - D12
Puil | 114} Pi25 | T17 | 517 TI/0 (a4) P12 | P34 | P16 | Pi7d | M2 | P20z | Ci2
L P2 G UIS | P26 | VeO | 520 WOAS) [ P22 | Pi36|Pia7 | a7 | Mt | P203 | Bi2
: 0 - - [Pi48|_ Pi7s 13 P205_ | A12
: 79 - | P136 | P149 | F177 L2 P206 | B11 |
£113 1O (A2 11 P123 ; P1ar | P150| P78 | L1 | P07 | Ci1 | 7
Pl1a VO (A0} 11 P124 | P138 | P151 | Pi79 K1 P208 | A1t | 77
P15 0 (A8) P125 | P139 | P152 | P180 | K2 | P208 | A0 | 80
P16 VOA7)  IP126 | P140|P1533| P181 . K3 | P210 , B10 | 83
_Puz lano Pi27 | P141 | P154 | Pi82 | GND'| Ppi1_ IGND . - |
L e497
P119
T t = Eonly
T Tt = XL only
T Piz0
pizi Additional XC4020E/XL Package Pins
/0 (D5) PB4 | Pg4 [ PI02 | P122 2] P PO/HQ208
"0 (CS0) P85 | P95 | P03 P123_ | V12 | P42 | M8 T T Not Connected Pins
Lo S L. Pl F3 P51 P52 P53 P54 |
| P10z P104 P1os | Pia7 _P155 P156 |
L_gj§1 p158 P206 | Pa2a7 P208 1
5/5/97
vEC
|GND Pa1_| P101 TPiai [GNDT] PiB1 |GND . - PG223 . o - .
0 (03) poz_| P102 piaz | Te | Pis2 | Kig | 595 F e S VCC Pins e
VO RS) | pe3 | pia3 Pia3 | Us | pisa | k17 | 508 D3 | pilo [ D6 [ e s ] R4
o P94 | Pi04 B [T®Rio | AR5 - i - ! - S
[ T " "GND Pins T
: ¢c7 T "ciz 7 D4 | Do D15 T  G3
: i _G1e Ka KI5 M3
L _Re [ Ri8 LEARR R T2
5/5/97
PQ/HQ240 _ .
i GNDPins ]
L Pezy | Pait | Pes | Poaf | PiAsy | Pisef |
P204t | P219f | - - | - ] -
- Not Connected Pins I, ]
o oPpes [ - o b e L ]
6/9/97
e e 1 Pins marked with this symbol are useq for Ground conqections on
S TE S5 T e e some revisions of the device. These pins may not physically con-
O RCIK, P65 T P14 [ Pi2s | Fi48 P17 | Gis | €58 | nect to anything on the current device revision. However, they
RDY/BUSY) . should be externally connected to Ground, if possible.
I P03 | Pi15 | P127| P14s | U4 . P176 | C19 | €87
o P04 | Pi16 | P128|  Pi50 1 T8 P176 | B20 | 670 BG256
{10 (DO, DIN) P105 | P117 | P129 P151 ! U3 P177 C18 673 _ b - VCC Pins
§O,SGCK4{, | P10 | P118 | P130 | Pi52 | T4 | P178 | B19 | 676 - - L.
| GCK6 11 (DOUT) ‘ ] I § _cla 1 De [ D7 |
[GCLK Pio7 P11a P13t | Pisa [TV pi7e TR0 | T E20 F1 F4
VGG |P1o8  pi20 P13z P154 VGG P180 [VCCT - K4 L7 P4
0.700 F109_ P12t P133 | P159 | U2 | P181 | A1 | 0 R4 Ri7 us
[GND P110 | P122 P60 GND| P182 |GND"| - 15 V7 W20
VO (AD, WS) P11 Fi23 P13 it | 13 P83 | BIB | 2 GND
10, PGCK4 1. F112 | P124 62 u1 2184 817 5 e T
GCKT 1 (A1) o N i At B7 .04
0 P1i3 | P15 P137 | Pie3 | P3 _ Pi85  C17 . 8 ! G20 H4 H17
) Pi14 | Pizs | P138 | P164 Rz | P86 . D16 | u4 us ui3
10 (GS1, A2) P15 | Pig7 | Pi3g | Ples | Tz | P17 A8 | 14 6117197
{10 (A3) Pi16 | P128 | P140| Pl66 | N3 | P188_ | AY7 | 17
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S XILINX

Pin Locations for XC4025E, XC4028EX/XL Devices

The following table may contain pinout information for unsupported device/package combinations. Please see the availability
charts elsewhere in the XC4000 Series data sheet for availability information.

XC4025E, XCA4025€E,
XC4028 | HQ | HQ | PG . HQ | BG | PG | HQ | BG |Bndry XC4028 | HQ | HQ | PG | HQ | BG | PG | HQ | BG |Bndry
EX/XL |1604f| 2084 | 223 | 240 12561+ 299 | 304 | 352¢ | Scan EX/XL [160t}| 2084 | 223¢ | 240 25614 ! 299 | 304 | 352% | Scan
Pad Name | Pad Name
VCC P142 | P183 |VCC® . P21z | VCC' |VCC' | PaB |VGC+ | - o - - - - - | B5 |P2BB| G26 | 239
IO (AB) | P143|P184| J3 P213| C10 | K2 | Pa7 | D14 | 98 GND P10 | P14 |GND*| P14 | GND" GND"|P287 [GND"| -
I/G(A9) |P144 |[P185] J2 :P214 | D10 | K3 | P36 | C14 | 101 0 P11 | P15 | A4 | P15 | G3 | B6  P2BE| J23 | 242
VO (A19) $| P145 [P186| Ji  P2i5. A9 | K5 | P35 | Al5 | 104 Yo P12 | P16 | A5 | P16 . G2 | D8 |P2B5| Jo4 | 245
IO (A18) £| P146 |[P187 | H1 _ P216 | B9 | K4 | P34 | Bi5 | 107 VO, TMS | P13 | P17 | B7 | P17 | G1 | C7 |P2B4| H25 | 248
[I7e) N P188 | H2 P217. C9 " P33 [ €15 | 110 110 P14 | P18 | A | P18 H3 B7 |P2B3| K23 | 251
10 - |P18S] H3 .P2i8| D9 | J2 | Pd2 | D15 | 113 %Y - - |VCCT| P19 | VCC | VCC" | P282 | VCC -
/O (A10) | P147 [P190] Gi _ P200 | A8 | H1 | P31 | A6 | 116 L) - - | D7 P20 H2 | CB |P28B0, K24 @ 254
VO (Ai1) |P148 [P191| G2 P21, B8 | J3 | P30 | Bi6 | 119 e o...D8 P21 M1 i B9 |P279| J25 | 257
GND , N ; TTTGNDY [GND*T - [GNDr| - [e] - - T - A7 |P278| L24 | 260
[Ie) N N N N 14 P29 | C16 | 122 ie] - - -4 - - D9 | P2771 K25 | 263
o N N N 15 P28 | B17 | 125 GND - - - l P22 | GND* |GND* - |GND* -
Ie) N N N N cs H2 [ P27 617 | 128 110 - - Lo J4 B8 [P276! L25 | 266
1) : T TTUA7T |Gl | P2s | Big [ ial /O - s b - - [ J3 | AB IP275] L26 | 269
vee - -~ VCCT [ P223 | VCC' |VCC* | P25 [voc* | - /0 D | P19 C8 P28 | J2 | C9 [P274|M23 | 272
% A N H4  P223| AB H3 | P23 [CiB | 134 [lie] - P20 | A7 | P24 J1 B3 |P273| M24 | 275
6] N C G4 . P24 C7 G2 | P22 | ©17 | 137 /10 P15 | P21 | B8 | P25 K2 E10 |P272 | M25 | 278
10 P149 | P192| Fi_P225: B6 | H4 | P21 | A20 | 140 /0 P16 | P22 | A8 P26 | K3 | A9 |P271) M26 | 281
1) P150 |P193| E1 P226| A5 | Fe | P20 | B19 | 143 L1 P17 | P23 | B9 P27 | Ki | D10 [P270| N24 | 284
GND P151°| P194 [GND* P227 | GND' |GND" | P19 |GND’ | - S) P18 P24 | ©9 P28 | L1 | C10 |P269 | N25 | 287
7o) . - S T Rs 138 cia | 146 GND P19 | P25 |GND*| P20 | GND® | GND*|P268 |GND*| -
re) : : - a3 P75 Dig 725  |[veC P20 | P26 |VCC*| P30_| VCC |VCC' | P267 [VECT| - |
[e) P195| F2 ' P228| C6 | D1 | P16 | AZ1 | 152 P21 | P27 | C10 | P31 | L2 | B10 |P266 ]| N26 | 290
) ~TPise | D1 | P238. B5 | G4 | P15 | Boo | 155 Vo P22 | P28 | B0 P32 | L3 | Bii |P265| P25 | 293
Ie) P152 [P197 | C1_|P230 A4 | E2 | P14 | C20 | 158 Vo P23 | P29 | A9 P33 | L4 | O11 |P264| P23 | 296
) P53 |P198| E2 (P23t C5 | F3 | P13 | B21 | 161 Vo P24 | P30 | A0 | P34 | M1 | E11 |P263} P24 | 299
VO (A12) |P154 |P195| F3 ' P232| B4 | G5 | P12 | B22 | 164 1o | P31 A1 P35 | M2 | D11 |P262 | R26 | 302 |
/0 (A13) |P155 [P200| D2  P233| A3 | C1 | P10 | G21 | 167 o (P32 C11 P36 [ M3 | A12 | PR61| R25 | 305
GND N B N N GND* |GND* TTIGND” C |1{e] - - - - Ma Bi2 | P260| R24 | 308
(7o) - B . T Iveer[veerT T veer - e - - - - - A13 | P259 ] R23 311
i10 - - - - - | F4 | P [ D20 | 170 GND : - - P37 GND? GND| - | GND'; -
W) N N ” N () P8 | A33 173 58] - - - - - C12 | P258 | 126 | 314
i0 - "Fa_[P23a| D5 | D2 | P7 | D21 | 176 o SV D - D12 |Pa57) T25 | 317
e : g4 TPess| ca4 | Cz | Pe |35 | 195 e D11 | P38 | N1_| Ei2 |P256| T23 | 320
10 P156 |P201| BY |P236| B3 | F5 | P5 | B24 | 182 1o : D12 | P39 | N2 | B13 | P255| Va6 | 323
o P67 |P202| E3 |P237| B2 | E4 | P4 | C23 | 185 LAY -_| - |VCC') P40 | VOC' | VCC™ )| Pas3 [VCC™| -
/O (A14) | P158 |P203| C2 |P2dB | A2 | D3 | P3 | D22 | 188 “ P25 | P33 | BI1 | Pa1 | P1 | A4 |Pab2) U2d | 326
76} P159 [P204| B2 |P238| C3 | C3 | Pz | C2a | 191 vo . P26 | P34 | A12 | P42 | P2 | C13 | P251| Va5 | 329
SGCK1 1, o P27 | P35 [Bi12 | P43 | R1 | Bi4 | P250 | V24 | 332
GCK8 § i P28 | Pa6 | A13 | Pa4 | P3| D13 | P249| U23 | 335
(A15) } GND P29 | P37 |GND'| P45 | GND® |GND" | P248 |GND" | -
vee P60 | P205  VCC® | P240 | VCC' |VCC™ | Pi_|VEE* R T) - - - - ~ _'B15 |P247] vo6 | 338
GND P1_| P2 GND'| P1_| GND" |GND’ : P304 |GND*| - o T - - TE13 P24 |Wos | 341
0. P2 | P4 Ca | P2 | BY | D4 P303| D23 | 194 o - D13 | P46 | T1 | Ci4 | Po45 | W24 | 344
{PGCK1 1, ) - -~ D14 | P47 | B3 | A17 P24a| V23 | 347
i?\??* 110 - I'P38  BI3 | P48 | T2 | D14 .P243 |AAZ6| 350
?(/o (2\17) P3 | P5  C4 | P3 | C2 | B2 |Pi02| Cab | 197 vo S LP39 A4 | P49 | Ul | BIS P24z a5 | 389
e R o P30 | P40 | A15 | P50 | T3 | Ci5 'P241 | v24 356
h 0 P31 | P41 | C13 | P51 | U2 | Ei4 | P240 | AA35 . 359
o P5 | P7 | C5 | P5 | D3 | E6 [P300| E23 | 203 N . o ~oNo’ jaNDT . - Janor T -
/OTDI _|"P6 | P8 A2 | P6 | E4 | D5 |P209| C26 | 206 VEE - e VeE TVeETT T TveE T
O TCK_ | P7 P9 B4 | P7 | Cl | C4_P29B| E24 209 ) - ST T VAT T Pase T ARSE T 383
0 st s o L A3 (P97 P4 212 7o) T T T T D5 [Pa3s|AA24 65
o S A - | D6 |P296| E25 215 ) P32 | P42 | 14 | P52 | Vi | Cib |P237 | Y83 . 368
Ve - T - _[VeeTveer| - IVCCT. - 1) P33 | P43 | A16 | P53 | T4 | B17 |P236 AC26 371
GND o - (GND"GNDT| - | GNDY - o P34 | Pa4 | Bi5 | P54 | U3 | B18 |P235 AA23 . 374
) Pe P10 Ce | P8 | D1 | E7 P295 D26 218 | [y§ F35 | P45 | C14 | P55 | V2 | £15 |P23a ABga 377
ko Pe | P11 L A3 | P9 | E3 | B4 |PI94 G24 221 8 P36 | P46 | A17 | P56 | Wi _ Dib |P233 [AD25 380 |
1;8 - g E g: g;? Ef ii 2233 igg g;‘; 0, P37 | P47 | B16 P57 | V3  C17 |P232 |AC24 383 |
S ‘SGCK2 1, 1 ;
VO T TTI'ps [Piz | F3 . D7 |P291 W23 . 230 2?;&2 ¢T ;
] - -1 De P13, F2 | C6 |P290| H2d ;| 233 O (M) | P38 P48 | C15 P58 | W2 | A20 |P231|AB23 . 386
Ho - - - .- E8 |P289 | G25 | 236 .GND P39 ' P49 |GND" P59 | GND* |GND" | P230 [GND*, - |
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XC4000E and XC4000X Series Field Programmable Gate Arrays

XC4G625E, ] [ [ XCA4025E, [ [ ]
XC4028 | HQ | HQ © PG | HQ | BG | PG HQ | BG |Bndry XC4028 | HO | HQ PG | HQ | BG | PG | HQ | BG Bndry
EXXL |1601t)208¢ 2231 | 240 |256t1| 299 304 | 352¢ | Scan EX/XL |160tt| 2084 223t | 240 2561+ 209 | 304 | 352 | Scan
Pad Name Pad Name :
T (MO) P40 | P50 A8 | P60 | Y1 | C18 | P220 |AD24 | 369 O - | P92 | R18 | P110] Vi | RIB | P165  AD7 | 550
ce P41 | P55 |VCC'| P61 | VCC' |VGC® | P228 | VCC | - Vo P71 | P93 | T18 |P111| Wi/ | Pi6 |P164 | AE6 553
i M) P42 | P56 | C16 | P62 | W3 | D17 |P227 |AC23]| 390 . 1O P72 P94 | P17 |Pi12| Yi6 | V20 |P168] AES | 586
VO, P43 | P57 | B17 | P63 | Y2 | B19 |P226 | AE24| 391 | |GND ST TGN GNDT | - GNDEL -
PGCK2 1, e N R R L T I
(GeKa g 0 : - T RIY [ Pie2 | AD6 556
O(HDC) ['Pad [ Pss | Ei6 | P64 | Wa  C1o |Po25iAD23) 364 | 5 - - - T T8 [Piet | AC7 562
] P45 | P59 | C17 | P85 | V4  F16 | P224 AC22 ! 397 | o P73 | P95 | N16 | P113 | U16 | U195 |P160 | AF4 . 565
) P46 | P60 | D17 | P66 | US | E17 |P223 AF24 400 ' g P74 | P96 | 117 |P114| V17 | V10 |Pi59 | AF3 | 568
Vo P47 Pei | BiB | P67 | Y3 | D18 |P2e2 |AD22' 408 | i 575 T Poy | Ri7 | P11E Wi | His [Piss | ADE 551
VO (LDC) | P48 P62 | E17 | P68 | Y4 | C20 |P221 [AE23™ 406 ;,  1jo P76 | P98 | P16 _ P116| Y19 | 117 |Pi57 | AE3 | 574
$33) o : : - | Fi7 1 P220 |AE22 408 18] P77 P99 | U18  P117| V18 | UI8 |Pi56| AD4 | 577
Vo - — - | G16 |P219 |AFR3 412 | i, P78 P100| 116 | P118| W18 | X20 |P155 | AC5 | 580
vce - TIvCCT[veeT| - Vet - SGCK3 1,
GND - T T aNoTiaND' | - JGNDT - GCK4 |
o P49 | P63 | F16 - P69 | V5 | D19 | P28 |AD20| 415 GND P79 | P101|GND" Pi19 | GND" |GND* | Pib4 [GND* | -
i P50 | PB4 | C18_ P70 | W5 | E18 | P2i7 |AE21 | 418 DONE P80 | P103 | U17 Pi20| V20 | VI8 |Pi53| AD3 | -
o - P65 | D1E | P71 Y5 | D20 | P16 | AF21 | 421 Ve PBT_| P10B |VCC | Pi2i  VCG- |VCC® |Pi52 [VCC™ | -
[ P66 | F17 | P72 V6 | Gi7 | P215 |AGIS| 424 PRO- P82 TPi0B| Vis | Pi22| vi9 | UT7 |P151| ACA | -
10 - | E15 [ P73 | W6 | Fi8 |P214 |AD19| 427 |  |GRAM | ;
|Ke) - - E15 | P74 Y& H16 | P213 |AE20 ! 430 ! Qo (D7) PB3 |P109| T15 [ P123 | U189 | W19 [P150 ] AD2 | 583
[0 - - - - - E19 |P212 |AF20! 433 0. PB4 | P110| U168 | P124 | U18 | W18 | P148| AC3 | 586
i) - R © | Fi9 TP2ii]ACTE] 436 PGCKS t. ! ‘ ‘
'GND P51 | P67 GNL*| P75 |GND® |GND* P210 |GND*| - |GCKS% i 1
7 53 | Pea  Eie | P76 | W7 | Hi7 TPaga [ADiE 435 VO P85 |P111] T14 |Pi2s | 117 | Ti5 P148| AB4 | 589
i Pes T Pes TEie TF 1 Ve Tais PagAgis 3 VO P8 |Pi12  Ui5 [Pi26 | V20 | Ul6 P147 | ADT | 592
) P54 | P70 - Gi7 | P78 | V8 | GI9 | P207 |ACIT7| 445 o - - B4 1P127| U20 | V17 P46 AAd | 595
o P55 P71 G186 | P79 | W8 | Hi8 | P206 |ADI7 | 448 o - - B8 |Ples| T8 | X18 P146 1 AA3 | 598
Vee T TTTTTNCC ] P80 | VECT | VGG [Pa04 |[VECTT - LA - o ) U1S (P44 AB2 | 601
o) T TP72 Wi6 | P81 | Y8 | Jig | P203 |AE18 . 451 LIS i 1A (PT43 ACT | 604
s) P73 | Hi7 | P82 | U9 | G20 | P202 AF18| 454 ~Eo : D jYeor veer, - Yoo - |
o ST < Ji7 | P20T AEi7. 457 GND o po- ¢ - (GNDTIGNDT. - GNDT, - |
05 e S T vis T Baeo” AETE " 460 VO (DE) | P87 [P113| V17 (Pi2s| T19 | Wi7 [P142 Y3 | 607
END T TR TGNDTIGNDTT - aNDT ) P88 | P114| V16 |Pi30] T20 | Vi6 |Pi4l. AA2 610
T T T Ve T oo TPes  AFIE des ] 0. P89 P115| 113 | Pi31 | R1B  Xi7 |P140. AAT 613 |
o ST WG | dis | pis |AGTS 466 o P90 P116| Ut4 'Pi32] RiS U4 [P139 W4 616
WO T T T GIE [ Pee Y9 | 19 [P197 [ADYE | 469 e - P17 VIS PI33, R20 | VIS | P13B W3 619
75 T T RIS FeE Wi | Kie TFis6 AEIE 275 ) - P18l Vi4 Pi3a] P13 | 113 |P1a7| Y2 622
[io P86 | P74 | Hi8 | P86 V10 | Jo0 |P195 | AF1s | 476 | MO gt Lt omon W16 P136, Y1 | 825 |
s B57 | P75 | Jit | P87 | Y10 | Ki7 | P194 |AD14| 478 |  |© N L S c | WIS P186 | V4 . 628
e} F58 | P76 | Ji7 | P88 | Yi1 | Kia | P193 |AEi4| 481 |GND P91 |P118 |GND7 2135 GND' (GND'| P134 |GND"| -
[FONTT) | P59 | P77 J1é | PG | Wil | K19 (P12 |AFid | Yo . S|y R12 P136 ) P20 | UIS P1S3L VS L 631
Ivée P60 | P78 VCC*| P90 | VCC |VEC* | Pig1 [VECH | - o .o RILIPI37 [ N18 | V14 |P132 | W2 | 634
[GND P61 | P79 GNIF| P91 | GND* |GND* P90 [GND*| - 1O Po2 |P120 Y13 | P138 | N19 | Wi4 [P131) U4 | 637
1o P62 | P80 | K16 | P92 | Vi1 | 19 |P180 |AE3| 487 40 P93 |P121 VA3 1P139 | N2o | VI3 (P180 U3 | 640
o P63 | P81 | Kiy | P93 | U1 | Li8 |Pi8B |AC13| 490 vee - |- VOC'i P40, VCC™ | VCC Pi29 |VCCT, -
T Pea PEa K16 T Poa | viz T Lie [Fiar ADT3| 293 VO(D5) | P94 [P12e, Ut2 | Piav| WMi7 | T2 [P127| V2 | 643
i P65 | P83 | L16 | P95 | Wiz | L17 | P186 AF12| 406 /O (C80) | P95 |P123 Vi2 | P142| MIB | X14 [P126| V1 : 646
‘o T PB4 17 | P96 | Vi2  M20 |Pi85 AE1Z 499 LS, : - N S [ U1 (P125. U2 | 649
Vo - P8BS | 16 | Po7 | Ui2 | Mi9 |P1a4 ADt2 502 é& _ - - oo WIS P2 T2 852
Y ST vas T N0 [ P83 ACTZ 505 GND ©olofs (P143IGNDTIGNDT - CGNDT -
o CTTTUTWAST Mis [P182 A1 508 o Tt besodoo  XI3P123L T1 BS6
[GND - T PoB GND" GND*| - |GND" - T T Mee | Vi [Pi22] Ra . esB
7e) - C T MA7 [ Pist (AETT BT - P124] Ti1_P144| M20 | W12 [P121] R3 - 661
e T T T T e T BYso [ADTT B4 - [Pi25| U171 Pias. 19 | Ti1 |P120] B2 664
o - 15 TP98 | vi3 | Ni9 [P179 | AF9 | 517 P96 |P126) V11 [P146, L13 | Xi2 | P119| R1 | 867
o ST MAS P00 | Y14 | P20 | P178 |ADI0| 520 0 pe7 (P127) V10 P147i 120 U1l \P118) P3 | €70
VeE e T T TVRET Vee T BT Ve T VO (D4) | P98 |Pi28| UT0 | Pi48] K20 | Vi1 [Pi17| P2 | 673
0 P66 P86 M3 |P102 | Y15 | NiB  P175] AES | 523 i) P99 |P129 | T10 P49 K19 W11 P116, P1_, 676
i pes TEaT T WiTT TEToa | Vi T Pis (P13 ADS 1 536 VeE P100_ P130_VCC" P160 | VCC™ [VEC™ P15 [VEC™ | -
o) P6E | P88 | Ni3 | P104| Wi5 | N17 |P173 ACi0] 529 |  GND P101 | P131 |GND", P51 | GND” |GND" | P114 |GND| -
o F6o Fas  Fia | Fi05| Vie | RIS [BiTa| AFT 5% O(D3) | Pi02 | P132] T9 |Pi52| Kis | Wi |P113| N2 | 679
‘GND P70 | P90 |GND*| B106 | GND® GND* | P171 GND*: - JO(RS) | P103 |P133| US |P183| Ki7 V10 |Pi12 N4 | 682
B s e T Nie (P70 AES T E5E ) P104 | P134| V@ |Piba| J20 | T10 |P111, N3 685
% B e B S N TN 70 P105 P135] V& |P155| Jia | U1G P10, Mi 688
e - GETRTET T WE T U TPTes 4 o - Pi3s| U8 [Pisg | Ji8 | X9 [P109 M2 | 691
o T TR BieE WG T P19 | Pis? o - Pia7| T8 PisT 17 WS [Pi08| M3 [ 694
fo ™1 B9t I N17 P109 Yi7 | 119 P66 | A7 | 847 | MOl - o 1 s [ MO [ X6 [PIOT] M4 ; 697
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&7 XILINX

[ XCa025E, ‘ f ‘ { ! i XC4025E, 1

| XC4028 | HQ | HQ | PG | HQ | BG PG | HQ | BG |Bndry| XC4028 | HQ | HQ | PG | HQ | BG @ PG | HQ : BG :Bndry
EX/XL |1601f| 2084 | 2231 | 240 | 25611 | 299 | 304 : 352% | Scan EX/XL |16011| 208% | 2231 | 240 | 25611 299 | 304 K 352  Scan

Pad Name Pad Name

10 - - - - - ve [P1os] L1 | 700 | [8) - - - - (A3 . M5 | P51 A9 | 62

GND - P158 | GND* |[GND*; - |GND*| - [/je) - - - - D12 P1 | P50 D11 65

[le) - - - - - Ug [P105] L2 | 703 [7e) - - - - - M4 | P49 B11 | 68

[fe) - - - - - T9 [Pi04] L3 | 706 IO - - - - - N2 [ Pag | A11 | 71

VO (D2) | P106 |P138| V7 |[P159| H19 | ws [P103| J1 | 709 GND - - - - IGND" GND*| - IGND*; -

[le) P107 [P139| U7 |P160] Hi8 | X7 [P102| K3 | 712 VO (A4) | P134 [P174| M2 |P202| C12 | N1 | P47 | D12 | 74 |

VCC - - _lvee*|Pist [ veer [vee [ Pio1 [vCC*| - VO (A5, |P135[P175) M1 [P203| Bi2 | M3 | P46 | C12 | 77

[ P108 |P140| V6 |P162| G139 | v8 | Peg | J2 | 715 . ) - |P176 L3 [P205| A12 | M2 | P45 | Bi2 | 80

o) P109 |[P141] U6 |P163| F20 | W7 | P98 | J3 | 718 [s) P136 |P177] L2 |P206| B11 | L5 | P44 | A12 | 83

[78) - - T Rre [Piea| G18 [ UB | PO7 | Ka | 721 VO (A21Y ${P137 [P1781 L1 [P2071 C11 | M1 | P43 | Ci3 | 86

[ie) - - | R7 |P165| F19 | we | P96 | G1 | 724 /0 (A20) 1| P138 [P179 1 K1 |P208 Af1 | L4 ' P42 | B13 | 89

GND P110 | P142 |GND* | P166 | GND* [GND* | P95 [GND*| - VO (A6) | P139|P180] K2 [P209| A10 | L3 : P41 A13 | 92

[ - - - - - T8 P94 | H2 | 727 VO (A7) | P14ao|P181] K3 [P210] B10 | L2 : P40 | B14 | 95

i10 - - - - - V7 P93 H3 | 730 GND P141|P182 |GND*| P211 | GND" |GND"! P39 |GND*| -

10 - - | R6 |P167] F1B | X4 ' P92 J4 | 733 6/19/97

Vo - - | RS |PYBBIE19 | U7 ( Pa1| F1 | 736 * Pads fabelled GND* or VCC* are internally bonded to Ground or

vo s |Pi43] V5 [P169) D20 | W5 P90 | G2 | 739 VCC planes within the agsociated package. They have no direct

Vo - [P1a4; V4 |Pi70 E18 | V6 | P8I | G3 | 742 cannection to any specific package pin.

1o P111|P145] US {P171| D19 | 77 P88 | F2 | 745

Yo P112 [P146, 716 |P172| C20 | X3 | P87 | E2 | 748 1 =E only

GND - - - - |GND* |[GND*: - IGND*| - +1 = XL only

VCC - - - - VCCTIVCCr: - INCCT) - 1= EX, XL only

QO (D1) |P1131P147. V3 [P173] EX7 | U6 | P86 | F3 | 751 .

K% \((F%‘C‘ER Pi14 |P148| V2 [P174 | D18 | V6 | P85 | G4 | 754 Additional XC4025E, XC4028EX/XL Package

/ .

BUSY) Pins

o) - - - - - W4 | P84 | D2 | 757 HO208

Ve - . " . . W3 | P83 | F4 | 760 Not Connected Pins

7e) Pi15|P149, U4 [P175] C19 | T6 | P82 | E3 | 763 P P52 Pio2 7107 P57 P3G7

) P116 |P150 | 15 |[P176] B20 | U5 | P81 | C2 | 766 B3 P53 P104 Bi5E PiE8 P208

::/)?N()Do, P117 |P151. U3 |P177 C18 | V4 P80 | D3 | 769 P51 PEa P10E PigE P06

10, P118 |P152. T4 |Pi78| Bi8 | X1 | P79 | E4 | 772 5/9/97

SGCK4 ¥,

GCK6 ¢

(DOUT) ; PG223

CCLK P119 |P153; V1 |P179; A20 | v3 | P78 | C3 VCC Pins

VCC P120 | P154 ,VCC* | P180 | VCC™ [VCC* | P77 [vCC™| - 03 D10 \ D16 1 Ja

O, TDO [P121|Pi59; U2 [P181] A19 | U4 | P76 | D4 0 Ji5 | R4 1 R10 | R15

GND P122 | P160 [GND*| P182 | GND* [GND* | P75 |GND* - GND Pins

VO (A0, |[P123iPie1| T3 |{P183| Bi8 | W2 | P74 | B3 2 c7 c12 D4 D9

WS) i . bi5 G3 G16 Ké

1/0, P124 {P162| U1 |[P184| B17 | V2 | P73 | C4 5 K15 M3 Mi6 R3

PGCK4 1, : R9 R16 17 T12

GCK7 ¢ ; | 5/9/97

(A1) ; 1

110 P125|P163| P3 |P185| C17 | R5 | P72 | D5 8

7o) P126 |P164: R2 |P186] D16 | T4 | P71 ]| A3 | 11

WO (CS1, |Pi27 |[P165; 12 |P187| A8 | U3 P70 | DB | 14 Ha240

A2) | . ! GND Pins |

VO (A3) | P128B|P166; N3 |P188| A17 | Vi | P69 | C8 | 17 | P204 P21 l
o - - - - - R4 ' P68 | B5 | 20 5/9/97

ko . . > . Psu Pe7 M, EEN Note: These pins may be Not Connected for this device revision,

yoo - . - - |veer veeT - |VCCT| - however for compatability with other devices in this package, these

GND . . -_|GNDIGND™, - |GND"| - pins should be tied to GND.

s} - - Pa (P19 Ci6 | UZ  PeB| C7 | 26 |

Vo - - N4 {P190| B16 | 13  Pe5| Bs | 29

[e] P129 [P167, P2 {P191| A16 | U1 | P64 | A6 | 32 |

110 P130 [P168 71 |P192 | C15 | P4 P63 | D8 | 35 |

o) - |P169 R1 |P193| B15 | R3 | Ps2 | B7 | 38

1o - |P1707 N2 [P194| A15 | N5 | P61 | A7 | 41

110 - - - |p1es| - T2 P60 | D9 | 44

o) - - - - - R2 P59 | C9 | 47

GND P131 |P171 [GND* | P196 | GND* [GND*| P58 |GND"| -

110 P132|P172] Pt |P197| B14 | N4 | P57 | BB | 50

110 P33 |P173| N1 |P198| A14 | P3 | P56 | D10 | 53 |

io - - M4 |P1eg| C13 | P2 | P55 C10 | 56

i10 - - [4 |[P20c| B13 | N3 | P54 89 | 59

VCC - - |vCC*| P20t | vCer [vee* | Ps2 [vee| -
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XC4000E and XC4000X Series Field Programmable Gate Arrays

BG256 HQ304
VCC Pins Not C d Pins N
ci4 D5 o7 D11 PI1___ | P53 T Pi28 | P05 | P28l
D14 bis E20 1 P24 | Bio0 . Pi7e | Pasa | -
Fa F17 (e G17 5/15/07
Ke L7 P4 P17 Note: In XC4025 (no extension) devices in the HQ304 package,
P19 A2 R4 R17 P101 is a No Connect (N.C.) pin. P101 is Vcc in XC4025E and
ue yuz u1d ut4 XC4028EX/XL devices. Where necessary for compatibility, this pin
u1s vz W20 : can be left unconnected.
GND Pins
Al B7 D4 D8
D13 bi7 G20 Fi4
17 N3 & Ni7 BG352 T,
| V:,ﬁ s o3 o7 A10 A7 B2 825 57 Di3
‘579097 e Dig G23 Ha Ki K26 N3
P4 Ui Uz6 wzs Y4 ACB
TACH4 ACZ0 AE2 AEZ5 AFi0 AF17
GND Pins
PG2%9 Ve Fine A A2 A5 A8 A4 INE
A5 YT T ATE AZ2 A25 A26 Bi B26 Ei
55 5 5 F20 E26 Hi Hzb N P26 Wi
= 56 = Tie W26 AB1 AB26 | AET AED6 AFi
55 Wi 5 10 | AF2 AF5 AFB AF13 AF19 AF22
X15 <05 - - AF25 AF26 - - : :
GND Pins Not Connected Pins
&E PO TR X0 Aj8 AZ4 B4 B10 B23 ¢t
& E1E 50 £ (3 cs cii 3] D16 D25
< = e n Fe3 J26 Kz L4 123 T3
= Woo 5 6 T4 T24 uz5 AB3 AC2 AC6
<1 i - - ACT1 ACT8 AC21 AC25 AD16 AD21
S5 AD26 AE4 AETD - : -
579797

Pin Locations for XC4036EX/XL

The following table may contain pinout information for unsupported device/package combinations. Please see the availability
charts elsewhere in the XC4000 Series data sheet for availability information.

X L P H H HQ | BG PG B Bnd XC4036EX/XL PQ ; HQ | HQ HQ BG PG BG ; Bndry
ma::')'(g 1509” maoﬁ 24% 309, | 352 | 411 4362 50’2 Pad Name 1601120844 | 240 | 304 | 352 | 411 | 432 | Scan
Ve o142 [ Pia3 | Poiz | Fas Verr Ve Tvee T VO (A13) P155 | P200 | P233 | P10 | C2i | G3 | B26 | 185
1/0 (A8} P143 | P184 | P213 | P37 | D14 | W3 | Di7 | 110 GND - - - - | GND* | GND* | GND*} -
1O (A8} P144 | P185 | P214 | P36 | C14 | Y2 | A17 | 113 vee - - : - VCC* | VCC*  VCC -
10 (A19) P145 | P186 | P215 | P35 | A15 | V4 | C18 | 116 o - - : P9 [ D20 | Ke | A7 | 188
70 (A18) P146 | P187 | P216 | P34 | B15 | T2 | D18 | 119 o - - : P8 | A23 | G1 , D25 | 191
110 S TPies P217 | P33 | C15 | U1 | BI18 | 122 1o - - : s A4 | Bt C28 | 194
s CPigg: P218 | P32 | D15 | V6 | A19 | 125 (4O ‘ - " - Bes | E3 | B27 | 197
VG (A10) P1a7 | P190 P220 | P31 | A16 | U3 | B19 | 128 0 - -\ P234 ] P7 | D21 | J7 | G27 | 200
VO (A1) P148 | P191 . P221 . P30 | B16 | R1_| C19 | 131 ) - - | P25 PE | C22 | H6 | B28 | 203
vCC L PR i VGC™ | VCCr | VCer N 0 P156 | P201 | P236 | PS5 ' B24 C3 D27 206
G - N — e e TaNGTT T 110 Pi57 | P202 | P237 | P4 | C23 | D2 | B29 | 209
) - : 55 TGl U | Dia | 134 110 (A14) P58 | P203 | P236 | P3 . D22 | E5 | C28 | 212
7] - ; Thag | Bi7 | T4 | AZo 1137 170, GCKB (A15) | P15 | P204 | P238 | P2 Ced | G7 | D28 | 215
) : - —Tois P3| B20 | 140 VCC P60 | P205 | P240 | P1_ VCC' | VCCr [VCC -
o - - T ate N1 G20 93 GND Pi | P2 | P1_| P304  GND' | GND* [GND' -
%) ; : TRy [ Ci7 RS Cal | i4s VO, GCK1 (A16) | P2 | P4 | P2 | Pa0d | D23 | H8 | D23 . 218
T5) : _ T B T B Mz AZE | 149 116 (A17) P3 | P5 | P3 | P302 | C25 | F6 | C30 | 221
vee - T Pass T Bas [ Voo TVeE Voo o) P4 | P8 | P4 | P30l | D24 | B4 | E28 & 224
Ts) - T Pass B G T s B | 152 iiC P5 | P7 | P5 | P30 | £23 . D4 | E29 | 227
) - TTTBass TPz | BT |76 Czz | i%s 170, 7D P6 | P8 | Pe | P2es | C26 B2 D30 | 230
10 P149 | P1g2 | Paas | P21 | A20 | N5 | B23 | 158 10, TCK P7 | P8 | P7 |P298 | E24 @GS D31 | 233
0 P150 | P193 | P226 | P20 | B19 | M4 | A24 | 161 o) : - - .| D25 [ F8 B30 . 2% |
GND P151 | P194 | P2e7 | P18 | GND* | GND* [GND*| - v - - : - F28 G5 EM | 238 |
) - - T IPis | c19 | K2 | D22 | 164 1o : ‘ . Peo7 | F24 | A7 | G28 | 242
7o) . . e Toe T ke e 1 167 [9) - « TIPae | E25 | AB | G29 | 245 |
i - P95 Pzos | P16 | A21 | Pe | B24 | 170 Ve : - : S |YEC Veet VOCT | -
o - P196 . P229 | P15 | Ba0 | Me | Ce4 | 173 GND - - : | GNDT I GND” | GND* | -
Ie) Pi52 | P197  P230 | P14 | G20 | J3 | A6 | 176 1o P8 | P10 | P8 | P295| 026 | BB . H28 | 248
) P153 | P198  P2ai | P13 | B21 | H2 | C25 | 179 o P [ P11 | P9 P294) G2d | C9 | H29 | 251
/O (A12) P154 . Pi99 Pza2 | P12 | B22 | H4 | D24 | 182 Yo - P12 | P10 [ P203; F25 | E9 | G30 | 254
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& XILINX

{ XC4036EX/XL | PQ | HQ | HO | HQ | BG | PG | BG | Bndry | XC4036EX/XL | PQ | HQ | HQ | HQ | BG | PG | BG | Bndry
Ped Name | 1604 2081 240 | 304 | 352 | 411 | 432 | Scan Pad Name | 160t |208t1| 240 | 304 | 352 | 411 | 432 | Scan
/0 - | P18 P11 | P2g2 | Fae | Fi2 | H30 | 257 1 (M2) P42 | P56 | P62 | P227 | AC23 | Ga3 | AJ28 | 438
10 - - | P12 | P25t | W23 | DI | J28 | 260 10, GCK3 P43 | P57 | P63 | P226  AE24 | D36 | AK29 | 439
o - -1 P13 | P250 | H2a | B0 | J29 | 263 "0 (HDC) P44 | P58 | Pea : P225 | AD23 | Car | AH27 | 442
i) - - - | P289 . G25 | F10 | H3l | 266 o P45 | P59 | P65 | Poza | AC22 | F34 | AKZB | 445
B - - - |'P288 | G26 | F14 | J30 | 269 V0 P46 | P60 | P66 | P223 | AF24 | J33 | AJ27 | 448
{GND P10 | Pi4 | Pia | P287 | GND' | GND* | GND* | - 0 P47 | P61 | P67 | P22z | AD22 | D38 | AL28 | 451
0 P11 | P16 | P15 | PaB6 | J2a | Ci1 | Ko | 272 10 ([BC) P48 | P62 | P68 | P221 | AE23 | G35 | AH26 | 454
0 P12 | P16 | P16 | Pp85 | Jo4 | Bi2 | Kag | 275 0 - - - - U AG21 | E39 | AL27 | 457
VO, TMS P13 | P17 | P17 | P2B4 | Ho5 | E11 | K30 | 278 0 - - - - | AD21 | K34 | AH25] 460
o Pi4 | P18 | P18 | P2B3 | K23 | E15 | Kai | 281 s} - P230 | AE22 | F3B | AK26 | 463
vee - - | P | Pae2 | vCC | vECr [vee |- 110 P219 | AF23 | G37 | ALZ6 | 466
Is) - - | P20 [P2B0 | K24 | Fi6 | 129 | 284 VCC - lveer [vecrvee | -
10 - - | P21 | Pa7e | J25 | C13 | 130 | 287 GND - - - - TGND* [GND" [aND" | ©
10 - - - - J26 | B14 | M29 | 280 o P49 | P63 | P69 | P218 | AD20 | H38 | AH24 | 469
1) B 123 | E47 | M31 | 263 ) P50 | P64 | P70 | P217 | AE21 | J37 | AJS | 472
0 - - 'Pavs | 124 | Ei3 | N31 | 296 o) - | P85 | P71 | P216 | AF21 | G39 | AK25 | 475
10 - - ~ 1 P277 | K25 | A15 | N2B | 289 9] PE6 | P72 | P215 | ACi3 | M34 | AJ24 | 478
GND P22 | - |GNDIGND" |GND'| - 10 - P73 | P214 | AD1G | N35 | AL24 | 481
VCC - - - [veer[veer jvee | - [e) - | P74 | P213 | AE20 | P34 | AHZ2 | 484
110 - - P276 | L26 | B16 | P30 | 302 o) - P212 | AF20 | J35 | AJ23 | 487
110 5 - P275 | 126 | D6 | P28 | 305 [le) - - S TPai1 | ACIB | (37 | AK23| 490
) - P19 | P23 | P274 | M23 | D18 | P29 | 308 GND P51 | P67 | P75 | P210 | GND' | GND* | GND* | -
) - P20 | P4 | P273 | M24 | A17 | A3l | ant 10 P52 | P68 | P76 | P208 | AD1a | MaB | AJ22 | 493
0 P15 P21 | P25 | P27 | M25 | E18 | RA0 | 314 7] PS3 | P69 | P77 | P20B | AE19 | A35 | AK22 | 496
0 P16 P22 | P26 | P271 | M26 | Bi8 | A28 | 317 10 P54 | P70 | P78 | P207 | AC17 | H36 | AL22 | 499
10 P17 . P23 | P27 | P270 | N24 | C17 | R29 | 320 10 B P55 | P71 | P79 | P206 | AD17 | 134 | Ad2l | 502
110 P18 | P24 | P28 | P269 | N25 | €19 | 131 | 323 vee - - P80 | P204 | VCC* | vCC veer | - ]
GND Pi9 . P25 | P29 | P266 | GND' | GND* | GND* | - | ) P72 | P81 | P203 | AE18 | N37 | AH20 | 505
vcC P20 . P26 | P30 | P267 | VCC* | VCC* | VECT | - 0 P73 | PB2 | P202 | AF18 | N33 | AK21 | 508
[k P21 P27 | P31 | P266 | N26 | F20 | T30 | 326 10 - - TUTTACIe | U3s | AK2D | 511
9] P22 | P28 | P32 | P265 | P26 | B20 | 129 | 329 o - - I'AD6 | A39 | AJig | 514
0 P23 | P29 | P33 | Poe4 | P23 | c21 | U3l | aa2 170 - - [P201 { AE37 | M36 | AL20 | 517
) P24 . P30 | P34 | P263 | P24 | B22 | Uac | 335 s} - - | P2oo| AET6 | V34 | AHi8| 520
110 - P31 | P35 | P262 | A26 | E21 | U28 | 338 GND CPe3| T TGNDT [ GND' GNDT| -
10 - P32 | P36 | Peel | Re5 | Doz | U2¢ 1 VGC - » - STveerTvee Tveer | -
I - 5 T | P260 | R24 | AZ3 | V3G | 344 10 - P199 | AF16 | R37 . AK19 | 523
[ P259 | F23 | B24 | v2g | a47 i s - T TP198 | AC15 | T3 AJIB | 526
Vee - - Ivee [vee Tvee | - 0 - P84 | Pig7 | ADi5 | T36 . AL1S | 529
GND - P37 | - | GND" [GND" [GND" | - 110 - - | P85 | Pigs | AE15 | V36 | AKiB | 532
o) - | P2ss | T26 | A25 | W30 | 350 e} P56 | P74 | P86 | P195 | AF15 | Ua7  AH17 | 535
s} - P257 | T25 | D24 | Wag 10 P57 | P75 | PB7 | P194 | AD14 | U39 | AJ17 | 538
0 5 - 724 | 'B26 | Ya0 170 P58 | P76 | PBB | P193 | AE14 | V3B | AJ16 | 541
110 - - - - U256 | AZT | Y28 10 (INFT} P59 | P77 | P89 | P192 | AF14 | W37 | AK'6 | 544
170 P38 | P256 | T23 | C27 | Y28 VCC P60 | P78 | P90 | P191 | VCCT | VOC* | VCCT| -
7] B P39 | P255 | V3e | Fo4 | AA30 GND P61 | P79 | P91 | P190 | GND* | GND'  GND* | -
Vee - -1 P40 | P253 | VEC | VCC* | VCC® 6] P62 | PBO | P92 | ©185 | AE13 | Y34 | AL16 | 547
10 P25 | P33 | P41 | Pp52 | U24 | E25 | AA29 1o P63 | P81 | P93 | P188 | AC13 | AC37 | AH15 | 550
s P26 P34 | P42 | P25t | Va5 | E27 | AB31 [} P64 | PB2 | P94 | P87 | ADI3 | AB38 | AKi5 | 553
10 P27 | P35 | P43 | P250 | Va4 | B28 | AB30 [} P65 | FB3 | P95 | P186 | AF12 | AD36 | Adl4 | 556
[5) P28 | P36 | P44 | P249 | U23 | C29 | AB29 i - | P84 | P96 | P185 | AE12 | AA35 | AHi4 | 559
GND P23 | P37 | P45 | P248 | GND* P85 | P97 | P184 | ADI2 | AE37 | AKi4 | 562
) ST T P2a7 | Y28 - - | P183 | AC12 | AB36 | AL13 | 565
10 - - | 'P246 | W25 | D28 | AC30 | 383 P182 | AFi1 | AD38 | AK13 | 568
0 - | P46 | P245 | Wa4 | B30 | AC29 | 386 , - ‘ - Tvegr [ vee jveet | -
) P47 [P2aa | V23 | €29 | AC28| 389 GND S Pes | T GNDGND | GND'| -
5] P38 | P48 | P243 | AAD6 | F28 | AD29 | 362 o) C P11 AET1 | AB34 | AJ13 | 571
110 - P39 | P4g | Pza2 | Y25 | Fa0 | AD2B | 395 s} -1 Piso | AD11 | AE39 | AH13 | 574
10 P30_| P40 | P50 | P241 | Y24 | C31 | AE30 | 398 170 ~ - T AE10 | AM36 | ALT2 | 577
10 P31 | P41 | P51 | Pad0 | AA25 | E31 | AE29 | 401 %) - - [AC11 | AC35 | AKi2 | 580
GND ‘ - 5 T GND* [ GND*[GND* |- 170 P99 | P179 | AF9 | AG39 | AHiZ | 583
VCC - T Ivee [ veeTveet | T i P100 | P178 | AD10 | AG37 | AJ11 | 588
V0 TTTP239 | AB25 | 832 | AF3: | 404 VCC - - IP101 | Pi77 | VCCT [ VCCT Ve | -
[5) - - - | P238 | AA24 | A33 | AE28 | 407 10 P66 | P86 | P102 | P175 | AEQ | AD34 | AL'0 | 589
) P32 | P42 | P52 | P237 | Y23 | A35 | AG31 1| 410 10 P67 | P87 | P103 | P174 | AD9 | AN39 | AKI0 | 592
i) P33 | P43 | P53 | P236 | AC26 | F32 | AF28 | 413 /0 PE8 | P88 | P104 | P173 | AC10 | AE35 | AJ10 | 505
0 - - - - | AD26 | C35 | AG30| 416 110 P69 | P89 | P05 | P172 | AF7 | AH38 | AKS | 598
o - - - - AC?5 | B38 | AG29| 419 GND P70 | P90 | Pi06 | P171 . GND’ | GND* |GND* | -
0 P34 | P44 | P54 | P235 | AA23 | E33 | AHB1 | 422 110 - B TUPI70 . AEB | AJS7 | ALS | 601
0 P35 | P45 | P65 | P24 | AB24 | G31 | AG28 | 426 0 - - P189 . ADS | AG35 | AH10 . 604
I3} P36 | P46 | P5p | Pa33  AD25 | H32 | AH30 | 428 [ - - T'P107 P68 ACS | AF34) AJS | 607
110, GCK2 P37 | Pa7 | P57 | P32 | AC24 | B36 | AJBO . 431 10 - CTUPY0B  F167 | AF6 | AH36 . AKB | 610
O (M1} P38 | Paa | P5B | Past | AB23 | A39 | AH2G | 434 i) STTUPOl | Pi09 Pie6 | AE7 | AK36 | AK7 | 613
GND P39 | P49 | P59 | P330 | GND' | GND | GND*| - ) - T"Po2 | P10 Pi65 | AD7 L AM34 . ALG | 616
1 (M0) P40 | P50 | PBO | P229 | AD24 | E35 | AH28 . 437 i) P71 | PO3  P1i1_ Pi6a | AE6 . AH34 | AJ7 | 619
VCC P41 | P55 | P61 | P228 | VCC' | VCC™ | VCC* . - o P72 | P94 Pi12 . P163 | AEb AJ35 . AKB | 622
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XC4000E and XC4000X Series Field Programmable Gate Arrays

XC4036EX/XL | PQ | HQ | HQ | HO | BG | PG | BG | Bndry XC4036EX/XL | PQ | HQ | HQ | HQ | BG | PG . BG | Bndry

Pad Name | 160t} (20841 240 | 304 . 352 | 411 | 432 | Sean Pad Name | 16011[208¢f| 240 | 304 | 352 | 411 | 432 = Scan
GND - - - ~  GND" |GND* | GND* | - 1) P107 | P139 | P160 | P102 . K3 | AP16 | L3 . 802
vee - - - S veeT [veer [veer | - VCC - T Pi61 | Pioi . VGGt [ Vet [V -
0 - B - | P16z | AD6 | AL37 | AKE | 625 o P108 | P140 | Pi62 | P99 | J2 | AVI2 | Ki | 805
o) - - T IP181 | AC7 | ATa8 | ALS | 628 s) P10S [ P141 | P163 | P98 | J3 | ARI3| K2 | 808 |
0 P73 | P45 | P113 | P160 | AF4 | AM38 | AH7 | 631 /0 T Pieal o7 | Ka [AUNY | Ka | ans
[Is) | P74 . P96 | P114 | P159 | AF3 | AN37 | AJE | 634 Vo - - _|P165; Pog | Gi | AT12 | Ka | 84
i 1= - - [ AE4 | AK34 | AKS | 637 GND P110 | P142 | P166 | P95 | GND® | GND* | GND* | -
o) - - - S| ACe | AR3g | AL4 | 640 o~ - - < P94 | He |APiA| Jz | 8i7_
[I8) - P75 | P&7 | P115 | Pi58 | AD5 | ANGb | AK4 | 643 10 - - T Pe3 | HB_ ARV 43 | 820
110 P76 | Peg | Pi16 | P157 | AE3 | AL33 | AH5 | 646 110 B - [Pie7 P92 | J4_ AVi0 . J4 | 823
10 P77 | P99 | P117 | P156 | AD4 | AV38 | AK3 | 649 o) P - [ P168 . P91 | F1 | AT8 | Hi | 826
170, GCK4 P78 | P100 | P18 P155 | AC5  AT36 | A4 | 652 | [s) " T[Pi43 Pie9 , Po0 | G2 | ATi0 | H2 | 829
GND P79 | F101 | P118 . P154 | GND" | GND’ | GND* | - Vo - | P144 | Pi70 | P89 | G3 | AP10 | H3 . 832
DONE P80 | P103  P120  P153 | AD3 | AR35 | AH4 - - ii0 P11 | P145 | Pi71 | P88 . F2 | AP12 | H4 | 835
VCC P81 | P06 Pi21 | P152 | VCC' | VCC* | VCC' . - ) P112 | P146 | Pi72 | P87 E2 | AR9 | G2 | B38 _
PROGHAM P82 | P10B . P122 | P151, AG4 | AN33 | AH3 | - GND - - - TioND |GNDT [ GRDY | -
10 (D7) P83 | F108  P123 | P150  AD2 | AM32 | AJ2 | 655 VCC - - - hveer|veer [veet | -
0, GCKB P84 | P110 - P124 | P149 | AG3 | AP34 | AGA | 658 170 ([01) P113) P147 | P173 | P86 | Fa | AUT | G4 | 841
e P85 | P111_ P125 | P148 | AB4 | AW39 | AG3 | 661 /O (RCLK RDY/ | P114 | P1d8 | Pi74 | P85 | G4 | AW7 | F2 | 844
Q0 P86 [ P112 P126 | P147 | ADY | AN31 | AHZ | 664 BUSY) i i
s} . - . - AB3 | AV36 | AH1 | 667 [49] - - - - Dt [ AW5 | F3 | 847
0 - - - - AC2 | AR33 | AF4 | 670 O - - - - C1 | AV8 | E1 | 850 |
O - - P127 | P146 | AA4 | AP32 | AF3 | 673 /O - - - |.P84 | D2 | AR7 . E3 | 853
110 - - P128  P145 | AA3 | AU3S [ AG2 | 678 o - - - P83 | F4 . AvA D1 856
Vo PO P144 | AB2 | AW33 | AE3 | 679 (e} P115 | P148 | P175 | P82 E3 ANS E4 859
o . N N P143 | AC1 | AU33 | AF2 682 ] P116 | P150 . P176 . P81 : C2 AW1 02 862
voe B PR TIvee | vee veer L /0 (D0, DIN) P117 | P151 . P17/ P80 | D3 | AP6 | C2 . 865
GND N - . GND* | GND* | GND* - 110, GCK6 i P118 | P152 | P178 : P79 © E4 AU3 03 868
(110 (D6} P87 [ P113 | P129  P142 | Y3  AV32 | AF1 | 685 (DOUT)
L1/0 P88 | Pi14 | P130 P14l | AAZ | AU3T | AD4 | 688 CCLK P119 | P153 | P179 | P78 . C3 AR5 D4 -
(8] P8BS | P115 P131 . P140 | AA1 | AR31 | AD3 691 . vee P120 | P154 | P180 | P77 | VCC' | VCC | VCC . -
[} " PoU | P16 P132 | P139 | W4 | AP28 | AEZ | 694 0,700 P121 /1 P159 | P11 | P76 D4 | AN7 | C4 0
Vo © P117 ] P133 | P133 | W3 | ATaz | AC3 | 897 (GND P122 | P160 | P182 | P75 | GND” | GND" [ GND* | -
o _ P18 | P134 | P137 | Y2 AV30 | AD1 700 /0 (A0, WS) P123 | P161 | P183 | P74 B3 AT4 B3 2
o " " T Biss | Y1 | ARz | ACZ | 708 VO, GCK7 (A1) | P124 | P162 | Piga | P73 | G4 | AV2 | 5 | 5
VO N N N Pi35 | V4 | AP26 | AB4 | 706 | 10 P125 { P163 | P185 | P72 D5 | AMS | B4 |
GND P91 | P119 | P135 | P34 | GND" | GND” | GND" | - o_ P126 | P64 (P16 | P71 | A3 | AL7 | C5 | 11
o) . P36 | P133 | V3 | AU28 | AB3 | 709 o___ - - : - C5 ' AR3 | 85 14
1) : T P37 | P132 | W2 | AV28 | AB2 | 712 Yo - - S Ba ARl | C& ! 17
o Poa TPise Pia TBiai | us T ATos T ABT |18 10 (CS1, A2) Pi27 | Pis5 | P187 | P70 | D6 | AK6 . A5 20
o P93 T P121 | P139 [ P130 | U3 [ AR25 | AA3 | 718 Q (A3) P128 | P166 | P18g | P6Y | C6 _AN3 | 07 23
VCC : - P40 | P129 | VGC' | VCC® [ VCCT | - (O - (P68 | B5 AM6  B6 | 26
10 (D5) Po4 | P122 | P141 | P127 | V2 | AP24 | AAZ | 72i 0 - - . P87 A4 AM2 | A6 | 29
110 (CS0) P95 | P123 | P142 | P126 | V1 | AU27 Y2 | 724 VCC - - Ll LNCCT VO | VeCT -
7o) ~ - - » Ta | AR27 | Y4 | 727 GND - SN - GND' | GND | GND* | -
[Ie) i B N N T3  AW37 Y3 730 (s} - - 1 PiB9 . P66 | C7 AL3 Dg | 32
G - . TTTEE T U2 ATe4 - Wa | 7@ e : - P90, Pes  Be | AM | C7 35
) - : T Thiza | T2 A3 W3 73 o P129 [ P167 | P191 | Pea | A6 | AP2 | B7 38
GND ' [ P143 . - | GND' GND'[GND" - o) P130 | P168 | P192 | P63 . D8 | AK4 | D§ 41
Ve N T N VGG | VCC* | VGG~ N e] - P168 | P193 | P62 B7 AGS | D10 : 44
e} — B - IPi2a| T1_ APzz | v4 739 o _ - | P70 | P194 | PBY | A7 | AF6 | C§ = 47
[75) - A N P22 R4 Aved | V3 742 | 1:0 - - P195 | PBO 09 ALS B9 | 50 ;
e P24 Piad | Pi21 | R3 | AUZ3 | U1 | 745 | 10 - - - [ P89 C9 | A3 | Ci0 , 53
% I Eies T PTAs [P0 R | ATz | Us 748 GND Pi31 | B171 | P196 | P58 GND’ | GND' | GND" |
) POg | P126 P146 | P119 . Ri | AR21 | U4 | 751 O P132 | P172 | P197 . PS7 B8 . AH2 | B1O 56
o) Pa7 | P127 | P147 | P118 P3| AVR2 | U3 | 754 o P133 | P173 | P198 | P56 D10 | AE5 | A10 ; 69
110 (D4} P38 | P128 | P148 | P117 P2 | AP20| 11 | 757 0 - -1 P199 PS5 C10 , AM4 | Ct1 . 62
1o Pog | F120 | P143 | Pi16 . P1_| AU21 | T2 | 760 4] : - [ P200 | P54 B9 | AD6 | D2 | 65
= P100 | P130_; P150 | Pi15 | VGC* | VEC* |VCC* | - vee : - P20t | P52 VOO | VCCT [VECT, -
GND P10t | P131 , Pi51 | P114 | GND* | GND* | GND* | - 4] : - oo .P5t. A3 | AG3 | B | 68
W0 (D3) 5102 | Pis2 | P152 | P113 | N2 | AU1G | 13 | 763 e) - s P50 D11 | AGL | Cr2 | 71
VO (BS) P103 | P133 | P153 | P112 | N4 | AV20 | Ri | 766 4% : Coicoiom G TACS L CI3 L T4
o P104 | P134 | P154 [ P111| N3 | AVia | R2 | 769 Bo_ cloicoio-_ o Bl0 . AE1 A2 | 77
e} P105 | P15 | P155 | P110 | M1 AR19 | R4 | 772 18] : Coc. [ Pa® | BTl AH4 | D4 | 80
s) -~ Pi3b | Pise [ P108 | M2 [ATi8 | R3 | 775 | 1o : s oo Pas | AUl | ABE Bl | 83
o) T TUPA3T | P67 L P10B | M3 | AW1T . P2 | 778 GND - : s LGND" | GND' | GND"; -
o) : 5 TPl | Ma | AVie | Pa | 781 vee - - : o VCCr  veCr veet ! -
o - - TV ETeE L AP P4 | 784 /G (A4) P134 | P174 | P202 | P47 Di2 | AD2 | Ci4 | 86
[VZels) i N T N VGG~ | VGG | VCC' N 110 (A} P135 | P175 | P203 | P46 C12 | AB4 . A13 89
GND - TTiPisg | T |GND' GNDT GND' | - 170 - [ Pi76 | P206_ P45 | Bi2 |« AE3  Bi4 92
o - - B T B AR N3 1 7 5 Pi36 | P177 | Po06 | P44 | A1z ACT D6 | 95
S - - TTTRoa | 1s ATiE. N4 T 7e0 | 10 (A2 P137 | P178 | P207 | P43 | C13  AD4  C'5 | 98
e - R . R VSR VER AT 110 (A20) P138 | P179 | P20 | P42 | B13 ARG  B15 | 101
o . S - AW M T 7ee G (AB) | P13 | P180 | P209 | P41 | ATS | AA3 B | 104
10 (D2) P106 ; P138_ P150 | P103 |_J1 _ARI5. L2 | 799 [0 (A7) {P140;P181 | P210 | P40 ; BY4 . Y6  A16 | 107 |
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& XILINX

XC4036EXXL | PQ [ HQ _ HG ' HQ | BG | PG | BG | Bndry PG411
Pad Name  |160+t|2081f 240 | 304 | 352 | 411 | 432 | Scan R VGG Pins A
GND P141 | Pi82  P211 : P39 | GND' | GND* | GND* | - A3 AT AR FeTia cas T e T
6/17/97 F36 o L39 Wi AA39 AJt
" Pads labelled GND* or VCC* are internally bonded to Ground or VCC AL39 AP4 AT34 AUt L AW9 AW19
planes within the associated package. They have no direct connection to AW29 AWST : : - -
any specific package pin. GND Pins
A9 A19 A29 A37 Ci
11 = XL only D20 D26 D34 F4 J38
P4 P36 W39 v4 Yis |
. . AF4 AF36 AJ39 AL AP36
Additional XC4036EX/XL Package Pins ATt4 AT20 AT26 AlI39 AW3
AWZ1 Awal | ¢ : - I ,
HQ208 e Not C d Pins
Not C dPins Al B6 B34 c7 c15 C23
P P3 P51 P52 P53 €25 C33 D8 D12 D30 D32
‘‘‘‘‘‘‘‘ P54 P12 Pi0d | P105 P67 £7 E23 €37 F2 F18 F23
P155 P56 Pi57 P158 P206 G5 | THaa J5 K36 K38 L5
F207 P208 E : - - ) L35 N3 P38 R3 V2 W5
5/15/97 W35 ¥38 AAZ7 AB2 AC3 AC39
AF2 AF38 AJ5 AK2 AK38 | TAL35
AN ANS APB AP30 AP38 AR37
HQ240 AT2 AT3G AUS AUS | A3 AUiS
[ &ND Pira — | AUT7 AU25 AUS7 AVB AV26 | AVE4
T B575 ? g ; - [ | AWi5 AW23 AWZ5 | AW35 : ~ !
6/17/97 Br6/97
The Ground (GND) package pins in the above table should be
externally connected to Ground if possible; however, they can be BG432 o e
left unconnected if necessary for compatibility with other devices. VCCPins -
AT —asi [e! c28
D11 “ 128 31
AA1 AA31 AH11 AH21
HQ304 _ Al ALTY ALZt Alas i
. Not C Pins e i sy i e Pins B
Pit ] P24 T Ps3| P100 |~ Téiz8 o) 5 W T
’ P176 | P205 | P2sa | P281 i - Res T a0 B B2
5/15/97 B30 cat o6 [ Tar T
B =L B N e I T4
728 AC1 A3t T TART
T AER AT | AR AK2
- YCC Pins e AK30 AL3 AL7 ALY
AT0 A17 82 825 o7 T bis ALt AL25 AL2S AL30
D9 G23 | TH4 Ki K26 | Nes dPins ...
P4 Ui Uz2¢ W23 ¥4 ACB A4 A28 B8 B12
ACi4 AC20 | AEz | AE5 AF10 | RFTY 817 ce AL A
"” GND Pins D6 D26 E2
N A2 A5 | A8 e £ - F30 F31
A2 AZ5 A2 B G3 M30 Nt
E26 B | THee TN N2 v2g wi
W26 AB1 | TTAB2E: T AE1 W2 Y Y81 | _ACa
AFz AF5 AFE . AFi3 L AD2 AE4 AF29 AF30
AF2S AE36 " : AG AHT9 AH23 AJ5
Not Connected Pins AJ8 AJ20 L A ARt
& : [ - « | AK17 ALTE AL ]
1697 e ” 5115/97
Pin Locations for XC4044XL Devices
{Note: XC4044XL is also available in the HQ304 package. T Xcaodaxy HG | HQ | HQ | BG PG | BG |
} s : f i Pad Name 160 | 208 | 240 352 | a1t | 432 |
The pinout is identical to the XC4036XL in the HQ304. ) R pras T TP e T T o
0 - P188 | P217 . Ci5 U1 B18
XCA4044XL HQ | HG | HQ | BG | PG | BG ) : Figo | P218 | D15 | Ve | A19
Pad Name 160 | 208 | 240 952 | 411 | 432 WO (A10) ) PT47 | F190 | P220 | A16 | U3 | Bi§
vee .. _| P14z | P13 | P212  VCC' | VCC® | VCC O (A1) P48 | P191 | Pagi | Bi6 | R | Ci19
VO (A8) T Pi4s | Piea | P2i3 | Di4 | W3 | D17 Voo - - Ve TVeST TVeE
V0 (A9) | Pias | Piss [ P21a Cl4 | Y2 | A17 | &S - - ST ENET T aNe TGN
7o , 4 - - V2 C17 76) ! e Ci6 us D19
o - I - W5 | B17 Vo : B - 817 T4 | A20
VoA P145 | P186 | P215° A15 | Va C18
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XCAQ00E and XC4000X Series Field Programmable Gate Arrays

T Ha | Ha [ Ha | BG PG 1 BG |
160 | 208 | 240 | 352 | 411 | 432
B - - 018 P2

HQ  BG | PG | BG
220 | 352 | ann | a32
P24 | M24 . Al7 | Ral
P25 | M25  E19 | R30
P26 | M26 | B1B _ Re8
P27 | N24 | €17 R29
"P2s | N25 | C19 | Tal
P29 | GND* | GND" | GND*
P30 | VEC'_| VCC' | VCC'

piag Pz |
Pi50_| P19a
| P11 | Prga

S P54 | P199
110 (A13)

VGG veeh
- E25 | AA29 |
,,,,,,,,,,,,,,,,,,, B IO I - £27 | AB3T |
T P156 | P20 . P23g B28 | AB3O |
P157 | P202 | P2d7 i C29 _ AB29 |
VORI "Pise | Poo3 | P23e | Doz | E5 . Cos - |
‘110, GCKB_{A15) | P59 | P204 | P239 . GCea | G7 | Des | "Nee | Fze  AB2§
Voo | P10 | P205 | P240 . VCCT [ VGR® L VCC W35 | D28 ACED
GND TR P2 | Pt | GND" | GND* | GND* | B30 | A2 .
1/0, GCK1 {A16) F2 D23 . He | D2§ | . E29 | ACZE
10 (A17) F3 L Ca5 | F5 | €30
s} | D24 | B4 | E2m
> P5 E23 | D4  E28
wo, Ton e Co6 | B2 | D30 |
V0, TCK 7 | I D3t C31 | AE30
'" . €31 [ AE2y
GND” |
VoGt

P53

AD26_|
- AGES T ;
P54 | AAZ3 Ed3 | AHET
PS5 | AB24 | G31 ' AG28 |
PS6  AD25 | H32  AHS30 |
P57 | AG24 | B36  AJAC |
P58 AB23 .~ A39 | AHRY |
P59+ GND* ' GND* | GND*
_Peo | AD24  E3S
P61 | VCC' ; VCC
P62 | AC23 | G

10, GeKz
O (M)

)
H25
K23 085
veer P66
" Kea
P21 J2s
P21y J25 |

L AKZE

AL
4

o RIS NS
P22 | GND* | GND* | GND*

VGG TVES

Fig

Ci5 | : Pe4 | P70
"B | P P
D16 [ P2 | P72
. bis [ P2o
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XCa0aaxL HO Ha | HQ | BG PG | BG XCAa044XL HG ~ HC [ HO | BG | PG | BG
Pad Name 160 | 208 | 240 | 352 | 411 | 432 Pad Name 160 . 208 | 240 | 352 | 411 | 432
110 - - - - K3g | AK24 110 P77 | P99 | P117 | AD4 | AV3B | AK3
110 - ITTUUP73 | ADIS | N35 | AL24 110, GCK4 P78 . P100_| P118 | AC5 | AT36 | AJ4
110 : - TUP74 | AE20 | P34 | AH22 GND P79 | P10 | P119 | GND* | GND* | GND*
iiQ - - - are0 | Js5 [AJS DONE P80 P103 | P120 | AD3 | AR35 | AH4
[7e) T - - T -~ |'Acis | 137 | AKZ3 e P81 P106 | P121 | VCC* | VCC' | VGG
GND P51 | P67 | P75 | GND" | GND* | GND* PROGRAM P82 - P108 | P122 | AC4 | AN33 | AH3
10 P52 | Pes . P76 | ADI8 | M38 | AJ22 /0 (D7) P83 P109 | P123 | AD2 | AM32 | AJ2
9] P53 | P69 | P77 | AE19 | R35 | AK22 110, GCK5 P84 | P110 | P124 | AC3 | APd4 | AG4
[Ie) P54 | P70 | P78 | AC17 | H36 | AL22 Vo P85 | Pi1] | P125 | AB4 | AW3D | AGH
io P55 P71 | P79 | AD17 | Ta4 | AJ2i ) P86 | P112 | P126 | AD1 | ANGT | AH2
VGG T P8O | VCC' | VCC' [ VCC 9 - - - AB3 | AV36 | AHI
/O - P72 | P81 | AE18 | N37 . AH20 e - - - AC2 | AR33 | AF4
7e) : 73 | P82 | AF18 | N3g | AK21 ) S TTP127 | AAa | APz | AF3
W0 ~ - - |.acis | U3s | Ak2o ) - i - I'piz8 | AA3 | AU35 | AG2
e} - - - | 'AD16 | R3g | AJI9 [s) - - AB2 | AW33 | AE3
) 1= - - | AE17 | M3 | AL20 1o - - : ACT | AU33 | AFZ
i0 : - - | AEw6 | va4 AHIB VCC - - VCC*_| vGC* | veer
GND - P83 | GND* | GND* . GND* GND - - GND* | GND* | GND*
WCC - - - veer [ vee | veek 10 (DB) P87 | P113 | P129 | Y3 | AV3Z | AFI
9] : - - | AFt6 | R37 T AKI9 0 PB8 | P114 | P130 | AAZ | AU3" | AD4
) - - - AC1s | Tas : AJiB o Pe9 | P115 | P131 | AA1 | ARa- | ADS
e T - - P84 | ADI5 | Ta6 | AL19 W P90 | P116 | P132 | W4 | AP28 | AE2
] - - P85 | AE15 | V36 | AKi8 WO - - - - | APau | AD2
1) P56 | P74 | P86 | AF15 | U37 | AHI7 78] - - - - AT30 | AC4
i P57 | P75 | Pa7 | AD14 | U39 | AJ17 Vo - P117 | P133 | W3 | AT32 | AC3
10 - - - - W35 | AKi7 1o - P18 | P134 | vz | AV30 | ADI
) - - - - 1"AC3g | ALT7 Vo - - - Y1 | AR29 | AC2
o PS8 | P76 | P88 | AE14 | Va8 | AJI6 1o B - - V4 | AP26 | AB4
110 (INIT) P59 | P77 | P89 | AF14 | W37 | AK16 GND P91 | P119 | P135 | GND* | GND* | GND*
VeC P60 | P78 | P90 | VCC' | VGC' | veer ) - - 1P138 . V3 | AUZ9 | AB3
GND P61 | P79 | P91 | GND" | GND* | GND* ) - - | P37 w2 | Avas | AB2
) Pe2 | P80 | Pa2 | AE13 | Y34 | AlL16 o P92 | P120 | P138 : U4 | AT28 | ABI
) P63 | P8l | P93 | ACI3 | AC37 | AHI5 o P93 | P121 | P13 | U3 | AR25 | AA3
s . - - - v38 | ALIS vee N - | Piao vce | VCCH | Vee
1o - - - - | TAA37 | AJI5 10 (D5) P94 | P122 | P141 | V2 | AP24 | AA2
{ls) P64 | P82 | P94 | AD13 | AB38 | AKi5 VO (C80) P95 | P123 | Pla2 | V1 | AU27 | Y2
s P65 | P83 | P95 | AF12 | AD36 | AJ14 o - : : T4 |AR2Y | Y4
s} - Pe4 | P96 | AETZ | AA3S | AHT4 s} : S T3 TAwW27 | v3
o I P85 | P97 | AD12 | AE37 | AK14 i) I AT24 | W4
e - - - 1"AC12 | AB36 | AL13 10 - s . AR23 | W3
10 - - - 1AF1T | AD38 | AKI3 | GND - - 1P GND* | GND*
vCC - - - VGGt | VeGT | veeH ! VCC - - -~ iveeT Tveer | vee
GND . - P38 | GND* | GND* | GND" o - - - AW25 | W2
IiC - - - [TAETT | AB34 | AJIB 9] -1 - - AW23 1 V2
o) - -1 - ] ADI1 | AE39 | AH13 /0 - - Ti [ AP22 | V4
110 I - - | AE0 | AM36 | AL1Z2 ° ) - - - R4 AVza | V3
e - - - AC11 AC35 | AKIZ | 1o - P124 | P144 R3 AU23 U1
o) 1= - P99 | AF9 | AG35 | AHT2 o~ - P125 P145| R2 | ATz | U2
1o - - _Pi00 | ADI0 | AG37 | AJT1 1o P96 | P126  P146 | R1_ | AR21 | U4
VCC - - 7P1oi | veeT | veeT | veet o P97 P127  P147 | P3| AV22 | U3
110 B P86 | Pi02 | AE9 | AD34  ALID 1O (D4) P38 . Pi28  Pia8 | P2 | AP20 T
) P67 P87 | P103 | ADS | AN3S  AK10 Vo Pog  Pi2p_ Pi49 | P1_ | AUzi T2
o P68 P88 | P104 | ACI0 | AE35  AJ10 VCC P100_ P130  P150 { VCC™ | VCC'  veC*
10 P69 P89 | P105 | AF7 | AH38 AKS GND P101__ P131_| P151 | GND* | GND'_| GND"
GND 7 P70 P90 P106  GND' | GND" GND* YO (D3) P102_ P132 P1521 NZ | AUTD :
o) T - AE8 | AJ37 | ALB 110 (RS) P103  P133 | P153 | N4 | AV20 1
o E R AD8 | AG35 | AH10 ) P104 | Pi34 ' Pi64 | N3 | AViB i
o - TTUP107 - ACS | AF34 | AS 0 Pi05 | P135  Pi55 | M1 | ARI9 ‘
o - - [P108 . AF6 | AH36 | AKB O ) - P136 | P156 . M2 | AT18
o) - - - : AK38 | AJB o Pl | Pi57 L M3 | AWIT
10 : - - - AP3g | AH9 0o N - M4 AVI6
[18) - P91 P109 | AE7 | AK36 | AKY wo - L1 APi3
3] - Po2 | P10 | AD7 | AM34 | ALE 110 S - - AU
Vo P71 | P93 | P111 | AE6 | AH34 | AJ7 110 R - - AWIS
[e) P7a | P94 | P12 | AE5 , AJ35 | AHB vee - - -~ WEGveCr Voo
GND T ST GNDT  GNDY T GRND* GND - - | P158°| GND* | GND* | GND*
vee - - - VECT VGG Ve e - - - L2 ARi7 | N3
5o - - - AD6  AL37 | AKB 1 - - - L3 | AT15 . Na |
T - - - AC7 | AT3a | AL5 110 - - - K2 | AVI4 T M1
HIe) 573 P95 | P113 | AF4 | AM3B | AH7 1s) N - L4 [ AWIZ M2 !
it P74 | P96 Pii4 | AF3 | ANG7 A6 110 (D2) P106_, P138 P59 | J1 | AR5 = L2
e - - - AE4 | AK34 | AKB 7e) Pi07 _ P139  P160 | K3 | APi6 . L3
e) - - ACE | AR3S AL4 vee - - P161 | VCC' | VCC' | VGCT
50 1Tp75 T P97 P115 | AD5 | AN35  AK4 s P108_| P140  Pi62 . J2 | AViZ | Ki
Wo P76 P98 | P116 | AE3 | AL33 AHS o . Pi09 | Pi41 | P163  J3 | ARi3 | K2
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XCA4000E and XC4000X Series Field Programmable Gate Arrays

XC4044XL HQ HQ | HG | BG PG BG XCa04axL HG HQ | #HQ | BG | PG | BG
Pad Name 160 | 208 | 240 | 352 | 411 | 432 Pad Name 160 | 208 | 240 | 352 | 411 | 432
) - - P164 | K4 | AUTT | Ka {GND P141 | P182 | P211 | GND" | GND’ | GND"
%) - B P165 | G1 | AT12 | K& | 6/18/197 "“" ”
GND Pi10 P14z | P166 | GNDT | GND™  GND' * Pads labelled GND* or VCC* are internally bonded to Ground or
:;g - S :3 i;:‘ VCC planes within the associated package. They have no direct
73 - BT T i T AVI0 connection to any specific package pin.
0 - Pig8 | Fi AT
o) Pi43 | P168 | G2 | ATi0 as .
5} T Piad (P70 a3 APID Additional XC4044XL Package Pins
[ F111 | Pia5 | P171 | F2 | APi2
:;g F1>12 P1446 P1_72 EAz :Sg Not Connected Pins o R
6 - - Ve P3 P51 | P&2 P54 P102
NG TGN T GND P105 P107 P155 P156 P157 P158_ |
Veo - : TTVGe | vee P2o7 | FP208 : - SR —
0O E{ia | P47 | Pi7a | Fa | AUT 5/29/97
‘170 (RCLK, RDY/BUSY) F114 | P148 | P174 . G4 | AWT |
0 - ] AW5
10 - - Ci | AVe HQ240
9] - D2 AR7 o - GND Pins -
5 B S ~ Fa | AV4 Tpa0a T Pais ] T o
10 P115 . P148 | P1756 | E3 | ANS 50/97 e
W B116 ; P150 P176 { G2 | AWl
/0 (DA, DIN) P117 | P15t  P177 | D3 APB Note: These pins may be Not Connected for this device revision,
10, GCKS {DOUT) P118 | Pi52 . P178 | E4 AL3 however for compatability with other devices in this package. these
CCLK P18 P153 @ P179 C3 ARS pins should be tied to GND.
VCC P180 | VCC* . vCC*
0, D0 P181 | D4 AN7
GND P1B2 | GND* . GND*
170 (A0, WS} P183 | 83 AT4 BGas2 VeE Fine
:’/8’ GeK7 A1) :g; gg :;;2 A0 A7 82 Bz5 b7 D13 D19
v Pies A A CE H4 K1 K26 N23 P4 Ut
s - &5 S uz6 W23 Y4 ACB AC14 AC20 AE2
= AEZ5 AF10 AF17 N . -
1o - B4 AR1 L i PRI -
:]’g Eg;‘ A2) g} :; (D;g :ﬁg Al % A5 A8 Ai4 A19 A2
S e S TTAzs A26 B1 B26 E1 E26 | H1
o T i _Hee N1 P2g w1 W26 AB1 AB26
v 8 AE1 AE26 AF1 AF2 AF5 AF8 AF13
vee . A L 2 1 AF19 AF22 AF25 AF26 B - -
GND - T T GND' | GND® Al =
0 - P189 | C7 AL3
VO - R Pi90 | BB AHB
0 P129 | P167_ P191 | AB AP2
) P130 | Pi68 | P192 | D8 Ak PGat
MO - - - 4 AN1 "_' "VCC Pins T
Vo - - - -1 AK2 D Y . AT 1TCES T De T FsE
%) - Pi6e  P193 B7 AGS5 JUTUTI39 0 Wi T AASS T TAJT | ALSS T TAPA
%) . P170  P194 | A7 AFE AT34 | AUT | AWS G:‘g’g AW29 | AW3T T -
" ns
;:'8 - : P1_95 gg :52 ATS A29 A37 [ Di4
D34 F4 J33 K] P4
GND Pi31 P171 . P196 | GND' | GND" Vi V36 AR “AFd AF36
o) P132 | Pi72 | Pi97 | B8 AH2 AP ATS AT74 AT30 ATE
ko) P133 | P173 | P198 | D10 AES5 AW AW AWETTTT T o
Vo - - Pigg | C1o ~ AM4 Not Connected Pins )
o] T - P200 | B9 ADS 56 B %255 T %gi [L);:Sz
N - : E37 F2
’:%;c - P2A01 Vﬁg \13303 R3 AF2 AFS8 AJ5 ALEE
o - RS ARZ7 AT2 AUS AUT3 AUTE
AU37 AV26 AV3A AW3E - :
o) - - C11 | ACH 5/5/57 - e ———
o) - - B0 | AEl
0 - - Bi1 | AH4
ko] o AT ABB
GND - - GND” T GND”
veC - S VCC* | vee*
V0 (A4) Pi34 | Pi74 | P202 | Di2 | ADb2
1O (A5) P135 | P175 | P203 | Cl2 . ABd
78] - P176 | P205 | Bi2 | AE3
110 Pi36 | P177 | P206 | Al2 | ACH
10 (A21) B137 | P178 | P207 . C13 . AD4
10 (A20) Pi36 | P179 | P208 | B3 AAS
5] - E - - AB2
o - - AC3
170 (A6} P39 | Pi80 | P203 | Ai3 | AA3
110 (A7) P140 | P181 | P210 | B14 Y8
4-132 November 10, 1997 (Version 1.4)



& XILINX

BG432

VCC Pins }
At ATl A21 A3 c3 c29 D11
D21 L1 L4 128 L31 AA1 AA4
AA28 AA31 AHT1 AH21 AJ3 AJ29 ALL
ALT1 AL21 A3 | - -

GND Pins
A2 A3 A7 A9 A4 T AT AZ3
A25 A29 A30 81 B2 B30 B31
[] c31 D16 G1 G31 J T s
P1 P31 T4 T28 Vi V3l ACi
AC31 AE1 AE31 AHI6 AJ1 AJ31 AK]
AK2 AK30 AK31 AL2 AL3 AL7 AL9
AL14 AL18 AL23 AL25 AL29 ALZ0 -

Not C: Pins

A4 A28 Bi2 B21 c8 D6 D13
D20 | D26 E2 F4 F28 £29 M3
M4 T M28 M30 Wi W28 Y1 v
AE4 AF29 AF30 AG1 AH6 AHI9 AJS
AJ12 | AJ20 AJ26 AK11 AK27 - -
/29/97

Pin Locations for XC4052XL Devices

(Note: XC4052XL is also available in the HQ304 package. XC4052XL HQ
The pinout is identical to the XC4036XL in HQ304.) =05 Pad Name 240
VCC T
0 ) -
XC4052XL HQ PG BG BG Vo
Pad Name 240 411 432 560 o -
VCC P212 VCC* | VECT | VGG 0 .
170 (AB) P313 W3 D17 A17 w
170 (A9) F274 Y2 A17 B18 o -
) - vz C17 ci8 GND -
110 - W5 B17 | Ei8 Vo P234
GND : GND* | GND* | GND* 76} | P23
1O (A19) P215 V4 ci8 Ci9 1o - P236
170 (A18) P216 T2 D18 D18 [le) P237_
Vo P217 U1 B18 E19 QO (A14) PR38
e} P218_ | V6 Al9 B20_ 10, GCKB (A15) P239
10 (A10) P220 U3 B19 c20 vee P240
170 (A11) Po2i R | Cig D20 GND R
VCC - veer T veet 170, GCK1 (A16) P2
GND GND* | GND* 170 (A17) P3
o - us D19 P4
1) ) - T4 A20 5
o o - P2 B20 P6
iio N1 C20 P7
110 B - RS B2A IR
[Le) B B N3 D20 -
GND - : GND* | GND* -
1o - R5 c21 -
o) - M2 AZ2 -
VCC P222  VCC* | VCC* ; -
e P223 L3 822
ie) P224 T6 C22 -
) P225 N5 B23 N
1) P226 M4 A24 -
GND P227 | GND* | GND' B
0 B K2 | D22 Pg
10 - Ka C23 P9
e} - P228 P6 B24 P10
[} P220  Ms c24 P
'GND - GND* | GND* -
{0 - L5 D23 Pi2
0 - J5 825 P13
o T P230 J3 A26 -
0 P23l H2 c25 -
/0 (A12) P23%2 | H4 | D24 P14
110 (A13)  P233 G3 B26 | P15
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XC4000E and XC4000X Series Fieid Programmable Gate Arrays

XCa052XL TTTHa PG BG | BG E [7777TTXcaos2XL T Ha PG

Pad Name 240 411 432 560 | Pad Name 240 411

o . P 812 K29 K32 - A33
o, TMS VTP E11 K30 | 433 - ca3
/0 1 P E15 K31 _M29 | - B34
VCC_ P9 VCC | vOCT | VCC' | P52 | A3
iio o PR | Fi6 L9 | 132 | P53 | Fa2
1o e DoPer j C13 1 180 . M3 - GND”
GND CTeNDT [ GNDT T GNDT ) G35
o - A13 M30  N29 - B38
wo T - D12 M28 . 133 P54 | E33
Vo o - B4 M29 M32 o P55 a3
H32

TUabes
TAKa4

T A
TTALog T AN2Y
AH18 AK20

Aksg ] A0

_Gnp
L oveer |
R37 |

| AD28  AGO
;”“AVEBQ |

T Akt
AL17

November 10, 1997 (Version 1.4)



& XILINX

XC4052XL HG PG BG BG | XC4052XL. HQ PG BG @ BG
Pad Name 240 411 432 560 Pad Name 240 a1 432 560
1O (INIT) P89 W37 AK16 A7 e - AV34 AGT | AG4
VCC P80 VCC* VCC* veC* 110 . AW35 AE4 | AH3
.GND Po1 GND* | GND* | GND* 170 : AW33 AE3 AFS
1) P92 Y34 AL16 ALT7 110 B AU33 AF2 AJ2
e P93 AC37 | AHi5 | AMIi7 vee B VGC vCe* VCC*
o - Y38 AL15 AN17 ‘GND : GND* | GND* | GND’
e - AA37 AJ15 AK16 VO (D8) P29 AV32 AF1 AJi
'GND - GND* | GND* | GND* 110 P130 AU AD4 AF4
o) P94 AB38 AKi5 | AMIS i) P13 AR31 AD3 AG3
10 P95 AD36 AJi4 AL15 o P132 AP28 AE2 AE5
o) P96 AA35 AH14 AKI5 /0 - AP30 AD2 AH1
[1s) P97 AE37 AKi4 AJ15 s - AT30 AC4 AF3
) - AB36 ALI3 AN15 GND - GND* | GND* | GND*
o) - AD38 AK13 AM14 110 P133 AT32 AC3 AE3
VCC - VCC* vCe* VCC* o) P134 AV30 AD1 AC5
GND P98 GND* | GND* | GND* /0 - AR29 AC2 AE1
) - AB34 AJ13 AL14 1o : APZ6 AB4 AD3
ii0 - AE39 AH13 AK14 GND P135 GND® | GND* | GND*
Vo - AM36 ALTZ A4 o) P138 AlU2g AB3 AC4
10 - AC35 AK12 AN13 0 P137 AV28 AB2 AD2
o - AL35 AJ12 AM13 i Pi38 AT28 AB1 ABS
] - AF38 AKI1 ALT3 io P139 AR25 AA3 AC3
GND - GND* | GND* | GND* vCC P140 vCcer T veer VCC*
) PSg AG3% | AHI2 AK12 /0 (D5) CPi4d AP24 AAZ AAS
0 P100 AG37 AJt ANT1 70 (CS0) P142 AUZ7 Y2 AB3
VCC P101 VCC* Vee* VeC* GND : GND” | GND" | GND’
6] P102 AD34 AL10 Az 10 Y4 AB2
110 P103 AN39 AK10 ALTI 1o Y3 AA
) P04 AE35 AJ10 AK11 o) Y1 AAZ
o P105 AH38 AK9 AM1D /0 Wi \&
GND P106 GND* | GND* | GND* i0 W4 Y3
10 - AJ37 AL8 AL1D [e) w3 Y2
o B AG35 | AHIO0 A GND GND* | GND*
110 P107 AF34 Al9 AN9 vCC vCC* veer
) P108 AH36 AKB AK10 /0 w2 W5
GND - GND" | GND* | GND* s V2 W4
o - AK38 AJ8 AN7 e} V4 w3
o) - AP38 AH9 AJ9 e} - TTAVZY V3 Wi
ii0 P109 AK36 AK7 AL7 7] Pi44 | AUZ3 U1 V3
o P110 AM34 AL AKB o) P145 AT22 U2 V5
1o P111 AH34 AJ7 ANG GND - GND* | GND* | GND*
[[e) P112 AJ35 AHB AM6 5] P46 AR21 U4 V4
GND - - GND* | GND* | GND* 7e) P147 | AV22 U3 V2
VCC - veer VCC* VEC* 17O (D4) " P14 | AP20 T1 Us
s - AL37 AKE AJ8 7] P49 Al21 T2 Ua
) - AT38 AL AL6 VCC TTpiso Vet vcer VCC*
o Pi13 AM38 AH7 AK7 GND Pi51 ' GND* | GND* | GND°
1o P114 AN37 AJ6 AMS5 /0 (D3) TPis2 AUTY T3 Uz |
10 - AK34 AKS AM4 /O (RS) . P153 AV20 Ri T2
1) B AR39 AL4 AJ7 i10 P154 AV18 R2 T4
GND B GND* | GND* | GND* 0 P155 AR19 R4 Ri
[fe) - AR37 AH6 ALS GND - GND* | GND* | GND*
o - AU37 AJS AKB o) P156 AT18 R3 R3
) P115 AN35 AK4 AN3 iio P157 AWI7 p2 Ra
1) P116 AL33 AHS AKS [I®) : AV16 P3 I
o) P17 AV38 AK3 AJ6 0 - AP18 P4 P2
10, GCK4 P118 AT36 AJa AL4 s} - AUT7 N1 P3
GND P119 GND* | GND* | GND” ) - AW15 Nz Pa
DONE P120 AR35 AH4 Al5 VCC - vee* VCC* VCC*
VCC P121 veer vCC* vee* GND P158 GND' | GND* | GND*
PROGRAM Pi22 AN33 AH3 AM1 o : AR17 N3 N1
YO (D7) P123 AM32 A2 AHS o) T ATe N4 P5
1O, GCK5 P124 AP34 AGa A4 0 . AVi4 M1 N2
[le) P125 AW39 AG3 “AK3 7] - AW13 M2 N3
WO P126 AN31 AHZ AH4 qre) - auss M3 N5
0 ) - AV36 AH1 ALY [ie) B - AU13 M4 Ma
e - AR33 AFd AGS ‘GND - GND* | GND* | GND*
GND - GND* | GND* | GND* /O {D2) P159 AR15 | L2 Ma
o pi27 AP32 AF3 AJ3 7o) D AP16 ' L3 L
1o P128 AU35 AG2 AK2 VCC EE VCC* VCe* VCC*
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;» XC4052XL T PG | BG BG XC4052XL HG | PG BG BG |
| Pad Neme 240 a1 432 560 Pad Name 240 an 432 560
s P162 | AVi2 K K2 Vo - AF2 D13 ci3
o P163__ ARI3 K2 L4 e - AJ5 B12 Ei4
) Pie4 | AUH K3 J ] [le] - ACSH C13 Al3
o P165 | ATI2 K4 K3 iio - AE A2 D14
GND Fi66 | GND' | GND' | GND* 8] ST Ama D14 Cid
o : AP14 J2 5 o - ABB B3 B14
Vo - AR{ J3 27 GND AND* ] GND* | GND”
0 P167 AV10 J4 Ka vCC - vee? vee* vee*
s Fi68 AT8 H1 73 10 (Ad) P202 ADZ Ci4 ETS
GND - GND* T GND' | GND* IC (A5) F203 ABA A3 D15
i0 ) P69 AT10 H2 G1 o P205 AE3 B14 Ci5
0 P170_| APID w3 Fi i P206 ACH D15 A15 |
1o Bi71 | APi2 [ J5 110 (AZ1) P207 AD4 C15 Cié
) P72 ARS G2 a3 /0 (A20) P208 AAS B15 Ei6 |
) - AU G3 Ha GND - GND* | GND"_| GND* |
10 - Avs F1 F2 [0 - AB2 A5 B17
{GND -7 GND* | GND* ~ GND* 110 - AC3 Cig Ci7
VEE - veer | VeeT T veer | i1 (AB) 209 AA3 Bi6 E17
10 (D1 F173 AU7 Ga F3 V0 (A7) p2i0 Y6 Al6 D17
O (RCLK, RDY/BUSY) P174 AW7 F2 Ga {GND P211 GND* | GND* | GND* |
o ] T AWS F3 b2 6/20/97
o o AVE Et E3 * Pads labelled GND* or VCC* are internally bonded to Ground or
o - AUS F4 GS VCC planes within the associated package. They have no direct
14) N AP8 E2 C1 connection to any specific package pin.
GND - GND* GND* | GND*
s - AR7 _ES k4 Additional XC4052XL Package Pins
Is) - AV4 B D3
o P75 AN E4 83 | Ha240 -
0 T P76 AW D2 F5 1 GND Pins~ j
1/ (DO, DIN) . P177 APS c2 E4d | [ P2o4 paig | - e i
10, GCKe (DOUT) P178 AU3 D3 D4 | 6/3/97
COLK P79 | AR5 D4 G4 |  Note: These pins may be Not Connected for this device revision,
Ve P180 i VCCT | VCCT  VCC however for compatability with other devices in this package, these
0.TD0 P81 AN7 G4 £6 pins should be tied to GND.
GND Pi82 _ GND*_ . GND” . GND*
/0 (AD, WS) P183 AT4 83 D5 PG
40, GCK7 (A1) Pigd AVZ 05 A2 e T
o | Pi8s | AME B4 De_ a3 At AT AE G | D6 | F36
48] P18 AL7 cs A3 3 L3s Wi AR39 AJ1 ALZS | AP4
1o B AT2 Ad E7 | CTATE | TAD AWe | AW1S | AW2S | AW37 -
LA S S ANS D c5 o GND Pins T
iGND -1 GND GND* GND" A T A19 A2g T A7 T c1 . Di4 D20
Vo : AR3 B5 84 D26 D34 Fa | Ja9 | pa P36
) - AR1 ce o7 D Y4 Y36 AAT | AF4 AF36 | AJ39
O (CS1, A2) P187 AKE A5 cé ALt AP36 | ATB AT14 ATZ0 AT26 AU39
KO (A3) P188 AN3 b7 E8 | AWS . AWIT | AW21 | AWS1 - -
10 - AME B6 '6/3197 o
10 - AM2 A6
e - VCeT T vee
) - GND* GND® Bea32 T |
k0 Pieg | A3 D8 AT T AT A3 P Coe T BT
o P190 AHE &7 I v 178 L31 AAT ARG
Lol pra1 | AP2 87 Ahos ARG AR [ AMZT | A 1 AJ29 | ALY
10 ,A P12 AK4 3%} z A T : - - .
IKe) - ANT B8 * - SND Bins —
o — - AR |88 A3 AT A A4 TR | AZ3
(GND - GND® . GND AZS A9 a0 Bl B2 B30 B3
Yo P93 | AGS T ¢t 016 61 Gai i 71
o Pi%4 AF6 TP P31 Ta T28 Vi V3 ACH
o LP%E AL L AC3T T AE1 | AE31 | AHIE | AJT AJ3T Ak
Vo : A3 AK> TTAKB0 | AK31 | Az~ A3 | A7 _ALS
GND P196 | GND [AL1A | ALIB | A2a | ALBS  AL29  ALSD | -
[Vs) P197 AH2 i Not C d Pins )
IS P58 AES G T R
1) ~ P199 AM4 YT =
o P200 | AD6
vee P201 vee!
i) - AG3
e e AGi
{GND - T GND*
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PG560
VCC Pins
A4 A0 AlB A22 A26 A30 B2
813 B19 B32 C3 : C31 c3z2 D1
D33 ES H1 K33 ¢ M1 N32 R2
Ta3 Vi W32 AA2 | AB33 AD1 AF33
AK1 AK4 AK33 A2 | AL3 AL3t AM2
AM15 AM21 AM32 AN4 ANS AN12 AN18
AN24 AN30 - - : - - -
GND Pins
A7 A12 Al4 A18 A20 A24 A29
A32 B1 B6 B9 815 B23 B27
B31 c2 E1 F32 G2 G33 J3z2
Kt 2 M33 P1 P33 . R32 T1
V33 w2 Y1 Y33 AB1 : AC32 AD33
AE2 AG1 AG32 AH2 AJ33 | AL3R AM3
AM7 AM13 AM19 AM25 AM28 | AM33 AN2
ANS AN10 AN14 AN16 AN20 - AN22 AN27
Not Pins
Al A8 AlS A23 A27 A28 A33
B8 B12 Bi16 B26 Cc8 o] ci12
c22 C26 D10 D13 018 D18 D22
025 E2 E10 E13 E21 E24 E32
£33 H2 H3 H5 H31 H32 J4
J31 K& K29 L3 L31 M2 M5
M30 N4 N30 N31 T3 T5 T30
T32 U1 U2 u33 V32 Y4 Y29
AA1L AA33 AB4 AB30 AC1 : AC2 AC33
AD4 ADS AD29 AD30 AE4 AE30 AE31
AF1 AF2 AF31 AF32 AG2 AJ10 Al13
AJis Ad18 Ad21 Ad24 AK9 . AK13 AK18
AK24 AK25 ALS ALS AL12 ALl AL22
AL26 AM8 AMS AM12 AM23 . AM28 AM27
AN1 AN23 AN33 - - - -
6/20/97

Pin Locations for XC4062XL. Devices

(Note:' XC496?XL is also available in thg HQ304 package. );c:c:‘szn Hoz4o | BGa32 | PGATS | BGSe
The pinout is identical to the XC4036XL in HQ304.) ad Name
o) P224 C22 P4 D23
) P225 823 R7 C24
’;S:":::: HQ240 | BG432 | PG475 | BGS60 Vo F226 754 i3 ASE
VeS 5712 Vo VoS Voo GND P227 GND* GND* GND*
1O (A8) P213 D17 v2 A7 Vo - D22 M4 E23
1O (A9) P214 A7 Y4 B18 o - c23 L3 Bos
i) - Ci7 W5 ci8 o P228 B24 N5 D24
i) : B17 G E18 i) P229 Cod K2 25
1) - - us D18 O - - L5 B26
1o - - w3 A1 0 - - ] E24
GND - GND* GND* GND* :GND - GND* GND* GND*
/0 (A19) P215 ci8 W1 c19 Vo - 023 M6 E25
/O (A18) P216 D18 us D19 i - B25 Kd ca7
s P217 Big w7 E1g o P230 A28 J3 D28
[Is) P218 A19 u7 B20 Vo P231 €25 J5 B28
17O (A10) P220 B19 V2 c20 17Q (A12) P232 D24 He B29
170 (A1) Bao1 C1a V4 D20 VO (A13) P233 B26 G1 E26
VET - vCC' vCC* VCe* GND - GND* GND* GND*
GND - GND* GND* GND* vee - vce* vCce* vVCC*
110 - D19 V8 AZ{ 110 - AZ7 L7 23]
Vo - A20 R E20 10 - D25 K6 D27
Vo i B20 T6 821 fie) - C26 E__ B
] - €20 R3 c21 o - 827 He [ "c29
s - B21 RS D21 48] - A28 G5 | E27
0 - D20 T4 B22 Vo D26 F2 A31
GND - GND* GND* GND* GND - GND* GND* GND*
e - cai P2 c23 L P234 c27 He D28
10 - A22 N1 £22 48] P235 B28 c3 C30
vee P222 vCC* vCce* VCC* 4% P236 027 F4 025
0 P223 | B22 N3 B24 18] P237 829 C5 E28
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XC4000E and XC4000X Series Field Programmable Gate Arrays

| Poate2XL HG240 | BG432 | PGA75 | BGSE0 [ ’;f:‘;f:;: HO240 | BG432 | PG475 = BGSG0
70 (A1% —P238 C28 E3 D30 'GND - GND* GND* GND* |
[1/0 GCKS (A15) P239 D28 | ES E29 [0 P35 | U8 | C23 e
VCC T TITPaag | veo' | vect VCC* o) — P36 U25 T Fea | W33
GND P GND" GND" | GND* | o~ - - F"m A2 T WAl
O, GCK1 (A16) P2 D29 G7 | Baa | 110 - Vg I E2s W30
W@ T p3 C3o | Da | Feo | ) - V28 | G23 | W2g
o [P E28 A5 | E30 | 170 S TTwa Boa | vaz |

0, TCK

| ADS B®
L AC28 |

1 AE30

| AE2s |

/0 (LDC)

4-138 November 10, 1997 (Version 1.4)



& XILINX

oate HQ240 | BG432 | PG475 | BGSEO poapeaxL HQ240 = BG432 | PGA75 | BGSE0
vCC vCC* VCC* vce' 110 P100 AJT1 AH40 AN
GND - GND* GND* GND* [vCC P101 veer | veet veer
5] P59 AH24 F40 AM29 e ) P102 ALTY AJ41 AJi2
9] P70 AJ25 H38 AK26 ) P103 AK10 T AJ39 AL11
e P71 AK25 N7 AL27 [e) P104 AJ1D AJ37 AK11
10 P72 AJ24 L35 AJ25 [[e) | Pios AKY AG35 AM10
[e) - AH23 R35 AN29 GND T Pioe GND* GND* GND*
[e) AK24 Gal ANZ8 [e) s ALE AK40 AL10
GND GND* GND* GND* 110 - AH10 AK38 AT
] - H40 AM26 | Ze) _Plo7 | A AL37 AN9
10 : - P38 AK24 o) P108 AKg AL39 AK1D
110 P73 AL24 Ja39 AL25 0o - - AM38 AM3
[[e) P74 AH22 R37 AJ23 e - B AM40 ALY
[[e) - Ad23 Jai ANZ6 GND - GND™ | GND* GND*
/0 - AK23 K40 AL24 70 B
GND P75 GND* GND* GND* [le) -
Vo P76 AJ22 139 AK23 ) P109
o) P77 AK22 M3g AN25 [[e) P110
o) P78 AL22 T36 AJ22 o) P11
1) P79 AJ21 Mag ALZ3 ) P112
‘VCC P80 vee: vCe* vece* GND o
i) Pal AH20 N39 AMZ4 vee -
o) P82 AK21 N41 AK22 -
GND - GND* GND* GND* | -
e AJ20 P40 AKZ1 B P113
e AH18 T38 AM22 | P14
o) AK20 uss AJ20 N -
[s) AJ19 Ua7 AL21 - -
o AL20 R39 AN21 -
e - AH18 R41 AK20 B :
GND P83 GND* GND* GND* -
VCC - vcC* vCC* VCC* P115
) AK19 V36 | AL20 P16
0 - AJ18 U39 AJ19 ) P117
e P34 AL19 vag AM20 P118
) Pas AK18 Vag AK19 D P119
) P86 AHT7 W37 AL1S NE P120 AH4 AR35 AJS
o Pg7 A7 W35 ANTY VCE P21 VEec” vCe” NCC™
GND - GND* GND” GND* PROGRAM P22 AHG AN35 AM3
o } L W41 AJiB 110 (D7)
N7 Y38 AK1B 1f0. GCK5
10 - AK17 W39 AL18 o
[{e) - AL17 AB36 | AMIi8 10
¥ P38 AJ16 Y40 | AKI7 8]
VO (INIT) P89 AK16 Y38 AT o
vCC P30 e VCC* VCC* GND
GND P9t GND* GND* GND* o)
0 P92 AL16 AA39 ALY7 o -
P93 AH15 AB38 AM1T7 {is]
B AL15 AB4O AN17 W
B AJ15 AC37 AK16 110
- AC3g9 AJ16 IS
- AC41 AlL16 VCC
- GND" GND* GND* GND
P34 AK15 AD36 AM16 10 (D§)
P95 AJ14 AC35 AL15 o)
P96 AH14 AE3Q7 AKTS [le)
P97 AK14 AD40 A5 110
- AL13 AD38 ANTS o
AK13 AE39 AMia 10
- VGe* VCer vCer | GND
Pa8 GND* GND* GND* w
- AJ13 AGA1 AL1a o)
AH13 AG39 AK14 o
AL12 AG37 AJi4 w B
T AK12 AE35 | AN1Z o
AJ12 AH38 AM13 10
AK11 AF38 AL13 GND
- GND* GND* GND* | o)
P99 AH12 AF36 AK1Z2 ] 1o
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poateaxL HO240 | BG432 | PG475 | BGSED ottezxL HQ240 | BG432 | PG475S | BGSSD
o P138 AB1 AY30 AB5 170 - G3 AY8 H4
) P139 AA3 AW29 AC3 s} - 1 BA7 F2
VCC P140 VCC* vCe* VCC* GND - GND* GND* GND*
170 (D5) P14 AA2 BA29 AAS5 VCC - VCC* VCC* vCC*
170 (CS0) P142 Y2 AY28 AB3 170 (D1) P173 G4 AV8 F3
GND P143 GND* GND* GND* /0 (RCLK, RDY/BUSY) P74 F2 AY6 G4
@ - Y4 AR25 AB2 /o - F3 ART1 D2
Vo . ¥3 AV2B AA4 110 B T El AT8 E3
&) Y1 AW27 AA3 170 - Fé4 AU9 G5 |
7o) Wi AT26 Y5 /0 - E2 AW5 C1
o - w4 AV26 Y3 GND - GND* GND* GND*
) - W3 BA27 Y2 110 - E3 AY4 F4
GND » GND* GND* GND* 6] - o1 BAS D3
VCC VCC* vCC* VCC* 110 P175 £4 AV4 B3
io - w2 AW25 W5 7] P176 02 AR F5
VO » V2 AV24 W4 1/0 (DO, DIN) P177 c2 AUS E4
o V4 AU25 W3 110, GCK6 (DOUT) P178 D3 AV6 D4
[® ~ V3 AR23 Wi CCLK P179 04 AR5 ca
e} P144 U1 AT24 va VCC P180 VCC* VCC* vCe*
o) P145 U2 AY24 V5 0,700 P181 c4 AN7 E6
GND - GND* GND* GND* GND P182 GND" GND* GND*
70 P146 U4 BA23 ! /0 (AD, WS) P183 B3 AR7 D5
10 Pi47 U3 AUZ3 V2 1/0, GCK7 (A1) Pia4 D5 AW3 A2
) B - AW23 U2 6] P185 B4 AU3 06
o) - : AV20 Ui i0 P186 C5 AW A3
1/0 (D4) P148 T AY22 U5 110 - Ad AP E7
[s) P149 T2 AV2Z U4 o 06 AV2 [o
VCC P150 vGC” VCC* vCC* GND GND* GND* GND*
GND P151 GND* GND* GND* o - B85 AT4 B4
10 (D3) P152 T3 AW21 03 10 - Cé ANS D7
110 (RS) P153 R1 BA21 T2 110 (CS1, A2) P187 A5 AU1 [
6] - - AUT9 T3 /0 (A3) P188 D7 AMG E8
o) - A AY20 75 o) - 86 AT2 BS
o) P154 R2 AU17 T4 110 - AB AL7 A5
1) P155 R4 AW19 Ri VCC - VCC* vCC* vCe*
GND - GND* GND* GND* GND - GND* | GND* GND*
I8 P156 R3 BA19 R3 ) P189 08 AR1 D8
o) P157 P2 AT16 R4 [e) P190 7 AP2 c7
o » P3 AR19 R5 70 [ZE} B7 AM4 E9
[¢] - P4 AV14 P2 110 P1g2 . D9 AN3 A6
170 - N1 AY18 P3 IO - B8 ALS B7
1o - N2 AV18 P4 170 5 A8 AKe D9
VCC B VGC* VCC* VCC* GND ~ GND* GND* GND*
GND P158 GND* GND* GND* o) - - AN1 D10
o - N3 AT18 N 170 - - AJS c9
o B N4 AWTY PS5 0 P193 D10 AM2 E11
) - M1 AR15 N2 e P194 [oF] AH4 AS
7o) - M2 BA15 N3 110 P195 B9 AL3 c10
o B M3 AT14 N5 o) - Cio AK4 D11
6] - M4 AR17 M3 GND P196 GND* GND* GND*
GND - GND* GND* GND* 10 pi97 B10 AG7 B10
1O (D2) P159 L2 AW1S M4 110 P198 A10 AG5 E12
7o) 160 3 AV16 1 10 P199 Ci1 “AK2 i
VEe P161 VCC* VCC* vCC* e P200 D12 AJ3 Bi1
7] P162 K1 AY14 K2 VCC P201 VGG vCC* VCC*
7o) P163 K2 BA13 L4 &) - 811 Add D12
) Pi64 K3 AU13 Ji w - Ciz AF6 AT
o P165 K4 AW13 K3 IGND - GND* GND* GND* |
GND P166 GND* GND* GND* o - D13 AH2 c13
o e J2 AY12 [ 110 - Bi2 AF4 E14
o) - J3 BA11 J2 1o - C13 AE7 A13
o P167 Ja AVi2 K4 o - Al2 AES D4
1) 1168 H1 AT12 J3 ) - Dia AG3 c1a
o » - AW11 H2 s} B13 AG1 814
o - - AY10 K5 GND ~ GND* GND* GND*
‘GND - GND* GND* GND” VCC - VCCH vCC* VCE*
1) i P169 H2 BAg Gl Vo (Ad) P202 ci4 AD6 E15
o P170 H3 AU Fi (/0 (A5) P203 A3 AD4 D15
e P171 Ha AW3 J5 o] P205 814 AE3 Gi5
0 P172 G2 AVi0 G3 e P206 ' D15 AC5 A5
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XC4062XL ‘ PG475
Pod Name HQ240 | BG432 | PG475 | BGS560 S P o
VO (A21) P207 Ci5 ADZ Ci6 . A37 B2 B16 B26 B40 D2
110 (A20) P208 B15 AC7 E16 £21 F6 F36 Gi3 G29 N7
GND : GND* GND* GND* N35 T2 T40 AA1 AAB AAST
i0 - - ACH Dig AA4Y AF2 AF40 A7 A3 AR13
ii0 - - AC3 816 AR29 AT6 AT22 AT38 AU21 AW37
[le) - A15 AB6 817 AW41 AY2 AY16 | AY26 AY40 BA3
I} B ci6 AB2 ci7 GND Pins
/0 (A6} P209 B16 AB4 E17 A3 Ct C7 G3 ] PE
YO (AT) P210 A6 AA3 D17 ut A7 A25 A4l AA7 | AET
GND P21 GND* GND* GND* AH6 ALY AR3 AWT7 BA1 Ca5
6716157 E15 E27 F10 Faz G21 G39
* Pads labelied GND* or VCC* are internally bonded to Ground or L4 P36 U4t AA35 AE4 AH38
VCC planes within the package. They have no direct connection to AL41 AR21 AR39 AT10 AT20 AT32
any specific package pin. AU1S AU27 AW35 BA17 BA25 BA41
E37 E39 A3 a7 AP4 AU7
Additional XC4062XL Package Pins §/5/97
HQ240
: GND Pins !
P204 Pag [ - 1 - | - [ -  Be% i
5/5/97 i i VCC Pins )
[ A4 A10 AB | A2 A26 A30 B2
Note: These pins may be Not Connected for this device revision, B13 B19 B32 c3 c3a1 c32 D1
however for compatability with other devices in this package, these D33 E5 H1 K33 M1 N32 R2 |
pins shouid be tied to GND. T33 V1 w32 AA2 AB33 AD1 AF33
AKA AK4 | AK33 AL2 AL3 AL31 AM2
AMAE | AM21 | AM32 | AN4 ANBTTANTZ T ANTE
BG432 AN24 | AN30 - S - - -
VCC Pins GND Pins
Al ATl A21 A1 c3 C29 D11 A7 A12 Al4 A8 AZ0 AZ4 A29
Dz L L4 128 L31 AR ARG A32 81 86 89 B15 B23 827
AAZ8 | AA3T | AH11 | ARH21 AJ3 AJ29 AL B3i c2 Eq Fi2_ | G2 G33 132
AL11 AL21 AL3 - - - B K1 2 M33 Pl Fa3 R32 T
GND Pins V33 W2 Yi Y33 AE1 AC32 | AD33
A2 A3 A7 A9 At4 Al A23 AE2 AG1 AG32 | AH2 AJ33 | A3z | AM3
A25 AZ9 A30 B1 B2 B30 B3l AM11 | AM19 | AM25 | AM28 | AM33 | AM7 AN2
i Ca1 Di6 Gl Gat A Jai AN5 | TAN10 | AN14 | ANi6 | ANZ0 | ANZ2 | AN27
P1 P31 T4 T28 Vi V31 AC1 Not Connected Pins
AC31 AE1 AE31 AH16 AN Aj3i AK1 Al A8 AZ3 A27 AZB A33 B8
AK2 AK30 | AK31 AL2 AL3 AL ALD Biz cs ciz ¢z C6 D13 D22
AL14 | ALi8 | AL2a | AL25 | AL29 | AL30 B D25 E2 E10 Ei3 EZ1 32 E33
Not Connected Pins H3 H5 H31 J4 K29 L3 L31
¢ | - T T -1 M2 M5 M30 N4 N30 N31 Y4
5/5/97 Y29 AR AA33 | AB4 | AB30 | ACH AC2
AC33 | AD5 | AD29 | AE4 AE30 AF2 _AF3
AF32 | AG2 ANO AT | Ad2d AJZd AK9
AKi3 | AK25 ALB AL1Z | ALZz T Alz6 | AM8
AM12 | AM23 AM27 AN1 ANZ3 AN33 -
5/5/97
Pin Locations for XC4085XL Devices
L
XCADBSXL BG560 passo KCacosxL BGS60 PGS559
VCC vee vee GND GND? GND”
/0 (AB) A7 ABS o ol w5
10 (A9) 818 AB4 o .20 ve
/o Cig AT e} 821 Va4
) Ei8 AC1 1o c21 vz
i D18 ARG ‘ i} b21 us
o A19 ARS \ 110 B22 U7
GND GND' GND* o E21 v2
WO (A1) ¢19 Y8 1o c22 us
10 (AT8) D19 AB2 GND GND~ GND*
70 E1g Y6 1o D22 T4
Vo B20 AR Jo Az3 ut
Vo [ATD) c20 Ya Vo c23 A3
VO (A1Y) D20 W7 1o E22 RS .
e veE Vot VCC VCC* VCC”
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XC4000E and XC4000X Series Field Programmable Gate Arrays

XC4085XL.

XC4085XL

pad Name BG560 PG559 Pad Name BG560 PG559
170 B24 T8 ] 10 H33 Gi5
[} D23 T2 1 10 LZ9 B10 B
s} C2a P4 N ) Kai H16
0 AZ5 R7 GND GND* GND*
{GND GND* GND* 10 i La0 ©9
s} E23 N3 i 0 K32 E13
8 B25 Ri T /0 (TMS) J33 A11
i D24 N5 5 M2g Diz
10 C25 P2 Ve Ve Vee”
e} B26 M4 o 7 T Cit
770 E24 L e} M30 Bia
i1 Cz8 3 R 9] L32 G17
o 025 ) - o v E15
GND GND” GND” GND GND” GND*
vee vee” vee* B i NZ9 D14
[s] A27 N7 o ) A15 )
110 A28 K2 ) 10 NG Ci3
s} E25 M6 0 & B16 |
s} c27 4 - o maz E17 k
[s) D26 L5 B 10 P29 F18
s] B28 H2 B 110 P30 AT7
10 (A12) B29 K4 1 [le) NZ3 G19 1
/0 (A13) E26 43 B GND GND* GND*
GND GND* GND* - vCC | ver VCCH
VeC veer VCC | Vo P31 D16
s c28 7o 1o P32 ci5
10 D27 J5 - s Rz B18
] B30 G1 O s} T R30 H20
o) c29 Ha ) Ra1 B20
o E27 F2 0 R33 E1S
o A3t G5 B GND GND* GND*
GND GND* GNDT ) ] D18
7o) D28 HE 10 T29 F20
o C30 K8 N e} T30 G21 B
1o D29 D2 ,,3 [e) T32 ci7 )
s) E28 J7 o u32 D20
WO (AT4) D30 F4 T 10 U3t E21
/0, GCKB (A15} E29 E3 - GND GND* GND*
vCC vee: veer VeC vCC* vee”
GND GND- GND* 10 uz9 cai _
170, GCK1 (A16) B33 3 T 1o U30 F22
1o (A7) F29 c ] i0 yas “A21
) E30 Fé o Va2 D22
0 D31 A3 B ) EL B22
(VO (D) F30 Ha s) - G23
VO (TCK) ¢33 D4 o GND ~ GND* GND*
"GND GND* GND” ) V30 E23 :
o G29 D6 : ) was ce3 .
0 E31 ¢s5 B /0 W31 A23
7} D32 E7 ° o TTTWa D24
w G30 B4 i w9 B24
L - F31 H10 B 7o) Y32 Hz4
) H29 G9 - vee vee: vCC*
veC vee® vee: GND GND" GND*
IGND GND* GND* o 0 Y31 F24
1 E32 Fg - i) Y30 E25
s} E33 D8 e AA33 B26
70 H30 86 i Y29 D26
) &3 E9 o N AA32 Az7
0 J2g A7 - 10 AA31 G25
1L F33 G11 ; o AA30 B28
i) G32 Fi4 - ] B T AB32 ca7
w_ J30 F12 GND GND* GND*
'VCC VEC* vCC* ) 110 AAZg F26
GND GND" GND* o /O AB31 E27
T H31 G13 N ) ~TAB30 A29
i K29 TEN - 10 AC33 D28
i H32 B8 i vCE VGG vCe*
o J31 D10 b e AC3 G27
i K30 A9 [} AB29 830
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XC4085XL XC4085XL
Pad Name BGS60 PG559 Pad Name PGS58
o) AD32 C29 e K42
0 AC30 E29 “ i10 K46
GND GND* GND* ) 110 L43
110 AD31 D30 [Ie] ‘ La1
10 AE33 A33 GND GND
0 AC29 c31 10 R37
0 AE32 B34 /0 Pdz
[Ie) AD30 H28 110 T Tas
) AE31 A35 10 N39
0 AF32 G29 VCC vec*
) AD29 E31 o M40
GND GND* GND* 7o) R43
VCC vee! vCC* e T N4
e AF31 D32 10 R32 B
) AE30 C35 GND GND*
o) AG33 c33 e U37
[s) AH33 B36 110 T42 ‘
1’0 ” AE29 H3 10 P40 ‘
o AG31 A37 o Ty
o) AF30 Ga1 o R41 :
[Fo) AH32 F32 1o Va2
GND GND* GND* 110 U3g
VCC VCC* vCe” 170 vag
10 AJ32 £33 GND GND*
170 AF29 D34 VCC VvCC* :
10 AH31 B o) W37 i
o AG30 Ga3 110 T40 o
) AK32 Ad1 e} vaz
1o AJ31 E35 7o) Uai
GND __GND* GND* ] ¥3E |
7o) AG29 D36 i 10 vao
[Ie) AL33 F36 GND GND*
i AH30 : G35 ; 10 W39
110 AK31 H34 : o AA43
10 AJ30 B40 ‘ %) Y38
0, GCK2 AH29 E37 [ls) Y40
O (M1) AK30 D38 ) AA37
GND GND* GND’ 170 (INTT) AA33
Mo AJ29 €39 VCC VCC*
VCC vCC* VCC* GND GND*
1 (M2) AN32 H36 [fe) AA41
170, GCK3 AJ28 F38 Ke) AB38 :
/0 (HDC) AK29 C41 ] Vo AB42 3
[7e) ] AL30 D40 () AB4D
wo AK28 B42 110 AC37
WO AMB1 J37 (o) AC39
10 (BT, AJ27 K36 GND GND*
GND GND’ GND*_ 1) AD36
Vo AN31 H38 o AC41
1o AL29 D42 10 AD38
o) AK27 G39 ﬁ o) AC43
7] AL28 43 ) AD40
) AJ26 F40 [0 AE39
10 AM30 £41 VCC VCer
vee vee: VCC* GND GND*
GND ‘ GND" GND* 110 ! AE37
110 AM29 L37 o] AF40
o AK26 J39 7o) AD42
ii0 AL27 Fa2 0 AF42
1o AJ25 Ha0 o) AF38
0 AN29 G43 10 AL13 ‘ AG39
s : ANZ8 Jai 1o AK13 AG43
o] AK25 Ha2 ; ) AJ13 ; AG37
) AL26 N37 GND GND* GND*
VCC vce? eloy 170 AM12 : AH40
GND GND* GND* ) o) AL12 Adat
) Aj24 T P3e o AK12 AG41
o) AM27 . M38 10 ANT1 AK40
170 AM26 J43 VEC vee* VCC*
) AK24 139 0 Adi2 AJ39
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XC4000E and XC4000X Series Field Programmable Gate Arrays

XCA4085XL XC4085XL

P L BGS560 PG559 Pm XL B8GS60 PG559
110 ALT1 AH42 e AE3 AY34
10 AKTi AH36 170 AC5 BC33
/0 AM10 AL39 [[s) AE1 AU29
GND GND* GND* 176 AD3 AT28
110 AL10 AJ37 GND GND* GND*
110 A1l AJa3 N 1o AC4 BA35 )
Vo AN9 AM40 } [Ke) AD2 BB30
[e) AK10 AK42 10 AB5 AW31
0 AMg AN41 o) AC3 AY32
110 AL9 AL41 vCC VCC* VCC*
110 AJ10 AR41 110 AB4 BA33 B
/0 AMB AKIE 10 AC1 AU27
GND GND* GND® 110 (D5) AAS BC29
vCC vce! vCce* 10 (C30) AB3 AW29
) AKD AL37 GND GND* GND"
Vo ALB AN43 [le) AB2 AY30
170 AN7 AM38 110 AAA BA31
/0 AJ9 AP42 0 AA3 EB28
) AL7 AN39 110 Y5 AW27
o) AKB AR43 o) AAY BC27
/0 ANS AP4D ] Y4 AV26
o) AM6 AT4D 10 Y3 AUZ5
GND GND* GND" o) Y2 AY28
VCC VCC* vCC* GND GND* GND*
[e) AJ8 AN37 VCC ey VCC*
10 AL6 AR39 110 WE BA29
Vo AK7 AT42 o) we AT24
110 AMB BA43 170 5 BB26 T
o) AMA AU43 o) Wi AWZ5
) AJ7 AU39 w V3 BB24
GND GND* GND* 10 V5 AY28
) ALS AT38 GND GND* GND*
10 AKE AF36 110 Vi AV24
o) AN3 AR37 /0 V2 AUZ3
7o) AKS AV42 [[e) U2 BA27
o] AJE Avao 110 [ BC23
10, GCK4 Al AW41 /0 (D4) 3 AY24
GND GND* GND* 7o) U4 AW23 ]
DONE A5 AY4z VCC VeC* vCEe*
VCC VeC* vCer GND GND* GND*
PROGRAM AM1 BB42 O (D3) U3 BA23
/0 (D7) AH5 BC41 /0 (R) T2 Av22_
1/, GCK5 AJd AV38 o) T3 AY22
o) AK3 BA39 ) 15 BB22
o) AH4 AT36 o) T4 AU21
Vo AL1 _ BB40 e} Ri AW21
o] AGS AY40 GND GND* GND*
GND GND* GND* [Fe) R BA21
16) AJ3 BA41 [le) R4 BC21
110 AK2 BB38 o) R5 AY20
) AG4 AY38 110 »_ P2 BB20 i
o) AH3 BC37 ] P3 AT20
o AF5 AW37 110 P4 AV20
o) AJ2 AT34 VCC 1 vees veer
VCC VeC* VCC* GND GND* GND*
GND GND* GND* [le) N1 AWTS
1/0 (D6) Al AU35 o P5 AY18
) AF4 AV36 ) NZ BB18
110 AG3 BB36 110 L AU19
110 AES AY36 o) N4 BC17
) AH1 BC35 o) 2 BA17
e AF3 AW35 11 NE AViS
[fe] AE4 AU33 iQ M3 AW17
1’0 AG2 AT30 GND GND* GND*
vCC VeC* vee* 10 (D2) M4 AY16
GND GND* GND* 10 0 BB16
Te) AD5 AV32 i10 L3 AUT7
e AF2 AU o] M5 BA15
110 AF1 AW3Z3 VCC VEC? VCC*
110 AD4 BB34 o K2 AW15
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XC4085XL XC4085XL

Pad Name BG560 PG559 Pad Name BG560
e [ BC15 110
[} J1 AY14 o)
e} K3 BA13 o)
GND GND* GND* 10
s L5 AT16 V0
) J2 BB14 GND
10 i [ o )
10 J3 BCi1 /0 b
10 - H2 B AW13 [
0 K5 BB10 e} )
[ls} H3 aviz VCC
o Ja BA11 10
GND GND* _GND* o)
VeC vCeH eloy /0
wo Gi AT14 e
o F1 AU13 ) GND
o J5 AV12 [is)
) G3 BCS /0
o) H4 AW11 170
o) F2 BB8 ] 110 -
o) E2 AY10 o)
1o H5 AUt [
GND GND* GND* w
VCC VCC* _veer e
YO (D1) F3 BA9 GND
10 (RCLK G4 AW9 IVEC
RDY/BUSY) O (Ad)
o D2 BCY 110 (A5)
/0 E3 AY8 s) o
[e) G5 AV8 [7e)
11O C1 AT10 /O (A21)
GND GND* GND* 110 (A20)
170 F4 AU GND
10 D3 BBE6 7o)
110 B3 AW7 [1e)
e} F5 BC3 o
1O (DO, DIN) E4 AY6 o T
/O, GCK6 (DOUT) D4 8B4 110 (AB)
CCLK C4 BAS 110 (A7)
vCC vCer vCC GND GND”
C, TDO E6 BA3 6/13/97
'GND GND* GND* . .
VO (A0, WS) D5 AT8 Additional XC4085XL. Package Pins
10, GCK7 (A1) A2 AVE
o D6 BB2 BG560 .
) A3 AY4 VCC Pins
o) & ART Ad A10 Ale | A2 A26 A30 B2
Vo ¢ - B13 B19 B32 c3 3 Ca2 D1
GND GND* GND* D33 E5 H1 K33 M3 N32 R2
o - B ATE © 733 Vi W2 AAZ AB33 AD1 AF33
e b7 AV2 AK1 AK4 AK33 AL2 AL3 AL31 AM2
0 (CST, A2) 6 AUE AMI5 | AM21 = AM32 AN12 AN18
170 (A3) Es BA L AN24 | ANSO L - ] -
0 B5 AV4 ‘ GND Pins
o AE AWS A7 A2 T A4 | A8 A20 A24 A29
VR VEe BV A3 Bi  B6 B9 215 B23 B27
GND Ty GND? B31 ca | Ei F32 | G2 G33 J32
) b8 ANT Kl L2 M33 Pi £33 R32 T
i) 5 ARS vas w2 Y1 Y33 AB1 AC32 | AD33
) E9 AVD AE2 AG1 AG32 AHZ AJ33 AL32 T AM3
7o) A6 T4 AM11 AMI9 | AMZ5 | AM28 T AM33 | AM7 ANZ |
) &7 AU ANS ANTO | TANT4 | ANT6  AN20 © AN22 | AN27
7o B9 AR3 Not dPins :
10 ] AT2 A1 [ A3 [ AC2 [ ANT  ANS | - | -
" E10 ALY 6/4/97
vee vCC* veer B
'GND GND* GND*
o B8 AKB
o A8 AMS
0 D10 AN
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XC4000E and XC4000X Series Field Programmable Gate Arrays

PGS559 -
VCC Pins |
A13 A31 A43 B2 C7 c19 c25
C37 F14 F30 G3 G7 G37 Ga1
Hi2 H18 H26 H32 M8 M36 N1
N43 P6 P38 V8 V36 W3 2
AE3 AEA41 AF8 AF36 AK6 AK38 AT
AL43 AMB AM3E | ATi2 | ATi8 AT26 AT32
AU3 AU7 Aus7 | AU4 AVi4 | AV30 BA7
BA19 BAZ25 BA37 BCt BC13 | BC31 BC43
GND Ping
A5 Al9 A25 A39 B12 B32 | Et
ES E39 E43 F10 F16 Fe8 | Fa4
H22 Ké K38 M2 M42 T6 T38
W w43 ABB AB36 AE1 AE43 AHE
AH38 AM2 AM42 AP6 AP38 AT22 AVI0
[ _AVig AVZ28 AV34 AW AWS AW33 | AW43 T
| BB12 BB32 | BCS BC19 | BC25 | BC3g -
5/8/97

* Pads labelled GND* or VCC* are internally bonded to Ground or
VCC planes within the package. They have no direct connection to
any specific package pin.
1 = Eonly, 1 = XL only
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Product Availability

Table 25 - Table 27 show the planned packages and speed grades for XC4000-Series devices. Call your local sales office for

the latest availability information, or see the Xilinx WEBLINX at http:/www.xilinx.com for the latest revision of the
specifications.

Table 25: Component Availability Chart for XC4000XL FPGAs

PINS | 84 | 100 | 100 | 144 | 144 | 160 | 160 | 176 | 176 | 208 | 208 [ 240 [ 240 | 256 [ 200 [ 304 | as2 [ 411 [ 432 | 475 [ 509 | se0
vee |38 5% %L |58 E-;& Ea 3k g% Fo|5a 32 3o RIS Bo is|Es|es |56 |4
: T o : ™ gy S|l 2F |G g @ I
e7|8¢ (80|88 |50 |25 (20|88 |58 |88 |20 |45 |20 (88|38 56|28 | 82|48 |38 |32 |28
X X x s I
S @ | S oo |® @ |l @ |o | o N v o |9
ygigig|d|F el R|IC|g|8|F|F[8 |82 |2l=|8 2|83
CODE o D - Bt - - - -~ - [aY) [aY [a}} [a¥} [4V] [aY] o o} <t <t <t w e}
OSlciC|o|E|g|o|G|E|g|o|lg|c|alo|d|C|o|a|0|6|d
A |> |- | I | |aiji~ ]I | |4 | |a|oajo |T|ola|ml|a|la|a
s e — P e ———— m—
3 Jci|ct]ct]|ci ] ]
XC4005XL[ 2 fc ¢ ¢c[¢c C C
Afci¢]c|c T 3
3 fcr|or i ci] ¢l Tl cl
XC4010XL[ 2 f ¢ | ¢ C c i c [ C
A fc ¢ C C ] C C c
3 Cl Cl ci ci C1 | ¢l
XC4013XL [ =2 [ c c c c | c
A T C c c c | c
E) Cl Cl cl Tl ci] ¢l
XC4020XL [ 2 C c C C c | ¢
A T 3 c c c | c
3 1 Cl Cl ci|ct| ci|ci
XC4028XL | 2 C C C c | c| ol c
3 c c c clclc|c
3 c Cl cl ENENEINE
XC4036XL [ 2 cl [ [ [ C [ [
3 C c C cleclc ¢
3 1 i c Ci | ci|ci]cy
XC4044XL | = T c C 1T Tc ¢
I c c c ] Cc < | ¢
3 i i ci [ i
XC4052XL [ = C C c [ ¢ c
3 c 5 T | c C
K Cl c1 ci | ¢l cl
XC4062XL. [ = 3 c c|¢ c
3 C C G c
3 Cl| ¢t
XCA4085XL [ 2 cl¢
-1 C C

8/4/97
C = Commercial T; = 0°to +85°C
|= industrial T = -40°C to +100°C
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XCAO00E and XC4000X Series Field Programmabie Gate Arrays

Table 26: Component Avaitability Chart for XC4000E FPGAs

PINS 84 100 100 120 144 156 160 191 208 208 223 225 240 240 209 304
wee | 38 | 3% | 4% | 5 | sk | 55 | g% | g 5o | a2 Es | 5x | 8 | 52 i< | 5,
i | af |29 | 38 |29 | 32 | £8 | &9 | 55 | 28 | 32 | £8 | g8 | £9 58 | £°
I sy I
© = © < © © @© @ I
we |[3{E1EIS 2|2 812 8|88 8 8(8 8|3
- - - —
glg|log|lo|jog|lo|lco|lo|g|lo|o|la|lag|oc|o|&
0. P 21 [ [o £l [« 8 L‘ [ [« 8 [24] ey 0 [+ I
R —— P— A — S
~ Ct Gl C! cl
-3 C c C c
XC4003E - c < = <
K c S C C
3 Ci cl Cl Cl Ci Ci
3 C < c C C c
XC4005E > S 5 = s = =
B 5 C 3 c c c
-4 (o3} Ci Cl ci Ci
-3 C C C C c
XC4006E 3 S = < = =
4 C C c C C
2 Cl cl cl Cl
3 C c C c
XC4008E > = 3 = c
K c C C c
4 Ci Cl Ci cl cl Ci
3 C S c c c C
XC4010E > = z S s < =
E c C c C c C
4 ch cl Ci ci ci Ci ci
3 c C C C C C c
XC4013E 2 C C c c S c C
K c c [ c c c c
3 ci Cl Cl
-3 C C C
XC4020E — 3 < = s
K 3 c C
7 Ci Ci Ci Cli
XC4025E | = c C < C
2 ¢ c C c
84197
C = Commercial T, = 0°to +85°C
I= Industrial T, = -40°C to +100°C
4
Table 27: Component Availability Chart for XC4000EX FPGAs
PINS 208 240 299 304 352 411 432
TYPE High-Pert. High-Per. Ceram. High-Perf. Plast. Ceram. Plast.
QFP QFP PGA QFP BGA PGA BGA
CODE HQ208 HQ240 PG299 HQ304 BG352 PG4 BG432
-3 cl cl ct cli Ci
XC4028EX [ 2 c C c C C
E 3 C c C C
-3 Cci Cl Gl
XC4036EX [ 2 < € 3
1 c c [

8/4/37

C = Commercial T; = 0°to +85°C
I= Industrial T, = -40°C to +100°C
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User I/O Per Package

Table 28 - Table 30 show the number of user I/Os available in each package for XC4000-Series devices. Call your local sales
office for the fatest availability information, or see the Xilinx WEBLINX at http://www.xilinx.com for the latest revision of the
specifications.

Table 28: User /O Chart for XC4000XL FPGAs

" Package Type
g |l@leg|lgilg(@i|lv|lvo|R[w[egfcJoofg o[~ alw o o
M S 12 121X |32 2IC 818152 (3|8I2(3(8 5 /8I5(8(8
Devi yol|a IO |E|IQ|CIC|E|ICIC|Q|C|C|O|C|C|O0|G|G|6 |G
evice g | >~ |T|T|al-F (LT |Ad|lZT|lajolda | | ala|daldld|m
A I _——————————_—
XC4005XL | 112 f &1 77 77 | 112 112 112
XC4010XL | 150 [ 61 rd 113 129 | 145 60 160
XC4013XL | 192 113 129 145 160 192 | 192
XC4020XL | 224 113 129 145 160 193 | 208
XC4028XL | 256 129 160 193 205 | 256 | 256 | 256
XC4036XL | 288 129 160 193 256 | 288 | 288 | 288
XC4044XL | 320 129 160 193 256 | 289 | 320 | 320
XC4052XL | 352 193 256 382 | as2 352
XC4062XL. | 384 193 256 352 | aga ags
XC4085XL. | 448 448 | 448
XC40125XV | 448 448 | 432
Br30I97

Table 29: User /O Chart for XC4000E FPGAs

Package Type
1|88 |8 |38 8|z |88 ]R8 |S]g2/8]%2
Max 8 - - - — - — - & I o & o N A &
; T (] ] o &) 9] o O ] &) 19} 9] o (] [©] @]
Device [ 1O a |5 la |+ |la|dla | Flald | &é6|F|&lalsF
—h* S — ——
XCA4003E | 0 61 77 77 80
XC4005E | 112 61 77 112 112 112 112
XC4006E | 128 61 113 125 128 128
XC4008E | 144 | 61 128 144 144
XC4010E | 160 61 129 160 160 160 160
XC4013E | 192 129 160 160 192 192 122 192
XC4020E | 204 160 192 193
XC4025E | =36 192 193 256 256
8/5/97
Table 30: User 1/O Chart for XC4000EX FPGAs
Max Package Type
Device 6] HQ208 HQ240 PG2399 HQ304 BG352 PG411 BG432
XC4028EX | 26 160 193 268 256 256
XC4036EX | =88 193 256 288 288 288

8/5/97
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XC4000E and XC4000X Series Field Programmable Gate Arrays

Ordering Information

Example: XC4013E-3HQ240C
Al T
Device Type ————
Temperature Range
Speed Grade C = Commercial (T = 0 to +85°C)
-6 I = Industrial (T = -40 to +100°C)
-5 M = Military (T = -55 to+125°C)
-4
g L Number of Pins
-1
Package Type
PC = Plastic Lead Chip Carrier BG = Ball Grid Array
PQ = Plastic Quad Flat Pack PG = Ceramic Pin Grid Array
VQ = Very Thin Quad Flat Pack  HQ = High Heat Dissipation Quad Flat Pack
TQ = Thin Quad Flat Pack MQ = Metal Quad Flat Pack

CB = Top Brazed Ceramic Quad Flat Pack

X9020
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