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About the Company...

Xilinx was founded in 1984 based on the revolutionary
idea, to combine the high logic density and versatility of
gate arrays with the time-to-market advantages and off-
the-shelf availability of user programmable standard parts.
In 1985, Xilinx produced the world’s first field-
programmable gate array (FPGA). The company holds
patents on FPGA architecture and technology, and today
is the largest supplier of devices in this IC category,
predicted to be the fastest growing segment of the
semiconductor industry in the nineties. To date, the
company has sold over 8500 development systems and
five million FPGAs to more than 3500 system
manufacturers worldwide.

Xilinx has maintained market leadership with asuccession
of new products that have increased FPGA density
sevenfold, improved FPGA speed fivefold, and reduced
FPGA cost by a factor of four—allin less than three years.

Competitive pressures have forced manufacturers of elec-
tronic systems to bring increasingly complex products to
market rapidly. Requirements for improved functionality,
performance, reliability and lower cost are often
addressed through the integration of ever larger numbers
of transistors onto a single IC. In systems such as
computers, telecommunications systems, medical diag-
nostic equipment and control systems, integration results
in faster speed, smaller size, lower power consumption
and lower costs. However, the length of time required to
develop these more sophisticated systems is oftenincom-

patible with the stringent time-to-market requirements.
With Xilinx FPGAs, design engineers can bring new prod-
ucts to market quickly without sacrificing the benefits of
integration. Many systems can be manufactured with only
three types of standard high-volume components—micro-
processors, memories and FPGAs.

Xilinx strategy isto focus its resources on creating new ICs
and development system software, on market develop-
ment and creation of a diverse customer base across a
broad range of geographic and market-application seg-
ments. The company avoids the large capital commitment
and overhead burden associated with owning a wafer-
fabrication facility by establishinga manufacturing alliance
with Seiko Epson who has manufactured all of the com-
pany's FPGA production wafers to date. In 1989, Xilinx
entered into an agreement with AT&T to provide additional
production capacity. Each of these manufacturers uses
the same proven CMOS processing used to manufacture
high-speed static RAMs (SRAMs). Using a standard
process is cost-effective and produces FPGAs with estab-
lished reliability, and provides forearly accessto advances
in CMOS technology.

The company markets its products in North America
through a network of five direct-sales offices, 65
manufacturers’ rep locations and six distributors. Outside
North America, the company sells its products through
direct-sales offices in England, Germany and Japan and
through manufacturers’ reps and distributors in 45 offices
in 20 countries.
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Introduction to
Programmable Gate Arrays

Steady advances in the level of intergration in electronic
circuits have improved many equipment features, reducing
costs, power consumption, and system size, while
increasing performance and reliability. Increasing levels of
integration are most evident in microprocessor and
memory ICs. With each process generation, the
technology gap between these VLSI circuits and other
standard logic ICs has widened. To achieve comparable
densities for their proprietary logic functions, designers of
digital equipment have been forced to consider factory-
programmed custom and semicustom Application Specific
Integrated Circuits (ASICs).

Field Programmable Gate Arrays (FPGAs), are high-
density ASICs that can be configured by the user. They
combine the logic integration benefits of custom VLS| with
the design, production, and time-to-market advantages of
standard products. Designers define the logic functions of
the circuit and revise these functions as necessary. Thus
FPGAs can be designed and verified in a few days, as
opposed to several weeks for custom gate arrays; FPGA
design changes can require as little as a few hours,
compared to several weeks for a custom array. This
results in significant cost savings by reducing the risks of
design changes, rescheduling, and eliminating non-
recurring engineering costs.

ASIC ALTERNATIVES

Application Specific ICs are the best solution for most logic functions.
The best ASIC solution depends on density requirements and production volumes.

20,000 STANDARD
CELL AND
CUSTOM
10,000
5,000

FIELD PROGRAMMABLE
GATE ARRAYS

E

GATES/FUNCTION

g

100 1,000

VOLUME/DESIGN

D Field Programmable Gate Arrays

Unlike conventional gate arrays, FPGAs require no fixed
costs, and no customfactory fabrication. Since eachdevice
is identical, manufacturing costs follow the same learning
curve as other high-volume standard product ICs.

. Programmable Logic Devices (PLDs)

PLDs are often used in place of five to ten SSI/MSI
devices, and are the most efficient ASIC solution for
densities up to a few hundred gates. Programmable Logic
Devices (PLDs) include a number of competing alterna-
tives, all based on variations of AND-OR plane architec-
tures. The primary limitations of the PLD architecture are
the number of flip-flops, the number of input/output sig-
nals, and the rigidity of the AND-OR plane logic and its
interconnections. The use of one function often precludes
the use of many other similar functions.

10,000 100,000
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Standard Cell and Custom ICs

Standard cell and custom ICs require unique masks for all
layers used in manufacturing. This imposes extra costs
and delays for development, but results in the lowest
production costs for high volume applications. Standard
cell ICs offer the advantages of high level building blocks
and analog functions.

Gate Arrays

Gate arrays implement user logic by interconnecting tran-
sistors or simple gates into more complex functions during
the last stages of the manufacturing process. Gate arrays
offer densities up to 100,000 gates or more, with utilization
of 80-90% for smaller devices, and 40-60% for the largest.

Unlike standard IC products, gate-array costs include fixed
costs as well as production cost per unit. Gate arrays
become cost effective when production volumes are high
enough to provide a broad base to amortize fixed costs.




Introduction to Programmable Gate Arrays

Programmable Gate Array Architecture

Xilinx’s proprietary Logic Cell™ Array (LCA™)
architecture is similar to that of other gate arrays,
with an interior matrix of logic blocks and a surrounding
ring of I/O interface blocks. Interconnect resources occupy
the channels between the rows and columns of logic
blocks, and between the logic blocks and the 1/0 blocks.

Like a microprocessor, the LCAdevice is aprogram-driven
logic device. The functions of the LCA configurable logic
blocks and I/O blocks, and their interconnection, are
controlled by a configuration program stored in an on-chip
memory. The configuration program is loaded automati-
cally from an external memory on power-up or on com-
mand, or is programmed by a microprocessor as a part of
system initialization.

LCA performance is determined by the logic speed, stor-
age elements, and programmable interconnect. It is
specified by the maximum toggle rate for a logic-block
storage element configured as a toggle flip-flop. For
typical applications, system clock rates are one-third to
one-half the maximum flip-flop toggle rate.
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Configurable Logic Block

The core of the LCA device is a matrix of identical Config-
urable Logic Blocks (CLBs). Each CLB contains program-
mable combinatorial logic and storage registers. The
combinatorial logic section of the block is capable
of implementing any Boolean function of its input vari-
ables. The registers can be loaded from the combinatorial
logic or directly from a CLB input. The register outputs can
drive the combinatorial logic directly via an internal
feedback path.




Input/Output Block

The periphery of the LCA device is made up of user
programmable Input/Output Blocks (IOBs). Each block

can be programmed independently to be an input, an

PROGRAM-CONTROLLED MEMORY CELLS

output with 3-state control or a bidirectional pin. Inputs can
be programmed to recognize either TTL or CMOS thresh- wemr | |WeRr|  |SEIECT| | RRE | | POV
olds. Each IOB also includes flip-flops that can be used to L, T
buffer inputs and outputs. e D
(OUTPUT ENABLE) ;
our ) ° o SurEn
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FUIP
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PROGRAM
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Interconnect

The flexibility of the LCA device is due to the program-
mable resources that control the interconnection of any
two points on the chip. Like other gate arrays, the LCA
interconnection resources include a two-layer metal net-
work of lines that run horizontally and vertically in the rows
and columns betweenthe CLBs. Programmable switches
connect the inputs and outputs of IOBs and CLBs to
nearby metal lines. Crosspoint switches and interchanges
at the intersections of rows and columns can switch
signals from one path to another. Long lines run the entire
length or breadth of the chip, bypassing interchanges to
provide distribution of critical signals with minimum delay
or skew.

1101 02
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XC2000

Programmable Logic Cell Array Family

The XC2000 series of LCA devices was introduced in 1985.
Price reductions since that time have reflected steadily
increasing production volumes. The family includes two
compatible arrays: the XC2064 with 1200 gates, and the
XC2018 with 1800 gates.

Features Q Fully user-programmable:
« I/O Functions
« Logic and storage functions
« Interconnections

QO Three performance options: 50-, 70- and 100-MHz $7 XN
toggle rates X62038-33
PGR4R
Q Three package types: Dual in-line package Y034848739
Plastic leaded chip carrier !
Pin grid array

Q TTL or CMOS input thresholds

THE XC2000 Family Members

XC2064 XC2018
Equivalent Gates 1200 1800
Configurable Logic Blocks 64 100
Combinatorial Logic Functions 128 200
Latches and Flip-Flops 122 174
Input/Outputs 58 74

XC1736A and XC1765

CMOS Serial Configuration PROM

The Serial Configuration PROMSs are companion devices that provide
permanent storage of LCA configuration programs. They canbe used
whenever a dedicated device is preferable to sharing of a larger
EPROM, or to loading from a microprocessor.

Features 0 One-Time Programmable (OTP) 36,288- or 65,536-bit serial
memory designed to store configuration programs for FPGAs
Simple interface to a Logic Cell Array requires only two 1/O pins
Daisy-chain support for multiple devices

Cascadable for large arrays or many LCA devices

Storage of multiple configurations for a single LCA device
Low-power CMOS EPROM process

Space-efficient, low-cost 8-pin DIPs

00000 O0




XC3000

Logic Cell Array Family

The XC3000 series is a second generation family of
CMOS Logic Cell Arrays that includes five compatible
members with logic densities from 2000 to 9000 gates.

$7 XILINX
XC3090-70
PC175C

X0110A8833

Features Q Fully user-programmable: 0 Second generation architecture
+ 1/0 Functions * 5-input logic functions
+ Logic and storage functions » 2 flip-flops per CLB/IOB
* Interconnections « Enhanced routing resources

Q Five member product family « 3-state drivers for wide ANDs

* 2000-9000 gates Q Programmable voltage slew rates on
« Compatibility for ease of design outputs
migration

Q0 Three package types:
« Plastic leaded chip carrier
* Pin grid array
* Quad flat package

Q Four performance options:
* 50-, 70-, 100- and 125-MHz
toggle rates
The XC3000 Family Members

XC3020 XC3030 XC3042 XC3064  XC3090

Equivalent Gates 2000 3000 4200 6400 9000
Configurable Logic Blocks 64 100 144 224 320
Combinatorial Logic Functions 128 200 288 448 640
Latches and Flip-Flops 256 360 480 688 928
Input/Outputs 64 80 96 120 144

| $TXILINX
X03064-70
PEIdE

|
3 Xiismaaan
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XC4000

Logic Cell Array Family

The XC4000 series, the third-generation family of CMOS achieve fully automated implementation of complex, high-
LCA devices, combines architectural versatility, on-chip performance designs. ltis the first FPGA family to break
RAM, increased speed and gate complexity with abundant the 20,000-gate barrier; the first member of the XC4000
routing resources and new, sophisticated software, to family will be sampled in late 1990.

Features Q  Third generation user-programmable Q Sub-micron CMOS process
gate array + High speed (toggle/shift rate
« Abundant Flip-Flops >100 MHz, counters >50 MHz)
* Flexible function generators * Low power consumption
« On-chip fast RAM 0 Systems-oriented features
+ Dedicated high-speed Carry » Slew-rate limited outputs
Propagation circuit » Programmable input pull-up or pull-
« Fast, wide decoders down resistors
« Unlimited number of logic levels Q Configured by loading binary file
« Hierarchy of interconnect lines » Unlimited reprogrammability
« Internal 3-state bus capability » Six programming modes
Q Development system runs on '386-
Q0 Flexible array architecture based PC and on many popular
* Programmable I/O blocks workstations
* Programmable logic blocks » Fully automatic placement and
* Programmable interconnects routing plus optional interactive
* Programmable wide decoders enhancements
XC4000 Family Members

XC4002 4003 4004 4005 40086 4008 4010 4013 4016 4020

Appr. Gate Count 2,000 3,000 4,000 5,000 6,000 8,000 10,000 13,000 16,000 20,000
CLB Matrix 8x8 10x10 12x12 14x14 16x16 18x18 20x20 24x24 26x26 30x30
Configurable Logic Blocks 64 100 144 196 256 324 400 576 676 900
Max RAM Bits 2,048 3,200 4,608 6,272 8,192 10,368 12,800 18,432 21,632 28,800
Input/Outpts 64 80 96 112 128 144 160 192 208 240

The XC4000 family of Logic Cell Arrays is not covered in this Data Book.

Ask for the separate XC4000 Product Description.




Development Systems

Designing with Xilinx FPGAs is similar to designing with other gate arrays.
Designers can use familiar CAE tools for design entry and simulation. The
open Xilinx development systemincludes a standard netlist format, the Xilinx
Netlist File (XNF), that provides a bridge between schematic editors or
simulators, and the XACT software for design implementation and real time
design verification. The Xilinx software is supported on the PC/AT and
compatibles as well as on popular engineering workstations.

STATE
PLD ENTRY MACHINE
ENTRY
SCHEMATIC
Step 1 EDITOR U ll
DS371
DESIGN
ENTRY LCA LIBRARY LOGIC
NETLIST SYNTHESIS
TRANSLATOR
Design Entry Software
consists of libraries and netlist interfaces
NETLIST ) for standard CAE software such as
{ORMAT FutureNet, Schema, OrCAD, VIEWIlogic,
Mentor, Valid, CASE, and PALASM. Pro-
grammable gate array libraries permit
design entry with standard TTL functions,
LOGIC REDUCTION i i i -
PATTIONING AND gltfh B:olean equations, and with user
PLACE AND ROUTE efined macros.
Step2 | Simulation Software
DESIGN i ist i
IMPLEMENSSoION includes models and netlist interfaces to
standard simulator software, such as
SILOS and CADAT, that is used for logic
and timing simulations.
A4
DESIGN EDITOR H 7
TIMING CALCULATOR SIMULATOR Design Implementation Software
BITSTREAM GENERATOR is used to convert schematic netlists and
Dsat NETLST Boolean equations into efficient designs
Step 3 TRANSLATOR for programmable gate arrays. The soft-
] ware includes programs that perform par-
VEREISETSN AV 4 titioning, optimization, placement and
routing, and interactive design editing.
XMUNX XACTOR
X¢3020-70 <,-L-_—— DESIGN VERIFIER
i i . s
X320 MB730 0826127128 In-circuit Design Verification Tools
permit real-time verification and
debugging of a programmable gate array

design as soon as it is placed and routed.
noress  Designers benefit from faster and more
comprehensive design verification, and
from reduced requirements to generate
simulation vectors to exercise a design.

1-9




Introduction to Programmable Gate Arrays

Technical Support

SOFTWARE UPDATES

Xilinx is continuing to improve the XACT development
system software, and new versions are released two or
three times per year. Updates are provided free of charge
during the first year after purchase, provided the user
returns the registration card. After the first year, users are
encouraged to purchase a Software Maintenance Agree-
ment to continue to receive software updates.

TRAINING COURSES

To get up-to-speed quickly, new Xilinx users are invited to
attend comprehensive training classes. These classes
are taught by factory experts and include the latest soft-
ware and hardware advances.

XILINX USER GROUPS

Xilinx users are invited to attend training and information
exchange sessions that are held two-to-three times per
year in various locations worldwide. These User Group
meetings are intended for experienced users of Xilinx
Programmable Gate Arrays, and they emphasize the
efficient use of the XACT development system.

FIELD APPLICATIONS
ENGINEERS

Xilinx provides local technical support to customers
through a network of Field Applications Engineers (FAEs).
For the name and phone number of the nearest FAE,
customers may call one of the Xilinx sales offices listed in
the back of this book.

APPLICATIONS HOT LINE

Xilinx maintains an applications hot line to provide techni-
cal support to LCA users. This service is available from
7:30 amto 6:00 pm Pacific Time. Call (408) 879-5199 or
(800) 255-7778 and ask for Applications Engineering.

BULLETIN BOARD

To provide customers with up-to-date information and an
immediate response to questions, Xilinx provides 24-hour
access to an electronic bulletin board. The Xilinx Techni-
cal bulletin board provides the following services to all
registered XACT development-system customers.

Read files from the bulletin board

Check current software version numbers
Download files

Upload files

Leave messages for other bulletin-board users.

[my iy

TECHNICAL LITERATURE

In addition to this databook, technical literature for the
Xilinx programmable gate array includes four volumes that
are delivered with every XACT development system.

Q User’s Guide
The User’s Guide is a collection of “how to” applications
notes on such subjects as getting started with an LCA
design, Boolean equation design entry, use of the
simulator, placement and routing optimization, and
LCA configuration.

QO Reference Manuals (2 vols)
The XACT Reference Manuals include a detailed de-
scription of each Xilinx software program.

Q Macro library
The Xilinx development system includes over 100
macros, including counters, registers, and multiplex-
ers. The macro library manual includes schematics
and documentation for each macro.




A Cost of Ownership

Comparison
CONTENTS Field Programmable
Gate Arrays (FPGASs) Gate Arrays
Executive Summary
ROM vs EPROM Analogy Standard product Custom product
Who Recognizes the Costs? Off-the-Shelf delivery Months to manufacture
Total Cost = Fixed Cost + (Variable Cost) (Units) Fast time to market Manufacturing delays
Fixed Development Costs for Gate Arrays Programmed by the user Programmed in the factory
Simulation No NRE NRE Costs
Time to Design For Testability No inventory risk Design specific
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Cost of Ownership Analysis
Break-even Analysis

Time to Market

Product Life Cycles
References

EXECUTIVE SUMMARY
Introduction

Custom or mask-programmed gate arrays have many
hidden costs beyond the obvious unit cost and NRE (non-
recurring engineering) charges. Most of these additional
costs are due to the fact that a gate array is a custom
integrated circuit, one manufactured exclusively for a
particular customer. Compared to a standard product,
there are many hidden expenses, both during the design
phase and after purchase, beyond the direct device cost.

Field-programmable gate arrays (FPGASs), on the other
hand, are high-volume standard products—manufactured
and fully tested devices that are used by all customers.
There is no customization of the silicon.

Methodology

This analysis compares the total costs of custom gate
arrays with those of field-programmable gate arrays. It

variable, for devices from 2000 to 9000 gates, 80% of the
gate-array market according to most studies.

Because the gate array has fixed or up-front development
costs (NRE, extra simulation time, generating test vectors,
etc.) that the FPGA does not, its total cost of ownership is
higher until a sufficient quantity is purchased. This analy-
sis allows the user to calculate total cost of ownership at
different quantities and derive break-even quantities —
the volume below which it is more cost effective to use the
FPGA (Break-even Analysis section). The overall objec-
tiveisto determine the production volumes at which each
product is most cost effective.

Conclusion

The choice between FPGA- and mask-programmed gate
arrays must take into account more than the NRE and
cents/gate unit cost. The use of a custom product entails
many other costs and risks. Because of these fixed costs,
it is less expensive at lower volumes to use a standard
product: an FPGA. Since many of the hidden costs of
using a custom gate array do not accrue to any one
department, only the project manager can recognize the
total cost.

Similar considerations have led to the widespread accep-
tance of EPROM memories as compared to ROMs, de-
spite a higher EPROM cost perunit. The same factors can
be applied in the choice of a gate array.
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Figure 1 shows a representative break-even graph for a
2000-gate device using 1990 data. The vertical axis
shows the total project cost—fixed costs plus unit costs
multiplied by the number of units. At lower volumes, the
custom gate array is more expensive because of fixed
costs that are incurred evenif no units are purchased. The
FPGA project cost starts at zero, but rises faster because
of a higher cost per-unit. In this case the break-even
volume is between 10k and 20k units. The various
components of this analysis are discussed in the following
sections. Also, guidelines are given to help the user make
a simple calculation for a specific solution.
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Figure 1. Typical Break-even Analysis 2000 Gates—1990

Several significant factors are omitted from Figure 1. First,
the additional fixed costs (NRE, simulation) of bringing on
a custom-gate-array second source are not included.
Second, and much more important, the cost of the longer
time to market when designing with the mask gate array is
not included. This factor is reviewed in the Time to Market
section. Both of these factors would raise the custom gate
array curve and increase the break-even quantity. inother
words, the FPGA would be more cost effective atan even
higher production volume.

ROM VS EPROM ANALOGY

There is a relevant historical precedent for the use of a
flexible standard product instead of a custom product with
alowerdirectcostperunit. While EPROMs have acostper
bit that is two to three times that of ROMs, they have
consistently captured almost half the programmable
memory market, measured in bits shipped. See Figure 2.
Many of the reasons for the use of EPROMs are the same
as those for the use of programmable gate arrays: faster
time to market, lower inventory risks, easy design
changes, faster delivery, and second sources. The higher
price per bit is offset by the elimination of inventory and
production risks.

Gate arrays have even more disadvantages versus pro-
grammable gate arrays than do ROMs versus EPROMs.
The upfront design time, risk, and expense of ROMs is
minimal, while that of gate arrays is substantial. ROM test
tape generation is automatic, while that for gate arrays
requires extensive engineering effort. Therefore, FPGAs
may be even more widely used versus gate arraysthanare
EPROMSs versus ROMs.
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Figure 2. ROM/EPROM Analogy
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WHO RECOGNIZES THE COSTS?

Many of the elements of the total cost of ownership for a
gate array do not accrue to a single department, and often
are not fully recognized. For example, the additional
engineering time needed to design for testability may not
be seen by purchasing. The inventory costs of a custom
product may not be recognized by the design department.
However, these are real costs, and they influence the
profitability of the product and company. The person
making the choice between custom gate arrays and
FPGAs should consider the total costs of ownership for
each alternative.

TOTAL COST = FIXED COST +
(VARIABLE COST)(UNITS)

The total costs of using a product can be separated into
two components. The first is the fixed costs: up-front de-
velopment costs that are independent of volume. Some
examples of these for gate arrays are the masking charge,
simulation charge, and test program development. Dueto
amortization of these costs, the user’s cost per unit can be
very high until a sufficient volume of units is purchased.
The second component of total cost is the variable cost,
the incremental cost per unit. Besides the obvious unit
cost, another element of variable cost is inventory cost.

This analysis will examine costs by these two categories.
Fixed costs are summarized first, then variable costs.
They are added to produce total cost.

FIXED DEVELOPMENT COSTS
Simulation

With a custom product, it is critical that the device work the
firsttime. Otherwise, the user must pay to have the device
prototyped a second time and will incur the manufacturing
delay a second time. Custom gate arrays do not support a
conventional, iterative, modular design process—the
design is all-or-nothing. Simulation is a useful tool with
FPGAs, but it is a critical one with gate arrays, and the
designer can expect to spend more time simulating a
custom gate array design. The programmable gate array
designer can count on in-circuit verification and on-line

changes if necessary.

Gate array simulation cost includes both computer time
charges and the time of the engineer doing the simulation.
While the gate-array vendor may or may not charge

explicitly for computer time, an estimate would be $2,500
and 2.5 man weeks of simulation effort for a 2000-gate
array, and $5,000 and seven man weeks for a 9000-gate
array. This comparesto 0.5 and 1 week for the FPGA, with

no simulation charge.

Typically one fully burdened man week, including
computer support, costs about $2000.

2000 Gates 9000 Gates
Gate Array
Simulation Charge $2.5k $5k
Man Weeks 2.5MW 7MW
FPGA
Simulation Charge None None
Man Weeks 0.5 MW 1MW

Time to Design for Testability

Onekey to getting a successful gate array the firsttime isto
focus ontesting issues. The user must guarantee thatthe
device can be fully tested in a reasonable amount of time.
Since the gate array vendor’s only guarantee is that the
device will pass the test program, the user must be certain
that if the IC meets the user-generated test specifications,
it will work in the circuit.

Spending extra time in the design phase provides insur-
ance that the device can be tested. A Dataquest ASIC
Market Reportobservesthat “anengineercansitdownata
$20,000 CAE/CAD station and design a $1,000,000 test
problem.” Designing intestability may also be the only way
to provide for testing of complex sequential circuitry, or
elements like long counters. Therefore the gate array de-
signer must spend additionaltime in the design phase. An
estimate is one additional week for a 2000-gate array, and
two additional weeks for a 9000-gate array.

The FPGA is a standard product with no incremental test
costs. Itisfully tested by Xilinx before shipment. No appli-
cation-specific testing is needed.

Gate Array Incremental Cost

2000 Gates 9000 Gates

1 Man Week 2 Man Weeks
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NRE Charges

NRE (Non-Recurring Engineering) charges cover the on-
line vendor interface, design verification, mask charges,
prototype samples and a nominal simulation (pre- and
post-layout) time. The charges may vary with estimated
production volumes. At volumes below 50,000 units,
$10,000t0 $20,000 is acompetitive quote for lower density
gate arrays. Atthe 9000-gate level, NRE charges may be
in excess of $30,000.

There are no NRE charges for programmable gate arrays.
The entire design process is done by the customer. FPGA
software tools run on common workstations and personal
computers, and are much less expensive than compa-
rable tools for custom gate arrays.

Typical Gate Array NRE for 10,000 to 50,000 units

2000 Gates 9000 Gates

$10k-$20k $20k-$40k

Design Iterations

The phrase “We need to add this feature” is all too com-
mon to the designer of electronic equipment. Designers
often find themselves faced with the need to modify a
design during prototyping or initial customer evalu-
ation. Changes may be required to add features or reduce
costs. As systems become more complex, “bugs” canbe
more prevalent.

Design iterations are almost never due to the failure of
the gate-array vendor. Rather, there are risks associated
with the choice of an inflexible technology in a very
dynamic industry.

Industry data suggest that about half of all gate-array de-
signs are modified before they are released to production.
When a modification is required, NRE costs are incurred
forthe second pass. Since resimulation is likely to involve
less effortthan the initial simulation, 25% (50% probability
times one half the effort) of the simulation cost is added.

Gate Array Incremental Cost

50%
Probability

(original NRE time and cost + one half of
original simulation time and cost)

Test Program Development

As noted in the Time to Design for Testability section, tes-
tability is critical to production success for gate arrays.
Gate-array vendors rarely make production errors, but
faulty devices may not be detected because the test vec-
tors are not comprehensive.

The estimate for test-vector development is two weeks for
a 2000-gate array, and four weeks for a 9000-gate array.
Since the FPGA is a standard product, it is fully tested at
the factory. No application-specific testing is needed.

A risk that the program manager should consider involves
the level of experience or knowledge that the design team
has with test development. If the first-pass design is un-
successful, how much time and effort will be required to
debug the problem? Both additional cost and time to mar-
ket are at risk.

Gate Array Incremental Cost

2000 Gates 9000 Gates
2 Man Weeks 4 Man Weeks
Second Source

If a second source is required, the gate-array designer
must identify a compatible vendor and resubmit the de-
sign. This involves another NRE charge and time for
translating logic and resimulation. The model used here is
the NRE charge plus one half the simulation cost.

Field-programmable gate arrays are standard products
that already have a second source.

Gate Array Incremental Cost

2000 Gates 9000 Gates
NRE $10k-$20k $20k-$40k
Simulation
Charge $1.25k $2.5k
Man Weeks 1MW 3IMW

Summary of Gate Array Fixed DevelopmentCosts

The summary in Table 1 shows typical fixed costs for both
a 2000-gate and a 9000-gate array. Since assumptions
may vary, a blank column is provided as a worksheet.
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Typical Typical Customer
2000 Gates 9000 Gates Application
1. Simulation
NRE $2,500 $5,000
Man Weeks 2 MW 7 MW
2. Design for Testability 1MW 2MW
3. NRE Charges $10 k-$20 k $20 k—$40 k
4. Design lterations @ 50% probability
NRE $8,125 $16,250
Man Weeks 0.5 MW 1.5 MW
5. Test Program Development 2MW 4 MW
6. Second Source (NRE + 50% SIM)
NRE $16,250 $32,500
Man Weeks 1MW 3IMwW
Total Without Second Source
NRE $25,625 $51,250
Man Weeks 5.5 MW 145 MW
Total With Second Source
NRE $41,875 $83,750
Man Weeks 6.5 MW 17.5 MW
Total Fixed Costs @ $2 kMW @ $_/MW
Without Second Source $36,265 $80,250
With Second Source $54,875 $118,750

Table 1. Typical Fixed Costs

VARIABLE COSTS
Production Unit Cost (Cents/Gate)

Gate-array prices are often quoted in terms of cents per
gate. For 1.2 micron, 2000-gate arrays, at the volumes
considered in this analysis (10,000 to 30,000 units), a
figure of 0.15 — 0.20 cents/gate (without package) is
typical. At similar volumes, the cost per gate (without
package) for an FPGA is two to three times the cost of a
customgate array. For reasons explained below, this gap
is expected to narrow over the next few years. All of the
cents/gate numbers are for die only. Since CMOS gate
arrays and FPGAs use the same packages, the package
adders are equivalent.

An important consideration in calculating the total cost of
ownership is the year during which most of the production
volume will be purchased. Since FPGAs are newer
products, their cost is declining at a steeper rate than gate
arrays. They are in the introduction phase of the life cycle,

while gate arrays are in a more mature phase of the cycle.
Price comparisions should be based on projections over
the production life of the product.

A standard product has more silicon content and less fac-
tory overhead than a custom product. Since all customers
buy the same product, there is more of the semiconductor
learning curve with cumulative volume. Given the profit-
ability levels of array manufacturers, gate array prices may
decline only slightly over time and could evenrise.

1991 FPGA Unit Costs—

Without Package
2000 4000 9000
Gates Gates Gates
20k Qty 10kQty 10k Qty
Programmable  0.30-0.40 0.40-0.50 0.50-0.60

(Cents/Gate)
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Process Technology

There are also technology reasons for the steeper decline
in FPGA cost. Figure 3 shows that the processes used for
logic ICs, including gate arrays, typically lag behind those
used for memory ICs. Since the FPGA is a standard IC
built on a memory process, it can take advantage of each
new process to shrink the die and reduce costs.

With a conventional gate array, the process that is avail-
able at the time of design is usually used throughout the
production lifetime of the product. Except for very high-
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Figure 3. Process Evolution

volume applications, few gate arrays are retooled to take
advantage of process advances. The time from design
start to end of production lifetime is usually several years.
Overthis period, the FPGA will move to successively more
advanced processes, resulting in steadily decreasing
costs. By the end of the production lifetime, the FPGA will
be several processes ahead and the cost difference willbe
reduced significantly.

Pad-Limited Die Sizes

As gate arrays and FPGAs grow in /O pin count, a phe-
nomenon known as “pad-limiting” is more likely to occur.
The spacing between I/O pads is determined by mechani-
cal limitations of the equipment used for lead bonding. In
1/0-intensive applications the number of pads around the
outer edge of the die determines the die size, instead of the
number of gates. See Figure 4. In I/O-intensive applica-
tions, a “cost per 1/0” may be a more useful measure than
“cost per gate.”

For a given I/O count, in the pad-limited case the FPGA
and the gate array would be the same die size. As aresult,
the higher volume, standard product, FPGA could actually
be less expensive on a per-unit basis than the custom-
product gate array. There would be no break-even quan-
tity — the FPGA would have a lower cost of ownership at
all volumes.
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Figure 4. Minimum Die Size vs I/O
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Effect of Die Cost on Total Cost

Figure 5 illustrates a third point about the capability of FP-
GAs to narrow the cost difference with custom gate arrays.
The chart shows the contribution to total device cost of
wafer, die, assembly and test. Wafer cost represents
about 20% to 40% of the total device cost, and die cost
about 30% 10 50%. A 50% difference indie cost—between
agate array and a FPGA ~ shown in the chart translates to
only a 20% difference (80 vs 100) in total cost by the time
the device has been tested. This comparison is based on
production of the FPGA in a more advanced process than
the custom gate array, as discussed in the Unit Cost
(Cents/Gate) section.

Inventory Reserves

Inventories include extra devices ordered and stocked to
cover contingencies. For a custom product, this is the only
way parts canbe delivered in less than the normal produc-
tiontime (2—4 months). Contingencies are oftenthought of
in terms of negative events like a defective lot or manu-
facturing shortfalls.

However, contingencies also include positive events like
stocking for large, upside orders or where demand is diffi-
cult to estimate. This can be especially true during a
product’s introduction, when design changes and demand
spikes occur simultaneously.

With a custom product it is also necessary to build inven-
tory as the product nears the end of its life cycle. Demand
is low and difficult to forecast, and it may not be possible
to reorder a small quantity. Spares and replacements
must be stocked. A JIT(just in time) inventory system is
less practical.

Since minimum manufacturing quantities for semiconduc-
tors are determined by wafer lots, a custom product will
have excess WIP (work in process) or finished goods  in-
ventory if the desired order quantity is less than the mini-

mum economical wafer-lot quantity. Inventory is created
and costs are incurred. Moreover, there is the problem of
inventory ownership if the parts are never ordered by the
customer.

Althoughthe safety stock reserve is afunction of the cost of
the product itself, a figure of 10% is reasonable for gate
arrays that have unit costs under $25.00. In comparison,
since changes to FPGAs can be made in software in min-
utes, and since only one part type is widely stocked, the
comparative safety stock reserve is 0%.

Gate Array Incremental Inventory Cost

10% Additional Unit Cost

YIELD TO PRODUCTION

Due to rapidly changing markets, many designs never go
into production. Sometimes a company will develop com-
peting projects, with only one moving to production. Many
times the market will change, or competition will emerge,
and projects will be cancelled or redirected. Of course
each design team expects that its project will succeed, but
inthe aggregate this is nottrue. Ifacompany chooses gate
arrays as the primary logic technology, and starts many
designs, this factor will occur.

According to Dataquest ASIC and Standard Logic Semi-
conductor Volume 1,only 50% of gate-array designs go
into production. Therefore, the true cost of the gate array
should recognize additional costs for simulation, design-
ing for testability, and NRE. For 2000 gates, using the
numbers in the Summary of Fixed Development Costs
section, this would mean an additional ($2,500 + 3 MW +
$15,000). For 9000 gates the numberis ($5,000 + 8 MW +
$30,000).

Gate Array Incremental Cost

Simulation Cost + Time to Design for Testability + NRE Cost
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Figure 5. Relative Manufacturing Cost by Stage of Completion
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COST OF OWNERSHIP ANALYSIS

While gate arrays have a lower unit cost, they have incre-
mentalfixed costs that must be incurred before the firstunit
is received. Example costs are shown in Table 1 (Sum-
mary of Fixed Development Costs). Therefore, at lower
unit volumes the FPGA is less expensive, until the gate
array can amortize the up-front fixed costs.

Table 2 is a form that can be used for calculating the total
cost of ownership at various volumes. Table 2 pointstothe
“break-even quantity"—the quantity where the unit cost of
the two devices is the same—of the next section.

Project Quantity

1,000 5,000 10,000 20,000

Gate Array—No second source

1. Fixed costs from Table 1

2. Unit cost

3. Inventory reserves: (Line 2)(1.1)
4. Total variable cost = (Line 3)(Qty)
5. Total cost = Line 1 + Line 4

6. Unit cost = Line 5/Qty

Gate Array—second source

7. Fixed costs from Table 1

8. Second source costs

9. Total fixed costs

10. Total variable cost—Line 4 above
11. Total cost = Line 9 + Line 10

12. Unitcost = Line 11/Qty

Field Programmable Gate Array

13. Unit cost

Table 2. Total Cost vs Volume Purchased
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BREAK EVEN ANALYSIS

Figure 6 is a-graphic representation of the break-even
calculation for the case of 2000 gates, 1990 pricing, and
no second source. Up to the break-even unit volume,
the programmable gate array solution has a lower total
project cost.

Similar graphs can be built for different assumptions
by filling in Table 1. For the gate array, the break-even
graph is merely line 5 or line 11 plotted versus quantity.
For the FPGA it is line 13 times the quantity plotted
versus the quantity.
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Figure 6. Typical Break-even Analysis 2000 Gates—1990

TIME TO MARKET

There are numerous examples of products that failed due
to late market entry. A study by McKinsey & Co. stated that
a product that is six months late to market will miss out on
1/3 of the potential profit over the product lifetime. If there
is any problem in simulation, or any iteration of the gate
array design, a gate array would easily add six monthsto a
product schedule.

At the 2,000 gate level, assume the gate array isused in a
$2,000 product that has 15% profit margins. For 10,000
units sold:

Lost Profit = $2,000 x 10,000 x 15% x 1/3 = $1.0 million or
$100 per device

At the 9000 gate level, assume the gate array is used in a
$10,000 product that has 20% profit margins. For 2000
units sold:

Lost Profit=$10,000 x 2,000 x 20% x 1/3 = $1.33 million or
$667 per device

Note that these catastrophic costs are not included in any
of the previous sections. They are a quantitative estimate
of the risk of using a custom product.

PRODUCT LIFE CYCLES

Throughout the electronics industry, the product lifetimes
are shrinking. In the personal computer industry, it is not
uncommon to find product upgrades within 6 to12 months.
This means that the volumes associated with any one
gate- array design can be much smaller than anticipated,
even if the end product still exists. It also means that it is
critical to achieve a rapid design time.

Figure 6 shows that 2000-gate FPGAs are more economi-
cal at volumes up to 10,000 to 20,000 units. These vol-
umes will represent an increasing number of products.
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XC3000
Logic Cell”Array Family

Product Specification

FEATURES

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

Second Generation Field-Programmable Gate Array

* 1/O functions

+ Digital logic functions

* Interconnections

Flexible array architecture

« Compatible arrays, 2000 to 9000 gate
logic complexity

« Extensive register and I/O capabilities

* High fan-out signal distribution

« Internal 3-state bus capabilities

* TTL or CMOS input thresholds

» On-chip oscillator amplifier

Standard product availability

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

Selectable configuration modes

o Complete XACT™ development system
+ Schematic Capture
» Automatic Place/Route
« Logic and Timing Simulation
* Design Editor
* Library and User Macros
+ Timing Calculator
* XACTOR In-Circuit Verifier
+ Standard PROM File Interface

DESCRIPTION

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

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

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

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

ARCHITECTURE

The perimeter of configurable I/0 Blocks (I0Bs) provides
aprogrammable interface between the internal logic array
and the device package pins. The array of Configurable
Logic Blocks (CLBs) performs user-specified logic func-
tions. The interconnect resources are programmed to
form networks, carrying logic signals among blocks,
analogous to printed circuit board traces connecting
MSI/SSI packages.

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

Configuration Memory

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

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

The memory cell outputs Q and Q use ground and Vcc
levels and provide continuous, direct control. The addi-
tional capacitive load togetherwiththe absence of address
decoding and sense amplifiers provide high stability to the
cell. Due to the structure of the configuration memory

>

CONFIGURATION
_— CONTROL

— Q

READ or —
WRITE |

DATA

1105 12

Figure 2. Static Configuration Memory Cell.
It is loaded with one bit of configuration program and
controls one program selection in the Logic Cell Array.
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Figure 1. Logic Cell Array Structure. It consists of a perimeter of programmable
1/0 blocks, a core of configurable logic blocks and their interconnect resources.
These are all controlled by the distributed array of configuration program memory cells.




cells, they are not affected by extreme power-supply
excursions or very high levels of alpha particle radiation. In
reliability testing, no soft errors have been observed even
in the presence of very high doses of alpha radiation.

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

1/0 Block

Each user-configurable 0B shown in Figure 3, provides
an interface between the external package pin of the
device and the internaluser logic. Each IOB includes both
registered and direct input paths. Each IOB provides a
programmable 3-state output buffer, which may be driven
by a registered or direct output signal. Configuration
options allow each IOB aninversion, a controlled slew rate
and a high impedance pull-up. Each input circuit also
provides input clamping diodes to provide electro-static
protection, and circuits to inhibit latch-up produced by
input currents.

PROGRAM-CONTROLLED MEMORY CELLS Vee
ouT 3-STATE OUTPUT | | SLEW | |PASSIVE
INVERT INVERT SELECT RATE | |PULLUP
3- STATE —+—i " l_3Z> |
(OUTPUT ENABLE) ‘______:j L
o |
ar st JD——p o Yy
FLIP
FLOP
—— VO PAD
R
i | I
DIRECT IN « l
REGISTERED IN +—— QD <}
FLIP TTLor L
FLOP CMOS
or INPUT
LATCH THRESHOLD
P - =
ok K| (GLOBAL RESET)
( m— CK1

PROGRAM
CONTROLLED
MULTIPLEXER

O = PROGRAMMABLE INTERCONNECTION POINT or PIP

1105 01C

Figure 3. Input/Output Block. Each IOB includes input and output storage elements and 1/O options selected by
configuration memory cells. A choice of two clocks is available on each die edge. The polarity of each clock line (not
each flip-flop or latch) is programmable. A clock line that triggers the flip-flop on the rising edge is an active Low Latch

Enable (Latch transparent) signal and vice versa. Passive pull-up can only be enabled on inputs, not on outputs.
All user inputs are programmed for TTL or CMOS thresholds.
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The input buffer portion of each 10B provides threshold
detection to translate external signals applied to the
package pinto internallogic levels. The global input-buffer
threshold of the 10Bs can be programmed to be
compatible with either TTL or CMOS levels. The buffered
input signal drives the data input of a storage element,
which may be configured as either aflip-flop oralatch. The
clocking polarity (rising/falling edge-triggered flip-flop,
High/Low transparent latch) is programmable for each of
the two clock lines on each of the four die edges. Note that
a clock line driving a rising edge-triggered flip-flop makes
any latch driven by the same line on the same edge Low-
level transparent and vice versa (falling edge, High
transparent). All Xilinx primitives in the supported
schematic-entry packages, however, are positive edge-
triggered flip-flops or High transparent latches. When one
clock line must drive flip-flops as well as latches, it is
necessary to compensate for the difference in clocking
polarities with an additional inverter either in the flip-flop
clockinputorthe latch-enable input. I/0 storage elements
are reset during configuration or by the active-Low chip
RESET input. Both direct input [from IOB pin .{] and
registered input [from IOB pin .q] signals are available for
interconnect.

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

Flip-flop loop delays for the I0B and logic-block flip-flops
are about 3 ns. This short delay provides good perfor-
mance under asynchronous clock and data conditions.
Short loop delays minimize the probability of a metastable
condition that can result from assertion of the clock during
data transitions. Because of the short-loop-delay charac-
teristic in the Logic Cell Array, the IOB flip-flops can be
used to synchronize external signals applied to the device.
Once synchronized in the 10B, the signals can be used
internally without further consideration of their clock rela-
tive timing, except as it applies to the internal logic and
routing-path delays.

I0B output buffers provide CMOS-compatible 4-mA
source-or-sink drive for high fan-out CMOS or TTL-
compatible signal levels. The network driving IOB pin .0
becomes the registered or direct data source forthe output

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

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

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

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

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

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

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

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

Summary of I/0 Options

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

o Outputs
« Direct/registered
* Inverted/not
« 3-state/on/off
« Full speed/slew limited
+ 3-state/output enable (inverse)
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Configurable Logic Block

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

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

Data input for either flip-flop within a CLB is supplied from
the function F or G outputs of the combinatorial logic, or the
block input, data-in [.df]. Bothflip-flops in each CLB share
the asynchronous reset [.rd] which, when enabled and
High, is dominant over clocked inputs. All flip-flops are

pATA IN ——J J
0
MUX D a
F 1
DIN
— G —>
RD Qax
a ax — X
b F F
Logic "1 ¢ COMBINATORIAL
VARIABLES ~% g FUNCTION CLB OUTPUTS
.e G G
ay — .y
e L —— av
DIN
G 0
MUX D Q
1
oc ~ —p
ENABLE CLOCK —i— RD
“4" (ENABLE)
/
cLock ——K
RESET .rd
DIRECT
“0" (INHIBIT) ————————|
(GLOBAL RESET)
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Figure 4. Configurable Logic Block. Each CLB includes a combinatorial logic section,
two flip-flops and a program memory controlled multiplexer selection of function.

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

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

an asynchronous reset .rd

two outputs .x and .y
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Figure 5 Figure 6. C8BCP Macro. TheC8BCP macro (modulo-8

5a.

5b.

5c.

Combinatorial Logic Option FG generates two functions of
four variables each. One variable, A, must be common to
both functions. The second and third variable can be any
choice of of B, C, Qx and Qy. The fourth variable can be
any choice of D or E.

Combinatorial Logic Option F generates any function of five
variables: A, D, E and and two choices out of B, C, Qx, Qy.

Combinatorial Logic Option FGM allows variable E to select
between two functions of four variables: Both have common
inputs A and D and any choice out of B, C, Qx and Qy for the
remaining two variables. Option 3 canthenimplement some
functions of six or seven variables.

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

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

PROGRAMMABLE INTERCONNECT

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

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

o General Purpose Interconnect
o Direct Connection
e Long Lines (multiplexed busses and wide AND gates)

General Purpose Interconnect

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

INTERCONNECT SWITCHING
“PIPs” MATRIX
-/ 1'/ R S
i -

Ca

I P o o
CONFIGURABLE INTERCONNECT
LOGIC BLOCK BUFFER ttor

Figure 7. An XACT view of routing resources used to form a
typical interconnection network from CLB GA.
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Figure 8. XACT Development System Locations of interconnect

access, CLB control inputs, logic inputs and outputs. The dot pattern
represents the available programmable interconnection points (PIPs).

-
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Xi198

Some of the interconnect PIPs are directional. This is indicated on the XACT design editor status line:
ND is a nondirectional interconnection. ‘
D:H->V is a PIP which drives from a horizontal to a vertical line.
D:V->H is a PIP which drives from a vertical to a horizontal line.
D:C->Tis a “T" PIP which drives from a cross of a T to the tail.
D:CW is a corner PIP which drives in the clockwise direction.
PO indicates the PIP is non-conducting , P1 is “on.”
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Special buffers within the general interconnect areas pro-
vide periodic signal isolation and restoration for improved
performance of lengthy nets. The interconnect buffers are
available to propagate signals in eitherdirectionon a given
general interconnect segment. These bidirectional (bidi)
buffers are found adjacent to the switching matrices,
above and to the right and may be highlighted by the use
of the “Show BIDI” command in XACT. The other PIPs
adjacent to the matrices are access to or from long lines.
The development system automatically defines the buffer
direction based on the location of the interconnection
network source. The delay calculator of the XACT devel-
opment system automatically calculates and displays the
block, interconnect and buffer delays for any paths se-
lected. Generation of the simulation netlist with a worst-
case delay model is provided by an XACT option.

Direct Interconnect

Direct interconnect, shown in Figure 11, provides the most
efficient implementation of networks between adjacent
logic or I/0 Blocks. Signals routed from block to block
using the directinterconnect exhibit minimum interconnect
propagation and use no general interconnect resources.
For each CLB, the .x output may be connected directly to
the .binput of the CLB immediately to its right and to the .c
input of the CLB to its left. The .y output can use direct

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

UL (REPR

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

SWITCHING
MATRIX

. -. | . ¥

GRID OF GENERAL INTERCONNECT
METAL SEGMENTS

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

) A RLAS

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

*UNBONDED IOBs (6 PLACES) ALTERNATE BUFFER DIRECT INPUT

X1200

Figure 12. X3020 Die-Edge IOBs. The X3020 die-edge IOBs are provided with direct access to adjacent CLBs.
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nect should be used to maximize the speed of high-
performance portions of logic. Where logic blocks are
adjacent to 10Bs, direct connect is provided alternately to
the 10B inputs [.] and outputs [.o] on all four edges of the
die. The right edge provides additional direct connects
from CLB outputs to adjacent I0Bs. Direct interconnec-
tions of I0Bs with CLBs are shown in Figure 12.

Long Lines

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

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

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

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

Internal Busses

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

GLOBAL
BUFFER

3 VE RTlCAL LONG LINES

\t:t::

ON-CHP o' ol . = e .

3-STATE A > B [21= JEECHCRE (1o S . N

BUFFERS \H oLt aFo S o

PULL-UP : S Tt T Tyl

RESISTORS _"F — = . = 1 —t

FOR ON-CHIP AT SRR 3 || R
OPES":GDSAA‘I-%I - .:. ‘ .:.:.. o et ...." . ., : * .. . . : ...." .

PR . “ - P SN . - . -

[ S 2 HORIZONTAL LONG LINES . v

(1) JERE N ROFRENN (=1 ST =10 B .80

Ft-: S A SRS IR LRI WLSCHN || B ol

X1243

Figure 13. Horizontal and Vertical Long Lines. These long lines provide high fan-out, low-skew signal distribution in
each row and column. The global buffer in the upper left die corner drives a common line throughout the LCA.
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which can result from multiple drivers with opposing logic
levels. Control of the 3-state input by the same signal that
drives the buffer input, creates an open-drain wired-AND
function. A logic High on both buffer inputs creates a high
impedance, which represents no contention. A logic Low
enables the buffer to drive the long line Low. See Figure

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

* FOUR OUTER LONG LINES ARE
CONNECTABLE ﬁLF—LENGTH LINES

110 BLOCK CLOCK NETS
(2 PERDIE EDGE)

HORIZONTAL
LONG LINES

3-STATE
BUFFERS

X1244

Figure 14. Programmable Interconnection of Long Lines. This is provided at the edges of the routing area. Three-state
buffers allow the use of horizontal long lines to form on-chip wired-AND and multiplexed buses. The left two vertical long
lines per column (except 3020) and the outer perimeter long lines may be programmed as connectible half-length.

Z=Da+Dg*Dc-.

B“L?"I?j

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

Figure 15a.

(|.c>w‘)‘:?~J
Dy —

1105 04

Z=Dp*A+DgeB+Dc*C+..+

P e e

Figure 15b. 3-State Buffers Implement a Multiplexer.
The selection is accomplished by the buffer 3-state signal.
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to prevent contention through multiple active buffers of
conflicting levels on a common line. Figure 16 shows
3-state buffers, long lines and pull-up resistors.

CRYSTAL OSCILLATOR

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

circuit becomes active before configuration is complete in
order to allow the oscillator to stabilize. Actual internal
connection is delayed until completion of configuration. In
Figure 17 the feedback resistor R1, between the output
and input, biases the amplifier at threshold. The value
should be as large as practical to minimize loading of the
crystal. The inversion of the amplifier, together with the
R-C networks and an AT-cut series resonant crystal,
produce the 360-degree phase shift of the Pierce oscil-
lator. A series resistor R2 may be included to add to the
amplifier output impedance when needed for phase-shift
control, crystal resistance matching, orto limit the amplifier
input swing to control clipping atlarge amplitudes. Excess
feedback voltage may be corrected by the ratio of C2/C1.
The amplifier is designed to be used from 1 MHz to one-
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Figure 16. XACT Development System. An extra large view of possible
interconnections in the lower right corner of the XC3020.
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half the specified CLB toggle frequency. Use at frequen-
cies below 1 MHz may require individual characterization
with respect to a series resistance. Crystal oscillators
above 20 MHz generally require a crystal which operates
in a third overtone mode, where the fundamental fre-
quency must be suppressed by the R-C networks. When
the oscillator inverter is not used, these I0Bs and their
package pins are available for general user I/0.

PROGRAMMING

Initialization Phase

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

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

. I Table 1
An internal power-on-reset circuit is triggered when power
is applied. When Vcc reaches the voltage at which MO M1 M2 Clock Mode Data
portions of the LCA begin to operate (nominally 2.5to 3 V),
:]r?ehprogrammable I|/O outpgt bufjers are disabled and a 0 0 0 active Master  Bit Serial
ig -!mpedar)ce pull-up res‘lst.o.r.ls provided for the user 0 0 1 active Master Byte Wide Addr. = 0000 up
1/0 pins. A time-out delay is initiated to allow the power 0 1 0 — reserved —
supply voltage to stabilize. During this time the power- 0 1 1 active Master Byte Wide Addr. = FFFF down
down mode is inhibited. The Initialization state time-out 10 0 — reserved  —
(about 11 to 33 ms) is determined by a 14-bit counter 1 0 1 passive Peripheral Byte Wide
driven by a self-generated internal timer. This nominal 11 0 — reserved —
1-MHztimer is subject to variations with process, tempera- 1 1 1 passive Slave Bit Serial
D Q
N INTERNAL i EXTERNAL
1)
1 (!
| S—
ALTERNATE {>c XTAL1
CLOCK BUFFER L__|
XTAL2
(IN) = D
Ri
A%
SUGGESTED COMPONENT VALUES - R2
R1 05-1MQ 01 AN
R2 0-1kQ
(may be required for low frequency, phase . Y1 J_
shift and/or compensation level for crystal Q) C1 c2
C1,C2 10-40pF I I
Y1 1-20 MHz AT-cut series resonant — =
44PIN [68PIN] 84 PIN 100 PIN 132 PIN | 160 PIN | 164 PIN | 175 PIN
PLCC | PLCC | PLCC | PGA | CQFP | PQFP | _PGA | PQFP | COFP PGA
[XTAL1 (OUT)[ 30 47 57 J11 82 P13 82 105 T14
[ XTAL 2(IN) 26 43 53 L11 76 M13 76 99 P15

1105 14C

Figure 17. Crystal Oscillator Inverter. When activated in the MAKEBITS program and by selecting an output network
for its buffer, the crystal oscillator inverter uses two unconfigured package pins and external components to
implement an oscillator. An optional divide-by-two mode is available to assure symmetry.




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

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

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

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

When the LCA configuration memory is full and the length
count compares, the LCA will execute a synchronous
start-up sequence and become operational. See
Figure 20. Three CCLK cycles after the completion of
loading configuration data the user I/0 pins are enabled as
configured. As selected in MAKEBITS, the internal user-
logic resetis released eitherone clock cycle before or after
the I/O pins become active. A similar timing selection is
programmable for the DONE/PROG output signal.
DONE/PROG may also be programmed to be an open
drain or include a pull-up resistor to accommodate wired
ANDing. The High During Configuration (HDC) and Low
During Configuration (LDC) are two user I/O pins which
are driven active when an LCA is in its Initialization, Clear
or Configure states. They and DONE/PROG provide
signals for control of external logic signals such as reset,
bus enable or PROM enable during configuration. For
parallel Master configuration modes these signals provide
PROM enable control and allow the data pins to be shared
with user logic signals.

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

POWER-ON DELAY IS
2!4 CYCLES FOR NON-MASTER MODE—11 TO 33 ms
2'6 CYCLES FOR MASTER MODE—43 TO 130 ms

USER VO PINS WITH HIGH IMPEDANCE PULL-UP

HDC = HIGH

INIT SIGNAL LOW (XC3000) LDC = LOW

INITIALIZATION
WER-ON
TIME DELAY

o
Q
m
Q

ACTIVE RESET

CLEAR
CONFIGURATION
MEMORY

CONFIGURATION
PROGRAM MODE

LOW ON DONE/PROGRAM AND RESET

POWER-DOWN
NO HDC, LDC
OR PULL-UP

ACTIVE RESET—
OPERATES ON
USER LOGIC

CLEAR IS
~200 CYCLES FOR THE XC3020—130 TO 400 us
~250 CYCLES FOR THE XC3030—165 TO 500 ps
~290 CYCLES FOR THE XC3042—195 TO 580 us
~330 CYCLES FOR THE XC3064—220 TO 660 us
~375 CYCLES FOR THE XC3090—250 TO 750 us
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Figure 18. A State Diagram of the Configuration Process for Power-up and Reprogram.
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XC3000 Logic Cell Array Family

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

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

Configuration Data

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

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

11111111 - DUMMY BITS*
0010 - PREAMBLE CODE
< 24-BIT LENGTH COUNT > ~ CONFIGURATION PROGRAM LENGTH HEADER
111 ~ DUMMY BITS (4 BITS MINIMUM)
0 < DATA FRAME #001 > 111 FOR X
0 < DATA FRAME #002> 111 3020
0 < DATA FRAME # 003 > 111 197 CONFIGURATION DATA FRAMES PROGRAM DATA
(E:(s:¥ FRTAME CONSISTS OF:
ART BIT (0) REPEATED FOR EACH LOGIC
: : : A71-BIT DATA FIELD CELL ARRAY IN A DAISY CHAIN
0 < DATA FRAME # 196 > 111 THREE STOP BITS
0 < DATA FRAME # 197 > 111
111 POSTAMBLE CODE (4 BITS MINIMUM)

1105 05A

Device XC3020 XC3030 XC3042 XC3064 XC3090
Gates 2000 3000 4200 6400 9000
CLBs 64 100 144 224 320
Row x Col (8x8) (10x 10) (12x 12) (16 x 14) (20 x 16)
10Bs 64 80 96 120 144
Flip-flops 256 360 480 688 928
Horizontal Long Lines 16 20 24 32 40
TBUFs/Horizontal LL 9 11 13 15 17
Bits per Frame 75 92 108 140 172
(including1 start and 3 stop bits)

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

(excludes header)

PROM size (bits) = 14819 22216 30824 46104 64200

Program Data
+ 40-bit Header

Figure 19. Internal Configuration Data Structure for an LCA. This shows the preamble, length count
and data frames which are generated by the XACT Development System.

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

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

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

POSTAMBLE
DATA FRAME LAST FRAME
12—le— 24 —>» 4 |[&——75 —»
—»] 3 e —| 3 - 4
STOP
)\ i )N !
ALY A} 1 W
[ Ll I
) ) L Y
W ALY W y l
| PREAMBLE | LENGTH COUNT DATA | | 3
START I
LENGTH COUNT* =
START
WEAK PULL-UP
HIGH /O ACTIVE
DOUT LEAD DEVICE
1/2 CLOCK CYCLE ——
DELAY FROM DATA INPUT PROGRAM DONE
INTERNAL RESET § 5

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

is added for each slave device and the result rounded

CA programs, separated b){).
it

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

than the number of resulting bits.

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

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

1105 06B

Figure 20. Configuration and Start-up of One or More LCAs.
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Two user-programmable pins are defined in the unconfig-
ured Logic Cell array. High During Configuration (HDC)
and Low During Configuration (LDC) as well as
DONE/PROG may be used as external control signals
during configuration. In Master mode configurations it is
convenient to use LDC as an active-Low EPROM Chip
Enable. After the last configuration data bit is loaded and
the length count compares, the user 1/O pins become
active. Options in the MAKEBITS program allow timing
choices of one clock earlier or later for the timing of the end
of the internal logic reset and the assertion of the DONE
signal. The open-drain DONE/PROG output can be AND-
tied with multiple LCAs and used as an active-High
READY, an active-Low PROM enable ora RESET to other

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

Master Mode

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

*F READBACK IS

* +5V
5- kQ RESISTOR IS
REQUIRED IN =
SERIES WITH M1 Mo M1 PWRDWN
DURING CONFIGURATION
THE 5 kQ M2 PULL-DOWN L— ( — pout
RESISTOR OVERCOMES THE
INTERNAL PULL-UP, — M2
BUT IT ALLOWS M2 TO
BE USER I/0. — HDC
— LDC
GENERAL-
PURPOSE { —d INIT
USER 110
PINS | —
OTHER
/O PINS
— LCA

RESET —¢—9 RESET

OPTIONAL
DAISY-CHAINED

—* LCAs WITH

__, DIFFERENT
CONFIGURATIONS

OPTIONAL

LAVE LCAs
WITH IDENTICAL
—> CONFIGURATIONS

—

5V

[ ]

| ottt hl

Vec Ve :

DIN DATA  gERAL — :

COLK clk  MEMORY L+  CASCADED !

i SERIAL !

Lbc p———{ cE CEOp———d  MEMORY |

DONE DF —d OF — ;
XC1736A/XC1765 L i

DOUT
(OUTPUT)

No
¥ (HIGH RESETS THE XC1736A/XC1765 ADDRESS POINTER)

\/ \/

CCLK s
(OUTPUT) h f

DIN

) )

\_X

X X
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Figure 21. Master Serial Mode. The one-time-programmable XC1736A/XC1765 Serial Configuration PROM supports
automatic loading of configuration programs up to 36K bits. Multiple devices can be cascaded to support additional
LCAs. An early DONE inhibits the XC1736A data output a CCLK cycle before the LCA 1/Os become active.
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plied to the D0-D7 pins in response to the 16-bit address
generated by the LCA. Figure 22 shows an example of the
parallel Master mode connections required. The LCAHEX
starting address is 0000 and increments for Master Low
mode and it is FFFF and decrements for Master High
mode. These two modes provide address compatibility
with microprocessors which begin execution from oppo-
site ends of memory. For Master High or Low, data bytes
are read in parallel by each Read Clock (RCLK) and

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

USER CONTROL OF HIGHER
ORDER PROM ADDRESS BITS

' +5V
* HIGH or CAN BE USED TO SELECT FROM
'ngﬁ\?ﬁ?gg 18 LOW ALTERNATIVE CONFIGURATIONS
el | | L Ll
SERIES WITH M1 . Mo M1 PWRDWN
OPTIONAL
5ke S L— ( — pout DAISY.CHANED
As WITH DIFFERENT
— M2 COLK = CONFICURATIONS
— HDC
GENERAL- AIG[— -+
PUBEOSE { —d ROLK At4f— -
PINS | —o INIT A3 r—— .. EPROM
fK x8
7] A12/— -+ | ORLARGER)
il | oTHER .
| (VOPINS ANt
— A10 A10
RESET ——9 RESET A9 A9
D7 A8 A8
17 Lca
|06 A7 A7 D7
. D5 A6 A6 D6 N
1 D4 A5 AS D5 =\
|~ D3 A4 A4 D4 F\
l,102 A3 A3 D3 N\
L/ D1 A2 A2 D2
L, Do A1 A1 D1
A0 A0 Do —Q
Lbc O—E: OE
DONE Y CE
a 8
<
DATA BUS
A0-A15
(OUTPUT) _X__nooREss A
_
po-07  N1BYE YXXXX Prom BYTE N XXX BYTE Nst
RCLK
(OUTPUT) 75 \

1/8 CCLK

( 8 CCLKs

CCLK
(OUTPUT)

/ \_/ \.

/TS

DoUT
(OUTPUT)

“—XDs of BYTE N-1XD7 of BYTE N-tX D0 of BYTE N

1105 178

Figure 22. Master Parallel Mode. Configuration data are loaded automatically from an external byte wide PROM.
An early DONE inhibits the PROM outputs a CCLK before the LCA 1/O become active.
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Peripheral Mode

Peripheral mode provides a simplified interface through
which the device may be loaded byte-wide, as a processor
peripheral. Figure 23 shows the peripheral mode connec-
tions. Processor write cycles are decoded from the com-
mon assertion of the active low Write Strobe (WS), and two
active low and one active high Chip Selects (CS0, CS1,
CS2). If all these signals are not available, the unused
inputs should be driven to their respective active levels.
The Logic Cell Array will accept one byte of configuration
data on the D0-D7 inputs for each selected processor
Write cycle. Each byte of data is loaded into a buffer
register. The LCA generates a configuration clock from
the internal timing generator and serializes the parallel
input data for internal framing or for succeeding slaves on
Data Out (DOUT). A output High on READY/BUSY pin
indicates the completion of loading for each byte when the
input register is ready for a new byte. As with Master

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

Slave Mode

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

Daisy-Chain

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

' +5V
CONTROL ADDRESS DATA *
SIGNALS ~ BUS BUS * |F READBACK IS
= < g%\ggsﬁsofén IS
s y
Mo MiPWR S5k PEQUIRED IN SERIES
WITH M1
D0-7 .
| Do-7 CCLK OPTIONAL
DAISY-CHAINED
LCAs WITH DIFFERENT
\ DOUT L— |, CONFIGURATIONS
N\—! ADDRESS b— o cso M2 — | —
| e
: HDC —
sy N LCA GENERAL-
S PP | pumeose
l Cst PINS
D - cs2 —
N OTHER) | -
aWws  yopiNsy | ¢
N - RDY/BUSY —
N g INIT
REPROGRAM N =
N= oc/ DiP
\ o RESET
WS

DOUT

1105 18C
(o0 X Dt X 02 X 02

RDY/BUSY \ /

Figure 23. Peripheral Mode. Configuration data are lo

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

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

SPECIAL CONFIGURATION FUNCTIONS

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

¢ Input thresholds

¢ Readback disable

o DONE pull-up resistor

¢ DONE timing

o RESET timing

 Oscillator frequency divided by two

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

+5V *
* |F READBACK IS
[ ] | ACTIVATED, A
MO M1 PWRDWN S‘E‘.?&EE‘ST,? RIS
MICRO 5kQ SERIES WITH M1
COMPUTER
. OPTIONAL
STR8 coK M2 e Witk DIEPERENT
S
DO DIN DOUT ———— | —* CONFIGURATIONS
D1 |— HDC ——
o _ b
D2 LDC GENERAL-
PORT 5V " PURPOSE
D3 — LCA USER IO
é PINS
D4 — —
OTHER
D5 — % 10 PINS{
D6 DIP —"
D7 < INIT
r RESET —d RESET
DIN )( BITN >< BITN +1
- 4
ceLK £ — /

DouT
(OUTPUT) BITN-1

BITN

X

1105 198

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

Prior to the completion of configuration all LCA input
thresholds are TTL compatible. Upon completion of con-
figuration the input thresholds become either TTL or
CMOS compatible as programmed. The use of the TTL
threshold option requires some additional supply current
forthreshold shifting. The exceptionis the threshold of the
PWRDWN input and direct clocks which always have a
CMOS input. Prior to the completion of configuration the
user I/O pins each have a high impedance pull-up. The
configuration program can be used to enable the 10B pull-
up resistors in the Operational mode to act either as an
input load or to avoid a floating input on an otherwise
unused pin.

Readback

The contents of a Logic Cell Array may be read back if it
has been programmed with a bitstream in which the
Readback option has been enabled. Readback may be
used for verification of configuration and as a method of
determining the state of internal logic nodes during debug-
ging with the XACTOR In-Circuit debugger. There are
three options in generating the configuration bitstream:

» “Never” will inhibit the Readback capability.

* “One-time,” will inhibit Readback after one Readback
has been executed to verify the configuration.

¢ “On-command” will allow unrestricted use of Read-
back.
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Figure 25. Master Mode Configuration with Daisy Chained Slave Mode Devices.
All are configured from the common EPROM source. The Slave mode device INIT signals
delay the Master device configuration until they are initialized. A well defined termination
of SYSTEM RESET is needed when controlling multiple LCAs.

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

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

Re-program

The LCA configuration memory can be re-written while the
device is operating in the user’s system. To initiate a re-
programming cycle, the dual-function pin DONE/PROG
must be given a High-to-Low transition. To reduce sensi-
tivity to noise, the input signalis filtered for two cycles of the
LCA internal timing generator. When re-program begins,
the user-programmable 1/0 output buffers are disabled
and high-impedance pull-ups are provided for the package
pins. The device returns to the Clear state and clears the
configuration memory before it indicates ‘initialized’.
Since this Clear operation uses chip-individual internal
timing, the master might complete the clear operation and
then start configuration before the slave has completed the
Clearoperation. To avoidthis problem, the slave INIT pins
are AND-wired and used to force a RESET on the master
(see Figure 25). Reprogram control is often imple-
mented using an external open-collector driverwhich pulls

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

DONE Pull-up

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

DONE Timing

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

RESET Timing

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

Crystal Oscillator Division

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

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

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

Logic Block Performance

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

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

Interconnect Performance

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

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

CLOCK

1105 07

Figure 26. Toggle Flip-Flop. This is used
to characterize device performance.
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] "_TCKO_.l
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|
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Toip —* I OKPQ 1 1105 21A
Speed Grade -70 -100 -125 Units
Description Symbol Min | Max || Min | Max
Logic input to Output Combinatorial Tio 9 7 ns
K Clock To output Tevo 8 7 ns
Logic-input setup Tiek 8 7 ns
Logic-input hold Texi 0 0 ns
Input/Output Pad to input (direct) Tep 6 4 ns
Output to pad (fast) Tore 9 6 ns
1/0 clock to pad (fast) Tokro 13 10 ns
Figure 27. Examples of Primary Block Speed Factors.
Actual timing is a function of various block factors combined with routing factors.
Overall performance can be evaluated with the XACT timing calculator or by an optional simulation.
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THEN CUMULATIVE TIMING
T1=3RC T2 =3RC + 2RC T3 = 3RC + 2RC + 1RC 6RC + BUFFER
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Figure 28. Interconnection Timing Example. Use of the XACT timing calculator
or XACT-generated simulation model provides actual worst-case performance information.
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SPECIFIED WORST-CASE VALUES
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Figure 30. LCA Power Distribution.

2-26



$

POWER
Power Distribution

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

Output buffers capable of driving the specified 4-mA loads
under worst-case conditions may be capable of driving 25
to 30 times that current in a best case. Noise can be
reduced by minimizing external load capacitance and
reducing simultaneous output transitions in the same
direction. It may also be beneficial to locate heavily loaded
output buffers near the ground pads. The I/0 Block output
buffers have a slew-limited mode which should be used
where output rise and fall times are not speed critical.
Slew-limited outputs maintain their dc drive capability,
but generate less external reflections and internal noise. A
maximum total external capacitive load for simultaneous
fast mode switching in the same direction is 500 pF per
power/ground pin pair. Four slew-rate limited outputs this
total is four times larger.

Power Consumption

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

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

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

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

Total Power = V. « I, + external (dc + capacitive)
+ internal (CLB + IOB + long line + pull-up)

Because the control storage of the Logic Cell Array is
CMOS static memory, its cells require a very low standby
current for data retention. In some systems, this low data
retention current characteristic can be used as a method
of preserving configurations in the event of a primary
power loss. The Logic Cell Array has built in power-down
logic which, when activated, will disable normal operation
of the device and retain only the configuration data. All
internal operation is suspended and output buffers are
placed in their high-impedance state with no pull-ups.
Power-down data retention is possible with a simple bat-
tery-backup circuit because the power requirement is
extremely low. For retention at 2.4 V, the required current
can be as low as 10 pA at room temperature.

To force the Logic Cell Array into the Power-Down state,
the user must pull the PWRDWN pin Low and continue
to supply a retention voltage to the VCC pins. When
normal power is restored, VCC is elevated to its normal
operating voltage and PWRDWN is returned to a High.
The Logic Cell Array resumes operation with the same
internal sequence that occurs at the conclusion of
configuration. Internal-1/O and logic-block storage
elements will be reset, the outputs will become enabled
and the DONE/PROG pin will be released. No con-
figuration programming is involved.

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

Permanently Dedicated Pins.

v

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

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

DONE

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

PROG

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

PWRDWN

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

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

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

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

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

CCLK

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

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

MO

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

RTRIG

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

M1

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

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

M2

During configuration, this input has aweak pull-up resistor.
Together with M0 and M1, it is sampled before the start of
configuration to establish the configuration mode to be
used. After configuration, this pin is a user-programmable
1/0 pin.

HDC

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

LDC

During Configuration, this output is held at a Low level to
indicate that the configuration is not yet complete. After
configuration, this pin is a user-programmable 1/O pin.
LDC is particularly useful in Master mode as a Low enable
foran EPROM, but it must then be programmed as a High
after configuration.

INIT

This is an active Low open-drain output which is held Low
during the power stabilization and internal clearing of the
configuration memory. It can be used to indicate status to
aconfiguring microprocessor or, as awired AND of several
slave mode devices, a hold-off signal for a master mode
device. After configuration this pin becomes a user pro-
grammable 1/0 pin.

RCLK

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

RDY/BUSY

During Peripheral parallel mode configuration this pin
indicates when the chip is ready for another byte of datato
be written to it. After configuration is complete, this pin
becomes a user programmed |/O pin.

DO-D7

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

AO-A15

During Master Parallel mode, these 16 pins present an
address output for a configuration EPROM. After configu-
ration, they are user-programmable 1/O pins.

DIN

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

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

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

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

XTL2

This user I/O pin can be used as the input of an amplifier
connected to an external crystal and bias circuitry. The
1/0 Block is left unconfigured. The oscillator configuration
is activated by routing a net from the oscillator buffer
symbol output and by the MAKEBITS program.

CS0, CS1, CS2, WS

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

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

Unrestricted User I/O Pins.

/10

An I/O pin may be programmed by the user to be an Input
or an Qutput pin following configuration. All unrestricted
1/0 pins, plus the special pins mentioned on the following
page, have a weak pull-up resistor of 40 to 100 kQ that
becomes active as soon as the device powers up, and
stays active until the end of configuration.
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XC3000 Family Configuration Pin Assignments

CONFIGURATION MODE: <M2:M1:M0> i ** USER
SVE S | PERPLEL | WTERTEN | WSTEOW ot ol el S| Pt | e
<1:1:1> <0:0:0> <1:0:1> <1:1:0> <1:0:0>

PWR DWN (1) PWR DWN (1) PWR DWN (1) PWRDWN (1) PWR DWN (1 7 | 10 |12 [B2 [29 [ 14 | A1 [159 | 20 | B2 | PWROWN() |
| vce Ve VCC VCC VCC 12 | 18 | 22 | F3 | 41 |26 | C8 | 20 | 42 | D9 VCC
M1 (HIGH) (I LOW) ()| MIT(LOW) () | Mi (HIGH) (| 25 | 31 | J2 | 62 | a7 |B13 | 40 | 62 | Bi4 RDATA
["MO (HIGH) (1) LOW) (1 [ MO (LOW) (1 26 | 32 | L1 | 54 |39 |Ala| 42 | 64 | BI5| RTRIG ()
M2 (HIGH) (LOW) (] M2 (HIGH) () M2 (HIGH) (I 27 | 33 | K2 | 56 | 41 | C13| 44 | 66 | Ci5 V0
HDC (HIGH HDC (HIGH HDC (HIGH, HDC (HIGH! 28 | 34 | K3 | 57 | 42 |B14| 45 | 67 | Ei4 /o]
[DC (LOW) LDC (Low) LOC (Low) LDC (LOW) TDOC (LOW) 20 | 30 [ 36 | L3 |59 | 44 [D14] 49 | 71 [ D16 o
INTT iNIT_~ INTT ™ INT TN 22 | 34 | 42 | K6 | 65 | 50 [Gi14| 659 | 81 | H15 Vo
GND GND GND GND GND 23 | 35 | 43 | J6 | 66 | 51 |Hi2| 19 | 83 | Ji4 GND
43 | 53 | L11 | 76 [ 61 | MI3| 76 | 99 [ Pi15| XIL2ORIO
RESET (1) RESET (1) RESET (1) RESET (1) 7 | 44 | 54 [Ki0 | 78 | 63 | P14| 78 | 101 | R15| RESET()
DONE 45 | 65 [J10 | 80 | 65 | N13| 80 | 103 | R14 | PROGRAM()
DATA 7 (| 26 | 56 | K11 ] 81 | 66 [Mi2]| 81 | 104 | Ni3 /0
47 | 57 | J11 | 82 | 67 [P13| 82 | 105|114 | XTL1 ORI/O
DATA6 (1) 48 | 58 |H10 | 83 | 68 | Ni1]| 86 | 109 | P12 Vo
49 | 60 | Fl0| 87 | 72 [ M9 | 92 | 116 | T11 Vo
50 61 |G10 | 88 73 N9 93 116 | R10 e}
51 62 [G11 | 89 74 N8 98 121 | R9 e]
52 | 64 | Fo | O1 | 76 | M8 | 100 | 123 | N9 vce
53 | 65 | F11] 92 | 77 | N7 | 102 | 125] P8 | ]
54 | 66 |E11 [ 93 | 78 | P6 | 103 | 126 | R8 Vo
55 | 67 |E10 ]| 94 | 79 | M6 | 108 | 131 | R7 1o
56 | 70 [D10 | 98 | 83 | M5 | 114
57 | 71 |C11] 99 | 84 | N& [ 115
58 | 72 | B11 | 100 | 85 | N2 | 119
59 | 73 |C10] 1 | 86 | M3 | 120
60 | 74 |A11]| 2 [ 87 | P1 | 121
61 | 75 [BIO| 5 | 90 | M2 | 124
62 | 76 | B9 | 6 [ 91 | N1 [ 125
63 | 77 [AlO| 8 [93 [ L2 [ 128
64 | 78 | A9 | © [94 | L1 [ 129
65 | 81 | B6 | 12 | o7 | KT | 132 ] 156 ] M1 o
66 | 82 [ B7 | 13 | 98 | J2 [ 133 ] 167 | (2 1o
67 | 83 | A7 | 14 | 96 | H1 | 136 | 160 | K2 Vo
66 | 84 | C7 | 15 [ 100 | H2 | 137 | 161 | K1 0
1] 1 |ce |16 | 1 | H3 139 164] J3 GND
2 | 2 [A6 |17 | 2 | G2 |41 2 [ H2 )
3 | 3 [A5 | 18 | 3 | GI[142] 3 | A1 o
24 | 4 | B5 |19 | 4 | F2 |47 8 [ F2 1o
5 | 5 | C5 | 20 | 5 | E1 [148] 9 | ET o
6 | 8 |A3 | 23] 8 | DI |i51] 12 | D1 Vo
7 | 6 |A2 |24 | 9 | D2 [162] 18 | C1 Vo
8 | 10 | B3 | 25 [ 10 | B1 | 165] 16 | E3 vo
9 | 11 | Al |26 |11 [ C2[156] 17 [ C2 [e]
X | X | X [ X [ X XC3020
REPRESENTS A 50-k2 TO 100-k2 PULL-UP X X[ XXX 1.X XC3030
* INIT IS AN OPEN DRAIN OUTPUT DURING CONFIGURATION x’f, XX 1 X § iggg;f
() REPRESENTS AN INPUT = T X 1TX XC3090
** PIN ASSIGNMENTS FOR THE XC3064/XC3090 DIFFER FROM AVAILABLE PACKAGES
THOSE SHOWN. SEE PAGE 2-35.
*** PERIPHERAL MODE AND MASTER PARALLEL MODE ARE NOT
SUPPORTED IN THE PC44 PACKAGE. SEE PAGE 2-33.
1105 25D

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

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

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

Note that there is no perfect match between the number of
bonding pads on the chip and the number of pins on a
package. In some cases, the chip has more pads than
there are pins on the package, as indicated by the infor-
mation (“unused” pads) below the line in the following
table. The I0Bs of the unconnected pads can still be used
as storage elements if the specified propagation delays
and set-up times are acceptable.

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

Number of Package Pins

Device Pads 44 68 84 100 132 164 175
XC3020 74 — 6 unused 10 n.c. 26 n.c. — — -
XC3030 98 54 unused 30 unused 14 unused — — —
XC3042 118 — — 34 unused 18 unused — —
XC3064 142 — — 58 unused — 10 unused —_
XC3090 166 — — 82 unused — —_ 2 unused
XC3000 Family 44-Pin PLCC Pinouts
Pin No. XC3030 Pin No. XC3030
1 GND 23 GND
2 79) 24 18]
3 o 25 /(o]
4 Vo 26 XTL2(IN)-VO
5 10 27 RESET
6 10 28 DONE-PGM
7 PWRDWN 29 10
8 TCLKIN-/O 30 XTL1(OUT)-BCLK-I/O
9 0 31 10
10 Vo | 32 Vo
1 110 33 /le]
12 vce 34 vcc
13 [/[e] 35 {/le]
14 {/[e] 36 (0]
15 10 37 10
16 M1-RDATA 38 DIN-1/O
17 MO-RTRIG 39 DOUT-VO
18 M2-/0 40 CCLK
19 HDC-VO PR [7e)
20 DC-ro 42 o
21 10 43 10
22 INIT-VO 44 1o

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




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

XC-3020% XC-3020%

68 PLCC XC-3030, XC-3042 84 PLCC | 84PGA 68 PLCC XC-3030, XC-3042 84PLCC | 84 PGA
10 PWRDN 12 B2 44 RESET 54 K10
1 TCLKIN-I/O 13 c2 45 DONE-PG 55 J10

1/0% 14 B1 46 D7-1/10 56 K11
12 ] 15 Ci1 47 XTL1(OUT)-BCLKIN-I/O 57 Ji1
13 o 16 D2 48 De-10 58 H10
— [e] 17 D1 — o 59 H11
14 o 18 E3 49 D5-1/0 60 F10
15 s} 19 E2 50 CS0-1/0 61 G10
16 o 20 E1 51 D4-110 62 G111
17 e} 21 F2 — 10 63 G9
18 vee 22 F3 52 vee 64 F9
19 o] 23 G3 53 D3-10 65 F11
— ] 24 G1 54 Cs7-10 66 E11
20 o 25 G2 55 D2-/O 67 E10
21 [Ze) 26 F1 —_ o 68 E9
22 10 27 H1 /0% 69 D11
— o 28 H2 56 D1-O 70 D10
23 10 29 J1 57 RDY/BUSY-RCLK-10 71 Ci11
24 1o 30 K1 58 DO-DIN-I/O 72 B11
25 M1-RDATA 31 J2 59 DOUT-II0 73 c10
26 MO-RTRIG 32 L1 60 CCLK 74 A11
27 M2-10 33 K2 61 A0-WS-110 75 B10
28 HDC-I/0 34 K3 62 A1-CS2-/10 76 B9
29 o 35 L2 63 A2-/0 77 A10
30 DC-Ilo 36 L3 64 A3-1/0 78 A9
31 e 37 K4 /0% 79 B8
1/Ox 38 L4 0% 80 A8
32 10 39 Js 65 A15-1/0 81 B6
33 o 40 K5 66 Ad-II0 82 B7
0% 41 LS 67 A14-1/0 83 A7
34 NIT-1/0 42 Ke 68 AS-1/0 84 Cc7
35 GND 43 J6 1 GND 1 C6
36 o 44 J7 2 A13-10 2 A6
37 1o 45 L7 3 A6-1/0 3 A5
38 [1e) 46 K7 4 A12-10 4 B5
39 o) 47 L6 5 A7-10 5 3
40 1o 48 L8 110% 6 A4
41 110 49 K8 /0% 7 B4
/0% 50 L9 6 A11-/0 8 A3
1/Ox 51 L10 7 A8-1/0 9 A2
42 10 52 K9 8 A10-/0 10 B3
43 XTL2(IN)-/O 53 L11 ) A9-I0 11 A1

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

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

XC3064/XC3090 84-Pin PLCC Pinouts

PLCC
Pin Number XC3064, XC3090
12 PWRDN
13 TCLKIN-I/0
14 [l{e]
15 o
16 1o
17 10
18 {e]
19 e]
20 [/{e]
21 GNDx
22 vCcC
23 o
24 o
25 [e]
26 [e]
27 /(]
28 [l[e]
29 o
30 10
31 M1-RDATA
32 MO-RTRIG
33 M2-1/0
34 HDC-I/0
35 o
36 IDC-o
37 [e]
38 o
39 o
40 Vo
41 INIT/V/Ox
42 VCCx
43 GND
44 o
45 o
46 10
47 110
48 o
49 o
50 e
51 e}
52 110
53 XTL2(IN)-/O

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

PLCC
Pin Number XC3064, XC3090

54 RESET
55 DONE-PG
56 D7-1/0
57 XTL1(OUT)-BCLKIN-VO
58 D6-1/0
59 o
61 D5-1/0
61 T80-110
62 D4-1/0
63 [lle]
64 vce

65 GNDx
66 D3-110%
67 CS1-I/0%
68 D2-1/O%
69 o

70 D1-I0
7 RDY/BUSY-RCLK-I0
72 DO-DIN-I/O
73 DOUT-VO
74 CCLK
75 A0-WS-1/0
76 A1-CS2-10
77 A2-/0
78 A3-I/0
79 [l[e]
80 e}
81 A15-1/0
82 A4-1/0
83 A14-VO
84 A5-1/0

1 GND

2 VCCx

3 A13-/O%
4 A6-1/0%

5 A12-/10%
6 A7-1/O%
7 o

8 A11-/0
9 A8-1/0
10 A10-/10
1 A9-I/0

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

Pin No. XC3020 Pin No. XC3020 Pin No. XC3020

CQFP | PQFP §ggg:g CQFP | PQFP §ggg§g CQFP | PQFP igggig

1 16 GND 35 50 /0% 69 84 1Ox

2 17 A13-/0 36 51 /0% 70 85 /0%

3 18 A6-1/0 37 52 M1-RD 7 86 [le]

4 19 A12-1/0 38 53 GNDx 72 87 D5-10

5 20 A7-10 39 54 MO-RT 73 88 T30-110

6 21 1/Ox 40 55 VCCx 74 89 D4-1/0

7 22 1/0% 41 56 M2-10 75 90 10

8 23 A11-1/0 42 57 HDC-I'0 76 91 vee

9 24 A8-1/0 43 58 e} 77 92 D3-1/0

10 25 A10-1/0 44 59 [DC-110 78 93 CS1-10

11 26 A9-/O 45 60 o2 79 94 D2-1/0

12 27 VCCx 46 61 VOx 80 95 e}

13 28 GNDx 47 62 10 81 96 /0%

14 29 PWRDN 48 63 10 82 97 /0%

15 30 TCLKIN-/0 49 64 110 83 98 D1-VO

16 31 1/O%x 50 65 INIT-VO 84 99 RCLK-BUSY/RDY-I/O

17 32 /0% 51 66 GND 85 100 DO-DIN-I/O

18 33 /0% 52 67 o) 86 1 DOUT-I10

19 34 10 53 68 10 87 2 CCLK

20 35 10 54 69 110 88 3 VCCx

21 36 e} 55 70 e} 89 4 GNDx

22 37 10 56 71 110 90 5 AO-W3-1/0

23 38 10 57 72 10 91 6 A1-CS2-0

24 39 10 58 73 o) 92 7 10k

25 40 1o 59 74 /0% 93 8 A2-/O

26 41 vee 60 75 /0% 94 9 A3-1/0

27 42 e} 61 76 XTAL2-VO 95 10 /0%

28 43 1o 62 77 GNDx 96 1 [

29 44 e} 63 78 RESET 97 12 A15-10

30 45 o) 64 79 VCCx 98 13 A4-1I0

31 46 10 65 80 DONE-PG 99 14 A14-1/0

32 47 o) 66 81 D7-1/0 100 15 A5-1/O

33 48 o) 67 82 BCLKIN-XTAL1-/O

34 49 10 68 83 De-1I0

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

* This table describes the pinouts of three different chips in two different packges. The third column lists 100 of the 118 pads on the
XC3042 that are connected to the 100 package pins. Two pads, indicated by double asterisks, do not exist on the XC3030, which has
98 pads; therefore the corresponding pins have no connections. Twenty-six pads, indicated by single or double asterisks, do not exist
on the XC3020, which has 74 pads; therefore, the corresponding pins have no connections. (See table on page 2-33.)
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XC3000 Logic Cell Array Family

XC3000 Family 132-Pin Ceramic and Plastic PGA Pinouts

X X X XC-3042

Number XC-3064 Nambor XG-3064 Namber XC3064 Namber XC-3064
[ GND B13 M1-RD P14 RESET M3 DOUT-VO
A1 PWRDN c11 GND M11 vce P1 CCLK
c3 VO-TCLKIN A4 MoO-RT N13 DONE-PG M4 vce
B2 o D12 VvCC M12 D7-10 L3 GND
B3 [Te) c13 M2-1/0 P13 XTAL1-//O-BCLKIN M2 A0-WS-110
A2 VOx B14 HDC-I/0 N12 Vo N1 A1-CS2-10
B4 1) C14 [7e) P12 110 M1 7o)
C5 e E12 10 N11 D6-O K3 0
A3 /0% D13 110 M10 7o) L2 A2-/0
A4 0 D14 [DC-10 P11 /0% L1 A3-10
B5 110 E13 /0% N10 7o) K2 0
C6 [Te) F12 7e) P10 o) J3 10
AS 0 E14 110 M9 D5-10 K1 A15-10
B6 7o) F13 1) N9 T30-10 J2 A4-I0
A6 ) F14 10 P9 /0% J1 0%
B7 10 G13 110 P8 [ H1 A14-10
Cc7 GND G14 INIT-v0 N8 D4-110 H2 A5-/0
c8 vcc G12 vce P7 o H3 GND
A7 e} H12 GND M8 vCcC G3 vcC
B8 [lle} H14 7o) M7 GND G2 A13-110
A8 10 H13 7e) N7 D3-110 G1 A6-1/0
A9 o] Jia 1o P6 CS1-10 F1 /0%
B9 10 Ji3 le} N6 /0% F2 A12-110
c9 ) K14 1) P5 1/0% E1 A7-/0
A10 [Ze) J12 1e) M6 D2-/0 F3 10
B10 [Te) K13 110 N5 [®) E2 10
A1 [ L14 /0% P4 7o) D1 A11-10
C10 o) L13 10 P3 10 D2 A8-l0
B11 [Te) K12 [e) M5 D1-/0 E3 Vo
A12 10X M14 [lle} N4 RCLK-BUSY/RDY-I/O Ci1 o
B12 [76) N14 e P2 [T} B1 A10-VO
A13 1/0%x Mi3 XTAL2(IN)-/O N3 o c2 A9-/0
c12 vo L12 GND N2 DO-DIN-VO D3 vee

Unprogrammed IOBs have a default pull-up. This prevents an undefined pad level for unbonded or unused |0OBs.
Programmed outputs are default slew-rate limited.

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

pLCC PLCC PLCC PLCC

Pin Number XC3090 Pin Number| XC3090 Pin Number, XC3090 Pin Number XC3090
1 10 41 GND 81 D7-I0 121 CCLK
2 l[e] 42 MO-RTRIG 82 XTAL1-/O-BCLKIN 122 vCcC
3 1o 43 VCC 83 [//e] 123 GND
4 10 44 M2-/0 84 o] 124 A0-WS-110
5 o] 45 HDC-I0 85 o 125 A1-CS2-/0
6 10 46 e} 86 De-1/O 126 1o
7 [1e) 47 o 87 1o 127 L)
8 [17e) 48 o 88 o 128 A2-/0
9 e 49 [DC-lIo 89 [1e) 129 A3-I/0
10 [1e) 50 o 90 e} 130 [le}
11 [/{e] 51 o 91 1o 131 0
12 110 52 [s) 92 D5-/0 132 A15-/0
13 [e] 53 [e] 93 C80-1/0 133 A4-I/0
14 o 54 o 94 o 134 0
15 110 55 [s) 95 1o 135 o
16 10 56 [l[e] 96 1o 136 A14-1/0
17 110 57 10 97 e} 137 A5-/0
18 e] 58 o 98 D4-110 138 10
19 GND 59 INIT-1rO 99 [Ze) 139 GND
20 vce 60 vee 100 VSS 140 vee
21 o 61 GND 101 GND 141 A13-10
22 o 62 o 102 D3-110 142 A6-1/0
23 ) 63 e} 103 CS1-10 143 [/e]
24 o 64 e} 104 o 144 o
25 o 65 o 105 o 145 [e)
26 o 66 o 106 1o 146 e}
27 [e) 67 e 107 1o 147 A12-10
28 o 68 o 108 D2-V0 148 A7-/0
29 0 69 o 109 /0 149 0
30 Vo 70 1o 110 [le] 150 [lle]
31 10 71 o 11 1o 151 A11-I0
32 [e] 72 o 112 e} 152 A8-1/0
33 o] 73 [e] 113 0 153 o
34 o 74 o 114 D1-VO 154 [l[e]
35 o 75 o 115 RDY-BSY/RCIK-I/O 155 A10-/0
36 e 76 XTAL2-1/0 116 o 156 AQ-I/O
37 10 77 ~_GND 117 1o 157 vce
38 7o) 78 RESET 118 1o 158 GND
39 {[[e} 79 vce 119 DO-DIN-I/O 159 PWRDWN
40 M1-RDATA 80 DONE/PG 120 DouT 160 TCLKIN-I/O

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

XC3000 Family 164-Pin PQFP Pinouts

CQFP Pin CQFP Pin CQFP Pin CQFP Pin

Number XC-3090 Number XC-3090 Number XC-3090 Number XC-3090
20 PWRDN 61 110 103 DONE-PG 143 DO-DIN-VO
21 TCLKIN-I/O 62 M1-RDATA 104 D7-/0 144 DOUT-VO
22 [} 63 GND 105 XTAL1(OUT)- 145 CCLK
23 o 64 MO-RTRIG BCLKIN-I'O 146 vee
24 10 65 vce 106 o 147 GND
25 10 66 M2-/0 107 ) 148 A0-WS-110
2% ) 67 HDC-/O 108 vo 149 A1-CS2-1/0
27 1o 68 1o 109 De-lio 150 110
28 110 69 10 110 vo 151 110
29 ) 70 10 m vo 152 A2-/0
30 ) 7 [DC-10 112 Vo 153 A3-10
31 110 72 10 13 vo 154 110
32 110 73 10 114 o 155 110
33 ) 74 10 118 Ds-lo 156 A15-/0
34 73} 75 10 116 Tso-vo 157 A4-/0
35 10 76 10 17 1o 158 110
36 10 77 1) 118 vo 159 10
37 o) 78 10 119 o 160 A14-/0
38 110 79 7o) 120 vo 161 A5-110
39 110 80 110 121 D4-V0 162 Vo
40 10 81 TNIT-10 122 o 163 Vo
41 GND 82 vce 123 vee 164 GND
42 vee 83 GND 124 GND 1 vce
43 110 84 10 125 D3-lo 2 A13-10
4 e 85 10 126 Cs1-10 3 A6-I0
45 e} 86 10 127 Vo 4 10
46 ) 87 ) 128 1o 5 )
47 ) 88 ) 129 vo 6 )
48 10 89 7e) 130 o 7 1o
49 ) ) e 131 D2-/0 8 A12-10
50 110 91 ) 132 Vo 9 A7-I0
51 110 92 ) 133 Vo 10 10
52 1o 93 10 134 vo 11 10
53 ) 04 ) 135 vo 12 A11-10
54 ) 95 ) 136 o 13 A8-1/O
55 ) 9% 1o 137 D1-VO 14 Vo
56 ) 97 ) 138 “%’%Ug - 15 7
57 110 98 o s |/o. 16 A10-U0
58 ) 99 XTAL2(IN)-1/O 0 o 17 A9-IO
59 10 100 GND o o 18 vce
60 o 101 RESET 192 Vo 19 GND

102 vce

Unprogrammed IOBs have a default pull-up.
This Prevents an undefined pad level for unbonded or unused 10Bs.
Programmed outputs are default slew-rate limited.
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XC3000 Family 175-Pin Ceramic and Plastic PGA Pinouts

oA bin XC-3090 AR XC-3090 R pin XC-3090 RoA bin XC-3090
B2 PWRDN D13 10 R14 DONE-PG R3 DO-DIN-1/O
D4 TCLKIN-1/0 B14 M1-RDATA N13 D7-10 N4 DOUT-I0
B3 o C14 GND T14 XTAL1(OUT)-BCLKIN-O R2 CCLK
C4 1o B15 Mo-RTRIG P13 1o P3 vCC
B4 o D14 VCC R13 1o N3 GND
A4 10 c15 M2-10 T13 10 P2 A0-WS-10
D5 /0 E14 HDC-IO Ni12 o] M3 A1-CS2-1/10
c5 0 B16 e P12 Dé-I'0 R1 0
B5 10 D15 18] R12 [lle} N2 10
A5 10 Ci6 [[e) T12 e} P1 A2-/0
[ [le) D16 DC-10 P11 10 N1 A3-l10
D6 10 F14 o N11 1o L3 0
B6 e} E15 0 R11 o) M2 0
A6 0 E16 [Te) T11 D5-10 M1 A15-1/0
B7 o F15 o R10 CS0-10 L2 A4-1/0
c7 [Te) F16 e} P10 10 L1 110
D7 10 G14 [Ie) N10 10 K3 10
A7 s} G15 10 T10 10 K2 A14-1/0
A8 0 G16 e T9 0 K1 A5-1/0
B8 10 Hi6 e} R9 D4-I0 J1 o
c8 e} H15 NIT-vO P9 10 J2 e}
D8 GND H14 vcc N9 vCC J3 GND
D9 vcC Jia GND N8 GND H3 vce
co 110 J15 10 P8 D3-/0 H2 A13-/0
B9 o J16 1o R8 CSi-o H1 A8-I/0
A9 110 K16 10 T8 s} G1 e}
A10 [1e) K15 e} 17 1o G2 [[e}
D10 10 K14 10 N7 0 G3 1o
ci10 1o L16 l[e] P7 {/(e] F1 /(o]
B10 0 L15 1o R7 D2-/0 F2 A12-V0
A11 10 M16 [le] T6 10 E1 A7-/0
B11 o M15 10 R6 0 E2 10
D11 [s) L14 e N6 10 F3 1o
c1 10 N16 0 P6 e} D1 A11-10
A12 o P16 10 T5 o [ A8-II0
B12 10 N15 10 R5 D1-O D2 10
c12 10 R16 [lle] P5 RDY/BUSY-RCLK-1/0 B1 1o
D12 10 M14 10 N5 110 E3 A10-/0
A13 [lLe] P15 XTAL2(IN)-/O T4 l{e} c2 A9-1/0
B13 o N14 GND R4 [l[e] D3 vcC
c13 7e] R15 RESET P4 |l[e] c3 GND
A14 4} P14 vCcC

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

Pins A2, A3, A15, A16, T1, T2, T3, T15 and T16 are not connected.
Pin A1 does not exist.
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XC3000 Logic Cell Array Family

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

ABSOLUTE MAXIMUM RATINGS

Symbol | Description Units
Ve | Supply voltage relative to GND -0.5t0 +7.0 \"
Vin Input voltage with respect to GND -0.5 to Vcc +0.5 \'
Vis Voltage applied to 3-state output -0.5 to Vcc +0.5 Vv
Tgre | Storage temperature (ambient) -65 to +150 °C
TsoL | Maximum soldering temperature (10 s @ 1/16 in.) +260 °C

Junction temperature plastic +125 °C
T
J
Junction temperature ceramic +150 °C

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

OPERATING CONDITIONS
Symbol Description Min Max |Units
Vee Supply voltage relative to GND Commercial 0°C to +70°C 4.75 5.25 \'
Supply voltage relative to GND  Industrial  —40°C to +85°C 45 55 \
Supply voltage relative to GND  Military -55°C to +125°C 45 55 \
Viar High-level input voltage — TTL configuration 2.0 Vce \Y
Vit Low-level input voltage — TTL configuration 0 0.8 \'
Vine High-level input voltage — CMOS configuration 70% 100% | Vo
Vie Low-level input voltage — CMOS configuration 0 20% | Vo
i T Input signal transition time 250 ns
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DC CHARACTERISTICS OVER OPERATING CONDITIONS

Symbol | Description Min Max |Units
Vou High-level output voltage (@ I, = —4.0 mA, V. min) | Commercial | 3.86 \
Vo Low-level output voltage (@ I = 4.0 mA, V. max) 032 | V
Vou High-level output voltage (@ |, = —4.0 mA, V. min) Inq'ustria| 3.76 \
Vo Low-level output voltage (@ |, = 4.0 MA, V. max) Mitary 0.37 \"
Veepp | Power-down supply voltage (PWRDWN must be Low) 23 \
lecrp Power-down supply current (V. (MAX) @ Tyay)' XC3020 50 | pA

XC3030 80 | pA
XC3042 120 | pA
XC3064 170 | pA
XC3090 250 | pA
feco Quiescent LCA supply current in addition to |..p?
Chip thresholds programmed as CMOS levels 500 | pA
Chip thresholds programmed as TTL levels 10 | mA
I Input Leakage Current -10 +10 | pA
Cu Input capacitance, all packages except PGA 175
(sample tested)
All Pins except XTL1 and XTL2 10 | pF
XTL1 and XTL2 15 | pF
Input capacitance, PGA 175
(sample tested)
All Pins except XTL1 and XTL2 15 | pF
XTL1 and XTL2 20 | pF
lan Pad pull-up (when selected) @ V,, = 0V (sample tested) 0.02 0.17 | mA
TaL Horizontal long line pull-up (when selected) @ logic Low 0.2 25 | mA

Note: 1. Devices with much lower lccro tested and guaranteed at Vec = 3.2 V, T = 25°C can be ordered with a
Special Product Code.
XC3020: SPC0110 lccro = 1 pA
XC3030: SPC0104 Iccro= 2 pA
XC3042: SPC0107 lccrp = 3 pA
XC3064: SPC0108 lccrp = 4 pA
XC3090: SPC0109 lccrp = 5 pA

2. With no output current loads, no active input or long line pull-up resistors, all package pins at Vcc or GND,
and the LCA configured with a MAKEBITS *“tie” option. See LCA power chart for additional activity-dependent
operating component.
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XC3000 Logic Cell Array Family

CLB SWITCHING CHARACTERISTIC GUIDELINES

CLB OUTPUT (X,Y)
(COMBINATORIAL)

<—® Tio

CLB INPUT (A,B,C,D,E) )(

re— @ Tick —*

7

CLB CLOCK %

@ ToL —

@ Toick —

5ot

4—@ TeH

CLB INPUT
(DIRECT IN)

- ® Tcm.——}

- @ Tekee

@ Tecck ——»
CLB INPUT
(ENABLE CLOCK)

CLB OUTPUT
(FLIP-FLOP)

— (8 TCKO‘_%

CLB INPUT
(RESET DIRECT)

@ Trio

@ Trpw

CLB OUTPUT
(FLIP-FLOP)

N

BUFFER (internal) SWITCHING CHARACTERISTIC GUIDELINES

1105 26

Speed Grade -70 -100 -125 Units
Description Symbol Max Max Max
Global and Alternate Clock Distribution
Either: Normal IOB input pad to clock buffer input To 6 4 ns
Or: Fast (CMOS only) input pad to clock buffer input Tone 3 2 ns
Plus: Clock buffer input to any CLB/IOB clock
on XC3020 3.2/45 2.9/3.9 ns
on XC3030 3.4/5.1 3.1/4.3 ns
on XC3042 3.7/5.7 3.3/4.9 ns
on XC3064 4.1/6.6 3.6/5.5 ns
on XC3090 4.6/7.9 4.0/6.4 ns
TBUF driving a Horizontal Long line (L.L.)**
I'to L.L. while T is Low (buffer active) To 5 4 ns
Td to L.L. active and valid Ton 9 7 ns
TT 1o L.L. (inactive) with single pull-up resistor Teus 22 14 ns
with pair of pull-up resistors Toue 11 7 ns
BIDI
Bidirectional buffer delay Taoi 4 3 ns

** Timing is based on the XC3020, for other devices see XACT

timing calculator.
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CLB SWITCHING CHARACTERISTIC GUIDELINES (Continued)

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

Speed Grade -70 -100 -125 Units

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

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

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

Clock k to outputs x,y when Q is returned

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

Set-up time before clock K

Logic Variables a,b,cde 2 | Tk 8 7 ns

Data In di 4 | Toick 5 4 ns

Enable Clock ec 6 | Tecck 7 5 ns

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

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

Data In di 5 | Tekor 4 2 ns

Enable Clock ec 7 | Tckec 0 0 ns
Clock

Clock High time* 11 | Tew 7 5 ns

Clock Low time* 12 | TeL 7 5 ns

Max. flip-flop toggle rate* Fcik 70 100 MHz
Reset Direct (rd)

rd width 13 | Trew 8 7 6 ns

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

RESET width (Low) TMRW 25 21 20 ns

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

* These timing limits are based on calculations.

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

10B SWITCHING CHARACTERISTIC GUIDELINES

VO BLOCK (I)
® o
1/O PAD INPUT X
@ Trick —*
1/0 CLOCK A
(IK/OK) /
I @ TioL @ TioH 1
A Y
/0 BLOCK (RI) ‘.‘
(@) Ticwr (1) Tra
RESET
@ Took ——>ie— @ Toko @Tapo [+
A
/O BLOCK (0) 1
AN
Top
/O PAD OUTPUT
(DIRECT)
— @ Tokro
VO PAD QUTPUT
(REGISTERED)
VO PAD TS
r— Trson (@) Trshz r—
1/O PAD QUTPUT ( )——
1105 27C
PROGRAM-CONTROLLED MEMORY CELLS Vee
THREE- *
|3 (ol | s | |meee §
3. STATE —int LD'_ L
(OUTPUT ENABLE) | N
oor = —) 2 ==
FLIP
oP
—r 1/0 PAD
=
DIRECT IN < I
9 1
REGISTERED IN <~
%LIPD TTL ol\‘ -
FLOP CMOS
or INPUT
LATCH THRESHOLD ft
P =
ok [T [ (GLOBAL RESET)

PROGRAM
CONTROLLED
MULTIPLEXER

-

CK1

O = PROGRAMMABLE INTERCONNECTION POINT or PIP

110501A
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10B SWITCHING CHARACTERISTIC GUIDELINES (Continued)

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

-70 -100 -125 Units

Description Symbol Min | Max|| Min | Max || Min | Max
Propagation Delays (Input)

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

Pad to Registered In (q) with latch transparent Tore 21 17 16 | ns

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

Pad to Clock (ik) set-up time 1 Tpek 20 17 ns
Propagation Delays (Output)

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

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

Output (o) to Pad (fast) 10 | Tope 9 6 ns

same (slew-rate limited) 10 | Topg 29 23 ns

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

same (slew-rate limited) 9 | Tignz 28 25 ns

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

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

Output (0) to clock (ok) set-up time Took 10 9 ns

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

Clock High time 11 Ty 7 5 ns

Clock Low time 12 oL 7 5 ns

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

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

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

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

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

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

3. Input pad set-up time is specified with respect to the internal clock (.ik)
In order to calculate system set-up time, subtract clock delay (pad to ik) from the input pad set-up time value.
Input pad holdtime with respect to the internal clock (ik) is negative. This means that pad level changes immediately
before the internal clock edge (ik) will not be recognized.
For a more detailed description see the discussion on “LCA Performance” in the Applications Section.
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XC3000 Logic Cell Array Family

GENERAL LCA SWITCHING CHARACTERISTICS

@ Tvaw
RESET

@ wr
@ TRm
MO/M1/M2 VALID *
&) Traw
DONE/PROG .Ir }
® Tea

INIT USER STATE CLEAR STATE / CONFIGURATION STATE
(OUTPUT) oy
PWRDWN \ /
r—NOTE S—bl
Ve (VALID) Veoro
| Upp— —3
1105 28
-70 -100 -125 Units
Description Symbol Min | Max || Min | Max || Min | Max
RESET (2) MO, M1, M2 setup time required 2 | Tya 1 0 1 0 0 0 us
MO0, M1, M2 hold time required 3 | Tam 1 1 1 us
RESET Width (Low) req. for Abort 4 | Tyaw 6 6 6 us
DONE/PROG | Width (Low) required for Re-config. 5 | Teaw 6 6 6 ps
INIT response after D/P is pulled Low | 6 | Tp, 7 7 7 us
PWRDWN (3) | Power Down Vcc Veepp | 23 2.3 23 \'

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

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

3. PWRDWN transitions must occur while Vcc >4.0 V.
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MASTER SERIAL MODE PROGRAMMING SWITCHING CHARACTERISTICS

CCLK
(OUTPUT)
@ Tekos
@Toscx
SERIAL DATA IN \X
SERIAL DOUT
vl X X X
1105 29
Speed Grade -70 -100 -125 Units
Description Symbol Min | Max || Min | Max || Min | Max
CCLK? Data In setup 1| Toscxk | 60 60 60 ns
Data In hold 2 | Texps 0 0 0 ns

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

rising Vec may require a RESET pulse (High-to-Low-to-High) of >6 us duration after Vcc has reached 4.0 V.

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

3. Master-serial-mode timing is based on slave-mode testing.

2-47



XC3000 Logic Cell Array Family

MASTER PARALLEL MODE PROGRAMMING SWITCHING CHARACTERISTICS

A0-A15
(OUTPUT) X ADDRESS for BYTEn j ADDRESS for BYTEn + 1

& @ Trac

oer  XRRRRWAXKXKKRX o= X

e—(2) Tore ® Treo

RCLK /
(OUTPUT) :: 7
} 7 CCLKs coLk
CCLK /—\_7
(OUTPUT)
DOUT
(OUTPUT) x D6 \'X D7

BYTE n-1
1105 30
-70 -100 -125 Units
Description Symbol Min | Max|| Min | Max || Min | Max
RCLK To address valid 1 | Toac 0 | 200 0| 200 0 |200| ns
To data setup 2 | Tppe 60 60 60 ns
To data hold 3 | Taeo 0 0 0 ns
RCLK high Trch 600 600 600 ns
RCLK low TacL 4.0 4.0 4.0 us

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

rising Ve may require a RESET pulse (High-to-Low-to-High) of >6 ps duration after Vec has reached 4.0 V.

2. Configuration can be controlled by holding RESET Low with or until after the INIT of all daisy-chain slave-mode devices
is High.

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

A Y
5511556 \ /

® Teo

—»
@ Toc —*
DO-D7 VALID
NOTE 4

CCLK \“ ’l \‘ l' I\IGROUP OF
‘ \ /
Neant Nanat 8 CCLKs
Tw Re (1) ®) Teusv

RDYBUSY 1 -

pouT A X )l( A X

1105 104
-70 -100 -125 Units
Description Symbol Min | Max || Min | Max|| Min | Max

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

RDY Earliest next WS afterend of BUSY | 5 | Topur 0 0 0 ns
BUSY Low time generated 6 | Tausy 2| 9 2| 9 2| 9 %e?l?i’s(

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

rising Vec may require a RESET pulse (High-to-Low-to-High) of >6 us duration after Vec has reached 4.0 V.

2. Configuration must be delayed until the INIT of all LCAs is High.

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

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

This timing diagram shows very relaxed requirements:
Data need not be held beyond the rising edge of WS. BUSY will go active within 60 ns after the end of WS. BUSY will stay
active for several microseconds. WS may be asserted immediately after the end of BUSY.
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XC3000 Logic Cell Array Family

SLAVE MODE PROGRAMMING SWITCHING CHARACTERISTICS

DIN T BITN BITN +1
@ Toce @ choj @ TeeL |
CCLK )( J

@ TooH ————ee bl @ Teco
(Ut BITN-1 % BITN e o
-70 -100 -125
Description Symbol Min | Max|| Min | Max|| Min | Max | Units
CCLK To DOUT 3 | Teco 100 100 100| ns
DIN setup 1 Toce 60 60 60 ns
DIN hold 2 | Teep 0 0 0 ns
High time 4 | Teey 0.5 0.5 0.5 us
Low time (Note 1) 5 | Teq 05| 50(| 05| 5.0(| 0.5| 50| ps
Frequency Fec 1 1 1 | MHz

Notes: 1. The max limit of CCLK Low time is caused by dynamic circuitry inside the LCA device.

2. Configurationmust be delayed until the INIT of all LCAs is High.

3. At power-up, Vcc must rise from 2.0 V to Vec min in less than 25 ms. |If this is not possible, configuration can be de-
layed by holding RESET Low until Vcc has reached 4.0 V. A very long Vcc rise time of >100 ms, or a non-monotonically
rising Vec may require a RESET pulse (High-to-Low-to-High) of >6 s duration after Vcc has reached 4.0 V.

4. For configuration (not Readback), CCLK frequency can be increased to 5 MHz and TccH and Tecw min reduced to
100 ns, worst case over temperature and supply voltage. This high-speed CCLK frequency will be tested, documented
and guaranteed some time in 1991. For further information on running CCLK faster than 1 MHz, contact Xilinx Product
Marketing.

PROGRAM READBACK SWITCHING CHARACTERISTICS

DONE/PROG
(OUTPUT)

RTRIG (Mo)

CCLK(1)

RDATA
(OUTPUT)

1105 32A

-70 -100 -125
Description Symbol Min | Max || Min | Max|| Min | Max | Units
RTRIG RTRIG high 11T 250 250 250 ns

RTH

CCLK RTRIG setup 2 | Taree 10 10 10 ns
RDATA delay 3 | Tecro 100 100 100 | ns
4 5 5

Low time TeeL 0.5 05 5/ 0.5 us

Notes: 1. At power-up, Vcc must rise from 2.0 V to Vec min in less than 25 ms. [f this is not possible, configuration can be de-
layed by holding RESET Low until Vcc has reached 4.0 V. A very long Vce rise time of >100 ms, or a non-monotonically
rising Vec may require a RESET pulse (High-to-Low-to-High) of >6 ps duration after Vec has reached 4.0 V.

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

1 2 3 45 6 7 8 9 101]

CEEEE e
& () €2 68 €8 €D €0 @ (9
O@D @@ )
OO @&
OO0 top view O®@®
OO ) @) @
QOO Component Q
QQ Side Q
O® OO ° 5
OB®B®OOB®OOO®H®
®OBBROOOB®BE

1 2 3 45 6 7 8 9101l

@ = Index pin which may or may not be electrically connected to pin C2
(NC) = Pin Not Connected for XC3020, unlabeled pin = unrestricted VO pin

T XN T OQTMMmMOQO T >

r XN T g Mmoo >

1110 9 8 7 6 5 4 3 2 |

SHODRDHRODR®
@@ ¢ ¢S 63 @ COF D
) @ea® DO
.. BoTToM view QOO
DO QOO
) @) (=) Solder Side ()
RO OO0
O® OO
T OO ®O
@®O00®OOB®®O
PEEOOOLE®O®

1110 9 8 7 6 5 4 3 2 1

PG84 Pin-outs—XC3042, XC3030, XC3020

T AN T g mmmogoO o>

TZr AT ETMMOO® >

]| 2 3 45 6 7 8 91011 1213 14
(@®@0000000®®®
®OO0000000000®®
O®O@O0@®O0O®O
B @@ ©O®
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AU Component @O®
BB S @00
®@®O ide 000
@O0 OO0
@B @O®
OPBEO@@E®@0G®@®®O
B®B®OBO0®@®®DO®OO
8000000000 B
1 2 3 4 5 6 7 8 910111213 14

(NC) = Pin Not Connected for XC3042, unlabeled pin = unrestricted I/O pin

vTZzrr AT QT MOOO >

1413121110 9 8 7 6 5 4 3 2 1
Al ®Be®0000000® @&
8| ®BO0000000000®
| O®OGO0@®O0O®O
p|BO® OB®D
ElO®O OO®
| BS<B0oTTOM VIEWS S0
H OO L 0e®
OO0 Solder Side O®®
lelele O0®
L ®Oe@ @O®
WOBOOOGA®EB®BDE@B®O
NOBOB®O®®R®O®O®®
Pl @000 00@000

14131211 10 9 8 7 6 56 4 3 2 1

PG132 Pin-outs-XC3064, XC3042-PG, -PP
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XC3000 Logic Cell Array Family

PGA PIN-OUTS (cont'd)

6151413121110 9 8 7 6 5 4 3 2 |

1 2 3 45 6 7 8 91011 1213141516
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(NC) = Pin Not Connected , unlabeled pin = unrestricted /O pin

PG175 Pin-outs-XC3090-PG, -PP
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PHYSICAL DIMENSIONS
PIN #1 ID LOCATION
(EITHER POS.) 0.050 TYP
, —’I [‘_ NON-CUM )
R 4
6 F Y
70 h'e) [39
O 0
0 n
O i
0 i
O N 0.653+0.003 0.690
O i
O i
O 0
O i
170 129
D a A 4
18 28
lé——————0.653 + 0.003 ————»]
1< 0.690 eJA = 40-45 °C/W
0y =10-11 °C/W
LEAD CO-PLANARITY
+0.002
,l= 0.620 ~! ) DIMENSIONS
IN INCHES
1105 428
44-Pin PLCC Package
SEATING
PINNO. 1 0045  PLANE
PIN NO. 1 IDENTIFIER N
0.045 x 45° \ ¢| }‘ 0.020
9 | / 61
I M S v S —— 0‘045&—‘ —
PWRDWN CCLK ¥ S
DOUT/IO
0.990 0.800
+0.005 TYP
0.920
106?334 +0.010
0.018
¥ LEAD PITCH
¥ 0.050 TYPICAL
LEAD CO-PLANARITY
4 ! +0.002
0.028 —_—T
I ¥ DIMENSIONS
Yy St ooooooos IN INCHES
l‘———— . . 0.045
[ ¢——————————0.990 + 0.005 0.100 +0.010
TOP VIEW
0.175+0.010
© ja= 35-40 °C/W

Oyc=7-10 °CW

1105 34C

68-Pin PLCC Package
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XC3000 Logic Cell Array Family

PHYSICAL DIMENSIONS (Continued)

SEATING
PIN NO. 1 0.045  PLANE
0.045 x 45° \ PIN NO. 1 IDENTIFIER N l‘ ’| I‘ 0,020
11 I
g 0.045 § E—
PWRDWN e
1.000
TYP
1.120
+0.010
0.018
0.028 —_—T
LB —
53 |
1.154 £ 0.004:
| *I 0.045 LEAD PITCH
[¢—————————1.190 £+ 0.005 | 0.100 £ 0.010 0.050 TYPICAL
TOP VIEW
0.175+0.010 DIMENSIONS IN INCHES

® a= 30-35 °C/W

®yc=3-7 °C/W 1105 36
84-Pin PLCC Package
0.130
+0.010
1.000 £0.010-
[—1.100 £ 0.012 SQ—— ¥ «—{ 0.100 TYP
— 0.100
I ! L@ﬂ\r\r\r\r\r\r\ﬂ\ﬂ\@wp
IMR0.055 ANZZAN ZAAN ZEAN ZAAN Z2AN ZAAN ZARN VAN 7/ I
DAMAX |- D D D D D DD
}:‘ ANZZAN Z2AN ZEAN Z2RN ZAAN Z2AN ZZAN 72N Z2AN ZAAN 7
| DN A A
) ]:’ M ANz ANZAAN 72N 7/ NZAANY
w - A AN
]:' NN ZAANY NZAAN
kD A
}:’ ANZARNZ2AN \NZZN VAN
A D\ A ANy
— o<ty oD S
AN AN AN AN AN AN
— B q noexen  mveoon PV ¥
Yo Wa 0.0 D
| m——] o[£ / DIN\:OSMAX G533
DD AN AN DY JanWan)
b H I [ AN ZN VAN NN
N Vo \Wo \We \ W \Wa \Wa \ WA\ W \ WA WA
tZ’_L AN AN 72N 72BN ZZAN ZZAN ZEAN 728N VR QAN ZARN 7
N AN AN AN AN AN AN AN N DN 7D
5 H]:'T‘@\/\/\J\/\J\J\/u\/@
0.018
PIN NO.1 INDEX “ +0.002 DIA 1 2 3 4 5 (] 7 8 9 10 1
P BOTTOM VIEW
TOP VIEW
Oa-c o e NOTE: INDEX PIN MAY OR MAY NOT BE
)ja=30-35 °C/W 0.095+£0.015—  fe— ELECTRICALLY CONNECTED TO PIN C2.
DIMENSIONS IN INCHES
Q)c=4-7°CW
1105 35C

84-Pin PGA Package
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PHYSICAL DIMENSIONS (Continued)

.941 £ 0.01

0.787 £ 0.002 s
-»{}+—0.012 £ 0.002 TYP

Dnni i nannanedd

81

—
0.705 + 0.010 .486 REF  0.551 £ 0.002

o =
/ =,
100

RS LI

0.742 REF ="
TOP VIEW

RRRAREARERRRAARRAAE
I
8

LEAD PITCH
0.0256 TYP

-~ I\5.7-

‘L 0A11810.006

_J——L L—}- SEATING PLANE
0.57 £ 0.006

DIMENSIONS IN INCHES
GJA =55-70 °C/W

1105 39C
100-Pin PQFP Package
1.275£0.020 SQ.
fe——————0.680 + 0.020 SQ.
’ ; 100 o e 0.0650 # 0.0050
LEADFRAME
0.0045 MIN
0.0080 MAX
|- DEVITREOUS
14 b8 | SOLDER GLASS
_— 0.008 MIN MARKING
——= —o013MAX e
= 0.612 £ 0.007
\_ i
38 64
4X0.020R 0.145 MAX~+| -
e
4 iy LEAD PITCH 0.025 TYPICAL 0.0300:£0.0050 -1 F* |0 0500 +0.0050
BOTTOM VIEW DIMENSIONS IN INCHES - F—0.120 MAX
(LID SIDE UP)
(DIE FACING UP) SIDE VIEW
ES: .
1. LEADS ARE SHIPPED UNFORMED IN CARRIERS IN TRAYS,
TOPSIDE UP
©p =40-50° C/W 2. FORMING TOOL INFORMATION: ALDWE
_Ego ~ FANCORT INDUSTRIES - (201) 575-0610 WEST C LLNJ.
©yc =58 CW ~ RISI INDUSTRIES (619) 425-3970 CHULA VISTA, CA.
1105 40C

100-Pin CQFP Package
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XC3000 Logic Cell Array Family

PHYSICAL DIMENSIONS (Continued)

o.o?lgi‘gsﬁ\y 12 3 4 5 & 7 !8 9 10 1 12 13 14 < Kovrxg —
(0000000000000 o
VEOOEEEEEIEPEEEEE @ M—Trsmon o meRRes T ey
EOEOEOEOOEELREEEOEOE =
HEOO | ololo) —
OO @O =
EEE @O ]
¢ " @ @ @ @ @ @ 0.645 1.460 aa— P —
s @@@ @@@ +0.006  +0015 J—
OO 0J0J0; o=
OO 0J0J0; =
Jrololoy . OJOJO)] —
J¥clolofololoJo)ofololfololo —
| EEEPOERIPEOPEOOE =
d>@@®9@@@@@@@@@@’ =
+ o‘gi‘)ég ‘——-l— 0.100 1067.387 SRR oo
S o gmew k
BOTTOM VIEW 4% +_._ e
132-Pin PGA Package
. s 90/15%{&% ‘1 ‘J
|ecoreodeeornoq A
EOOEOOEOEEOEOEEEE M EmeeTmN £0002 " e
HMOOOOEEOEEEEEEOE —
HOJOIONS OJOJO) =
HOOO 0J0XO; =
OO OeE e
e QO® o = |
e @ @ @ @ @ @ +0.015 ——]
F @ @ @ BLACK ANODIZED @ @ @ —
- @ @ @ g ALUMINUM LID ] @ @ @
QOO O@OE =
HOOEEOEEEOILEEEEEE =
, OOOOOOOPEOEOOOE =
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s 010020002 e L

132-Pin PPGA Package

1105 43B
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PHYSICAL DIMENSIONS (Continued)

1.520 £0.010 SQ

- 0.0650 £ 0.0050
LEADFRAME ‘l
164 .
0.0045 MIN
fi b /_ g 0.0080 MAX —.|
I'“ [I“”H"l““l ‘ “' DEVITREOUS
N ~ ————}b

62

L

(DIE FACING UP)

BOTTOM VIEW
(LID SIDE UP)

1.080 + 0.020 SQ.

I

TOPSIDE
MARK

_li

:\IHHHHIUHHNIHHHIH

DIMENSIONS IN INCHES

Vi
(DIE FACING DOWN)

1 L
\ 0.145 MAX ~+|
4 X 0.020R
103

_ f“SOLDER GLASS

0.850 £ 0.010

le—
o
. 1 0.0050 ~+ e
00300 4o 1+-0.0500 £ 0.0050
- le- 0.120 MAX
SIDE VIEW
0.008 MIN
0.013 MAX
LEAD PITCH 0.025 TYPICAL

NOTES:

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

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

—RISI INDUSTRIES INC. (619) 425-3970 CHULA VISTA, CA.

@A = 35-45° CW
@Jc =35°CW

1105 41D

164-Pin CQFP Package
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XC3000 Logic Cell Array Family

PHYSICAL DIMENSIONS (Continued)

PIN KOVAR
0.005R. TYP.

TOP VIEW

@— INDEX (A1)

© jp =16.4°CW
®JC =0.5-1.0 °C/W

ELEGTRICALLY CONNECTED TOVEO e
| e
] T
—*{|+—0.018 + 0.002 DIA “ “ 0.016 REF 4' i L 0.050 DIA 1
1OO@OOOOEEPOEEOEOEG
HOOOOOOEOOOEEOOEE Q]
“HEOOEOOOEEILEEO®E®E®E ONMRsvon
QOO (01010I0)
1OOOE 0JOJOJ0)
1OEOOE OOOO
QOO QOO
1 OOOO OO ohes RN
J(0J0JOI0) QOO =P 100
1OOE OO e
OO 0J0JOJ0)
1 OOOE 0J0J0J0)
d[oJoJolo] ©JOJIOJO)
1EEEEDEEOEEO®EOE GN—_gasme
0QOOPOOOOOOOOOCY|  swoormw
1POREMPOEEIEPLEEOD® R

175-Pin PGA Package (Ceramic)

1105 37C
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PHYSICAL DIMENSIONS (Continued)

TOP VIEW

/

O O ©o
o O ©o
o O O
o O ©o
o O o
o O ©
o O ©O
o O ©o

@ jp=22°CW
Oyc=16°CW
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(

0.070 +0.008
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175-Pin PPGA Package (Plastic)
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Component Selection and
Ordering Information

COMPONENT AVAILABILITY (11/90)

44 PIN 48 PIN 68 PIN

84 PIN

100 PIN 132 PIN 160 PIN | 164 PIN 175 PIN

PLCC PLCC

PLASTIC | PLASTIC | CERAMIC| PLASTIC | CERAMIC| PLASTIC
DIP DIP PGA PCC

CERAMIC
PGA

PLASTIC [ CERAMIC| PLASTIC | CERAMIC| PLASTIC | CERAMIC| PLASTIC |CERAMIC
PQFP | caFP | PGA PGA | PQFP | CQFP | PGA [ PGA

C | CiM
XC2064

Xc2018

PC44 PD48 CD48 PC68 PG68 PC84

PG84

PQ100 | CQ100 | PP132 | PG132 | PQ160 | CQ164 | PP1756 | PG175

XC3020

XC3030

XC3042

XC3064

XC3090

XC1736A/XC1765-PD8C Plastic 8-Pin Mini-DIP

—40°C to 85°C
XC1736A/XC1765-CD8M Ceramic 8-Pin Mini-DIP
-55°C to 125°C
LCA Temperature Options
Symbol Description Temperature
C Commercial  0°Cto 70°C
| Industrial —40°C to 85°C
M Mil Temp -55°C to 125°C
B Military MIL-STD-883, Class B

ORDERING INFORMATION

Example: XC3020-70PC68C
Device Type¢ ——— ——— Temperature
Range
Toggle ———M8M8M8 Number of Pins
Rate
Package Type

X1104

COMPATIBLE PACKAGE OPTIONS

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

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

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

XC2018 and XC3020 are not available in PGA68, since
the PGA84 is the same size and offers more I/O.

Note that a PLCC in a socket with PGA footprint generates
aprinted circuit board pin-out different from a PGA device.
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XC2064/XC2018
Logic Cell™Array

Product Specification

FEATURES

¢ Fully Field-Programmable:
* |/0 functions
» Digital logic functions
« Interconnections
* General-purpose array architecture
+ Complete user control of design cycle
o Compatible arrays with logic cell complexity equivalent
to 1200 and 1800 gates
o Standard product availability
¢ 100% factory-tested
o Selectable configuration modes
¢ Low-power, CMOS, static-memory technology
e Performance equivalent to TTL SSI/MSI
e TTL or CMOS input thresholds
o Complete development system support
» XACT Design Editor
» Schematic Entry
» XACTOR In-Circuit Emulator
» Macro Library
« Timing Calculator
* Logic and Timing Simulator
* Auto Place / Route

DESCRIPTION

The Logic Cell™ Array (LCA™) is a high density CMOS
integrated circuit. Its user-programmable array architec-
ture is made up of three types of configurable elements:
Input/Output Blocks, logic blocks and Interconnect. The
designer can define individual /O blocks for interface to
external circuitry, define logic blocks to implement logic
functions and define interconnection networks to compose
larger scale logic functions. The XACT™ Development
System provides interactive graphic design capture and
automatic routing. Both logic simulation and in-circuit
emulation are available for design verification.

The Logic Cell Array is available in a variety of logic
capacities, package styles, temperature ranges and
speed grades.

Part Logic Config- User Config-
Number Capacity  urable I/0s uration
(gates) Logic Program
Blocks (bits)
XC2064 1200 64 58 12038
XC2018 1800 100 74 17878

The LCA logic functions and interconnections are .

determined by data stored in internal static-memory cells.
On-chip logic provides for automatic loading of
configuration data at power-up. The program data can
reside in an EEPROM, EPROM or ROM on the circuit
board oron a floppy disk or harddisk. The program canbe
loaded in a number of modes to accommodate various
system requirements.

ARCHITECTURE

The general structure of a Logic Cell Array is shown in
Figure 1. The elements of the array include three catego-
ries of user programmable elements: I/O Blocks (I0Bs),
Configurable Logic Blocks (CLBs) and Programmable
Interconnections. The I/OBs provide aninterface between
the logic array and the device package pins. The CLBs
perform user-specified logic functions, and the intercon-
nect resources are programmed to form networks that
carry logic signals among the blocks.

LCA configuration is established through a distributed
array of memory cells.The XACT development system
generates the program used to configure the Logic Cell
Array which includes logic to implement automatic
configuration.

Configuration Memory

The configuration of the Logic Cell Array is established by
programming memory cells which determine the logic
functions and interconnections. The memory loading
process is independent of the user logic functions.
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The static memory cell used for the configuration memory
in the Logic Cell Array has been designed specifically for
high reliability and noise immunity. Based on this design,
which has been patented, integrity of the LCA configura-
tion memory is assured even under adverse conditions.
Compared with other programming alternatives, static
memory provides the best combination of high density,
high performance, high reliability and comprehensive
testability. As shown in Figure 2, the basic memory cell
consists oftwo CMOS inverters plus apasstransistorused
for writing data to the cell. The cell is only written during
configuration and only read during readback. During
normal operation the pass transistor is “off” and does not
affect the stability of the cell. This is quite differentfromthe
normal operation of conventional memory devices, in
which the cells are continuously read and rewritten.

The outputs Q and Q control pass-transistor gates directly.
The absence of sense amplifiers and the output capacitive
load provide additional stability to the cell. Due to the
structure of the configuration memory cells, they are not

affected by extreme power supply excursions or very high
levels of alpha particle radiation. In reliability testing no
soft errors have been observed, even in the presence of
very high doses of alpha radiation.

Input/Output Block

Each user-configurable /O block (IOB) provides an inter-
face between the external package pin of the device and
the internal logic. Each I/Oblock includes a programmable
input path and a programmable output buffer. It also
provides input clamping diodes to provide protection from
electro-static damage, and circuits to protect the LCA from
latch-up due to input currents. Figure 3 shows the general
structure of the I/0 block.

The input buffer portion of each I/0 block provides thresh-
old detection to translate external signals applied to the
package pin to internal logic levels. The input buffer
threshold of the I/O blocks can be programmed to be
compatible with either TTL (1.4 V) or CMOS (2.2 V) levels.

1/0 BLOCK

CONFIGURABLE
LOGIC BLOCK

11t
T

11l
T
1t

o B s o s
1

4——— INTERCONNECT AREA ———»

=

}
}

] Gt CHto Toio Cots

A Ny

1
0

1104 01

Figure 1. Logic Cell Array Structure
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The buffered input signal drives both the data input of an
edge-triggered D flip-flop and one input of a two-input
multiplexer. The output of the flip-flop provides the other
input to the multiplexer. The user can select either the
direct input path or the registered input, based on the
content of the memory cell controlling the multiplexer. The
I/0 Blocks along each edge of the die share common
clocks. Theflip-flops are reset during configuration as well
as by the active-low chip RESET input.

Output buffers inthe 1/0 blocks provide 4-mA drive for high
fan-out CMOS or TTL-compatible signal levels. The
output data (driving I/0 block pin O) is the data source for

the I/0 block output buffer. Each 1/0 block output buffer is
controlled by the contents of two configuration memory
cells which turn the buffer ON or OFF or select 3-state
buffer control. The user may also select the output buffer
3-state control (I/O block pin TS). When this /O block
output control signal is High (a logic “1”), the buffer is
disabled and the package pin is high-impedance.

Configurable Logic Block
An array of Configurable Logic Blocks (CLBs) provides the

functional elements from which the user’s logic is con-
structed. The logic blocks are arranged in a matrix in the

> Q
CONFIGURATION
_ CONTROL

READ or
WRITE

<] >3

DATA

1105 12

Figure 2. Configuration Memory Cell

TS (OUTPUT ENABLE)

<+ out

B .

_ PROGRAM-CONTROLLED
~ MULTIPLEXER

/0 CLOCK

1104 03

Figure 3. 1/O Block
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Figure 4. Configurable Logic Block

center of the device. The XC2064 has 64 such blocks
arrangedin an 8-row by 8-column matrix. The XC2018 has
100 logic blocks arranged in a 10 by 10 matrix.

Each logic block has a combinatorial logic section, a
storage element, and an internal routing and control sec-
tion. Each CLB has four general-purpose inputs: A, B, C
and D; and a special clock input (K), which may be driven
fromthe interconnect adjacentto the block. EachCLB also
has two outputs, X and Y, which may drive interconnect
networks. Figure 4 shows the resources of a Configurable
Logic Block.

The logic block combinatorial logic uses a table look-up
memory to implement Boolean functions. This tech-nique
can generate any logic function of up to four variables with
a high speed sixteen-bit memory. The propagation delay
through the combinatorial network is independent of the
function generated. Each block can perform any function
of four variables or any two functions of three variables
each. The variabies may be selected from among the four
inputs and the block’s storage element output “Q".
Figure 5 shows various options which may be specified for
the combinatorial logic.

Ifthe single 4-variable configuration is selected (Option 1),
the F and G outputs are identical. If the 2-function
alternative is selected (Option 2), logic functions F and G
may be independent functions of three variables each.
The three variables can be selected from among the four

logic block inputs and the storage element output “Q". A
third form of the combinatorial logic (Option 3) is a special
case of the 2-functionforminwhichthe B input dynamically
selects between the two function tables providing a single

F
A
B ANY
: FUNCTION
e OF 4
: VARIABLES
o—
G
OPTION 1

1 FUNCTION OF 4
VARIABLES
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merged logic function output. This dynamic selection
allows some 5-variable functions to be generated fromthe
four block inputs and storage element Q. Combinatorial
functions are restricted in that one may not use both its
storage elementoutput Q and the input variable of the logic
block pin “D” in the same function.

If used, the storage element in each Configurable Logic
Block (Figure 6) can be programmed to be either an edge-
sensitive “D” type flip-flop or a level-sensitive “D” latch.
The clock or enable for each storage element can be
selected from:

¢ The special-purpose clock input K
¢ The general-purpose input C
¢ The combinatorial function G

The user may also select the clock active sense within
each logic block. This programmable inversion elimi-
nates the need to route both phases of a clock signal
throughout the device.

The storage element data input is supplied from the
function F output of the combinatorial logic. Asynchro-
nous SET and RESET controls are provided for each
storage element. The user may enable these controls
independently and select their source. They are active

A—

F

SET

F D al
K
c D

E G —

RES
D—: |

‘a

M m

Figure 6. CLB Storage Elememt

High inputs and the asynchronous reset is dominant. The
storage elements are reset by the active-Low chip RESET
pin as well as by the initialization phase preceding configu-
ration. If the storage element is not used, it is disabled.

A—
ANY ANY
FUNCTION ; FUNCTION
OF 3 F E OF 3 F
VARIABLES ; VARIABLES
s
a X
A
ANY ANY
FUNCTION a FUNCTION G
c— OF 3 OF 3
VARIABLES VARIABLES
T i @_
Q Q
OPTION 2 OPTION 3
2 FUNCTIONS OF 3 DYNAMIC SELECTION OF
VARIABLES 2 FUNCTIONS OF 3 1564 05
VARIABLES

Figure 5. CLB Combinatorial Logic Options
Note: Variables D and Q can not be used in the same function.
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The two block outputs, X and Y, canbe driven by either the
combinatorial functions, F or G, or the storage element
output Q (Figure 4). Selection of the outputs is completely
interchangeable and may be made to optimize routing
efficiencies of the networks interconnecting the logic
blocks and 1/O blocks.

PROGRAMMABLE INTERCONNECT

Programmable interconnection resources inthe Logic Cell
Array provide routing paths to connect inputs and outputs
of the I/O and logic blocks into desired networks. All
interconnections are composed of metal segments, with
programmable switching points provided to implement the
necessary routing. Three types of resources accommo-
date different types of networks:

o General purpose interconnect
e Long lines
¢ Direct connection

General-Purpose Interconnect

General-purpose interconnect, as shown in Figure 7a, is
composed of four horizontal metal segments between the
rows and five vertical meta! segments between the col-
umns of logic and 1/0 blocks. Each segment is only the
“height” or “width” of a logic block. Where these segments
would cross at the intersections of rows and columns,
switching matrices are provided to allow interconnections
of metal segments from the adjoining rows and columns.
Switches in the switch matrices and on block outputs are
specially designed transistors, each controlled by a con-
figuration bit.

Logic-block output switches provide contacts to adjacent
general interconnect segments and therefore to the
switching matrix at each end of those segments. A switch
matrix can connect an interconnect segment to other
segments to form a network. Figure 7a shows the general
interconnect used to route a signal from one logic block to
three other logic blocks. As shown, combinations of
closed switches in a switch matrix allow multiple branches
for each network. The inputs of the logic or 1/O blocks are
multiplexers that can be program-med with configuration
bits to select an input network from the adjacent intercon-
nect segments. Since the switch connections to block
inputs are unidirectional (as are block outputs) they are
usable only for input connection. The development sys-
tem software provides automatic routing of these intercon-
nections. Interactive routing is also available for design
optimization. This is accomplished by selecting a network

and then toggling the states of the interconnect points by
selectingthemwiththe “mouse”. Inthis mode, the connec-
tions through the switch matrix may be established by
selecting pairs of matrix pins. The switching matrix com-
binations are indicated in Figure 7b.

Special buffers within the interconnect area provide peri-
odic signal isolation and restoration for higher general
interconnect fan-out and better performance. The re-
powering buffers are bidirectional, since signals must be
able to propagate in either direction on a general intercon-
nect segment. Direction controls are automatically estab-
lished by the Logic Cell Array development system soft-
ware. Repowering buffers are provided only for the
general-purpose interconnect since the direct and long
line resources do not exhibit the same R-C delay accumu-
lation. The Logic Cell Array is divided into nine sections
with buffers automatically provided for general intercon-
nect at the boundaries of these sections. These bound-
aries can be viewed with the development system. For
routing within a section, no buffers are used. The delay
calculator of the XACT development system automatically
calculates and displays the block, interconnect and buffer
delays for any selected paths.

| |
—| cB |— — B |—
I . 4
SWITCH
MATRIX
I i L
L SEE FIG. 7b
Al
B X
C— CLB |» —{ cB —
— - ]
K Y
ol [
sWitcH
MATRIX
|
— CLB (— - CLB —
T I

Figure 7a. General-Purpose Interconnect
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Figure 7b. Routing and Switch Matrix Connections

Long Lines

Long-lines, shown in Figure 8a, run both vertically and
horizontally the height or width of the interconnect area.
Each vertical interconnection column has two long lines;
each horizontal row has one, with an additional long line
adjacent to each set of I/O blocks. The long lines bypass
the switch matrices and are intended primarily for signals
that must travel a long distance or must have minimum
skew among multiple destinations.

A global buffer in the Logic Cell Array is available to drive
a single signal to all B and K inputs of logic blocks. Using

the global buffer for a clock provides a very low skew, high
fan-out synchronized clock for use at any or all of the logic
blocks. At each block, a configuration bit for the K input to
the block can select this global line as the storage element
clock signal. Alternatively, other clock sources can be
used.

A second buffer below the bottom row of the array drives
ahorizontallong line which, inturn, candrive a vertical long
line in each interconnection column. This alternate butfer
also has low skew and high fan-out capability. The
network formed by this alternate buffer’s long lines can be
selected to drive the B, C or K inputs of the logic blocks.
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Figure 8a. Long Line Interconnect

Alternatively, these long lines can be driven by a logic or
1/0 block on a column by column basis. This capability
provides a common, low-skew clock or control line within
each column of logic blocks. Interconnections of these
long lines are shown in Figure 8b.

Direct Interconnect

Direct interconnect, shown in Figure 9, provides the most
efficient implementation of networks between adjacent
logic or I/O blocks. Signals routed from block to block by
means of direct interconnect exhibit minimum intercon-
nect propagation and use minimym interconnect re-
sources. For each Configurable Logic Block, the X output
may be connected directly to the C or D inputs of the CLB
above and to the A or B inputs of the CLB below it. The Y
output canuse direct interconnect to drive the Binput of the
block immediately to its right. Where logic blocks are
adjacent to 1/0 blocks, direct connect is provided to the
1/0 block input (1) on the left edge of the die, the output (O)
on the right edge, or both on 1/O blocks at the top and

bottom of the die. Direct interconnections of 1/O blocks
with CLBs are shown in Figure 8b.

CRYSTAL OSCILLATOR

An internal high speed inverting amplifier is available to
implement an on-chip crystal oscillator. It is associated
withthe auxiliary clock buffer in the lower right cornerof the
die. When configured to drive the auxiliary clock buffer,
two special adjacent user I/O blocks are also configuredto
connect the oscillator amplifier with external crystal oscil-
lator components, as shown in Figure 10. This circuit
becomes active before configuration is complete in order
to allow the oscillator to stabilize. Actual internal connec-
tion is delayed until completion of configuration. The
feedback resistor R1 between output and input, biases the
amplifier at threshold. It should be as large a value as
practical to minimize loading of the crystal. The inversion
of the amplifier, together with the R-C networks and
crystal, produce the 360-degree phase shift of the Pierce
oscillator. A series resistor R2 may be included to add to
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Figure 10. Crystal Oscillator
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the amplifier output impedance when needed for phase-
shift control or crystal resistance matching or to limit the
amplifier input swing to control clipping at large ampli-
tudes. Excess feedback voltage may be adjusted by the
ratio of C2/C1. The amplifier is designed to be used over
the range from 1 MHz up to one-half the specified CLB
toggle frequency. Use at frequencies below 1 MHz may
require individual characterization with respect to a series
resistance. Operation at frequencies above 20 MHz
generally requires a crystal to operate in a third overtone
mode, in which the fundamental frequency must be sup-
pressed by the R-C networks. When the amplifier does not
drive the auxiliary buffer, these 1/O blocks and their pack-
age pins are available for general user /0.

POWER
Power Distribution

Power for the LCA is distributed through a grid to achieve
high noise immunity and isolation between logic and 1/0.
For packages having more than 48 pins, two Vcc pins and
two ground pins are provided (see Figure 11). Inside the
LCA, a dedicated Vcc and ground ring surrounding the
logic array provides power to the I/O drivers. Anindepend-
ent matrix of Vcc and ground lines supplies the interior
logic of the device. This power distribution grid provides a
stable supply and ground for allinternallogic, providingthe
external package power pins are appropriately decoupled.
Typically a 0.1 uF capacitor connected between the Vcc
and ground pins near the package will provide adequate
decoupling.

Output buffers capable of driving the specified 4 mA loads
under worst-case conditions may be capable of driving 25
to 30 times that current in a best case. Noise can be
reduced by minimizing external load capacitance and
reducing simultaneous output transitions in the same
direction. It may also be beneficialto locate heavily loaded
output buffers near the ground pads. Multiple Vcc and
ground pin connections are required for package types
which provide them.
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Power Consumption
~

The Logic Cell Array exhibits the low power consumption
characteristic of CMOS ICs. Only quiescent power is
required for the LCA configured for CMOS input levels.
The TTLinput level configuration option requires additional
power for level shifting. The power required by the static
memory cells which hold the configuration data is very low
and may be maintained in a power-down mode.

Typically most of power dissipation is produced by capaci-
tive loads on the output buffers, since the power per output
is 25 uW/pF /MHz . Another component of I/O power is
the DC loading on each output pin. For any given system,
the user can calculate the I/0 power requirement based on

the sum of capacitive and resistive loading of the devices
driven by the Logic Cell Array.

Internal power supply dissipation is a function of clock
frequency and the number of nodes changing on each
clock. Inan LCA the fraction of nodes changing ona given
clock is typically low (10-20%). For example, in a 16-bit
binary counter, the average clock produces a change in
slightly less than 2 of the 16 bits. In a 4-input AND gate
there will be 2 transitions in 16 states. Typical global clock
buffer power is about 3 mW / MHz for the XC2064 and 4
mW / MHz for the XC2018. With a “typical” load of three
general interconnect segments, each Configurable Logic
Block output requires about 0.4 mW / MHz of its output
frequency. Graphs of power versus operating frequency
are shown in Table 1 on page 2-83.
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PROGRAMMING

Configuration data to define the function and intercon-
nection within a Logic Cell Array are loaded automatically
at power-up or upon command. Several methods of
automatically loading the required data are designed into
the Logic Cell Array and are determined by logic levels
applied to mode selection pins at configuration time. The
form of the data may be either serial or parallel, depending
on the configuration mode. The programming data are
independent of the configuration mode selected. The
state diagram of Figure 12 illustrates the configuration
process.

Input thresholds for user I/O pins can be selected to be
either TTL-compatible or CMOS-compatible. At power-
up, all inputs are TTL-compatible and remain in that state
until the LCA begins operation. If the user has selected
CMOS compatibility, the input thresholds are changed to
CMOS levels during configuration.

Figure 13 shows the specific data arrangement for the
XC2064 device. Future products will use the same data
format to maintain compatibility between different devices
of the Xilinx product line, but they will have different sizes
and numbers of data frames. For the XC2064,

POWER-ON DELAY IS

2'4 CYCLES FOR NON-MASTER MODE—11 TO 33 mS
2'% CYCLES FOR MASTER MODE—43 TO 130 mS

USER /O PINS WITH HIGH IMPEDANCE PULL-UP

HDC = HIGH
LDC =LOW

INITIALIZATION
POWER-ON
TIME DELAY

ACTIVE RESET

CLEAR
CONFIGURATION
MEMORY

CONFIGURATION
PROGRAM MODE

POWER-DOWN
(NO HDC, LDC
OR PULL-UP)

ACTIVE

OPERATIONAL
MODE

ACTIVE RESET—
OPERATES Ol

N
USER LOGIC
LOW ON DONE/PROGRAM AND RESET
CLEARIS
~160 CYCLES FOR THE XC2064—100 TO 320 uS 1104 18
~200 CYCLES FOR THE XC2018—125 TO 390 uS
Figure 12. A State Diagram of the Configuration Process for Power-up and Re-program
11111111 DUMMY BITS (4 BITS MINIMUM), XACT 2.10 GENERATES 8 BITS
0010 PREAMBLE CODE HEADER
< 24-BIT LENGTH COUNT >  CONFIGURATION PROGRAM LENGTH
1111 DUMMY BITS (4 BITS MINIMUM)
0 < DATA FRAME # 001 > 111
0 < DATA FRAME # 002 > 111
0 < DATA FRAME # 003 > 111 XC2018  XC2064
. . . CONFIGURATION PROGRAM DATA
FRAMES 196 160
DATA BITS
REPEATED FOR EACH LOGIC
. . . PER FRAME 87 7
CELL ARRAY IN A DAISY CHAIN

0 < DATA FRAME # 159 > 111 L Y INADA
0 < DATA FRAME # 160 > 111
1111 POSTAMBLE CODE (4 BITS MINIMUM)

START-UP REQUIRES THREE CONFIGURATION CLOCKS BEYOND LENGTH COUNT

1104 15

Figure 13. XC2064 Internal Configuration Data Arrangement
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configuration requires 12,038 bits for each device. Forthe
XC2018, the configuration of each device requires 17,878
bits. The XC2064 uses 160 configurationdataframes and
the XC2018 uses 197.

The configuration bit stream begins with preamble bits, a
preamble code and a length count. The length count is
loaded into the control logic of the Logic Cell Array and is
used to determine the completion of the configuration
process. When configuration is initiated, a 24-bit length
counter is set to 0 and begins to count the total number of
configuration clock cycles applied to the device. Whenthe
current length count equals the loaded length count, the
configuration process is complete. Two clocks before
completion, the internal logic becomes active and is reset.
Onthe next clock, the inputs and outputs become active as
configured and consideration should be given to avoid
configuration signal contention. (Attention must be paid to
avoid contention on pins which are used as inputs during
configuration and become outputs in operation.) On the
last configuration clock, the completion of configuration is
signalled by the release of the DONE / PROG pin of the
device as the device begins operation. This open-drain
output can be AND-tied with multiple Logic Cell Arrays and
used as an active-High READY or active-Low , RESET, to
other portions of the system. High during configuration
(HDC) and low during configuration (LDC), are released
one CCLK cycle before DONE is asserted. In master
mode configurations, it is convenient to use LDC as an
active-Low EPROM chip enable.

As each data bit is supplied to the LCA, it is internally
assembled into a data word. As each data word is
completely assembled, itis loaded in parallelinto one word
of the internal configuration memory array. The last word
must be loaded before the current length count compare
is true. If the configuration data are in error, €.g., PROM
address lines swapped, the LCA will not be ready at the
length count and the counter will cycle through an addi-
tional complete count prior to configuration being “done”.

Figure 14 shows the selection of the configuration mode
based on the state of the mode pins MO and M1. These
package pins are sampled prior to the start of the
configuration process to determine the mode to be used.
Once configuration is DONE and subsequent operation
has begun, the mode pins may be used to perform data
readback, as discussed later. An additional mode pin,
M2, must be defined at the start of configuration. This
package pin is a user-configurable I/O after configuration
is complete.

MODE PIN
MODE SELECTED
MO | M1 | M2

oo fo MASTER SERIAL
0j10 |1 MASTER LOW MODE
[ | 1 MASTER HIGH MODE
1 0 l1 PERIPHERAL MODE
1 1 1 SLAVE MODE

MASTER LOW ADDRESSES BEGIN AT 0000 AND INCREMENT
MASTER HIGH ADDRESSES BEGIN AT FFFF AND DECREMENT

1104 13

Figure 14. Configuration Mode Selection

Initialization Phase

When power is applied, an internal power-on-reset circuit
is triggered. When Vcc reaches the voltage at which the
LCA begins to operate (nominally 2.5 to 3 V), the chip is
initialized, outputs are made high-impedance and a time-
out is initiated to allow time for power to stabilize. This
time-out (11 to 33 ms) is determined by a counter driven
by a self-generated, internal sampling clock that drives the
configuration clock (CCLK) in master configuration mode.
This internal sampling clock will vary with process,
temperature and power supply over the range of 0.5 to
1.5 MHz. LCAs with mode lines set for master mode will
time-out of their initialization using a longer counter (43 to
130 ms) to assure that all devices, which it may be driving
in a daisy chain, will be ready. Configuration using
peripheral or slave modes must be delayed long enough
for this initialization to be completed.

The initialization phase may be extended by asserting the
active-Low external RESET. If a configuration has begun,
an assertion of RESET will initiate an abort, including an
orderly clearing of partially loaded configuration memory
bits. After about three clock cycles for synchronization,
initialization will require about 160 additional cycles of the
internal sampling clock (197 for the XC2018) to clear the
internal memory before another configuration may begin.
Reprogramming is initialized by a High-to-Low transition
on RESET (after RESET has been High for at least 6 ps)
followed by a Low level (for at least 6 us) on both the
RESET and the open-drain DONE/PROG pins. This re-
turns the LCA to the CLEAR state, as shown in Fig. 12.
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Master Mode

In Master mode, the Logic Cell Array automatically loads
the configuration program from an external memory de-
vice. Figure 15a shows an example of the Master mode
connections required. The Logic Cell Array provides 16
address outputs and the control signals RCLK (Read
Clock), HDC (High during configuration) and LDC (Low
during configuration) to execute Read cycles from the
external memory. Parallel 8-bit data words are read and
internally serialized. As each data word is read, the least

significantbit of each byte, normally DO, is the nextbitinthe
serial stream.

Addresses supplied by the Logic Cell Array can be se-
lected by the mode lines to begin at address 0 and
incremented to reach the memory (master Low mode), or
they can begin at address FFFF Hex and be decremented
(master High mode). This capability is provided to allow
the Logic Cell Array to share external memory with another
device, such as a microprocessor. For example, if the
processor begins its execution from Low memory, the

USER CONTROL OF HIGHER
W5V ORDER PROM ADDRESS BITS
* |F READBACK IS HIGH or CAN BE USED TO SELECT FROM
ACTIVATED, A Low ALTERNATIVE CONFIGURATIONS
g A e L
SERIES WITH M1 - MO M1 PWRDWN
OPTIONAL
5kee = { —DouT DAISY-CHAINED
LCAs WITH DIFFERENT
— M2 CCLK [——* CONFIGURATIONS
— Hbc
i iy
U —d RoLk Ala
s A3 EPROM
2K x 8
— At2f— ORLARGER)
| | oTHER -
| (VO PINS AN
— Al0 A10
AESET ——q RESET A9 A9
b7 A8 A8
‘17 Lea
L~ D6 A7 A7 07\
L, 0s A6 A8 D6 [\
e D4 A5 A5 D5 N
| b3 A4 A4 AN
Yl A3 A3 LN
L~ D1 A2 A2 1SN
L,/ 00 At Al D1 N
A0 A0 SN
Loc D—E: 3
DONE D/P CE
d pa 8
<
DATA BUS
AO-A15
(U X ADDRESS X
T
po-07  N-18YTE XXXXX PrROM BYTE N XXX BYTE N+
(our%%li")( { \ f___'\____
1/8 CCLK 7
} 8 CCLKs:

ottt/ \_/ \

/N

DOUT
(OUTPUT)

~—X D6 of BYTE N-1XD7of BYTE N-1{ D0 of BYTE N

X101

Figure 15a. Master Parallel Mode. Configuration data are loaded automaticaly from an external byte wide PROM.
An XC2000 LDC signal can provide a PROM inhibit as the user I/Os become active.
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Logic Cell Array can load itself from High memory and
enable the processor to begin execution once configura-
tion is completed. The Done/PROG output pin can be
used to hold the processor in a Reset state until the Logic
Cell Array has completed the configuration process

The Master Serial mode uses serial configuration data,
synchronized by the rising edge of CCLK, as shown in
Figure 15b.

Peripheral Mode (Bit Serial)

Peripheral mode provides a simplified interface through
whichthe device may be loaded as aprocessor peripheral.

Figure 16 shows the peripheral mode connections.
Processor Write cycles are decoded from the common
assertion of the active-Low write strobe (IOWRT), and two
active-Low and of the active-High chip selects (CS0 CST
CS2). If all these signals are not available, the unused
inputs should be driven to their respective active levels.
The Logic Cell Array will accept one bit of the configuration
program on the data input (DIN) pin for each processor
Write cycle. Data is supplied in the serial sequence
described earlier.

Since only a single bit from the processor data bus is
loaded per cycle, the loading process involves the pro-
cessor reading a byte or word of data, writing a bit of the
data to the Logic cell Array, shifting the word and writing a

* |F READBACK IS

CTIVATED, A * +5V
5-kQ RESISTOR'IS
REQUIRED =
SERIES WITH M1 MO M1 PWRDWN

DURING CONFIGURATION
PULL-DOWN

kM —— ( — DouT
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NTERNAL PULL-UP, — w2
BUT IT ALLOWS M2 TO
BE USER 10, — e
—qLDc
GENERAL-
PURPOSE 1
USER 10
OTHER
VO PINS
— LCA

RESET —¢—9 RESET

DONE DP

OPTIONAL
DAISY-CHAINED

> LCAs WITH

__, DIFFERENT
CONFIGURATIONS
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SLAVE LCAs
WITH IDENTICAL
CONFIGURATIONS

—

+5V

[

DIN

CCLK
LDC

eeeeeernnnnnnnnens .
Vec  Vep ; :

DATA  sERiaL i :

clk MEMORY | L cascADED i

{  SERIAL !

o———d CE CEOp———d  MEMORY |
—d OF i i
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V" (HIGH RESETS THE XC1736A/XC1765 ADDRESS POINTER)

coLk —h2 N/ \/
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]
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) X
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(OUTPUT)

A )
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Figure 15b. Master Serial Mode. The one time programmable XC1736A Serial Configuration PROM
supports automatic loading of configuration programs up to 36 Kbits. Multiple XC1736As can be cascaded to
support additional LCAs. An XC2000 LDC signal can provide an XC1736A inhibit as the user /Os become active.
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bit until all bits of the word are written, then continuing in
the same fashion with the next word, etc. After the
configuration program has been loaded, an additional
three clocks (a total of three more than the length count)
must be supplied in order to complete the configuration
process. When more than one device is being used inthe
system, each device can be assigned a different bit in the
processordatabus, and multiple devices canbe loaded on
each processor write cycle. This “broadside” loading
method provides a very easy and time-efficient method of
loading several devices.

Slave Mode

Slave mode, Figure 17, provides the simplest interface for
loading the Logic Cell Array configuration. Data is sup-
plied in conjunction with a synchronizing clock. For each
Low-to-High input transition of configuration clock (CCLK),
the data present on the data input (DIN) pin is loaded into
the internal shift register. Data may be supplied by a
processor or by other special circuits. Slave mode is used
for downstream devices in a daisy-chain configuration.
The data for each slave LCA are supplied by the preceding

LCA in the chain, and the clock is supplied by the lead
device, which is configured in master or peripheral mode.
After the configuration program has been loaded, an
additional three clocks (a total of three more than the
length count) must be supplied in order to complete the
configuration process.

Daisy Chain

The daisy-chain programming mode is supported by Logic
Cell Arrays in all programming modes. In master mode
and peripheral mode, the LCA can act as a source of data
and control for slave devices. For example, Figure 18
shows a single device in master mode, with 2 devices in
slave mode. The master mode device reads the external
memory and begins the configuration loading process for
all of the devices.

The data begin with a preamble and a length count which
are supplied to all devices at the beginning of the configu-
ration. The length count represents the total number of
cycles required to load all of the devices in the daisy chain.
After loading the length count, the lead device will load its

+5V

ADDRESS DATA N * IF READBACK IS
BUS BUS ACTIVATED, A
= 5-kQ RESISTOR IS
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Mo MipwR | | WITH M1
:: 5kQ
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OTHER
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cs2 —
DONE — D/P
RESET —d RESET
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&5 \\AW\A K
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TRRXXXXXXXX/

:/’\:i/———?\—
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\

~X
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-
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Figure 16. Peripheral Mode. Configuration data are loaded using serialized data from a microprocessor.
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configuration data while providing a High DOUT to down-
stream devices. When the lead device has been loaded
andthe current length count has not reached the full value,
memory access continues. Data bytes are read and
serialized by the leaddevice. The data are passed through
the lead device and appear on the data out (DOUT) pinin
serialform. The lead device also generates the configura-
tion clock (CCLK) to synchronize the serial output data. A
master mode device generates an internal CCLK of
8timesthe EPROM address rate, while a peripheral mode
device produces CCLK from the chip select and write
strobe timing.

Operation

When all of the devices have been loaded and the length
count is complete, a synchronous start-up of operation is
performed. Onthe clock cycle following the end of loading,
the internal logic begins functioning in the reset state. On
the next CCLK, the configured output buffers become
active to allow signals to stabilize. The next CCLK cycle
produces the DONE condition. The length count control of
operation allows a system of multiple Logic Cell Arrays to
begin operation in a synchronized fashion. If the crystal
oscillator is used, it will begin operation before configura-

tion is complete to allow time for stabilization before it is
connected to the internal circuitry.

SPECIAL CONFIGURATION FUNCTIONS

In addition to the normal user logic functions and inter-
connect, the configuration data include control for several
special functions:

¢ Input thresholds

¢ Readback disable

e Reprogram

o DONE pull-up resistor

Each of these functions is controlled by a portion of the
configuration program generated by the XACT Develop-
ment System.

Input Thresholds

During configuration, all input thresholds are TTL level.
During configuration input thresholds are established as
specified, either TTL or CMOS. The PWRDWN input
threshold is an exception; it is always a CMOS level input.
The TTL threshold option requires additional power for
threshold shifting.

5V . * IF READBACK IS
ACTIVATED; A
| REQUIRED IN SERIES
MO M1 PWRDWN WITH M1
MICRO ska
COMPUTER
OPTIONAL
S
Do DIN DOUT ——— | —* GONFIGURATIONS
o1 — HDC ——
o L ; GENERAL-
pori | 02 T
D3 f— LCA PINS
D4 — —
- OTHER
D5 _ VOPINS
6 oF —
o7 —
r RESET RESET
on X BITN X BIT N +1
- 1 —
CCLK £ —
oo BITN -1 XXX BTN

1104 19A

Figure 17. Slave Mode. Bit-serial configuration data are read at rising edge of the CCLK. Data on DOUT are
provided on the falling edge of CCLK. Identically configured non-master mode LCAs can be configured in parallel
by connecting DINs and CCLKs.
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Readback

After a Logic Cell Array has been programmed, the con-
figuration program may be read back from the device.
Readback may be used for verification of configuration,
and as a method of determining the state of internal logic¢
nodes during debugging. Three readback options are
provided: on command, only once, and never.

An initiation of readback is produced by a Low-to-High
transition of the M0 / RTRIG (read trigger) pin. Once the
readback command has been given, CCLK is cycled to
read back each data bit in a format similar to loading. After
two dummy bits, the first data frame is shifted out, in
inverted sense, on the M1 / RDATA (read data) pin. All
data frames must be read back to complete the process
and return the mode select and CCLK pins to their normal
functions. Readback data includes the state of all internal
storage elements. This information is used by the Logic
Cell Array development system In-Circuit Debugger to
provide visibility into the internal operation of the logic
while the systemis operating. To read back a uniformtime
sample of all storage elements, it may be necessary to
inhibit the system clock.

Re-program

The Logic Cell Array configuration memory may be re-
written while the device is operating in the user’s system.
The LCA returns to the Clear state where the configuration
memory is cleared, I/O pins disabled, and mode lines re-
sampled. Re-program control is often implemented using
an externalopen collector driver which pulls DONE/PROG
LOW. Once it recognizes a stable request, the Logic Cell
Array will hold DONE/PROG LOW until the new configu-
ration has been completed. Even if the DONE/PROG pin
is externally held LOW beyond the configuration period,
the Logic Cell Array will begin operation upon completion
of configuration. To reduce sensitivity to noise, these re-
program signals are filtered for 2-3 cycles of the LCA's
internal timing generator (2 to 6 us). Note that the Clear
time out for a Master mode re-program or abort does not
have the 4 times delay of the Initialization state. If a daisy
chainis used, an external RESET is required, long enough
to guarantee clearing all non-master mode devices. For
XC2000 series LCAs this is accomplished with an external
time delay.

In some applications the system power supply might have
momentary failures which can leave the LCA’s control
logic in an invalid state. There are two metods to recover
from this state. The first is to cycle the Vcc supply to less
than 0.1 Volt and reapply valid Vcc. The second is to
provide the LCA with simultaneous Low levels of at least
6 pus on RESET and DONE/PROG pins after the RESET
pin has been High following a return to valid Vcc. This

guarantees that the LCA will return to the Clear state.
Either of these methods may be needed in the event of an
incomplete voltage interruption. They are not needed fora
normal application of power from an off condition.

DONE Pull-up

The DONE/PROG pin is an opendrain I/O that indicates
programming status. As aninput, it initiates a reprogram
operation. An optional internal pull-up resistor may be
enabled.

Battery Backup

Because the control store of the Logic Cell Array is a
CMOS static memory, its cells require only a very low
standby current for data retention. In some systems, this
low data retention current characteristic facilitates pre-
serving configurations in the event of a primary power loss.
The Logic Cell Array has built in power-down logic which,
when activated, will disable normal operation of the device
and retain only the configuration data. Allinternal opera-
tion is suspended and all output buffers are placed in their
high impedance state.

Power-down data retention is possible with a simple bat-
tery-backup circuit because the power requirement is
extremely low. For retention at2.0 V, the required current
is typically on the order of 500 nA. Screening to this
parameter is available. To force the Logic Cell Array into
the power-down state, the user must pull the PWRDWN
pin Low and continue to supply a retention voltage to the
Vcce pins of the package. When normal power is restored,
Vcc is elevated to its normal operating voltage and
PWRDWN is returned to a High. The Logic Cell Array
resumes operation with the same internal sequence that
occurs at the conclusion of configuration. Internal I/0 and
logic block storage elements will be reset, the outputs will
become enabled and then the DONE/PROG pin will be
released. No configuration programming is involved.

PERFORMANCE

The high performance of the Logic Cell Array results from
its patented architectural features and from the use of an
advanced high-speed CMOS manufacturing process.
Performance may be measured in terms of minimum
propagation times for logic elements.

Flip-flop loop delays for the I/O block and logic block flip-
flops are about 3 ns. This short delay provides very good
performance under asynchronous clock and data
conditions. Shortloop delays minimize the probability of a
metastable condition which can result from assertion of
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Figure 18. Master Mode Configuration with Daisy Chained Slave Mode Devices.
All are configured from the common EPROM source. A well defined termination of
SYSTEM RESET is needed when controlling multiple LCAs.

Any XC3000 slave driven by an XC2000 master mode device must use “early DONE and early internal reset”.

(The XC2000 master will not supply the extra clock required by a “late” programmed XC3000.)
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the clock during data transitions. Because of the short
loop delay characteristic in the LCA device, the 1/0 block
flip-flops can be used very effectively to synchronize
external signals applied to the device. Once synchronized
in the 1/0 block, the signals can be used internally without
further consideration of their clock relative timing, except
as it applies to the internal logic and routing path delays.

Device Performance

The single parameter which most accurately describes the
overall performance of the Logic Cell Array is the maxi-
mum toggle rate for a logic block storage element config-
ured as a toggle flip-flop. The configuration for determin-
ing the toggle performance of the Logic Cell Array is shown
in Figure 19. The clock for the storage element is provided
by the global clock buffer and the flip-flop output Q is fed
back through the combinatorial logic to form the data input
for the next clock edge. Using this arrangement, flip-flops
in the Logic Cell Array can be toggled at clock rates from
33-70 MHz, depending on the speed grade used.

Actual Logic Cell Array performance is determined by the
critical path speed, including both the speed of the logic
and storage elements in that path, and the speed of the
particular network routing. Figure 20 shows a typical
system logic configuration of two flip-flops with an extra
combinatorial level between them. Depending on speed
grade, system clock rates to 35 MHz are practical for this
logic. To allow the user to make the best use of the
capabilities of the device, the delay calculator inthe XACT
Development System determines worst-case path delays
using actual impedance and loading information.

1104 21

Figure 19. Logic Block Configuration for
Toggle Rate Measurement

Logic Block Performance

Logic block propagation times are measured from the
interconnect point at the input of the combinatorial logic to
the output of the block in the interconnect area. Com-
binatorial performance is independent of logic function
because of the table look-up based implementation.
Timing is different when the combinatorial logic is used in
conjunction with the storage element. For the combinato-
rial logic function driving the data input of the storage
element, the critical timing is data set-up relative to the
clock edge provided to the storage element. The delay
from the clock source to the output of the logic block is
critical in the timing of signals produced by storage ele-
ments. The loading on a logic block output is limited only
by the additional propagation delay of the interconnect
network. Performance of the logic block is a function of
supply voltage and temperature, as shown in Figure 22 .

Interconnect Performance

Interconnect performance depends on the routing re-
source used to implement the signal path. As discussed
earlier, direct interconnect from block to block provides a
minimum delay path for a signal.

The single metal segment used for long lines exhibits low
resistance from end to end, but relatively high capa-
citance. Signals driven through a programmable switch
will have the additional impedance of the switch added to
their normal drive impedance.

General-purpose interconnect performance depends on
the number of switches and segments used, the pre-sence
of the bidirectional repowering buffers and the overall
loading on the signal path at all points along the path. In
calculatingthe worst-case delay for ageneralinterconnect
path, the delay calculator portion of the XACT develop-
ment system accounts for all of these elements. As an
approximation, interconnect delay is proportional to the
summation of totals of local metal segments beyond each
programmable switch. In effect, the delay is a sum of
R-C delays each approximated by an R times the total C
it drives. The R of the switch and the C of the interconnect
are functions of the particular device performance grade.
For a string of three local interconnects, the approximate
delay at the first segment, after the first switch resistance,
would be three units; an additional two delay units after the
next switch plus an additional delay after the last switch in
the chain. The interconnect R-C chainterminates at each
repowering buffer. Nearly all of the capacitance is in the
interconnect metal and switches; the capacitance of the
block inputs is not significant. Figure 21 shows an esti-
mation of this delay.
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Figure 21. Interconnection Timing Example. Use of the XACT timing calculator
or XACT-generated simulation model provides actual worst-case performance information.
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SPECIFIED WORST-CASE VALUES
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DEVELOPMENT SYSTEMS

To accomplish hardware development support for the
Logic Cell Array, Xilinx provides a development system
with several options to support added capabilities. The
XACT system provides the following:

o Schematic entry

¢ Automatic place and route

* Interactive design editing for optimization

* Interactive timing calculations

e Macro library support, both for standard Xilinx
supplied functions and user defined functions

¢ Design entry checking for consistency and
completeness

o Automatic design documentation generation

¢ PROM programmer format output capabilities

» Simulation interface support including automatic
netlist (circuit description) and timing extraction

¢ Logic and timing simulation

o In-circuit design verification for multiple devices

The host system on which the XACT system operates is
an IBM PC/AT or compatible system with DOS 3.0 or
higher. The system requires 640K bytes of internal RAM,
3 Mbyte of Extended Memory, color graphics and a
mouse. A complete system requires one parallel I/O port
and two serial ports for the mouse and in-circuit emulation.

Designing with the XACT Development System

Designing with the Logic Cell Array is similar to using
conventional MS| elements or gate array cells. A range of
supported packages, including FutureNet and VIEWIogic,
provide schematic capture with elements from a macro
library. The XACT development system then translates
the schematic description into partitioned Logic Blocks
and |/0O Blocks, based on shared input variables or efficient
use of flip-flop and combinatorial logic. Design entry can
also be implemented directly with the XACT development
system using an interactive graphic design editor. The
design information includes both the functional specifica-
tions for each block and a definition of the interconnection
networks. Automatic placement and routing is available
for either method of design entry. After routing the inter-
connections, various checking stages and processing of
that data are performedto insure that the design is correct.
Design changes may be implemented in minutes. The
design file is used to generate the programming data
which canbe downloadeddirectlyinto anLCAinthe user’s
target system and operated. The program information
may be usedto program PROM, EPROM or ROM devices,
or stored in some other media as needed by the final
system. Design verification may be accomplished by
using the XACTOR In-Circuit Design Verifier directly inthe
target system and/or the P-SILOS logic simulator.

PIN DESCRIPTIONS

Permanently Dedicated Pins.

v

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

GND
One or two (depending on package type) connections to
ground. All must be connected.

PWRDWN

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

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

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

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

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

RESET can also be used to recover from partial power
failure. See section on Re-program under “Special Con-
figuration Functions.”

CCLK

During configuration, Configuration Clo