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X XILINX' Xilinx EPLDs

The Best Solution for PAL® Conversion

Welcome and thanks for your interest in
Xilinx EPLD products.

If you're like most PAL designers, you're interested in converting your designs to more
complex devices like Xilinx XC7200/A and XC7300 EPLDs. But you're probably also a bit
skeptical about the different claims vendors have made about their products. The PAL
Conversion Guide will help you better understand how PAL conversion is accomplished with
Xilinx EPLD products.

PAL conversion vs. PAL integration.

The typical design requirement is PAL conversion, but most products on the market today
address PAL integration. The semantics here are very important. Any high pin-count logic
device can integrate multiple PALs into a single device. But complex programmable logic
devices, like FPGAs, differ architecturally from the simple array structures of PALs. This
means that PAL integration works only after a lot of time and effort is spent in redesign. Even
complex product term-based products can pose significant barriers to the integration
process.

Xilinx offers the first true PAL conversion process.

The Xilinx PAL conversion process allows you to take the original source files for your PAL
or GAL based design, and directly convert it to either XC7200/A or XC7300 EPLDs, without
redesign. Designs can be converted quickly and easily, with virtually no risk. If you use
ABEL™, PALASM™ or CUPL™ , it's no problem. You can easily convert designs done with
these tools to a working XC7200/A or XC7300 device. The XC7300 family’s unique Dual
Block™ architecture, along with the PAL conversion utilities contained in the Xilinx EPLD
software, make it easy.

The Dual Block architecture incorporates two types of logic blocks on each device. One type
is optimized for simple PAL functions that require high pin-to-pin speed, and the other type
is optimized for product-term-rich PAL or GAL functions that require high clock cycle rates.
Unlike other CPLDs, Xilinx devices are FAST and COMPLEX. This allows individual PAL
devices to be mapped directly to the appropriate logic, and connected just as they appear
on the PCB.

Please take a few minutes to look over the Xilinx PAL Conversion Guide. We believe you'll
agree that Xilinx EPLDs provide the best solution for PAL conversion.

EPLD Product Marketing
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SXILINX

Direct PAL Conversion
Using Xilinx EPLDs

BY JEFFREY GOLDBERG

Introduction

In order to remain competitive in the marketplace, compa-
nies are being driven to reduce product manufacturing
costs while adding more features and improving reliability.
Users of low density discrete PALs are turning to higher
density erasable programmable logic devices (EPLDs) to
meet these goals.

PALs are easy devices to use. Device timing is fixed,
routing issues are nonexistent and the device architec-
tures are simple and understandable. Many EPLDs how-
ever, exhibit timing unpredictability, routing limitations, and
limited functionality that can trap the unwary first-time
EPLD user.Couple that with the task of learning how to use
new design-entry software, and what appeared to be a
simple task can turn into a nightmare.

This application note shows how Xilinx EPLDs can be
used to simplify the task of reducing the number of discrete
low density PALs on a board. This direct PAL conversion
is made possible by a unique combination of :

* Architectural features
* Software methodology

* Broad product family

Xilinx EPLD Architecture

In order to support direct PAL conversion, Xilinx EPLDs
have a PAL-like architecture. Each device consists of
several PAL-like logic blocks, called Function Blocks
(FBs), on a single IC, all interconnected by a fully popu-
lated switch matrix. Each FB can be thought of as a 21V9
PAL, with 21 complementary inputs and an AND-OR array
with 57 product terms feeding 9 outputs.

The Xilinx EPLD Function Block is highly flexible superset
of the low density PAL. The product term intensive FB has
five individual product terms per output. In addition, there
are 12 productterms that are shared betweenall 9 outputs.
Each output can be configured as either registered or
combinatorial. Each register has individual set, reset and
output enable control and can be clocked either individu-
ally or by global clocks. In addition, each output has an
available XOR gate that can be used for XOR functions or
toggle flip flop emulation.

Although product-term-intensive, the timing is fixed. No
matter whether the output is performing a single product-
term function or a 17 product-term function with the XOR
gate, the timing doesn’t change. Just like a PAL.

All of the Function Blocks on a Xilinx EPLD are intercon-
nected by a fully populated Universal Interconnect Matrix
(UIM™).

Unlike other vendor’s sparsely populated matrices that
create routing problems and have fanout-dependent tim-
ing, the UIM is a fully populated, non-blocking switch
matrix that features a constant delay, independent of
fanout. Every Function Block output and every signal from
every inputand I/O pin all feed into the UIM.The UIMin turn
drives every input of every FB. This means that each
Function Block input can be driven by any input pin,
any /O pin and any Function Block output — just like
connecting PALs on a board, but better.

In addition to serving as an interconnect, the UIM may also
function as very wide input AND array. This allows the
EPLD to generate producttermsinthe UIM - just like alow
density PAL AND array. And like a PAL, propagation delay
is fixed regardless of the number of signals used to
generate the product term, or the source and destination
of those signals.

2-1
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Figure 1. Xilinx EPLD PAL-Like Function Block
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The EPLD has programmable 1/O blocks for driving the
device pins. The 1/O blocks can be used to decouple the
Function Block's outputs from the device pins so the
Function Block outputs may be buried while still retaining
the use of the pin as a device input. The 1/O blocks also
provide output inversion control and the ability to latch and
register input signals.

Xilinx EPLD Software

When it comes to programmable logic, silicon is only part
of the solution. Software is required to translate ideas into
reality. The Xilinx EPLD Translator (XEPLD™) works with
industry standard PAL logic compilers and languages such
as ABEL, CUPL and PALASM. One can directly import
JEDEC files from old, proven designs using 22V10s and
20V8s.

The bottom line - the XEPLD system allows design entry
with familiar front end tools. Once the design is entered,
XEPLD simply acts as a fitter, taking the design description
and mapping it into the chosen Xilinx EPLD.

In addition to being easy to use, XEPLD is very powerful.
One of the most important functions of a fitter for high
density programmable logic is Automatic Partitioning. The
design can be entered without having to first partition itinto
Function Block-size pieces. This lets the designer concen-

trate on the functionality of the design, not its physical
implementation.

The PAL Conversion Process

The PAL conversion process is begun by identifying which
group of PALs are to be converted to a single EPLD. Then
choose the appropriate Xilinx EPLD, based on the I/O and
logic requirements. Xilinx makes this process easier by
offering each device in a variety of footprint-compatible
packages. This flexibility allows the designer to upgrade to
a higher density device without having to change the board
layout, should the logic requirements change.

Since the timing of the Xilinx EPLD is absolutely predict-
able, it is an easy matter to verify that the design will meet
all critical timing requirements. By eliminating delays get-
ting on and off chip, even D series PALs can be converted
to a single Xilinx EPLD.

The choice of whether to do equation-based design entry
or schematic-based design entry is based primarily on the
user’s preference. Equation-based entry allows the userto
concatenate PALASM equations from multiple PAL files
without any restrictions on the PAL type. Equation-based
entry gives the user more control over how the logic is
mapped into the EPLD.

PC Board

Xilinx EPLD

22V10

[

T
[

T

AL
ITTT

:

Figure 3. The 100% Interconnect

PAL
Compiler
Schematic XEPLD Text
Editor Translator Editor
‘ Programmer '
X3296

Figure 5. Development System Overview
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On the other hand, schematic-based design entry may be
easier to conceptualize, and it allows the user to directly
import JEDEC files for 22V10 and 20V8 PALs (PALASM
equations may be used for other PAL types).

The following examples show how to use XEPLD to
directly convert a multiple-PAL design to a single Xilinx
EPLD. The examples show the use of both equation and
schematic-based design entry methods. The design,
shown in Figure 7, implements a UART originally imple-
mented with two 22V10s, a 20V8 and a single 20RA10.

Direct PAL conversion implies that there is absolutely no
redesign necessary to convert the design to a single Xilinx
EPLD. The reader, therefore, needs to be aware of two
issues that may affect a design’s suitability for direct
conversion.

1. Designs implemented with XOR PALs such as the
20X10A series require minor syntax changes in their
PALASM output files to conform to how XOR operations
are expressed for Xilinx EPLDs.

2. Because asynchronous presets and resets function
differently in different PALs, the architectures of the
original PAL and the Xilinx EPLD need to be considered
when converting the design. In the Xilinx EPLD archi-
tecture, inversions are performed before the register,
not after the register output. If the original PAL per-
formed the inversion after the register, (e.g.a 20RA10),
its output pin goes HIGH when the register is reset,

whereas the Xilinx EPLD Function Block output would
go LOW. A simple modification to the PALs source code
before generating the PALASM file may be all that is
required (e.g. changing the reset to a preset).

Equation-Based Design Entry

Direct PAL conversion is easily accomplished with a
modular design approach. Each PAL in the design can be
treated as an individual module. A top level design file
simply links all of the modules together. Since this file need
only contain declaration statements that manage the de-
sign (e.g.define the chip’s inputs and outputs), itis created
with a minimum of effort. XEPLD reads the top level file,
concatenates the equations for each individual PAL, auto-
matically partitions the equations and converts the mul-
tiple-PAL design to a single chip solution. This design flow
is illustrated in Figure 8.

For each PAL in the design, generate a PALASM Boolean
equation file from the original PAL source code. This is
easily done with the ABEL XFER utility or the CUPL -c
compiler option. At this time, verify that the signal names
in each PAL pinlist establishes the proper signal connec-
tivity for the design.

Using a text editor, write the top level design file. The
design file PAL_UART.PLD, shown in Figure 9, was cre-
ated for the UART design. This file is written in PLUSASM,
the XEPLD native syntax, and should look very familiar to
those familiar with PALASM.
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Figure 7. Original UART Design

Like PALASM, this file begins with a title block for design
documentation, followed by INCLUDE_EQN keywords
that instruct XEPLD to concatenate the PALASM equa-
tions contained in each of the included files that were
generated by the PAL compiler.

The CHIP statement contains the filename of the top level
file (without the file extension) and targets a Xilinx EPLD.

INPUTPIN, OUTPUTPIN and NODE keywords then follow
to define the devices inputs, outputs and nodes. This is
followed by the FASTCLOCK keyword that assigns sig-
nals to the global FastClock lines.

Step 1 Step 2 Step 3

PAL Compiler Text Editor XEPLD
Generate Create a 1. Select Target Device
PALASM Files Top Level File 2. Intergrate Equations

3. Generate Programming File

X3297

Figure 8. Equation-Based Design Flow

The EQUATIONS keyword indicates where the equations
section of the design file begins. After reading this key-
word, XEPLD reads all of the equations in the included
files.

After completing the top level design file, do the following:
* Select the target device:

Open up the FAMILY menu and select the XC7000
device family. Then open up the PART menu and select
the target Xilinx EPLD.

* Integrate the equations:

Open up the FITTER menu and select FITEQN, then
PAL_UART.PLD. XEPLD then processes the design to
create the database file PAL_UART.VMH.

* Generate the device programming file:

Openup the VERIFY menu and select MAKEPRG, then
PAL_UART.VMH. Assign the signature, PALUART.A,
and XEPLD will now produce the device programming
file, PAL_UART.PRG.

The device can now be programmed and the correct
system operation verified.

2-5
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TITLE TOP LEVEL DESIGN FILE FOR PAL_UART
AUTHOR EPLD APPLICATIONS

COMPANY XILINX

DATE 2/3/93

INCLUDE_EQN '‘SHIFTER.PDS'
INCLUDE_EQN 'CNTR6.PDS'
INCLUDE_EQN 'DATAREG.PDS'
INCLUDE_EQN '‘ERROR.PDS'

CHIP PAL_UART XEPLD

INPUTPIN SIRD CS

OUTPUTPIN DO D1 D2 D3 D4 D5 D6 D7 RRDY ORERR PERR FERR

NODE S0 S1 82 S3 S4 S5 S6 S7 EN Q0 Q1 Q2 Q3 Q4 Q5 DATACLK SHIFTCLK
PAR START

FASTCLOCK CLK

EQUATIONS

Figure 9. Top-Level Design File

Schematic-Based Design Entry describe their functionality. For other PAL types such as
The schematic design entry flow is also simple and the 20RA10 used in the original design, PALASM equation
straightforward. The XEPLD component library contains files can be used instead. XEPLD then processes the
22V10 and 20V8 PALs to simplify the PAL conversion netlist and PAL files to convert the design to a single chip
process. It is a simple matter to connect the PALs exactly solution. This design flow is illustrated in Figure 10.

as in the original design and import JEDEC files that

Step 1 Step 2 Step 3 Step 4
PAL Compiler Text Editor Schematic Editor XEPLD
Generate Create a Top Level File Create Schematic and . Import JEDEC File
PALASM File for Each PALASM File Assign Attributes to PALs . Assemble PAL Files
. Generate Netlist

. Select Target Device
. Intergrate Netlist
. Generate Programming File

X3298

Figure 10. Schematic-Based Design Flow
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For each 22V10 and 20V8 in the original design, use the
existing JEDEC files generated by the PAL compiler. For
other PAL types, generate a PALASM Boolean equation
file. Then, using a text editor, create a top level file for each
PAL that a PALASM equation file was created for. This file
is similar to the top level design file for the equation based
design entry, with two differences:

1. The CHIP statement targets the PAL in the schematic,
not a Xilinx EPLD

2. A pinlist is used to define the pinout of the PAL in the
schematic

Any PAL in the XEPLD component library that meets the
I/O requirement can serve as the target device, but the
PL22V10, PL20V8 and PLFPLA48 are recommended to
take advantage of the automatic partitioner.

In this design example, a PL22V10 was chosen as the
target device for the ERROR PAL, even though a 20RA10
was used in the original design. This is permitted because
both the PL22V10 and PL20V8 library components have
the full functionality of the Xilinx EPLD architecture and do
not suffer the architectural limitations of the discrete de-
vices they replace. The top level file, ERROR.PLD is
shown in Figure 11. Note that each pin position must have
either a signal name or a no-connect (NC) assigned to it.

Now use the schematic editor to capture the design.
Assign an attribute to each PAL in the schematic that links
the PAL to an intermediate file that describes it’s function.
In Viewlogic, the attribute @PLD=<file_name> is as-
signed with the ViewDraw attribute command. When using
OrCAD, edit the PALs partfield to read
PLPLD=<file_name>. Save the design file when done.

TITLE TOP LEVEL DESIGN FILE FOR ERROR DETECTOR PAL IN PAL_UART DESIGN
AUTHOR EPLD APPLICATIONS
COMPANY XILINX
DATE 2/3/93
INCLUDE_EQN  'ERROR.PDS'
CHIP ERROR PL22V10
;1.2 3 4 5 6 7 8 9 10 11 12
SO S1 Q5 Q4 Q3 Q2 Q1 Q0 EN SI NC GND
, 13 14 15 16 17 18 19 20 21 22 23 24

NC NC NC NC NC PAR START FERR PERR OREER RRDY VCC

EQUATIONS
Figure 11. PLUSASM File ERROR.PLD
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Figure 12. PAL_UART Workview Schematic

Now the design is ready to be processed.

Generate the netlist:

Open up the TRANSLATE menu and select WIR2NET,
then PAL_UART.1 to generate a Viewlogic netlist. If the
design was captured with OrCAD, select STD2NET in-
stead, then PAL_UART.SCH to generate the OrCAD
netlist.

Import a JEDEC file or Assemble the Equation File
for each PAL in the schematic:
* To Import a JEDEC File:

Open up the TRANSLATE menu and select JED2PLD,
then SHIFTER.JED to import the JEDEC file. Type in
the desired filename for the equation file that will de-
scribe the PALs functionality, SHIFTER.PLD, then se-
lect the PAL type, PL22V10. XEPLD will automatically
partition the logic into one or more Function Blocks and
create the intermediate PAL description file
SHIFTER.VMH. Repeat this procedure for each
JEDEC file to be imported.

» To Assemble an Equation File:

Open up the TRANSLATE menu and select PLUSASM,
then ERROR.PLD to assemble the top level file for the
PAL.Remember, XEPLD will reference the equationsin
the included PALASM file, ERROR.PDS. XEPLD will

partition the logic and create the intermediate PAL
description file ERROR.VMH.

Integrate the netlist:
Open up the FITTER menu and select FITNET, then
PAL_UART.NET to integrate the netlist.

Generate the device programming file:

Open up the VERIFY menu and select MAKEPRG, then
PAL_UART.VMH. Assign the signature, PALUART.A, and
XEPLD will now produce the device programming file,
PAL_UART.PRG.

The device can now be programmed, installed on the
board and correct system operation verified.

Conclusion

This application note demonstrates how easy it is to
directly convert PAL based designs to a single Xilinx EPLD
without any redesign. This direct conversion process is
only possible when the target device logic blocks have a
PAL-like architecture, the interconnect matrix is fully popu-
lated and chip timing is completely independent of product
term utilization and layout. The Xilinx EPLD Translator
simplifies this task by interfacing directly to the third party
design tools that the designer is already familiar with.

2-8
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XC7236/XC7236A
36 Macrocell CMOS EPLD

Preliminary Product Specifications

Features

® Second-Generation High Density Programmable
Logic Device

® UV-erasable CMOS EPROM technology
® 36 Macrocells, grouped into four Function Blocks,

interconnected by a programmable Universal
Interconnect Matrix (UIM)

® Each Function Block contains a programmable AND-
array with up to 24 complementary inputs, providing
up to 17 product terms per Macrocell

* Enhanced logic features
— Arithmetic Logic Unit in each Macrocell
- Dedicated fast carry network between Macrocells
- Wide AND capability in the Universal Interconnect
Matrix

* |dentical timing for all interconnect paths and for all
Macrocell logic paths

® 36 signal pins
- 30 I/Os, 2 inputs, 4 outputs

® Each input is programmable
- Direct, latched, or registered

® /O operationat3.3Vor5V
* Meets JEDEC Standard (8-1A) for 3.3V £ 0.3V
* Three high-speed, low-skew global clock inputs

® 44-pin plastic and windowed ceramic leaded chip
carrier packages

General Description

The XC7236/A is a second-generation High Density Pro-
grammable Logic Device that combines the classical fea-
tures of the PAL-like EPLD architecture with innovative
systems-oriented logic enhancements. This favors the
implementation of fast state machines, large synchronous
counters and fast arithmetic, as well as multi-level general-
purpose logic. Performance, measured in achievable sys-
tem clock rate and critical delays, is not only predictable,
but independent of physical logic mapping, interconnect
routing, and resource utilization. Performance, therefore,
remains invariant between design iterations. The propa-
gation delay through interconnect and logic is constant for
any function implemented in any one of the output
Macrocells.

The functional versatility of the traditional programmable
logic array architecture is enhanced through additional

gating and control functions available in an Arithmetic
Logic Unit (ALU) in each Macrocell. Dedicated fast arith-
metic carry lines running directly between adjacent
Macrocells and Function Blocks support fast adders,
subtractors and comparators of any length up to 36 bits.

This additional ALU in each Macrocell can generate any
combinatorial function of two sums of products, and it can
generate and propagate arithmetic-carry signals between
adjacent Macrocells and Functional Blocks.

The Universal Interconnect Matrix (UIM) facilitates unre-
stricted, fixed-delay interconnects from all device inputs
and Macrocell outputs to any Function Block AND-array
input. The UIM can also perform a logical AND across any
number of its incoming signals on the way to any Function
Block, adding another level of logic without additional
delay. This supports bidirectional loadable synchronous
counters of any size up to 36 bits, operating at the specified
maximum device frequency

As a result of these logic enhancements, the XC7236/A
can deliver high performance even in designs that com-
bine large numbers of product terms per output, or need
more layers of logic than AND-OR, or need a wide AND
function in some of the product terms, or perform wide
arithmetic functions.

Automated design mapping is supported by Xilinx devel-
opment software based on design capture using third-
party schematic entry tools, PLD compilers or direct text-
based equation files. Design mapping is completed in a
few minutes on a PC.

Architectural Overview

Figure 1 shows the XC7236/A structure. Four Function
Blocks (FBs) are allinterconnected by a central UIM. Each
FB receives 21 signals from the UIM and each FB pro-
duces nine signals back into the UIM. All device inputs are
also routed via the UIM to all FBs. Each FB contains nine
output Macrocells (MCs) that draw from a programmable
AND array driven by the 21 signals from the UIM. Most
Macrocells drive a 3-state chip output; allfeed back into the
UIM.

The device also contains six dedicated FastCompare and
FastDecode logic paths for address compare, decode or
gating functions. The following pages describe the ele-
ments of this architecture in detail.
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Figure 1. XC7236/A Architecture

Function Blocks and Macrocells

The XC7236/A contains 36 Macrocells with identical struc-
ture, grouped into four Function Blocks of nine Macrocells
each. Each Macrocell is driven by product terms derived
from a programmable AND array in the Function Block.
The AND array in each Function Block receives 21 signals
and their complements from the UIM. In three Function
Blocks, the AND array receives three additional inputs and
their complements directly from Fastinput (Fl) pins, thus
offering faster logic paths.

Five product terms are private to each Macrocell; an
additional 12 product terms are shared among the nine
Macrocells in each Function Block. Four of the private
product terms can be selectively ORed together with up to
four of the shared product terms, and drive the D1 input to
the ALU. The other input, D2, to the ALU is driven by the

OR of the fifth private product term and up to eight of the
remaining shared product terms.

As a programmable option, four of the private product
terms can be used for other purposes. One of the private
product terms can be used as a dedicated clock for the flip-
flop in the Macrocell. (See the subsequent description of
other clocking options.) Another one of the private product
terms can be the asynchronous active-High Reset of the
Macrocell flip-flop, another one can be the asynchronous
active-High Set of the Macrocell flip-flop, and another one
can be the Output Enable signal.

As a configuration option, the Macrocell output can be fed
back and ORed into the D2 input to the ALU after being
ANDed with three of the shared product terms to imple-
ment counters and toggle flip-flops.
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The ALU has two programmable modes: In the /ogic mode,
itis a 2-input function generator, a 4-bit look-up table, that
can be programmed to generate any Boolean function of
its two inputs. It can OR them, widening the OR function
to max 17 inputs; it can AND them, which means that one
sum of products can be used to mask the other; it can XOR
them, toggling the flip-flop or comparing the two sums of
products. Either or both of the sum-of-product inputs to the
ALU canbe inverted and either orboth can be ignored. The
ALU can implement one additional layer of logic without
any speed penalty.

In the arithmetic mode, the ALU block in each Macrocell
can be programmed to generate the arithmetic sum or
difference of two operands, combined with a carry signal
coming from the next lower Macrocell. It also feeds a carry
outputto the next higher Macrocell. This carry propagation
chain crosses the boundaries between Function Blocks.
This dedicated carry chain overcomes the inherent speed
and density problems of the traditional EPLD architecture,
when trying to perform arithmetic functions.

The ALU outputdrives the D input of the Macrocell flip-flop.
Each flip-flop has several programmable options. One
option is to eliminate the flip-flop by making it transparent,
which makes the Q output identical with the D input,
independent of the clock. Otherwise, the flip-flop operates
inthe conventional manner, triggered by the rising edge on
its clock input.

The clock source is programmable and is either the dedi-
cated product term mentioned earlier, or one of two global
FastCLK signals (FLCKO or FLCK1) that are distributed
with short delay and minimal skew over the whole chip.

The asynchronous Set and Reset (Clear) inputs override
the clocked operation. If both asynchronous inputs are
active simultaneously, Reset overrides Set. Upon power-
up, each Macrocell flip-flop can be preloaded with either 0
ori.

AND Array
2 i - ; )
Inputs | —1{¥ - -
from | — >3 —t =
umis L
3 [T
from | —1¥— Arithmetic Carry-In from _ Foadback
Fast -} Previous Macrocell Fast Override
Input i : ) Clocks
Pins \ ( 01 Giobal
* 5 1.0f 8 Macrocells Fast OE (mv?lu N
12 Sharable 5 Privale e
P-Terms per  P-Terms per |
Function Block M /]
8} 4
To 8 More : Control
Macrocelis Shift-in Tﬂ\l i : e i
from Previous MC ; : . Feedback 1
to Next MC B
Arithmetic
Carry-Out to Next
* OE is forced high when P-term is not used Macrocell
Feedback to UIM
Input to UIM

Figure 2. Function Block and Macrocell Schematic
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In addition to driving a chip output pin, the Macrocell output
is also routed back as an input to the UIM. One private
product term can be configured to control the Output
Enable of the output pin driver and/or the feedback to the
UIM. If configured to control UIM feedback, then when the
OE product-term is de-asserted, the UIM feedback line is
forced High and thus disabled.

Universal Interconnect Matrix

The UIM receives 68 inputs: 36 from the Macrocell feed-
backs, 30 from bidirectional I/O pins, and 2 from dedicated
input pins. Acting as an unrestricted crossbar switch, the
UIM generates 84 output signals, 21 to each Function
Block.

Any one of the 68 inputs can be programmed to be
connected to any number of the 84 outputs. The delay
through the array is constant, independent of the apparent
routing distance, the fan-out, fan-in, or routing complexity.

Routability is not an issue in that any UIM input can drive
any UIM output or multiple outputs without additional delay.

When multiple inputs are programmed to be connected to
the same output, this output becomes the AND of the input
signals if the levels are interpreted as active High. By
choosing the appropriate signal inversion at the input pin,
Macrocell outputs and Function Block AND-array input,
this AND-logic can also be used to implement a NAND,

OR, or NOR function. This offers an additional level of logic
without any speed penalty.

A Macrocell feedback signal that is disabled by the output
enable product term represents a High input to the UIM.
Several such Macrocell outputs programmed onto the
same UIM output thus emulate a 3-state bus line. If one of
the Macrocell outputs is enabled, the UIM output assumes
that same level.

Outputs

Thirty-four of the 36 Macrocell drive chip outputs directly
through individually programmable inverters followed by
3-state output buffers; each can be individually controlled
by the Output Enable product term mentioned above. An
additional configuration option disables the output perma-
nently. One dedicated FastOE input can also be config-
ured to control any of the chip outputs instead of, or in
conjunction with the individual OE product term.

Inputs

Each signal input to the chip is programmable as either
direct, latched, or registeredin a flip flop. Latch and flip-flop
can be programmed with either of two FastCLK signals as
latch enable or clock. The two FastCLK signals are FCLKO
and a global choice of either FCLK1 or FCLK2. Latches are
transparent when FastCLK is High, and flip-flops clock on
the rising edge of FastCLK. Registered inputs allow high
system clock rates by pipelining the inputs before they

Global

> Fastoe
Macrocell Pin
OE P-Temm >
. 2 V0. FCLK/O
and FOE/O
/ Pins Only
From o
Macrocell ) Driver > Fin
Register Output
Feedback
1o UIM :
To UM < ] Q D
,,*'"’,*‘; CLK
Q D
To Function Block
AND-Array (on EN
Fast Input
Pins Only) MUX
/ — FastCLK1
and
vo m Fast —— FastCLK2
0 Global
Select
X1833

Figure 3. Input/Output Schematic




S XILINX

incur the combinatorial delay in the device, provided the
one-clock-period pipeline latency is acceptable.

The direct, latched, or registered inputs then drive the UIM.
There is no propagation-delay difference between pure

inniite and /0 inniite
NpuUS and vV inpus.

3.3 Vor 5V Interface configuration

The XC7236/A can be used in systems with two different
supply voltages, 5V or3.3V. The device has separate V
connections to the internal logic and input buffers (V
and to the 1/O output drivers (V). Vg is always
connected to a nominal +5 V supply, but may be
connected to either +5 V or +3.3 V, depending on the
output interface requirement.

CCINT‘;

WhenV_ ., is connected to +5 V, the input thresholds are
TTL levels, and thus compatible with 5V or 3.3 V logic, and

the output high levels are compatible with 5 V systems.
When VCClo is connectedto 3.3 V, the input thresholds are
still TTL levels, and the outputs pull up to the 3.3 V rail. This
makes the XC7236/A ideal for interfacing directly to 3.3 V
components. In addition, the output structure is designed
such that the i/O can aiso safeiy interface o a mixed 3.3-
V or 5-V bus.

FastDecode and FastCompare

The FastDecode unit contains four fast programmable 6-
bit decoders with a common set of six inputs (FDI). Each
decoder compares the data on the inputs against a pre-
programmed 6-bit fixed value and drives a designated chip
output (FDO). Each decoder is programmable with Don’t
Care bits, and each can indicate match either active High
or Low as a programmable option.

FastDecode Unit (1 of 4)

1 of 6 Decoder Bits

[j20] g
Compamand

Bt Cel

Figure 4a. FastDecode Schematic

FastCompare Unit (1 of 2)

FDO Outputs
from FastDecode
Units

1 of 6 Comparator Bits

>m o
»

To I.nlld Pov:nr
UM (from Up
UM)  Reset

Figure 4b. FastCompare Schematic

X1840
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The FastCompare unit contains two fast programmable 6-
bit comparators with a common set of six inputs (FCI),
separate from the FDIinputs . Each comparator compares
the data on the inputs against a pattern stored in its six
latches and drives a designated chip output (FCO). Data
can be loaded into these latches either from the
FastCompare data inputs, or can be preloaded during chip

Ragatl Each aomnaratar
ni€SLCY). caln Comparaior

programmable with Don't Care bits and can be conditioned
with the result of one or more of the FastDecode FDO
outputs.

confiauration (Power-un or is
conniguraucn (wower-up of iS

The comparison can be disabled (forced false) and the
polarity of the match response can be chosen.

Since this compare circuitry bypasses the UIM and Mac-
rocells, it is very fast and can also be used as high-speed
address decoder.

Programming and Using the XC7236/A

The features and capabilities described above are used by
the Xilinx development software to program the device
according to the specification given either through sche-
matic entry, or through a behavioral description expressed
in Boolean equations.

The user can specify a security bit that prevents any
reading of the programming bit map after the device has
been programmed and verified.

The device is programmed in a manner similar to an
EPROM (ultra-violet light erasable read-only memory)
using the Intel Hex format. Programming support is avail-
able from a number of programmer manufacturers. The
UIM connections and Function Block AND-array connec-
tions are made directly by non-volatile EPROM cells.
Other control bits are read out of the EPROM array and
stored into latches just after power-up. This method,
common among EPLD devices, requires either a very fast

150 .
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= /////
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Typical Power Requirements for XC7236/A Configured
as Eight 4-bit Counters (Veg=+50V,V  =00r5V,all
outputs open)

Vo rise time (<5 ps) or the application of a master-reset
signal delayed at least until V. has reached the required
operating voltage. The latter can be achieved using a
simple capacitor and pull-up resistor on the MR pin (the RC
product should be larger than twice the V. rise time). The
power-up or reset signal initiates a self-timed configuration
period lasting about 350 us (tpcqe;), during which all
device outputs remain disabled and programmed preload
state values are loaded into the Macrocell registers.

Unused input and I/0 pins should be tied to ground or Vcc
or some valid logic level. This is common practice for all
CMOS devices to avoid dissipating excess current
through the input pad circuitry.

The recommended decoupling capacitance on the three
V¢ Pins should total 1 uF using high-speed (tantalum or
ceramic) capacitors.
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Absolute Maximum Ratings

Symbol Parameter Value Units
Vee Supply voltage relative to GND -0.5t07.0 \"
Vin Input voltage with respect to GND -0.5t07.0 \"
Vis Voitage applied to 3-state output -0.5t07.0 \
Terg Storage temperature -65to + 150 °C
TeoL Maximum soldering temperature (10 s @ 1/16 in. = 1.5 mm) + 260 °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 Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for
extended periods of time may affect device reliability.

Operating Conditions

Symbol | Parameter Min Max Units
Veont | Supply voltage relative to GND  Commercial  t, = 0°C to 70°C 4.75 5.25 \"
Vecio Supply voltage relative to GND Industrial t, =-40°C to 85°C 45 5.5 \"
Supply voltage relative to GND Military t.=-55°C to 125°C 45 5.5 \
Veeo I/O supply voltage 3.3 V 3.0 3.6 \
Vi Low-level input voltage 0 0.8 \"
Viu High-level input voltage 20 |V +03 V
Vo Output voltage 0 Veeo \
DC Characteristics Over Operating Conditions
Symbol Parameter Test Conditions Min Max (Units
Vou 5V TTL high-level output voltage /0O =-4.0 mA 24 \"
Ve =Min
3.3 V high-level output /O =-3.2mA 2.4 Vv
Ve =Min
Voo 5V low-level output voltage /0 =12 mA 0.5 \"
Vo = Min
3.3 V low-level output voltage /O =10 mA 0.4 \Y
Vo =Min
lec Supply Current V=0V 100 A
Ve =Max f=0MHz
I Input leakage current Vo = Max +10 HA
Vy=GNDorV..,
loz Output High-Z leakage current Vg = Max +10 LA
Vo=GNDorV .,
Cn Input capacitance (sample tested) V,n=GND 10 pF
f=1.0 MHz

3-7
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AC Timing Requirements

XC7236 | XCr236A
Speed Grade -30 -25 -20 -16
(ComAnd Only)

Description Fig.|Symbol|Min |Max| [Min {Max || Min [Max || Min |Max | Units

Sequential toggle frequency 5| fove 033 040 0 | 50 0| 60 | MHz
(with feedback) using FastCLK (Note 1) |

Sequential toggle frequency 5 | foyes 0| 33| 040 0 | 50 0| 60 | MHz
(with feedback) using a Product-Term clock (Note 1)

Macrocell toggle frequency fovea 0| 42| 0 |50 0 | 50 0| 60 | MHz
using local feedback and FastCLK (Note 5)

Macrocell register transmission frequency fok 0| 36| 0|45 0 | 50 0| 60 | MHz
(without feedback) using FastCLK (Note 5)

Macrocell register transmission frequency foik 0| 36| 0|42 0 | 50 0| 60 | MHz
(without feedback) using a Product-Term clock (Note 5)

Input register transmission frequency foke 0| 42| 0|50 0 | 50 0| 60| MHz
(without feedback) using FastCLK (Note 5)

Input register to Macrocell register pipeline 6 | foks 0|25 0 |33 0 | 40 0| 60 | MHz
freq. using FastCLK (Note 1)

FastCLK Pulse width (High/Low) 10 ty 12 10 ns

Product-Term clock pulse width (active/inactive) | 10| t,, 14 J 12 ns

Input to Macrocell register set-up time 8 tsu 35 29 24 18 ns
before FastCLK

Input to Macrocell register hold time 8 t, -7 -7 -4 -4 ns
after FastCLK

Input to Macrocell register set-up time 7 g, 19 16 14 10 ns
before Product-Term clock (Note 1)

Input to Macrocell register hold time 7 t 0 0 0 0 ns
after Product-Term clock

Input register/latch set-up time before FastCLK te, | 10 ns

Input register/latch hold time to 0 ns
after FastCLK

FastCompare input set-up time 1| tg, 4 2 2 2 ns
before latch-enable input

FastCompare input hold time 1] 4, 18 14 14 12 ns
after latch-enable input

FastCompare input hold time Mt 30 25 25 22 ns
after comparator jam asserted

Fastinput to Macrocell register set-up time tsys | 26 20 18 15 ns
before FastCLK

Fastinput to Macrocell register hold time ths 0 0 0 0 ns
after FastCLK

Set/reset pulse width (active) 10| ty. 15 12 12 10 ns

Set/reset input recovery set-up time 10| to, 36 30 25 20 ns
before FastCLK

3-8
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AC Timing Requirements (Continued) [
XC7236A
XC7236
Speed Grade| -30 -25 -20 (Com7|r1\d 6°n'y)
Description Fig.| Symbol|Min|Max | [Min |Max || Min |Max || Min |Max | Units
Set/reset input hold time after FastCLK 10 ta -5 -5 0 0 ns
Set/reset input recovery time 10| to,, |18 15 15 12 ns
before P-Term clock
Set/reset input hold time after P-Term clock 10 tar |12 9 9 8 ns
Set/reset input hold time after reset/set inactive turs | 12 10 10 8 ns
FastCompare latch-enable pulse width 10 twe | 22 16 16 12 ns
Propagation Delays | B
XC723€A
XC7236 : L
Speed Grade| -30 -25 -20 L -16
_ Com/Ind Only)
Description Fig.|Symbol|Min [Max | |[Min {Max ||Min |Max || Min |Max | Units
FastCLK input to registered output delay 10| t 51|17 5| 14 3 (13 3|10 | ns
P-Term clock input to registered output delay 10| t., (10|36} 10| 30 5124 5120 ns
Set/reset input to registered output delay 10| t, |10 48| 10| 40 5|32 5|25]| ns
Input to nonregistered output delay 10| tp 10 | 48 || 10 | 40 5132 5| 25| ns
(Note 1)
FastCompare or FastDecode input to M|t 5|26 5|23 3|23 3|20 | ns
~ FastCompare output
FastCompare DISABLE or JAM input to 11 tooey 51 30 5| 25 3|24 3 (22| ns
FastCompare output
FastDecode data input to FastDecode toocs 51|18 5| 15 3|15 3| 14| ns
output delay
Input to output enable 10| toe 10 | 37 || 10 | 32 5125 5120 | ns
Input to output disable 10 tp 10 | 37 || 10| 32 51|25 5120 | ns
Fastinput to non-registered Macrocell tps | 10 [ 39 (] 10 | 31 5|25 5|20 | ns
output delay
Fastinput to output enabled toes 51|28 5| 23 3|20 3| 15| ns
Fastinput to output disabled tops 5|28 5| 23 3|20 3|15 | ns
FOE input to output enabled teoe 5118 5115 3114 31121 ns
FOE input to output disabled teon 5|18 51 15 3|14 3|12 ns

Notes: 1. Specifications account for logic paths which use the maximum number of available product terms and the ALU.

3-9
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Incremental Parameters

XC7236
Speed Grade| -30 -25 -20 -16
(Com/ind Only)
Description Fig |Symbol {Min |Max||Min |Max ||Min [Max || Min |Max|Units
Arithmetic carry delay 12 toon 15 1.2 1.2 1| ns
between adjacent Macrocells (Note 2)
Arithmetic carry delay 12| o 8 6 5 3| ns
through 9 adjacent Macrocells in a Function Block (Note 2)
Arithmetic carry delay through 10 Macrocells 12|t 12 9 6 4! ns
from Macrocell #n to Macrocell #n in next F Block (Note 2)
Incremental delay from UIM-input 131 teon 14 12 7 5| ns
(for P-Term clock) to registered Macrocell
feedback
Incremental delay from FastCLK net 13| toor 1 1 1 1| ns
to latched/registered UIM-input (Note 3)
Incremental delay from UIM-input 13| tooe 26 22 14 10| ns
to nonregistered Macrocell feedback (Note 1)
Incremental delay from UIM-input (set/reset) 13| tor 26 22 14 10| ns
to registered Macrocell feedback
Incremental delay from UIM-input 13| toee
(used as output-enable/disable) toor 15 14 7 5| ns
to Macrocell feedback
Propagation delay 13 t+ 22 18 18 15| ns
through unregistered Input pad (to UIM) tour
plus output pad driver (from Macrocell) (Note 4)
Power-up/Reset Timing Parameters
Description Symbol| Min Typ | Max Units
Master Reset input Low pulse width twvs | 100 ns
Vcc rise time (if MR not used for power-up) tvee 5 us
(Note 6)
Configuration completion time (to outputs operational) teeser 350 | 1000 us

Notes: 1. Specifications account for logic paths which use the maximum number of available product terms and the ALU.

2. Arithmetic carry delays are measured as the increase in required set-up time to adjacent Macrocell(s) for an adder with
registered outputs.

3. Parameter t ., is derived as the difference between the clock period for pipelining input-to-Macrocell registers (1/f
and the non-registered input set-up time (t_ )

SorUrTi TS Bt SR e = \su/t
4. Parameter t,, represents the delay from an input or I/O pin to a UiM-input (or from a FastCLK pin to the Fast CLK net);
tour represents the delay from a Macrocell output (feedback point) to an output or /O pin. Only the sum of t, +t,, - can
be derived from measurements, e.g., thtlour=tsu oo - 1/fcvc.
5. Not tested but derived from appropriate pulse-widths, set-up time and hold-time measurements.
6. Due to the synchronous operation of the power-up reset and the wide range of ways V. can rise to its steady state, V.

rise must be monotonic. Following reset, the Clock, Reset and Set inputs must not be asserted until all applicable inquC
and feedback set-up times are met.

CLKB)
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Timing and Delay Path Specifications

The delay path consists of three blocks that can be
connected in series:

* [nput Buffer and associated latch or register
® Logic Resource (UIM, AND-array and Macrocell)
* Three-state Output Buffer

All inputs have the same delay, regardless of fan-out or
location. All logic resources have the same delay, regard-
less of logic complexity, interconnect topology or location
on the chip. All outputs have the same delay. The achiev-
able clock rate is, therefore, determined only by the input
method (direct, latched or registered) and the number of
times a signal passes through the combinatorial logic.

Timing and Delay Path Descriptions

Figure 5 defines the max clock frequency (with feedback).
Any Macrocell output can be fed back to the UIM as an
input for the next clock cycle. The parameters f_, . and

CYC

foycy Specify the maximum operating frequency for

FastCLK and product-term clock operation respectively.

Figure 6 specifies the max operating frequency (f .)for
pipelined operation between the input registers and the
Macrocell registers, using FastCLK.

Figure 7 defines the set-up and hold times from the data
inputs to the product-term clock used by the output register.

Figure 8 defines the set-up and hold times from the data
inputs to the FastCLK used by the output register.
Figure 3 defines the set-up and hoid iir
input to the FastCLK used in an input register.

Figure 10 shows the waveforms for the Macrocell and
control paths.

Figure 11 defines the FastCompare timing parameters.

Figure 12 defines the carry propagation delays between
Macrocells and between Function Blocks. The parameters
describe the delay from the CIN, D1 and D2 inputs of a
Macrocell ALU to the CIN input of the adjacent Macrocell
ALU. These delays must be added to the standard
Macrocell delay path (t,; or tg )to determine the perfor-
mance of an arithmetic function.

Figure 13 defines the incremental parameters for the
standard Macrocell logic paths. These incremental param-
eters are used in conjunction with pin-to-pin parameters
when calculating compound logic path timing. Incremental
parameters are derived indirectly from other pin-to-pin
measurement.

UM Function Block
AND-Arvay. Macroce Qs
ALU Logic Register
Input or ] >_D0utpulor
vo pin Lo ~-{-F1 2P N aFTs VO Pin
1 ]
M FASTCLK or _J .
. P-Term Clock M
' .
leshoecsscscscnensasssannan
| 1ACYC, 1ACYC1 |
FASTCLK or
Product Term Clock \ )
Macrocell Register X
Output

Figure 5. Delay Path Specifications for f_, and f. .,
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UM Function Block
";m-PBd AND-Array, Macrocell Output
egister ALU Logic Register Drtver
obm C>—0 o~ - Lelo o> P
sesespohennchqepuccacsto ™
L ]
| ]
anut
FASTCLK
Pin —
[ 1ACLK3 |

S S

Register Ouua X

Figure 6. Delay Path Specification for f

CLK3
UM Function Block
Output
AND-Array, Macrocell Driver
ALU Logic Register
Input or Output or
v Pin C—>—1 "] P Q VO Pin
sesduessdebasscssseahp
A
L
»
lnputof LN ] ?-'.. -he oo sesen
I/OPInD_’ ]
Clock
Output
) tsu1 L
Input or
2 O K

Figure 7. Delay Path Specification for t,,, and t,,
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UM Function Block
AND-Array, Macrocel %."&"
ALU Logic Register
Input or | | Output or
uomnD__’ > P Q D—Dvomn
ecbecenlalalacaanad N
.
FASTOLK seesesesssscacsnccanens
Pin —-
FASTCLK Y
Input }
Input or
VO Pin xaom2

Figure 8. Delay Path Specification for t,, and t,

UM
input-Pad
Register
Input or
vore (O 27I° ©
LR XN = A
A
.
LR RN N X ] I.
FASTCLK (-
Pin
FASTCLK
Pin
’ tsuz e
Input or
TR0 G (0004

Figure 9. Delay Path Specification for tsuzand te
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Registered * tsyz and typ are measured with respect to the high-going
Inputs edge of FastCLK for registered inputs, and with respect to
r r rawrt the low-going edge of FastCLK for latched inputs. Only the
| tsu2” lhe | lsuz  lH2 | high going edge is used for clocking the macrocell registers.
W twH
FastCLK Active £ Inactive 5\
, tw1 ) twi1 ) [
— | | |
|
'"‘;‘;‘ 81502?( * Active X Inactive X Active Inactive Active
:
tsu ] tHat tRa1
| tH |

tsur_|_ tht r_ twa

latched
un outs :>( Valid Disable Valid Enable (Valid ResetSet )( eyl

toe

NS

tPD oo

Non-Registered
Outputs

tho
tcol

Registered
Outputs

N
7 N

X3284
Figure 10. Principal Pin-to-Pin Measurements

twe twe

Input Used As - -
Latch-Enable ( Active Inactive

tsus | tHa

Comparator Data . . -
Inputs Input Non-Matching Input Matching Input Non-Matching

Input Used As
Comparator Disable

NS
N

Enabled Disabled ( Enabled

tHa

Input Used As . . "
Comparator Jam Inactive Active Inactive

tppC ) troc tPoC1 tpoC1 tpDC1

Comparator

Output No-Match Match No-Match Match

X3285

Figure 11. FastCompare Timing Waveforms
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D1,D2 Cout
teoT1 ( |

ALY MC9
tppre > > Cin FI—1 Macrocell *|>—D33
A8 > D1,D2 Cout ] Register
Function Block
ALU MC1
ANDIOR| tpprg ——> ] Cin Macrocell
A9 p1,o2  © Register || o
X3287
Figure 12. Arithmetic Timing Parameters
UIM Function Block
tout
trPOF
L) AND-Array ‘/—\‘ opaor
Logi VO Pin
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N
/\ / AND-Array ¥ \uop /{“"
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e
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Figure 13. Incremental Timing Parameters
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44-Pin LCC Pinouts

Pin # Input Output Pin # Input Output
Master Reset Ve 23 Veco
Input/FClI MC2-1 24 Input/Fl MC4-9/FCO
3 Input/FCI 25 Input/Fi MC4-8/FCO
4 Input/FCI 26 Input/FI MC4-7
5 Input/FCI MC2-4 27 Input MC4-6
6 Input/FCI MC2-5 28 Input MC4-5
7 GND 29 GND
8 Input/FCI MC2-6 30 Input MC4-4
9 FastCLKO MC2-7 31 Input i MC4-3
10 FastCLK1 MC2-8 32 FastOE ~ MC4-2
11 FastCLK2 MC2-9 33 Input MC4-1/FDO
12 VCC'O 34 Vccnm
13 Input MC1-1 35 Input/FI MC3-9/FDO
14 Input MC1-2 36 Input/FI MC3-8/FDO
15 Input MC1-3 37 Input/F| MC3-7/FDO
16 Input MC1-4 38 Input/FDI MC3-6
17 GND 39 GND
18 Input MC1-5 40 Input/FDI MC3-5
19 Input MC1-6 41 Input/FDI MC3-4
20 Input/FI MC1-7 42 Input/FDI MC3-3
21 Input/Fi MC1-8 43 Input/FDI MC3-2
22 Input/Fi MC1-9 44 Input/FDI MC3-1
Fl = Fast Input  FCI = FastCompare input  FDI = FastDecode input FCO = FastCompare output FDO = FastDecode output

Ordering Information
XC7236A-16PC44C

Device TypeT _I_ L Temperature
|

Range
Speed Number of Pins
Device Options Package Type
XC7236
XC7236A Package Options
Speed Options PC44 44-Pin Plastic Leaded Chip Carrier
WC44 44-Pin Windowed Ceramic Leaded
XC7236 -30 30 ns (33 MHz) sequential cycle time Chip Carrier
-25 25 ns (40 MHz) sequential cycle time .
Temperature Options
XC7236A -25 25 ns (40 MHz) sequential cycle time C Commercial 0°C to 70°C
-20 20 ns (50 MHz) sequential cycle time I Industrial  -40°C to 85°C
-16 16 ns (60 MHz) sequential cycle time M Military -55°C to 125°C (Case)

(commercial and industrial only)
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XC7272A
72 Macrocell CMOS EPLD

Preliminary Product Specifications

Features

* Second-Generation High Density Programmable
Logic Device

UV-erasable CMOS EPROM technology

72 Macrocells, %ouped into eight Function Blocks,
interconnected y a programmable Universal

Interconnect Matrix

Each Function Block contains a programmable AND-
array with 21 complementary inputs, providing up to
16 product terms per Macrocell

Enhanced logic features:
— 2-input Arithmetic Logic Unit in each Macrocell

c Logic U each Macrocel

- Dedtcated fast carry network between Macrocells

— Wide AND capability in the Universal Interconnect
Matrix

Identical timing for all interconnect paths and for all
Macrocell logic paths

72 signal pins in the 84-pin packages
- 421/0Os, 12 inputs, 18 outputs

Each input is programmable
— Direct, latched, or registered

1/0O-pin is usable as input when Macrocell is buried
Two high-speed, low-skew global clock inputs
68-pin and 84-pin leaded chip carrier packages and

RA-nm Pin-Grid- Array pnrknnac

aliaycs

General Description

The XC7272A is a second-generation High Density Pro-
grammable Logic Device that combines the classical fea-
tures of the PAL-like EPLD architecture with innovative
systems-oriented logic enhancements. This favors the
implementation of fast state machines, large synchronous
counters and fast arithmetic, as well as multi-level general-
purpose logic. Performance, measured in achievable sys-
tem clock rate and critical delays, is not only predictable,
but independent of physical logic mapping, interconnect
routing, and resource utilization. Performance, therefore,
remains invariant between design iterations. The propa-
gation deiay through interconnect and iogic is constant for
any function implemented in any one of the output
Macrocells.

The functional versatility of the traditional programmable
logic array architecture is enhanced through additional

gating and control functions available in an Arithmetic
Logic Unit (ALU) in each Macrocell. Dedicated fast arith-
metic carry lines running directly between adjacent
Macrocells and Function Blocks support fast adders,
subtractors and comparators of any length up to 72 bits.

This additional ALU in each Macrocell can generate any
combinatorial function of two sums of products, and it can
generate and propagate arithmetic-carry signals between
adjacent Macrocells and Functional Blocks.

The Universal Interconnect Matrix (UIM) facilitates unre-
stricted, fixed-delay interconnects from all device inputs
and Macrocell outputs to any Function Block ANn-nrmu

input. The UIM can also perform a logical AND across any
number of its incoming signals on the way to any Func-
tional Block, adding another level of logic without addi-
tional delay. This supports bidirectional loadable synchro-
nous counters of any size up to 72 bits, operating at the
specified maximum device frequency

As aresultof these logic enhancements, the XC7272A can
deliver high performance even in designs that combine
large numbers of product terms per output, or need more
layers of logic than AND-OR, or need a wide AND function
in some of the product terms, or perform wide arithmetic
functions.

Automated dnegnn m:mnmn is sunnorted bv Xilinx devel-

Qe Ces PG IS SUpPpOnieC Oy QeVer

opment software based on design capture using third-
party schematic entry tools, PLD compilers or direct text-
based equation files. Design mapping is completed in a
few minutes on a PC.

Architectural Overview

Figure 1 shows the XC7272A structure. Eight Function
Blocks (FBs) are all interconnected by a central UIM. Each
FB receives 21 signals from the UIM and each FB pro-
duces nine signals back into the UIM. All device inputs are
also routed via the UIM to all FBs. Each FB contains nine
output Macrocells that draw from a programmable AND
array driven by the 21 signals from the UIM. Most Macro-

Anlla ATV
cens UHVU a O state billp Uulpul dll IUGU Udbl’\ IlIlU ll 1€ UIvi.

The device also contains two dedicated Fast Comparators
(FCs) for address compare or decode functions. The

following pages describe the elements of this architecture
in detail.
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Figure 1. XC7272A Architecture

C

Arithmetic Carry

L A

84
L(]IC

e} 74
] 75
VO/FCO 76
VO/IFCO 7
o] 65
o 66
[e] 67
[e] 68
[¢] 70
[e] kAl
o 72
o 73
l{e] 54
e] 55
{e] 56
e] 57
{e] 58
Vo 60
] 61
[{e] 62
[e] 63
ie] 44
e} 45
fe] 46
] 47
] 48
e] 50
e 51
o] 52
[4e] 53

68
Lce

[60]
[61]
[62]
163]

(55)
[56)
157)

[44)
[45)
[46)
[47)
[48)
[50]
151]
152)
153]

[36]
(37)
138)
[40)
[41]
(42
[43)

X3303

3-18



& XILINX

Function Blocks and Macrocells

The XC7272A contains 72 Macrocells with identical struc-
ture, grouped into eight Function Blocks of nine Macrocells
each. Each Macrocell is driven by product terms derived
from the 21 inputs from the UIM into the Function Block.

Five product terms are private to each Macrocell; an
additional 12 product terms are shared among the nine
Macrocells in any Function Block. One of the private
product terms is a dedicated clock for the flip-flop in the
Macrocell. See the description on page 3-24 for other
clocking options.

The remaining four private product terms can be selec-
tively ORed together with up to three of the shared product
terms, and drive one input to an Arithmetic Logic Unit. The
other input to the ALU is driven by the OR of up-to-nine
product terms from the remaining shared product terms.

As a programmable option, two of the private product
terms can be used for other purposes. One is the asyn-
chronous active-High Reset of the Macrocell flip-flop, the
othercanbe eitheran asynchronous active-High Setof the
Macrocell flip-flop, or an Output-Enable signal.

The Arithmetic Logic Unit has two programmable modes:
In the /Jogic mode, it is a 2-input function generator, a 4-bit
look-up table, that can be programmed to generate any
Boolean function of its two inputs. It can OR them, widen-
ing the OR function to max 16 inputs; it can AND them,
which means that one sum of products can be used to
mask the other; it can XOR them, toggling the flip-flop or
comparing the two sums of products. Either or both of the
sum-of-product inputs to the ALU can be inverted, and
either or both can be ignored. The ALU canimplement one
additional layer of logic without any speed penalty.

Inthe arithmetic mode, the ALU block can be programmed
to generate the arithmetic sum or difference of two oper-
ands, combined with a carry signal coming from the lower
Macrocell; it also feeds a carry output to the next higher
Macrocell. This carry propagation chain crosses the
boundaries between Function Blocks, but it can also be
configured 0 or 1 when it enters a Function Block.

This dedicated carry chain overcomes the inherent speed
and density problems of the traditional EPLD architecture,
when trying to perform arithmetic functions like add, sub-
tract, and magnitude compare.

One Function Block
—e— =
AND Array —— =
21 Lo b
! homl - Arithmetic Carry-in from
umM s Previous Macrocell | Fast
- ) Cocts
5 1 0f9 Macrocelis YO Pad
12 Sharable 5 Private CLOCK
P-Tems per P-Termsper | e %
Function Block  Macrocell e
1o — a1 l i
9 ] Cn ‘
y D1 RS
D Q
D2
Cout 4
ALU
Clock . Register
Select  Trasparent
To 8 More Control
Macrocells
Arithmetic
Canmy-Out to Next
* OE Is forced high when P-term is not used Macrocell
Feedback to UIM
Input to UIM

Figure 2. Function Block and Macrocell Schematic Diagram
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The ALU outputdrives the D input of the Macrocell flip-flop.
Each flip-flop has several programmable options:

One option is to eliminate the flip-flop by making it trans-
parent, which makes the Q output identical with the D
input, independent of the clock.

f thia Antinn ig
FUiS Upulni is 77

Ot e o]
the conventional manner, triggered by the rising edge on
its clock input.

The clock source is programmable: It is either the dedi-
cated product term mentioned above, oritis one of the two
global FastCLK signals that are distributed with short delay
and minimal skew over the whole chip.

The asynchronous Set and Reset (Clear) inputs override
the clocked operation. If both asynchronous inputs are
active simultaneously, Reset overrides Set. Upon power-
up, each Macrocell flip-flop can be preloaded with either 0
ori.

In addition to driving the chip output buffer, the Macrocell
outputis also routed back as aninput to the UIM. When the
Output Enable product term mentioned above is not ac-
tive, this feedback line is forced High and thus disabled.

Universal Interconnect Matrix

The UIM receives 126 inputs: 72 from the 72 Macrocells,
42 from bidirectional /O pins, and 12 from dedicated input
pins. Acting as an unrestricted crossbar switch, the UIM
generates 168 output signals, 21 to each Function Block.

Any one of the 126 inputs can be programmed to be
connected to any number of the 168 outputs. The delay
through the array is constant, independent of the apparent
routing distance, the fan-out, fan-in, or routing complexity.
Routability is not anissue: Any UIM input can drive any UIM
output, even multiple outputs, and the delay is constant.

When multiple inputs are programmed to be connected to
the same output, this output becomes the AND of the input
signals if the levels are interpreted as active High. By
choosing the appropriate signal inversion in the Macrocell
outputs and the Function Block AND-array input, this AND-
logic can also be used to implement a NAND, OR, or NOR
function, thus offering an additional level of logic without
any speed penalty.

A Macrocell feedback signal that is disabled by the output
enable product term represents a High input to the UIM.
Several such Macrocell outputs programmed onto the
same UIM output thus emulate a 3-state bus line. If one of

Macrocel
i Output VO
05me ,5 and FCLK/O
3 /mo-w
From . thw«
) o UM
X
To UM Q D
CLK
Q D
EN
‘I'Wlnd/
VO Pins Only
Fast Fast
Clock Clock
] 1 %3305

Figure 3. Input/Output Schematic Diagram
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the Macrocell outputs is enabled, the UIM output assumes
that same level.

Outputs

Sixty of the 72 Macrocells drive chip outputs directly
through 3-state output buffers, each individually controlled
by the Output Enable product term mentioned above. For
bidirectional I/O pins, an additional programmable cell can
optionally disable the output permanently. The buried flip-
flop is then still available for internal feedback, and the pin
can still be used as a separate input

Inputs

Each signal input to the chip is programmable as either
direct, latched, or registered in a flip-flop. Latch and flip-
flop can be programmed with either of the two FastCLK
signals as latch enable or clock. The latch is transparent
when FastCLK is High, and the flip-flop clocks on the rising
edge of FastCLK. Registered inputs allow high system
clock rates by pipelining the inputs before they incur the

combinatorial delay in the device, in cases where a pipe-
line cycle is acceptable.

The direct, latched, or registered inputs then drive the UIM.
There is no propagation-delay difference between pure
inputs and I/O inputs.

FastCompare

Two 12-bit wide fast identity (equality) comparators are
driven by the 12 dedicated FCl inputs, which also drive into
the UIM. These dedicated circuits compare the input data
againsttwo sets of 12-bitdata, eitherloaded previously from
the same data inputs, or pre-programmed into the device.

As a programming option, any bit can be excluded from the
comparison (disabled), the whole comparison can be dis-
abled (forced false), and the polarity of the response can be
chosen. The FCO comparator outputs can substitute the
MC 5-1 and 5-2 outputs. Since this compare circuitry
bypasses the UIM and the AND/OR logic, it is very fast and
can also be used as a high-speed address decoder.

To UM FastCompare
1 of 6 Comparator Bits
From input
Pad Logic l Latch I:’
D F Bt Match
Macrocell
e Endbe B Deia
Output
Initial
Preload
Stale
/ Control
FastCompare
! 11 More Bits | | (] Output Control
Load DISABLE JAM From
(from UIM) (from UM)  (from UiM) Macrocell Output
(MCS-1 or MC5-2) X3308

Figure 4. FastCompare Schematic Diagram
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Programming and Using the XC7272A

The features and capabilities described above are used by
the Xilinx development software to program the device
according to the specification given either through sche-
matic entry, or through a behavioral description expressed
in Boolean equations.

The user can specify a security bit that prevents any
reading of the programming bit map after the device has
been programmed and verified.

The device is programmed in a manner similar to an
EPROM (ultra-violet light erasable read-only memory)
using the Intel Hex format. Programming support is avail-
able from a number of programmer manufacturers. The
UIM connections and Function Block AND-array connec-
tions are made directly by non-volatiie EPROM cells.
Other control bits are read out of the EPROM array and
stored into latches just after power-up. This method,

common among EPLD devices, requires either a very fast
V fise time (<5 ps) or the application of a master-reset
signal delayed at least until V., has reached the required
operating voltage. The latter can be achieved using a
simple capacitor and pull-up resistor on the MR pin (the RC
product should be larger than twice the Vcrisetime). The
power-up or reset signalinitiates a self-timed configuration
period lasting about 350 us (tzeser)» during which all
device outputs remain disabled and programmed preload
state values are loaded into the macrocell registers.

Unused input and I/0 pins should be tied to ground or Vcc
or some valid logic level. This is common practice for all
CMOS devices to avoid dissipating excess current
through the input-pad circuitry.

The recommended decoupling capacitance on the three
V¢ Pins should total 1 uF using high-speed (tantalum or
ceramic) capacitors.

350

Ta =-55°C
300 T Ta=25°C
L ;// Ta=125C
250 7"?§%
o1 // T
200 _—

150

Supply Current (mA)

100

50

5 10 15 2

Count Frequency (MHz)

0

25

30 35 40

X3254

Typical Power Requirements for XC7272A Configured as Sixteen 4-bit Counters

(Vee =+5.0V, VIN =V or GND, all outputs open)
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Absolute Maximum Ratings

- Units
Vee Supply voltage relative to GND -0.5t07.0 \
~V|N 7 Input voltage with respect to GND -0.5t07.0 \"
VTS Voltage applied to 3-state output -0.5t07.0 \
Tsre | Storage temperature - —65 to + 150 °C
TsoL | Maximum soldering temperature (10 s @ 1/16 in. = 1.5 mm) + 260 °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 Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for
extended periods of time may affect device reliability.

Operating Conditions

Min Max | Units
Vee Supply voltage relative trc;réND Corﬁrﬁer&ial t =>0-°ﬁgt;;0°c 4.75 5.25 \"
~*Slvjipi)}ﬁth\A/;)-l>tka>QVf;ﬂrelative to GND B Indust;i>al t, =-40°C to 85°C 4.5 5.5 \
Supply voltage relative to GND  Military te= -55°C to 125°C 4.5 55 \
Aw;m High-level input voltage 20 |V, +03] V
Vi Low-level input voltage 0 0.8 \

DC Characteristics Over Operating Conditions

Min Max |Units
Vou High-level output voltage @ lon = -4 mA , Vcc min 2.4 \
Vo Low-level output voltage @ loL = 8 mA , Vcc min 0.5 \)
lec Supply current while idle 250 | mA
i Input Leakage current -10 +10 | pA
loz Output High-Z leakage current -100 | +100 | pA
Cn Input capacitance (sample tested) 10 | pF
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AC Timing Requirements

Speed Grade -25 -20 -16
(Com/Ind Only)

Description Fig |Symbol | Min | Max || Min | Max || Min | Max | Units

Sequential toggle frequency 5 fove 0 40 0 | 50 0 | 60 | MHz
(with feedback) using FastCLK (Note 1)

Sequential toggle frequency 5 fever 0 40 0 | 50 0 | 60 | MHz
(with feedback) using a Product-Term clock (Note 1)

Macrocell register transmission frequency foik 0 59 0 | 60 0 | 60 | MHz
(without feedback) using FastCLK (Note 5)

Macrocell register transmission frequency forks 0 50 0 | 50 0 | 60 [ MHz
(without feedback) using a Product-Term clock (Note 5)

Input register transmission frequency foike 0 ; 0 67 0 | 67 | MHz
(without feedback) using FastCLK (Note 5)

Input register to Macrocell register pipeline frequency 6 foika 0 40 0 | 50 0 | 60 [ MHz
using FastCLK (Note 1)

FastCLK 10 twL 7.5 7.5 6 ns
Low pulse width

FastCLK 10 twn 7.5 7.5 6 ns
High pulse width

Product-Term clock 10 v 10 9 7 ns
pulse width (active/inactive)

Input to Macrocell register set-up time 8 tsy 24 19 15 ns
before FastCLK

Input to Macrocell register hold time 8 t, -7 -4 -4 ns
after FastCLK

Input to Macrocell register set-up time 7 tsut 10 8 6 ns
before Product-Term clock (Note 1)

Input to Macrocell register hold time 7 ta 0 0 0 ns
after Product-Term clock

Input register/latch set-up time 9 tsuz 8 8 6 ns
before FastCLK

Input register/latch hold time 9 to 0 0 0 ns
after FastCLK
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AC Timing Requirements (Continued)

Speed Grade -25 -20 (Com;lldsomy)
Description Fig. {Symbol | Min | Max || Min | Max || Min | Max | Units
FastCompare input set-up time 1 toua 2 2 2 ns
before latch-enable input
mFastCompare input hold time 11 ts 14 12 10 ns
after latch-enable input
FastCompare input hold time 11 s 25 22 18 ns
after comparator jam asserted
Set/reset pulse width 10 twa 12 10 8 ns
Set/reset input recovery set-up time before FastCLK 10 toa 20 20 16 ns
Set/reset input hold time after FastCLK 10 tia -5 -3 -3 ns
Set/reset input recovery time before P-Term clock 10 taar 6 5 4 ns
*S;/‘reset input hold time after P-Term clock 10 thias 9 8 6 ns
Set/reset input hold time after reset/set inactive trs 10 8 6 ns
FastCompare latch-enable pulse width 10 twe 16 14 12 ns
Propagation Delays
- Speed Grade -25 -20 cm:nlgion
Description Fig. | Symbol | Min | Max || Min | Max || Min | Max | Units
FastCLK input to registered output delay 10 to 5 1';— (; A1; 1\ 3 12 | ns
P-Term clock input to registered output delay 10 teor 10 | 30 6 | 256 6 | 21| ns
Set/reset input to registered output delay 10 to 13 | 40 8 | 32 8 | 25| ns
Input to nonregistered output delay 10 too 13 | 40 8 32 8 | 25| ns
(Note 1)
FastCompare input to MATCH output 11 tooe 8 23 5 22 5 20 [ ns
FastCompare disable input to MATCH output 11 tooci 8 25 5 22 5 20 | ns
FastCompare jam input to MATCH output Mt 8 25 5 | 22 5|1 20| ns
Input to output enable 10 toe 11 32 7 | 25 7 | 22| ns
Tnput to output disable 10 too 11 32 7 25 7 22 | ns

Notes 1. Specifications account for logic paths which use the maximum number of available product terms and the ALU.
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Incremental Parameters

Speed Grade -25 -20 -16 T
(Com/Ind Only)

Description Fig [Symbol | Min | Max || Min | Max || Min | Max | Units

Arithmetic carry delay 12 1 toon 1.6 1.2 1 ns
between adjacent Macrocells (Note 2)

Arithmetic carry delay 12| topr 10 8 6 | ns
through 9 adjacent Macrocells in a Function Block (Note 2)

Arithmetic carry delay through 10 Macrocells 12 o 14 12 10 | ns
from Macrocell #n to Macrocell #n in next F Block (Note 2)

Incremental delay from FastCLK net 13 teor 1 1 1 ns
to registered output feedback

Incremental delay from UIM-input (for P-Term clock) 13 | toor 15 12 10 | ns
to registered Macrocell feedback

Incremental delay from FastCLK net 13 | toom 1 1 1 ns
to latched/registered UIM-input (Note 3)

Incremental delay from UIM-input 13 toor 25 19 14 | ns
to nonregistered Macrocell feedback (Note 1)

Incremental delay from UIM-input (set/reset) 13 tor 25 19 14 | ns
to registered Macrocell feedback

Incremental delay from UIM-input 13 toer tooe 17 12 11| ns
(used as output-enable/disable)
to Macrocell feedback

Propagation delay 13 1ty +tour 15 13 11| ns
through unregistered Input pad (to UIM) (Note 4)
plus output pad driver (from Macrocell)

Power-up/Reset Timing Parameters

Description Symbol| Min Typ | Max Units

Master Reset input Low pulse width tomr | 100 ns

V¢ rise time (if MR not used for power-up) tvee 5 us

Configuration completion time (to outputs operational) A 350 | 1000 us

Notes 1. Specifications account for logic paths which use the maximum number of available product terms and the ALU.

2. Arithmetic carry delays are measured as the increase in required set-up time to adjacent Macrocell(s) for an adder with
registered outputs.

3. Parameter t. ., is derived as the difference between the clock period for pipelining input-to-Macrocell registers (1/f

N . . CLK3)
and the non-registered input set-up time (t

).
SU:
4. Parameter t, represents the delay from an input or I/O pin to a UIM-input (or from a FastCLK pin to the Fast CLK net);

represents the delay from a Macrocell output (feedback point) to an output or I/O pin. Only the sum of t, +t_ . can

tOUT ouT

be derived from measurements, e.g., t,, + to,; =ty + too - Vicye

5. Not tested but derived from appropriate pulse-widths, set-up time and hold-time measurements.
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Timing and Delay Path Specifications

The delay path consists of three blocks that can be
connected in series:

* Input Buffer and associated latch or register
* Logic Resource (UIM, AND-array and Macrocell)
* Three-state Output Buffer

All inputs have the same delay, regardless of fan-out or
location. All logic resources have the same delay, regard-
less of logic complexity, interconnect topology or location
on the chip. All outputs have the same delay. The achiev-
able clock rate is, therefore, determined only by the input
method (direct, latched or registered) and the number of
times a signal passes through the combinatorial logic.

Timing and Delay Path Descriptions

Figure 5 defines the max clock frequency (with feedback).
Any Macrocell output can be fed back to the UIM as an
input for the next clock cycle. Figure 6 shows the relevant
delay path. The parameters f., . and f. ., specify the
maximum operating frequency for FastCLK and product-
term clock operation respectively.

Figure 6 specifies the max operating frequency (f ,) for
pipelined operation between the input registers and the
Macrocell registers, using FastCLK.

Figure 7 defines the set-up and hold times from the data
inputs to the product-term clock used by the output register.

Figure 8 defines the set-up and hold times from the data
inputs to the FastCLK used by the output register.

Figure 9 defines the set-up and hold times from the data
input to the FastCLK used in an input register.

Figure 10 shows the waveforms for the Macrocell and
control paths.

Figure 11 defines the FastCompare timing parameters.

Figure 12 defines the carry propagation delays between
Macrocells and between Function Blocks. The parameters
describe the delay from the C, D1 and D2 inputs of a
Macrocell ALU to the C,, input of the adjacent Macrocell
ALU. These delays must be added to the standard
Macrocell delay path (t, or tg ) to determine the perfor-
mance of an arithmetic function.

Figure 13 defines the incremental parameters for the
standard Macrocelllogic paths. These incremental param-
eters are used in conjunction with pin-to-pin parameters
when calculating compound logic path timing. Incremental
parameters are derived indirectly from other pin-to-pin
measurement.

umM Function Block
AND-Array, Macrocelt m
ALU Logic Register
"W b > 1™ —{D Q ,,oo o of
wwdebd - > X El n
. A M
H FASTCLK or _] .
.
. P-Term Clock M
.
T
| 1ACYC, 1ACYCH |
FASTCLK or
Product Term Clock \ )
Macrocell Register X
Output

Figure 5. Delay Path Specifications for fcvc andf. .,
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UM Function Block
lr}ns:g;l:ad AND-Amay, Macrocell
Input or rster ALV Logic Register
Vo pin C>—{0 a1

i i ek b A o

XTI Y B

Output
Driver
o aH—>>

l 11CLK3

ST

Input-Pad
Register Output

Figure 6. Delay Path Specification for f,

UM Function Block
AND-Array, Macrocell Drivl ::
ALU Logic Register Output or
Torn>— o aH— > e
sesdassadubodenancnahkp A n
A
.
.
[ ]
Input or ensdeuasdehdaccccaaaans
V0 pin o1 1"
Clock
Output
tsut i

Input or
s XN

Figure 7. Delay Path Specification for tg,and t

YRR
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3-28



& XILINX

Output or
VO Pin

UM Function Block
AND-Array, Macrocell
ALU Logic
e .. me G
IEE R RN NN O RN RN LY A
T
.
FASTCLK esssssssscusssesssnnnna
pin —>
FASTCLK
Input
Input or
VO Pin

Figure 8. Delay Path Specification for tgyandt,

UM
Input-Pad
Register
Input or (-
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A
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]
FASTCLK sesemans
Pin
FASTCLK
Pin
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Figure 9. Delay Path Specification for ty, and t
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Registered
Inputs

FastCLK

Input Used
as Clock

Unlatched
Inputs

Non-Registered
Outputs

Registered
Outputs

* tsy2 and ty are measured with respect to the high-going
edge of FastCLK for registered inputs, and with respect to
" " - d the low-going edge of FastCLK for latched inputs. Only the
| 'su2”  the | lsuz. 2 | high going edge is used for clocking the macrocell registers.
twi twH

* Active T Inactive 5\

Active

tsu1

I tw‘ I i
|
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tsu » |« tHA1 tRA1 |
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Figure 10. Principal Pin-to-Pin Measurements
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Figure 11. FastCompare Timing Waveforms
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68-Pin LCC, 84-Pin LCC and PGA Pinouts

68 LCC in XC7272A out 84 LCC 84 PGA 68 LCC in  XC7272A out 84LCC 84 PGA
1 Master Reset V,,, 1 F-9 35 Vce 43 F-3
2 Input/FCI 2 F-11 - Input MC8-9 44 G-3
- Input/FCI 3 E-11 - Input MC8-8 45 G-1
- Input/FCI 4 E-10 36 Input MC8-7 46 G-2
3 Input/FCI 5 E-9 37 Input MCB8-6 47 F-1
4 Input/FCI 6 D-11 38 Input MC8-5 48 H-1
5 Input/FCI 7 D-10 39 GROUND 49 H-2
6 GROUND 8 C-11 40 Input MC8-4 50 J-1
7 Fast CLKO MC4-4 9 B-11 41 Input MCB8-3 51 K-1
8 Fast CLK1 MC4-3 10 C-10 42 Input MC8-2 52 J-2
9 Input__ MC4-2 11 A-11 43 Input MC8-1 53 L-1

10 Input MC4-1 12 B-10 44 Input MC7-9 54 K-2
1 MC3-8 13 B-9 45 Input MC7-8 55 K-3
12 MC3-7 14 A-10 46 Input MC7-7 56 L-2
13 MC3-6 15 A-9 47 Input MC7-6 57 L-3
14 MC3-5 16 B-8 48 Input MC7-5 58 K-4
15 GROUND 17 A-8 49 GROUND 59 L-4
- MC3-4 18 B-6 50 Input MC7-4 60 J-5
- MC3-3 19 B-7 51 Input MC7-3 61 K-5
- MC3-2 20 A-7 52 Input MC7-2 62 L-5
- MC3-1 21 c-7 53 Input MC7-1 63 K-6
16 Vce 22 C-6 54 Vce 64 J-6
17 Input MC2-9 23 A-6 55 MC6-8 65 J-7
18 Input MC2-8 24 A-5 56 MC6-7 66 L-7
19 Input MC2-7 25 B-5 57 MC6-6 67 K-7
20 Input MC2-6 26 C-5 58 MC6-5 68 L-6
21 GROUND 27 A4 59 GROUND 69 L-8
22 Input MC2-5 28 B-4 - MC6-4 70 K-8
23 Input MC2-4 29 A-3 - MC6-3 71 L9
24 Input MC2-3 30 A-2 - MC6-2 72 L-10
25 Input MC2-2 31 B-3 - MC6-1 73 K-9
26 Input MC2-1 32 A-1 60 Input MC5-4 74 L-11
27 Input MC1-9 33 B-2 61 Input MC5-3 75 K-10
28 Input MC1-8 34 C-2 62 Input MC5-2/FCO 76 J-10
29 Input MC1-7 35 B-1 63 Input MC5-1/FCO 77 K-11
30 Input MC1-6 36 C-1 64 GROUND 78 J-11
31 GROUND 37 D-2 65 Input/FCI 79 H-10
32 Input MC1-5 38 D-1 66 Input/FCI 80 H-11
33 Input MC1-4 39 E-3 67 Input/FCI 81 F-10
34 Input MCi-3 40 E-2 68 Input/FCI 82 G-10
- Input MC1-2 41 E-1 - Input/FCI 83 G-11
- Input MC1-1 42 F-2 - Input/FCI 84 G-9
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Ordering Information

XC7272A - 16 PC 84 C

. Temperature
D T
evice Type Range
Speed Number of Pins

Package Type 3209

Speed Options
-25 25 ns (40 MHz) sequential cycle time
-20 20 ns (50 MHz) sequential cycle time
-16 16 ns (60 MHz) sequential cycle time
(commerial and industrial only)

Package Options Temperature Options
PC68 68-Pin Plastic Leaded Chip Carrier Cc Commercial 0°C to 70°C
WC68 68-Pin Windowed Ceramic Leaded Chip | Industrial  -40°C to 85°C
Carrier M Military -55°C to 125°C (Case)

=

PC84 84-Pin Plastic Leaded Chip Carrie

WCB84 84-Pin Windowed Ceramic Leade
Carrier

PG84 84-Pin Ceramic Windowed Pin Grid Array

c

A
Chip
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XC7300 CMOS EPLD Family

Advance Product Information

Features

High-performance Erasable Programmable Logic
Devices (EPLDs)

- 7.51t0 12 ns pin-to-pin delays

- 80 to 125 MHz maximum clock frequency

Advanced Dual-Block architecture
— Fast Function Blocks
- High-Density Function Blocks

100% interconnect matrix

High-speed arithmetic carry network
— 1 ns ripple-carry delay per bit
— 40 MHz 16-bit accumulators

Multiple independent clocks

Each input programmable as direct, latched, or
registered

High-drive 24 mA output

I/O operation at 3.3 Vor5V

Meets JEDEC Standard (8-1A) for 3.3V 0.3 V
Power management options

Multiple security bits for design protection

Supported by industry standard design and verification

tools
Advanced 0.8y CMOS EPROM process

Description

The XC7300 family employs a unique Dual-Block archi-
tecture, which provides high speed operations via Fast
Function Blocks and/or high density capability via High
Density Function Blocks.

Fast Function Blocks (FFBs) provide fast, pin-to-pin
speed and logic throughput for critical decoding and ultra-
fast state machine applications. High-density Function
Blocks (FBs) provide maximum logic density and system-
level features to implement complex functions with pre-
dictable timing for adders and accumulators, wide func-
tions and state machines requiring large numbers of
product terms, and other forms of complex logic.

In addition, the XC7300 architecture employs the Univer-
sal Interconnect Matrix (UIM) which guarantees 100%
interconnect of all internal functions. This interconnect
scheme provides constant, short interconnect delays for
all routing paths through the UIM. Constant interconnect
delays simplify device timing and guarantee design perfor-
mance, regardless of logic placement within the chip.

All XC7300 devices are designed in 0.8 CMOS EPROM
technology.

All XC7300 EPLDs include programmable power man-
agement features to specify high-performance or low-
power operation on an individual Macrocell-by-Macrocell
basis. Unused Macrocells are automatically turned off to

The XC7300 Family

XC7336 XC7354 XC7372 XC73108 XC73144
Typical 22VI0 Equivalent 4 6 8 12 16
Number of Macrocells 36 54 72 108 144
Number of Function Blocks 4 6 8 12 16
Number of Flip-Flops 36 108 126 198 234
Number of Fast Inputs 18 24 30 42 54
Number of Signal Pins 48 66 84 120 156




XC7300 EPLD Family

minimize power dissipation. Designers can operate
speed-critical paths at maximum performance, while non-
critical paths dissipate less power.

Xilinx development software supports XC7300 EPLD
design using third-party schematic entry tools, HDL com-
pilers, or direct equation-based text files. Using a PC or a
workstation and one of these design capture methods,
designs are automatically mapped to an XC7300 EPLD in
a matter of minutes.

The XC7300 devices are available in plastic and ceramic
leaded chip carriers, pin-grid-array (PGA), and quad flat
pack (QFP) packages. Package options include both win-
dowed ceramic for design prototypes and one-time pro-
grammable plastic versions for cost-effective production
volume.

Architecture

The XC7300 architecture consists of multiple programma-
ble Function Blocks interconnected by a UIM as shown in
Figure 1. The Dual-Block architecture contains two types of
function blocks: Fast Function Blocks and High-Density
Function Blocks. Both types of function blocks, and the I/O
blocks, are interconnected through the UIM.

Fast Function Blocks

The Fast Function Block receives 24 signals and their
complements from the UIM. The 24 inputs can be individu-
ally selected from the UIM, 12 fast input pins, or the nine

Macrocell feedbacks from the Fast Function Block. The
programmable AND array in each Fast Function Block
generates 45 product terms to drive the nine Macrocells in
each Fast Function Block. Each Macrocell can be config-
ured for registered or combinatorial logic. See Figure 2.

Five product terms from the programmable AND array are
allocated to each Macrocell. Four of these product terms
are ORed together and drive the input of a programmable
D-type flip-flop. The fifth product term drives the asyn-
chronous active-High Set Input to the Macrocell flip-flop.
The flip-flop can be configured as transparent for com-
binatorial outputs.

The programmable clock source is one of two global
FastCLK signals (FCLKO or FCLK1) that are distributed
with short delay and minimal skew over the entire chip.

The Fast Function Block Macrocells drive chip outputs
directly through 3-state output buffers. Each output buffer
can be individual controlled by one of two dedicated Fast
Output Enable inputs, enabled permanently or disabled
permanently. The Macrocell output is also routed back as
an input to the Fast Function Block, and as an input to the
UIM.

Product Term Assignment

The XC7300 family uses a product term assignment
scheme that provides product-term flexibility without dis-
abling Macrocell outputs.

Input

Output j«—— FFB

FB UM

/0
Block

- —— —

J—L

FFB |——| Output

I[e]
Block

i

FB

T X3204

Figure 1. XC7300 Device Block Diagram
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12 from
Fast AND Array
Input Pins
24
Inputs from 3 I

Sum-of-Products

from Fast Global
[ ’ Previous Clocks Fast OE
Macroceli 01 01
9 from FFB 5 1 ot 9 Macrocells
Macrocell ———
Feedback 5 Private OE Control
P-Terms per
Macrocell
-~ I_|
o 'ﬂ——% 0 Q > > Pin
S
> ——
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P-Term ransparent
Assignment Control
Control
Feedback
to UM

X3307

Sum-of-Products

to
Succeeding Macrocell

Figure 2. Fast Function Block Macrocell Schematic

The sum-of-product OR gates for each Macrocell can be
expanded using the Fast Function Block product term
assignment scheme. The product term assignment trans-
fers product terms in increments of four product terms
from one Macrocell to the next. Complex logic functions
requiring up to 36 product terms can be implemented
using product term assignment. When product terms are
assigned to adjacent Macrocells, the product term nor-
mally dedicated to the Set function becomes the D-input to
the Macrocell register. Thus, the Macrocell is still usable
while product terms are transferred to adjacent Macrocells
(Figure 3).

High-Density Function Blocks

Each member of the XC7300 family contains multiple,
High-Density Function Blocks linked though the UIM.
Each Function Block contains nine Macrocells. Each Mac-
rocell can be configured for either registered or combina-
torial logic. A detailed block diagram of the XC7300 FB is
shown in Figure 4.

Each FB receives 21 signals and their complements from
the UIM and an additional three inputs from the Fast Input
(FI) pins.

From Previous
Macrocell
Single-Product Term Assignment

D

Eight-Product Term Assignment

X3205

Figure 3. Fast Function Block Product Term Assignment

43



XC7300 EPLD Family

AND Array

21 (— _
Inputs | — -
from | —
:
H

um
3
from j —1 Arithmetic Carry-In from Eee:llaack
Fast) ] Previous Macrocell ~ | Fast chrr:!e
Input Clocks
Pins 00 UL 01 Globat
(F1) I I l I I I l 5 1 of 9 Macrocells Fast OF Vo
¥ (see fig.3)
12 Sharable 5 Private CLOCK
P-Terms per  P-Terms per 2 0€ OE Control
Function Block  Macrocell [~ —2'1——{——3%;,
o ey
14 L <. ] .
) L_L)_ " RS Pin
F D Q
D2 - : i :
out 1] Input-Pad
ALU Register/Laich
{optional)
Clock Register
Select " Trasparent
To 8 More Cu‘:\?ml
Macrocells Shift-In
from Previous MC Feedback
Polari
Local ty
Shift-Out Feedback
to Next MC
Arithmetic
Carry-Out to Next
* OE is forced high when P-term is not used Macrocell
Feedback to UIM
Input to UM

X1829

Figure 4. High-Density Function Block and Macrocell Schematic

Shared and Private Product Terms

Each Macrocell contains five private product terms that
can be used as the primary inputs for combinatorial func-
tions implemented in the Arithmetic Logic Unit (ALU), or
as individual Reset, Set, Output-Enable, and Clock logic
functions for the flip-flop. Each Function Block also pro-
vides an additional 12 shared product terms, which are
uncommitted product terms available for any of the nine
Macrocells within the Function Block.

Four private product terms can be ORed together with up
to four shared product terms to drive the D1 input to the
ALU. The D2 input is driven by the OR of the fifth private
product term and up to eight of the remaining shared
product terms. The shared product terms add no logic
delay, and each shared product term can be connected to
one or all nine Macrocells in the Function Block.

Arithmetic Logic Unit

The functional versatility of each Macrocell is enhanced
through additional gating and control functions available
in the ALU. A detailed block diagram of the XC7300 ALU
is shown in Figure 5.

The ALU has two programmable modes; /ogic and arith-
metic. In logic mode, the ALU functions as a 2-input
function generator using a 4-bit look-up table that can be

programmed to generate any Boolean function of its D1
and D2 inputs as illustrated in Table I.

The function generator can OR its inputs, widening the
OR function to a maximum of 17 inputs. It can AND
them, which means that one sum-of-products can be
used to mask the other. It can also XOR them, toggling
the flip-flop or comparing the two sums of products.
Either or both of the sum-of-product inputs to the ALU
can be inverted, and either or both can be ignored.

Arithmetic Logic Unit (ALU) Carry IOuipm
T {O>—
—T>—
D1
Sum-of- D1
Products Function E
D2 Generator D+ To Macrocell
Sum-of- D2 Flip-Flop
Products
Arithmetic
Carry Control \¢
Carry Input X3206

Figure 5. ALU Schematic
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Table 1. Function Generator Logic Operations

Function

D1 :+:D2 D1:+:D2
D1* D2 D1 * D2
D1+ D2 D1+D2
D1 D2

D1 D2
D1*D2 D1* D2
D1+ D2 D1 +D2

Therefore, the ALU can implement one additional layer
of logic without any speed penalty.

In arithmetic mode, the ALU block can be programmed to
generate the arithmetic sum or difference of the D1 and
D2 inputs. Combined with the carry input from the next
lower Macrocell, the ALU operates as a 1-bit full adder
generating a carry output to the next higher Macrocell.
The carry chain propagates between adjacent Macrocells
and also crosses the boundaries between Function
Blocks. This dedicated carry chain overcomes the inher-
ent speed and density problems of the traditional EPLD
architecture when trying to perform arithmetic functions.

Carry Lookahead

Each Function Block provides a carry lookahead ger.era-
tor capable of anticipating the carry across all nine Macro-
cells. The carry lookahead generator reduces the ripple-
carry delay of wide arithmetic functions such as add, sub-
tract, and magnitude compare to that of the first nine bits,
plus the carry lookahead delay of the higher-order Func-
tion Blocks.

Macrocell Flip-Flop

The ALU block output drives the input of a programmable
D-type flip-flop. The flip-flop is triggered by the rising edge
of the clock input, but it can be configured as transparent,
making the Q output identical to the D input, independent of
the clock, or as a conventional flip-flop.

The Macrocell clock source is programmable and can be
one of the private product terms or one of two global Fast-
CLK signals (FCLKO and FCLK1). Global FastCLK sig-
nals are distributed to every Macrocell flip-flop with short
delay and minimal skew.

the clocked operation. If both asynchronous inputs are
active simultaneously, Reset overrides Set.

The asynchronous Set and Reset product terms override

In addition to driving the chip output buffer, the Macrocell
output is routed back as an input to the UIM. One private
product term can be configured to control the Output

Enable of the output buffer and/or the feedback to the
UIM. If it is configured to control UIM feedback, the Out-
put Enable product term forces the UIM feedback line
High when the Macrocell output is disabled.

Universal Interconnect Matrix

The UIM receives inputs from Macrocell feedback lines,
bidirectional I/O pins, and dedicated input pins. Acting as
an unrestricted crossbar switch, the UIM generates 21
output signals to each High-Density Function Block and
24 output signals to each Fast Function Block.

Any UIM input can be programmed to connect to any UIM
output. The delay through the interconnect matrix is con-
stant, regardless of the routing distance and complexity, fan-
out, or fan-in. Furthermore, any UIM input can drive one or
more UIM outputs with the delay being constant.

When multiple inputs are programmed to be connected to
the same output, this output produces the logical AND of
the input signals. By choosing the appropriate signal
inversions at the input pins, Macrocell outputs and Func-
tion Block AND-array input, this AND logic can also be
used to implement wide NAND, OR or NOR functions.
This offers an additional level of logic without any speed
penalty.

A Macrocell feedback signal that is disabled by the output
enable product term represents a High input to the UIM.
Programming several such Macrocell outputs onto the
same UIM output thus emulates a 3-state bus line. If one
of the Macrocell outputs is enabled, the UIM output
assumes its level.

Input/Output Blocks

Macrocells drive chip outputs directly through 3-state out-
put buffers, each individually controlled by the Output
Enable product term mentioned above. The Macrocell
output can be inverted. An additional configuration option
allows the output to be disabled permanently. Two dedi-
cated FastOE inputs can also be configured to control
any of the chip outputs instead of, or in conjunction with,
the individual Output Enable product term. See Figure 6.

Each signal input to the chip is connected to a program-
mable input structure that can be configured as direct,
latched, or registered. The latch and flip-flop can use one
of two FastCLK signals as latch enable or clock. The two
FastCLK signals are FCLKO and a global choice of either
FCLK1 or FCLK2. Latches are transparent when Fast-
CLK is High, and flip-flops clock on the rising edge of
FastCLK. The flip-flop includes an active-low clock
enable, which when High, holds the present state of the
flip-flop and inhibits response to the input signal. The
clock enable source is one of two global Clock Enable
signals (CEO and CE1). An additional configuration option
is polarity inversion for each input signal.
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Figure 6. Input/Output Schematic Diagram

X2832

3.3 Vor 5V Interface Configuration

XC7300 devices can be used in systems with two differ-
ent supply voltages: 3.3 V and 5 V. Each XC7300 device
has separate V¢ connections to the internal logic and
input buffers (Veont) and to the /O drivers (Vggio)-
Vceint must always be connected to a nominal 5 V sup-
ply, but Vccio may be connected to either 3.3 Vor 5V,
depending on the output interface requirement.

When V¢gio is connected to 5 V, the input thresholds are
TTL levels, and thus compatible with 3.3 V and 5 V logic.
The output High levels are also TTL compatible. When
Veceio is connected to 3.3 V, the input thresholds are still
TTL levels, and the outputs pull up to the 3.3 V rail. This
makes the XC7300 ideal for interfacing directly to 3.3 V
components. In addition, the output structure is designed
so that the I/O can also safely interface to a mixed 3.3 V
and 5V bus.

Power-On Characteristics
Like many highly-flexible EPLDs, the XC7300 devices

arnn A e [ T S

undergo a short internal initialization sequence upon
device powerup. During this time, the outputs remain
3-stated while the device is configured from its internal
EPROM array pattern and all registers are initialized.

Except for the short delay during device initialization, this

operation is completely transparent to the user and typi-
cally lasts 200 ps and not more than 300 ps.

For additional flexibility, an active-Low Master Reset pin is
provided so that EPLD can be reinitialized even after
power is applied. It allows the EPLD to be initialized along
with other devices in the system. When it is switched Low,
all outputs become 3-stated and the initialization sequence
is started. When it returns to High, the outputs become
enabled and the device is ready for operation. If this flexi-
bility is not needed, simply connect the Master Reset pin to
the device Veon,

During the initialization sequence, all input registers or
latches are preloaded High, and by default, all FB Macro-
cell registers are preloaded Low. The FB Macrocell regis-
ter preload state can be selected by the user. Note that
since the device inputs may be active for part of the ini-
tialization, key inputs such as Clock, Reset, or Set should
remain inactive during initialization to ensure the pre-
loaded registers maintain the correct state before opera-
tion.

Power Management

As EPLDs become more complex and system clock fre-
quencies rise, control of on-chip power dissipation
becomes increasingly important. The XC7300 power-
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management scheme permits non-speed-critical parts of
a design to be operated at reduced power. Overall power
dissipation is often reduced significantly, since, in most
systems only a small part is speed critical.

Macrocells can individually be specified for high perfor-
mance or low power operation by adding attributes to the
logic schematic, or declaration statements to the behav-
ioral description. To further conserve power, unused Mac-
rocells are automatically turned off.

Figure 7 shows typical power requirements for XC73108
device, assuming all Macrocells are enabled and switch-
ing at the indicated clock frequency. The two curves
shown are for the two extreme cases; all Macrocells in
high-performance mode, and all Macrocells in low-power
mode. Actual chip dissipation will be between the two
curves. The power for each member of the XC7300 family
can be calculated for specific operating conditions by
using parameters supplied in the individual data sheets.

Erasure Characteristics

In windowed packages, the content of the EPROM array
can be erased by exposure to ultraviolet light of wave-
lengths of approximately 4000 A. The recommended era-
sure time is approximately 1 hr. when the device is placed
within 1 in. of an ultraviolet lamp with a 12,000 uW/cm?
power rating. To prevent unintentional exposure, place
opaque labels over the device window.

When the device is exposed to high intensity UV light for
much longer periods, permanent damage can occur. The
maximum integrated dose the XC7300 EPLD can be
exposed to without damage is 7000 W » s/cm?, or approx-
imately one week at 12,000 uW/cm?.a

400
A ]
eaFoPN“NG
300 WoR
:(g /
z 12}
c O\NE
_g /
3
100
0

10 20 30 40

Clock Frequency (MHz) X3207

Figure 7. Typical Power Requiements for XC83108

Design Recommendations

For proper operation, all unused input and I/O pins must
be connected to a valid logic level (High or Low). The rec-
ommended decoupling for all V¢ pins should total 1 pF
using high-speed (tantalum or ceramic) capacitors.

Use electrostatic discharge (ESD) handling procedures
with the XC7300-series EPLDs to prevent damage to the
device during programming, assembly, and test.

Design Security

Each member of the XC7300 family has a multibit secu-
rity system that controls access to the configuration pro-
grammed into the device. This security scheme uses
multiple EPROM bits at various locations within the
EPROM array to offer a higher degree of design security
than other EPROM and fused-based devices. Pro-
grammed data within EPROM cells is invisible-even
when examined under a microscope—-and cannot be
selectively erased. The EPROM security bits, and the
device configuration data, reset when the device is
erased.

High-Volume Production Programming

The XC7300 family offers flexibility for low-volume proto-
types as well as cost-effectiveness for high-volume pro-
duction. The designer can start with ceramic window
package parts for prototypes, ramp up initial production
using low-cost plastic parts programmed in-house, and
then shift into high-volume production using Xilinx factory
programmed and tested devices.

The Xilinx factory programmed concept offers significant
advantages over competitive masked PLDs, or ASIC
redesigns:

* No redesign is required — Even though masked
devices are advertised as timing compatible, subtle
differences in a chip layout can mean system failure.

* Devices are factory tested — Factory-programmed
devices are tested as part of the manufacturing flow,
insuring high-quality products.

¢ Shipments are delivered fast — Production shipments
can begin within a few weeks, eliminating masking
delays and qualification requirements.

For factory programming procedures, contact your local
Xilinx representative.

Timing Model

Timing within the XC7300 EPLDs is easily determined
using external timing parameters from the device data
sheet, using a variety of CAE simulators, or with the tim-
ing model shown in Figure 8.
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Figure 8. XC7300 Timing Model

The timing model is based on the fixed internal delays of
the XC7300 architecture which consists of four basic
parts: I/O Blocks, the UIM, Fast Function Blocks and
High-Density Function Blocks. The timing model identifies
the internal delay paths and their relationships to ac char-
acteristics. Using this model and the ac characteristics,
designers can easily calculate the timing information for a
particular EPLD.

XEPLD Development System

The designer can create, implement, and verify digital
logic circuits for EPLD devices using the Xilinx XEPLD
Development System. Designs can be represented as
schematics consisting of XEPLD library components, as
behavioral descriptions, or as a mixture of both. The
XEPLD translator maps the design quickly and automati-
cally onto a chosen EPLD device, produces documenta-
tion for design analysis and creates a programming file to
configure the device.

The following lists some of the XEPLD Development Sys-
tem features.

* Familiar design approach similar to TTL and PLD
techniques

* Converts netlist to fuse map in minutes using a '486
PC or workstation platform

* Interfaces to standard third-party CAE schematics,
simulation tools, and behavioral languages

» Schematic library with familiar and powerful TTL-like
components, including PLDs and ALUs

* Predictable timing even before design entry, using
library components and Boolean equations

* Timing simulation using Viewsim, OrCAD VST, and
other tools controlled by the Xilinx Design Manager
(XDM) program
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Synchronous Clock Switching Characteristics
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Combinatorial Switching Characteristics
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Asynchronous Clock Switching Characteristics
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. XC7336
XX"—INX 36 Macrocell CMOS EPLD

Advance Product Information

Features General Description

¢ Ultra high-performance EPLD The XC7336 is a member of the Xilinx XC7300 EPLD
- 7.5 ns pin-to-pin delay family. It consists of four Fast Function Blocks intercon-
- 125 MHz maximum clock frequency nected by a central Universal Interconnect Matrix (UIM).

* Incorporates four Fast Function Blocks The four Function Blocks in the XC7336 (Figure 1) are

PAL-like structures, complete with programmable product
term arrays and programmable multilevel Macrocells.
* 36 Macrocells with programmable 1/O architecture Each Function Block receives 24 inputs, contains nine
Macrocells configurable for registered or combinatorial
logic and produces nine outputs which feedback to the
e 3.3Vor5V /O operation UIM. For complete description of device functionality, see

« Meets JEDEC Standard (8-1A) for 3.3 V 0.3 V the XC7300 EPLD Family data sheet.

The Universal Interconnect Matrix connects the Function
Blocks to each other and to all input pins, providing 100%
e Multiple security bits for design protection connectivity between the Function Blocks. This allows
logic functions to be mapped into the Function Blocks and
interconnected without routing restrictions.

* 100% interconnect matrix

* 18 outputs with 24 mA drive

* Power management options

* 44-pin leaded chip carrier package

a 4
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J |
28 VFI VFI a2

19 15
12 34 12
FFB1 FFB2
7 VFO/FI MC1-1 MC2-9 N— VFO 29
8 VFO MC1-2 _Eh;_/ \;'Z‘_D, MC2-8 —— wo 30
9 VFO MC13] % % 5 | Mc27 N— FO 33
" VFO MC14 | & = [ MC2-6 — VFO 34
12 VFO — mcis| 3 3 T [mc25 — VFO 35
13 VFO — MC1-6 g g MC2-4 N— VFO 36
14 VFO — MC1-7 9 9 MC2-3 N— FO 37
15 VFO — MC1-8 -[i D—» MC2-2 VFO 38
16 VFO h MC1-9 1 I' MC21 [ Y f—— roroe1 |a3e
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27 VFO 1 MCa1 MC3-9 FO/FOEO | 40
26 o | MCa-2 _[l‘_{é‘/ TD, MC3-8 NE— VFI 43
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19 VFORl | MC47| < 9 9 < ['mcas ——| wrom 4
18 VFO/FI — MC4-8 '[‘[ D—» MC3-2 N FO/FCLKO 5
17 VFO I MC4-9 ] l’ MC3-1 FOFCLKI | 6
9 9
X3290

Figure 1. XC7336 Functional Block Diagram




XC7336 CMOS EPLD

Notice: The information contained in this data sheet pertains to products in the initial production phases of development.
These specifications are subject to change without notice. Verify with your local Xilinx sales office that you have the lat-
est data sheet before finalizing a design.

For a detailed description of the device architecture, see the XC7300 CMOS EPLD Family data sheet, page 4-2.
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XC7354
54 Macrocell CMOS EPLD

Advance Product Information

Features
* High-Performance EPLD
- 10 ns pin-to-pin delay
- 100 MHz maximum clock frequency

¢ Advanced Dual-Block architecture
- 2 Fast Function Blocks
- Four High-Density Function Blocks

* 100% interconnect matrix

* High-Speed arithmetic carry network
- 1 ns ripple-carry delay per bit
— 35 MHz 16-bit accumulators

* 54 Macrocells with programmable I/O architecture

* Up to 54 inputs programmable as direct, latched, or
registered

* 18 outputs with 24 mA drive

e 3.3Vor5VI/O operation

* Meets JEDEC Standard (8-1A) for 3.3V +0.3 V
* Power management options

* Multiple security bits for design protection

* 44- and 68-pin leaded chip carrier package

General Description

The XC7354 is a member of the Xilinx Dual-Block EPLD
family. It consists of two Fast Function Blocks and ten
High-Density Function Blocks interconnected by a central
Universal Interconnect Matrix (UIM).

The six Function Blocks in the XC7354 (Figure 1) are
PAL-like structures, complete with programmable product
term arrays and programmable multilevel Macrocells.
Each Function Block receives 24 inputs, contains nine
Macrocells configurable for registered or combinatorial
logic and produces nine outputs which feedback to the
UIM. For complete description of device functionality, see
the XC7300 EPLD Family data sheet.

The Universal Interconnect Matrix connects the Function
Blocks to each other and to all input pins, providing 100%
connectivity between the Function Blocks. This allows
logic functions to be mapped into the Function Blocks and
interconnected without routing restrictions.

Power Management

The XC7354 power management scheme allows design-
ers to control on-chip power dissipation by configuring
individual Macrocells to operate in high-performance or
low-power modes of operation. Unused Macrocells are
turned off to minimize power dissipation.

Figure 7 in the XC7300 CMOS EPLDFamily data sheet
shows typical power requirements for the XC73108
device, assuming all Macrocells are enabled and switch-
ing at the indicated clock frequency. The top and bottom
curves show the two extreme cases of all Macrocells in
high-performance mode, and all Macrocells in low-power
mode. Actual chip dissipation will be between the two
curves.

Power dissipation for each design can be approximated for
specific operating conditions using the following equation.

ICC = (MCLP *1.35mA) + (MCHp «25 mA) + (MC1 . f1 .
0.02 MAMHZ) + ... + (MCy, * f, * 0.02 mA/MHz)

Where:
MC_p = Number of Macrocells in low-power mode

MCyp = Number of Macrocells in high-performance
mode

MC; = Number of Macrocells operating at frequency
fyin MHz

MC,, = Number of Macrocell operating at frequency f,
in MHz

Note: Number of Macrocells refers to both Fast Function Block
(FFB) and High-Density Function Block (FB) Macrocells.
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Figure 1. XC7354 Functional Block Diagram
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Notice: The information contained in this data sheet pertains to products in the initial production phases of development.
These specifications are subject to change without notice. Verify with your local Xilinx sales office that you have the latest
data sheet before finalizing a design.

Absolute Maximum Ratings

Symbol Parameter Value Units
Vee Supply voltage with respect to GND -0.5t07.0 \
—V.N o DC Input voltage with respect to GND -0.5t07.0 \"
VTS Voltage applied to 3-state output with respect to GND -0.5t07.0 \
Tsta Storage temperature -65 to +150 °C
':FSOL Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) +260 °C

Warning. 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 condi-
tions for extended periods of time may affect device reliability.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Supply voltage relative to GND @ 5V Commercial T =0° Ct070°C 475 5.25 v
xgg:g/ Supply voltage relative to GND @ 5V Industrial T = -40° C 10 85° C 45 55 v
Supply voltage relative to GND @ 5V Military T =-55°Cto 125°C 45 55 Vv
Veeio 1/O supply voltage relative to GND @ 3.3V 3.0 3.6 \"
Vi Low-level input voltage 0 0.8 \
ViH High-level input voltage 2.0 Vee+0.3 \
Vo - Output voltage 0 Veeio \
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DC Characteristics Over Recommended Operating Conditions

Symbol Parameter Test Conditions Min Max Units
Vou 5 V TTL High-level output voltage /O = -4.0 mA 24 \
Vcc = Min
3.3 V High-level output voltage /0 =-3.2mA 2.4 \"
VCC =Min
Vou 5V Low-level output voltage FO =24 mA 0.5 v
/0 =12 mA
VCC = Min
3.3 V Low-level output voltage /10 =10 mA 0.4 v
VCC = Min
e Input leakage current Vee = Max +10 HA
VlN =GND or Vcc|o
loz Output high-Z leakage current Ve = Max +10 pnA
Vo =GND or Ve
Cin Input capacitance for Input and I/O pins Vin=GND 10 pF
f=1.0 MHz
Cin Input capacitance for global control pins Vin = GND 15 pF
(FCLKO, FCLK1, FCLK2, FOEO, FOE1) f=1.0 MHz
Cour Output capacitance* Vo =GND 20 pF
f=1.0 MHz
* Sample tested
Power-up/Reset Timing Parameters
Symbol Parameter Min Typ Max Units
twMmR Master Reset input Low pulse width 100 ns
tvcer V¢ rise time (if MR not used for power-up)** 5 us
t Configuration completion time (to outputs operational) following 300 s
RESET assertion of Master Reset H

**Vcc rise must be monotonic. Following reset, the Clock, Reset, and Set inputs must not be asserted until all applicable input

and feedback set-up times are met in order to guarantee a predictable initial state.
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Fast Function Block (FFB) External AC Characteristics

XC7354-10 XC7354-12 XC7354-15
Symbol | Parameter (Coml/ind only) Units
Min Max Min Max Min Max
for Max count frequency (2 100 80 66.7 | MHz
suF Fast input setup time before FCLK T (V) 5 6 7 ns
. Fast input hold time after FCLK T 0 0 ] ns
tcor FCLK T to output valid 8.5 9 12 ns
tpDFO Fast input to output valid (-2 10 12 15 ns
tpDFU 1/0 to output valid (' 2 16 19 23 ns
tewr Fast clock pulse width 5 6 7 ns

High-Density Function Block (FB) External AC Characteristics

XC7354-10

(Coml/Ind only) XC7354-12 XC7354-15 Units
Symbol | Parameter Min Max Min Max Min Max
fe Max count frequency (2 83.3 66.7 556 | MHz
tsy /O setup time before FCLK 1 ("2 | 12 | 15 18 ns
th I/O hold time after FCLK T -4 -5 -6 ns
tco FCLK T to output valid 115 12 15 ns
tpsu 1/O setup time before p-term clock T @) 5 7 9 ns
tpn 1/O hold time after p-term clock T 0 0 0 ns
trco P-term clock T to output valid 18.5 20 24 ns
tep 1/O to output valid (12 20 27 32 ns
tow Fast clock pulse width 5 6 7 ns
teew P-term clock pulse width 6.5 8 10 ns

Notes: 1. This parameter is given for the high-performance mode. In low-power mode, this parameter is increased due to
additional |OgiC delay of tFLOGILP - tFLOGl ort LOGILP — tLOGI'

2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.




XC7354 CMOS EPLD

Fast Function Block (FFB) Internal AC Characteristics

(czﬁﬁ:: ;'?'Y) XC7354-12 XC7354-15 Units
Symbol | Parameter Min Max Min Max Min Max
trLoa FFB logic array delay ) 1.5 2 2 ns
teLogie | Low-power FFB logic array delay @ 5.5 7 8 ns
tesul FFB register setup time 25 3 4 Cons |
ter FFB register hold time 2.5 3 3 ns
trcol FFB register clock-to-output delay 1.0 1 1 ns
tepDI FFB register pass through delay 0 1 1 ns
teaol FFB register async. set delay 25 3 4 ns
teTx) FFB p-term assignment delay 1.0 1.2 1.5 ns
trrD FFB feedback delay 5 6.5 8 ns
High-Density Function Block (FB) Internal AC Characteristics
(czﬁﬁfg ;gly) XC7354-12 xerasats |

Symbol | Parameter Min Max Min Max Min Max
tLoat FB logic array delay @ 25 5 5 ns
tlogip | Low power FB logic delay @) 6.5 9 1 ns
tsul FB register setup time 25 3 4 ns
thi FB register hold time 25 4 5 ns
tcol FB register clock-to-output delay 1 1 1 ns
tepi FB register pass through delay 0 4 4 ns
taol FB register async. set/reset delay 3 4 5 ns
tra Set/reset recovery time before FCLK T 15 18 21 ns
tha Set/reset hold time after FCLK T 0 0 0 ns
tpRA Set/reset recovery time before p-term clock T 10 12 15 ns
teHA Set/reset hold time after p-term clock T 6 8 9 ns
tpci FB p-term clock delay 0 0 0 ns
tog FB p-term output enable delay 4 5 7 ns
tcarys | ALU carry delay within 1 FB @) 6 8 12 ns
tcarvrs | Carry lookahead delay per additional

Functional Block 15 2 3 ns

Notes: 2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.

3. Arithmetic carry delays are measured as the increase in required set-up time to adjacent Macrocell(s) for adder with
registered outputs.




& XILNX

1/0 Block External AC Characteristics

XC7354-10
(Coml/Ind only) XC7354-12 XC7354-15
Symbol | Parameter Min Max Min Max Min Max Units
fin Max pipeline frequency (input registér to FFB or
FB register) @ 88.3 66.7 55.6 | MHz
tsuin Input register/latch setup time before FCLK T 7 8 10 ns
‘tun | Input register/latch hold time after FCLK T 0 0 0 ns
TCO,N FCLK T to input register/latch outbut 3.5 4 5 ns
th;U,N Clock enable setup time before FCLK T 7 8 10 ns
tcerin | Clock enable hold time after FCLK T 0 0 ns
townin | FCLK pulse width high time 5 6 ns
towun | FCLK pulse width low time 5 6 ns
Internal AC Characteristics
XC7354-10
(Coml/Ind only) XC7354-12 XC7354-15
Symbol | Parameter Min Max Min Max Min Max Units
N Input pad and buffer delay ' ' 35 4 5 ns
teout FFB output buffer and pad del:;; 7 o 5 5 7 ns
tour FB output buffer and pad delay 8 8 10 ns
tum Universal Interconnect Matrix delay 6 7 8 ns
trorl Fast output enable/disable buffer delay 1.0 12 15 ns
tecLki Fast clock buffer delay 2.5 3 4 ns

Note: 2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.
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XC7354 Pinouts

68LCC | 44LCC Pin Description 68 LCC | 44LCC Pin Description

1 1 IVFI/ MR 35 - lle}

2 2 I/F1 36 24 1/O/FI

3 3 I/F1 37 - /O

4 - I/FO 38 - /O

5 4 I/F1 39 25 I/O/FI

6 - I/O/FI 40 26 I/O/FI
7 - GND 41 - GND

8 5 O/FCLKO 42 27 I/O/FI

9 6 O/FCLK1 43 28 I/FI
10 - OfF Lz 44 - I/O/FI
11 7 I/F1 45 N I/O/FI
12 8 I/FO 46 29 I/FO
13 9 /FO 47 - VO/FI
14 10 GND 48 30 I/FO
15 1 I/FO 49 31 GND
16 - Ie) 50 32 Vecio
17 12 I/FO 51 33 I/FO
18 - e} 52 34 I/FO
19 13 I/FO 53 - IO
20 - Vecio 54 = 10
21 14 I/FO 55 35 I/FO
22 15 I/FO 56 36 I/FO
23 16 I/FO 57 37 I/FO
24 - //O/FI 58 38 I/FO
25 17 I/O/FI 59 - VeonT
26 - I//O/F| 60 39 O/CKENO
27 18 I/O/FI 61 - O/CKENT1
28 19 I/O/FI 62 40 O/FOEOQ
29 20 I/OIFI 63 41 Veont/Vep
30 21 VeeINT 64 - O/FOET1
31 22 I/O/F1 65 42 I/FI
32 - /O 66 - I/FO
33 - lle} 67 43 I/FI
34 23 GND 68 44 I/FI
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For a detailed description of the device architecture, see the XC7300 CMOS EPLD Family Data Sheet, page 4-2.
For a detailed description of the device timing, see pages 4-9 and 4-10.
For component availability and package physical dimensions, see Section 5.

Ordering Information
XC7354-12PC84C

Device Type :| L Temperature Range
Speed Number of Pins

Package Type

Speed Options
-15 15 ns pin-to-pin delay
-12 12 ns pin-to-pin delay
-10 10 ns pin-to-pin delay (commerial and industrial only)

Packaging Options
PC44 44-Pin Plastic Leaded Chip Carrier
WC44 44-Pin Windowed Ceramic Leaded Chip Carrier
PC68 68-Pin Plastic Leaded Chip Carrier
WC68 68-Pin Windowed Ceramic Leaded Chip Carrier

Temperature Options

C Commercial 0°C to 70°C
| Industrial -40°C to 85°C
M Military -55°C to 125°C (Case)

4-21



XC7354 CMOS EPLD

4-22



SXILNX

XC7372
72 Macrocell CMOS EPLD

Advance Product Information

Features

* High-Performance EPLD
- 10 ns pin-to-pin delay
- 100 MHz maximum clock frequency

¢ Advanced Dual-Block architecture
— 2 Fast Function Blocks
- Six High-Density Function Blocks

* 100% interconnect matrix

* High-Speed arithmetic carry network
— 1 ns ripple-carry delay per bit
— 35 MHz 16-bit accumulators

* 72 Macrocells with programmable 1/O architecture

* Up to 90 inputs programmable as direct, latched, or
registered

* 18 outputs with 24 mA drive

e 3.3Vor5V I/O operation

* Meets JEDEC Standard (8-1A) for 3.3 V £0.3 V
* Power management options

* Multiple security bits for design protection

* 68-, 84-pin leaded chip carrier and 84-pin Pin-Grid-
Array packages

General Description

The XC7372 is a member of the Xilinx Dual-Block EPLD
family. It consists of two Fast Function Blocks and six
High-Density Function Blocks interconnected by a central
Universal Interconnect Matrix (UIM).

The eight Function Blocks in the XC7372 (Figure 1) are
PAL-like structures, complete with programmable product
term arrays and programmable multilevel Macrocells.
Each Function Block receives 24 inputs, contains nine
Macrocells configurable for registered or combinatorial
logic and produces nine outputs which feedback to the
UIM. For complete description of device functionality, see
the XC7300 EPLD Family data sheet.

The Universal Interconnect Matrix connects the Function
Blocks to each other and to all input pins, providing 100%
connectivity between the Function Blocks. This allows
logic functions to be mapped into the Function Blocks and
interconnected without routing restrictions.

Power Management

The XC7372 power management scheme allows design-
ers to control on-chip power dissipation by configuring
individual Macrocells to operate in high-performance or
low-power modes of operation. Unused Macrocells are
turned off to minimize power dissipation.

Figure 7 in the XC7300 CMOS EPLD Family data sheet
shows typical power requirements for the XC73108
device, assuming all Macrocells are enabled and switch-
ing at the indicated clock frequency. The top and bottom
curves show the two extreme cases of all Macrocells in
high-performance mode, and all Macrocells in low-power
mode. Actual chip dissipation will be between the two
curves.

Power dissipation for each design can be approximated for
specific operating conditions using the following equation.

lec = (MCyp * 1.35 mA) + (MCpyp * 2.5 mA) + (MCy » f; *
0.02 MA/MHZ) + ... + (MC,, * f,, » 0.02 mA/MHz)

Where:
MC, p = Number of Macrocells in low-power mode

MCyp = Number of Macrocells in high-performance
mode

MC,; = Number of Macrocells operating at frequency
fy in MHz

MC,, = Number of Macrocell operating at frequency f;,
in MHz

Note: Number of Macrocelis refers to both Fast Function Block
(FFB) and High-Density Function Block (FB) Macrocells.
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Figure 1. XC7372 Functional Block Diagram
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Notice: The information contained in this data sheet pertains to products in the initial production phases of development.
These specifications are subject to change without notice. Verify with your local Xilinx sales office that you have the latest
data sheet before finalizing a design.

Absolute Maximum Ratings

Symbol Parameter Value Units
Vee Supply voltage with respect to GND -0.5t07.0 Vv

Vin DC Input voltage with respect to GND -0.5107.0 v
_V'rs Voltage applied to 3-state output with respect to GND -0.5107.0 \

Tsta Storage temperature -65 to +150 °C
—T;;,_ | Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) +260 °C

Warning. 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 condi-
tions for extended periods of time may affect device reliability.

Recommended Operating Conditions

Symbol Parameter Min Max Units
Supply voltage relative to GND @ 5V Commercial t, = 0° C t070° C 4.75 5.25 \"
xgg:gﬂ Supply voltage relative to GND @ 5V Industrial ta = -40° C to 85°C 45 5.5 v
Supply voltage relative to GND @ 5 V Military tg= -55°Cto 125°C 4.5 5.5 \
Veeo I/O supply voltage relative to GND @ 3.3V - 3.0 36 v
Vi Low-level input voltage 0 0.8 \'
Vin High-level input voltage 2.0 Vee+0.3 v
Vo Output voltage 0 Veeio \
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DC Characteristics Over Recommended Operating Conditions

Symbol Parameter Test Conditions Min Max Units
5V TTL High-level output voltage VO =-4.0 mA 24 v
v VCC = Min
OH -
3.3 V High-level output voltage UO - 32 mA 24 \Y
¥ ’ hd Vg = Min
FO =24 mA
y 5V Low-level output voltage VO = 12 mA, Vg = Min 0.5 \
oL
/O =10 mA
3.3 V Low-level output voltage Ve = Min 0.4 \"
VCC = Max
I Input leakage current Vi = GND or Vegio 10 HA
. Vee = Max
loz Output high-Z leakage current Vg = GND or Vg +10 pHA
. . Vin = GND
Cin Input capacitance for Input and I/O pins f=1.0 MHz 10 pF
c Input capacitance for global control pins Vin=GND 15 F
IN (FCLKO, FCLK1, FCLK2, FOEO, FOE1) f=1.0 MHz P
. . Vo =GND
Cour Output capacitance f=1.0MHz 20 pF
* Sample tested
Power-up/Reset Timing Parameters
Symbol Parameter Min Typ Max Units
twmr Master Reset input Low pulse width 100 ns
tvcer Vcc rise time (if MR not used for power-up)** 5 us
t Configuration completion time (to outputs operational) following 300
RESET assertion of Master Reset us

**Vc rise must be monotonic. Following reset, the Clock, Reset, and Set inputs must not be asserted until all applicable input
and feedback set-up times are met in order to guarantee a predictable initial state.
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Fast Function Block (FFB) External AC Characteristics

XC7372-10
(Coml/Ind only) XC7372-12 XC7372-15
Symbol Parameter Min Max Min Max Min Max Units
fcr Max count frequency (-2 100 80 66.7 | MHz
tsuF Fast input setup time before FCLK T (" 5 6 7 ns
thr Fast input hold time after FCLK T 0 0 0 ns
tcoF FCLK T to output valid 85 9 12 ns
'tporo | Fast input to output valid (-2 10 12 15 ns
| tporFu 1/0 to output valid ("2 17 20 25 ns
-ibwp Fast clock pulse width o 5 6 7 ns

High-Density Function Block (FB) External AC Characteristics

XC7372-10
(Coml/ind only) XC7372-12 XC7372-15

Symbol Parameter Min Max Min Max Min Max Units
fc Max count frequency ('-2) 71.4 62.5 50 MHz
tsu /0 setup time before FCLK T (1.2 14 16 20 ns
th 1/O hold time after FCLK T -5 -6 -8 ns
tco FCLK T to output valid 11.5 12 15 ns
tpsu I/O setup time before p-term clock T @ 6 7 9 ns
tpn 1/O hold time after p-term clock T 0 0 0 ns
teco P-term clock T to output valid 19.5 21 26 ns
tpp I/O to output valid (-2 22 28 34 ns
tow Fast clock pulse width 5 6 7 ns
trow P-term clock pulse width 6.5 8 10 ns

Notes: 1. This parameter is given for the high-performance mode. In low-power mode, this parameter is increased due to
additional |09iC delay of tFLOGlLP - tFLOGl ort LOGILP — ILOGI'

2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.
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Fast Function Block (FFB) Internal AC Characteristics

XC7372-10
(Coml/Ind only) XC7372-12 XC7372-15
Symbol | Parameter Min Max Min Max Min Max Units
triom | FFB logic array delay @ 1.5 2 2 ns
trLogie | Low-power FFB logic array delay @ 55 7 8 ns
tesut FFB register setup time 25 3 4 ns
ten FFB register hold time 25 3 3 ns
tecor FFB register clock-to-output delay 1 1 1 ns
tepol FFB register pass through delay 0 1 1 ns
traol FFB register async. set delay 2.5 3 4 ns
terxI FFB p-term assignment delay 1 1.2 1.5 ns
trrD FFG feeback delay 5 6.5 8.0 ns

High-Density Function Block (FB) Internal AC Characteristics

XC7372-10
(Coml/Ind only) XC7372-12 XC7372-15

Symbol | Parameter Min Max Min Max Min Max Units
tLog! FB logic array delay 35 4 5 ns
tLogiLe | Low power FB logic delay @ 75 9 1 ns
tsui FB register setup time 2.5 3 4 ns
th) FB register hold time 3.5 4 5 ns
tcor FB register clock-to-output delay 1 1 1 ns
tppy FB register pass through delay 0 4 4 ns
taol FB register async. set/reset delay 3 4 5 ns
tra Set/reset recovery time before FCLK T 17 19 23 ns
tha Set/reset hold time after FCLK T 0 0 0 ns
tprA Set/reset recovery time before p-term clock T 10 12 15 ns
tPHA Set/reset hold time after p-term clock T 6 8 9 ns
teci FB p-term clock delay 0 0 0 ns
tog FB p-term output enable delay 4 5 7 ns
tcarys | ALU carry delay within 1 FB 6 8 12 ns
tcaryrs | Carry lookahead delay per additional

Functional Block 1.5 2 3 ns

Notes: 2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.

3. Arithmetic carry delays are measured as the increase in required set-up time to adjacent Macrocell(s) for adder with
registered outputs.
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/0 Block External AC Characteristics

XC7372-10
(Coml/Ind only) XC7372-12 XC7372-15

Symbol | Parameter Min Max Min Max Min Max Units
fin Max pipeline frequency (input register to FFB or

FB register) @ 71.4 62.5 50 MHz
tsuin Input register/latch setup time before FCLK T 7 8 10 ns
tHiN Input register/latch hold time after FCLK T 0 0 0 ns
tcon FCLK T to input register/latch output 3.5 4 5 ns
tcesuin | Clock enable setup time before FCLK T 7 8 10 ns
tCEHIN Clock enable hold time after FCLK T 0 0 0 ns
tCWHIN FCLK pulse width high time 5 6 7 ns
towLIn FCLK pulse width low time 5 6 ns

Internal AC Characteristics
XC7372-10
(Coml/Ind only) XC7372-12 XC7372-15

Symbol | Parameter Min Max Min Max Min Max Units
tin Input pad and buffer delay 3.5 4 5 ns
trouT FFB output buffer and pad delay 5 5 7 ns
tout FB output buffer and pad delay 8 8 10 ns
tum Universal Interconnect Matrix delay 7 8 10 ns
troE! Fast output enable/disable buffer delay 10 12 15 ns
trcLk Fast clock buffer delay 25 3 4 ns

Note: 2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.
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XC7372 Pinouts

84LCC | 68LCC Pin Description

1 1 MR
2 2 I/FI
3 3 I/FI
4 4 I/F1

5 5 I/F1

6 6 I/F1

7 - I/F1

8 7 GND
9 8 O/FCLKO
10 9 O/FCLK1
11 I/O/FI
12 10 O/FCLK2
13 11 FO
14 12 FO
15 13 FO
16 14 GND
17 15 FO
18 16 FO
19 17 FO
20 18 FO
21 19 FO
22 20 Veeio
23 - /0
24 - /0
25 - /0
26 21 /10
27 - GND
28 22 /O/FI
29 23 I/OFI
30 24 I/O/FI
31 25 /O
32 26 110
33 27 /10
34 - /0
35 - /0
36 28 /0
37 29 110
38 30 Veeint
39 31 /0
40 32 //O/IFI
41 33 /O/FI
42 34 GND

84LCC | 68LCC Pin Description
43 35 I/O/FI
44 36 /0
45 37 e}
46 38 I{e]
47 39 l{e}
48 40 I{e]
49 41 GND
50 42 110
51 - 10
52 - /o]
53 43 I/OFI
54 44 I/O/FI
55 45 I/O/FI
56 46 /0
57 47 110
58 - 110
59 48 /i)
60 49 GND
61 - I1/O/FI
62 - 1/O/FI
63 - 1/O/FI
64 50 Veeo
65 51 FO
66 52 FO
67 53 FO
68 54 FO
69 55 FO
70 56 FO
71 57 FO
72 58 FO
73 59 Veoint
74 60 O/CKENO
75 61 O/CKEN1
76 62 O/FOEO
77 - O/FOE1
78 63 Veoint/Ver
79 - I/FFI
80 64 V/FFI
81 65 I/FFI
82 66 YFEF!
83 67 V/FFI
84 68 I/FFI

4-30




& XILINX

For a detailed description of the device architecture, see the XC7300 CMOS EPLD Family data sheet, page 4-2.

For a detailed description of the device timing, see pages 4-9 and 4-10.

For component availability and package physical dimensions, see Section 5.

Ordering Information

XC7372-10PC84C

Device Type

Speed

Speed Options

-15 15 ns pin-to-pin delay
-12 12 ns pin-to-pin delay
-10 10 ns pin-to-pin delay (commercial and industrial only)

Packaging Options

Temperature Range

Number of Pins

Package Type

PC68 68-Pin Plastic Leaded Chip Carrier

WC68 68-Pin Windowed Ceramic Leaded Chip Carrier
PC84  84-Pin Plastic Leaded Chip Carrier

WCB84 84-Pin Windowed Ceramic Leaded Chip Carrier
PG84 84-Pin Ceramic Pin Grid Array

Temperature Options

C Commercial
| Industrial
M Military

0°C to 70°C
-40°C to 85°C
-55°C to 125°C (Case)

4-31



XC7372 CMOS EPLD

4-32



SXILINX

XC73108
108 Macrocell CMOS EPLD

Preliminary Product Specifidcations

Features

* High-Performance EPLD

- 12 ns pin-to-pin delay

- 80 MHz maximum clock frequency
» Advanced Dual-Block architecture

— 2 Fast Function Blocks
- 10 High-Density Function Blocks

* 100% interconnect matrix

* High-Speed arithmetic carry network
-1 ns ripple-carry delay per bit
— 35 MHz 16-bit accumulators

* 108 Macrocells with programmable 1/O architecture

* Up to 90 inputs programmable as direct, latched, or
registered

* 18 outputs with 24 mA drive

* 3.3Vor5V I/O operation

* Meets JEDEC Standard (8-1A) for 3.3V +0.3V
» Power management options

» Multiple security bits for design protection

* 84-pin leaded chip carrier, 144-pin pin-grid-array
packages and 160-pin plastic quad flat pack

General Description

The XC73108 is a member of the Xilinx Dual-Block EPLD
family. It consists of two Fast Function Blocks and ten
High-Density Function Blocks interconnected by a central
Universal Interconnect Matrix (UIM).

The 12 Function Blocks in the XC73108 (Figure 1) are
PAL-like structures, complete with programmable product
term arrays and programmable multilevel Macrocells.
Each Function Block receives 24 inputs, contains nine
Macrocells configurable for registered or combinatorial
logic and produces nine outputs which feedback to the
UIM. For complete description of device functionality, see
the XC7300 EPLD Family data sheet.

The Universal Interconnect Matrix connects the Function
Blocks to each other and to all input pins, providing 100%
connectivity between the Function Blocks. This allows

logic functions to be mapped into the Function Blocks and
interconnected without routing restrictions.

Power Management

The XC73108 power management scheme allows
designers to control on-chip power dissipation by config-
uring individual Macrocells to operate in high-perfor-
mance or low-power modes of operation. Unused
Macrocells are turned off to minimize power dissipation.

Figure 7 in the XC7300 CMOS EPLD Family data sheet
shows typical power requirements for the XC73108
device, assuming all Macrocells are enabled and switch-
ing at the indicated clock frequency. The top and bottom
curves show the two extreme cases of all Macrocells in
high-performance mode, and all Macrocells in low-power
mode. Actual chip dissipation will be between the two
curves.

Power dissipation for each design can be approximated for
specific operating conditions using the following equation.

loc = (MCpp * 1.35 MA) + (MCpip * 2.5 MA) + (MCy = f; »
0.02 MA/MHZ) + ... + (MC,, * f,, * 0.02 mA/MHz)

Where:
MC_p = Number of Macrocells in low-power mode

MCyp = Number of Macrocells in high-performance
mode

MC; = Number of Macrocells operating at frequency
fyin MHz

MC,, = Number of Macrocell operating at frequency f,
in MHz

Note: Number of Macrocells refers to both Fast Function Block
(FFB) and High-Density Function Block (FB) Macrocells.

For example, in a system design with 72 Macrocells in
low-power mode at 20 MHz, 18 Macrocells in high-perfor-
mance mode at 40 MHz, and 18 Macrocells in high-per-
formance mode at 80 MHz:

loc = (72 +1.35) + (36 * 2.5) + (72 + 20+ 0.02) + (18 * 40 » 0.02)
+ (1880« 0.02)
loc = 97 + 90 + 29 + 14 + 29 = 259 mA
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Figure 1. XC73108 Functional Block Diagram
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Notice: The information contained in this data sheet pertains to products in the initial production phases of
development. These specifications are subject to change without notice. Verify with your local Xilinx sales office that
you have the latest data sheet before finalizing a design.

Absolute Maximum Ratings

Symbol Parameter Value Units
Vee Supply voltage with respect to GND -0.5t07.0 \"
Vin DC Input voltage with respect to GND -0.5t07.0 \
Vrs Voltage applied to 3-state output with respect to GND -0.5t07.0 \%
Tsta Storage temperature -65 to +150 °C
TsoL Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) +260 °C

Warning. 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 Condittions is not implied. Exposure to Absolute Maximum Ratings condl-
tions for extended periods of time may affect device reliability.

Recommended Operating Conditions

Symbol Parameter N Min Max Units
Supply voltage relative to GND @ 5V~ Commercial t, = 0° C t070°C 4.75 5.25 \
xgg:gﬂ Supply voltage relative to GND @ 5V Industrial ta=-40°C1t085°C | 4.5 55 \"
Supply voltage relative to GND @ 5V Military tc =-55°Cto 125°C 4.5 5.5 \
Vecio I/0 supply voltage relative to GND @ 3.3 V 3.0 3.6 v
Vi Low-level input voltage 0 0.8 \"
Vi High-ievel input voltage 2.0 Vce+0.3 \
Vo Output voltage 0 Veeio Y

4-35



XC73108 CMOS EPLD

DC Characteristics Over Recommended Operating Conditions

Symbol Parameter Test Conditions Min Max Units
5V TTL High-level output voltage {//O = ?VIO mA 2.4 v
vV cc = Min
OH = -
3.3 V High-level output voltage I\;O T iﬁnmA 2.4 Vv
cc=
FO =24 mA
5V Low-level output voltage /O =12mA 0.5 \
VOL VCC = Min
3.3 V Low-level output voltage {;(C):J&;:A 0.4 \
he Input leakage current xi‘cfgqas orV +10 HA
IN = cclo
loz Output high-Z leakage current xcc =Gh:le[1)xor v +10 uA
0= CCIO
Cin Input capacitance for Input and I/O pins :/'=N1=0Gb;l}_?z 10 pF
c Input capacitance for global control pins Vin=GND 15 oF
IN (FCLKO, FCLK1, FCLK2, FOEO, FOE1) f=1.0 MHz
Cout Output capacitance* ‘YST (? h';ljgz 20 pF
* Sample tested
Power-up/Reset Timing Parameters
Symbol Parameter Min Typ Max Units
twmr Master Reset input Low pulse width 100 ns
tvcer Vg rise time (if MR not used for power-up)** 5 us
t Configuration completion time (to outputs operational) 300
RESET following assertion of Master Reset us

**V¢c rise must be monotonic. Following reset, the Clock, Reset, and Set inputs must not be asserted until all applicable input
and feedback set-up times are met in order to guarantee a predictable initial state.
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Fast Function Block (FFB) External AC Characteristics

F XC73108-12
(Com/Ind Only) XC73108-15 XC73108-20
Symbol | Parameter Min Max Min Max Min Max Units
for Max count frequency (-2 80 67 50 MHz
tsur Fast input setup time before FCLK T () 6 7 10 ns
tur Fast input hold time after FCLK T 0 0 0 ns
tcor FCLK T to output valid 9 12 15 ns
teoFO Fast input to output valid (-2 12 15 20 ns
tppFU I/O to output valid (*+2) 22 27 35 ns
tewr Fast clock pulse width 6 7 9 ns
High-Density Function Block (FB) External AC Characteristics
XC73108-12
(Com/Ind Only) XC73108-15 XC73108-20

Symbol | Parameter Min Max Min Max Min Max Units
fc Max count frequency (2 55 45 35 MHz
tsu I/0 setup time before FCLK T (1:2) 18 22 28 ns
ty I/O hold time after FCLK T -8 -10 -13 ns
tco FCLK T to output valid 12 15 20 ns
tpsu I/0 setup time before p-term clock T @ 7 12 ns
(o I/O hold time after p-term clock T 0 0 ns
[ P-term clock T to output valid 23 28 36 ns
tep I/O to output valid (12 30 36 45 ns
tcw Fast clock pulse width 6 7 9 ns
V'pcw P-term clock pulse width 8 10 12 ns

Notes: 1. This parameter is given for the high-performance mode. In low-power mode, this parameter is increased due to
additional logic delay of tr ogiLp — trLog) O t LogiLe — tLoal-

2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.
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Fast Function Block (FFB) Internal AC Characteristics

XC73108-12
(Comvind Only) XC73108-15 XC73108-20
Symbol | Parameter Min Max Min Max Min Max Units
troat | FFB logic array delay @ 2 2 3 ns
teLogip | Low-power FFB logic array delay ) 7 8 1 ns
tesul FFB register setup time 3 4 6 ns
ter FFB register hold time 3 3 4 ns
tecol FFB register clock-to-output delay 1 1 1 ns
tepDI FFB register pass through delay 1 2 ns
traol FFB register async. set delay 3 4 6 ns
terxi FFB p-term assignment delay 1.2 1.5 2 ns
terD FFB feedback delay 6.5 8 10 ns
High-Density Function Block (FB) Internal AC Characteristics
XC73108-12
(Com/Ind Only) XC73108-15 XC73108-20

Symbol | Parameter Min Max Min Max Min Max Units
tLoa FB logic array delay 4 5 6 ns
tlogiLp | Low power FB logic delay 9 1" 14 ns
tsul FB register setup time 3 4 6 ns
th FB register hold time 4 5 6 ns
tcol FB register clock-to-output delay 1 1 1 ns
tepi FB register pass through delay 4 4 4 ns
taor FB register async. set/reset delay 4 5 7 ns
tra Set/reset recovery time before FCLK T 21 25 31 ns
tHa Set/reset hold time after FCLK T 0 0 0 ns
tpRA Set/reset recovery time before p-term clock T 12 15 20 ns
teHa Set/reset hold time after p-term clock T 8 9 12 ns
teci FB p-term clock delay 0 0 0 ns
togl FB p-term output enable delay 5 7 9 ns
tcarys | ALU carry delay within 1 FB () 8 12 15 ns
tcaryes | Carry lookahead delay per additional

Functional Block @ 2 3 4 ns

Notes: 2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.

3. Arithmetic carry delays are measured as the increase in required set-up time to adjacent Macrocell(s) for adder with
registered outputs.
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1/0 Block External AC Characteristics

XC73108-12
(Com/ind Only) XC73108-15 XC73108-20
Symbol | Parameter Min Max Min Max Min Max Units
fin Max pipeline frequency (input register to FFB or 55 45 35 MHz
FB register) @
tsuin Input register/latch setup time before FCLK T 8 10 12 ns
tHin Input register/latch hold time after FCLK T 0 0 0 ns
tcoin FCLK T to input register/latch output 4 5 6 ns
tcesun | Clock enable setup time before FCLK T 8 10 12 ns
tcemin | Clock enable hold time after FCLK T 0 0 0 ns
tcwnin | FCLK pulse width high time 6 9 ns
towLin FCLK pulse width low time 6 9 ns
Internal AC Characteristics
XC73108-12
(Com/Ind Only) XC73108-15 XC73108-20
Symbol | Parameter Min Max Min Max Min Max Units
tin Input pad and buffer delay 4 5 6 ns
trout FFB output buffer and pad delay 5 7 9 ns
tour FB output buffer and pad delay 8 10 14 ns
tuim Universal Interconnect Matrix delay 10 12 15 ns
trorr Fast output enable/disable buffer delay 12 15 20 ns
troLki Fast clock buffer delay 3 4 5 ns

Note: 2. Specifications account for logic paths that use the maximum number of available product terms for a given Macrocell.
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XC73108 Programmable Logic Device

XC73108 Pinouts

160 QFP | 144 PGA| 84 LCC Pin Description
1 D3 - Veeio
2 c2 75 O/CKEN1
4 B1 - FO
6 D2 76 O/Foko
7 E3 - (0]

8 C1 77 OfF g,

9 E2 - (0]
10 D1 78 Voot Ve
11 F3 79 I/F1
12 F2 - I/O/FI
13 Et 80 I/FI
14 G2 - I/O/FI
15 G3 81 I/FI
16 F1 - I/O/FI
17 G1 82 I/F
18 H2 83 I/FI
19 H1 84 I/F1
20 H3 - GND
21 J3 1 MRX
22 J1 2 I/FI
23 K1 3 I/F1
24 J2 4 I/F1
25 K2 - (0]
26 K3 5 I/FI
27 L1 - (0]
28 L2 6 I/FI
29 M1 - I/O/FI
30 N1 7 I/FI
31 M2 8 GND
32 L3 - I/O/F1
33 N2 9 O/F ko
34 P1 - o
35 M3 10 O/F ki
36 N3 - FO
37 P2 11 I/O/FI
40 R1 - GND

160 QFP | 144 PGA| 84 LCC Pin Description
4 N4 - Veeio
42 P3 12 O/Fcik2
43 R2 - 110
44 P4 13 FO
45 N5 - /0
46 R3 - VeoinT
47 P5 14 FO
48 R4 - /0
49 N6 15 FO
50 P6 - 110
51 RS 16 GND
54 P7 17 FO
55 N7 - /10
56 R6 18 FO
57 R7 - I/O/F1
58 P8 19 FO
59 R8 20 FO
60 N8 21 FO
61 N9 22 Vecio
62 R9 23 /10
63 R10 24 110
64 P9 25 /O
67 P10 - 110
68 N10 26 /0
69 R11 - I/O/F1
70 P11 27 GND
71 R12 28 I/O/FI
72 R13 - /O/FI
73 P12 29 I/O/F1
74 N11 - /10
75 P13 30 I/O/FI
76 R14 - /0
77 N12 31 /0
78 N13 - l{e]
79 P14 32 /O
80 R15 - GND
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XC73108 Pinouts (continued)

160 QFP | 144 PGA| 84 LCC Pin Description
81 M13 - Veeio
82 N14 33 110
84 P15 - 110
86 M14 34 /O
87 L13 - 110
88 N15 35 /0
89 L14 - 110
90 M15 36 110
91 K13 - I/O/FI
92 K14 37 110
93 L15 - I/O/FI
94 J14 38 VeeNT
95 J13 39 110
96 K15 - I/O/FI
97 J15 40 I/O/FI
98 H14 41 1/O/FI
99 H15 - GND
100 H13 42 GND
101 G13 43 I/O/F|
102 G15 44 /0
103 F15 45 110
104 G14 46 /0
105 F14 - /0
106 F13 47 7}
107 E15 - l{e}
108 E14 48 /0
109 D15 - 110
110 C15 49 GND
111 D14 50 /0
112 E13 - 1o}
113 C14 51 /10
114 B15 - 1o}
115 D13 52 /0
116 C13 - 1/O/FI
117 B14 53 I/O/FI
120 A15 - GND

160 QFP | 144 PGA| 84 LCC Pin Description
121 c12 - Veeio
122 B13 54 1/0/F1
123 A14 - 110
124 B12 55 1/O/FI
125 C11 - 1/O/FI
126 A13 56 /0
127 B11 - GND
128 A12 - I/O/FI
129 c10 - I/O/FI
130 B10 - 110
133 Al1 - I/O/FI
134 B9 57 1{e]
135 Cc9 58 l[e}
136 A10 59 110
137 A9 60 GND
138 B8 61 VO/FI
139 A8 62 //O/FI
140 (of:} 63 I/O/F1
141 c7 64 Veeio
142 A7 65 FO
143 A6 66 FO
144 B7 67 FO
145 B6 - I/O/FI
146 Cé 68 FO
147 A5 - 110
148 B5 69 FO
151 A4 - le}
152 A3 70 FO
153 B4 - le}
154 Cs5 7 FO
155 B3 - 1/0
156 A2 72 FO
157 C4 73 Vceint
158 C3 - 110
159 B2 74 O/CKENO
160 Al - GND
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XC73108 CMOS EPLD

For a detailed description of the device architecture, see the XC7300 CMOS EPLD Family data sheet, page 4-2.
For a detailed description of the device timing, see pages 4-9 and 4-10.

For component availability and package physical dimensions, see Section 5.

Ordering Information

- ~ ~ - ~

XC73i08-12PC84C

Device Type L Temperature Range
Speed Number of Pins
Speed Options P
-20 20 ns pin-to-pin delay ackage Type
-15 15 ns pin-to-pin delay Temperature Options
-12 12 ns pin-to-pin delay (commercial and c Commercial 0°C to 70°C

industrial only) | Industrial ~ -40°C to 85°C

. . M Military -55°C to 125°C (Case)
Packaging Options

PC84 84-Pin Plastic Leaded Chip Carrier

WC84 84-Pin Windowed Ceramic Leaded
Chip Carrier

PG144 144-Pin Windowed Pin-Grid-Array

PQ160 160-Pin Plastic Quad Flat Pack
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XC73144
144 Macrocell CMOS EPLD

Advance Product Information

Features

High-Performance EPLD
- 10 ns pin-to-pin delay
- 100 MHz maximum clock frequency

Advanced Dual-Block architecture
- 2 Fast Function Blocks
- 14 High-Density Function Blocks

100% interconnect matrix

High-Speed arithmetic carry network
-1 ns ripple-carry delay per bit
- 35 MHz 16-bit accumulators

144 Macrocells with programmable 1/O architecture

Up to 90 inputs programmable as direct, latched, or
registered

18 outputs with 24 mA drive

3.3 Vor 5V I/O operation

Meets JEDEC Standard (8-1A) for 3.3 V +0.3 V
Power management options

Multiple security bits for design protection

184-pin pin-grid-array package

General Description

The XC73144 is a member of the Xilinx Dual-Block EPLD
family. It consists of two Fast Function Blocks and 14 High-
Density Function Blocks interconnected by a central Uni-
versal Interconnect Matrix (UIM).

The 16 Function Blocks in the XC73144 are PAL-like
structures, complete with programmable product term
arrays and programmable multilevel Macrocells. Each
Function Block receives 24 inputs, contains nine Macro-
cells configurable for registered or combinatorial logic
and produces nine outputs which feedback to the UIM.
For complete description of device functionality, see the
XC7300 EPLD Family data sheet.

The Universal Interconnect Matrix connects the Function
Blocks to each other and to all input pins, providing 100%
connectivity between the Function Blocks. This allows
logic functions to be mapped into the Function Blocks and
interconnected without routing restrictions.
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XC73144 CMOS EPLD

Notice: The information contained in this data sheet pertains to products in the initial production phases of development.
These specifications are subject to change without notice. Verify with your local Xilinx sales office that you have the latest
data sheet before finalizing a design.

For a detailed description of the device architecture, see the XC7300 CMOS EPLD Family data sheet, page 4-2.
For a detailed description of the device timing, see pages 4-9 and 4-10.
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Component Availability

XC7000 Family Package Selection Chart

PINS a“ 68 84 144 160 184
PLAST | CERAM | PLAST | CERAM | PLAST | CERAM | CERAM | CERAM | PLAST | CERAM
TYPE PLCC | cLcc | pecc | cec | pLcc | cLec | PGA PGA | PQFP | PGA
CODE PC44 | WC4d4 | Pces | wces | Pcss | wcssa | PGea | PG144 | PQ160 | PG184
30| cl
Xc7288 ca
25| ¢ CI(M)
XC7236A -20{ Cl Ci(M)
16/ cl
-30 cl cl cl cl cl
XCrerz - g cl cl cl cl cl
-25 cl cl cl Ci(M) )
XC7272A  -20 cl cl cl CI(M) (ch
-16 cl cl cl CI(M) (1
XC7336 ( (CIM)
415  © cl cl CI(M)
XC7354 12| cl cl ci(M)
10 ¢ cl cl cl
-15 (cn (cn () (CIM) (n
XC7372 12 ) (ch ( (CIM) )
-10( ) (n (ch (n (cl
20| cl cl CI(M) cl
XC73108 -15 cl cl CI(M) cl
“12f cl cl cl cl
XC73144 (CIM)

C = Commercial = 0°C to + 70°C

| = Industrial = 40°C to + 85°C M = Military = -55°C to 125°C  Parenthesis indicate future product plans

X3322
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Using ABEL to Design
with Xilinx EPLDs

By JEFFREY GOLDBERG

Introduction

When it comes to programmable logic, silicon is only part
of the solution. Software is required to translate ideas into
reality. The Xilinx EPLD Translator (XEPLD) is the Xilinx
EPLD software solution. Operating under the Xilinx XACT
Design Manager (XDM), XEPLD is designed to work with
familiar industry standard front end design tools. In addi-
tion to interfacing to schematic capture tools, XEPLD also
works with industry standard PAL logic compilers and
languages such as ABEL, CUPL and PALASM. Once the
designis entered, XEPLD simply acts as a fitter, taking the
design description and automatically partitioning the logic,
then mapping it into the chosen Xilinx EPLD.

ABEL
Compiler
XEPLD Text
Translator Editor
l Programmer ,

Figure 1. Development System Overview

X3299

Mostlogic compilers generate a PALASM Boolean equation
file that can be read by XEPLD. ABEL however, also
generates PLUSASM, the XEPLD native syntax. This
allows designers to take advantage of PLUSASM
expressions that target specific resources of these devices.
Once the PLUSASM file is generated, a text editor is used
to create a top level design file. Since this file need only
contain declaration statements that manage the design
(e.g. define the chip’s inputs and outputs) it is created with
a minimum of effort.

This application note illustrates the design flow for using
ABEL to design with Xilinx EPLDs. ABEL-HDL language
constructs that generate the most efficient PLUSASM
equations are identified. Finally, techniques allowing the
user to take advantage of the Xilinx EPLD input pad
registers and the UIM ANDing capability are demon-
strated.

ABEL Design Flow

The ABEL design flow is illustrated in Figure 2. Using
ABEL, the design is compiled, then optimized using
REDUCE BY PIN - AUTO POLARITY (This option yields
the best results for Xilinx EPLDs). PLUSASM is then
selected from the ABEL XFER menu to generate the
PLUSASM equation file, <filename>.pld.

The ABEL source code should contain a DEVICE
statement, although a specific device need not be targeted
when the design is compiled. This causes ABEL to place
the required CHIP statement in the resulting PLUSASM
file.

Step 1 Step 2 Step 3

Pal Compiler Text Editor XEPLD
Generate Create a 1. Select Target Device
PALASM Files Top Level File 2. Intergrate Equations

Figure 2. Development System Overview

3. Generate Programming File

X3297
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Using ABEL to Design with Xilinx EPLDs

The top level design file is written with a text editor. XEPLD
reads this top level design file, concatenates the equations
containedinthe ABEL generated PLUSASM file and maps
the design into the chosen Xilinx EPLD. A sample design
file is shown in Figure 3. This design file, PORT_4.PLD,
was created for a Quad Ported Memory Controller, (See
the Xilinx EPLD data book for the detailed application
note). This file is written in PLUSASM and contains key-
words that target architectural features of the Xilinx EPLD
(e.g. input registers and UIM logic), but should look very
familiar to those familiar with PALASM.

Like PALASM, this file begins with a title block for design
documentation, followed by INCLUDE_EQN keywords
that instruct XEPLD to concatenate the PLUSASM equa-
tions contained in the three included files that were gener-
ated by the ABEL compiler for this design.

The CHIP statement contains the filename of the top level
file (without the file extension) and targets a Xilinx EPLD.

INPUTPIN, OUTPUTPIN and NODE keywords then follow
to define the devices inputs, outputs and nodes. This is
followed by the FASTCLOCK keyword that assigns sig-
nals to the global FastClock lines.

The EQUATIONS keyword indicates where the equations
section of the design file begins. After reading this key-
word, XEPLD reads all of the equations in the included
files.

After completing the top level design file, invoke the Xilinx
Design Manager and do the following:

* Select the device:
Open up the FAMILY menu and select the XC7000
device family. Then open up the PART menu and select

the target Xilinx EPLD.

Integrate the equations:

Open up the FITTER menu and select FITEQN, then
PORT_4.PLD. XEPLD then processes the design to
create the database file PORT_4.VMH.

Generate the device programming file:

Open up the VERIFY menu and select MAKEPRG, then
PORT_4.VMH. Assign the signature, PORT4.A, and
XEPLD will now produce the device programming file,
PORT_4.PRG.

The device can now be programmed and the correct
system operation verified.

TITLE Quad-Ported Memory Controller
AUTHOR Jeffrey Goldberg

COMPANY Xilinx

DATE 02/26/93

INCLUDE_EQN 'DRC.PLD'
INCLUDE_EQN 'ARBITER.PLD'
INCLUDE_EQN 'REFRESH.PLD

CHIP PORT_4 XEPLD

INPUTPIN (RCLK=CLK) RESET

PORT_A_REQ PORT_B_REQ PORT_C_REQ PORT_D_REQ
PORT_A_LOCK PORT_B_LOCK PORT_C_LOCK PORT_D_LOCK
WRITE BYTEO BYTE1 BYTE2 BYTE3 BURST

CASO0 CAS1 CAS2 CAS3 CLR_RFRQ COLUMN_ADDRESS

GRANT_A GRANT_B GRANT_C GRANT_D

ACCESS_REQ DONE DRAMO DRAM1 DRAM2 DRAM3 ARBO ARB1 ARB2

OUTPUTPIN
RAS READY RFRQ WE
NODE
QAQBQCQDQEQFQGQHQIQJ
NODE (UIM) RESTART
FASTCLOCK CLK
EQUATIONS

Figure 3. Top-Level Design File
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Figure 5. Xilinx EPLD Fast Function Block
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Xilinx EPLD Architecture

In order to understand which ABEL-HDL language con-
structs generate the most efficient PLUSASM code, the
reader should have a rudimentary understanding of the
Xilinx EPLD architecture. Each device consists of several
PAL-like logic blocks, called Function Blocks (FBs), all
interconnected by a fully populated switch matrix. Each
High Density FB can be thought of as a21V9 PAL, with 21
complementary inputs and 9 macrocells.

The High Density FB has 5 individual product terms per
macrocell. In addition, there are 12 product terms that are
shared between all 9 macrocells. Each macrocell can be
configured as either registered or combinatorial. Each
register has individual set, reset and output enable control
and can be clocked either individually or by global clocks.
In addition, each macrocell contains an available XOR
gate that can be used for XOR functions or toggle flip flop
emulation.

In addition to the High Density Function Blocks, each Xilinx
XC7300 device contains Fast Function Blocks. These FBs
are optimized for speed, and are architecturally different
from the High Density FB. Each Fast FB can be thought of
as a 24V9 PAL, with 24 complementary inputs and 9
outputs.

Like the High Density FB, there are 5 individual product
terms per macrocell and each macrocell can be configured
as registered or combinatorial. However, the macrocell is
simplified to improve performance. The macrocell output
has fixed output inversion (for high speed address decod-
ers), no available XOR gate and may only be clocked by
global clocks. The High Density Function Block shared
product terms are also eliminated in favor of a higher
performance product-term assignment function.

High Density
Function Blocks

All of the Function Blocks on a Xilinx EPLD are intercon-
nected by a fully populated Universal Interconnect
Matrix (UIM).

In addition to serving as an interconnect, the structure of
the UIM allows it to function as very wide input WIRED -
AND array. This allows the EPLD to generate product
terms in the UIM - just like a low density PAL AND array.
And like a PAL, propagation delay is fixed regardless of the
number of signals used to generate the product term, or
the source and destination of those signals.

Xilinx EPLDs also have programmable I/O blocks for
driving the device pins. The |/O blocks can be used to
decouple the Function Block outputs from the device pins
so the Function Blocks may be buried while still retaining
the use of the pin as a device input. The I/O blocks also
provide output inversion control and the ability to latch and
register input signals.

OE

[1[e]
Blocks

21 Function

Block

- Device

Pins

Output

UM

X3295

Figure 7. /O Block

Universal
Interconnect
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FB4
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Figure 6. XC7300 Dual Block Architecture
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Using ABEL to Design with Xilinx EPLDs

Optimal ABEL-HDL Language Constructs For
Xilinx EPLDS

The ABEL PLUSASM writer is capable of targeting the
XOR gate available in each High Density Function Block
macrocell. This is particularly useful when one wishes to
emulate a T flip flop for counterimplementations. Instead
of declaring the function as a toggle flip flop, the ABEL
ISTYPE'REG,XOR' statement for the node or pin declara-
tion should be used as shown in Figure 8. Then the ABEL
XOR_FACTORS keyword is used to define one input of
the XOR gate. (See the 1993 Xilinx Databook for details on
describing long counters for Xilinx EPLDs with ABEL)

The ABEL dot extensions supported by the ABEL
PLUSASM writer are illustrated in Figure 9. Although both
the Xilinx EPLD architecture and PLUSASM support dual
feedback (separate feedback paths for the macrocell
output and I/O pin input) to the UIM, the ABEL PLUSASM
writer doesn’t. The ABEL PLUSASM writer treats all feed-
back as coming directly from the macrocell output.
PLUSASM declaration statements in the top level design
file can relocate the feedback to the I/O pin without any
modificationto the ABEL generated PLUSASM equations.
Alternatively, the equations can be edited with a text editor
to take advantage of the dual feedback capability.

module refresh
title 'Refresh timer for DRAM controller

Equation file for XC7236 behavioral-based application example

Jeffrey Goldberg
Xilinx';

refresh device;

" Inputs

Clk pin;
clr_rfrq pin;
" Outputs

aj,qi,.gh,q9.qf,qe,qd,qc,qb,qa

restart pin istype 'com’;
rfrq pin istype 'reg’;
" Variables

count = [gj,qi,qh,q9,af,qe,qd,qc,qb,qa];
xor_factors count := count & Irestart;
equations

restart = (count == 937);

count := (count + 1) & lrestart;

rfrq := restart
# rfrq & clr_rfrq;

end

Figure 8. REFRESH.PLD

pin istype 'reg,xor";

" low active clear refresh request flag

" counter bits
" restart counter start from 0
" refresh request flag

" q.D2 = q & !restart

" restart counter every 15 microseconds
* count up

" set refresh request flag
" flag remains set until clr_rfrq goes low
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Figure 9. ABEL Dot Extension

Targeting the Xilinx EPLD Input Pad Registers

Xilinx EPLDs contain input pad registers that can be used
for input signal synchronization, parameter storage and
signal pipelining. Since functions mapped into these reg-
isters do not consume macrocell resources, increased
logic density is achieved when these registers are utilized.

The ABEL file shown in Figure 10 can be used to synchro-
nize an input signal with a global clock. The ABEL
PLUSASM writer will generate PLUSASM equations how-
ever, that would map the synchronization register into a
macrocell register, not an input pad register.

In order to target an input pad register, there is no need to
create aninternal node in the ABEL file. Declare the output
signal of the input pad register as an input pin in the ABEL
source code as shown in Figure 12. Then declare the input
pin as a registered input in the top level PLUSASM file with
the declaration INPUTPIN (RCLK=clock_signal_name),
as shownin Figure 3. The logic willthen be mappedinto the
Xilinx EPLD as shown in Figure 13.

Targeting the Xilinx EPLD UIM

It's easy to map ABEL generated equations into the UIM
without any modifications to the ABEL source code or the
ABEL generated PLUSASM code. Combinatorial node
equations that consist of only a single product term can be
mapped into the UIM, instead of consuming Function
Block resources (see the XEPLD documentation for de-
tails on UIM optimization).

The RESTART equation in the ABEL file shown in Figure
8 generates a single product term. If mapped into a
macrocell, the counter outputs would make an extra pass
through the chip to generate RESTART, adversely affect-
ing both density and performance. Treating RESTART as
a variable in the ABEL code would eliminate the second
pass though the chip but would consume 9 of the Function
Block’s shared product terms when complemented. In-
stead, use the NODE (UIM) declaration in the top level
PLUSASMdesign file, as shownin Figure 3 for RESTART,
to map the function into the UIM.

" Inputs

Clk pin;
Port_A_Req_Pin pin;

" Nodes

Port_A_Req node istype ‘reg’;
* Outputs

Access_Req pin istype 'reg’;
Equations

Port_A_Req := Port_A_Req_Pin;
Access_Req:=Port_A_Req & ... # ..;

" Port_A access request strobe

" Synchronized Port_A access request strobe

" Memory arbiter access request strobe

Figure 10. ABEL Code for Signal Synchronization with a Macrocell Register
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Macrocell
Register

PORT_A_REQ

Macrocell
Register

PORT_A_REQ_PIN [—> D
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ACCESS_REQ
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CLK > J

Figure 11. Signal Synchronization with Macrocell Register

X3301

" Inputs

Clk pin;
Port_A_Req pin;

" Outputs

Access_Req pin istype 'reg’;
Equations

Access_Req := Port_A_Req & ... # ...;

" Port_A access request strobe

" Memory arbiter access request strobe

Figure 12. ABEL Source Code for Xilinx EPLD Input Pad Register

Input Pad Macrocell
Register Register
PORT_A_REQ ACCESS_REQ
PORT_A_REQ [ > D Q

CLK > r

-

Figure 13. Signal Synchronization with Input Pad Register

X3302

Targeting XC7300 Fast Function Blocks

Functions targeted for the 7300 Fast Function Blocks are
declared ISTYPE 'NEG'. This declaration instructs ABEL
to produce the negative polarity equations required by
XEPLD 4.0 for the Fast Function Blocks. Since this
declaration is ignored if the ABEL Auto Polarity option is
chosen, the REDUCE BY PIN - FIXED option should be
selected to insure that the negative polarity equation is
produced by the ABEL PLUSASM writer. Statements in
the top level PLUSASM design file then instruct XEPLD to
map high speed logic into the Fast Function Blocks (See
the XEPLD 4.0 documentation for compiete detaiis on
using the Fast Function Blocks).

Conclusion

ABEL-HDL is a familiar industry standard PAL compiler
that can be used to target Xilinx EPLDs directly, and the
resulting PLUSASM code can be efficiently mapped by the
XEPLD software. Just as with the more familiar22V10 low-
density PAL device, only minimal knowledge of the Xilinx
EPLD architecture is required when generating the source
code. This combination of a familiar front end design tool
(ABEL) and powerful fitter software (XEPLD) allow users
to quickly and easily implement dense high performance
designs that take full advantage of the Xilinx EPLD
architecture.
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Base Development System

Low Cost, Entry Level,
PC-Based Software for Designing
with Xilinx EPLDs and FPGAs

Introduction

The Base Development System provides PAL and TTL
logic designers with an extremely cost-effective, easy-to-
use migration path to EPLD and FPGA architectures.
Using a familiar design methodology, the software sup-
ports nine Xilinx devices and offers a complete OrCAD or
Viewlogic Systems interface. The many benefits of pro-
grammable logic, including higher logic integration and
greater system performance, can now be realized without
making a major software investment.

Features

® Supports multiple technologies — Xilinx EPLDs
and FPGAs.

® Cost effective way to get started with programmable
logic.

® Wide variety of device support — from XC7200 and
XC7300 EPLDs to XC2000, XC3000 and XC3100
FPGAs (up to XC3130).

¢ Includes interfaces to OrCAD or Viewlogic schematic
capture and simulation tools

One Design Environment Supports Xilinx FPGAs
and EPLDs

Now you can design with a wide range of programmable
logic devices using one development system. The Base
Development System supports Xilinx EPLDs and FPGAs,
up to 3,000* gates in density. In addition, the XACT
Design Manager provides a common user interface, so
there’s no need to learn a different development system
environment.

Breaking The Software Price Barrier

In the past, moving up to advanced programmable logic
meant increasing your budget. Not any more. The Base
Development System provides a low-cost, efficient way
to get started with programmable logic. What's more, the
Base Development System supports nine different de-
vices ranging from our advanced XC7200 and XC7300
series EPLDs to our high speed XC3100 FPGAs. As the
adjacenttable indicates, dozens of packaging options are
available for these devices.

Loaded with Features To Get The Job Done Right
Just because the Base Development System is reason-
ably priced, doesn’t mean it's lacking in functionality.

For EPLD Design...

The Base Development System processes schematic
designs from OrCAD or Viewlogic, down to a bitmap
ready to be programmed into an EPLD part. Program-
ming is supported by third-party programmer vendors like
Data I/0, and by the low-cost Xilinx HW-120 programmer.
EPLD designs can also incorporate PALASM-compatible
equation files, which are accessible from popular PLD
compilers such as Data I/O’s ABEL and Logical Device’s
CUPL.

For FPGA Design...

The software includes everything you need to compile an
OrCAD or Viewlogic design — down to a programmed
part. Xilinx’s incremental FPGA design methodology
allows you to make design changes quickly and easily,
without going back to the drawing board. Performance
analysis is made easy with the XDelay static timing
calculator. The XChecker software and the parallel
download cable let you configure parts directly from your
PC. Included are a demo board (that works with either
XC2000, XC3000 or XC3100 Family FPGAs) and two
actual devices.

Stand-alone (S) Version Includes Schematic
Capture And Simulation

For designers who haven'’t chosen schematic capture or
simulation tools, Xilinx offer a version of the Base Devel-
opment System that includes Viewlogic's Viewdraw and
Viewsim software. This version contains all the features
and benefits of the standard Base Development System.
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Base Development System

Devices Supported

Device

Packages

EPLDs: PLCC

PQFP

TQFP

CQFP

PGA

CLCC

XC7236/36A

XC7272A

ANANIAN

XC73108

AN

ANA AN

FPGAs:

XC2018

XC2064

XC3020

XC3030

XC3120

AYASATAYARAY

XC3130

ANANA NI WAN

<]

SISINKKRR

Product Matrix

Base Development System
Viewlogic

OrCAD

Stand-alone (S)

Schematic Capture

Simulator

Library + Interface

Demo Board

Parallel Down Load Cable

Static Timing Analysis

Sample FPGAs

ANAVNANANAY

ANASAYANAN

ANANAYAYAYAYAY

Ordering Information

Base Development System Software:
DS-OR-BAS-PCH
DS-VL-BAS-PC1

DS-VLS-BAS-PC1

Additional Options:

Hardware Requirements:

Including OrCAD interface and libraries

Including Viewlogic interface and libraries
Stand-alone version including Viewdraw-LCA, Viewsim-LCA
and Viewlogic interface and libraries

HW-120 Xilinx EPLD Programmer
HW-112 Xilinx Serial PROM Programmer
DS-371-PC1 Xilinx-ABEL

386 PC or PC-compatible with 8 MB memory and 30 MB disk space.
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Bonser-Philhower Sales

689 W. Renner Rd., Suite 101
Richardson, TX 75080

(214) 234-8438

FAX: 214-437-0897

TEXAS (El Paso County)

Quatra Associates

600 Autumwood Place SE
Albuquerque, NM 87123
(505) 296-6781

FAX: 505-292-2092

UTAH

Luscombe Engineering Co.
360 East 4500 South, Suite 6
Salt Lake City, UT 84107
(801) 268-3434

FAX: 801-266-9021

VERMONT

Genesis Associates
128 Wheeler Road
Burlington, MA 01803
(617) 270-9540

FAX: 617-229-8913

VIRGINIA

Micro Comp, Inc.
8811Timberlake Rd.
Suite 107

Lynchburg, VA 24502
(804) 239-2626

FAX: 804-239-1333

Bear Marketing, Inc.
4284 Rt. 8 Suite 211
Allison Park, PA 15101
(412) 492-1150
FAX:412-492-1155

WASHINGTON

Thorson Company Northwest
12340 NE 8th Street,

Suite 201

Bellevue, WA 98005

(206) 455-9180

FAX: 206-455-9185

WASHINGTON
(Vancouver, WA only)

Thorson Company Northwest
9600 S.W. Oak Street

Suite 320

Portland, OR 97223

(503) 293-9001

FAX: 503-993-9007

WASHINGTON D.C.

Micro Comp, Inc.

1421 S. Caton Avenue
Baltimore, MD 21227-1082
(410) 644-5700

FAX: 410-644-5707

WISCONSIN (Western)

Com-Tek

6525 City West Parkway
Eden Prairie, MN 55344
(612) 941-7181

FAX: 612-941-4322

WISCONSIN (Eastern)

Beta Technology Sales, Inc.
9401 N. Beloit, Suite 409
Milwaukee, W1 53227

(414) 543-6609

FAX: 414-543-9288

WYOMING

Luscombe Engineering, Inc.
360 East 4500 South, Suite 6
Salt Lake City, UT 84107
(801) 268-3434

FAX: 801-266-9021

Hamilton/Avnet
Locations throughout
the U.S. and Canada.
1-800-888-9236

FAX: 408-743-3003

Marshall Industries
Locations throughout
the U.S. and Canada.
(800) 522-0084

FAX: 818-307-6297

Insight Electronics
Locations throughout
the Western & South
Central U.S.
1-800-677-7716
FAX: 619-587-1380

Phase 1 Technology Corp.
46 Jefryn Bivd.

Deer Park, NY 11729

(516) 254-2600

FAX: 516-254-2693

FAX: 516-254-2695(NY sales)

Nu Horizons

Electronics Corp.

6000 New Horizons Blvd.
Amityville, New York 11701
(516) 226-6000

FAX: 516-226-6262
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S XILINX

INTERNATIONAL
SALES
REPRESENTATIVES

ASEAN

(Singapore, Malaysia,
Indonesia, Thailand,
Phillippines, Brunei)
MEMEC Asia Pacific Ltd.
10 Anson Rd. #14-02
International Plaza
Singapore 0207

Tel: (65) 222-4962

FAX: (65) 222-4939

AUSTRALIA

ACD

106 Belmore Rd. North
Riverwood, N.S.W. 2210
Sydney, Australia

Tel: (61) 2-534-6200
FAX: (61) 2-534-4910

ACD

Unit 2, 17-19 Melrich Road
PO Box 139

Bayswater VIC 3153
Melbourne, Australia

Tel: (61) 3-762-7644

FAX: (61) 3-762-5446

ACD

Enterprise Unit 1
Technology Park
Bentley WA 6102
Australia

Tel: (61) 9-472-3232
FAX: (61) 9-470-2303

ACD

20D William Street
Norwood SA 5067
South Australia

Tel: (61) 8-364-2844
FAX: (61) 8-264-2811

AUSTRIA

Eljapex GmbH.
Eitnergasse 6

A-1232 Wien

Austria

Tel: (43) 1-863211
FAX: (43) 1-861531201

BELGIUM & LUXEMBURG

Rodelco NV

Limburg Stirum 243
1780 Wemmel
Belgium

Tel: (32) 2-460-0560
FAX: (32) 2-460-0271

CANADA
(BRITISH COLUMBIA)

Thorson Company Northwest
12340 N.E. 8th Street

Suite 201

Bellevue, WA 98005 USA
Tel: (206) 455-9180

FAX: 206-455-9185

Electro Source

3665 Kingsway, Suite 300
Vancouver, B.C. V5R 5W2
Canada

Tel: (604) 275-2734

FAX: 604-275-2736

CANADA (OTTAWA)

Electro Source, Inc.

300 March Road, Suite 203
Kanata, Ontario K2K 2E4
Canada

Tel: (613) 592-3214

FAX: 613-592-4256

CANADA (TORONTO)

Electro Source, Inc.

230 Galaxy Bivd.

Rexdale Ontario MOW 5R8
Canada

Tel: (416) 675-4490

FAX: 416-675-6871

CANADA (QUEBEC)

Electro Source

6600 TransCanada Hwy
Suite 420

Point Claire Quebec HIR 452
Canada

Tel: (514) 630-7486

FAX: 514-630-7421

CHINA PEOPLE'S REPUBLIC

MEMEC Asia Pacific Ltd.
Unit No. 3012-3015, Tower 1
Metroplaza, Hing Fong Rd.
Kwai Fong, N.T. Hong Kong
Tel: (852) 410-2780

FAX: (852) 401-2518

CZECH REPUBLIC

Eljapex/Elbatex G.m.b.H
Prechodni 11

CZ-140 00 Praha 4
Czech Republic

Tel: 02-692-8087

FAX: 02-471-82-03

DENMARK

Dana Tech A/S
Krogshoejvej 51
DK-2880 Bagsvaerd
Denmark

Tel: (45) 44-37 71 10
FAX: (45) 44-37 71 12

Dana Tech AS
Egsagervej 8

DK 8230 Aabyhoej
Denmark

Tel: (45) 86-253100
FAX: (45) 86-253102

FINLAND

Field OY Instrumentarium
Niittyléntie 5

SF-00620 Helsinki
Finland

Tel: (358) 0-777571

FAX: (358) 0-798853

FRANCE

Rep'tronic

1 Bis, rue Marcel Paul
BatA

Z.l. La Bonde
F-91300 Massy
France

Tel: (33) 1-60139300
FAX: (33) 1-60139198

AVNET/EMG.

79 Rue Pierre Sémard
92320 Chatilion

France

Tel: (33) 1 49 65 25 00
FAX : (33) 149 65 27 38

AVNET Composant
Sud-Ouest

Innopolis Hall A

Voie No. 1-BP 404
31314 Labége Cédex
France

Tel: (33) 6139 21 12
FAX: (33) 61 39 21 40

AVNET Composant
Aquitaine

16 Rue Frangois Arago
Zi du Phare

33700 Mérignac
France

Tel: (33) 56 55 92 92
FAX: (33) 56 34 39 99

AVNET Composant
Rhone-Auvergne

Parc Cluc du Moulin a Vent
Bat 26

33 Av. du docteur G. Levy
69200 Vénissieux

France

Tel: (33) 78 00 07 26

FAX: (33) 78 01 20 57

AVNET Composant
Provence Cote D'Azur
8300 Toulon

France

Tel: (33) 94 03 32 56
FAX: (33) 94 36 02 15

AVNET Composant
Ouest
Technoparc-Bat.€

4 Av. des Peupliers
35510 Césson Sévigné
France

Tel: (33) 99 83 84 85
FAX: (33) 99 83 80 83

AVNET Composant
Rhone-Alpes

Miniparc - Zac des Béali¢res
23 Av. de Granier

38240 Meylan

France

Tel: (33) 76 90 11 88

FAX: (33) 76 41 04 09

AVNET Composant
Nantes

Le Sillon de Bretagne
23e étage-Aile C

8 Av.des Thébaudiéres
44802 Saint Herblain
France

Tel: (33) 40 63 23 00
FAX: (33) 40 63 22 88

AVNET Composant

Est

19 Rue de Rennes, BP 163
54186 Heillecourt Cédex
France

Tel: (33) 8353 12 34

FAX: (33) 83 56 70 03

GERMANY

Avnet E2000
Stahlgruberring 12
81829 Minchen
Germany

Tel: (49) 89-45110-01
FAX: (49) 89-45110-129

Avnet E2000
Kurfurstenstr. 126
10785 Berlin
Germany

Tel: (49) 30-2110761
FAX: (49) 30-2141728

Avnet E2000
Ivo-Hauptmann-Ring 21
22159 Hamburg
Germany

Tel: (49) 40-645570-0
FAX: (49) 40-6434073

Avnet E2000

Benzstr. 1

70826 Gerlingen
Stuttgart

Germany

Tel: (49) 7156-356-0
FAX: (49) 7156-28084

Avnet E2000
Heinrich-Hertz-Str. 52
40699 Erkrath
Dasseldorf

Germany

Tel: (49) 211-92003-0
FAX: (49) 211-92003-99

Avnet E2000
Schmidtstr. 49

60326 Frankfurt/M.
Germany

Tel: (49) 69-973804-0
FAX: (49) 211-7380712

Avnet E2000

Kilianstr. 251

90411 Nurnberg
Germany

Te;: (49) 911-995161-0
FAX: (49) 911-515762

Metronik GmbH
Leonhardsweg 2
82008 Unterhaching
Minchen

Germany

Tel: (49) 89-611080
FAX: (49) 89-6116468

Metronik GmbH

Zum Lonnenhohl 38
44319 Dortmund
Germany

Tel: (49) 231-2141741/43
FAX: (49) 231-210799

Metronik GmbH
Gottlieb-Daimler-Str.7
24568 Kaltenkirchen
Hamburg

Germany

Tel: (49) 41-91-4206
FAX: (49) 41-91-4428

Metronik GmbH
Siemenstr. 4-6

68542 Heddesheim
Mannheim

Germany

Tel: (49) 6203-4701/03
FAX: (49) 620345543

Metronik GmbH
Pilotystr. 27/29

90408 Nimberg
Germany

Tel: (49) 911-544966/68
FAX: (49) 911-542936

Metronik GmbH
Léwenstr. 37

70597 Stuttgart
Germany

Tel: (49) 711-764033/35
FAX: (49) 711-7655181

Metronik GmbH
Liessauer Pfad 17
13503 Berlin

Germany

Tel: (49) 30-436-1219
FAX: (49) 30-431-5956

Metronik Systeme
Grenzstr. 26

06112 Halle

Germany

Tel: (49) 345-823-352
FAX: (49) 345-823-346

Metronik GmbH
Alsfelderstr. 7

64289 Darmstadt
Germany

Tel: (49) 6151-73-0540
FAX: (49) 6151-71-6652

Intercomp

Am Hochwald 42
82319 Starnberg
Germany

Tel: (49) 8151-16044
FAX: (49) 8151-79270

Intercomp

Meisenweg 19

65527 Niedemhausen
Germany

Tel: (49) 6128-71140
FAX: (49) 6128-72228

GREECE

Peter Caritato & Assoc. S. A.
Llia liiot, 31

Athens 11743 Greece

Tel: (30) 1-9020115

FAX: (30) 1-9017024

HONG KONG

MEMEC Asia Pacific Ltd.
Unit No. 3012-3015, Tower |
Metroplaza, Hing Fong Road,
Kwai Fong, N.T.

Hong Kong

Tel: (852) 410 2780

FAX: (852) 401 2518

HUNGARY

Dataware KFT/Elbatex GmbH
Angol Utca 22

H-1149 Budapest

Hungary

Tel: (36) 1163 5081

FAX: (36) 1251-5517

Eljapex/Elbatex GmbH
Vaci u 202

H-1138 Budapest
Hungary

Tel: (36) 1-140-9194
FAX: (36) 1-220-9478
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Sales Offices

INDIA

Malhar Corporation

507 Montague Expressway
Mipitas, CA 95053

USA

Tel: (408) 263-7505

FAX: (408) 263-7585

Malhar Sales&Service Pvt. Ltd.

1214 Hal lind Stage
Indiranagar
Bangalore 560038
India

Tel: (91) 812-568772
FAX: (91 812-542588

Core El Micro Systems
45131 Manzanita Court
Fremont, California 94539
USA

Tel:(510) 770-1066

FAX: 510-657-1525

IRELAND

Memec Ireland Ltd.
Block H Lock Quay
Clare Street

Limerick

Ireland

Tel: (353) 61-411842
FAX: (353) 61-411888

ISRAEL

E.I.M International Ltd.
Hamshiloach Street
P.O. Box 4000

Petach Tiqva

Israel 49130

Tel: (972) 3-92 208122
FAX: (972) 3-924 4857

ITALY

ACSIS S.R.L.

Via Alberto Mario. 26
20149 Milano, ltaly
Tel: (39) 2-48022522
FAX: (39) 2-48012289

Silverstar-Celdis

Viale Fulvio Testi N.280
20126 Milano, Italy

Tel: (39) 2-66125 1
FAX: (39) 2-661014275

Silverstar-Celdis

Via Collamarini, 22
40139 Bologna, Italy
Tel: (39) 51-538500
FAX: (39) 538831

Silverstar-Celdis.

Via Bille', 26

Ascoli Piceno Fermo
Tel: (39) 734-226181
FAX: (39) 734-229330

Silverstar-Celdis

Via Paisiello,30
00162 Roma, Italy
Tel: (39) 6-8848841
FAX: (39) 6-8553228

Silverstar-Celdis
Piazza Adriano 9
10139 Torino, Italy
Tel: (39) 11-443275
FAX: (39) 114473306

Silverstar-Celdis

Centro Direzionale Benelli
Via M. Del Monaco, 16
6100 Pesaro, Italy

Tel: (39) 721-26560

FAX: (39) 721-400896

Silverstar-Celdis

Via Masaccio, 175
50019 Firenze, taly
Tel: (39) 55-572418
FAX: (39) 55-579575

Silverstar-Celdis
Piazza Marini 20/10
Lavagna-Genova

ltaly

Tel: (39) 185-325325
FAX: (39) 185-303100

JAPAN

Okura & Co., Ltd.
6-12, Ginza Nichome
Chuo-Ku

Tokyo, 104 Japan

Tel: (81) 3-3566-6364
FAX: (81) 3-3566-2887

Fuiji Electronics Co., Ltd.
Ochanomizu Center Bldg.
3-2-12 Hongo. Bunkyo-ku
Tokyo, 113 Japan

Tel: (81) 3-3814-1411
FAX: (81) 3-3814-1414

Okura Electronics Co., Ltd.

3-6, Ginza 2-chome,
Chuo-ku,

Tokyo, 104 Japan

Tel: (81) 3-3564-6871
FAX: (81) 3-3564-6870

Okura Electronics
Service Co., Ltd.

Kyoei Bldg.

5-3, Kyobashi 3-chome,
Chuo-ku,

Tokyo, 104 Japan

Tel: (81) 3-3567-6501
FAX: (81) 3-3567-7800

Tokyo Electron Ltd.
P. O. Box 7006
Shinjuku Monolith

3-1 Nishi-Shinjuku 2-chome,

Shinjuku-ku,

Tokyo, 163 Japan

Tel: (81) 3-3340-8193
FAX: (81) 3-3340-8408

Towa Elex Co., Ltd.
Lapre Shinjuku

2-15-2 Yoyogi,
Shibuya-ku, Tokyo, 151
Japan

Tel: (81) 3-5371-3411
FAX: (81) 3-5371-4760

Varex Co., Ltd.

Nippo Shin-Osaka No. 2 Bidg.

1-8-33, Nishimiyahara,
Yodogawa-ku,

Osaka, 532 Japan
Tel: (81) 6-394-5201
FAX: (81) 6-394-5449

Inoware 21, Inc.
TSI Nihonbashi Hamacho
Daini Bldg.

3-36-5, Nihonbashi Hamacho

Chuo-ku,

Tokyo, 103 Japan

Tel: (81) 3-5695-1521
FAX: (81) 3-5695-1524

KOREA
MEMEC Asia Pacific Ltd.

3FL, Je Woong Bldg.,176-11

Nonhyun-dong
Kangnam-ku

Seoul,135-010, South Korea

Tel: (82) 2-518-8181
FAX: (82) 2-518-9419

THE NETHERLANDS

Rodelco BV
P.O.Box 6824
Takkebijsters 2

4802 HV Breda

The Netherlands
Tel: (31) 76-784911
FAX: (31) 76-710029

NEW ZEALAND

ACD

106 Beimore Rd., North
Riverwood, N.S.W. 2210
Sydney, Australia

Tel: (61) 2-534-6200
FAX: (61) 2-534-4910

NORWAY

BIT Elektronikk AS
Smedsvingen 4
P.O. Box 194

1360 Nesbru
Norway

Tel: (47) 2-98 13 70
FAX: (47)2-98 13 71

POLAND

Eljapex/Elbatex GmbH
Ul. Hoza 29/31-6
PL-00-521 Warszawa
Poland

Tel: (48) 2625-4877
FAX: (48) 2221-6331

PORTUGAL

Componenta Componentes
Electronicos LDA

R. Luis De Camoes, 128
1300 Lisboa

Portugal

Tel: (351) 1 3621283/4
FAX: (351) 1 3637655

RUSSIA

Scan

10/32 "B" Druzhby St.
117330 Moscow

Russia

Tel: (7) 095-1436641/47/43
FAX: (7) 095-9382247

Vostorg

3 Rue des Acacias

91370 Verrieres le Buisson
France

Tel: (33) 1-6920-4613
FAX: (330 1-6011-5543

SINGAPORE
MEMEC Asia Pacific Ltd.

Singapore Representative Office

10 Anson Road #14-02
Intemnational Plaza
Singapore 0207

Tel: (866) 65-222-4962
FAX: (866)-65-222-4939

SLOVAK REPUBLIC

Topoicianska 23
SQ-851 05 Bratislava
Tel: (42) 7831-320
FAX: (42) 7831-320

SLOVENIA/CROATIA

Eljapex/Elbatex GmbH
Stegne 19, PO Box 19
SLO-61-117 Ljubijana
Tel: (061) 191-126-507
FAX: (061) 192-398-507

SOUTH AFRICA

South African Micro-Electronic

Systems (PTV) Ltd.

2 Rooibok Avenue
Koedoespoont, Pretoria
Republic of South Africa
Tel: (27) 012-736021
FAX: (27) 012-737084

Interface International Corp.
15466 Los Gatos Bivd.,
Suite 211

Los Gatos, CA 95032

USA

Tel: (408) 356-0216

FAX: (408) 356-0207

SOUTH AMERICA

DTS Ltda.

Rosas 1444
Santiago

Chile

Tel: (56) 2-699-3316
FAX: (56) 2-697-0991

Reycom Electronica SRL

Uruguay 362 Peso 8 - Depto. F

1015 Buenos Aires
Argentina

Tel: (54) 1-45-6459/49-7030
FAX: (54) 1-11-1721

Hitech

Divisao de Hicad Sistemas Ltda.
Av. Eng. Louiz Carlos Berrini 801

04571-Brooklin

Sao Paulo, Brazil

Tel: (55) 11-531-9355
FAX: (55) 11-240-2650

SOUTHEAST ASIA
MEMEC Asia Pacific Ltd.

Unit No. 2520-2525 . Tower |

Unit Ne. 2520-25223, Tower

Metroplaza, Hing Fong Road,

Kwai Fong, N.T.
Hong Kong

Tel: (852) 418-0909
FAX: (852) 418-1600

SPAIN

ADM Electronics SA
Calle Tomas Breton,
no 50, 3-2

28045 Madrid

Spain

Tel: (34) 91-5304121
FAX: (34) 91-5300164

ADM Electronics SA
Mallorca 1

08014 Barcelona
Spain

Tel: (34) 3-4266892
FAX: (34) 3-4250544

ADM Electronica, SA
Herriro Gudarien, 8-10
48200 Durango (Vizcaya)
Tel: 34-4-6201572

FAX: 34-4- 6202331

SWEDEN

DipCom Electronics AB
P.O. Box 1230

S-164 28 Kista
Sweden

Tel: (46) 8 752 24 80
FAX: (46) 8 751 36 49

SWITZERLAND

Fenner Elektronik AG
Abteilung Bauteile
Gewerbestrasse 10
CH-4450 Sissach
Switzerland

Tel: (41) 61 975 00 00
FAX: (41) 61 971 56 08

TAIWAN

MEMEC Asia Pacific Ltd.
1037 Min Sheng East Road
14FL-1 Hai Hwa Bidg.
Taipei

Taiwan R.O.C.

Tel: (886) 2-760-2028
FAX: (886) 2-765-1488

UK

Microcall Ltd.

17 Thame Park Road
Thame

Oxon OX9 3XD
England

Tel: (44) 844-261939
FAX: (44) 844-261678

Cedar Technologies
The Old Water Works
Howse Lane

Bicester

Oxfordshire OX6 8XF
England

Tel: (44) 869-322366
FAX: (44) 869-322373

Avnet EMG Ltd.
Jubilee House

Jubilee Road
Letchworth
Hertfordshire SG6 1QH
England

Tel: (44) 462 480888
FAX: 44 462 682467
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