XC3000
Logic Cell”Array Family

Product Specification

FEATURES

+ High Performance—70-, 100- and 125-MHz Toggle
Rates

Second Generation Field-Programmable Gate Array
« /O functions

» Digital logic functions

* Interconnections

Flexible array architecture

» Compatible arrays, 2000 to 9000 gate
logic complexity

» Extensive register and /O capabilities

* High fan-out signal distribution

* Internal 3-state bus capabilities

« TTL or CMOS input thresholds

» On-chip oscillator amplifier

Standard product availability

« Low-power, CMQS, static-memory technology
« Performance equivalent to TTL SSI/MSI
* 100% factory pre-tested

« Selectable configuration modes

e Complete XACT™ development system

« Schematic Capture

» Automatic Place/Route

+ Logic and Timing Simulation

» Design Editor

» Library and User Macros

+ Timing Calculator

« XACTOR In-Circuit Verifier

» Standard PROM Fite Interface

DESCRIPTION

The CMOS XC3000 Logic Cel™ Array (LCA™) family
provides a group of high-performance, high-density,
digital integrated circuits. Their regular, extendable,
flexible, user-programmable array architecture is
composed of a configuration program store plus three
types of configurable elements: a perimeterot IOBs, acore
array of CLBs and resources for interconnection. The
general structure of an LCA device is shown in Figure 1 on
the next page. The XACT development system provides
schematic capture and auto place-and-route for design
entry. Logic and timing simulation, and in-circuit emulation
are available as design verification alternatives. The
design editor is used for interactive design optimization,
and to compile the data pattern that represents the
configuration program.

The LCA user logic functions and interconnections are
determined by the configuration program data stored in
internal static memory cells. The program can be loaded
in any of several modes to accommodate various system
requirements. The program data resides externally in an
EEPROM, EPROM or ROM on the application circuit
board, or on a floppy disk or hard disk.  On-chip
initialization logic provides for optional automatic loading
of program data at power-up. Xilinx's companion XC1736
Serial Configuration PROM provides a very simple serial
configuration program storage in a one-time
programmable 8-pin DIP.

Basic Logic Config- Max No. Program
Array Capacity urable User of Data
( gates) Logic I/0s Pads (bits)
Blocks
XC3020 2000 64 64 74 14,779
XC3030 3000 100 80 98 22,176
XC3042 4200 144 96 118 30,784
XC3064 6400 224 120 140 46,064
XC3090 9000 320 144 166 64,160

The XC3000 Logic Cell Arrays are an enhanced family of
Field Programmable Gate Arrays that provide a variety of
logic capacities, package styles, temperature ranges and
speed grades.

ARCHITECTURE

The perimeter of configurable 1/0 Blocks (10Bs) provides
a programmable interface between the internal logic array
and the device package pins. The array of Configurable
Logic Blocks (CLBs) performs user-specified logic func-
tions. The interconnect resources are programmed to
form networks, carrying logic signals among blocks,
analogous to printed circuit board traces connecting
MSI/SSI packages.

The blocks’ logic functions are implemented by pro-
grammed look-up tables. Functional options are imple-
mented by program-controlled muttiplexers. Intercon-
necting networks between blocks are implemented with
metal segments joined by program-controlled pass tran-
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sistors. These LCA functions are established by a configu-
ration program which is loaded into an internal, distributed
array of configuration memory cells. The configuration
program is loaded into the LCA device at power-up and
may be reloaded on command. The Logic Cell Array
includes logic and control signals to implement automatic
or passive configuration. Program data may be either bit
serial or byte parallel. The XACT development system
generates the configuration program bitstream used to
configure the Logic Cell Array. The memory loading
process is independent of the user logic functions.

Configuration Memory

The static memory cell used for the configuration memory
in the Logic Cell Array has been designed specifically for
high reliability and noise immunity. Integrity of the LCA
configuration memory based on this design is assured
even under adverse conditions. Compared with other
programming alternatives, static memory provides the
best combination of high density, high performance, high
reliability and comprehensive testability. As shown in
Figure 2, the basic memory cell consists of two CMOS
inverters plus a pass transistor used for writing and read-
ing cell data. The cell is only written during configuration

and only read during readback. During normal operation,
the cell provides continuous control and the pass transistor
is “off” and does not affect cell stability. This is quite
different from the operation of conventional memory de-
vices, in which the cells are frequently read and re-written.

The memory cell outputs @ and Q use ground and Vce
levels and provide continuous, direct control. The addi-
tional capacitive load together withthe absence of address
decoding and sense amplifiers provide high stability to the
cell. Due to the structure of the configuration memory
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Figure 2. Static Configuration Memory Cell.
It is loaded with one bit of configuration program and
controls one program selection in the Logic Cell Array.
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Figure 1. Logic Cell Array Structure. It consists of a perimeter of programmable
I/ blocks, a core of configurable logic blocks and their interconnect resources.
These are all controlled by the distributed array of configuration program memory cells.
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cells, they are not affected by extreme power-supply
excursions or very high levels of alpha particle radiation. In
reliability testing, no soft errors have been observed even
in the presence of very high doses of alpha radiation.

The method of loading the configuration data is selectable.
Two methods use serial data, while three use byte-wide
data. The internal configuration logic utilizes framing
information, embedded in the program data by the XACT
development system, o direct memory-cell loading. The
serial-data framing and length-count preamble provide
programming compatibility for mixes of various LCAs in a
synchronous, serial, daisy-chain fashion.

1/0 Block

Each user-configurable OB shown in Figure 3, provides
an interface between the external package pin of the
device and the internaluser logic. Each 10B includes both
registered and direct input paths. Each IOB provides a
programmable 3-state output buffer, which may be driven
by a registered or direct output signal. Configuration
options allow each IOB aninversion, a controlled slew rate
and a high impedance pull-up. Each input circuit also
provides input clamping diodes to provide electro-static
protection, and circuits to inhibit latch-up produced by
input currents.
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Figure 3. Input/QOutput Block. Each IOB includes input and output storage elements and /O options selected by
configuration memory cells. A choice of two clocks is available on each die edge. The polarity of each clock line (not
each flip-flop or latch) is programmable. A clack line that triggers the flip-flop on the rising edge is an active Low Latch

Enable (Latch transparent) signal and vice versa. Passive pull-up can only be enabled on inputs, not on outputs.
Alf user inputs are programmed for TTL or CMOS thresholds.
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The input buffer portion of each IOB provides threshold
detection to translate external signals applied to the
package pin to internal logic levels. The global input-buffer
threshold of the IOBs can be programmed to be
compatible with either TTL or CMOS levels. The buffered
input signal drives the data input of a storage element,
which may be configured as eitheraflip-flop oralatch. The
clocking polarity (rising/falling edge-triggered flip-flop,
High/Low transparent latch) is programmable for each of
the two clock lines on each of the fourdie edges. Note that
a clock line driving a rising edge-triggered flip-flop makes
any latch driven by the same line on the same edge Low-
level transparent and vice versa (falling edge, High
transparent). All Xilinx primitives in the supported
schematic-entry packages, however, are positive edge-
triggered flip-flops or High transparent latches. Whenone
clock line must drive flip-flops as well as latches, it is
necessary to compensate for the difference in clocking
polarities with an additional inverter either in the flip-flop
clockinput orthe latch-enable input. 1/0 storage elements
are reset during configuration or by the active-Low chip
RESET input. Both direct input [from OB pin . and
registered input [from 1OB pin .g] signals are available for
interconnect.

For reliable operation, inputs should have transition times
of less than 100 ns and should not be leftfloating. Floating
CMOS input-pin circuits might be atthreshold and produce
oscillations. This can produce additional power dissipa-
tion and system noise. A typical hysteresis of about
300 mV reduces sensitivity to input noise. Each user IOB
includes a programmable high-impedance pull-up resis-
tor, which may be sefected by the program to provide a
constant High for otherwise undriven package pins. Al-
though the Logic Cell Array provides circuitry to provide
input protection for electrostatic discharge, normal CMOS
handling precautions should be observed.

Flip-flop loop delays for the 10B and logic-block flip-flops
are about 3 ns. This short delay provides good perfor-
mance under asynchronous clock and data conditions.
Short loop delays minimize the probability of a metastable
condition that can result from assertion of the clock during
data transitions. Because of the short-loop-delay charac-
teristic in the Logic Cell Array, the 10OB flip-flops can be
used to synchronize external signals applied to the device.
Once synchronized in the 10B, the signals can be used
internally without further consideration of their clock rela-
tive timing, except as it applies to the internal logic and
routing-path delays.

10B output buffers provide CMOS-compatible 4-mA
source-or-sink drive for high fan-out CMOS or TTL-
compatible signal levels. The network driving IOB pin .o
becomes the registered or direct data source for the output

buffer. The 3-state control signal [IOB pin .{ can control
output activity. An open-drain-type output may be ob-
tained by using the same signal for driving the output and
3-state signal nets so that the buffer output is enabled only
fora Low.

Configuration program bits for each I0B control features
such as optional output register, logical signal inversion,
and 3-state and slew-rate control of the output.

The program-controlled memory cells of Figure 3 control
the following options:

» Logic Inversion of the output is controlied by one
configuration program bit per 10B.

Logic 3-state control of each OB output buffer is
determined by the states of configuration program bits
which turnthe buffer on, or off, or select the output buffer
3-state control interconnection [IOB pin .t]. When this
10B output control signal is High, a logic one, the buffer
is disabled and the package pin is high impedance.
When this 0B output control signal is Low, a logic zero,
the buffer is enabled and the package pin is active.
Inversion of the buffer 3-state controllogic sense (output
enable} is controlled by an additional configuration
program bit.

« Direct or registered output is selectable for each 10B.
The register uses a positive-edge, clockedflip-flop. The
clock source may be supplied [IOB pin .ok] by either of
two metal lines available along each die edge. Each of
these lines is driven by an invertible buffer.

Increased output transition speed can be selected to
improve critical timing. Slower transitions reduce
capacitive-load peak currents of non-critical outputs and
minimize system noise.

A high-impedance pull-up resistor may be used to
prevent unused inputs from floating.

Summary of I/Q Options

¢ Inputs
« Direct
* Flip-flop/latch
» CMOS/TTL threshold (chip inputs)
» Pull-up resistor/open circuit

« QOutputs
=« Direct/registered
inverted/not
3-state/on/oft
» Full speed/slew limited
» 3-state/output enable (inverse)
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Configurable Logic Block

The array of Configurable Logic Blocks (CLBs) provides
the functional elements from which the user's logic is
constructed. The logic blocks are arranged in a matrix
within the perimeter of IOBs. The XC3020 has 64 such
blocks arranged in 8 rows and 8 columns. The XACT
development system is used to compile the configuration
data which are to be loaded into the internal configuration
memory to define the operation and interconnection of
each block. User definition of configurable logic blocks
and their interconnecting networks may be done by auto-
matic translation from a schematic capture logic diagram
or optionally by installing library or user macros.

Each configurable logic block has a combinatorial logic
section, two flip-flops, and an internal control section. See
Figure 4. There are: five logic inputs {.a, .b, .c, .dand .¢);
a common clock input [.k]; an asynchronous direct reset
input{.rd]; and an enable clock[.ec]. Allmay be drivenfrom
the interconnect resources adjacent to the blocks. Each
CLB also has two outputs {.x and .y} which may drive in-
terconnect networks.

Data input for either flip-flop within a CLB is supplied from
the function F or G outputs of the combinatorial logic, or the
block input, data-in[.di]. Both flip-flops in each CLB share
the asynchronous reset [.rd] which, when enabled and
High, is dominant over clocked inputs. All flip-flops are
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Figure 4. Configurable Logic Block. Each CLB includes a combinatorial logic section,
two flip-flops and a program memory controlled multiplexer selection of function.

it has: five logic variable inputs .a, .b, .c, .d and .e.

adirect data in .di
an enable clock .ec
a clock (invertible) .k

an asynchronous reset .rd

two outputs .x and .y
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four variables each. One variable, A, must be common to
bath functions. The second and third variable can be any
choice of of B, G, Qx and Qy. The fourth variable can be

any choice of D or E.

5b

Combinatorial Logic Option F generates any function of five

variables: A, D, E and and two choices out of B, C, Qx, Qy.

5¢. Combinatorial Logic Option FGM allows variable E to select
between two functions of four variables: Both have common
inputs A and D and any choice outof B, C, Qx and Qy for the
remaining two variables. Option 3can thenimplement some

functions of six or seven variables.

FUNCTION OF 6 VARIABLES

FGM
MODE
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Figure 6. CBBCP Macrc. TheC8BCP macro {(modulo-8
binary counter with parallel enable and clock enable) uses
one combinatorial logic block of each option.

TERMINAL
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reset by the active Low chip input, RESET, or during the
configuration process. The flip-flops share the enable
clock {.ec] which, when Low, recirculates the flip-flops’
present states and inhibits response to the data-in or
combinatorial function inputs on a CLB. The user may
enable these control inputs and select their sources. The
user may also select the clock net input [.£], as well as its
active sense within each logic block. This programmable
inversion eliminates the need to route both phases of a
clock signal throughout the device. Flexible routing allows
use of common or individual CLB clocking.

The combinatorial-logic portion of the logic block uses a 32
by 1 look-up table to implement Boolean functions. Vari-
ables selected from the five logic inputs and two internal
block flip-flops are used as table address inputs. The
combinatorial propagation delay through the network is
independent of the logic function generated and is spike
free for single input variable changes. This technique can
generate two independent logic functions of up to four
variables each as shown in Figure 5a, or a single function
of five variables as shown in Figure 5b, or some functions
of seven variables as shown in Figure 5c. Figure 6 shows
amodulo 8 binary counter with parallel enable. It uses one
CLB of each type. The partial functions of six or seven
variables are implemented using the input variable [.€] to
dynamically select between two functions of four different
variables. Forthe two functions of four variables each, the
independent results (F and G) may be used as data inputs
to either flip-flop or either logic block output. Forthe single
function of five variables and merged functions of six or
seven variables, the F and G outputs are identical. Sym-
metry of the F and G functions and the flip-flops allows the
interchange of CL B outputs to optimize routing efficiencies
of the networks interconnecting the logic blocks and 10Bs.

PROGRAMMABLE INTERCONNECT

Programmable-interconnection resources in the Logic
Cell Array provide routing paths to connect inputs and
outputs of the I/O and logic blocks into logic networks.
Interconnections between blocks are composed from a
two-layer grid of metal segments. Specially designed pass
transistors, each controlied by a configuration bit, form
programmable interconnect points (PIPs) and switching
matrices used to implement the necessary connections
between selected metal segments and block pins. Figure
7 is an example of a routed net. The XACT development
system provides automatic routing of these interconnec-
tions. Interactive routing (Editnet) is also available for
design optimization. The inputs of the logic or |OBs are
multiplexers which can be programmed to select an input
network from the adjacent interconnect segments. As the
switch connections to block inputs are unidirectional

(as are block outputs) they are usable only for block
input connection and not routing. Figure 8 illustrates
routing access to logic block input variables, control inputs
and block outputs. Three types of metal resources are
provided to accommodate various network interconnect
requirements:

» General Purpose Interconnect
« Direct Connection
» Long Lines (multiplexed busses and wide AND gates)

General Purpose Interconnect

General purpose interconnect, as shown in Figure 9,
consists of a grid of five horizontal and five vertical metal
segments located between the rows and columns of logic
and10Bs. Each segmentisthe “height” or “width” of a logic
block. Switching matrices join the ends of these segments
and allow programmed interconnections between the
metal grid segments of adjoining rows and columns. The
switches of an unprogrammed device are all non-
conducting. The connections through the switch matrix
may be established by the automatic routing or by using
Editnet to select the desired pairs of matrix pins to be
connected or disconnected. The legitimate switching
matrix combinations for eachpin are indicated in Figure 10
and may be highlighted by the use of the Show-Matrix
command in XACT.

INTERCONNECT
“PIPs”
. f .

SWITCHING
MATRIX
e

T

&t . PO
INTERCONNECT
BUFFER

CONFIGURABLE
LOGIC BLOCK

X197
Figure 7. An XACT view of rauting resources used to form a
typical interconnection network from CLB GA.
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CLB X OUTPUT CLB Y OUTPUT

Figure 8. XACT Development System Locations of interconnect
access, CLB control inputs, logic inputs and outputs. The dot pattern
represents the available programmable interconnection points (PIPs).

X1198

Some of the interconnect PIPs are directional. This is indicated on the XACT design editor status line:
ND is a nondirectional interconnection.
D:H->V is a PIP which drives from a horizontal to a vertical line.
D:V->H is a PIP which drives from a vertical to a horizontal line.
D:C>Tis a “T" PIP which drives from a cross of a T to the tail.
D:CW is a corner PIP which drives in the clockwise direction.
PO indicates the PIP is non-conducting , P1 is “on.”

2-8




$

Special bufters within the general interconnect areas pro-
vide periodic signal isolation and restoration for improved
performance of lengthy nets. The interconnectbuffers are
available to propagate signals in either directionon a given
general interconnect segment. These bidirectional (bidi)
buffers are found adjacent to the switching matrices,
above and to the right and may be highlighted by the use
of the “Show BIDI” command in XACT. The other PIPs
adjacent to the matrices are access to or from long lines.
The development system automatically defines the buffer
direction based on the location of the interconnection
network source. The delay calculator of the XACT devel-
opment system automatically calculates and displays the
block, interconnect and buffer delays for any paths se-
lected. Generation of the simulation netlist with a worst-
case delay model is provided by an XACT option.

Direct Interconnect

Direct interconnect, shownin Figure 11, provides the most
efficient implementation of networks between adjacent
logic or 1/O Blocks. Signals routed from block to block
using the directinterconnect exhibit minimum interconnect
propagation and use no general interconnect resources.
For each CLB, the .x output may be connected directly to
the .binput of the CLB immediately to its right and to the .c
input of the CLB to its left. The .y output can use direct

interconnect to drive the .d input of the block immediately
above and the .ainput of the block below. Direct intercon-

it
20

1105 13
Figure 10. Switch Matrix interconnection Options
for Each Pin. Switch matrices on the edges are different.
Use Show Matrix menu option in XACT

lil T [l

1.8

t t
L »
H ; + SWITCHING
MATRIX

GRID OF GENERAL INTERCONNECT
METAL SEGMENTS

Figure 9. LCA General-Purpose Interconnect.
Composed of a grid of metal segments which may be
interconnected through switch matrices to form networks
for CLB and IOB inputs and outputs.

Figure 11. CLB .X and .Y Outputs. The .x and .y
outputs of each CLB have single contact, direct
access to inputs of adjacent CLBs.
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GLOBAL BUFFER DIRECT INPUT GLOBAL BUFFER INTERCONNECT

*UNBONDED IOBs (6 PLACES) ALTERNATE BUFFER DIRECT INPUT

Figure 12. X3020 Die-Edge IOBs. The X3020 die-edge IOBs are provided with direct access to adjacent CLBs.
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nect should be used to maximize the speed of high-
performance portions of logic. Where logic blocks are
adjacent to 10Bs, direct connect is provided alternately 1o
the 108 inputs [.4 and outputs [.o] on all four edges of the
die. The right edge provides additional direct connects
from CLB outputs to adjacent IOBs. Direct interconnec-
tions of 10Bs with CLBs are shown in Figure 12.

Long Lines

The long lines bypass the switch matrices and are in-
tended primarily for signals that must travel a long dis-
tance, or must have minimum skew among multiple des-
tinations. Long lines, shown in Figure 13, run vertically and
horizontally the height or width of the interconnect area.
Each interconnection column has three vertical long lines,
and each interconnection row has two horizontal long
lines. Two additional long lines are located adjacenttothe
outer sets of switching matrices. Indevices largerthanthe
XC3020, two vertical long lines in each column are con-
nectable half-length lines. On the XC3020, only the outer
long lines are connectable half-length lines.

Long lines can be driven by a logic block or IOB output on
a column-by-column basis. This capability provides a
common low skew control or clock line within each column
of logic blocks. Interconnections of these long lines are
shown in Figure 14. Isolation buffers are provided at each
input to a long line and are enabled automatically by the
development system when a connection is made.

A buffer in the upper left corner of the LCA chip drives a
global net which is available to all .kinputs of logic blocks.
Using the global buffer for a clock signal provides a skew-
free, high fan-out, synchronized clock for use at any or all
of the /O and logic blocks. Configuration bits for the .k
input to each logic block can select this global line or
another routing resource as the clock source for its flip-
flops. This net may aiso be programmed to drive the die
edge clock lines for lOB use. An enhanced speed, CMOS
threshold, direct access to this buffer is available at the
second pad from the top of the left die edge.

A buffer in the lower right corner of the array drives a
horizontal long line that can drive programmed connec-
tions to a vertical long line in each interconnection column.
This alternate buffer also has low skew and high fan-out.
The network formed by this alternate buffer's long lines
can be selected to drive the .k inputs of the logic blocks.
CMOS threshold, high speed access to this buffer is
available fromthe third pad from the bottom of the right die
edge.

Internal Busses

A pair of 3-state buffers, located adjacent to each CLB,
permits logic to drive the horizontal long lines. Logic
operation of the 3-state buffer controls allows them to
implement wide multiplexing functions. Any 3-state buffer
input can be selected as drive for the horizontal long-line
bus by applying a Low fogic level on its 3-state control line.
See Figure 15a. The user is required to avoid contention

GLOBAL
BUFFER

ﬂ

3 VE RTICAL LONG LINES

e *hih

Y.L .' r. SR . S A
ON-CHIP el .
3-STATE Ok NN Jdagr s L LIRC . el
BUFFERS "\ I}~ . T 5 e
PULL-UP N 2 Tt TS T
REDSSRE B t ha t .
FOR ON-CHIP S . . -
R O O e E O
N\ + .- - -

2

ORIZONTAL LONG LINES

B H
A AT o

Sl

X1243

Figure 13. Horizontal and Vertical Long Lines. These long lines provide high fan-out, low-skew signal distribution in
each row and column. The global buffer in the upper left die corner drives a common line throughout the LCA.

2-11




XC3000 Logic Cell Array Family

which can result from muttiple drivers with opposing logic
levels. Control of the 3-state input by the same signal that
drives the buffer input, creates an open-drain wired-AND
function. A logic High on both buffer inputs creates a high
impedance, which represents no contention. A logic Low
enables the buffer to drive the long line Low. See Figure

15b. Pull-up resistors are available at each end of the long
line to provide a High output when all connected buffers
are non-conducting. This forms fast, wide gating func-
tions. When data drives the inputs, and separate signals
drive the 3-state control lines, these buffers form multi-
plexers (3-state busses). In this case, care must be used

* FOUR OUTER LONG LINES ARE
CONNECTABLE HALF-LENGTHLINES

/0 BLOCK CLOCK NETS
(2 PER DIE EDGE)

HORIZONTAL
LONG LINES

3-STATE
BUFFERS

X1244

Figure 14. Programmable Interconnection of Long Lines. This is provided at the edges of the routing area. Three-state
butfers allow the use of horizontal long lines to form on-chip wired-AND and multiplexed buses. The left two vertical long

lines per column (except 3020) and the outer perimeter long lines may be programmed as connectible half-length.

Z=Da*Dg*

NS e

3-State Buffers Implement a Wired-AND Function. When all the butfer
3-state lines are High, (high impedance), the pull-up resistor(s) provide the
High output. The buffer inputs are driven by the control signals or a Low.

Figure 15a.

Z=Da*A+Dg*B+D¢c Coaos

T s o

Figure 15b. 3-State Buffers Implement a Muitiplexer.
The selection is accomplished by the buffer 3-state signal.

OE

1105 04

1105 04A
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to prevent contention through multiple active buffers of
conflicting levels on a common line. Figure 16 shows
3-state buffers, long lines and pull-up resistors.

CRYSTAL OSCILLATOR

Figure 16 also shows the location of an internal high speed
inverting amplifier which may be used to implement an on-
chip crystal oscillator. It is associated with the auxiliary
buffer in the lower right corner of the die. When the
oscillator is configured by MAKEBITS and connected as a
signal source, two specialuser IOBs are also configured to
connect the oscillator amplifier with external crystal oscil-
lator components as shown in Figure 17. A divide by two
option is available to assure symmetry. The oscillator

circuit becomes active before configuration is complete in
order to allow the oscillator to stabilize. Actual internal
connection is delayed until completion of configuration. In
Figure 17 the feedback resistor R1, between the output
and input, biases the amplifier at threshold. The value
should be as large as practical to minimize loading of the
crystal. The inversion of the amplifier, together with the
R-C networks and an AT-cut series resonant crystal,
produce the 360-degree phase shift of the Pierce oscil-
lator. A series resistor R2 may be included to add to the
amplifier output impedance when needed for phase-shift
control, crystal resistance matching, orto limit the amplifier
input swing to control clipping at large amplitudes. Excess
feedback voltage may be corrected by the ratio of C2/C1.
The amplifier is designed to be used from 1 MHz to one-
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Figure 16. XACT Development System. An extra large view of possible
interconnections in the lower right corner of the XC3020.

2-13
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half the specified CLB toggle frequency. Use at frequen-
cies below 1 MHz may require individual characterization
with respect to a series resistance. Crystal oscillators
above 20 MHz generally require a crystal which operates
in a third overtone mode, where the fundamental fre-
quency must be suppressed by the R-C networks. When
the oscillator inverter is not used, these I0Bs and their
package pins are available for general user I/O.

PROGRAMMING
Initialization Phase

Aninternal power-on-reset circuit is triggered when power
is applied. When Vcc reaches the voltage at which
portions of the LCA beginto operate (nominally 2.5t0 3 V),
the programmable /O output buffers are disabled and a
high-impedance pull-up resistor is provided for the user
17O pins. A time-out delay is initiated to allow the power
supply voltage to stabilize. During this time the power-
down mode is inhibited. The Initialization state time-out
(about 11 to 33 ms) is determined by a 14-bit counter
driven by a self-generated internal timer. This nominal
1-MHztimer is subject to variations with process, tempera-

ture and power supply. As shownin Table 1, five configu-
ration mode choices are available as determined by the
input levels of three mode pins; M0, M1 and M2.

In Master configuration modes, the LCA device becomes
the source of the Configuration Clock (CCLK). The begin-
ning of configuration of devices using Peripheral or Slave
modes must be delayed long enough for their initialization
to be completed. An LCA with mode lines selecting a
Master configuration mode extends its initialization state
using four times the delay (43 to 130 ms) to assure that all
daisy-chained slave devices, which it may be driving, will
be ready even if the master is very fast, and the slave(s)

Table 1
MO0 M1 M2 Clock Mode Data
0 0 O active Master Bit Serial
0 0 1 active Master Byte Wide Addr. = 0000 up
o1 0 — reserved —
0 t 1 active Master Byte Wide Addr. = FFFF down
1 0 0 — reserved  —
1 0 1 passive Peripheral Byte Wide
i1 0 — reserved —
t 1 1 passive Slave Bit Serial

VAN

ALTERNATE
CLOCK BUFFER

INTERNAL | EXTERNAL

SUGGESTED COMPONENT VALUES AL R2
R1 05-1MQ il ANS—
R2 0-1kQ l
{may be reguired for low frequency, phase c Y1 c
shift and/or compensation level for crystal Q) 1 2
C1,C2 10-40pF I
¥1 9 - 20 MHz AT-cut series resonant =
44 PIN |68 PIN 84 PIN 100 PIN 132 PIN [ 160 PIN | 164 PIN | 175 PIN
pPLCC | PLCC | PLCC | PGA | CQFP | PQFP PGA PQFP COFP PGA
[ XTAL 1 (OUT)] 30 47 57 Ji1 67 82 P13 82 105 T14
L XTAL 2 (IN) 26 43 53 L1t 61 76 M13 76 99 P15

Figure 17. Crystal Oscillator Inverter. When activated in the MAKEBITS program and by selecting an output network
for its buffer, the crystal oscillator inverter uses two unconfigured package pins and external components to

implement an oscillator. An optional divide-by-two mode is available to assure symmetry.
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very slow. Figure 18 shows the state sequences. Atthe
end of Initialization the LCA enters the Clear state where
it clears the configuration memory. The active Low, open-
drain initialization signa! INIT indicates when the Initiali-
zation and Clear states are complete. The LCA tests for
the absence of an external active Low RESET before it
makes a final sample of the mode lines and enters the
Configuration state. An external wired-AND of one or
more INIT pins can be used to controf configuration by the
assertion of the active low RESET of a master mode de-
vice or to signal a processor that the LCAs are not yet
initialized.

It a configuration has begun, a re-assertion of RESET for
aminimum of three internal timer cycles will be recognized
and the LCA will initiate an abon, returning to the Clear
state to clear the partially loaded configuration memory
words. The LCA willthen re-sample RESET and the mode
lines before re-entering the Configuration state. A re-
program is initiated when a configured LCA senses a High
to Low transition on the DONE/PROG package pin. The
LCA returns to the Clear state where the configuration
memory is cleared and mode lines re-sampled, as for an
aborted configuration. The complete configuration pro-
gram is cleared and loaded during each configuration
program cycle.

Length count control allows a system of multiple Logic Cell
Arrays, of assorted sizes, to begin operation in a synchro-
nized fashion. The configuration program generated by
the MakePROM program of the XACT development sys-
tem begins with a preamble of 111111110010 followed by
a 24-bit 'length count’ representing the total number of
configuration clocks needed to complete loading of the

configuration program(s). The data framing is shown in
Figure 19. All LCAs connected in series read and shift
preamble and length count in on positive and out on
negative configuration clock edges. An LCA which has
received the preamble and iength count then presents a
High Data Out until it has intercepted the appropriate
number of data frames. When the configuration program
memory of an LCA is full and the length count does not
compare, the LCA shifts any additional data through, as it
did for preamble and length count.

Whenthe LCA configuration memory is full and the length
count compares, the LCA will execute a synchronous
start-up sequence and become operational. See
Figure 20. Three CCLK cycles after the completion of
loading configuration data the user I/O pins are enabled as
configured. As selected in MAKEBITS, the internal user-
logic resetis released eitherone clock cycle before or after
the I/O pins become active. A similar timing selection is
programmable for the DONE/PROG output signal.
DONE/PROG may also be programmed to be an open
drain or include a pull-up resistor to accommodate wired
ANDing. The High During Configuration (HDC) and Low
During Configuration (LDC) are two user /O pins which
are driven active when an LCA is in its Initialization, Clear
or Configure states. They and DONE/PROG provide
signals for control of external logic signals such as reset,
bus enable or PROM enable during configuration. For
parallel Master configuration modes these signals provide
PROM enable control and allow the data pins to be shared
with user logic signals.

User /O inputs can be programmed to be either TTL or
CMOS compatible thresholds. At power-up, all inputs

POWER-ON DELAY IS

2 CYCLES FOR NON-MASTER MODE—11 TO 33 ms
2'8 CYCLES FOR MASTER MODE-—43 TO 130 ms

USER O PINS WITH HIGH IMPEDANCE PULL-UP

HDC = HIGH

INIT SIGNAL LOW (XC3000) HoE = sy

i/ INITIALIZATION

: POWER-ON

: TIME DELAY

: CLEAR

“{ CONFIGURATION
MEMORY

LOW ON DONE/PROGRAM AND RESET

POWER-DOWN
NO HDC, LDC
OR PULL-UP

¢ INACTIVE

ACTIVE
POWER-DOWN
CONFIGURATION OPERATIONAL
PROGRAM MODE MODE
ACTIVE RESET—
OPERATES ON
USER LOGIC

CLEARIS
~200 CYCLES FOR THE XC3020—130 TO 400 us
~250 CYCLES FOR THE XC3030—165 TO 500 ps
~290 CYCLES FOR THE XC3042—195 TQO 580 us
~330 CYCLES FOR THE XC3064—220 TO 660 us
~375 CYCLES FOR THE XC3090—250 TO 750 us

1105 154

Figure 18. A State Diagram of the Configuration Process for Power-up and Reprogram.




XC3000 Logic Cell Array Family

have TTL thresholds and can change to CMOS thresholds
at the completion of configuration if the user has selected
CMOS thresholds. The threshold of PWRDWN and the
direct clock inputs are tixed at a CMOS level.

lfthe crystal oscillator is used, it will begin operation before
configuration is complete to allow time for stabilization
before it is connected to the internal circuitry.

Configuration Data

Configuration data to define the function and interconnec-
tion within a Logic Cell Array are loaded from an external
storage at power-up and on a re-program signal. Several
methods of automatic and controlled loading of the re-
quired data are available. Logic levels applied to mode

11111111

0010
< 24-BIT LENGTH COUNT >
111

0 < DATA FRAME # 001> 111
0 < DATA FRAME # 002> 111
0 < DATA FRAME #003> 111

0 < DATA FRAME #196 > 111
0 < DATAFRAME # 197 > 114

JARR!

- DUMMY BITS®

- PREAMBLE CODE

— CONFIGURATION PROGRAM LENGTH
— DUMMY BITS (4 BITS MINIMUM)

FOR XC3020
197 CONFIGURATION DATA FRAMES

(EACH FRAME CONSISTS OF:
A START BIT (0)
A 71-BIT DATA FIELD
THREE STOP BITS

POSTAMBLE CODE (4 BITS MINIMUM)

HEADER

PROGRAM DATA

REPEATED FOR EACH LOGIC
CELL ARRAY IN A DAISY CHAIN

“THE LCA DEVICES REQUIRE FOUR DUMMY BITS MIN; XACT 2.10 GENERATES EIGHT DUMMY BITS

1105 0548

Device XC3020 XC3030 XC3042 XC3064 XC3090
Gates 2000 3000 4200 6400 9000
CLBs 64 100 144 224 320
Row x Col (8 x8) (10x10)  (12x12}  (16x14)  (20x 16)
10Bs 64 80 96 120 144
Flip-flops 256 360 480 688 928
Horizontal Long Lines 16 20 24 32 40
TBUFs/Horizontal LL 9 11 13 15 17
Bits per Frame 75 92 108 140 172
(including start and 3 stop bits)

Frames 197 241 285 329 373
Program Data = 14779 22176 30784 46064 64160
Bits x Frames + 4 bits

(excludes header)

PROM size (bits) = 14819 22216 30824 46104 64200

Program Data
+ 40-bit Header

Figure 18. Internal Configuration Data Structure for an LCA. This shows the preamble, length count
and data frames which are generated by the XACT Development System.

The Length Count produced by the MAKEBIT program = [(40-bit preamble + sum of program data + 1 per daisy chain device)
rounded up to multiple of 8] — (2 < K < 4) where K is a function of DONE and RESET timing selected. An additional 8 is added
it roundup increment is less than K. K additional clocks are needed to complete start-up after length count is reached.
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selection pins at the start of configuration time determine
the method to be used. See Table 1. The data may be
either bit-serial or byte-parallel, depending onthe configu-
ration mode. Various Xilinx Field Programmable Gate
Arrays have different sizes and numbers of data frames.
To maintain compatibility between various device types,
the Xilinx 2000 and 3000 product families use compatible
configuration formats. For the XC3020, configuration
requires 14779 bits for each device, arranged in 197 data
frames. An additional 40 bits are usedinthe header. See
Figure 20. The specific data format for each device is
produced by the MAKEBITS command of the develop-
ment system and one or more of these files can then be
combined and appended to a length count preamble and
be transformed into a PROM format file by the ‘MAKE
PROM' command of the XACT development system. A
compatibility exception precludes the use of a 2000-series
device as the master for 3000-series devices if their DONE
or RESET are programmed to occur after their outputs
become active. The “tie” option ofthe MAKEBITS program
defines output levels of unused blocks of a design and
conhnects these to unused routing resources. This pre-
vents indeterminate levels that might produce parasitic

supply currents. If unused blocks are not sufficient to
complete the ‘tie,’ the FLAGNET command of EDITLCA
can be used to indicate nets which must not be used to
drive the remaining unused routing, as that might affect
timing of user nets. NORESTORE will retain the results of
TIE for timing analysis with QUERYNET before RE-
STORE returns the design to the untied condition. TIEcan
be omitted for quick breadboard iterations where a few
additional milliamps of icc are acceptable.

The configuration bitstream begins with High preamble
bits, a 4-bit preamble code and a 24-bit length count.
When configuration is initiated, a counter in the LCA is set
to zero and begins to count the total number of configu-
ration clock cycles applied to the device. As each con-
figuration data frame is supplied to the LCA, it is internally
assembled into a data word. As each data word is
completely assembled, itis loaded in paraliel into one word
of the internal configuration memory array. The configura-
tion loading process is complete when the current length
count equals the loaded length count and the required
configuration program data frames have been written.
Internal user flip-flops are held reset during configuration.

POSTAMBLE

DATA FRAME LAST FRAME l
12—t— 24 —» 4 [¢—— 75—
3 [ —» 3 — 4
STOP
b} N )] !
A1} W 1 W
| Lﬂ STOP H
)| N N
AL} W ALY ‘
| PREAMBLE | LENGTH COUNT DATA | I | 1 3
START
I LENGTH COUNT* -~
START
I ” I I WEAK PULL-UP
I HIGH /0 ACTIWVE
DOUT LEAD DEVICE
1/2 CLOCK CYCLE

DELAY FROM DATA INPUT

* The configuration data consists of a composite
40-bit preambie/lengﬁh count, followed by one or
more concatenated
4-bit postambles. An additional final postamble

is added for each slave device and the result rounded

CA programs, separated b{)_
it

PROGRAM f
INTERNAL RESET ;

Timing of the assertion of DONE and
termination of the INTERNAL RESET
may each be programmed to occur

one cycle before or after the I/O outputs
become active.

&l

up to a byte boundary. The length count is two less

than the number of resulting bits.

1105 068

Figure 20. Configuration and Start-up of One or More LCAs.
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XC3000 Logic Cell Array Family

Two user-programmable pins are defined in the unconfig-
ured Logic Cell array. High During Configuration (HDC)
and Low During Configuration (LDC) as well as
DONE/PROG may be used as external control signals
during configuration. In Master mode configurations it is
convenient to use LDC as an active-Low EPROM Chip
Enable. Afterthe last configuration data bit is loaded and
the length count compares, the user I/O pins become
active. Options in the MAKEBITS program allow timing
choices of one clock earlier or later for the timing of the end
of the internal logic reset and the assertion of the DONE
signal. The open-drain DONE/PROG output can be AND-
tied with multiple LCAs and used as an active-High
READY, an active-Low PROM enable ora RESET to other

portions of the system. The state diagram of Figure 18
illustrates the configuration process.

Master Mode

In Master mode, the LCA device automatically loads
configuration data from an external memory device. There
are three Master modes that use the internal timing source
to supply the configuration clock (CCLK) to time the
incoming data. Serial Master mode uses serial configura-
tion data supplied to Data-in (DIN) from a synchronous
serial source such as the Xilinx Serial Configuration
PROM shown in Figure 21. Parallel Master Low and
Master High modes automatically use parallel data sup-

* IF READBACK IS
ACTIVATED, A . W5V
5-k RESISTOR IS
REGUIRED IN =
SERIES WITH M1 MO M1 PWRDWN
O S W POLT BN DAISY-CHANED
5 k2 M2 PULL- L | h
RESISTOR OVERCOMES THE pouT —* LCAs WITH
INTERNAL PULL-UP, iz DIFFERENT
BUT IT ALLOWS M2 TO CONFIGURATIONS
BE USER 1O, _
HDC
—q LDC
GENERAL-
PURPOSE { —d INIT
USER 1O
PINS | —]
OTHER
110 PINS
] LCA OPTIONAL
{——= SLAVE LCAs
WITH IDENTICAL
—=+ CONFIGURATIONS
45V

RESET —¢— RESET peemn e mnnnannns \
Ve Ve H :
DIN DATA  semiaL — :
CCLK clk  MEMORY L CASCADED
tbc pb—— CE CEOp———d  MEMORY |
DONE Df oE — :
XC1736A/XC1765 o H

Ne {
¥ (HIGH RESETS THE XC1736A/XC1765 ADDRESS POINTER)

CCLK

._.'

DIN

)

DouTt
(OUTPUT)

\_X

A A

1105 168

Figure 21. Master Serial Mode. The one-time-programmable XC1736A/XC1765 Serial Configuration PROM supports
automatic loading of configuration programs up to 36K bits. Multiple devices can be cascaded to support additional
LCAs. An early DONE inhibits the XC1736A data output a CCLK cycle before the LCA i/Os become active.
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plied to the D0-D7 pins in response to the 16-bit address
generated by the LCA. Figure 22 shows an example ofthe
parallel Master mode connections required. The LCAHEX
starting address is 0000 and increments for Master Low
mode and it is FFFF and decrements for Master High
mode. These two modes provide address compatibility
with microprocessors which begin execution from oppo-
site ends of memory. For Master High or Low, data bytes
are read in parallel by each Read Clock (RCLK) and

internally serialized by the Configuration Clock. As each
data byte is read, the least significant bit of the next byte,
D0, becomesthe nextbitinthe internal serial configuration
word. One Maste-mode LCA can be used to interface the
configuration program-store and pass additional concate-
nated configuration data to additional LCAs in a serial
daisy-chain fashion. CCLK is provided for the slaved
devices and their serialized data is supplied from DOUT to
DIN - DOUT to DIN etc.

USER CONTROL OF HIGHER
L5V ORDER PROM ADDRESS BITS
* IF READBACK IS HIGH or CAN BE USED TO SELECT FROM
ACTIVATED, A LOW ALTERNATIVE CONFIGURATIONS
5-kQ RESISTOR IS 1 1"
REQUIRED IN =
SERIES WITH M1 MO Mt PWRDWN
. OPTIONAL
Sk — | —pout DAISY-CHAINED
LCAs WITH DIFFERENT
— M2 CCLK[—* CONFIGURATIONS
~— HDC
GENERAL- A1S—
PEEOSE { —pok  awef—
PINS | —oNIT AMA— .-t EPROM
(2K x 8
] A12[=— - | ORLARGER)
:| | oTHER |
:| {voPINS ANt
—] A10 A10
RESET —— RESET A9 A9
D7 A8 A8
17 Lea
(— D6 A7 A? D7\
L1085 A6 A8 Dé ‘w
P X A5 AS N
Vau L A4 A4 D4 [
|, 02 A2 A3 D3|
|~ 01 A2 A2 D2
L] [9.4] Al Al D1 —
A0 AQ Do [—\|
LoC 0—[:: OE
DONE DP CE
< .8
DATA BUS
AO-A15
PRt e X ADDREsS X

_—

Do-D7 N-1 BYTE i *i i x PROM |

BYTE N YOO BYTE Net

S

ACLK
(OUTPUT)
18 CCLK
8 CCLKs

(ouThU W / | — /
(-

(ouTRuT) ~—X D6 af BYTE N-1 {07 of BYTE N1 D0 of BYTE N

1105 178

Figure 22. Master Parallel Mode. Configuration data are loaded automatically from an external byte wide PROM.

An early DONE inhibits the PROM outputs

a CCLK before the LCA 1/0 become active.
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Peripheral Mode

Peripheral mode provides a simplified interface through
which the device may be loaded byte-wide, as a processor
peripheral. Figure 23 shows the peripheral mode connec-
tions. Processor write cycles are decoded from the com-
mon assertion of the active low Write Strobe (WS), and two
active low and one active high Chip Selects (CS0, T31,
CS2). it all these signals are not available, the unused
inputs should be driven to their respective active levels.
The Logic Cell Array will accept one byte of configuration
data on the DO-D7 inputs for each selected processor
Write cycle. Each byte of data is loaded into a buffer
register. The LCA generates a configuration clock from
the internal timing generator and serializes the parallel
input data for internal framing or for succeeding slaves on
Data Qut (DOUT). A output High on READY/BUSY pin
indicates the completion of loading for each byte when the
input register is ready for a new byte. As with Master

modes, Peripheral mode may also be used as a lead
device for a daisy-chain of slave devices.

Slave Mode

Slave mode provides a simple interface for loading the
Logic Cell Array configuration as shown in Figure 24.
Serial data are supplied in conjunction with a synchroniz-
inginputclock. Most Slave mode applications are indaisy-
chain configurations in which the data input are supplied
by the previous Logic Cell Array's data out, while the clock
is supplied by a lead device in Master or Peripheral mode.
Data may also be supplied by a processor or other special
circuits.

Daisy-Chain

The XACT development system is used to create a com-
posite configuration for selected LCAs including: a pre-

' +5V
CONTROL ADDRESS DATA R
SIGNALS BUS BUS * IF READBACK IS
- P ACTIVATED, A
8 > 5-kQ RESISTOR IS
MO MTPWR g5k REQUIRED IN SERIES
WITH M1
D0-7
| Do-7 CCLK * OPTIONAL
DAISY-CHAINED
LCAs WITH DIFFERENT
N | poUT L— |, CONFIGURATIONS
IN—| ADDRESS b—d 50 M2 — | —
| e
: HDC |—
N
w5V LCA oC b— | GENERAL-
DSERTD.
N
cs1 PINS
s N\ cs2 —
N OTHER .
WS opINsy |
N ROV/BUSY —
I\ INIT
REPROGRAM =
™ > oP
N o RESET

Do-D7 X X

cCLK (NTERNALYS_ 7 %/ \_/_\_/_\_/_\_/_

DOUT

(o0 R 21 X oz X 03 o

RDY/BUSY \ /

Figure 23. Peripheral Mode. Configuration data are loaded using a byte-wide data bus from a microprocessor.

2-20




amble, a length count for the total bitstream, mutltiple
concatenated data programs and a postamble plus an
additional fill bit per device inthe serial chain. Afterloading
and passing-on the preamble and length count to a pos-
sible daisy-chain, a lead device will load its configuration
data frames while providing a High DOUT to possible
down-stream devices as shown in Figure 25. Loading
continues while the lead device has received its configura-
tion program and the current length count has not reached
the fullvalue. The additional data are passed through the
lead device and appear on the Data Out (DOUT) pinin
serial form. The lead device also generates the Con-
figuration Clock (CCLK) to synchronize the serial output
data and data in of down-stream LCAs. Data are read in
on DIN of slave devices by the positive edge of CCLK and
shifted out the DOUT on the negative edge of CCLK. A
parallel Master mode device uses its internal timing gen-
erator to produce an internal CCLK of 8 times its EPROM
address rate, while a Peripheral mode device produces a
burst of 8 CCLKs for each chip select and write-strobe

cycle. The internal timing generator continues to operate
for general timing and synchronization of inputs in all
modes.

SPECIAL CONFIGURATION FUNCTIONS

The configurationdata include control over several special
functions in addition to the normal user logic functions and
interconnect:

¢ Input thresholds

» Readback disable

o DONE pull-up resistor

« DONE timing

e RESET timing

» Oscillator frequency divided by two

Each of these functions is controfled by configuration data
bits which are selected as part of the normal XACT
development system bitstream generation process.

+5V
* |F READBACK IS
| ACTIVATED, A
MO M1 PWRDWN Fg'g&ﬁﬁﬁ'ﬂ? RIS
MICRO 5ka SERIES WITH M1
COMPUTER
OPTIONAL
STRB CCLK M2 DAISYv-s:HAINIrE:IEEHE T
LCAs WITH DI N
Do DIN DOUT ——— | —* CONFIGURATIONS
D1 |— HDC ———
o b
D2 — LDC GENERAL-
PORT 5V PURPOSE
D3 p— LCA USER IO
% PINS
D4 [— —
OTHER .
Ds— Vo P(NS{ :
- .
D7 — INIT
’—c RESET —— RESET
BITN +1

—

DOUT
(OUTPUT)

BITN -1

M BITN

1105 198

Figure 24. Slave Mode. Bit-serial configuration data are read at rising edgs of the CCLK.
Data on DOUT are provided on the falling edge of CCLK.




XC3000 Loglc Cell Array Family

Input Thresholds Readback

Prior 1o the completion of configuration all LCA input The contents of a Logic Cell Array may be read back if it
thresholds are TTL compatible. Upon completion of con- has been programmed with a bitstream in which the
figuration the input thresholds become either TTL or Readback option has been enabled. Readback may be
CMOS compatible as programmed. The use of the TTL used for verification of configuration and as a method of
threshold option requires some additional supply current determining the state of internal logic nodes during debug-
forthreshold shifting. The exceptionis the threshold of the ging with the XACTOR In-Circuit debugger. There are
PWRDWN input and direct clocks which always have a three options in generating the configuration bitstream:
CMOS input. Prior to the completion of configuration the

user /O pins each have a high impedance pull-up. The * “Never” will inhibit the Readback capability.

configuration program can be used to enable the OB pull- « "One-time,” will inhibit Readback after one Readback
up resistors in the Operational mode to act either as an has been executed to verity the configuration.
input load or to avoid a floating input on an otherwise » "On-command” will allow unrestricted use of Read-
unused pin. back.
|
P REsopackis " oY s V—yt syt
5-k} RESISTOR IS -
REQUIRED IN MO M1 PWRDWN MO M1PWRDWN MO M1 PWRDOWN
SERIES WITH M1
SkQ CcCLK CCLK CcCLK 5k
DouT DIN DOUT ——DIN pouT
—{ M2 LCA LCA
SLAVE #1 SLAVE #n
—1 HOC M2 M2
—q RCLK A1§ [—=----—1 A15 KOG [ HDG [—
GENERAL-
GENERAL- .
PURFOSE woc p— | gENEEAL toc p— | gENERAL
PINS A3 At3 I— | USERLO i — [ USERWO
— EPROM OTHER .| e OTHER .| s
A12 Ar2 1O PINS 170 PINS :
OTHER.  ant At — e
— LCA A10 A0 INIT P NIT
MASTER A9 A9 — OB DP
— D7 AB A8 —< RESET < RESET
L D& A7 A7 o7 RN
L — s AS A6 Ds ™
NOTE: XC2000 DEVICES DO NOT
o4 A as 25N HAVE [NIT TO HOLD OFF A MASTER
03 ad A4 D41 DEVICE RESEY OF A MASTER DEVICE
L D2 A3 A3 D3 N SHOULD BE ASSERTED BY AN EXTERNAL
— o1 A2 A2 D2 TIMING CIRCUIT TO ALLOW FOR LCA CCLK
™ VARIATIONS IN CLEAR STATE TIME
— Do Al A1 D1 N
AD A0 Do By
o LDC OE
—3}RESET INIT D;‘—C LO CE SV
8 5 kY EACH
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SYSTEMRESET i >_-\ n 1105 20C
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Figure 25. Master Mode Configuration with Daisy Chained Slave Mode Devices.
All are configured from the common EPROM source. The Slave mode device INIT signals
delay the Master device configuration until they are initialized. A well defined termination
of SYSTEM RESET is needed when controlling multiple LCAs.

Any XC3000 slave driven by an XC2000 master mode device must use "early DONE and early internal RESET".
(The XC2000 master will not supply the extra clock required by a "tate™ programmed XC3000.)
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Readback is accomplished without the use of any of the
user I/O pins; only M0, M1 and CCLK are used. The
initiation of Readback is produced by a Low to High
transition of the MO/RTRIG (Read Trigger) pin. Once the
Readback command has been given, the input CCLK is
driven by external logic to read back each data bit in a
format similar to loading. After two dummy bits, the first
data frame is shifted out, in inverted sense, on the
M1/RDATA (Read Data) pin. Alldataframes must be read
back to complete the process and return the Mode Select
and CCLK pins to their normal functions.

The Readback data includes the current state of each
internal logic block storage element, and the state of the
[.f and .ri] connection pins on each I0B. These data are
imbedded into unused configuration bit positions during
Readback. This state information is used by the XACT
development system In-Circuit Verifier to provide visibility
into the internal operation of the logic while the systemis
operating. To readback a uniform time-sample of all
storage elements, it may be necessary to inhibit the
system clock.

Re-program

The LCA configuration memory can be re-written white the
device is operating in the user’s system. To initiate a re-
programming cycle, the dual-function pin DONE/PROG
must be given a High-to-Low transition. To reduce sensi-
tivity to noise, the input signal is fittered for two cycles of the
LCA internal timing generator. When re-program begins,
the user-programmable /O output buffers are disabled
and high-impedance pull-ups are providedforthe package
pins. The device returns to the Clear state and clears the
configuration memory before it indicates ‘initialized'.
Since this Clear operation uses chip-individual internal
timing, the master might complete the clear operation and
then start configurationbefore the slave has completed the
Clearoperation. To avoid this problem, the slave INIT pins
are AND-wired and used to force a RESET on the master
{see Figure 25). Reprogram control is often imple-
mented using an external open-collector driverwhich pulls

DONE/PROG Low. Once it recognizes a stable request,
the Logic Cell Array will hold a Low until the new configu-
ration has been completed. Even if the re-program re-
quest is externally held Low beyond the configuration
period, the Logic Cell Array will begin operation upon
completion of configuration.

DONE Pull-up

DONE/PROG is an open-drain I/O pin that indicates the
LCA is in the operational state. An optionalinternal puli-up
resistor can be enabled by the user of the XACT develop-
ment system when MAKE BITS is executed. The DONE/
PROG pins of multiple LCAs in a daisy-chain may be
connected together to indicate all are DONE or to direct
them all to re-program.

DONE Timing

The timing of the DONE status signal can be controlied by
a selection in the MAKEBITS program to occur a CCLK
cycle before, or after, the timing of outputs being activated.
See Figure 20. This facilitates control of external functions
such as aPROM enable or holding a systemin await state.

RESET Timing

As with DONE timing, the timing of the release of the
internal RESET can be controlled by a selection in the
MAKEBITS program to occur a CCLK cycle before, or
after, the timing of outputs being enabled. See Figure 20.
This reset maintains all user programmable flip-flops and
latches in a zero state during configuration.

Crystal Oscillator Division

A selection in the MAKEBITS program allows the user to
incorporate a dedicated divide-by-two fiip-flop in the crys-
tal oscillator function. This provides higher assurance of a
symmetrical timing signal. Although the frequency stabil-
ity of crystal oscillators is high, the symmetry of the
waveform can be affected by bias or feedback drive.
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PERFORMANCE
Device Performance

The LCA high performance is due in part to the manufac-
turing process, which is similar to that used for high-speed
CMOS static memories. Performance canbe measuredin
terms of minimum propagation times for logic elements.
Traditionally, the toggle frequency of a flip-flop has been
used to describe the overall performance of a gate array.
The configuration for determining the toggle performance
of the Logic Cell Array is shown in Figure 26. The flip-flop
output Q is fed back through the combinatorial logic as Q
to form the toggle flip-fiop.

Actual LCA performance is determined by the timing of
critical paths, including both the fixed timing for the logic
and storage elements in that path, and the timing asso-
ciated with the routing of the network. Internai worst-case
timing values are includedin the performance datato allow
the user to make the best use of the capabilities of the
device. The XACT development system timing calculator
or XACT generated simulation models should be used to
calculate worst case paths by using actual impedance and
loading information. Figure 27 shows avariety of elements
which are involved in determining system performance.
Actual measurement of internal timing is not practical and
often only the sumofcomponenttiming is relevant asinthe
case of inputto output. The relationship betweeninput and
output timing is arbitrary and only the total determines
performance. Timing components of internal functions
may be determined by measurement of differences at the
pins of the package. A synchronous logic function which
involves a clock to block-output, and a block-input to clock
set-up is capable of higher speed operation than a logic
configuration of two synchronous blocks with an extra
combinatorial block level between them. System clock
rates to 60% of the toggle frequency are practical for logic
in which an extra combinatorial level is located between
synchronized blocks. This allows implementation of
functions of up to 25 variables. The use of the wired-AND
is also available for wide, high-speed functions.

Logic Block Performance

Logic block performance is expressed as the propagation
time from the interconnect point at the input of the
combinatorial logic to the output of the block in the
interconnect area. Combinatorial performance is
independent of the specific logic function because of the
table look-up based implementation. Timing is ditierent
when the combinatorial logic is used in conjunction with
the storage element. Forthe combinatorial logic function
driving the data input of the storage element, the critical
timing is data set-up relative to the clock edge provided to

the flip-flop element. The delay from the clock source to
the output of the logic block is critical inthe timing of signals
produced by storage elements. Loading of a logic-block
output is limited only by the resulting propagation delay of
the larger interconnect network. Speed performance of
the logic block is a function of supply voltage and
temperature. See Figure 29.

Interconnect Performance

Interconnect performance depends on the routing re-
source used to implement the signal path. As discussed
earlier, direct interconnect from block to block provides a
fast path for a signal. The single metal segment used for
long lines exhibits low resistance from end to end, but
relatively high capacitance. Signals driven through a
programmable switch will have the additional impedance
of the switch added to their normal drive impedance.

General-purpose interconnect performance depends on
the number of switches and segments used, the presence
of the bidirectiona!l repowering buffers and the overall
loading on the signal path at all points along the path. in
calculating the worst-case timing for a general intercon-
nect path the timing-calculator portion of the XACT devel-
opment system accounts for all of these elements. As an
approximation, interconnect timing is proportional to the
summation of totals of local metal segments beyond each
programmable switch. in effect, the time is a sum of R-C
time each approximated by an R times the total C it drives.
The R of the switch and the C of the interconnect is a
function of the particular device performance grade. Fora
string of three local interconnects, the approximate time at
the first segment, after the first switch resistance would be
three units; an additional two units after the next switch
plus an additional unit after the last switch in the chain. The
interconnect R-C chain terminates at each re-powering
buffer. The capacitance of the actual block inputs is not
significant; the capacitance is in the interconnect metal
and switches. See Figure 28.

1105 07

Figure 26. Toggle Fiip-Flop. This is used
to characterize device performance.
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Speed Grade -70 -100 -125 Units
‘ Description Symbol Min | Max || Min| Max
Logic input to Output Combinatorial Tio 9 7 ns
K Clock To output Teko 8 7 ns
Logic-input setup Tk 8 7 ns
Logic-input hold Tex 0 0 ns
Input/Output Pad to input (direct) LIS 6 4 ns
Output to pad (fast) Tore 9 6 ns
170 clock to pad (fast) Toxro 13 10 ns
Figure 27. Examples of Primary Block Speed Factors.
Actual timing is a function of various block factors combined with routing factors.
Overall performance can be evaluated with the XACT timing calculator or by an optional simulation.
SWITCH
________________ 7 MATRIXSNG . .
cLB . R1 . I R2 ~: R3 :
L AA—— >
brmeeet J REPOWERING
BUFFER
TIMING: INCREMENTAL \ \
———— ——t——— —t—
IF R1=R2 =R3 =R AND C1=02=C3 =C R1 (C1+C2+C3) +R2(C2 +C3) +R3C3
THEN CUMULATIVE TIMING
T1=3RC T2 =3RC + 2RC T3 = 3RC + 2RC + 1RC 6RC + BUFFER
=3RC =5RC <6RC

Figure 28. Interconnection Timing Example. Use of the XACT timing calculator
or XACT-generated simulation model provides actual worst-case performance information.
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SPECIFIED WORST-CASE VALUES
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Figure 30. LCA Power Distribution.




POWER
Power Distribution

Power for the LCA is distributed through a grid to achieve
high noise immunity and isolation between logic and I/0.
Inside the LCA, a dedicated V. and ground ring sur-
rounding the logic array provides power to the 1/0 drivers.
See Figure 30. Anindependent matrix of V.. and ground
lines supplies the interior logic of the device. This power
distribution grid provides a stable supply and ground for all
internal logic, providing the external package power pins
are all connected and appropriately decoupled. Typically
a 0.1-pF capacitor connected near the VCC and ground
pins will provide adequate decoupling.

Output buffers capable of driving the specified 4-mA loads
under worst-case conditions may be capable of driving 25
to 30 times that current in a best case. Noise can be
reduced by minimizing external load capacitance and
reducing simultaneous output transitions in the same
direction. it may also be beneficialto locate heavily loaded
output buffers near the ground pads. The /O Block output
buffers have a slew-limited mode which should be used
where output rise and fall times are not speed critical.
Slew-limited outputs maintain their dc drive capability,
but generate less externalreflections andinternal noise. A
maximum total external capacitive load for simultaneous
fast mode switching in the same direction is 500 pF per
power/ground pin pair. Four slew-rate limited outputs this
total is four times larger.

Power Consumption

The Logic Cell Array exhibits the low power consumption
characteristic of CMOS ICs. For any design, Figure 31
can be used to calculate the total power requirement
based on the sum of the capacitive and dc loads both
externalandinternal. The configuration option of TTL chip
input threshold requires power for the threshold reference.
The power required by the static memory cells that hold the
configuration data is very low and may be maintainedin a
power-down mode.

Typically, most of power dissipation is produced by exter-
nal capacitive loads on the output buffers. This load and
frequency dependent power is 25 uW/pF/MHz per output.
Another component of /O power is the dc loading on each
output pin by devices driven by the Logic Cell Array.

Internal power dissipation is a function of the number and
size of the nodes, and the frequency at which they change.

InanLCA, the fraction of nodes changing on a given clock
is typically low (10-20%). For example, in a large binary
counter, the average clock cycle produces changes equal
to one CLB output at the clock frequency. Typical global
clock-butfer power is between 1.7 mW/MHz for the
XC3020 and 3.6 mMW/MHz for the XC3090. The internal
capacitive load is more a function of interconnect than fan-
out. With a typical load of three general interconnect
segments, each CLB output requires about 0.4 mW per
MHz of its output frequency.

Total Power = V. * |, + @xternal (dc + capacitive)
+ internal (CLB + IOB + long line + pull-up)

Because the control storage of the Logic Cell Array is
CMOS static memory, its cells require a very low standby
current for data retention. In some systems, this low data
retention current characteristic can be used as a method
of preserving configurations in the event of a primary
power loss. The Logic Cell Array has built in power-down
logic which, when activated, will disable normal operation
of the device and retain only the configuration data. All
internal operation is suspended and output buffers are
placed in their high-impedance state with no pull-ups.
Power-down data retention is possible with a simple bat-
tery-backup circuit because the power requirement is
extremely low. Forretention at2.4 V, the required current
can be as low as 10 pA at room temperature.

To force the Logic Cell Array into the Power-Down state,
the user must pult the PWRDWN pin Low and continue
to supply a retention voltage to the VCC pins. When
normal power is restored, VCC is elevated to its normal
operating voltage and PWRDWN is returned to a High.
The Logic Cell Array resumes operation with the same
internal sequence that occurs at the conclusion of
configuration. Internal-l/O and logic-block storage
elements will be reset, the outputs will become enabled
and the DONE/PROG pin will be released. No con-
figuration programming is involved.

When the power supply is removed from a CMOS device,
it is possible to supply some power from an input signal.
The conventional electro-static input protection is imple-
mented with diodes to the supply and ground. A positive
voltage applied to an input (or output) will cause the
positive protection diode to conduct and drive the V..
connection. This condition can produce invalid power
conditions and should be avoided. A large serigs resistor
might be used to limitthe current or a bipolar buffer may be
used to isolate the input signal.
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Figure 31. LCA Power Consumption by Element. Total chip power is the sum of Vceeleco plus effactive internal and external
values of frequency dependent capacitive charging currents and duty factor dependent resistive loads.
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PIN DESCRIPTIONS
Permanently Dedicated Pins.
v

cc
Two to eight (depending on package type) connections to
the nominal +5 V supply voltage. All must be connected.

GND
Two to eight (depending on package type) connections to
ground. Al must be connected.

DONE

DONE is an open-drain output, configurable with or with-
out an internal pull-up resistor. At the completion of
configuration, the LCA circuitry becomes active in a syn-
chronous order, and DONE is programmed to go active
High either one cycle before or after the outputs go active.

PROG

Once configuration is done, a High-to-Low transition of
this pin will cause an initialization of the LCA and start a
reconfiguration.

PWRDWN

A Low on this CMOS-compatible input stops all internal
activity, but retains configuration. Allflip-flops and latches
are reset, all outputs are 3-stated, and all inputs are
interpreted as High, independent of their actual level.
White PWRDWN is Low, V.. may be reduced to any value
>2.3 V. When PWDWN returns High, the LCA becomes
operational with DONE Low for two cycles of the internal
1-MHz clock. During configuration, PWRDWN must be
High. If not used, PWRDWN must be tied to V.

RESET
This is an active Low input which has three functions.

Prior to the start of configuration, a Low input will delay the
stant of the configuration process. An internal circuit
senses the application of power and begins a minimal
time-out cycle. When the time-out and RESET are com-
plete, the levels of the M lines are sampled and configura-
tion begins.

If RESET is asserted during a configuration, the LCA
device is re-initialized and restarts the configuration at the
termination of RESET.

If RESET is asserted after configuration is complete, it
provides a global asynchronous reset of all IOB and CLB
storage elements of the LCA device.

CCLK

During configuration, Configuration Clock is an output of
an LCA in Master mode or Peripheral mode, but an input
in Slave mode. During Readback, CCLK is a clock input
for shifting configuration data out of the LCA

CCLK drives dynamic circuitry inside the LCA. The Low
time may, therefore, not exceed a few microseconds.
Whenused as an input, CCLK must be “parked High”. An
internal pull-up resistor maintains High when the pin is not
being driven.

MO

As Mode 0, this input and M1, M2 are sampled before the
start of configurationto establishthe configuration mode to
be used.

RTRIG

A Low-to-High input transition, after configuration is
complete, acts as a Read Trigger and initiates a Readback
of configuration and storage-element data clocked by
CCLK. By selecting the appropriate Readback option
when generating the bitstream, this operation may be
limited to a single Readback, or be inhibited altogether.

M1

As Mode 1, this input and M0, M2 are sampled before the
start of configurationto establish the configurationmode to
beused. If Readbackis neverused, M1 canbetied directly
togroundor V... If Readback is ever used, M1 must use
a 5-kQ resistor to ground or V.., to accommodate the

cc
RDATA output.

RDATA
As an active Low Read Data, after configuration is
complete, this pin is the output of the Readback data.
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User I/0 Pins that can have special functions.

M2

During configuration, this input has aweak pull-up resistor.
Together with M0 and M1, it is sampled before the start of
configuration to establish the configuration mode to be
used. After configuration, this pin is a user-programmable
170 pin.

HDC

During configuration, this output is held at a High level to
indicate that configuration is not yet complete. After
configuration, this pin is a user-programmable I/O pin.

LDC

During Configuration, this output is held at a Low level to
indicate that the configuration is not yet complete. After
configuration, this pin is a user-programmable /O pin.
LDC is particularly useful in Master mode as a Low enable
foran EPROM, but it must then be programmed as a High
after configuration.

INIT

This is an active Low open-drain output which is held Low
during the power stabilization and internal clearing of the
configuration memory. It can be used to indicate status to
aconfiguring microprocessoror, as awired AND of several
slave mode devices, a hold-off signal for a master mode
device. After configuration this pin becomes a user pro-
grammable 1/O pin.

RCLK

During Master parallel mode configuration RCLK repre-
sents a “read” of an external dynamic memory device
(normally not used).

RDY/BUSY

During Peripheral paraliel mode configuration this pin
indicates when the chip is ready for anotherbyte of data to
be written to it. After configuration is complete, this pin
becomes a user programmed /O pin.

DO-D7

This set of eight pins represents the parallel configuration
byte for the parallel Master and Peripheral modes. After
configuration is complete they are user programmed
1/0 pins.

AO-A15

During Master Parallel mode, these 16 pins present an
address output for a configuration EPROM. After configu-
ration, they are user-programmable I/O pins.

DIN

During Slave or Master Serial configuration, this pin is
used as a serial-data input. In the Master or Peripheral
configuration, this is the Data 0 input.

DOUT
During configuration this pin is used to output serial-
configuration data to the DIN pin of a daisy-chained slave.

BCLKIN
This is a direct CMOS level input to the alternate clock
buffer (Auxiliary Buffer) in the lower right corner.

XTL1
This user §/Q pin can be used to operate as the output of
an amplifier driving an external crystal and bias circuitry.

XTL2

This user /O pin can be used as the input of an amplifier
connected to an external crystal and bias circuitry. The
1/O Block is left unconfigured. The oscillator configuration
is activated by routing a net from the oscillator buffer
symbol output and by the MAKEBITS program.

€S0, CS1,CS2, WS

These four inputs represent a set of signals, three active
Low and one active High, that are used to control
configuration-data entry in the Peripheral mode.
Simultaneous assertionof all four inputs generates a Write
to the internal data buffer. The removal of any assertion
clocks in the D0-D7 data. In Master-Parallel mode, WS
and CS2 are the A0 and A1 outputs. After configuration,
these pins are user-programmable /O pins.

TCLKIN
This is a direct CMOS level input to the global clock buffer.

Unrestricted User 1/Q Pins.

110

An |/0 pin may be programmed by the user to be an input
or an Qutput pin following configuration. All unrestricted
/O pins, plus the special pins mentioned on the following
page, have a weak pull-up resistor of 40 to 100 kQ that
becomes active as soon as the device powers up, and
stays active until the end of configuration.
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CONFIGURATION MODE: <M2:M1:M0> b - USER
SLAVE MASTER SER PERIPHERAL | MASTERHIGH | MASTER-LOW ptéc pfgc pféc P':;A P};’,‘BP c‘(‘,’gp p'éi p‘Qe,?P C’g,ﬁp F!éi OPERATION
PIRR <0:0:0> <t 01> <1:1:0> <1:00>

PWHR DWN (1) PWR DWN (1) PWHR DWN (1) PWH OWN (1) PWROWN® | 7 [0 ] 12]B2 |29 |14 [ A1 [159 | 20 | B2 | PWROWN (1)
vCC vCC vceC vCC vCC 12 | 18 [ 22 | F3 |41 |26 | CB | 20 | 42 | D9 vcC
M1 (HIGH) {1 M1 (LOW) ()} M1{LOW) () | MI(HIGH) () | M1 (LOW) () 16 | 25 | 31 | J2 | 52 [ 37 |B13] 40 | 62 [ Bia ROATA
MO (HIGH) {1 MO {COW) (1} MO (HIGH) (Ij__| MO (LOW} (1) MO (LOW) (i) 17 | 26 | 32 [ L1 | 54 | 39 [Ava| 42 | 64 |Bi5 RTRIG (1)
M2 (HIGH) (1) | M2 (LOWY (I} | M2 (HIGH) (I} __ M2{HIGR) () ; M2 (HIGH) {I} 18 | 27 | 33 | K2 | 56 | 41 |C13] 44 | 66 [ CI5 [
HOC (HIGH HDC (HIGH) HDC (HIGH) HDC (HIGH) HDC (HIGH) 19 | 28 | 34 | K3 | 67 | 42 | Bia| 45 | 67 | E1a Vo
BT (Low) CBC(Low) THC (Low) 0T (LOW) LBC (LOW) 20 | 30 | 36 [ L3 [ 59 |44 [D1a] 49 | 71 | D16 vo
INIT iNIT INIT INIT iNTT 22 | 34 | 42 | K6 | 65 | 50 |Gi4| 59 | 81 | HiS Vo
GND GND GND GND 35 | 43 [ J6 [ 66 | 51 [H12| 19 | 83 | Ji4 GND
R : T 43 | 53 [L11 [ 76 | 61 |[MI3| 76 | 99 | FI5| XIL2ORIO
AESET (i RESET (1) RESET (1 RESET 1) 44 | 54 [Ki0 | 78 | 63 | P14| 78 | 101 | RiS5 RESET ()
DONE DONE DONE DONE 45 |55 | J10 | 80 | 65 | N13| 80 | 103 | R14 | PROGRAM{)
; T TDATA7{) - = DATA7(). 46 | 56 [Ki1 | 81 | 66 [ M12| 81 | 104 | N13 [e)
B IR 47 | 57 [J11 [ 82 | 67 | Pia[ 82 [ 105|714 | XTLi ORIO
~DATA 6 (1) DATA6 (1) . 48 | 58 [H10 | 83 | 68 | N11| 86 | 109 | P12 ]
“DATAS5 () & DATAS() 29 | 60 [F10| 87 | 72 [ Mo | 92 | 115 | 711 vo
ST A T 50 | 61 [GIO| 88 | 73 | N9 | 93 | 116 | R10 vo
T DATA4() |- DATA4() - -~ DATA4() 51 | 62 |G11 | 89 [ 74 | N8 | 98 | 121 | Re vo
vCC vCcC vCC 34 | 62 | 64 | Fo | o1 | 76 [ Me [ 100 ] 123 Na vce
"DATA3() . .. DATA3() . "DATA 3 ()} 53 | 65 | F11| 92 | 77 | N7 | 102 | 125 | P8 ]
. C5T()) T - ST 54 | 66 [Et1 | 93 [ 78 | Pe [ 103 [ 126 | Re 6]
DATAZ() = DATAZ (1) DATA 2 (I} 55 | 67 |E10| 94 | 79 | Me | 108 | 131 | A7 vo
DATA1() = .= DATA1{l) : . - DATAT() 56 | 70 [D10| 98 | 83 | M6 | 114 | 137 | Rs [7¢]
D B ROY/BUSY | [REX RCLR 57 | 71 [C11]| 99 | 84 [ N4 | 115] 138 | P5 vo
TDIN{) “DIN( i -} - DATAO() = .. DATAO() . -DATAO( 38 | 66 | 72 [B11 [100 | 85 | N2 [ 119 | 143 | A3 Vo
DoUT DOUT DOUT DOUT DOUT 39 [ 69 [ 73 [C10| 1 [ 86 [ M3 | 120 | 144 | N4 Vo
"COLK () CCLK CCLK CCLK CCLK 40 | 60 [ 74 [A11 | 2 |87 | P1 | 121 | 145 R2 [ CCLK{Y
B O UOWE ) A0 AO 61 | 75 [BIO| 5 | 90 | M2 | 124 | 148 | P2 VO
CS2 () At Al 62 | 76 [ B9 | 6 | o1 | N1 [ 125 149 | M3 Vo
K AZ AZ 63 | 77 [AT0] B8 |93 [ L2 [128 ]| 152 Py vo
A3 A3 64 | 78 [A9 | 9 |94 [ L1 [129] 153 N¥ vo
Al5 A5 65 | 81 | B6 | 12 | 97 | K1 | 132 156 M1 Vo
A4 Ad 66 | 82 [ B7 | 13 [ 98 | J2 [133] 167 | L2 Vo
Al4 A4 67 | 83 | A7 | 14 | 99 | H1 | 136 | 160 | K2 Vo
L R L o A A5 AS 68 | Ba [ C7 | 15 | 100 [ H2 | 137 [ 161 K1 Vo
GND GND GND GND GND 1 1 17 | ce |16 | 1 | H3 [ 139 164 J3 GND
T A AR A A13 A13 2 | 2 A6 |17 [ 2 [ G2 [1a1| 2 | H2 VO
A6 A6 3 [ 3 [A5} 18 | 3 |Gl | 142] 8 [ At vo
Al2 A2 4 | 4 | B5 |10 | a4 | F2 |1a7| 8 [ F2 vo
A7 A7 5 | 5 | C5 |20 | 6 | Ev [ 48] 9 [ €V vo
All Al 5 | 8 | A3 [ 23 [ & [ D1 [51] 12| D1 vo
A8 A8 7 | 8 [ A2 [2a [ 9 [ D2 [s2] 13 ] Cl vo
A10 A10 B [ 10 | B3 | 25 | 10 | BY | 165 16 | E3 vo
A9 A9 9 [ 11 | AT |2 |11 [ Ca|156] 17 [ C2 Vo
X [ X [ X[ X [X XC3020
REPRESENTS A 50-k02 TO 100-kQ PULL-UP X [ X [ X[ X]x [.X XC3030
* INIT IS AN OPEN DRAIN OUTPUT DURING CONFIGURATION x)'(' XX X ; igggﬁ
() REPRESENTS AN INPUT = x T X X XC3090
** PIN ASSIGNMENTS FOR THE XC3064/XC3090 DIFFER FROM AVAILABLE PACKAGES
THOSE SHOWN. SEE PAGE 2-35.
*** PERIPHERAL MODE AND MASTER PARALLEL MODE ARE NOT
SUPPORTED IN THE PC44 PACKAGE. SEE PAGE 2.33.
1105 250

Note: Pin assignments of "PGA Footprint” PLCC sockets and PGA packages are not electrically identical.
Generic /O pins are not shown.
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XC3000 FAMILY PIN ASSIGNMENTS

Xilinx offers the five different devices of the XC3000 family
in a variety of surface-mount and through-hole package
types, with pin counts from 44 to 175.

Each chip is offered in several package types to
accomodate the available pc board space and manufac-
turing technology. Most package types are also offered
with different chips to accomodate design changes without
the need for pc board changes.

Note that there is no perfect match between the number of
bonding pads on the chip and the number of pins on a
package. In some cases, the chip has more pads than
there are pins on the package, as indicated by the infor-
mation (“unused” pads) below the line in the following
table. The IOBs of the unconnected pads can still be used
as slorage elements if the specified propagation delays
and set-up times are acceptable.

In other cases, the chip has fewer pads than there are
pins on the package; therefore, some package pins are
not connected (n.c.), as shown above the line in the
following table.

Number of Package Pins

Device Pads 44 68
XC3020 74 — 6 unused
XC3030 98 54 unused 30 unused 14 unused

84 100 132 164 175

26 n.c. — — —_

XC3042 118 — — 34 unused 18 unused — —
XC3064 142 — — 58 unused — 10 unused —
XC3090 166 — — 82 unused — — 2 unused
XC3000 Family 44-Pin PLCC Pinouts
Pin No. XC3030 Pin No. XC3030
1 GND 23 GND
2 10 24 Vo
3 1]e] 25 o
4 [1s) 26 XTL2(IN)-VO
5 [lle] 27 RESET
6 ] 28 DONE-PGM
7 PWRDWN 29 Vo
8 TCLKIN-1/:O 30 XTL1(OUT)-BCLK-IO
9 e k3 [[{e]
10 e} 32 [l[e]
11 o] 33 o
12 vce 34 vcec
13 o] 35 /(o]
14 Vo 36 /o]
15 o 37 e]
16 M1-RDATA 38 DIN-1O
17 MO-ATRIG 39 DOUT-I/O
18 M2-0 40 CCLK
19 HDC-VO 41 vo
20 [oC-vo 42 vo
21 /(o] 43 (]
22 INIT-1/O 44 o]

Peripheral mode and Master Parallel mode are not supported in the PC44 package




XC3000 Family 68-Pin PLCC, 84-Pin PLCC and PGA Pinouts

XC-3020% XC-3020%

68 PLCC XC-3030, XC-3042 84 PLCC | 84PGA 68 PLCC XC-3030, XC-3042 84PLCC | B4PGA
10 PWHDN 12 82 44 RESET 54 K10
1 TCLKIN-I/O 13 c2 45 DONE-PG 56 Jio

1/O% 14 B1 46 D7-v0 56 K11
12 o 15 [e]] 47 XTL1{OUT)-BCLKIN-IO 57 Ji
13 1o 16 D2 48 De-110 58 H10
— e} 17 D3 - 1o 59 H11
14 e} 18 E3 49 D5-1'0 60 F10
15 o 19 E2 50 T50-10 61 G10
16 o 20 E1 51 D4-110 62 G111
17 [Is] 21 F2 — [1e) 63 G9
18 vCce 22 F3 52 vee 64 FQ
19 o 23 G3 53 D3-10 65 F11
— lle] 24 G1 54 C51-110 66 E11
20 0o 25 G2 55 D2-10 67 E10
21 10 26 F1 — 1o 68 EQ
22 1’0 27 H1 1/0x 69 D11
— e} 28 H2 56 D110 70 D10
23 10 29 J1 57 RDY/BUSY-RACIR-LO 71 cii
24 1’0 30 K1 58 DO-DIN-¥O 72 B11
25 M1-RDATA 31 J2 59 DOUT-IO 73 c10
26 MO-RTRIG 32 L1 60 CCLK 74 Al
27 M2-10 33 K2 61 A0-WS-110 75 B10
28 HDC-1O 34 K3 62 A1-CS2-110 76 89
29 1o 35 L2 63 A2-40 77 A10
30 [DC-10 36 L3 64 A3-40 78 A9
31 He] 37 K4 1Ox 79 88
Vo* 38 L4 | 1O* 80 A8
32 10 39 J5 65 A15-10 81 86
33 10 40 K§ 66 A4-YO 82 B7
VOx 41 5 | 67 A12-V0 83 A7
34 INIT-lO 42 Ké 68 A5-/10 84 c?
35 GND 43 J6 1 GND 1 c6
36 /0 44 J7 2 A13-10 2 A6
37 e} 45 L7 3 AB-/O 3 AS
ED %) 46 K7 4 A12-/0 4 85
ag [7e) 47 L6 3 A7-1/0 5 3
40 1’0 48 L8 /0% ) Aa
41 1’0 49 K8 [ 7 B4
110 50 L9 6 A11-KO 8 A3
/fe23 51 L10 7 A8-1/O 9 A2
42 e} 52 K9 8 A10-VO 10 B3
43 | XTL2(IN)-I/O 53 L1 | | 9 | A9-1/0 1 A1

Unprogrammed IOBs have a default pull-up. This prevents an undefined pad level for unbonded or unused IOBs.
Programmed outputs are default slew-rate limited.

* This table describes the pinouts of three different chips in two different packages. The second column lists 84 of the 118 pads on the
XC3042 (and 84 of the 98 pads on the XC3030) that are connected to the 84 package pins. Ten pads indicated by an asterisk, do not
exist on the XC3020, which has 74 pads; therefore the corresponding pins on the 84-pin packages have no connections. Six pads,
indicated by a dash (-) in the 68 PLCC column, have no connections inthe 68 PLCC package, but are connected in the 84-pin package.
(See table on page 2-32.)
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XC3000 Logic Cell Array Family

XC3064/XC3090 84-Pin PLCC Pinouts

PLCC r pLCC
Pln Number XC3064, XC3090 Pin Number XC3064, XC3090
12 PWHRDN 54 AESET
13 TCLKIN-1/O 85 DONE-PG
14 o) 56 D7-10
15 Vo 57 XTL1(OUT)-BCLKIN-4O
16 e} 58 D6-L0
17 [le) 59 )
18 7o) 61 D5-0
19 o] 61 C80-v0
20 [fe] 62 D4-IO
21 GND* 63 [Te]
22 vce 64 vce
23 e} 65 GND*
24 o) 66 D3-I/O%
25 [le) 67 CS1-1/0%
26 11O 68 D2-10%
27 [ 69 [Le)
28 [7e) 70 D1-kO
29 10 71 RDY/BUSY-RCIK-VO
30 [e) 72 DO-DIN-1'0
31 M1-RDATA 73 DOUT-IO
32 MO-RTRIG 1 74 CCLK
33 M2-1:0 75 A0-WS-10
34 HDC-I0 76 A1-CS2-V0
35 i) 77 A2-10
36 DC-110 78 A3-VO
a7 [le) 79 L le)

‘ 38 e | 80 %)

i 39 o 81 | A15-10
40 Vo 82 A4-10
41 INIT/A/O% 83 A14-10
42 VCC* B4 A5-/O
43 GND 1 GND
44 : e} 2 VCCx
a5 [le} 3 A13-LOx
46 [Ce) 4 A-VO*
47 10 5 A12-10%
48 [Te) 6 A7-IO%
49 [le] 7 10
50 1o 8 A11-10
51 [7e) 9 A8-LIO
52 110 10 A10-10
53 XTL2(IN)-VOQ 11 A9-/O

Unprogrammed lIOBs have a default pull-up. This prevents an undfined pad level for unbonded or unused I0Bs.
Programmed ouptuts are default slew-rate limited. DEVICE POWER MUST BE LESS THAN 1 WATT.

* Different pin definition than 3020/3030/3042 PC84 package
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XC3000 Family 100-Pin QFP Pinouts

Pin No.

Pin No.

* This table describes the pinouts of three different chips in two different packges. The third column lists 100 of the 118 pads on the
XC3042 that are connected to the 100 package pins. Two pads, indicated by double asterisks, do not exist on the XC3030, which has
98 pads; therafore the corresponding pins have no connections. Twenty-six pads, indicated by single or double asterisks, do not exist

Unprogrammed |OBs have a default pull-up.
This prevents an undefined pad level for unbonded or unused IOBs.
Programmed outputs are default slew-rate limited.

XC3020 XC3020 XC3020
CQFP | PQFP ’;ggggg caFP | PaFP :ggg:g COFP | PQFP ’;gggig
1 16 GND as 50 /0% 69 84 1/O*
2 17 A13-O 36 51 1/Ox% 70 85 1Ox
3 18 A6-1'0 37 52 M1-RD 71 86 o]

a 19 A12-10 a8 53 GND* 72 87 D5-1/O
3 20 A7-110 ag 54 MO-RT 73 88 T30.-10
6 21 1O* 40 55 VCCx 74 89 D4-1O

I 22 10+ 41 56 M2-V0 75 90 [Te)

{8 2 A11-10 a2 57 HDC-O 76 o vee

g 24 A8-1/O 43 58 ko) 77 92 D3-/0
10 25 A10-VO 44 59 [DC-110 78 93 T31-110
11 26 A9-1'O 45 60 /0% 79 94 D2-1O
12 27 VCCx 46 61 1/O* 80 95 o
13 28 GNDx* 47 62 e 81 96 1Ox
14 29 PWRDN 48 63 vo 82 97 110%
15 30 TCLKIN-:O 49 64 o) a3 98 D1-1O
16 31 1O %x 50 65 INIT-1/O 84 99 ACIK-BUSY/RDY-I10
17 32 /0% 51 66 GND 85 100 DO-DIN-/O
18 a3 10« 52 67 0 86 1 DOUT-WO

) 34 0 53 68 /0 87 2 CCLK
20 35 o) 54 69 le) 88 3 VCCx
21 36 l]e] 55 70 o] 89 4 GNDx
22 37 [1s) 56 71 /10 %0 5 AO-WS-1O
2 a8 o] 57 72 10 g1 [ A1-CS2-10
24 39 o] 58 73 /0 92 7 11O+
25 40 Vo 59 74 1O* 93 8 A2-10
26 41 vee 60 75 VOx 94 9 A3-10
27 42 o) 61 76 XTAL2-O 95 10 /0%
28 43 o) 62 77 GNDx* 96 11 /0%

29 44 o 63 78 RESET 97 12 A15-/0
30 45 [Ie) 64 79 VCCx 98 13 A4-VO
31 46 o 65 80 DONE-PG 99 14 A14-1/0
32 a7 [Te) 66 81 D7-10 100 15 A5-VO
33 48 10 67 82 BCLKIN-XTAL1-VO

34 49 l{e] 68 83 D6-O

on the XC3020, which has 74 pads; therefore, the carrespanding pins have no connections. (See table on page 2-33.)
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XC3000 Logic Cell Array Family

XC3000 Family 132-Pin Ceramic and Plastic PGA Pinouts

PGA Pin XC-3042 PGA Pin XC-3042 PGA Pin XC-3042 PGA Pin XC-3042
Number XC-3064 Number XC-3084 Number XC-3064 Number XC-3064
[of} GND B13 M1-RD P14 RESET M3 DOUT-IO
A1 PWHDN c1 GND Mi11 vce P1 CCLK
c3 VO-TCLKIN A14 MO-RT N13 DONE-PG M4 vce
B2 ro D12 vce M12 D7-k0 L3 GND
B3 ) c13 M2-1'0 P13 XTAL1-VO-BCLKIN M2 A0-WS-110
A2 0% B14 HDC-VO N12 Vo N1 A1-CS2-¥O
Ba o C14 ) P12 o] M1 e
[ Vo E12 o) N1t Dé-1/0 X3 VO
A3 rOx D13 e} M10 10 L2 A2-10
A4 o] D14 DC-+0 P11 /0% L1 A3-VO
B5 [Zs) E13 VO* N10 1o K2 V0
[« [%e] F12 Vo P10 e} J3 o]
AS s E14 [Ls] Mg D5-V0 K1 A15-1/0
B6 1o F13 [Ce] N9 T50-110 J2 A4-VO
A6 [fle] F14 s P9 110% J1 lox
B7 e} G13 o P8 /0% H1 A14-/O
cr GND G14 INIT-vO Ng D440 H2 AS-1O
cs vce G12 vce P7 vo Ha GND
A7 [fe] H12 GND M8 vCC G3 vce
B8 [1e} Hi4 e} M7 GND G2 A13-10
A8 [e) H13 [Is) N7 D3-v0 G1 A6-/O
A9 o J14 o] P& C51-110 F1 VOx
B9 l{e] J13 vo N6 1/O% E2 A12-10
c9 [1e) K14 1o P5 1/0x E1 A7-1O
A10 Vo Ji2 o Me D2-0 F3 o
B0 s} K13 s} N5 [%s) E2 Vo
A1 110% L14 110* P4 1o D1 A11-10
C10 Vo L13 {e] P3 [l[e] D2 A8-/O
B11 1o K12 o M5 D1-¥O €3 o
A12 10 M14 VO N4 ACLR-BUSY/RDY-1I0 [of} [ie]
B12 vo N14 [7e) P2 e} B1 A10-V0
A13 /0% M13 XTAL2(IN)-I/0 N3 Q c2 A9-VO
C12 Vo L12 GND | N2 DO-DIN-1O D3 vee

Unprogrammed IOBs have a default pull-up. This prevents an undefined pad level for unbonded or unused 1OBs.
Programmed outputs are default slew-rate limited.

* Indicates unconnected package pins (14) for the XC3042.
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XC3000 Family 160-Pin PQFP Pinouts

PLCC PLCC PLCC pLCC

Pin Number XC3080 Pin Number, XC3090 Pin Number XC3090 Pln Numb XC3090
1 o 4 GND 81 D7-10 121 CCLK
2 Vo 42 MO-RTRIG 82 XTAL1-VO-BCLKIN 122 vee
3 10 43 vee a3 o) i GND
4 [l[e] 44 M2-1/0 84 Vo 124 A0-WS-10
5 e 45 HDC-VO 85 vo 125 A1-CS2-VO
6 Vo 46 ) 86 D6-VO 126 Vo
7 [7e) 47 10 87 1o 127 Vo
8 Lo 48 e} 88 vo 128 A2-110
9 1o 49 [DBC-110 89 [Te) 129 A3-10
10 ) 50 o % 78] 130 10
1 o 51 e} a1 1] 131 O
12 ) 52 10 92 D5-/O 132 A15-10
13 o 53 e} 93 T30-10 133 A4-I/10
14 [l[e] 54 o a4 vo 134 o
15 1o 55 1o 95 1o 435 vo
16 Vo 56 Vo % 10 136 A14-V0
17 10 57 %) 97 %) 137 A5-/0
18 Vo 58 1o ) Da-kO 138 e}
19 GND 59 INIT-1/0 99 0 139 GND
20 vce 60 VCC 100 VSS 140 vCe
21 [} 61 GND 101 GND 141 A13-10
22 Vo 62 78) 102 D3-10 142 A6-IO
23 [e) 63 jfle] 103 Cs1-10 143 o
24 e 64 ) 104 ) s Vo
25 ] 65 4] 105 o] 145 Vo
26 Vo 66 ¥o 106 o 146 [7s)
27 o 67 | 110 ] 107 Vo 147 A12-U0
28 110 68 | 10 108 D2-V0 148 A7-10
29 Vo 69 | ) ‘ 109 Lo | 149 vo
30 Vo 70 10 110 vo 150 0
31 110 n 1o 11 Vo 151 A11-L0
32 o 72 ) 112 V0 152 AB-VO
33 Vo 73 e 13 o | 153 o)
34 ¥o 74 [§e] | 114 D1-¥O | 154 _vo
35 [f[e] 75 10 115 RDY-BSY/RCIR-10 155 A10-V0
36 110 76 XTAL2-1'0 16 10 156 A9-IO
37 | Vo 77 GND 117 Vo 157 vCC
38 | /0 78 RESET 118 vo 158 GND
38 o 79 vce - 119 DO-DIN-1O 159 FWRDWN
0 M1-RDATA 80 DONEPE | 20 pOUT 160 TCLKIN-1O

Unprogrammed IOBs have a default pull-up. This prevents an undefined pad level for unbonded or unused IOBs.
Programmed IOBs are default slew-rate limited.
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XC3000 Logic Cell Array Family

XC3000 Family 164-Pin PQFP Pinouts

Unprogrammed |OBs have a default pull-up.
This Prevents an undefined pad level for unbonded or unused IOBs.
Programmed outputs are default slew-rate limited.

CQFP Pin CQFP Pin CQFP Pin COFP Pin
Number XC-3090 Number XC-3090 Number XC-3080 Number XC-3090

20 PWRDN 61 ) 103 DONE-PG 143 DO-DIN-VO
21 TCLKIN-I/0 62 M1-RDATA 104 D7-v0 144 DOUT-IO
22 10 63 GND 105 XTAL1(OUT)- 145 CCLK
23 1o 64 MO-RTRIG BCLKIN-VO 146 vee
24 10 5 vce 106 ro 147 GND
25 o 66 M2-0 107 o 148 A0-W5-LO
26 1o 67 HDC-1Q 108 Vo 149 A1-CS2-10
27 ro 68 1o 109 De-10 150 110
28 1o 69 ) 110 O 151 10
29 Vo 70 Vo il vo 152 A2+4/0
30 ) 71 [DC-10 112 o 153 A3-10
31 ) 72 ) 113 vo 154 vo
a2 10 73 /0 114 vo 155 10
a3 e 74 1o 115 D5-110 156 A15-V0
34 10 75 10 116 T56-40 157 A4-VO
35 0 75 o 17 o 158 1o
36 7o) 77 o 118 vo 159 7o)
37 0 78 Vo e o 160 A14-40
38 [e) 79 Vo 120 18] 161 A5-1O
) Vo 80 1o 121 Da-ll0 162 o

‘ 40 7o) 81 NIT-10 122 ¥o 163 110
a1 GND 82 vee 123 vee 164 GND
42 vee 83 GND 124 GND 1 vee
43 e 84 10 125 03-v0 2 A13-10
a4 ) 85 1o 126 Tsi-10 3 A610
45 ) 86 Vo 127 Vo 4 Vo
46 T 87 vo 128 vo 5 1o
47 ) 88 Vo 129 Vo 6 )
48 Vo 89 ) 130 o 7 Vo
49 10 % 10 131 D2-10 8 A12-/0
50 %) a1 110 132 vo ‘ ) A7-LO
51 e} 92 Vo 133 vo 10 Vo
52 Vo 93 0 134 1o 11 10
53 ) 94 1o 135 Vo |12 A11-40
54 /0 95 Vo 136 10 13 AB-1O
55 o | % 1o 137 RD?(’ ;l’%v 14 vo
56 e 97 Vo 138 /BUSY- 15 7e)
57 1o 98 1o o RE%'"O 16 A10-U0

| 58 vo 99 XTALZ(IN)-1/0 140 o 17 A9-110

| 59 Vo 100 GND ot o 18 vee

I eo o :g; ns;siT 102 /o [ 18 GND
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XC3000 Family 175-Pin Ceramic and Plastic PGA Pinouts

Nombor XC-3090 PGA Pin XC-3090 R bin XC-3090 pelites XC-3090
B2 PWRDN | o3 o || R DONE-PG A3 DO-DIN-O
D4 TCLKIN-I/O 814 MI-ADATE || N13 D7-/0 | N4 DOUT-O
B3 vo cla | GND T14 | XTAL1(OUT)-BCLKIN-/O R2 CCLK
ca Vo B1S | MO-RTRIG || P13 ) P3 vce
| Ba vo D14 | vce R13 | vo N3 GND
A4 o’ Ci15 M2-1'0 T3 Vo P2 A0-WS-10
D5 Vo E14 HDC-1O N12 T M3 A1-CS2-10
Cs 7o) B16 0o | P12 06-10 j R1 e)
B5 Vo D15 /0 R12 ) N2 Vo
A5 %o} Ci16 o T12 o P1 A2-0
| Ce vo D16 [DC-vo P11 o N1 A3-lO
D6 o Fia Lo N11 o L3 o
B6 Vo Ei5 1o R11 Vo | M2 vo
A6 Vo E16 o) T11 D5-10 M1 A15-110
B7 Vo Fi5 ) R10 T50-10 L2 Aa-1O
Cc? Ke] F16 ro P10 Ke] L1 e
D7 10 G4 o N10 110 i K3 )
a7 ) G15 110 Ti0 e K2 A14-10
A8 vo I Ge | o | Te vo L K A5-10
B8 0 [ Hie | Vo | Ao D4-l0 P vo
cs 10 | His NIT-10 I P9 ) N Vo
D8 GND [ Hia vce N9 vce J3 GND
D9 vCC L[ e GND N8 GND H3 vce
Cs 7] “ 315 10 P8 D310 H2 A13.10
B9 0 [ Jie ) R8 TSi-1I0 H1 AB-/O
A9 l[e] K16 e} T8 [l[e] G1 e}
A10 ) Kis %) T7 ) G2 Te)
D10 0 K14 [E) N7 Vo G3 )
c10 1o L6 vo P7 Vo Fi1 )
B10 o L15 w | R7 D2-10 F2 A12-U0
A1l 1o M16 1O 6 Vo E1 A7-40
B11 Vo M15 ) R6 0 E2 1O
D11 I L14 9 N6 vo i F3 vo
SR ) | N6 ) P6 o ||__o1 A11-10
[ M2 1o [ Pi6 | Ts 7] c1 A8-UO
B2 7o) N5 7o) R5 D1-VO D2 Vo
C12 10 A6 lle] 1 P5 ' RDY/BUSY-RCLK-10 B1 o
D12 Vo M14 Vo [ N5 vo E3 A10-VO
A13 1o : P15 XTAL2(IN)-/O Ta 10 c2 A9-VO
813 Lo | N14 GND R4 10 D3 vce
ci13 7 [R5 RESET | P4 7o) c3 GND
Ata ) Y vce

Unprogrammed IOBs have a default pull-up. This prevents an undefined pad level for unbonded or unused 10Bs.
Programmed outputs are default slew-rate limited.

Pins A2, A3, A15, A16, T1, T2, T3, T15 and T16 are not connected.

Pin A1 does not exist.

2-39




XC3000 Logic Cell Array Family

Xilinx maintains test specifications for each product as controlled documents. To insure the use of the most recently
released device performance parameters, please request a copy of the current test-specification revision.

ABSOLUTE MAXIMUM RATINGS

Symbol & Description Units
Vee Supply voltage relative to GND —-0.51t0+7.0 \
Viy Input voltage with respect to GND -0.5to Vcc +0.5 \ |
Vis Voltage applied to 3-state output -0.5to Vcc +0.5 \ |
T | Storage temperature (ambient) —65 to +150 - °C
Tgo | Maximum soldering temperature (10 s @ 1/16in.) : +260 °C

Junction temperature plastic +125 °C
| K Junction temperature ceramic +150 °C

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

OPERATING CONDITIONS

Symbol Description Min Max |Units
Vee Supply voltage relative to GND Commercial  0°C to +70°C . 475 5.25 \
Supply voltage relative to GND  Industrial  —40°C to +85°C 45 55 \
Supply voltage relative to GND  Military -55°C to +125°C 45 55 \ |
7VIHT High-level input voltage — TTL configuration 20 | Ve |V |
Vi Low-level input voltage — TTL configuration 0 08 v |
Vie High-level input voltage — CMOS configuration 70% 100% | Vo
Vie Low-level input voltage — CMOS configuration 0 20% | Vg
T Input signal transition time 250 ns
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DC CHARACTERISTICS OVER OPERATING CONDITIONS

Symbol | Description Min Max |Units
Vou High-level output voltage (@ 1, = ~4.0 mA, V. min)| Commercial | 3.86 \
' Low-level output voltage (@ I, = 4.0 mA, V. max) 032 | V
Vou High-level output voltage (@ I, = ~4.0 mA, V. min) lh;l\icliittxas:;ial 3.76 \
Vao Low-level output voltage (@ |, = 4.0 mA, V. max) 0.37 \
Veepp | Power-down supply voltage (PWRDWN must be Low) 2.3 v
lecrp Power-down supply current (V.. (MAX) @ Ty XC3020 50 | uA

XC3030 80 | pA
XC3042 120 | pA
XC3064 170 | pA
XC3080 250 | pA
lcco Quiescent LCA supply current in addition to lo.p2
Chip thresholds programmed as CMOS levels 500 | pA
Chip thresholds programmed as TTL levels 10 [ mA
I Input Leakage Current -10 +10 | pA
Cn Input capacitance, all packages except PGA 175 !
{sample tested)
All Pins except XTL1 and XTL2 10 | pF
XTL1 and XTL2 15 | pF
Input capacitance, PGA 175
(sample tested)
All Pins except XTL1 and XTL2 15 | pF
XTL1 and XTL2 20 | pF
lam Pad pull-up (when selected) @ V= 0V (sample tested) 0.02 017 | mA
la Horizontal long line pull-up (when selected) @ logic Low J 0.2 25 | mA
Note: 1. Devices with much lower lcceo tested and guaranteed at Vec = 3.2 V, T = 25°C can be ordered with a

Special Product Code.
XC3020: SPC0110 lccro = 1 pA
XC3030: SPC0104 lccro= 2 uA
XC3042: SPC0107 lecro = 3 pA
XC3064: SPC0108 lecro = 4 uA
XC3080: SPC0O109 lccro = 5 pA

With no output current loads, no active input or long line pull-up resistors, all package pins at Vcc or GND,
and the LCA configured with a MAKEBITS “tie” option. See LCA power chart for additional activity-dependent

operating component.

2-41




XC3000 Logic Cell Array Family

CLB SWITCHING CHARACTERISTIC GUIDELINES

CLB QUTPUT (X.Y)
(COMBINATORIAL)

4—@ Tio

A

CLB INPUT (A,B,C.D,E}

h—— @ Tick ——*

e

CLB CLOCK 7£
t—@ T @ —1
@ Toick ——*1¢ @ Tekol
CLB INPUT
{DIRECT IN)
@ Tecok ——1e- @ Tekec
CLB INPUT
(ENABLE CLOCK)
re— Teko
CLB OUTPUT
(FLIP-FLOP}
CLB INPUT
(RESET DIRECT)
@ Trew
@ Trio
CLB OUTPUT \
(FLIP-FLOP) N

—

BUFFER (Internal) SWITCHING CHARACTERISTIC GUIDELINES

1105 26

Speed Grade -70 -100 -125 ' Units
! Description Symbol Max Max Max
|
‘ :
Global and Alternate Clock Distribution {
Either: Normal I0B input pad to clock buffer input Ton 6 4 3 ns
Or: Fast (CMOS only) input pad to clock buffer input Toc 3 2 ‘ 2 ns
Plus: Clock buffer input to any CLB/IOB clock |
on XC3020 3.2/45 2939 || ns
‘ on XC3030 3.4/5.1 3.1/43 || ns
| on XC3042 3.7/5.7 3.3/49 || ns
on XC3064 4.1/6.6 3.6/55 ns
on XC3090 4.6/7.9 4.0/6.4 ns
TBUF driving a Horizontal Long line (L.L.)** |
I'to L.L. while T is Low (buffer active) To 5 4 3 ns
T! to L.L. active and valid Ton 9 7 6 ns
TT 1o L.L. {inactive) with single pull-up resistor Tous 22 14 13 ns
with pair of pull-up resistors Toue 11 ! 7 6.5 ns
BIDI
Bidirectional buffer delay Taoi 4 3 25 ns .

** Timing is based on the XC3020, for other devices see XACT timing calculator.
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CLB SWITCHING CHARACTERISTIC GUIDELINES (Continued)

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%

functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing
patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more
precise, and more up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

Speed Grade -70 -100 -125 Units

Description Symbol Min | Max || Min| Max|| Min | Max
Combinatorial Delay

Logic Variables a, b, ¢, d, e, to outputs x, y 1 | Tio 9 7 55| ns
Sequential delay

Clock k to outputs x, y 8 | Tcko 8 7 6 ns

Clock k to outputs x,y when Q is returned

through function generators F or G to drive x, y 15 12 10 | ns

Set-up time before clock K

Logic Variables ab,cde 2 | Tick 8 7 ns

Data In di 4 | Toick 5 4 ns

Enable Clock ec 6 | Tecck 7 5 ns

Reset Direct inactive rd 1 1 ns
Hold Time after clock k

Logic Variables a,b,cde 3 | Tek 0 0 ns

Data in di 5 | Tckol 4 2 ns

Enable Clock ec 7 | Tckec 0 0 ns
Clock

Clock High time* 11 TeH 7 5 ns

Clock Low time* 12 | TeL 7 5 ns

Max. flip-tlop toggle rate* Fck 70 100 MHz
Reset Direct (rd)

rd width 13 | Trrw 8 7 6 ns

delay from rd to outputs x, y 9 | Trio 8 7 6 ns
Global Reset (RESET Pad)

RESET width (Low) TMRW 25 21 20 ns

delay from RESET pad to outputs x, y TMRQ 20 17 16 | ns

* These timing limits are based on calculations.

Note: The CLB Kto Q output delay (TCKO, #8) of any CLB, plus the shortest possible interconnect delay, is always longer than
the Data In hold time requirement (TCKDI, #5) of any CLB on the same die.
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XC3000 Logie Cell Array Family

10B SWITCHING CHARACTERISTIC GUIDELINES

1O BLOCK (i)
@ Teip
/O PAD INPUT X
@ Teick —*]
VO CLOCK A
(IK/OK) 7
@ Tow ——+——— @) T
.
VO BLOCK (R b
A Y
‘-@ LITGY o @Tnm
RESET
@ Took ——»re— @ Toxo @Tnpo -
x
VO BLOCK (0) 1
LY
Tor
10 PAD OUTPUT
{DIRECT)
—» @ Tokpo
17O PAD OUTPUT
(REGISTERED)
1Q PADTS
r— Trson @ Trshz I‘—
11O PAD OUTPUT ( )—
110527C
PROGRAM-CONTRCLLED MEMORY CELLS Vee
THREE- *
Sl || | | e | (e é
3 STATE —o~ LD L
(OUTPUT ENABLE) ‘ \
s T
out —’- BUFFER
FLIP
FLOP
D A — o PAD
g I I
DIRECT IN +— ]
‘9 -1
REGISTERAED IN 4— Q D
. FLIP TTL or\l -
: FLOP CMOS
or INPUT
LATCH THRESHOLD i
(GLOBAL RESET)
m—— CK1
m—- CK2
PAOGRAM
CONTROLLED
:D» MULTIPLEXER O = PROGRAMMABLE INTERCONNECTION POINT or PIP 1105014
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1 4

10OB SWITCHING CHARACTERISTIC GUIDELINES (Continued)

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Since many internal timing parameters cannot be measured directly, they are derived from benchmark timing
patterns. The following guidelines reflect worst-case values over the recommended operating conditions. For more detailed, more
precise, and more up-to-date timing information, use the values provided by the XACT timing calculator and used in the simulator.

- -70 -100 -125 Units
Description | Symbol Min [ Max|, Min; Max || Min | Max
Propagation Delays (Input)

Pad to Direct In (i) 3 | Top 6 4 3 ns

Pad to Registered In (g) with latch transparent Tere 21 17 16 ns

Clock (ik) to Registered In (q) 4 | Ty 7 6 5 ns
Set-up Time (Input)

Pad to Clock (ik) set-up time 1 Tpex 20 17 16 | ns

\ i

Propagation Delays (Output)

Clock (ok) to Pad (fast) 7 | Tokpo 13 10 ns

same (slew rate limited) 7 | Tokeo 33 27 ns

Output (o) to Pad (fast) 10 | Tope 9 .8 ns

same {slew-rate limited) 107 Topg 29 23 ns

3-state to Pad begin hi-Z (fast) 9 | Tignz 8 8 ns

same (slew-rate limited) 8 | Tz 28 25 ns

3-state to Pad active and valid (fast) 8 | Treon 14 12 ns

same (slew -rate limited) 8 | Trgon 34 29 ns
Set-up and Hold Times (Output)

Output (o) to clock {ok) set-up time 5 | Toox 10 9 ns

Output (o) to clock (ok) hold time 6 | Toko 0 0 ns
Clock )

Clock High time 1M Ty 7 5 4 ns

Clock Low time 12 T 7 5 4 ns

Max. flip-tiop toggle rate Fok 70 100 125 MHz
Global Reset Delays

RESET Pad to Registered In (q) 13 | Tag 23 20 19| ns

RESET Pad to output pad (fast) 15 | Tpeg 33 28 26 ns

| (slew-rate limited) 15 APO 53 45 42 ns

Notes: 1. Timing is measured at pin threshold, with 50 pF external capacitive loads (incl. test fixture).
For larger capacitive loads, see page 6-9.
Typical slew rate limited output rise/fall times are approximately four times longer.
A maximum total external capacitive load for simultaneous fast mode switching in the same direction
is 500 pF per power/ground pin pair. For slew-rate limited outputs this total is four times larger.

2. Voltage levels of unused (bonded and unbonded) pads must be valid logic levels. Each can be configured
with the internal pull-up resistor or alternatively configured as a driven output or driven from an external source.

3. Input pad set-up time is specified with respect to the internal clock (.ik)
In order to calculate system set-up time, subtract clock delay {pad to ik} from the input pad set-up time value.
Input pad holdtime with respect to the internal clock (ik) is negative. This means that pad level changes immediately
betfore the internal clock edge (ik) will not be recognized.
For a more detailed description see the discussion on “LCA Performance” in the Applications Section.




XC3000 Logic Cell Array Family

GENERAL LCA SWITCHING CHARACTERISTICS

N [@ TMRW:J
RESET

@ TR
(3 Tom
MO/M1/M2 VALID &
(&) aw
DONE/PROG ij-r }
@ Trai

INTT USER STATE CLEAR STATE / CONFIGURATION STATE
(OUTPUT) @
PWRDWN \ /
[+—NOTE 3—»|
Ve (VALID) A
| S I_¥ CCPD
1105 28
-70 -100 -125 Units
Description Symbo! Min | Max || Min | Max || Min | Max
RESET (2) MO, M1, M2 setup time required 2 | Tur 1 0 1 0 0 0 us
MO0, M1, M2 hold time required 3 | Tam 1 1 1 us
RESET Width (Low) req. for Abort 4 | Tyrw 6 6 6 us
DONE/PROG | Width (Low) required for Re-config. 5 1 Toaw 6 6 6 us
INIT response after D/P ispulled Low | 6 | T, 7 7 7 us
PWRDWN (3) | Power Down Vcc Veepp | 23 2.3 2.3 Vv

Notes: 1. At power-up, Vcc must rise from 2.0 V to Vec min in less than 25 ms. If this is not possible, configuration can be de-
layed by holding RESET Low until Vee has reached 4.0 V. A very long Vec rise time of >100 ms, or a non-monotonically

rising Vec may require.a RESET pulse (High-to-Low-to-High) of >6 us duration after Vcc has reached 4.0 V.
2. RESET timing relative to valid mode lines (M0, M1, M2) is relevant when RESET is used to delay configuration.

3. PWRDWN transitions must occur while Vec >4.0 V.

2-46




MASTER SERIAL MODE PROGRAMMING SWITCHING CHARACTERISTICS

CCLK
(OUTPUT)

SERIAL DATA IN

SERIAL DOUT
(OUTPUT)

@ Tekos

{@ Toscx

X

1105 29

— _|
Speed Grade -70 -100 -125 Units
Description Symbol Min | Max || Min | Max || Min | Max
CCLK? Data In setup 1 . Tosck 60 60 60 ns
| ; Data In hold ‘ | Texos 0 0 0 ns
Notes: 1.

At power-up, Vcc must rise from 2.0 V to Vec min in less than 25 ms. If this is not possible, configuration can be de-

layed by holding RESET Low until Vcchas reached 4.0 V. A very long Vec rise time of >100 ms, or a non-monotonically
rising Vec may require a RESET pulse (High-to-Low-to-High) of >6 s duration after Vec has reached 4.0 V.

2. Configuration can be controled by holdingRESET Low with or until after the TNIT of all daisy-chain slave-mode devices

is High.

3. Master-serial-mode timing is based on slave-mode testing.
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XC3000 Logic Cell Array Family

MASTER PARALLEL MODE PROGRAMMING SWITCHING CHARACTERISTICS

AQ-A15
(OUTPUT)

RCLK
(OUTPUT)

Do-D7

ADDRESS for BYTEn

ADDRESS for BYTEn + 1

N

Y

j @ Thac

BYTE n )(

— XXXXKXKXXXXKXR

n

@ Torc

7CCLKs

@ Taco

7_’ *
CCLK

CCLK /_\_7—
(OUTPUT)
pouT X
(OUTPUT) 06 \\—X D7
BYTE n-1
1105 30
-70 -100 -125 Units
Description Symbol Min | Max || Min | Max || Min | Max
RCLK To address valid 1 Taac 0| 200 0| 200 0 | 200| ns
To data setup 2 | Tope 60 60 60 | ns
To data hold 3 | Tgen 0 0 0 ns
RCLK high Tooy | 600 600 600 ns
RCLK low Toa | 40 }l a0 |40 s

Notes: 1. At power-up, Vce must rise from 2.0 V to Vec min in less than 25 ms. [f this is not possible, configuration can be de-
layed by holding RESET Low until Vcc has reached 4.0 V. A very long Vcc rise time of >100 ms, or a non-monotonically

rising Ve may require a RESET pulse (High-to-Low-to-High) of >6 us duration after Vcc has reached 4.0 V.
2. Configuration can be controlled by holding RESET Low with or until after the INIT of all daisy-chain slave-mode devices

is High.

This timing diagram shows that the EPROM requirements are extremely relaxed:
EPROM access time can be longer than 4000 ns. EPROM data output has no hold time requirements.
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PERIPHERAL MODE PROGRAMMING SWITCHING CHARACTERISTICS

cs2 / \ ."
@ Tea—»
=Y / T
—» @ Teo ‘—@TRBWT
@) Toc —*
DO-D7 VALID
NOTE 4
COLK ~ 7 % i J—\—/— GROUP OF
N s 8 CCLKs
Twrna@ —»| @ Tausy
RDYBUSY . 7£
o Fé \
pour X A X X X
-70 -100 -125 Units
Description Symbol Min | Max || Min | Max|| Min | Max
T

Write Effective Write time required 1 Tea 100 100 100 ns
(CS0«CS1-CS2-WS)
DIN Setup time required 2 | Ty 60 60 60 ns
DIN Hold time required 3 | Tep 0 0 0 ns
RDY/BUSY delay after end of WS 4 ! Turrg 60 60 60 | ns

RDY Earliest next WS afterend of BUSY | 6 | Toour 0 0 0 ns
BUSY Low time generated 6 | Tausy 2| 9 2 \ 9 l 2| 9 (F?CLK

ariods |

Notes: 1. At power-up, Vec must rise from 2.0 V to Vec min in less than 25 ms. If this is nat possible, configuration can be de-

layed by holding RESET Low until Vcc has reached 4.0 V. A very long Ve rise time of >100 ms, or a non-monotonically

rising Ve may require a RESET pulse (High-to-Low-to-High) of >6 ps duration after Vec has reached 4.0 V.
2. Configuration must be delayed untif the INIT of all LCAs is High.

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

4. CCLK and DOUT timing is tested in slave mode.

This timing diagram shows very relaxed requirements:
Data need not be held beyond the rising edge of W5. BUSY will go active within 60 ns after the end of WS. BUSY will stay

active for several microseconds. WS may be asserted immediately after the end of BUSY.
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XC3000 Logic Cell Array Family

SLAVE MODE PROGRAMMING SWITCHING CHARACTERISTICS

DIN T BITN } BITN +1
@ Toce @ Teen [—— @ Teel
CCLK K }

' @ TeeH . @ Tceo
DoUT
(OUTRUT) BITN-1 BITN 1105 3

Ve

' -70 -100 -125
Description Symbol Min | Max || Min | Max|| Min | Max | Units
CCLK To DOUT 3 ! Teco 100 100 100, ns
DIN setup 1 | Toce 60 60 60 £ ns
DIN hold 2 TmD 0 0 0 ns
High time 4 | Teen 0.5 0.5 05 us
Low time (Note 1) 5 | Teq 05| 50| 05| 5.0|| 05| 50| us
Frequency | Fee 1 1, 1 | MHz,
Notes: 1. The max limit of CCLK Low time is caused by dynamic circuitry inside the LCA device.
2. Configurationmust be delayed untit the TNIT of all LCAs is High.
3. At power-up, Vcc must rise from 2.0 V to Vec min in less than 25 ms. |f this is not possible, configuration can be de-
layed by holding RESET Low until Vce has reached 4.0 V. A very long Ve rise time of >100 ms, or a non-monotonically
rising Vcc may require a RESET pulse (High-to-Low-to-High) of >6 ps duration after Vec has reached 4.0 V.
4. For configuration {not Readback), CCLK frequency can be increased to 5 MHz and TccH and Tecw min reduced to

100 ns, worst case over temperature and supply voltage. This high-speed CCLK frequency will be tested, documented
and guaranteed some time in 1991. For further information on running CCLK faster than 1 MHz, contact Xilinx Product
Marketing.

PROGRAM READBACK SWITCHING CHARACTERISTICS

DONE/PROG
(OUTPUT)

RTRIG (Mo)
CCLK(1)
RDATA
(OUTPUT) 1105 324
-70 -100 -125
Description . Symbol Min | Max | Min | Max || Min | Max | Units
RTRIG RTRIG high 1 Tatn 250 | 250 250 ns
CCLK RTRIG setup 2 Tarce 10 10 10 ns
RDATA delay 3 CCRD 100 100 100 | ns
Low time 4 ceL 0.5 5(| 05 5[] 0.5 5| us
Notes: 1. At power-up, Vcc must rise from 2.0 V to Vec min in less than 25 ms. [f this is not possible, configuration can be de-

w

layed by holding RESET Low until Vcc has reached 4.0 V. A very long Vcc rise time of >100 ms, or a non-monotonically
rising Vcc may require a RESET pulse (High-to-Low-to-High) of >6 us duration after Vec has reached 4.0 V.

. CCLK and DOUT timing are the same as for slave mode.
. RETRIG (M0 positive transition) shall not be done until after one clock following active /O pins.
. Readback should not be initiated until configuration is complete.
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PGA PIN-OUTS

11109 8 7 6 5 4 3 2 1

' 2 3 4 5 6 7 8 9 1011
A I/OHVOJ‘I/(;)[J f)f&’@'é‘”%”fﬁ% ‘/\g”u)ta‘ A A
B 'Vo/m /Am\ Q{IO ! ‘|A/Ic;2:’ ’Qgsl ‘|7c4> Vi '(Nc;’ vo) ‘1/0 ‘vo’ B B
C (' »Ta Q‘J; WBJ (@1.) ‘-!/3," VOHVO) C C
D '\,J (. y yo"mq) D D
N ;.\‘ N N
el OO0 top view UR® |EE
= {.r\) ) (Y,;) ‘;;, y;) ‘as‘ F =
G (_';:) (/:)(h'f) Component {_\/J(isf i.,o» G G
Hf ) Side ‘Vo"v.’ H H
J ‘:I ﬁ“\) (:/\ 46:\:1 /\ /E I/o‘ J J
K (\/] (Q\;) ‘@l ['\/} \_/l ‘ T] [q { -/ (' )m ( K K
MO, \ (VO (770 TN Y
NSt Fr-teleler -t L 1N
1 2 3 45 6 7 8 910N

C:c—i}? (le(lcg\ @’ Q’o‘]‘yg"vo (NE)](A”) vo/"vo)
~%@%¢Mm®%wmwm@
‘@60?) %) Wie @) DR
©2 (1Y T
) _BOTTOM VIEW _-'—
& 9D
V%”voﬂ‘/cﬂ Solder Side ('\EI“:T' j’
nvo ) @,,Sg, i) ‘-f:'r' T (7
@13 T
mpo'ﬁ (ﬂ_‘a”\,\: ,’gli/\‘
‘vo'mC :"-"_J’W/oy‘(ﬂj‘ ':'\ ) @J(l'/%""i’
@?v \/"@8)‘ (@ \/‘) {';:J (; <{'§° "’°)rf,;1 HT“E)

11109 87 6 5 4 3 2 1

- XN o I QMmO OT >

@ = Index pin which may or may not be electrically connected to pin C2
{NC} = Pin Not Connected for XC3020, unlabeled pin = unrestricted /O pin
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{NC} = Pin Not Connected for XC3042, unlabeled pin = unrestricted ¥O pin
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XC3000 Logic Cell Array Family

PGA PIN-OUTS (cont'd)
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PHYSICAL DIMENSIONS

PIN #1 1D LOCATION
(EITHER POS.)

0.050 TYP
. m NON-CUM
_
3 3
7( 0 nas
5 i
O ]
g 9]
8 n]
O [0 0.653 +0.003 0.690
5 0
n
g o]
( 0
1700 N29
[ D 0 G 3
18 28
U-—o.sss $0.003———»|
le 0.690 > O, = 40-45 “C/W
O,c = 10-11°CW
0.010
0.005 LEAD CO-PLANARITY
+0.002
L | toors
be 0620 > DIMENSIONS
IN INCHES v cn
1 4
44-Pin PLCC Package
SEATING
PIN NO. 1 0045  PLANE

PIN NO. 1 IDENTIFIER

0.045 x 45° " ;| |‘ 0.020
\ 9 \ / 81
— J Ly 0'045_{_§ _—
PWRDWN CCLK ¥ —
DOUT/O
0.800
TYP
0.920
+0.010
0018
0.028 3
y
43
l-———o.954 + o.ooa4-l -I 0.045
0.990 + 0.005 { 0.100 £ 0.010
TOP VIEW
0.175 £0.010
©,a= 35-40 °CW
Buc= 7-10°CW

68-Pin PLCC Package

LEAD PITCH
0.050 TYPICAL

LEAD CO-PLANARITY
+0.002

DIMENSIONS
IN INCHES

1105 34C
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XC3000 Logic Cetll Array Family

PHYSICAL DIMENSIONS (Continued)

SEATING
PIN NO. 1 0.045  PLANE
} TIF
0_045x45°\ PIN NO. 1 IDENTIFIER . "’l }‘0.020
1 | 75
- n o oo e oo e o.oasi —
PWRDWN CCLK B
DOUT/O
1.190
+0.005 1.000
1.154 TYP
+0.004
1.120
£0.010
0.018
0.028 _—
y -y (.
1.154 + 0.004
0.045 LEAD PITCH
————1.190 £ 0,005 { 0.100 £ 0.010 0.050 TYPICAL
TOP VIEW
0.175 £ 0.010 DIMENSIONS IN INCHES
©a= 30-35 CW
Ouc=3-7 °C/W 1105 36C
84-Pin PLCC Package
0.130
+0.010
———————1.100 £ 0.012 SO—— ¥ e o100 TvP 1.000 £ 0.010
S— 0.100
- L@r\f\/\r\rrr\r\r\é\wp
o085 /JJ N ZAAN ZAAN ZZAN ZAN ZEAN ZAAN ZERN FARN 7
DAMAX 1D DD DY DD DD DD D
L AN ZAAN Z2AN PARN ZEAN ZARN VAN ZEAN ZEAN 7N ZAAN 7
| D h DD D DD
3 — P AN ZEAN T
A fa o
— H NN P N ”
DD D D
— Y RNZAANFARN 7
DA D DN
— ro<p T Joowo
. DD D D N
) Y Y W INDEX PIN D
TYP. 0.070
VoW o o s
]:| D AN / DiA/0.08 MAX o
I D DD DA DD
H—— oy T AN
I e AN AN AN AN AN A A AN s AT
F——= ANZAAN 72N ZZAN Z20N Z28N VAN ZEAN ZEAZERN FERN ¥
N s % A0 W W5 N5 N N0 N s AT
N /
i _H}::‘T *@ NN ZAN AN PN PN AN AN AN P
PIN NO.1 INDEX s R TIT
TOP VIEW ] 0.050 BOTTOM VIEW
£0.010 NOTE: INDEX PIN MAY OR MAY NOT BE
®JA=30—35 °C/W 0.095+0.015—+  fo— ELECTRICALLY CONNECTED TO PIN C2.

O)c=4-7°CrW

84-Pin PGA Package

DIMENSIONS IN INCHES

1105 35C
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PHYSICAL DIMENSIONS (Continued)

94110010
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= =
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= —
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e =3 31
datd VUTHERSALTRERL LA LLLEEN
-1 3 2
H
0742 REF 55258 Tvp
TOP VIEW
11\5_7-
4 0.118  0.006

\-—L SEATING PLANE

0.57 £ 0.006
DIMENSIONS IN INCHES
_EE.70 °
O, =55-70 "CW
1105 39C
100-Pin PQFP Package
t 127540020 SQ
|+—————01680 1 0.020 5Q ~——+|
‘ 100 w0 - e 00650 % 00050
LEADFRAME _,
00045 MIN ™
0.0080 MAX
|- DEVITREOUS
e— 88 M ;7‘ SOLDER GLASS
— e ———————— .
_ ———— .
| — e | .
= 4 ]
—_—— "]
T :
I EPB——== [ ocomMn . MARKING
—_—— ———
—_ — 0013 MAX : /—
— e 0612 £ 0007 c
| e —| 1.
[ —] o
ol
| s — | e ———— ] -
_ _— ]
1
| e | f— .
_ k p———————— p
—————— ] X Llp
————
38=L ——164 :
4 X0.020R 0145 MAX—={ e
4 i LEAD PITCH 0 025 TYPICAL 0030000050~ I#F 1 0500 £0.0050
BOTTOM VIEW DIMENSIONS IN INCHES -~ 0120 MAX
(LD SIDE UP)
(DIE FACING UP} SIDE VIEW
NOTES:
1. LEADS ARE SHIPPED UNFORMED IN CARRIERS IN TRAYS,
TOPSIDE UP
O =40-50°C/W 2. FORMING TOOL INFORMATION:
_Eeqo - FANCORT INDUSTRIES - (201) 575-0610 WEST CALDWELL NJ
8,c =58 CW - RISI INDUSTRIES (619) 425-3970 CHULA VISTA, CA
1105 40C

100-Pin CQFP Package

2-55




XC3000 Logic Cell Array Family

PHYSICAL DIMENSIONS (Continued)

o'o?;t_éssﬂy' 2 3 4 & 8 7 j8 9 W 11 12 13 “\ KOVFRE —
(0000000000006 Q N,
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4R010]0] 01010, =
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fcloloY e 0J0)0, —
OEOPEECRIEEEIOECE =
4 JO101010101010] 010101610 X010] —
/‘J@@@ POOOOOOGOOO E‘”u‘—
00150 ‘_'I’g;g" <07 DIMENSIONS IN INCHES U -
S smame
132-Pin PGA Package
o ) i 1 .
4K0J0J010101010}01C1001010)0! oo1e_=fL
NEOEEEEEORIEEEEEEE M e #0002 =]
HOEEREOOEEREEEEEO —
H@EE G1020] =
OOE 02020 =
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JEOJ01010102010)010101001010) =
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SR, 0.100 2 0.002 e NBL‘O. -

132-Pin PPGA Package
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PHYSICAL DIMENSIONS (Continued)

1520 £0.010 5Q

|+~ 0.0650 £ 0 0050
LEADFRAME
184
21 v 145 0 0045 MIN "I
00080 MAX
+~ SOLDER GLASS
20— >,

08500010

J L

— ———— 104 LIl |
\ 0.145 MAX ~+ L—
4 X 0.020R
63 103 {

00300200050+ ek |
BOTTOM VIEW I 0.0500 £ 0 0050

(LID SIDE UP) - 0.120 MAX
(DIE FACING UP)

1.080 £ 0.020 SQ.
164
\1 21

PIN #1 1D

SIDE VIEW

4

0008 MIN
0.013 MAX

TOPSIDE
MARK

04 V1 ——>=62
LEAD PITCH 0 025 TYPICAL
103 63
EW

TOP Wt
{DIE FACING DOWN)

DIMENSIONS IN INCHES

NOTES:

1. LEADS ARE SHIPPED UNFORMED IN CARRIERS IN TRAYS, TOPSIDE UP
2. FORMING TOOL INFORMATION-

- FANCORT INDUSTRIES - (201) 575-0610 WEST CALDWELL NJ

- RISI INDUSTRIES INC. (619} 425-3970 CHULA VISTA. CA

Oya = 35-45° C/W
8yc =35 CW
1105 #1D

164-Pin CQFP Package
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XC3000 Logic Cell Array Family

PHYSICAL DIMENSIONS (Continued)

TOP VIEW

@-— INDEX (A1)

© jp =16.4°CW
®@yc =05-1.0°CW
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175-Pin PGA Package (Ceramic)

1105 37C

2-58




.L7

{ 0.070 £ 0.008

1.6 °C/W

0.071 = 0.006
’,_

!
0.050 DIA

© jp=22°CW

Ouc

1.660
+0.016 SQ

1.500
+0.012

DIELECTRIC

COAT

N

=

TOP VIEW

o 0 0 O
0O 0 ¢ ©
o 0 ¢ 0o
o 0 0 O
o 0 0 ©°
O 0 0 ©
[o2 « N ¢ B o]
o 0 O O
o 0 0 ¢
o O 0 0

IONORONORORONONC)]
ONONONONONORONC)
IONONONONORONONO)]
ONONONORORONONO)

IONONONONONONONO
(ONONORONONONONO
(ONONONONONORONO]

@@@@@@@@/

© 000 O0O0O0O|00O0OOCOGOO f (ONONONORONORORAONONORONONONO)

© 00O 00O OCOGO[OOOOOGOOGO H PEPRPREAOEPPEERIPOEEFERRE®
© 00 00O0OO(0O0o0OOGO OGOO [=—= ONONONONONCRORCIONONORORONONONO]
©000O0O0O0CO|0OOOOGOOO — ONONONORONONCRONONONONONORCNONC)
o oo o 0o o0 (OXCKO)] P N @O
o o o o oo ONCONO; (ONONO);
o o o o oo @06 ﬁ | PEE
o o o o o o i (OROKO)] _ _ OJOYC)
o o o o o o (ONONO] ONONO]
o o o o o o ® 06 h IORONO]
o o0 o o o o ONONO] _ ONONO]
o o o o o o IONONO; N = ORONO]
o o o o o o0

o o o o o o

o o o o oo

o o o o oo

]
0.005 R / 0018 o.oozp,,,_,”‘_

PIN
KOVAR

0.046 REF
Lf -

PHYSICAL DIMENSIONS (Continued)
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BOTTOM VIEW
175-Pin PPGA Package (Plastic)

PNMLKJHGFEDCBAX
STAND-OFF PIN

R

T

0.070 + 0.005
DIATYP
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Component Selection and
Ordering Information

COMPONENT AVAILABILITY (11/90)

44 PIN 48 PIN 68 PIN 84 PIN 100 PIN 132 PIN 160 PIN | 164 PIN 175 PIN
PLASTIC | PLASTIC | CERAMIC{ PLASTIC [CERAMIC| PLASTIC | CERAMIC| PLASTIC [CERAMIC] PLASTIC | CERAMIC| PLASTIC [CERAMIC| PLASTIC [CERAMIC
PLCC bl13) oip PLCC PGA PCC PGA PQFP CaFpP PGA PGA PQFP CaFP PGA PGA
PC44 PD48 CD48 PC68 PG68 PC84 PGB4 PQ100 CQ100 PP132 | PG132 | PQ160 cQie4 | PP175 | PG175
[ | Ct CiM
XC2064
XxC2018
XC3c20
Xc3aoao
XC3042
XC3064
XC3090

XC1736A/XC1765-PD8C Plastic 8-Pin Mini-DIP
-40°C to 85°C
XC1736A/XC1765-CD8M Ceramic 8-Pin Mini-DIP
-55°C to 125°C

LCA Temperature Options

Symbol Description Temperature
C Commercial  0°C to 76°C
| Industrial -40°C to 85°C
M Mil Temp -55°C to 125°C
B Military MIL-STD-883, Class B

ORDERING INFORMATION

Example:

Device Type

Toggle
Rate

XC3020-70PC68C

Temperature
Range

Number of Pins

Package Type

X1104

COMPATIBLE PACKAGE OPTIONS

A range of LCA devices is available in identical packages
with identical pin-outs. A design can thus be started with
one device, then migrated to a larger or smalier chip while
retaining the original footprint and PC-board layout.

Examples: PC 68: 2064-2018-3020-3030
PC 84: 2018-3020-3030-3042-
3064-3090
PG 84: 2018-3020-3030-3042
PQ 100: 3020-3030-3042
PG 132: 3042-3084

Note, however, that the XC2000 and XC3000 families
differ in the position of XTL1 as well as three parallel
address bits (6, 7 and 11) and most of the data pins used
in parallel master mode.

XC2018 and XC3020 are not available in PGAE8, since
the PGAB84 is the same size and offers more 1/0.

Note that a PLCC in a socket with PGA footprint generates
aprinted circuit board pin-out different from a PGA device.




