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

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-flops 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 3.

nals. An internal write pulse is generated that performs the
write. See Figure 4 and Figure 5 for block diagrams of a
CLB configured as 16x2 and 32x1 edge-triggered, sin-
gle-port RAM.

The relationships between CLB pins and RAM inputs and
outputs for single-port, edge-triggered mode are shown in
Table 5.

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 clock 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
WCLK (K) as RAM.
The WE pin is active-High and is not invertible within the
CLB.
WE
J Note: The pulse following the active edge of WCLK (Ty\yps
Toss Tons in Figure 3) must be less than one millisecond wide. For
| most applications, this requirement is not overly restrictive;
DATAIN * however, it must not be forgotten. Stopping WCLK at this
point in the write cycle could result in excessive current and
Tass Tans even damage to the larger devices if many CLBs are con-
ADDRESS figured as edge-triggered RAM.
Table 5: Single-Port Edge-Triggered RAM Signals
-
To Toos 2 RAM Signal CLB Pin Function
D DO or D1 (16x2, Data In
DATA OUT oLD NEW 16x1), DO (32x1)
ois A[3:0] F1-F4 or G1-G4 Address
Figure 3: Edge-Triggered RAM Write Timing Al4] D1 (32x1) Address
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 F or G 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-
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Figure 13: Fast Carry Logic in XC4000E CLB (shaded area not present in XC4000X)
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Additional Input Latch for Fast Capture (XC4000X only)

The XC4000X 10B has an additional optional latch on the
input. This latch, as shown in Figure 16, 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 to the internal clock by the IOB
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 17.) These special buffers are
described in “Global Nets and Buffers (XC4000X only)” on
page 37.

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 IOB 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. ILFFX s 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 10B. If a single
BUFG output is used to drive both clock inputs, the soft-

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

IOB 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 11.

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 I/O. Under configuration control, the
output (OUT) and output 3-state (T) signals can be
inverted. The polarity of these signals is independently con-
figured for each IOB.

The 4-mA maximum output current specification of many
FPGAs often forces the user to add external buffers, which
are especially cumbersome on bidirectional 1/0O 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-channel 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 VVcc. 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 11: Output Flip-Flop Functionality (active rising
edge is shown)

i Clock
ware automatically runs the clock through both a Global
Low-Skew buffer and a Global Early buffer, and clocks the Mode Clock Enable T* D Q
Fast Capture latch appropriately. POVGveSrI-?UF) X X 0 X SR
or

Figure 16 on page 21 also shows a two-tap delay on the X 0 o X Q
input. By default, if the Fast Capture latch is used, the Xilinx ' — " "
software assumes a Global Early buffer is driving the clock, Flip-Flop — 1 0 D D
and selects MEDDELAY to ensure a zero hold time. Select X X 1 X A

0 X 0* X Q

ILFFX Legend:
X D_or_l’t care
[lPAD> to internal _ Rising edge
[1PAD> P N |gglincema SR Set or Reset value. Reset is default.
0* Input is Low or unconnected (default value)
> 9 GF 1* Input is High or unconnected (default value)
BUFGE cE ( z 3-state
[1PAD> €
BUFGLS
X9013

Figure 17: Examples Using XC4000X FCL
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Output Multiplexer/2-Input Function Generator
(XC4000X only)

As shown in Figure 16 on page 21, the output path in the
XC4000X 10B contains an additional multiplexer not avail-
able in the XC4000E 10B. 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 O, 1, or 2
inverted inputs. The logic used to implement these func-
tions is shown in the upper gray area of Figure 16.

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 IOB 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 19. The critical-path pin-to-pin
delay of this circuit is less than 6 nanoseconds.

As shown in Figure 16, the IOB input pins Out, Output
Clock, and Clock Enable have different delays and different
flexibilities 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 IOB function generator be
used, by placing special library symbols beginning with the
letter “O.” For example, a 2-input AND-gate in the 0B 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 IOB input with the shortest
delay to the function generator. Two examples are shown in
Figure 20.

[ 1IPAD I
BUFGE L

i

from
internal OAND2 FAST
logic

X9019

Figure 19: Fast Pin-to-Pin Path in XC4000X

OMUX2

—F DO
— 0]
OAND2 s |

Figure 20: AND & MUX Symbols in XC4000X |0OB

Other IOB Options

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

Pull-up and Pull-down Resistors

Programmable pull-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 pulls to Vcc.
The configurable pull-down resistor is an n-channel transis-
tor that pulls to Ground.

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

The pull-up resistors for most user-programmable I0Bs are
active during the configuration process. See Table 22 on
page 58 for a list of pins with pull-ups active before and dur-
ing configuration.

After configuration, voltage levels of unused pads, bonded
or un-bonded, 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 I0B, generating either falling-edge or ris-
ing-edge triggered flip-flops. The clock inputs for each 10B
are independent, except that in the XC4000X, the Fast
Capture latch shares an 10B input with the output clock pin.

Early Clock for IOBs (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 10B input clock, or both. The
early 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 (XC4000X only)” on page 37.

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

May 14, 1999 (Version 1.6)
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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 24).

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. All
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 Series 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 CLB array. 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 also 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 allow fast data flow
between adjacent CLBs, and between I0Bs and CLBs.

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

XC4000E/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 25. The shaded arrows
represent routing present only in XC4000X devices.

Table 14 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 27 on page 30 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 additional 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.

6-28
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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.

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

Pin Description

These four inputs are used in Asynchronous Peripheral mode. The chip is selected

when CS0 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 —

Expreimode, CSl1is used as a serial-enable signal for daisy-chaining.
WS and RS should be mutually exclusive, but if both are Low simultaneously, the Write
Strobe overrides. After configuration, these are user-programmable 1/O pins.

During Master Parallel configuration, these 18 output pins address the configuration
EPROM. After configuration, they are user-programmable /O pins.

During Master Parallel configuration with an XC4000X master, these 4 output pins add
4 more bits to address the configuration EPROM. After configuration, they are user-pro-
grammable 1/O pins. (See Master Parallel Configuration section for additional details.)

During Master Parallel and Peripheral configuration, these eight input pins receive con-
figuration data. After configuration, they are user-programmable I/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 1/O pin.

During configuration in any mode but Express mode, DOUT is the serial configuration
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

In Express modefor XC4000E and XC4000X only, DOUT is the status output that can
drive the CS1 of daisy-chained FPGAs, to enable and disable downstream devices.

I/0 I/0
During | After
Pin Name | Config. | Config.
CS0, CS1, | o
WS, RS and drives DO - D6 High.
AO - A17 o I/O
Al18 - A21
(XC4003XL to O I/O
XC4085XL)
DO - D7 1/0
DIN 1/0
DOUT 0] /O |DIN input.
After configuration, DOUT is a user-programmable /O pin.
Unrestricted User-Programmable I/O Pins
o o ﬁik 1o
P tor (25 kQ - 100 kQ) that defines the logic level as High.

These pins can be configured to be input and/or output after configuration is completed.
Before configuration is completed, these pins have an internal high-value pull-up resis-

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 I/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 1/O 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 Scan in XC4000 Devices."

Figure 40 on page 43 shows a simplified block diagram of
the XC4000E Input/Output Block with boundary scan
implemented. XC4000X boundary scan logic is identical.

6-42
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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 18.

Table 18: Configuration Modes

Mode M2 | M1 | MO | CCLK Data
Master Serial output Bit-Serial
Slave Serial 1 1 1 input Bit-Serial
Master 1 output | Byte-Wide,
Parallel Up increment

from 00000
Master 1 1 0 | output | Byte-Wide,
Parallel Down decrement
from 3FFFF
Peripheral 0 1 1 input Byte-Wide
Synchronous*
Peripheral 1 0 1 | output Byte-Wide
Asynchronous
Reserved 0 1 0 — —
Reserved 0 0 1 — —

* 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 1/O pins are used temporarily for
the configuration process. All pins used during configura-
tion are shown in Table 22 on page 58.

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 Xilinx serial-configuration PROM.

CCLK speed is selectable as either 1 MHz (default) or 8
MHz. Configuration always starts at the default slow fre-
qguency, 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. 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.

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 oscilla-
tor generates a CCLK burst signal that serializes the
byte-wide data. CCLK can also drive slave devices. In the
synchronous 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 parallel DIN inputs. In this way, multiple 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 all devices in parallel, as shown in Figure 51 on page
60. 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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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
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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 CCLKSs 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 [22* 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 pull-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 I/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 I/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 47 on page 53. 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 INIT Low allows
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 INIT Low.

¢ Issue the CONFIG command to the TMS input

+ 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 all 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 XAPPQ17, “Boundary Scan in XC4000 Devices.” This
application note also applies to XC4000E and XC4000X
devices.

6-54

May 14, 1999 (Version 1.6)



. Product Obsolete or Under Obsolescence
XX"JNX XC4000E and XC4000X Series Field Programmable Gate Arrays

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
Internal Net

NN
[N

N L

rdbk. TRIG

NN
[N

®

{
)
E]\ ; £
~<TRCRT
TRTRC > @ @ TRTRC —» ‘TRCRT" ©)
rdclk.I :\L_/_\f
TrCL TRCH @

£ C {
)T 7

®

~

rdbk.RIP
—> TRCRR@
rdbk.DATA DUMMYX DUMMY >C :VALID X VALID F T \
- TRCRD@ X1790
E/EX
Description Symbol Min Max Units
rdbk. TRIG rdbk. TRIG setup to initiate and abort Readback | 1 TrTRC 200 - ns
rdbk.TRIG hold to initiate and abort Readback 2 TRCRT 50 - ns
rdclk.1 rdbk.DATA delay 7 TrcrRD - 250 ns
rdbk.RIP delay 6 TrRCRR - 250 ns
ngh time 5 TRCH 250 500 ns
Low time 4 TreL 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 TrRTRC 200 - ns
rdbk.TRIG hold to initiate and abort Readback 2 TRCRT 50 - ns
rdclk.1 rdbk.DATA delay 7 TrcrD - 250 ns
rdbk.RIP delay 6 TRCRR - 250 ns
High time 5 TRcH 250 500 ns
Low time 4 TreL 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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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 I/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 51 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, MO can be shorted
to Vcc if not used as I/0

4.7KQ

N/C

MO M1
N/C —— M2
DOUT > DIN DOUT DIN DOUT [—
XC4000E/X vee | o cowk
MASTER XC1700D +5V XC4000E/X, XC3100A
SERIAL 4rKa XC5200 SLAVE
cCLK oLk VPP SLAVE
DIN DATA
| PROGRAM Lbc CE CEO —>{ PROGRAM »| RESET
DONE NIT > > RESET/OE —| poNE INIT > —| o INT >
(Low Reset Option Used)
PROGRAM %9025
Figure 51: Master/Slave Serial Mode Circuit Diagram
Bitn+1

DIN T Bitn T
@TDCC > @ Tcep

<—®TCC|_
CCLK ][ \\
@TCCH—>‘_®TCCO
(o?;%dg Bitn-1 Bitn
X5379

Description Symbol Min Max Units
DIN setup 1 Tbce 20 ns
DIN hold 2 Teep 0 ns
DIN to DOUT 3 Teco 30 ns

CCLK —

High time 4 Tcen 45 ns
Low time 5 Teel 45 ns
Frequency Fce 10 MHz

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

Figure 52: Slave 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) 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

Al10

PROGRAM A9

D7 A8

D6 A7

D5 A6

D4 A5

D3 A4

D2 A3

D1 A2

MARRRRRRR

DO Al

A0

DONE OE

CE

(OR LARGER)

D7
D6
D5
D4
D3
D2
D1
DO

MO M1 M2

DIN DouT

CCLK

USER CONTROL OF HIGHER

ORDER PROM ADDRESS BITS

CAN BE USED TO SELECT BETWEEN
ALTERNATIVE CONFIGURATIONS

XC4000E/X
SLAVE

PROGRAM

DONE

J )]

DATA BUS

- 8

PROGRAM

Figure 54: Master Parallel Mode Circuit Diagram

X9026
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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 pullup 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 DOUT 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 1/0

N/C 4.7 kQ N/C
— ’_/\/\/\,j ——
MO M1 M2 MO M1 M2
CLOCK CCLK CCLK
OPTIONAL
DAISY-CHAINED
DATA BUS D0-7 FPGAs
DOUT DIN DOUT |—
vee XC4000E/X XC4000E/X
SYNCHRO- SLAVE
47K0 NOUS
PERIPHERAL
CONTROL { I @/BUSY e
SIGNALS INIT DONE INIT DONE
4.7 kQ%
PROGRAM . PROGRAM PROGRAM

Figure 56: Synchronous Peripheral Mode Circuit Diagram

X9027
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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 CSO 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 hand-
shake signal 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 INIT 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 full 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.

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 CS0, CSland RS inputs
puts the device status on the Data bus.

« 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 47 on page
53).

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.

Although 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, M0).

L N/C
NC = N/C B
|+ \ I
MO ML M2 MO ML M2
DQJ@ 44444447Zji44444444> DO-7 CCLK CCLK
OPTIONAL
DAISY-CHAINED
FPGAS
— DOUT DIN DOUT |—
vce _
ADDRESS cso
ADDRESS . DLEOCgI'éE XC4000E/X
BUS H ASYNCHRO- XC4000E/X
NOUS SLAVE
PERIPHERAL
47kQ 47kQ csi
RS
ws
CONTROL RDY/BUSY
SIGNALS
INIT INIT
DONE DONE
REPROGRAM _
PROGRAM PROGRAM

4.7kQ

X9028

Figure 58: Asynchronous Peripheral Mode Circuit Diagram

6-66

May 14, 1999 (Version 1.6)



Product Obsolete or Under Obsolescence

v ® ) )
&X"JNX XC4000E and XC4000X Series Field Programmable Gate Arrays
Write to LCA Read Status
WS/CS0 \ / RS, CSO
RS, CS1 WS, CS1
-~ @ Tea

N , ,
<—@ — ®TCD @ @
Toc
1/ READY
bo-b7 _< BUSY b7
; A 5 5 ; A ;
CCLK R \ B \ ’ y ’
S LU W \_/ \_
—>|

RDY/BUSY N

DOUT X Previous Byte D6 X D7 X DO X D1 X D2

X6097

Description Symbol Min Max Units
Effective Write time 1 Tca 100 ns
. (CS0, WS=Low; RS, CS1=High)

write DIN setup time 2 Toc 60 ns
DIN hold time 3 Tep 0 ns
RDY/BUSY delay after end of 4 TwWTRB 60 ns
Write or Read

RDY RDY/BUSY active after beginning 7 60 ns
of Read
RDY/BUSY Low output (Note 4) 6 Tgusy 2 9 CCLK

periods

Notes: 1. Configuration must be delayed until the INIT pins of all daisy-chained FPGAs are High.
2. 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.
3. CCLK and DOUT timing is tested in slave mode.
4. Tgysy indicates that the double-buffered parallel-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 Tgygy occurs when a new word
is loaded into the input register before the second-level buffer has started shifting out data

This timing diagram shows very relaxed requirements. Data need not be held beyond the rising edge of WS. RDY/BUSY wiill
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 59: Asynchronous Peripheral Mode Programming Switching Characteristics

May 14, 1999 (Version 1.6) 6-67



Product Obsolete or Under Obsolescence .
XC4000E and XC4000X Series Field Programmable Gate Arrays XX"JNX

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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Product Obsolete or Under Obsolescence .
XC4000E and XC4000X Series Field Programmable Gate Arrays XX"JNX

XC4000 Series Electrical Characteristics and Device-Specific Pinout Table

For the latest Electrical Characteristics and package/pinout information for each XC4000 Family, see the Xilinx web site at

http://www.xilinx.com/xInx/xweb/xil_publications_index.jsp

Ordering Information

Example:

Revision Control

Device Type

Speed Grade

-6
-5
-4
-3
-2
-1

XC4013E-3HQ240C

L Temperature Range

C = Commercial (T; =0 to +85°C)
| = Industrial (T; = -40 to +100°C)
M = Military (T¢ = -55 to+125°C)

Number of Pins

Package Type

PC = Plastic Lead Chip Carrier
PQ = Plastic Quad Flat Pack
VQ = Very Thin Quad Flat Pack
TQ = Thin Quad Flat Pack

BG = Ball Grid Array

PG = Ceramic Pin Grid Array

HQ = High Heat Dissipation Quad Flat Pack
MQ = Metal Quad Flat Pack

CB = Top Brazed Ceramic Quad Flat Pack

X9020

Version

Description

3/30/98 (1.5)

Updated XC4000XL timing and added XC4002XL

1/29/99 (1.5)

Updated pin diagrams

5/14/99 (1.6)

Replaced Electrical Specification and pinout pages for E, EX, and XL families with separate updates and
added URL link for electrical specifications/pinouts for Web users
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http://www.xilinx.com/xlnx/xweb/xil_publications_display.jsp?category=/Data+Sheets/Mature+Products/XC4000

