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Product Obsolete or Under Obsolescence

XC4000E and XC4000X Series Field Programmable Gate Arrays XX"JNX@
Table 1: XC4000E and XC4000X Series Field Programmable Gate Arrays
Max Logic |Max. RAM Typical Number
Logic Gates Bits Gate Range CLB Total of Max.
Device Cells (No RAM) |(No Logic) |(Logic and RAM)* Matrix CLBs |Flip-Flops | User I/O

XC4002XL 152 1,600 2,048 1,000 - 3,000 8x8 64 256 64
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 16 x 16 256 768 128
XC4008E 770 8,000 10,368 6,000 - 15,000 18 x 18 324 936 144
XC4010E/XL 950 10,000 12,800 7,000 - 20,000 20 x 20 400 1,120 160
XC4013E/XL 1368 13,000 18,432 10,000 - 30,000 24 x 24 576 1,536 192
XC4020E/XL 1862 20,000 25,088 13,000 - 40,000 28 x 28 784 2,016 224
XC4025E 2432 25,000 32,768 15,000 - 45,000 32x32 1,024 2,560 256
XC4028EX/XL 2432 28,000 32,768 18,000 - 50,000 32x32 1,024 2,560 256
XC4036EX/XL 3078 36,000 41,472 22,000 - 65,000 36 x 36 1,296 3,168 288
XC4044XL 3800 44,000 51,200 27,000 - 80,000 40 x 40 1,600 3,840 320
XC4052XL 4598 52,000 61,952 | 33,000 - 100,000 | 44x44 1,936 4,576 352
XC4062XL 5472 62,000 73,728 | 40,000 - 130,000 | 48x48 2,304 5,376 384
XC4085XL 7448 85,000 100,352 | 55,000 - 180,000 | 56 x 56 3,136 7,168 448

* Max values of Typical Gate Range include 20-30% of CLBs used as RAM.

Note: All functionality in low-voltage families is the same as
in the corresponding 5-Volt family, except where numerical
references are made to timing or power.

Description

XC4000 Series devices are implemented with a regular,
flexible, programmable 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 external 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, floor planning, 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.

Taking Advantage of Re-configuration

FPGA devices can be re-configured to change logic func-
tion while resident in the system. This capability gives the
system 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 re-con-
figured dynamically to perform different functions at differ-
ent times.

Re-configurable logic can be used to implement system
self-diagnostics, create systems capable of being re-con-
figured for different environments or operations, or imple-
ment multi-purpose hardware for a given application. As an
added benefit, using re-configurable FPGA devices simpli-
fies hardware design and debugging and shortens product
time-to-market.

May 14, 1999 (Version 1.6)



Product Obsolete or Under Obsolescence
XC4000E and XC4000X Series Field Programmable Gate Arrays

S XILINX®

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.

Global 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, these pins have weak pull-up resis-
tors. For the most popular configuration mode, Slave
Serial, the mode pins can thus be left unconnected. The
three mode inputs can be individually configured with or
without weak pull-up or pull-down resistors. A pull-down
resistor value of 4.7 kQ is recommended.

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

The PROGRAM input pin has a permanent weak pull-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 all 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 horizontal 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-
mance routing near the I0Bs enhances pin flexibility.

Faster Input and Output

A fast, dedicated early clock sourced by global clock buffers
is available for the I0Bs. 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 20 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.

10B Output MUX From Output Clock

A multiplexer in the IOB allows the output clock to select
either the output data or the 10B 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
“IOB Output Signals” on page 23 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 Parallel config-
uration mode to 22 bits.
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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 3.

Figure 6 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 (SPO), 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 (DPO), 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
DPRA][3:0] for the read address, and reading only the DPO
output, a FIFO that can read and write simultaneously is
easily generated. Simultaneous 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
Table 6. See Figure 7 on page 16 for a block diagram of a
CLB configured in this mode.
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Figure 6: XC4000 Series Dual-Port RAM, Simple
Model

Table 6: 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
DPRAJ[3:0] G1-G4 Read Address for G
WE WE Write Enable
WCLK K Clock
SPO F Single 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 (T\yps
in Figure 3) 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 pulse 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 settled, 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 RAMSs.

However, the edge-triggered RAM available in the XC4000
Series is superior to level-sensitive RAM for almost every
application.

May 14, 1999 (Version 1.6)
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Figure 7: 16x1 Edge-Triggered Dual-Port RAM

Figure 8 shows the write timing for level-sensitive, sin- attached to the RAM or ROM symbol, as described in the
gle-port RAM. schematic library guide. If not defined, all RAM contents

The relationships between CLB pins and RAM inputs and are initialized to all zeros, by default.

outputs for single-port level-sensitive mode are shown in RAM initialization occurs only during configuration. The
Table 7. RAM content is not affected by Global Set/Reset.

Figure 9 and Figure 10 show block diagrams of a CLB con- Table 7: Single-Port Level-Sensitive RAM Signals
figured as 16x2 and 32x1 level-sensitive, single-port RAM.

RAM Signal CLB Pin Function

Initializing RAM at Configuration D DO or D1 Data In

. . A[3:0] F1-F4 or G1-G4 Address
Both RAM and ROM implementations of the XC4000 WE WE Write Enable
Series devices are initialized during configuration. The ini- 0 ForG Data Out
tial contents are defined via an INIT attribute or property

Twc
ADDRESS
Tas [ Twp | TAH —>|
WRITE ENABLE k #\ ‘
Tps —> <« TpH

-
DATA IN * REQUIRED

Figure 8: Level-Sensitive RAM Write Timing

X6462
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Figure 10: 32x1 Level-Sensitive Single-Port RAM (F and G addresses are identical)
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Figure 22: 3-State Buffers Implement a Multiplexer

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 for 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 I0B 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 23. 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 CLB 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-

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

10B 10B

11 1

A c B

O O O
( C) ...
(A*B-C)....
(AeB+C)...
(A*B-C)....

X2627

Figure 23: XC4000 Series Edge Decoding Example
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Figure 24: 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, Vcc, and
temperature. The output frequency falls between 4 and 10
MHz.

May 14, 1999 (Version 1.6)
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IOB 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 15.
The table shows which CLB and IOB 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
IOB can also be sourced from local interconnect.

Table 15: Clock Pin Access

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

e Primary Global Buffers (BUFGP)
¢ Secondary Global Buffers (BUFGS)

Four Primary Global buffers offer the shortest delay and
negligible 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 Global 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 Global 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 34. Each corner of the device has
one Primary buffer and one Secondary buffer.

I0OBs 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 attribute 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 bottom edge of the device, on the left.

XC4000E XC4000X Local
L&R T&B Inter-
BUFGP BUFGS BUFGLS BUFGE BUFGE connect
All CLBs in Quadrant v v v v
All CLBs in Device v v
IOBs on Adjacent Vertical v v v v
Half Edge
IOBs on Adjacent Vertical v v v
Full Edge
IOBs on Adjacent Horizontal v v
Half Edge (Direct)
IOBs on Adjacent Horizontal v v v v
Half Edge (through CLB globals)
IOBs on Adjacent Horizontal v v
Full Edge (through CLB globals)
L = Left, R = Right, T = Top, B = Bottom
May 14, 1999 (Version 1.6) 6-35
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Global Nets and Buffers (XC4000X only)

Eight vertical longlines in each CLB column are driven by
special global 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 35. 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
guarter points. Consequently, the number of different
clocks that can be used simultaneously 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.

IOB 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 1/O interface.

Figure 35 is a conceptual diagram of the global net struc-
ture in the XC4000X.

Global Early buffers and Global Low-Skew buffers share a
single pad. Therefore, the same IPAD symbol can drive one
buffer of each type, in parallel. This configuration is particu-
larly useful when using the Fast Capture latches, as
described in “IOB Input Signals” on page 20. Paired Global

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 15 on page 35 to choose an appropriate clock buffer.

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

¢ If 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 buff-
ers can drive any of the eight vertical Global lines in a col-
umn of CLBs. In addition, any of the buffers can drive any of
the four vertical lines accessing the IOBs on the left edge of
the device, and any of the eight vertical lines accessing the
IOBs on the right edge of the device. (See Figure 36 on
page 38.)

IOBs at the top and bottom edges of the device are
accessed through the vertical Global lines in the CLB array,
as in the XC4000E. Any Global Low-Skew buffer can,
therefore, access every IOB 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.

May 14, 1999 (Version 1.6)
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Table 16: Pin Descriptions

I/0 I/0
During | After
Pin Name | Config. | Config. Pin Description

Permanently Dedicated Pins

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

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

GND ! ! 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 lor O | 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 56 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 /0 (@] can be configured to delay the global logic initialization and the enabling of outputs.
The optional pull-up resistor is selected as an option in the XACTstep 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. Itis used to initiate a configuration cycle. When PROGRAM goes High, the FPGA
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 pulled
up to Vcc.

User I/0O 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 (@) I/O  |chronous 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 pull-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 PROMs. 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.

| (M0O), |During configuration, these pins have weak pull-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 Output. If boundary scan is not used,
this pin is a 3-state output without a register, after configuration is completed.

TDO o] 0] This pin can be user output only when called out by special schematic definitions. To
use this pin, place the library component TDO instead of the usual pad symbol. An out-
put buffer must still be used.

PROGRAM I |

RCLK O I/0
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Table 16: Pin Descriptions (Continued)

I/0 I/0
During | After
Pin Name | Config. | Config. Pin Description
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
yo |ean also be used as inputs to the CLB logic after configuration is completed.
TDI, TCK, If the BSCAN symbol is not placed in the design, all boundary scan functions are inhib-
I orl | ) S .

TMS (JTAG) ited once configuration is completed, and these pins become user-programmable 1/O.
The pins can be used automatically or user-constrained. To use them, use "LOC=" or
place the library components TDI, TCK, and TMS instead of the usual pad symbols. In-
put or output buffers must still be used.

High During Configuration (HDC) is driven High until the 1/0 go active. It is available as

HDC 0] I/0  |a control output indicating that configuration is not yet completed. After configuration,
HDC is a user-programmable 1/O pin.

Low During Configuration (LDC) is driven Low until the I/O go active. Itis available as a

LDC o I/O |control output indicating that configuration is not yet completed. After configuration,
LDC is a user-programmable I/O pin.

Before and during configuration, INIT is a bidirectional signal. A 1 kQ - 10 kQ external
pull-up resistor is recommended.
As an active-Low open-drain output, INIT is held Low during the power stabilization and

NIT e e 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 ps after INIT has gone High.
During configuration, a Low on this output indicates that a configuration data error has
occurred. After the I/O go active, INIT is a user-programmable I/O pin.

Four Primary Global inputs each drive a dedicated internal global net with short delay
PGCK1 - and minimal skew. If not used to drive a global buffer, any of these pins is a user-pro-
PGCK4 Weak Lor /O grammable I/O.
(XC4000E | Pull-up The PGCK1-PGCK4 pins drive the four Primary Global Buffers. Any input pad symbol
only) connected directly to the input of a BUFGP symbol is automatically placed on one of
these pins.
Four Secondary Global inputs each drive a dedicated internal global net with short delay
SGCK1 - and minimal skew. These internal global nets can also be driven from internal logic. If
SGCK4 Weak Lor /O not used to drive a global net, any of these pins is a user-programmable I/O pin.
(XC4000E | Pull-up The SGCK1-SGCKA4 pins provide the shortest path to the four Secondary Global Buff-
only) ers. Any input pad symbol connected directly to the input of a BUFGS symbol is auto-
matically placed on one of these pins.
Eight inputs can each drive a Global Low-Skew buffer. In addition, each can drive a Glo-
GCK1 - bal Early buffer. Each pair of global buffers can also be driven from internal logic, but
GCK8 Weak Lor /O must share an input signal. If not used to drive a global buffer, any of these pins is a
(XC4000X | Pull-up user-programmable 1/O.

only) Any input pad symbol connected directly to the input of a BUFGLS or BUFGE symbol
is automatically placed on one of these pins.

FCLK1 - Four inputs can each drive a Fast Clock (FCLK) buffer which can deliver a clock signal
FCLK4 to any 0B clock input in the octant of the die served by the Fast Clock buffer. Two Fast
(XC4000XLA | Weak Lor /O Clock buffers serve the two IOB octants on the left side of the die and the other two Fast
and Pull-up Clock buffers serve the two IOB octants on the right side of the die. On each side of the
XC4000XV die, one Fast Clock buffer serves the upper octant and the other serves the lower octant.

only) If not used to drive a Fast Clock buffer, any of these pins is a user-programmable 1/O.
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Figure 41: XC4000 Series Boundary Scan Logic

Instruction Set

The XC4000 Series boundary scan instruction set also
includes instructions to configure the device and read back
the configuration data. The instruction set is coded as
shown in Table 17.

Bit Sequence

The bit sequence within each 10B 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 out-
put-only M1 pin contributes all three bits.

The first two bits in the 1/0O data register are TDO.T and
TDO.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
Xilinx 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 42.
The device-specific pinout tables for the XC4000 Series
include the boundary scan locations for each I0B pin.

SHIFT/
CAPTURE

DATAOUT

CLOCK DATA
REGISTER

UPDATE EXTEST

X9016

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

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 43.

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.

6-44
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is passed through and is captured by each FPGA when it
recognizes the 0010 preamble. 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 I/O are
normally released two CCLK cycles after the last configura-
tion bit is received. Figure 47 on page 53 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 47 on page 53.
Since all devices in the chain store the same length count
value and generate or receive one common sequence of
CCLK pulses, they all recognize length-count match on the
same CCLK edge, as indicated on the left edge of
Figure 47. 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 I/O pins of the
XC4000 Series devices all available for user 1/0O. Figure 44
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 IOB 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.

OEIT
Output
Connected
Reset to CCLK

Active Low Output
Active High Output

>

corro
PrRrPROO

L etc
X5223

Figure 44: 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 XC4000E/EX devices and

from 5 MHz to 15 MHz for XC4000XL devices. The fre-
guency 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 19: XC4000 Series Data Stream Formats

Data Stream Format

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

The data stream formats are shown in Table 19. 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 20 and
Table 21). Each frame begins with a start field and ends
with an error check. A postamble code 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 selection of CRC or non-CRC error checking is allowed
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 INIT 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 Vcc.

All Other

Data Type Modes (DO...)
Fill Byte 11111111b
Preamble Code 0010b
Length Count COUNT(23:0)
Fill Bits 1111b
Start Field Ob
Data Frame DATA(Nn-1:0)
CRC or Constant xxxx (CRC)
Field Check or 0110b
Extend Write Cycle —
Postamble 01111111b
Start-Up Bytes xxh
Legend:
Not shaded Once per bitstream
Light Once per data frame
Dark Once per device
6-48
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XC3000 must have latest F
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1 Heavy lines describe
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Global Reset | I
F
DONE [ |
c1 c2 c3 c4
XC4000E/X o : } |
CCLK_NOSYNC c2 C3 Ca
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c2 c3 c4
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F
DONE | X
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I
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F
DONE | [
c1 u2 us U4
XC4000E/X Vo I I I
UCLK_NOSYNC U2 u3 U4
GSR Active | | I
u2 us U4
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Figure 47: Start-up Timing
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Table 22: Pin Functions During Configuration

CONFIGURATION MODE <M2:M1:M0>
SLAVE MASTER SYNCH. ASYNCH. MASTER MASTER USER
SERIAL SERIAL PERIPHERAL | PERIPHERAL |PARALLEL DOWN | PARALLEL UP OPERATION
<1:1:1> <0:0:0> <0:1:1> <1:0:1> <1:1:0> <1:0:0>
M2(HIGH) (1) M2(LOW) (1) M2(LOW) (1) M2(HIGH) (1) M2(HIGH) (1) M2(HIGH) (1) 0)
M1(HIGH) (1) M1(LOW) (1) M1(HIGH) (1) M1(LOW) (1) M1(HIGH) (1) M1(LOW) (1) (0)
MO(HIGH) (1) MO(LOW) (1) MO(HIGH) (1) MO(HIGH) (1) MO(LOW) (I) MO(LOW) (1) ()
HDC (HIGH) HDC (HIGH) HDC (HIGH) HDC (HIGH) HDC (HIGH) HDC (HIGH) 110
LDC (LOW) LDC (LOW) LDC (LOW) LDC (LOW) LDC (LOW) LDC (LOW) 110
INIT INIT INIT INIT INIT INIT 110
DONE DONE DONE DONE DONE DONE DONE
PROGRAM (I) | PROGRAM () | PROGRAM () | PROGRAM (I) PROGRAM (1) PROGRAM (I) PROGRAM
CCLK (l) CCLK (0) CCLK (1) CCLK (0) CCLK (0) CCLK (0) CCLK (l)
RDY/BUSY (O) | RDY/BUSY (O) RCLK (O) RCLK (0O) 110
RS (I) 110
CS0 (1) 110
DATA 7 (1) DATA 7 (1) DATA 7 (1) DATA 7 (1) 110
DATA 6 (1) DATA 6 (1) DATA 6 (1) DATA 6 (1) 110
DATA 5 (1) DATA 5 (1) DATA 5 (1) DATA 5 (1) 110
DATA 4 (1) DATA 4 (1) DATA 4 (1) DATA 4 (1) 1/0
DATA 3 (1) DATA 3 (1) DATA 3 (1) DATA 3 (1) 1/O
DATA 2 (1) DATA 2 (1) DATA 2 (1) DATA 2 (1) 11O
DATA 1 (1) DATA 1 (1) DATA 1 (1) DATA 1 (1) 110
DIN (1) DIN (1) DATA 0 (1) DATA 0 (1) DATA 0 (1) DATA 0 (1) 110
DOUT DOUT DOUT DOUT DOUT DOUT SGCK4-GCK6-1/0
TDI TDI TDI TDI TDI TDI TDI-I/O
TCK TCK TCK TCK TCK TCK TCK-/O
T™MS T™MS T™MS T™MS T™MS T™MS TMS-I/O
TDO TDO TDO TDO TDO TDO TDO-(0)
WS (1) A0 A0 110
Al Al PGCK4-GCK7-1/0
Ccs1 A2 A2 110
A3 A3 110
A4 A4 110
A5 A5 110
A6 A6 110
A7 A7 110
A8 A8 110
A9 A9 1/0
A10 A10 11O
All All 11O
Al12 Al12 110
Al13 Al13 110
Al4 Al4 110
A15 Al15 SGCK1-GCK8-1/0
Al16 Al6 PGCK1-GCK1-1/0
Al7 Al7 110
A18* A18* 110
A19* A19* 110
A20* A20* 11O
A21* A21* 110
ALL OTHERS
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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) until 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 micro controllers. 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 selected 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 Parallel 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.

Y

HIGH

or
47€Q S NiC

MO M1 M2

CCLK

TO CCLK OF OPTIONAL

TO DIN OF OPTIONAL
DAISY-CHAINED FPGAS

N/C

Y

NOTE:MO can be shorted pout

DAISY-CHAINED FPGAS ‘ ‘

to Ground if not used
as 1/0.

vce
EPROM
(8K x 8)
4.7KQ

A12

All
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D7 A8

D6 A7

D5 A6

D4 A5

D3 A4
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Figure 54: Master Parallel Mode Circuit Diagram
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éﬂtﬁ&é ><K Address for Byte n Address for Byte n + 1
\v et @ TrAC
DO0-D7
XRXKXXKXKRIN o X
(@D Tpre— «— (@ Trep
RCLK /
(output) / ‘e ]

|

CCLK

CCLK
(output)
DOUT
(output) X be \X o7
Byten-1 X6078
Description Symbol Min Max Units

Delay to Address valid 1 TrAC 0 200 ns

RCLK Data setup time 2 Tpre 60 ns

Data hold time 3 TreD 0 ns

Notes: 1. At power-up, Vcc must rise from 2.0 V to Vcec min in less than 25 ms, otherwise delay configuration by pulling PROGRAM
Low until Vcc 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 55: Master Parallel Mode Programming Switching Characteristics
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Configuration Switching Characteristics

Vce V

>

- Tror
_/

RE-PROGRAM

PROGRAM

INIT

CCLK OUTPUT or INPUT

—b <+— >300ns
v - [
— >

4— <300 ns

?’éoéq“ﬂﬁég")z VALID X DONE RESPONSE N
X1582 —» |&— <300ns
110
Master Modes (XC4000E/EX)
Description Symbol Min Max Units
MO = High Tpor 10 40 ms
Power-On Reset MO = Low TrPoR 40 130 ms
Program Latency Tp 30 200 Us per
CLB column
CCLK (output) Delay Ticck 40 250 Hs
CCLK (output) Period, slow Teelk 640 2000 ns
CCLK (output) Period, fast Teelk 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 Tp 30 200 us per
CLB column
CCLK (output) Delay Ticck 40 250 Hs
CCLK (output) Period, slow Teolk 540 1600 ns
CCLK (output) Period, fast Teelk 67 200 ns
Slave and Peripheral Modes (All)
Description Symbol Min Max Units
Power-On Reset TroRr 10 33 ms
Program Latency Tp 30 200 us per
CLB column
CCLK (input) Delay (required) Ticck 4 V&S
CCLK (input) Period (required) Tcelk 100 ns
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Table 25: Component Availability Chart for XC4000E FPGAs

PINS 84 100 100 120 144 156 160 191 208 208 223 225 240 240 299 304
= O = = £ « s £« o £« Ea s £ < = %& o £« %
78S [Z QTS 0 W a 0w < 0 0w a a 0 0w a 7] o @ 0w < Qo

PRl 22 | 29 | 22 | 58 | &2 | 89 | £9 | 32 | 56 |29 | 38 | £8 | £6 | &9 | 82 | &©
I I I
< o o o <t © o \—| %) ) ™ L0 o o o} <
0 (=] o ~N < 0 © o o o N N < < o2} o
CODE O — — — ‘—| — — — IN N N N N N N ™
o o o O] o O] (@4 O o (@4 O Q o (04 ) o
o > [a = o [a o T [a N o m T o o T
-4 cl Cl Cl cl
-3
XC4003E cl cl cl cl
2 cl cl Cl cl
-1 [ c c c
-4 cl cl cl cl cl cl
3 cl cl cl cl cl [
XC4005E 2 cl cl cl cl cl [
-1 c c c c c c
-4 cl cl cl cl [
3 cl cl cl cl [
XC4006E 2 cl cl cl cl cl
-1 [ [¢ c [ 9
-4 cl cl cl [
3 cl cl cl cl
XC4008E 2 cl cl cl [
-1 [ c [¢ c
-4 cl cl cl cl cl cl
3 cl cl cl cl cl cl
XC4010E 2 cl cl Cl cl cl cl
-1 c [ [& c c c
-4 cl cl cl cl cl [ cl
3 cl cl [ Cl cl cl cl
XC4013E 2 cl cl cl cl cl cl cl
-1 c c [§ [¢ c c [¢
2 cl Cl cl
3 cl cl [
XC4020E - o = o
-1 c [¢ c
-4 cl cl cl cl
XC4025E -3 cl [ Cl Cl
2 [¢ c [ ¢
1/29/99

C = Commercial T;=0°to +85°C

I= Industrial T;=-40°C to +100°C

Table 26: Component Availability Chart for XC4000EX FPGAs

PINS 208 240 299 304 352 411 432
TYPE High-Perf. High-Perf. Ceram. High-Perf. Plast. Ceram. Plast.
QFP QFP PGA QFP BGA PGA BGA
CODE HQ208 HQ240 PG299 HQ304 BG352 PG411 BG432
-4 Cl Cl Cl cl Cl
XC4028EX | =3 Cl cl Cl cl Cl
2 [J [ c [¢ [¢
-4 cl cl cl cl cl
XC4036EX | -3 cl cl cl cl cl
2 c [¢ c [ c

1/29/99

C = Commercial T;=0°to +85°C
I= Industrial T; =-40°C to +100°C
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S XILINX®

Product Obsolete or Under Obsolescence
XC4000E and XC4000X Series Field Programmable Gate Arrays

User I/O Per Package

Table 27, Table 28, and Table 29 show the number of user 1/0Os available in each package for XC4000-Series devices. Call
your local sales office for the latest availability information, or see the Xilinx website at http://www.xilinx.com for the latest
revision of the specifications.

Table 27: User I1/O Chart for XC4000XL FPGAs

Device

Max
110

Maximum User Accessible I/0O by E’ackage ?ype

TQ144

HT144

HQ160

TQ176

HT176

HQ208

HQ240

PQ240

BG256

PG299

HQ304

BG352

PG411

BG432

PG475

PG559

BG560

XC4002XL

64

2 [PO100

2 [VQ100

XC4005XL

112

=)
2
~
~

~
N

[
[
N

XC4010XL

160

XC4013XL

192

113

145

XC4020XL

224

113

145

192

205

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

352

352

352

XC4062XL

384

193

256

352

384

384

XC4085XL

448

352

448

448

1/29/99

Table 28: User I/0O Chart for XC4000E FPGAs

Device

Max

Maximum User Accessible /0 by

ackage ?ype

110

s |PQ100

s V@100

PG120

TQ144

PG156

PG191
|Ho208

PG223

BG225

|Ho240

PQ240

PG299

IHQ304

XC4003E

80

@
o

XC4005E

112

XC4006E

128

XC4008E

144

XC4010E

160

160 160

160

XC4013E

192

160

192

192

192

192

XC4020E

224

160

192

193

XC4025E

256

192

193

256

1/29/99

Table 29: User 1/O Chart for XC4000EX FPGAs

Device

Max

Maximum User Accessible I/0O by I-Dackage ?ype

I/0

HQ208

HQ240

PG299

HQ304

BG352

PG411

BG432

XC4028EX

256

160

193

256

256

256

XC4036EX

288

193

256

288

288

288

1/29/99
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