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On behalf of the employees of Xilinx, our sales representatives, our distributors, and our
manufacturing partners, welcome to our 1999 Data Book, and thank you for your interest in
Xilinx products and services.

As the inventor of Field Programmable Gate Array technology and the world’'s leading
supplier of programmable logic, we would like to pledge our continuing commitment to
providing you, our users, with the best possible integrated circuit components, development
systems, and technical and sales support.

Over the past year, we have substantially expanded our product line with the full introduction
of 3.3V and 2.5V device offerings. These include the XC4000XLA, XC4000XLT, 9500XL,
SpartanXL, and Virtex series of programmable logic. We have continued to enhance our
leading-edge products as well, with new speed grades and improved pricing. The Alliance
and Foundation series products have set a new standard for functionality and ease-of-use in
programmable logic development systems. You can expect this pace of innovation to
continue, and even increase, as we maintain our leadership role in bringing leading-edge
programmable logic solutions to the market.

We look forward to satisfying all of your programmable logic needs.

Sincerely,

k.)O‘;w Qma&&u At

Wim Roelandts

Chief Executive Officer
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About this Book

This Data Book provides a “snapshot in time” in its listing of
IC devices and development system software available
from Xilinx as of late 1998. New devices, speed grades,
package types and development system products are con-
tinually being added to the Xilinx product portfolio. Users
are encouraged to contact their local Xilinx sales represen-
tative and consult the WebLINX World Wide Web site
(http://www.xilinx.com) and the quarterly XCELL newsletter
for the latest information regarding new product availability.

This book covers the current XC4000E/EX/XL, XC4000XV,
XC4000XLT, Spartan/XL, Virtex, XC5200, XC3000A/L,
XC3100A/L, XC9500/XL, XC1700D/L and XC1701L.

The product specifications for several older Xilinx product
families are not included in this Data Book. This does not
imply that these products are no longer available. However,
for new designs, users are encouraged to use the newer
products described in this book, which offer better perfor-
mance at lower cost than the older technologies. Product
specifications for the older products are available at
WebLINX, the Xilinx site on the World Wide Web, or
through your local Xilinx sales representative.

Data Sheet Categories

In order to provide the most up-to-date information, some
component products included in this book may not have
been fully characterized at the time of publication. In these
cases, the AC and DC characteristics included in the data
sheets will be marked as Advance or Preliminary informa-
tion. (Not withstanding the definitions of such terms, all
specifications are subject to change without notice.) These
designations have the following meaning:

« Advance — Initial estimates based on simulation
and/or extrapolation from other speed grades, devices,
or device families. Use as estimates, but not for final
production.

* Preliminary — Based on preliminary characterization.
Changes are possible, but not expected.

* Final (unmarked) — Specifications not identified as
either Advance or Preliminary are to be considered
final.

Data Book Contents

Chapter 1 is a general overview of the Xilinx product line,
and is recommended reading for designers who are new to
the field of high-density programmable logic.

Chapter 2 contains a discussion of the overall design
methodology when using Xilinx programmable logic and
descriptions of Xilinx development system products. This
chapter also includes a description of the Xilinx CORE
solutions products.

Chapter 3 includes the product descriptions for the Xilinx
Virtex Series of high-density, high-speed Field Programma-
ble Gate Arrays (FPGAS).

Chapter 4 includes the product descriptions for the Xilinx
Spartan Series of low-cost Field Programmable Gate
Arrays (FPGAS).

Chapter 5 contains the product descriptions for the Xilinx
Complex Programmable Logic Device (CPLD) products,
including the XC9000 series.

Chapter 6 includes the product descriptions for the Xilinx
XC4000 Series of high-speed Field Programmable Gate
Arrays (FPGAS).

Chapter 7 includes the product descriptions for the Xilinx
XC3000 and XC5200 Series of low-cost Field Programma-
ble Gate Arrays (FPGAS).

Chapter 8 holds the product descriptions for the XC1700
families of Serial PROM devices. These Serial PROMs pro-
vide a convenient, low-cost means of storing configuration
programs for the SRAM-based FPGAs. Chapter 8 also
describes the HW130 device programmer for the XC170X
series of Serial PROMs and the XC9500 series of CPLDs.

Chapter 9 contains a brief overview of the HardWire prod-
uct line. Detailed product specifications are available in
separate Xilinx data sheets.

Chapter 10 is an overview of Xilinx High-Reliability/Military
products. Detailed product specifications are available in
separate Xilinx data sheets.

Chapter 11 contains a description of all the physical pack-
ages for the various IC products, including information
about the thermal characteristics of those packages.

Chapter 12 discusses the testing, quality, and reliability of
Xilinx component products.

Chapter 13 includes a listing of all the technical support
facilities provided by Xilinx.

Chapter 14 contains additional information about Xilinx
components that is not provided in the product specifica-
tions of the earlier chapters. This includes some additional
electrical parameters that are not in the product specifica-
tions because they are not part of the manufacturing test

February 2, 1999

11




An Introduction to Xilinx Products

S XILINX®

program for the particular device, but may be of interest to
the user. Also included in this chapter is a discussion of the
JTAG boundary test scan logic found in several Xilinx com-
ponent families.

The final two sections contain an index to the topics
included in this Data Book and a listing of Xilinx sales
offices, sales representatives, and distributors.

About the Company

Xilinx, Inc., offers the industry’s broadest selection of pro-
grammable logic devices. With 1997 revenues of over $560
million, Xilinx is the world’s largest supplier of programma-
ble logic, and the market leader in Field Programmable
Gate Arrays (FPGAS).

Xilinx was founded in 1984, based on the revolutionary idea
of combining the logic density and versatility of gate arrays
with the time-to-market advantages and convenience of
user-programmable standard parts. One year later, Xilinx
introduced the world’s first Field Programmable Gate Array.
Since then, through a combination of architectural and
manufacturing process improvements, the company has
continually increased device performance, in terms of
capacity, speed, and ease-of-use, while lowering costs.

In 1992, Xilinx expanded its product line to include
advanced Complex Programmable Logic Devices
(CPLDs). For the user, CPLDs are an attractive comple-

ment to FPGAS, offering simpler design software and more
predictable timing.

As the market leader in one of the fastest growing seg-
ments of the semiconductor industry, Xilinx strategy is to
focus its resources on creating new ICs and development
system software, providing world-class technical support,
developing markets, and building a diverse customer base
across a broad range of geographic and end-use applica-
tion segments. The company has avoided the large capital
commitment and overhead burden associated with sole
ownership and operation of a wafer fabrication facility.
Instead, Xilinx has established alliances with several
high-volume, state-of-the-art CMOS IC manufacturers.
Using standard, high-volume processes assures low man-
ufacturing costs, produces programmable logic devices
with well-established reliability, and provides for early
access to advances in CMOS processing technology.

Xilinx headquarters are located in San Jose, California.
The company markets its products worldwide through a
network of direct sales offices, manufacturers’ representa-
tives, and distributors (as listed in the back of this book).
The company has representatives and distributors in over
38 countries.

Product Line Overview

Field Programmable Gate Arrays (FPGAs) and Complex
Programmable Logic Devices (CPLDs) can be used in vir-
tually any digital logic system. Over 50 million Xilinx compo-
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nents have been used in a wide variety of end-equipment
applications, ranging from supercomputers to hand-held
instruments, from central office switches to centrifuges, and
from missile guidance systems to guitar synthesizers.

Xilinx achieved its leading position through a continuing
commitment to provide a complete product solution. This
encompasses a focus on all three critical areas of the
high-density programmable solution “triangle”: components
(silicon), software, and service (Figure 1).

Programmable Logic vs. Gate Arrays

Xilinx programmable logic devices provide the benefits of
high integration levels without the risks or expenses of
semi-custom and custom IC development. Some of the
benefits of programmable logic versus mask-programmed
gate arrays are briefly discussed below.

Faster Design and Verification

Xilinx FPGAs and CPLDs can be designed and verified
quickly while the same process requires several weeks with
gate arrays. There are no non-recurring engineering (NRE)
costs, no test vectors to generate, and no delay while wait-
ing for prototypes to be manufactured.

Design Changes without Penalty

Because the devices are software-configured and
user-programmed, modifications are much less risky and
can be made anytime - in a manner of minutes or hours, as
opposed to the weeks it would take with a gate array. This
results in significant cost savings in design and production.

Shortest Time-to-Market

When designing with Xilinx programmable logic,
time-to-market is measured in days or a few weeks, not the
months often required when using gate arrays. A study by

» Optimized circuits/architectures

market research firm McKinsey & Co. concluded that a
six-month delay in getting to market can cost a product
one-third of its lifetime potential profit. With mask-pro-
grammed gate arrays, design iterations can easily add that
much time, and more, to a product schedule.

Once the decision has been made to use Xilinx program-
mable logic, a choice must be made from a number of prod-
uct families, device options, and product types. The
information in the product selection matrices that follow can
help guide that selection; detailed product specifications
are available in subsequent chapters of this book. Since
many component products are available in common pack-
ages with common footprints, designs often can be
migrated to higher or lower density devices, or even across
some product families, without any printed circuit board
changes. Design ideas, represented in text or schematic
format, are converted into a configuration data file for an
FPGA or CPLD device using the Xilinx development soft-
ware running on a PC or workstation.

Component Products

Xilinx offers the broadest line of programmable logic
devices available today, with hundreds of products featur-
ing various combinations of architectures, logic densities,
package types, and speed grades in commercial, industrial,
and military grades. This breadth of product offerings
allows the selection of the programmable logic device that
is best suited for the target application.

Xilinx programmable logic offerings include several families
of reprogrammable FPGAs and FLASH-memory-based
CPLDs (Figure 2). HardWire devices are mask-pro-
grammed versions of the reprogrammable FPGAs, and
provide a transparent, no-risk migration path to lower-cost
devices for high-volume, stable designs. Additionally, a
family of Serial PROM devices is available to store configu-

« Powerful but easy

. . )] -
* Highest performance/densities o«\ « Integrated across families
* Deep submicron processes é » Seamless integration into
v customer CAE system
« Unmatched quality ’7%\
and reliability
SERVICE

« Global world class sales/distribution support

* Global world class technical support: FAEs/support center/on-line/internet

« Global world class manufacturing: quality/capacity/delivery X5955

Figure 1: The Xilinx Programmable Solution Triangle
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ration programs for the reprogrammable FPGA devices.
Many devices are available in military temperature range
and/or MIL-STD-883B versions, for high-reliability and mili-
tary applications.

Field Programmable Gate Arrays (FPGAS)

FPGA devices feature a gate-array-like architecture, with a
matrix of logic cells surrounded by a periphery of I/O cells,
as diagrammed in Figure 3. Segments of metal intercon-
nect can be linked in an arbitrary manner by programmable
switches to form the desired signal nets between the cells.

FPGAs combine an abundance of logic gates, registers,
and 1/0Os with fast system speed. Xilinx offers several
families of reprogrammable, static-memory-based (SRAM-
based) FPGAs, including the Virtex, Spartan, XC3000,
XC4000, and XC5000 series.

ASIC Alternatives

Gate Arrays
Custom
Highest Density
ASIC Tools

Xilinx
Product Line

CPLD

ISP
PAL Architecture
Medium Density
Simple Tools

FPGA
Programmable
Gate Array
Architecture
High Density
ASIC Tools

HardWire™
Custom

Transparent Conversion
100% Tested

PAL Devices

Programmable AND/OR
Architecture

Low Density

Simple Tools
X5957

Figure 2: Application-Specific IC Products

Complex Programmable Logic Devices (CPLDs)

Designers more comfortable with the speed, design sim-
plicity, and predictability of PALs may prefer CPLD devices.
Conceptually, CPLDs consist of multiple PAL-like function
blocks that can be interconnected through a switch matrix
(Figure 4). The XC9000 CPLD series features in-system
programmable FLASH technology, and, like most of the
FPGA families, includes built-in JTAG boundary scan test
logic.

HardWire devices

Xilinx HardWire products are a family of .5p to .35u
state-of-the-art sea-of-gates multi-mask ASIC devices. The
HardWire flow is the lowest risk method for cost reduction
for FPGA based systems. HardWire uses a turnkey devel-
opment flow. Customer engineering resources are used to
discuss features implemented in the FPGA design and
review conversion reports. No customer engineering
resources are used to convert the design. Each HardWire
device is developed using the FPGA's design files. This
guarantees the HardWire device will be functionally com-
patible with the FPGA. No customer generated test vectors
are required with HardWire. Each HardWire device is
tested using a combination of industry standard and Xilinx
patented test methods in a full scan methodology. Hard-
Wire process technologies, conversion methods and test-
ing procedures provide the most cost-effective alternative
to traditional gate arrays.

Serial PROMs

The XC1700 family features one-time programmable serial
PROMs ranging in density from about 18,000 bits to over
260,000 bits. These serial PROMs are an easy-to-use,
cost-effective method for storing configuration data for the
SRAM-based FPGAs.
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Figure 3: FPGA Architecture
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Figure 4: CPLD Architecture

High-Reliability Devices

Xilinx was the first company to offer high-reliability FPGAs
by introducing MIL-STD-883B qualified XC2000 and
XC3000 series devices in 1989. MIL-STD-883B members
of the XC4000 FPGA series are currently available, and
qualified versions of additional Xilinx families are in devel-
opment. The product line also includes Standard Microcir-
cuit Drawing (SMD) versions of several families. Some
Xilinx devices are available in tested die form through
arrangements with manufacturing partners.

Development System Products

Xilinx offers a complete software environment for the imple-
mentation of logic designs in Xilinx programmable logic
devices. This environment combines powerful technology
with a flexible, easy-to-use graphical interface to help users
achieve the best possible designs, regardless of experi-
ence level. The user has a wide range of choices between
a fully-automatic implementation and detailed involvement
in the layout process. The development system provides all
the implementation tools required to design with Xilinx logic
devices, including the following:

« libraries and interfaces for popular schematic editors,
logic synthesis tools, and simulators

» design manager/flow engine

e module generator

e map, place, and route compilation software

» static timing analyzer

« hardware debugger

Xilinx is committed to an “open system” approach to
front-end design creation, synthesis, and verification. Xilinx
devices are supported by the broadest number of EDA ven-
dors and synthesis vendors in the industry. Supported plat-

Interconnect
Matrix

Y

]

< 110
]
=l

X5956

forms include the ubiquitous PC and several popular
workstations.

Technical Support and Service

Providing global, world-class manufacturing, technical sup-
port, and sales/distribution support is an essential founda-
tion of the Xilinx product strategy. Xilinx manufacturing
facilities have earned 1SO9002 certification, and Xilinx
quality and reliability achievements are among the world’s
best - not just for programmable logic suppliers, but among
all semiconductor companies. Comprehensive technical
support facilities include training courses, extensive prod-
uct documentation and application notes, a quarterly tech-
nical newsletter, the WebLINX World Wide Web site,
technical support hotlines, and a cadre of Field Application
Engineers. Sales support is provided by a worldwide net-
work of representatives and distributors.

February 2, 1999
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XC3000 Series Product Selection Matrix

» S |3 3|13 3 /<< /< /< << <242
ol < < < < < S | S N < o o) o =
Q XC3000 Series & & g S S S S 3 2 S 2
> o o o o o ™ ™ ™ ™ ™m ) ™m ™
z 5 ¢ 8 3§ g 888 g g g g
X | X | x x| x | * ~

0

E Low Voltage

>_ . .

& P LLc?v\\I/vlg)?;gr High Performance (?-Ii:;?\/)
5 Performance
T

Max Logic Gates (K) 15 2 3 45 6 15 2 3 45 6 75 3 6
E Max RAM Bits N/A N/A N/A N/A N/A | N/A | N/A | NIA | N/A | N/A | N/A | NA | NA
&2 | Typical Gate Range (K) 115 | 152 | 23 [3545| 56 |1-15|152| 23 |3545| 56 (6575 23 | 56
W |cLBs 64 100 144 224 320 64 | 100 | 144 | 224 | 320 | 484 | 144 | 320
Flip-Flops 256 360 480 688 928 | 256 | 360 | 480 | 688 | 928 | 1320 | 480 | 928
¢y |Output Drive (MA) 4 4 4 4 4 8 8 8 8 8 8 4 4
bl |JTAG (IEEE 1149.1) N N N N N N N N N N N N
E Dedicated Arithmetic N N N N N N N N N N N N N
& |Quiescent Current (mA) 0.5/0.02|0.5/0.02|0.5/0.02|0.5/0.02|0.5/0.02| 8 8 8 8 8 8 15 15
L |Fastest Speed Grade 6-8 | 6/-8 | -6/-8 | -6/-8 | 6/-8 | -09 | -09 | 09 | -09 | -09 | -09 -2 -2
XC4000 Series Product Selection Matrix
< 22 = X Elg g g g
L L L L > S
0 © Olg @ o o w 9| ZIZ3I3I I 3 B
3] - S v |2 | Q@ |c|m o | N | W W} 3y e} © ©
= XC4000 Series © 1o |2 29 |4 o I Q ® Q o o o o
& J1o9 31 J3leoglolo |3 18|18 | < < <
i C I |2 1Q I |IX | X |9 2120 o O O
x O X X O O O X O O < < < <
X X X X
x X
0
w . .

> @ High Density

w2 High Performance

x 5 Select-RAM™ Memory
o

System Gate Range* (Logic and RAM) (K) | 2-5 | 3-9 | 4-12 | 6-15 | 7-20 [10-30 | 13-40 | 15-45 | 18-50 | 22-65 | 27-80 | 33-100 | 40-130 | 55-180
> |Logic Cells 238 | 466 | 608 | 770 | 950 | 1368 | 1862 | 2432 | 2432 | 3078 | 3800 | 4598 | 5472 | 7448
ey ax Logic Gates, (no
; Max Logic G (no RAM) (K) 3 5 6 8 10 | 13 | 20 25 28 | 36 | 44 52 62 85
2 |Max RAM Bits (no Logic) 3200 | 6272 | 8192 |10368|12800 1843225088 | 32768 | 32768 | 4147251200 | 61952 | 73728 | 100352
Q |CLBs 100 | 196 | 256 | 324 | 400 | 576 | 784 | 1024 | 1024 | 1296 | 1600 | 1936 | 2304 | 3136
Flip-Flops 360 | 616 | 768 | 936 | 1120 | 1536 | 2016 | 2560 | 2560 | 3168 | 3840 | 4576 | 5376 | 7168
) |Output Drive (mA) 12 | 12 | 12 | 12 [ 12 | 12 | 12 12 12 12 12 12 12 12
bl [JTAG (IEEE 1149.1) Y Y Y Y Y Y Y Y Y Y Y Y Y Y
E Dedicated Arithmetic Y Y Y Y Y Y Y Y Y Y Y Y Y Y
< |Quiescent Current (mA) 10 | 10 | 10 | 10 | 10 | 10 | 10 10 10 10 10 10 10 10
L |Fastest Speed Grade -1 | -09 | -1 -1 |09 ] 0 |09 -2 |-09 | -09|-09 | -09 -09 -09

*Maximum System gates assume 20% of CLBs used as RAM
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Spartan Series Product Selection Matrix

[%2]
5 Spartan Series XCSO05 XCS10 XCS20 XCS30 XCS40
o P XCSO05XL XCS10XL XCS20XL XCS30XL XCS40XL
)
5 (é High Performance
W 2 Select-RAM™ Memory
s Low Cost
L
System Gate Range* (Logic and RAM) (K) 2-5 3-10 7-20 10-30 13-40
5 |Logic Cells 238 466 950 1368 1862
% Max Logic Gates, (no RAM) (K) 3 5 10 13 20
Z |Max RAM Bits (no Logic) 3200 6272 12800 18432 25088
2 [cLBs 100 196 400 576 784
Flip-Flops 360 616 1120 1536 2016
 |Output Drive (MA) 12/24 12/24 12/24 12/24 12/24
W |JTAG (IEEE 1149.1) Y Y Y Y Y
2 |Dedicated Arithmetic Y Y Y Y Y
ﬁ Quiescent Current (mA) 3/0.1 3/0.1 3/0.1 3/0.1 3/0.1
" [Fastest Speed Grade -4/-5 -4/-5 -4/-5 -4/-5 -4/-5
*Maximum System gates assume 20% of CLBs used as RAM
XC5200 Series Product Selection Matrix
0
L
g XC5200 Series XC5202 XC5204 XC5206 XC5210 XC5215
5
[}
N
= Low Cost
¥ g
L
LL
Max Logic Gates (K) 3 6 10 16 23
= Max RAM Bits N/A N/A N/A N/A N/A
2 |Typical Gate Range (K) 2-3 4-6 6-10 10-16 15-23
o] CLBs/Logic Cells 64 120 196 324 484
Flip-Flops 256 480 784 1296 1936
«» |Output Drive (mA) 8 8 8 8 8
%J JTAG (IEEE 1149.1) Y Y Y Y Y
E Dedicated Arithmetic Y Y Y Y Y
% |Quiescent Current (mA) 15 15 15 15 15
Fastest Speed Grade -3 -3 -3 -3 -3
February 2, 1999 1-7
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XC9500 Series Product Selection Matrix

o XC9536 XC9572 | XC95108 | XC95144 | XC95216 | XC95288
g XC9500 Series CPLD
o XC9536XL | XC9572XL XC99144XL XC95288XL
@ High Performance
> Low Cost
x b JTAG ISP
m High Reliability
>~ |Gates (K) 0.8 1.6 2.4 3.2 4.8 6.4
2 |Macrocells 36 72 108 144 216 288
&  |Flip-Flops 36 72 108 144 216 288
«» |Output Drive (mA) 8/24 8/24 24 8/24 24 8/24
% JTAG (IEEE 1149.1) Y Y Y Y Y Y
E Dedicated Arithmetic Y Y Y Y Y Y
L |Quiescent Current (mA) 10/30 20/65 100 45/160 - 85/300
Fastest Speed Grade (ns) 4/5 5/7 7 517 10 6/15
Note 1: XC9500 series is 5V
HardWire XH3 Product Family
0
L;’ HardWire XH3 Series XH302 XH304 XH306 XH308 XH310 XH312
1]
[a)]
i .5l process
o 5.0-volt
é Pin compatible FPGA replacement
- # Pads 136 172 204 240 292 352
9 |Largest Package for Base Array PQ100 PQ160 PQ208 PQ240 PQ240 BG432
& |DLM Usable Gates 14,500 28,000 42000 62,000 97,000 146,000
@ |JTAG Y Y Y Y Y Y
5 |CE Y Y Y Y Y Y
é RAM Y Y Y Y Y Y
HardWire XH3L Product Family
0
<§> HardWire XH3L Series XH310L XH312L XH316L XH320L XH326L
L
[a)]
i .35 process
>
WP 3.3-volt
é Pin compatible FPGA replacement
> |#Pads 220 284 352 432 560
2 |Largest Package for Base Array PQ208 BG256 BG352 BG432 BG560
8 |TLM Usable Gates 95,000 170,000 270,000 425,000 750,000
@ |JTAG Y Y Y Y Y
5 |CE Y Y Y Y Y
@ RAM Y Y Y Y Y
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Product Overview

Introduction

Leading-edge silicon products, state-of-the art software
solutions and world-class technical support make up the
total solution delivered by Xilinx. The software component
of this solution is critical to the success of every design
project. Xilinx Software Solutions provide powerful tools
which make designing with programmable logic simple.
Push button design flows, integrated on-line help, multime-
dia tutorials, plus high performance automatic and
auto-interactive tools, help designers achieve optimum
results. And the industry’s broadest array of programmable
logic technology and EDA integration options deliver unpar-
alleled design flexibility.

Product Overview

Xilinx Software Solutions are available in two different prod-
uct series making it easy for designers to choose the right
system for their needs. These two series support the indus-
try’s broadest array of programmable logic IC families. This
allows users to standardize their design tools for all pro-
grammable logic applications and use these tools to realize
the benefits of the industry’s highest performance and den-
sity FPGAs and CPLDs. It also makes it easy to migrate
designs to new technologies and re-use existing designs in
new applications.

The Xilinx Foundation Series provides designers with a
complete, ready-to-use solution for programmable logic
design.

The Xilinx Alliance Series provides designers powerful
integration of Xilinx design tools with their existing EDA
environment.

Flexible Configurations

Xilinx Software Solutions are available in two device config-
urations giving designers a cost-effective way to match
their tools to the design methodologies they require. These
configurations are available for both the Foundation and
Alliance Series.

» Base configurations provide push button design flows
and support a broad array of FPGA and CPLD devices
targeted for low density and high volume applications.

« Standard configurations combine push button flows with
powerful auto-interactive tools. These tools give
designers more influence and control over
implementation while maintaining the benefits of design
automation. Standard configurations include support for

all Xilinx programmable logic devices, featuring the
industry’s largest FPGA devices.

Foundation Series

The Xilinx Foundation Series provides everything required
to design a programmable logic device in an easy-to-use
environment. This fully integrated tool set allows users to
access design entry, synthesis, implementation and simu-
lation tools in a ready-to-use package. Every step in the
design process is accomplished using graphical tool bars,
icons and pop-up menus supported by interactive tutorials
and comprehensive on-line help.

The Xilinx Foundation Series features support for stan-
dards based HDL design. All configurations support the
popular ABEL language, with integrated compilers opti-
mized for each target architecture. HDL configurations
include integrated VHDL/Verilog synthesis from Synopsys
with tutorials and graphical HDL design entry tools to turn
new users into experts quickly and easily.

HDL Configurations

HDL configurations of the Foundation Series contain inte-
grated VHDL/Verilog synthesis and graphical interactive
HDL entry tools with the following features:

* On-line tutorial teaches the art of VHDL design.

e Xilinx HDL Editor provides color coding, syntax
checking and single click error navigation making it
easy to create and debug VHDL, Verilog and ABEL
designs.

¢ Graphical State Machine editor makes the design of
simple or complex state machines simple and intuitive.

« HDL Language Assistant provides libraries of common
functions with optimized VHDL, Verilog and ABEL code.

¢ FPGA and CPLD specific synthesis and optimization
from Synopsys tools produce high-utilization,
high-performance results

Alliance Series

The Alliance Series provides powerful and integrated
design tools for users who require a quality solution for their
chosen EDA design solution. With the Alliance Series,
users can choose from a wide range of design techniques
including schematic capture, module-based design and
HDL design solutions. With standard based design inter-
faces including EDIF, VITAL, VHDL, Verilog and SDF, this
series provides maximum flexibility, portability, mixed ven-
dor support, and design reuse.

December 10, 1997 (Version 2.0)
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Quality integration with leading EDA vendors such as
ALDEC, Exemplar, Cadence, Mentor Graphics, Model
Technology, OrCAD, Synopsys, Synplicity, Veribest and
VIEWIogic provide tightly-coupled environments that make
it easy to move through the design process and through a
mixed EDA vendor flow. The EDA vendors are supported
through the Xilinx Alliance Program, insuring high quality
tools and accuracy of results. Information on Xilinx Alliance
Program vendors can be found on the Xilinx WEB page
www.xilinx.com.

The Alliance Series includes an enhanced set of
easy-to-use features including, design manager, flow
engine, installation, on-line documentation, and answer
database. In addition, the Alliance Series includes a power-
ful and complete implementation toolset, LogiBLOX (next
generation module generation), fully integrated EDA ven-
dor support, and a powerful gate-level optimizer. Also
included are new advanced place and route software that
has incremental design capabilities and SMARTspecs (a
robust timing constraint language). Users can achieve up to
25% performance improvements with no additional elapse
time through the use of the Alliance Series Turns Engine.
The Turns Engine uses networked workstations to run mul-
tiple place and route passes for a single design. This fea-
ture is included with the Alliance Series BASE and
Standard workstation development systems. The libraries
and interface provide Xilinx Unified Library schematic sym-
bols, HDL synthesis libraries, VITAL(VHDL) and Verilog
simulation models with timing information and translators
through a standard netlist format. All of these tools provide
a complete spectrum of high density design methodologies
from fully-automatic to hand-crafted and close integration
with Xilinx LogiCores and AllianceCore partners.

Alliance Series Options

VIEWIogic Workview Office Development System options
as part of the Alliance Series are intended for users who
want the integration of a complete solution with the power
to access board and system level design tools. These prod-
ucts include VIEWIlogic Workview Office schematic capture
and simulation tools.

Xilinx M1 Software Technology

M1 technology represents Xilinx's next generation software
technology. This advanced technology developed as a
result of the Xilinx merger with NeoCAD Inc., enables digi-
tal system designers to increase design performance,
leverage standards-based, high-level design methodolo-
gies and quickly receive new software features and device
support through Xilinx Foundation Series and Alliance
Series software solutions.

Increased Design Performance

The M1 technology provides dramatically improved design
performance through advanced place-and-route software

which delivers push-button design flows and incremental
design capabilities. These Xilinx-exclusive capabilities
leverage results from previous design iterations to reduce
runtimes and shorter design iterations to less than ten min-
utes. As engineers design complex circuits incrementally,
this technology allows them to work in their preferred meth-
odology.

M1 Technology also delivers advanced timing driven
place-and route capabilities to deliver maximum design
performance through push-button flows.

M1 Technical Benefits

Maximum Design Performance

M1 technology enables the user to achieve maximum
design performance by providing a unique combination of
advanced algorithms and interactive tools. Designer pro-
ductivity is greatly enhanced through use of simple,
push-button flows and optional auto-interactive tools. Cus-
tomer testing has shown that M1 technology used with
XC4000XL/XV devices results in 70 percent shorter run
times, up to a 25 percent performance improvement, and
the ability to place and route devices with up to 100 percent
utilization with a push-button flow.

Modular Software System

The modular architecture of the Xilinx M1 technology
allows rapid delivery of incremental technologies, new fea-
tures, device support, and versions of its leading software
product families. New feature sets can now be released
independently resulting in users’ ability to quickly complete
designs without having to re-learn new tools as enhance-
ments are made. The investment Xilinx has made in the M1
technology ensures that the continuous delivery of innova-
tive device architectures and improved software solutions
can be done more rapidly, and predictably than previous
software versions.

Methodology Flexibility

High-level design methodologies are becoming the meth-
odology choice for the design of complex programmable
logic. M1 technology delivers programmable logic specific
high-level flows. The flows provide high-quality, high perfor-
mance optimized results, and afford fast, flexible design
changes and iterations to match the way engineers design.
Designers employ a mixture of graphical and lan-
guage-based design entry methods while providing an
easy-to-learn environment for Hardware Description Lan-
guage (HDL) based design. Xilinx recognizes that design
environments are variant and, therefore, has created a flex-
ible system enabling the customer to choose the best meth-
odology for their environment or design challenge.

December 10, 1997 (Version 2.0)
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Development Systems Descriptions

It's simple to order a Xilinx Development System. Just

choose a Foundation or Alliance Series and a few options.

Give your local Xilinx Sales Office a call for information
about our evaluation Kits.
Foundation Series

¢ Foundation Base System (PC)

« Foundation Base-Express System (PC)
¢ Foundation Standard System (PC)

* Foundation Express System (PC)

Alliance Series
» Alliance Base (PC or Workstation)
e Alliance Standard (PC or Workstation)

Alliance Series Options

* VIEWIogic Workview Office Standard Development
System Options (PC)

November 25, 1997 (Version 2.0)
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Foundation Series: Foundation Base System (PC)

Overview

The Foundation Series provides a complete, ready-to-use
design system for the design of Xilinx programmable logic
devices. The Foundation Base System provides design
entry (schematic and Abel HDL), simulation, and device
implementation tools for a broad array of FPGA and CPLD
devices targeted for low density and high volume applica-
tions.

System Features

* Project manager

e Schematic editor

« Integrated HDL editor with support for the Abel 6 HDL

¢ Functional and timing simulator

e EDIF, VHDL (VITAL compliant), and Verilog / SDF
design interfaces

» Device implementation software for Xilinx CPLDs and
FPGAs

« Comprehensive on-line help, on-line documentation,
and software tutorials

* Software maintenance, including hotline support and
software updates

Device Support

e CPLDs:
- XC9500
¢ FPGAs:
- XC4000E/X Up to XC4010E/X
- Spartan
- XC3x00A/L
- XC5200 Up to XC5210 FPGAs

Required Hardware Environment

¢ Windows 95 and Windows NT 4.0 compatible PCs

e Minimum memory requirements: 32 MB RAM, 32-64
MB Virtual Memory

e CD-ROM drive

Package Features - Foundation Base
System

Feature FND | FND | FND | FND
BAS | STD | BSX | EXP
CPLD Devices v v v v
FPGA Devices Vi v Vi v
Libraries and Interface v v v v
Schematic Editor v v v v
HDL Editor v v v v
Graphical State Editor v v v v
ABEL 6 Entry / Synthesis v v v v
VHDL Entry / Synthesis v v
Verilog Entry / Synthesis v v
Schematic-centric Synthesis v v v v
HDL-centric Synthesis v
Simulator v v v v
Device Implementation v v v v
Maintenance® v v Vv v

11/12/97

Notes: 1. Spartan, XC3x00A/X, XC4000E/X up to
XC4010E/X, and XC5200 up to XC5210.

2. A period of maintenance is included with new
design system licenses, after which annual
maintenance contracts may be purchased.
Contact your Xilinx sales representative for more
information.

2-4
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Foundation Series: Foundation Base-Express System with VHDL/Verilog

Synthesis (PC)

Overview

The Foundation Series provides a complete, ready-to-use
design system for the design of Xilinx programmable logic
devices. The Foundation Express System incorporates
advanced synthesis technology from Synopsys, and pro-
vides design entry (schematic and HDL), VHDL and Verilog
synthesis, simulation, and device implementation tools for a
broad array of FPGA and CPLD devices targeted for low
density and high volume applications.

System Features

e Project manager

* Schematic editor

« Integrated HDL editor with support for VHDL, Verilog,
and Abel 6 HDL

e VHDL and Verilog synthesis, including compilation and
optimization

¢ Functional and timing simulator

e EDIF, VHDL (VITAL compliant), and Verilog / SDF
design interfaces

» Device implementation software for Xilinx CPLDs and
FPGAs

« Comprehensive on-line help, on-line documentation,
and software tutorials

» Software maintenance, including hotline support and
software updates

Device Support

e CPLDs:
- XC9500
¢ FPGAs:
- XC4000E/X Up to XC4010E/X
- Spartan
- XC3x00A/L
- XC5200 Up to XC5210 FPGAs

Required Hardware Environment

¢ Windows 95 and Windows NT 4.0 compatible PCs

e Minimum memory requirements: 32 MB RAM, 32-64
MB Virtual Memory

e CD-ROM drive

Package Features - Foundation
Base-Express System

Feature FND | FND | FND | FND
BAS | STD | BSX | EXP

CPLD Devices v v v v
FPGA Devices Vil v Vvt v
Libraries and Interface v v v v
Schematic Editor v v v v
HDL Editor v v v v
Graphical State Editor v v v v
ABEL 6 Entry / Synthesis v v v v
VHDL Entry / Synthesis v v
Verilog Entry / Synthesis v v
Schematic-centric Synthesis v v v v
HDL-centric Synthesis v
Simulator v v v v
Device Implementation v v v v
Maintenance® v Vv Vv v
11/12/97
Notes: 1. Spartan, XC3x00A/L, XC4000E/X up to

XC4010E/X, and XC5200 up to XC5210.

2. A period of maintenance is included with new
design system licenses, after which annual
maintenance contracts may be purchased.
Contact your Xilinx sales representative for more
information.

November 25, 1997 (Version 2.0)
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Foundation Series: Foundation Standard System (PC)

Overview

The Foundation Series provides a complete, ready-to-use
design system for the design of Xilinx programmable logic
devices. The Foundation Standard System provides design
entry (schematic and Abel HDL), simulation, and device
implementation tools for all Xilinx CPLDs and Xilinx
FPGAs.

System Features

Project manager

Schematic editor

Integrated HDL editor with support for the Abel 6 HDL
Functional and timing simulator

EDIF, VHDL (VITAL compliant), and Verilog / SDF
design interfaces

Device implementation software for Xilinx CPLDs and
FPGAs

Comprehensive on-line help, on-line documentation,
and software tutorials

Software maintenance, including hotline support and
software updates

Device Support

CPLDs:

- XC9500
FPGAs:

- XC4000E/X
- Spartan

- XC3x00A/L
- XC5200

Required Hardware Environment

Windows 95 and Windows NT 4.0 compatible PCs

Minimum memory requirements

- Small Devices (< 10K gates): 32 MB RAM, 32-64
MB Virtual Memory

- Medium Devices (10K to 30K gates): 64 MB RAM,
64-128 MB Virtual Memory

- Large Devices (> 30K gates): 128 MB RAM, 128-256
MB Virtual Memory

CD-ROM drive

Package Features - Foundation Base
System

Feature FND | FND | FND | FND
BAS | STD | BSX | EXP

CPLD Devices v v v v
FPGA Devices Vi v Vi v
Libraries and Interface v v v v
Schematic Editor v v v v
HDL Editor v v v v
Graphical State Editor v v v v
ABEL 6 Entry / Synthesis v v v v
VHDL Entry / Synthesis v v
Verilog Entry / Synthesis v v
Schematic-centric Synthesis v v v v
HDL-centric Synthesis v
Simulator v v v v
Device Implementation v v v v
Maintenance® Vv v Vv v
11/12/97
Notes: 1. Spartan, XC3x00A/L, XC4000E/X up to

XC4010E/X, and XC5200 up to XC5210.

2. A period of maintenance is included with new
design system licenses, after which annual
maintenance contracts may be purchased.
Contact your Xilinx sales representative for more
information.

2-6
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Development Systems: Product Descriptions

Foundation Series: Foundation Express System (PC)

Overview

The Foundation Series provides a complete, ready-to-use
design system for the design of Xilinx programmable logic
devices. The Foundation Express System incorporates
advanced synthesis technology from Synopsys, and pro-
vides design entry (schematic and HDL), VHDL and Verilog
synthesis, simulation, and device implementation tools for
all Xilinx CPLDs and Xilinx FPGAs.

System Features

* Project manager

e Schematic editor

e Integrated HDL editor with support for VHDL, Verilog,
and Abel 6 HDL

e VHDL and Verilog synthesis, including compilation and
optimization

* Functional and timing simulator

* EDIF, VHDL (VITAL compliant), and Verilog / SDF
design interfaces

» Device implementation software for Xilinx CPLDs and
FPGAs

« Comprehensive on-line help, on-line documentation,
and software tutorials

« Software maintenance, including hotline support and
software updates

Device Support

 CPLDs:
- XC9500

* FPGAs:
- XC4000E/X
- Spartan
- XC3x00A/L
- XC5200

Required Hardware Environment

¢ Windows 95 and Windows NT 4.0 compatible PCs
¢ Minimum memory requirements
- Small Devices (< 10K gates): 32 MB RAM, 32-64
MB Virtual Memory
- Medium Devices (10K to 30K gates): 64 MB RAM,
64-128 MB Virtual Memory
- Large Devices (> 30K gates): 128 MB RAM, 128-256
MB Virtual Memory
* CD-ROM drive

Package Features - Foundation Base

System
Feature FND | FND | FND | FND
BAS | STD | BSX | EXP
CPLD Devices v v v v
FPGA Devices Vi v Vvt v
Libraries and Interface v v v v
Schematic Editor v v v v
HDL Editor v v v v
Graphical State Editor v v v v
ABEL 6 Entry / Synthesis v v v v
VHDL Entry / Synthesis v v
Verilog Entry / Synthesis v v
Schematic-centric Synthesis v v v v
HDL-centric Synthesis v
Simulator v v v v
Device Implementation v v v v
Maintenance® v v v v

11/12/97
Notes:

1. Spartan, XC3x00A/L, XC4000E/X up to
XC4010E/X, and XC5200 up to XC5210.

2. A period of maintenance is included with new
design system licenses, after which annual
maintenance contracts may be purchased.
Contact your Xilinx sales representative for more

information.

November 25, 1997 (Version 2.0)
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Alliance Series: Alliance Base (PC or Workstation)

Overview

Next generation FPGA/CPLD design solutions leveraging
“Open Systems” integration with premier EDA partners for
devices up to 10,000 gates.

Base System Features:

» EDA Libraries & Interfaces

« Design Manager and Flow Engine

¢ LogiBLOX Module Generator

e Gate Optimizer

e Complete HDL design methodology support

¢ Incremental design capabilities

¢ Place and route utilizing SMARTspecs

* Re-entrant router

e Multi-pass PAR

e Timing Analyzer

« Standard netlist and backannotation (EDIF, SDF, VITAL
VHDL and Verilog)

» Xchecker Hardware Debugger (workstation only)

Package Includes:

¢ Alliance Quick Start Guide

¢ Alliance Release Document

e Answer Database

» Core Technology CD

e CAE Libraries CD

¢ On-line Documentation CD with DynaText browser
e Hardware Cable

« Demoboard

Device Support:

 CPLDs:
- XC9500
* FPGAs:
- XC4000E/X Up to XC4010E/X
- Spartan
- XC3x00A/L
- XC5200 Up to XC5210 FPGAs

Libraries and Interfaces

Cadence
» Concept schematic libraries and Verilog-XL simulation
models

Mentor

¢ Falcon Framework schematic capture library and
ModelSim simulation models

* Leonardo synthesis libraries and interfaces are
available from Mentor or Exemplar Logic

Synopsys

« HDL Design Solutions (VHDL and Verilog)

« Design Compiler, FPGA Compiler Il, FPGA Express,
VSS

 Vital Simulation models

» DesignWare arithmetic modules

* No libraries required to support FPGA Express

VIEWIogic
*  Workview Office schematic capture library and
functional and timing simulation interface

Exemplar
* Leonardo and Galileo synthesis libraries and interfaces
are available from Exemplar Logic

Synplicity
« Synplify synthesis libraries and interfaces are available
from Synplicity

Model Technology
¢ ModelSim, V-System HDL simulation libraries and
interface

Contact your local EDA sales office to purchase these EDA
tools.

Support and Updates Include:

* Answers Database - http://www.xilinx.com or Answers
electronic book included.

¢ Hotline Telephone Support

* Apps FAX and E-Mail

e Online Documentation

* World Wide Web Access

» Technical Newletter

« Extensive Application Notes

« Software Updates (for in-maintenance customers)

- A period of maintenance is included with new design
system licenses, after which annual maintenance
contracts may be purchased. Contact your Xilinx
sales representative for more information

2-8
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Required Hardware Environment (PC) Required Hardware Environment
+ Fully IBM compatible PC486/Pentium (Workstation)
- NEC98 supported » Ultra Sparc (or equivalent)
e Windows 95, Windows NT 4.0 - Sun0S4.1.3and 4.1.4
- Chinese, Korean and Japanese versions - Solaris 2.5
*  Minimum 300 Mbytes hard-disk space « HP715 (or equivalent)
e CD-ROM drive - HP-UX10.2
¢ VGA display « RS6000
e Serial port mouse - AIX4.1.5 (no GUIs)
* One parallel and two serial ports + 64 MB RAM (Use additional to increase performance)
¢ 32 MB RAM (Use additional RAM to increase « 64MB min Swap Space
performance) » Color Monitor

e 32 MB - 64 MB Virtual Memory

November 25, 1997 (Version 2.0) 2-9
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Alliance Series: Alliance Standard (PC or Workstation)

Overview

Next generation FPGA/CPLD design solutions leveraging
“Open Systems” integration with premier EDA partners for
unlimited gate capacity.

Base System Features:

* EDA Libraries & Interfaces

» Design Manager and Flow Engine

¢ LogiBLOX Module Generator

e Gate Optimizer

e Full HDL design methodology support

¢ Incremental design capabilities

¢ Place and route utilizing SMARTspecs

* Re-entrant router

¢ Multi-pass PAR

e Timing Analyzer

« Standard netlist and backannotation (EDIF, SDF, VITAL
VHDL and Verilog)

» Xchecker Hardware Debugger (workstation only)

Package Includes:

¢ Alliance Quick Start Guide

¢ Alliance Release Document

e Answer Database

» Core Technology CD

e CAE Libraries CD

¢ On-line Documentation CD with DynaText browser
e Hardware Cable

« Demoboard

Device Support:

Libraries and Interfaces

Cadence
» Concept schematic libraries and Verilog-XL simulation
models

Mentor

¢ Falcon Framework schematic capture library and
ModelSim simulation models

* Leonardo synthesis libraries and interfaces are
available from Mentor or Exemplar Logic

Synopsys

« HDL Design Solutions (VHDL and Verilog)

« Design Compiler, FPGA Compiler Il, FPGA Express,
VSS

 Vital Simulation models

» DesignWare arithmetic modules

* No libraries required to support FPGA Express

VIEWIogic
*  Workview Office schematic capture library and
functional and timing simulation interface

Exemplar
* Leonardo and Galileo synthesis libraries and interfaces
are available from Exemplar Logic

Synplicity
« Synplify synthesis libraries and interfaces are available
from Synplicity

Model Technology
¢ ModelSim, V-System HDL simulation libraries and
interface

e CPLDs:
- XC9500
' !:Piéfl.oOOE/X Contact your local EDA sales office to purchase these EDA
tools.
- Spartan
- XC3x00AL Support and Updates Include:
- XC5200
* Answers Database - http://www.xilinx.com or Answers
electronic book included.
¢ Hotline Telephone Support
* Apps FAX and E-Mail
¢ Online Documentation
* World Wide Web Access
« Technical Newletter
« Extensive Application Notes
« Software Updates (for in-maintenance customers)

- A period of maintenance is included with new design
system licenses, after which annual maintenance
contracts may be purchased. Contact your Xilinx
sales representative for more information

2-10 November 25, 1997 (Version 2.0)
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Required Hardware Environment (PC)

Fully IBM compatible PC486/Pentium

- NEC98 supported

Windows 95, Windows NT 4.0

- Chinese, Korean and Japanese versions

Minimum 300 Mbytes hard-disk space

CD-ROM drive

VGA display

Serial port mouse

One parallel and two serial ports

Small Devices: (8K or <) XC9536 - XC95108;

XC4003E - XC4008E; XC4005XL - XC4008XL

- 32 MB RAM (Use additional RAM to increase
performance)

- 32 -64 MB Virtual Memory

Medium Devices: (10K- 28K) XC95144 - XC95216;

XC4010E - XC4025E; XC4028EX - XC4036EX;

XC4010XL - XC4028XL

- 64 MB RAM (Use additional RAM to increase
performance)

- 64-128 MB Virtual Memory

Large Devices: (36K or >) XC4036XL - XC4062XL

- 128K RAM (Use additional RAM to increase
performance)

- 128 - 256 MB Virtual Memory

Required Hardware Environment
(Workstation)

Ultra Sparc (or equivalent)

- Sun0S 4.1.3and 4.1.4

- Solaris 2.5

HP715 (or equivalent)

- HP-UX10.2

RS6000

- AIX 4.1.5 (no GUIs)

Small Devices: (28K or <) XC4000E;

XC4028EX - XC4036EX; XC4005XL - XC4028XL

- 64 MB RAM (Use additional RAM to increase
performance)

- 64MB min Swap Space

Large Devices (36K or >) XC4036XL - XC4062XL

- 128 MB RAM (Use additional RAM to increase
performance)

- 128 MB min Swap Space

Color Monitor

November 25, 1997 (Version 2.0)
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Alliance Series Options (PC)

Overview

VIEWIogic Workview Office schematic capture and gate
simulator development system with libraries and interfaces
for Xilinx FPGAs and CPLDs.

Workview Office Standard Features:

* Workview Office schematic editor
*  Workview Office gate simulator

e Libraries and interfaces

¢ Hotline support

¢ Software maintenance for 90-days

Libraries Support:

Support and Updates Include:

* Answers Database - http://www.xilinx.com or Answers
electronic book included.

¢ Hotline Telephone Support

* Apps FAX and E-Mail

« Software Updates (for in-maintenance customers)

* Online Documentation

*  World Wide Web Access

» Technical Newletter

« Extensive Application Notes

Required Hardware Environment:

¢ Fully IBM compatible PC486/Pentium
¢ Windows 95, Windows NT 4.0

 CPLDs:
- XC9500 - Chinese, Korean and Japanese versions
* FPGAs: *  Minimum 500 Mbytes hard-disk space
- XC4000E/X e CD-ROM drive
- Spartan * VGA display
- XC3x00A/L e Serial port mouse
- XC5200 e One parallel and two serial ports
* 64 Mbytes RAM recommended (increase to improve
performance)
2-12 November 25, 1997 (Version 2.0)
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Product Overview

Background

The ASIC core industry has been developing for over a
decade. Today there exists a wealth of intellectual property
(IP) that is readily available from numerous sources. During
this time, however, programmable logic did not have the
density or the performance needed to accommodate large
IP cores.

Today, things have changed considerably. Xilinx is shipping
FPGAs like the XL family that have usable densities up to
1,00,000 gate Virtex. Now, not only is the use of
pre-defined logic functions in programmable logic a possi-
bility, it is becoming a requirement to meet ever-shrinking
product development cycles.

As aresult, many ASIC core vendors and system designers
are beginning to look at using cores for their programmable
logic designs. It is for this reason that Xilinx created the
CORE Solutions portfolio of products.

CORE Solutions Products

CORE Solutions products support four application areas.
The application areas are as follows:

« Standard Bus Interfaces - such as PCl, PCMCIA,
USB and Plug-and-Play ISA.

e DSP Functions - These range from small building
blocks such adders, registers and multipliers, to larger
system-level functions such as FIR filters and
Reed-Solomon coders.

e Telecom and Networking - building blocks for popular
communications standards.

« Base-Level Functions - a broad category of functions
used across many application segments. These include
the every small parameterizable LogiBLOX macros up
through larger functions such as UARTs and DMA
controllers.

CORE Solutions Data Book

The goal of the CORE Solutions portfolio of products is to
provide cores with the shortest time-to-market and best
possible device utilization the programmable logic industry
has to offer. Xilinx has published a brand new data book
focused entirely on programmable logic cores and related
products. Now there is one definitive sourcebook with
detailed descriptions of all Xilinx CORE Solutions.

When you receive your copy of the CORE Solutions Data
Book, become familiar with the Product Listing by Applica-
tion Segment Table, (reproduced at the end of this over-

view) which lists all of the functions available today. This
table will be your best guide to locating a specific product. If
you don't see what you need, check the AllianceCORE
Partner Profiles, Areas of Expertise section, for each of our
AllianceCORE partners. Our partners will be more than
willing to discuss the possibility of producing a core specif-
ically for your needs.

Data Book Contents
The contents of the data book are as follows:

¢ Introduction
- Program Overview
- Product Listing by Application Segment
¢ LogiCORE Products, sold and supported by Xilinx
- Product Overview
- PCI
- DSP
- CORE Generator products
« AllianceCORE Products, sold and supported by Xilinx'
Partners
- Program Overview
- Products
- AllianceCORE Partner Profiles
¢ LogiBLOX, GUI-based small function generator
« Reference Designs
« Sales Offices, Representatives and Distributors

Ordering Information

To order a copy, request the CORE Solutions Data Book
from the Xilinx Literature Department. In the US call
1-800-231-3386. For international locations call
1-408-879-5017 or you can send an E-mail request to:

literature@xilinx.com.

An electronic version of the CORE Solutions Data Book
(1.2M Adobe Acrobat.pdf format) can also be downloaded
from:

www.Xxilinx.com/products/logicore/core_sol.pdf

LogiCORE Products

LogiCORE products are sold, licensed and supported by
Xilinx. They are developed internally by Xilinx or jointly with
a partner.

Typically, LogiCORE designs use Smart-IP technology to
achieve a highly predictable functionality and performance
of the core. For example, the performance of the core will

November 24, 1998 (Version 2.0)
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not be affected by the adjacent custom logic, the user’s
choice of EDA development tools, or coding style. As a

result, you can save several months in design and verifica-
tion time.

The cores that Xilinx provides as LogiCORE products typi-
cally fall into one of two categories.The first are high-perfor-
mance cores that require a thorough understanding and
control of the FPGA technology and implementation soft-
ware in order to achieve the desired performance and com-
plexity. An example of a core in this category is the
LogiCORE PCl interface.

The second category are cores that benefit from a very
specialized implementation in the FPGA. An example is the
LogiCORE DSP modules that are implemented using
unique  algorithms.  Those  algorithms  fit  the
lookup-table-based architecture of the FPGA. The result is
outstanding performance and device utilization, often more
than 10 times better than generic HDL descriptions.

Smart-IP

Cores made with Smart-IP technology provide flexibility
while maintaining their performance and predictability
regardless of device size and the number of cores used in
the device. Smart-IP technology combines the power of the
Xilinx implementation software with the unique features of
the Xilinx FPGA architectures to give your cores with con-
sistent performance, no matter where you place them.

Xilinx CORE Generator System

In addition to actual cores, Xilinx is committed to develop
enabling design tools and methodologies to facilitate
“Design Reuse” with FPGAs. The first products available in
this category are the CORE Generator System available on
CD) and the web-based PCI Configuration tool. This inno-
vative methodology for acquiring and using cores combines
the benefits of:

« A firm core with parameterizable and predictable
performance

« Flexibility of system level design, facilitated by
behavioral languages such as VHDL and Verilog.

Additionally Xilinx, using the web as a distribution mecha-
nism, gives the user access to the latest versions and
enhancements of cores at:

www.xilinx.com/products/logicore/coregen/corelinx.htm

LogiCORE products are customized to fit your specific
application using an intuitive graphical user interface.
Based on your inputs, the CORE Generator System gener-
ates a proven core with highly predictable timing which can
be integrated into any VHDL-, Verilog- or schematic-based
design flow. As a result, you can integrate several individu-
ally proven cores with given performance into one system
on a single FPGA. Because each core is already verified,

the time-to-market benefits are maintained for high-com-
plexity FPGAs.

Xilinx PCI Solutions

Xilinx’ PCI solution includes devices, tools and cores
needed to build a cost-effective single-chip PCI system in
record time.

* LogiCORE PCI Designs - With over 400 licensed cores,
Xilinx LogiCORE PCI have become the industry's most
used PCI solution. The product line includes both 32-
and 64-bit, 33 to 66MHz fully compliant PCI interface
designs with O wait-state performance and up to
528MB/s sustained bandwidth. The critical PCI min and
max timing is guaranteed by use of Smart-1P, which will
save the user significant development time and enable
100% PCI compliance.

e Virtex - The industry's fastest FPGAs allow you to
integrate all standard PCI interface variations including
the high-performance, 64-bit 66MHz core.

e Spartan XL - offers the lowest cost 32-bit, 33MHz PCI
solution. Integrate a 0 wait-state PCI interface with your
own design, at a price below standard PCI chips.

* XCA4000XLA - allows you to integrate a high
performance 32-bit, 33MHz PCl interface with up to
60K gates of user designed logic.

* Web-based configuration - provides you with an easy
way to configure the PCI core according to your needs,
and gives you instant access to the latest design files
and documentation.

« XPERTS Design Services - gives you a worldwide
network of specially trained consultants providing
design services for Xilinx PCI.

PCl is an extremely high-performance and complex specifi-
cation that is challenging to meet in any technology. To
meet the stringent PCI specification the core is carefully
hand-tuned for the targeted architecture. Placement and
routing for the critical parts of the core is locked down to
ensure that timing can be met every time the core is used.

To achieve our goals, the LogiCORE development team is
working closely with both the IC and Software teams. As an
example of this teamwork, new methodologies for charac-
terizing and modeling our FPGAs have been developed.
The result is access to state of the art technology and
expertise, that allows you to complete your PCI application
in record time.

Since the introduction of the first core in early 1996, Xilinx
has built up solid knowledge about PCI. We are committed,
and will continuously develop our PCI products to remain
state of the art.

Xilinx DSP Solutions

Using an FPGA to implement high performance DSP func-
tions often allows a radical performance advantage over
fixed processors while maintaining maximum flexibility and

2-14
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the shortest time-to-market. Until now, tools to automate
the design process have been lacking and most designs
have been completed manually by experienced FPGA
designers.

With the introduction of Xilinx’ CORE Generator System for
DSP, complex parameterized DSP building blocks can be
implemented automatically with the performance and den-
sity of a hand-tuned implementation. LogiCORE DSP mod-
ules can be used with VHDL-, Verilog- or schematic based
design methodologies.

Higher level DSP cores and DSP prototyping boards are
available from our AllianceCORE partners.

DSP system level modeling tools are available to mathe-
matically model LogiCORE based FPGA designs and aid in
determining optimal core parameters. systemView by Ela-
nix supports the Xilinx DSP LogiCORE libraries with
bit-true modeling and is integrated with Xilinx CORE Gen-
erator System software.

The Xilinx DSP Solution consists of:

e Standard Xilinx FPGA components - XC4000, Spartan,
Virtex

e DSP parameterizable LogiCORE FPGA cores

« AllianceCORE DSP cores and prototyping boards

« DSP system level tools integration

* DSP starter kit

* Regional dedicated DSP Field Applications Engineers

« DSP Ph.D. level support

Acquiring LogiCORE Products

LogiCORE products are available from your local Xilinx
sales representative similar to other Xilinx software prod-
ucts. Xilinx and your local sales representative will also be
your primary source for support of the core, the devices
and the design tools.

You can also send email questions to:

logicore@xilinx.com.

AllianceCORE Overview

The AllianceCORE program is a cooperative effort between
Xilinx and independent third-party core developers. It is
designed to produce a broad selection of industry-standard
solutions dedicated for use in Xilinx programmable logic.

Xilinx takes an active role with its partners in the process of
productizing AllianceCOREs. This is unique to the Alli-
anceCORE program. Because the process is so involved,
we work closely with our partners to select the right cores
first. This naturally limits the number of partners we can
work with at any one time and subsequently the number of
available cores. At the same time it raises the quality and
usability of the cores that are offered.

AllianceCORE Criteria

A core must meet a minimum set of criteria before it can
receive the AllianceCORE label.

Core Selection

The AllianceCORE program looks at cores from a practical
point of view. A programmable logic version of a core must
have value over an ASIC or standard product version of the
same function. It must be cost effective and make sense for
use in a programmable device in a production system. If a
candidate core does not pass these simple test, then it
does not make sense to invest the effort to convert it to an
AllianceCORE module.

Core Qualification

Generic, synthesizable cores offer maximum flexibility for
users with unique requirements. This is typically the format
for cores provided to the ASIC market. With programmable
logic, however, this flexibility can come at the expense of
efficiency and performance. It can take a considerable
amount of effort to get a specific core to synthesize in a way
that meets density and timing requirements. Time spent
trying to accomplish this can quickly reduce the
time-to-market advantage of using programmable logic and
cores in the first place.

Xilinx is not interested in promoting generic, synthesizable
functions as AllianceCOREs. Instead, AllianceCOREs are
generally provided as parameterizable black-boxes that
allow customization in critical areas. This guarantees that
the implementation is optimized for density while still meet-
ing performance, preserving the time-to-market value of
programmable logic. Flexibility is provided by allowing you
to quickly implement your unique logic on the same device.
Source code versions of the cores are also available from
the partners at additional cost for those who need ultimate
flexibility.

Announced AllianceCOREs have been implemented and
verified in a Xilinx device. They are available immediately
for purchase in a Xilinx-specific format. Timing-critical
cores designed to adhere to an industry standard also
come with appropriate constraints files in order to guaran-
tee functionality and compliance. AllianceCOREs origi-
nated from either schematic or HDL entry tools.

Core Integration

AllianceCOREs are not just cores, they are complete solu-
tions for system designs. While cores by themselves have
value, in many cases it is often not enough to just supply a
generic core. You may need additional tools such as sys-
tem software and prototyping equipment to help you rapidly
integrate the core into your design, perform system debug
in a real-world environment, and then quickly convert the
prototype to a production unit. This is particularly true of
complex functions.

November 24, 1998 (Version 2.0)
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Many AllianceCORE functions are supported by Xil-
inx-based demonstration or prototyping boards. Some also
have system simulation models or debug software. All of
this allows you to evaluate and work with the function
before you have to layout your board. These tools are pro-
vided by the AllianceCORE partner, usually at additional
cost. Descriptions of the support tools available for each
core are included in the CORE Solutions Data Book.

Complete solutions like these help preserve the value of
using programmable logic while minimizing the support
burden for the core provider.

Acquiring AllianceCORE Products

AllianceCORE products are sold and serviced directly by
the AllianceCORE partners since they are the experts for
their particular products. They are responsible for pricing,
licensing terms, delivery and technical support. Contact
information for each partner is included in the Alli-
anceCORE Partner Profiles section of the CORE Solutions
Data Book.

Table 1: AllianceCORE Products

If you want additional information about the AllianceCORE
program or are interested in becoming a partner, contact
Xilinx directly.

Xilinx, Inc.

2100 Logic Drive

San Jose, CA 95124

Attn: Mark Bowlby, AllianceCORE Product Manager

Phone: +1 408-879-5381

Fax: +1 408-879-4780

E-mail: alliancecore@xilinx.com

URL: www.xilinx.com/products/logicore

/alliance/tblpart.htm

Check www.xilinx.com/products/logicore/tblcores.htm for the latest listing of available Cores

Function Name

\ Provider

Standard Bus Interface Products

CAN Bus Interface

SICAN Microelectronics

FireWire Demo Board

12P

FireWire Link Layer Core

12P

IIC Interface

Memec Design Services

PCMCIA Card Interfaces

Mobile Media Research

PCMCIA Development Tools

Mobile Media Research

USB 3-Port Hub Controller Mentor

USB Development Tools Mentor

USB Function Controller Cores Mentor
Digital Signal Processing

YCrCb2RGB Color Space Converter Perigee, LLC

Communications & Networking Products

Networking

Cell Assembler

CoreEl MicroSystems

Cell Delineation

CoreEl MicroSystems

CRC10/32 Cores

CoreEl MicroSystems

10/100 Ethernet MACCores

CoreEl MicroSystems

UTOPIA Master & Slave Cores

CoreEl MicroSystems

Forward Error Correction

Reed-Solomon Codecs

Integrated Silicon Systems

Reed-Solomon Encoder

Memec Design Services

Viterbi Decoder

CAST, Inc.

Telecommunications

Data Encryption Standard Engine

Memec Design Services

HDLC Protocol Core

Integrated Silicon Systems

PPP8 HDLC

CoreEl MicroSystems
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Table 1: AllianceCORE Products

Check www.xilinx.com/products/logicore/tblcores.htm for the latest listing of available Cores

Function Name

Provider

MT1F T1 Framer

Virtual IP Group

Base-Level Products

Processor Products

C2901 Microprocessor Slice

CAST, Inc.

C2910a Microprogram Controller

CAST, Inc.

RISC CPU Cores

T7L Technology Inc.

RISC Development Tools

T7L Technology Inc.

V8 uRISC 8-bit RISC Microprocessor

VAutomation

Intellicore™ Prototyping System

VAutomation

Process Peripherals

M8237 DMA Controller

Virtual IP Group

M8254 Programmable Timer

Virtual IP Group

M8255A Peripheral Interface

CAST, Inc.

M8255 Peripheral Interface

Virtual IP Group

XF8255 Peripheral Interface

Memec Design Services

XF8256 Multifunction Controller

Memec Design Services

M8259 Interrupt Controller

CAST, Inc.

M8259 Interrupt Controller

Virtual IP Group

XF8279 Keyboard Display Interface

Memec Design Services

XF9128 Video Terminal Logic Controller

Memec Design Services

SDRAM Controller

NMI Electronics

DRAM Controller

NMI Electronics

UARTs

Compact UART CAST, Inc.

C6850 ACIA CAST, Inc.

XF8250 UART Memec Design Services
C8251 UART CAST, Inc.

C16450 UART CAST, Inc.

M16450 UART Virtual IP Group
C16550 UART with RAM CAST, Inc.

M16550A UART with RAM

Virtual IP Group

Generic Core Development Tools

DSP Prototyping Boards

GV & Associates

FPGA Development Module

Memec Design Services

Core Evaluation Card

NMI Electronics

November 24, 1998 (Version 2.0)
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Table 2: LogiCORE Products

Table 3: Reference Designs

Function Name

Function Name

Standard Bus Interface Products

Standard Bus Interface Products

PCI

Synthesizable PCI Bridge Design Example

PCI32 4000 (V2.0)

ISA Plug and Play Interface

PCI32 Spartan

Digital Signal Processing

PCI64/66 Virtex

16-Tap, 8-Bit FIR Filter

PCI32 Virtex

Base-Level Products

PCI32 Bridge Design

4Mb Virtual SPROM

PCIl64 Bridge Design

Adders, Subtractors, Accumulators

PCI32 Power Management

Configuring FPGAs over a Processor Bus

HotPCI Spartan Prototyping Board

Counters (3 types)

Vireo Device Driver Kits

Dynamic Microcontroller

Digital Signal Processing

FIFOs (2 types)

Correlators

Frequency/Phase Comparator for PLL

1D RAM/ROM Based Correlators

Harmonic Frequency Synthesizer and FSK Modulator

Filters

Multiplexers, Barrel Shifters

Comb Filter

Pulse-Width Modulation

SDA FIR Filter

Serial Code Conversion between BCD and Binary

Dual Channel SDA FIR Filter

PDA FIR Filter

Table 4: LogiBLOX Products

Transforms

Fast Fourier Transforms Function Name
DSP Building Blocks Base-Level Products
SDA FIR Control Logic Basic Elements
Sine/Cosine Clock Divider
Time Skew Buffers (3 types) Comparator
Base-Level Products Constant

Basic Elements Counter
Constant Data Register
2/3/4-Input Multiplexers Decoder
Register Simple Gates
Math Functions Input/Output

1's and 2's Complement Multiplexer
Scaled by 1/2 Accumulator Shift Register
Adders (4 types) Tristate

Integrator

Math Functions

Multipliers (4 types)

Accumulator

Square Root

Adder/Subtractors

Subtracters (2 types)

Memories

Memories

ROM, RAM, Synch-RAM, Dual Port RAM

Delay Element

Synchronous FIFO

Look-up Tables (2)

RAM and ROM

Generic Core Development Tools

Xilinx CORE Generator System
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Advance Product Specification

Features

Fast, high-density Field-Programmable Gate Arrays

- Densities from 50k to 1M system gates

- System performance up to 200 MHz

- 66-MHz PCI Compliant

- Hot-swappable for Compact PCI

Multi-standard SelectlO™ interfaces

- 16 high-performance interface standards

- Connects directly to ZBTRAM devices

Built-in clock-management circuitry

- Four dedicated delay-locked loops (DLLs) for
advanced clock control

- Four primary low-skew global clock distribution nets,
plus 24 secondary global nets

Hierarchical memory system

- LUTs configurable as 16-bit RAM, 32-bit RAM, 16-bit
dual-ported RAM, or 16-bit Shift Register

- Configurable synchronous dual-ported 4k-bit RAMs

- Fast interfaces to external high-performance RAMs

Flexible architecture that balances speed and density

- Dedicated carry logic for high-speed arithmetic

- Dedicated multiplier support

- Cascade chain for wide-input functions

- Abundant registers/latches with clock enable, and
dual synchronous/asynchronous set and reset

- Internal 3-state bussing

- IEEE 1149.1 boundary-scan logic

- Die-temperature sensing device

e Supported by FPGA Foundation™ and Alliance
Development Systems
- Complete support for Unified Libraries, Relationally
Placed Macros, and Design Manager
- Wide selection of PC and workstation platforms
¢ SRAM-based in-system configuration
- Unlimited reprogrammability
- Four programming modes
¢ 0.22-pm five-layer metal process
e 100% factory tested

Description

The Virtex FPGA family delivers high-performance,
high-capacity programmable logic solutions. Dramatic
increases in silicon efficiency result from optimizing the
new architecture for place-and-route efficiency and exploit-
ing an aggressive 5-layer-metal 0.22-um CMOS process.
These advances make Virtex FPGAs powerful and flexible
alternatives to mask-programmed gate arrays. The Virtex
family comprises the nine members shown in Table 1.

Building on experience gained from previous generations
of FPGAs, the Virtex family represents a revolutionary step
forward in programmable logic design. Combining a wide
variety of programmable system features, a rich hierarchy
of fast, flexible interconnect resources, and advanced pro-
cess technology, the Virtex family delivers a high-speed
and high-capacity programmable logic solution that
enhances design flexibility while reducing time-to-market.

Table 1: Virtex Field-Programmable Gate Array Family Members.

Device Sé;:;n CLB Array Logic Cells A\'\/A;T;g:zr:)o BlockRAM Bits I\ﬂaa:'\/lsgﬁgt
XCV50 57,906 16x24 1,728 180 32,768 24,576
XCV100 108,904 20x30 2,700 180 40,960 38,400
XCV150 164,674 24x36 3,888 260 49,152 55,296
XCV200 236,666 28x42 5,292 284 57,344 75,264
XCV300 322,970 32x48 6,912 316 65,536 98,304
XCV400 468,252 40x60 10,800 404 81,920 153,600
XCV600 661,111 48x72 15,552 500 98,304 221,184
XCV800 888,439 56x84 21,168 514 114,688 301,056
XCV1000 1,124,022 64x96 27,648 514 131,072 393,216
January 27, 1999 (Version 1.2) 3-3
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Virtex Architecture

Virtex devices feature a flexible, regular architecture that
comprises an array of configurable logic blocks (CLBs) sur-
rounded by programmable input/output blocks (IOBs), all
interconnected by a rich hierarchy of fast, versatile routing
resources. The abundance of routing resources permits the
Virtex family to accommodate even the largest and most
complex designs.

Virtex FPGAs are SRAM-based, and are customized by
loading configuration data into internal memory cells. In
some modes, the FPGA reads its own configuration data
from an external PROM (master serial mode). Otherwise,
the configuration data is written into the FPGA (Select-
MAP™ and slave serial modes).

The standard Xilinx Foundation™ and Alliance Series™
Development systems deliver complete design support for
Virtex, covering every aspect from behavioral and sche-
matic entry, through simulation, automatic design transla-
tion and implementation, to the creation, downloading, and
readback of a configuration bit stream.

Higher Performance

Virtex devices provide better performance than previous
generations of FPGA. Designs can achieve synchronous
system clock rates up to 200 MHz including I/OVirtex inputs
and outputs comply fully with PCI specifications, and inter-
faces can be implemented that operate at 33 MHz or 66
MHz. Additionally, Virtex supports the hot-swapping
requirements of Compact PCI.

Xilinx thoroughly benchmarked the Virtex family. While per-
formance is design-dependent, many designs operated
internally at speeds in excess of 100 MHz and can achieve
200 MHz. Table 2 shows performance data for representa-
tive circuits, using worst-case timing parameters..

Table 2: Performance for Common Circuit Functions

Function Bits Virtex -6
Register-to-Register
16 5.0ns
Adder 64 7.2ns
L - 8x8 5.1ns
Pipelined Multiplier 16 x 16 6.0 s
16 4.4 ns
Address Decoder 64 6.4 s
16:1 Multiplexer 5.4 ns
9 4.1ns
Parity Tree 18 5.0 ns
36 6.9 ns
Chip-to-Chip
HSTL Class IV 200 MHz
LVTTL,16mA, fast slew 180 MHz

Architectural Description
Virtex Array

The Virtex user-programmable gate array, shown in
Figure 1, comprises two major configurable elements: con-
figurable logic blocks (CLBs) and input/output blocks
(IOBs).

« CLBs provide the functional elements for constructing
logic

« |OBs provide the interface between the package pins
and the CLBs

CLBs interconnect through a general routing matrix (GRM).
The GRM comprises an array of routing switches located at
the intersections of horizontal and vertical routing chan-
nels. Each CLB nests into a VersaBlock™ that also pro-
vides local routing resources to connect the CLB to the
GRM.

The VersaRing™ 1/O interface provides additional routing
resources around the periphery of the device. This routing
improves I/O routability and facilitates pin locking.

The Virtex architecture also includes the following circuits
that connect to the GRM.

« Dedicated block memories of 4096 bits each

¢ Clock DLLs for clock-distribution delay compensation
and clock domain control

« 3-State buffers (BUFTSs) associated with each CLB that
drive dedicated segmentable horizontal routing
resources

Values stored in static memory cells control the config-
urable logic elements and interconnect resources. These
values load into the memory cells on power-up, and can
reload if necessary to change the function of the device.

DLL 10Bs DLL
VersaRing
=) <
= 2 % o —
0 [od 4 (@)
m Y
3 g é CLBs J§> 2 g
- o | 0 » S
> «Q
VersaRing
I0Bs
DLL DLL

vao_b.eps

Figure 1: Virtex Architecture Overview
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Supplementary Description documents on the WebLINX™
website (http://www.xilinx.com/partinfo/databook.htm) aug-
ment the following description of the various Virtex-archi-
tecture components. The Supplementary Descriptions
provide more detailed information and cover the following
topics.

e Input/Output Block

» Configurable Logic Block

* Memory Resources

» Clock Distribution

¢ Routing Resources

¢ Configuration and Readback
e Boundary Scan

¢ Power Consumption

Input/Output Block

The Virtex I0B, Figure 2, features SelectlO™ inputs and
outputs that support a wide variety of 1/O signalling stan-
dards, see Table 3. These high-speed inputs and outputs
are capable of supporting PCI interfaces up to 66 MHz.

Table 3: Supported Select I/O Standards

Input Output Board
Reference Source Termination
VO Standard Voltage Voltage Voltage
(VREF) (Veco) (V1)
LVTTL N/A 3.3 N/A
2-24mA
LVCMOS2 N/A 25 N/A
PCI N/A 3.3 N/A
GTL 0.8 N/A 1.2
GTL+ 1.0 N/A 15
HSTL Class | 0.75 15 15
HSTL Class 0.75 15 15
1
HSTL Class 0.75 15 15
v
SSTL3 15 3.3 15
Class I and Il
SSTL2 1.125 25 1.125
Class I and Il
CTT 1.5 3.3 1.5
AGP 1.32 3.3 N/A

The three |OB storage elements function either as
edge-triggered D-type flip-flops or as level sensitive
latches. Each I0B has a clock signal (CLK) shared by the
three flip-flops and independent clock enable signals for
each flip-flop.

In addition to the CLK and CE control signals, the three
flip-flops share a Set/Reset (SR). For each flip-flop, this sig-
nal can be independently configured as a synchronous Set,
a synchronous Reset, an asynchronous Preset, or an asyn-
chronous Clear.

The input and output buffers and all of the IOB control sig-
nals have independent polarity controls.

All pads are protected against damage from electrostatic
discharge (ESD) and from over-voltage transients. Two
forms of over-voltage protection are provided, one that per-
mits 5-V compliance, and one that does not. For 5-V com-
pliance, a zener-like structure connected to ground turns
on when the output rises to approximately 6.5 V. When 5-V
compliance is not required, a conventional clamp diode
may be connected to the output supply voltage, Vcco- The
type of over-voltage protection can be selected indepen-
dently for each pad.

Optional pull-up and pull-down resistors and an optional
weak-keeper circuit are attached to each pad. Prior to con-
figuration all outputs not involved in configuration are forced
into their high-impedance state. The pull-down resistors
and the weak-keeper circuits are inactive, but inputs may
optionally be pulled up.

The activation of pull-up resistors prior to configuration is
controlled on a global basis by the configuration mode pins.
If the pull-up resistors are not activated, all the pins will
float. Consequently, external pull-up or pull-down resistors
must be provided on pins required to be at a well-defined
logic level prior to configuration.

All Virtex 10Bs support IEEE 1149.1-compatible boundary
scan testing.

January 27, 1999 (Version 1.2)
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Figure 2: Virtex Input/Output Block (I0OB)

Input Path

A buffer In the Virtex IOB input path routes the input signal
either directly to internal logic or through an optional input
flip-flop.

An optional delay element at the D-input of this flip-flop
eliminates pad-to-pad hold time. The delay is matched to
the internal clock-distribution delay of the FPGA, and when
used, assures that the pad-to-pad hold time is zero.

Each input buffer can be configured to conform to any of
the low-voltage signalling standards supported. In some of
these standards the input buffer utilizes a user-supplied
threshold voltage, Vrer The need to supply Vrgr imposes
constraints on which standards can used in close proximity
to each other. See “I/O Banking” on page 6.

There are optional pull-up and pull-down resistors at each
input for use after configuration. Their value is in the range
50 — 150 kohms.

Output Path

The output path includes a 3-state output buffer that drives
the output signal onto the pad. The output signal can be
routed to the buffer directly from the internal logic or
through an optional I0B output flip-flop.

The 3-state control of the output can also be routed directly
from the internal logic or through a flip-flip that provides
synchronous enable and disable.

Weak
Keeper

OBUF

IBUF

Vref

iob_c.eps

Each output driver can be individually programmed for a
wide range of low-voltage signalling standards. Each out-
put buffer can source up to 24 mA and sink up to 48mA.
Drive strength and slew rate controls minimize bus tran-
sients.

In most signalling standards, the output High voltage
depends on an externally supplied Vo voltage. The need
to supply Vcco imposes constraints on which standards
can be used in close proximity to each other. See “I/O
Banking” on page 6.

An optional weak-keeper circuit is connected to each out-
put. When selected, the circuit monitors the voltage on the
pad and weakly drives the pin High or Low to match the
input signal. If the pin is connected to a multiple-source sig-
nal, the weak keeper holds the signal in its last state if all
drivers are disabled. Maintaining a valid logic level in this
way eliminates bus chatter.

Because the weak-keeper circuit uses the 10B input buffer
to monitor the input level, an appropriate Vg gg voltage must
be provided if the signalling standard requires one. The
provision of this voltage must comply with the I/O banking
rules.

I/O Banking

Some of the I/O standards described above require Vo
and/or Vrgg voltages. These voltages externally and con-
nected to device pins that serve groups of I0OBs, called

January 27, 1999 (Version 1.2)
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banks. Consequently, restrictions exist about which /O
standards can be combined within a given bank.

Eight 1/0 banks result from separating each edge of the
FPGA into two banks, as shown in Figure 3. Each bank has
multiple Veco pins, all of which must be connected to the
same voltage. This voltage is determined by the output
standards in use.

Within a bank, output standards may be mixed only if they
use the same Veco. Compatible standards are shown in
Table 4. GTL and GTL+ appear under all voltages because
their open-drain outputs do not depend on Vecg.

Table 4: Compatible Output Standards

Veeo Compatible Standards

3.3V |PCI, LVTTL, SSTL3 1|, SSTL3 II, CTT, AGP,
GTL, GTL+

25V |SSTL21,SSTL2 II, LVCMOS2, GTL, GTL+

15V |HSTLI, HSTL I, HSTL IV, GTL, GTL+

Some input standards require a user-supplied threshold
voltage, Vger In this case, certain user-1/O pins are auto-
matically configured as inputs for the Vrgg voltage. Approx-
imately one in six of the I/O pins in the bank assume this
role.

The Vigg pins within a bank are interconnected internally
and consequently only one Vgrgg voltage can be used
within each bank. All Vgrgg pins in the bank, however, must
be connected to the external voltage source for correct
operation.

Within a bank, inputs that require Vggg can be mixed with
those that do not. However, only one Vggg voltage may be
used within a bank.Input buffers that use Vggr are not
5V-tolerant.

The Vo and Vgeg pins for each bank appear in the
device pin-out tables and diagrams. The diagrams also
show the bank affiliation of each 1/O.

Within a given package, the number of Vgeg and Vg pins
can vary depending on the size of device. In larger devices,

| Bank 0 VHV Bank 1 |
~ GCLK3 GCLK2 ~
X X
C c
© [
o m
Virtex L |
] Device ]
o ™
X X
] g
s GCLK1 GCLKO s
| Bank 5 AHA Bank4|
X8778_b

Figure 3: Virtex I/0 Banks

more /O pins convert to Vggg pins. Since these are always
a superset of the Vrgg pins used for smaller devices, it is
possible to design a PCB that permits migration to a larger
device if necessary. All the Vrgg pins for the largest device
anticipated must be connected to the Vggg voltage, and not
used for I/O.

In smaller devices, some Vo pins used in larger devices
do not connect within the package. These unconnected
pins may be left unconnected externally, or may be con-
nected to the Vg voltage to permit migration to a larger
device if necessary.

In TQ144 and PQ/HQ240 packages, all Voo pins are
bonded together internally, and consequently the same
Vcco Voltage must be connected to all of them. The Vyeg
pins remain internally connected as eight banks, and may
be used as described previously.

Configurable Logic Block

The basic building block of the Virtex CLB is the logic cell
(LC). An LC includes a 4-input function generator, carry
logic, and a storage element. The output from the function
generator in each LC drives both the CLB output and the D
input of the flip-flop. Each Virtex CLB contains four LCs,
organized in two similar slices, as shown in Figure 4.
Figure 5 shows a more detailed view of a single slice.

In addition to the four basic LCs, the Virtex CLB contains
logic that combines function generators to provide func-
tions of five or six inputs. Consequently, when estimating
the number of system gates provided by a given device,
each CLB counts as 4.5 LCs.

Look-Up Tables

Virtex function generators are implemented as 4-input
look-up tables (LUTs). In addition to operating as a function
generator, each LUT can provide a 16 x 1-bit synchronous
RAM. Furthermore, the two LUTs within a slice can be
combined to create a 16 x 2-bit or 32 x 1-bit synchronous
RAM, or a 16x1-bit dual-port synchronous RAM.

The Virtex LUT can also provide a 16-bit shift register that
is ideal for capturing high-speed or burst-mode data. This
mode can also be used to store data in applications such
as Digital Signal Processing.

Storage Elements

The storage elements in the Virtex slice can be configured
either as edge-triggered D-type flip-flops or as level-sensi-
tive latches. The D inputs can be driven either by the func-
tion generators within the slice or directly from slice inputs,
bypassing the function generators.

In addition to Clock and Clock Enable signals, each Slice
has synchronous set and reset signals (SR and BY). SR
forces a storage element into the initialization state speci-
fied for it in the configuration. BY forces it into the opposite

January 27, 1999 (Version 1.2)




Virtex™ 2.5 V Field Programmable Gate Arrays

S XILINX®

CouT CouT
YB YB
G4 Y ca Y
G3 SP G3 SP
LUT Carry & D Q YO LUT Carry & D 0 YQ
G2 G2 Control
Control EC ontro EC
G1 G1>
BY RC BY> RC
XB XB
F4 X rg X
F SP sP
3 LUT Carry & D O X F3 LUT Carry & D Q XQ
F2 Control Q Fr2 Control EC
EC
F1 F1
RC
BX RC BX
Slice 1 Slice 0
slice_b.eps
CIN CIN

Figure 4: 2-slice Virtex CLB

state. Alternatively, these signals may be configured to
operate asynchronously.

All of the control signals are independently invertible, and
are shared by the two flip-flops within the slice.

Additional Logic

The F5 multiplexer in each slice combines the function gen-
erator outputs. This combination provides either a function
generator that can implement any 5-input function, a 4:1
multiplexer, or selected functions of up to nine inputs.

Similarly, the F6 multiplexer combines the outputs of all four
function generators in the CLB by selecting one of the
F5-multiplexer outputs. This permits the implementation of
any 6-input function, an 8:1 multiplexer, or selected func-
tions of up to 19 inputs.

Each CLB has four direct feedthrough paths, one per LC.
These paths provide extra data input lines or additional
local routing that does not consume logic resources.

Arithmetic Logic

Dedicated carry logic provides fast arithmetic carry capabil-
ity for high-speed arithmetic functions. The Virtex CLB sup-
ports two separate carry chains, one per Slice. The height
of the carry chains is two bits per CLB.

The arithmetic logic includes an XOR gate that allows a
1-bit full adder to be implemented within an LC. In addition,
a dedicated AND gate improves the efficiency of multiplier
implementation.

The dedicated carry path can also be used to cascade
function generators for implementing wide logic functions.

BUFTs

Each Virtex CLB contains two 3-state drivers (BUFTSs) that
can drive on-chip busses. See “Dedicated Routing” on
page 11. Each Virtex BUFT has an independent 3-state
control pin and an independent input pin.

Block RAM

Virtex FPGAs incorporate several large BlockSelectRAM+
memories. These complement the distributed SelectRAM+
LUTRAMSs that provide shallow RAM structures imple-
mented in CLBs.

BlockSelectRAM+ memory blocks are organized in col-
umns. All Virtex devices contain two such columns, one
along each vertical edge. These columns extend the full
height of the chip. Each memory block is four CLBs high,
and consequently, a Virtex device 64 CLBs high will
containl6 memory blocks per column, and a total of 32
blocks.

January 27, 1999 (Version 1.2)
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Figure 5: Detailed View of Virtex Slice

CIN

viewslc4.eps

Table 5 shows the amount of Block SelectRAM+ memory
that is available in each Virtex device.

two ports can be configured independently, providing
built-in bus-width conversion.

Table 5: Virtex Block SelectRAM+ Amounts

Virtex Device # of Blocks Total B|0Ck. RAMBA_S#_S#
SelectRAM+ Bits WEA
XCV50 8 32,768 — ENA
— RSTA DOA[#:0]
XCV100 10 40,960 I> CLKA
XCV150 12 49,152 m— ADD([<#:0]
DIA[#:0]
XCV200 14 57,344 = C
XCV300 16 65,536 WEB
XCV400 20 81,920 —— ENB
—— RSTB DOBI[#:0]
XCV600 24 98,304 I> CLKB
XCV800 28 114,688 m—— ADDRB[#:0]
= D|B[#:0]
XCV1000 32 131,072
ramb_a.eps

Each Block SelectRAM+ cell, as illustrated in Figure 6, is a
fully synchronous dual-ported 4096-bit RAM with indepen-

dent control signals for each port. The data widths of the Figure 6: Dual-Port Block SelectRam+

January 27, 1999 (Version 1.2) 3-9
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Table 6 shows the depth and width aspect ratios for the
Block SelectRAM+

Table 6: Block SelectRAM+ Port Aspect Ratios

Width Depth ADDR Bus Data Bus
1 4096 ADDR<11:0> DATA<0>
2 2048 ADDR<10:0> DATA<1:0>
4 1024 ADDR<9:0> DATA<3:0>
8 512 ADDR<8:0> DATA<7:0>
16 256 ADDR<7:0> DATA<15:0>

The Virtex block RAM also includes dedicated routing to
provide an efficient interface with both CLBs and other
block RAMs.

Programmable Routing Matrix

It is the longest delay path that limits the speed of any
worst-case design. Consequently, the Virtex routing archi-
tecture and its place-and-route software were defined in a
single optimization process. This joint optimization mini-
mizes long-path delays, and consequently, yields the best
system performance.

The joint optimization also reduces design compilation
times because the architecture is software-friendly. Design
cycles are correspondingly reduced due to shorter design
iteration times.

Local Routing

The VersaBlock provides local routing resources, as shown
in Figure 7, providing the following three types of connec-
tions.

¢ Interconnections among the LUTSs, flip-flops, and GRM

« Internal CLB feedback paths that provide high-speed
connections to LUTs within the same CLB, chaining
them together with minimal routing delay

» Direct paths that provide high-speed connections
between horizontally adjacent CLBs, eliminating the
delay of the GRM.

General Purpose Routing

Most Virtex signals are routed on the general purpose rout-
ing, and consequently, the majority of interconnect
resources are associated with this level of the routing hier-
archy. The general routing resources are located in hori-
zontal and vertical routing channels associated with the
rows and columns CLBs. The general-purpose routing
resources are listed below.

» Adjacent to each CLB is a General Routing Matrix
(GRM). The GRM is the switch matrix through which
horizontal and vertical routing resources connect, and
is also the means by which the CLB gains access to the
general purpose routing.

e 24 single-length lines route GRM signals to adjacent
GRMs in each of the four directions.

* 96 buffered Hex lines route GRM signals to another
GRMs six-blocks away in each one of the four
directions. Organized in a staggered pattern, Hex lines
may be driven only at their endpoints. Hex-line signals
can be accessed either at the endpoints or at the
midpoint (three blocks from the source). One third of the
Hex lines are bidirectional, while the remaining ones
are uni-directional.

e 12 Longlines are buffered, bidirectional wires that
distribute signals across the device quickly and
efficiently. Vertical Longlines span the full height of the
device, and horizontal ones span the full width of the
device.

I/0 Routing

Virtex devices have additional routing resources around
their periphery that form an interface between the CLB
array and the IOBs. This additional routing, called the Ver-
saRing, facilitates pin-swapping and pin-locking, such that
logic redesigns can adapt to existing PCB layouts.
Time-to-market is reduced, since PCBs and other system
components can be manufactured while the logic design is
still in progress.

3-10
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To Adjacent

GRM
To Adjacent <> To Adjacent
GRM GRM GRM
To Adjacent
GRM
L
Direct Connection Direct Connection
To Adjacent <€«—t+—>»{ CLB <> To Adjacent
CLB CLB
—>>
X8794b

Figure 7: Virtex Local Routing

Dedicated Routing

Some classes of signal require dedicated routing resources

to maximize performance. In the Virtex architecture, dedi-

cated routing resources are provided for two classes of sig-
nal.

» Horizontal routing resources are provided for on-chip
3-state busses. Four partitionable bus lines are
provided per CLB row, permitting multiple busses within
a row, as shown in Figure 8.

« Two dedicated nets per CLB propagate carry signals
vertically to the adjacent CLB.

Global Routing

Global Routing resources distribute clocks and other sig-
nals with very high fanout throughout the device. Virtex
devices include two tiers of global routing resources
referred to as primary and secondary global routing
resources.

* The primary global routing resources are four dedicated
global nets with dedicated input pins that are designed
to distribute high-fanout clock signals with minimal
skew. Each global clock net can drive all CLB, I0B, and

T, ——] |, 5 | T Tri-State
g \ g \ g \ B 1 Lines
i TJ; [ i TJ; [ i TJ; [ Fi Tl N
CLB CLB CLB CLB
buft_c.eps
Figure 8: BUFT Connections to Dedicated Horizontal Bus Lines
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block RAM clock pins. The primary global nets may only
be driven by global buffers. There are four global
buffers, one for each global net.

« The secondary global routing resources consist of 24
backbone lines, 12 across the top of the chip and 12
across bottom. From these lines, up to 12 unique
signals per column can be distributed via the 12
longlines in the column. These secondary resources
are more flexible than the primary resources since they
are not restricted to routing only to clock pins.

Clock Distribution

Virtex provides high-speed, low-skew clock distribution
through the primary global routing resources described
above. A typical clock distribution net is shown in Figure 9.

Four global buffers are provided, two at the top center of the
device and two at the bottom center. These drive the four
primary global nets that in turn drive any clock pin.

Four dedicated clock pads are provided, one adjacent to
each of the global buffers. The input to the global buffer is
selected either from these pads or from signals in the gen-
eral purpose routing.

Delay-Locked Loop (DLL)

Associated with each global clock input buffer is a fully dig-
ital Delay-Locked Loop (DLL) that can eliminate skew

between the clock input pad and internal clock-input pins
throughout the device. Each DLL can drive two global clock
networks.The DLL monitors the input clock and the distrib-
uted clock, and automatically adjusts a clock delay ele-
ment. Additional delay is introduced such that clock edges
reach internal flip-flops exactly one clock period after they
arrive at the input. This closed-loop system effectively elim-
inates clock-distribution delay by ensuring that clock edges
arrive at internal flip-flops in synchronism with clock edges
arriving at the input.

In addition to eliminating clock-distribution delay, the DLL
provides advanced control of multiple clock domains. The
DLL provides four quadrature phases of the source clock,
can double the clock, or divide the clock by 1.5, 2, 2.5, 3, 4,
5, 8, or 16. It has six outputs.

The DLL also operates as a clock mirror. By driving the out-
put from a DLL off-chip and then back on again, the DLL
can be used to deskew a board level clock among multiple
Virtex devices.

In order to guarantee that the system clock is operating cor-
rectly prior to the FPGA starting up after configuration, the
DLL can delay the completion of the configuration process
until after it has achieved lock.

GCLKPAD3 ?; GCLKPAD2
Global Clock Rows GCLKBUF3 GCLKBUF2 Global Clock Column
<> <> <>
<HD> <HD> <HD>
<H> <HP> <H >
<H{> <H{> <H{>
<H{> <H{> <H{>
B <F>- 2 P - Global Clock Spine
v N v
<H{> <H{> <H{>
<H> <H> <H>
<H{> <H{> <H{>
<H{> <H{> <>
<HD> <HD> <HD>
GCLKBUF1 g g GCLKBUFO
GCLKPAD1 GCLKPADO

Figure 9: Global Clock Distribution Network

gclkbu_2.eps
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Boundary Scan

Virtex devices support all the mandatory boundary-scan
instructions specified in the IEEE standard 1149.1. A Test
Access Port (TAP) and registers are provided that imple-
ment the EXTEST, SAMPLE/PRELOAD, and BYPASS
instructions. The TAP also supports two USERCODE
instructions and internal scan chains.

The TAP uses dedicated package pins that always operate
using LVTTL. For TDO to operate using LVTTL, the Vcco
for Bank 2 must be 3.3 V. Otherwise, TDO switches
rail-to-rail between ground and V¢co.

Boundary-scan operation is independent of individual 10B
configurations, and unaffected by package type. All IOBs,
including unbonded ones, are treated as independent
3-state bidirectional pins in a single scan chain. Retention
of the bidirectional test capability after configuration facili-
tates the testing of external interconnections.

Table 7 lists the boundary-scan instructions supported in
Virtex FPGAs. Internal signals can be captured during
EXTEST by connecting them to unbonded or unused 10Bs.
They may also be connected to the unused outputs of IOBs
defined as unidirectional input pins. This technique partially
compensates for the absence of INTEST support.

The public boundary-scan instructions are available prior to
configuration. After configuration, the public instructions
remain available together with any USERCODE instruc-
tions installed during the configuration. While the SAMPLE
and BYPASS instructions are available during configura-
tion, it is recommended that boundary-scan operations not
be performed during this transitional period.

In addition to the test instructions outlined above, the
boundary-scan circuitry can be used to configure the
FPGA, and also to read back the configuration data.

To facilitate internal scan chains, the User Register pro-
vides three outputs (Reset, Update, and Shift) that repre-
sent the corresponding states in the boundary-scan
internal state machine.

Development System

Virtex FPGAs are supported by the Xilinx Foundation and
Alliance CAE tools. The basic methodology for Virtex
design consists of three interrelated steps: design entry,
implementation, and verification. Industry-standard tools
are used for design entry and simulation (for example, Syn-
opsys FPGA Express), while Xilinx provides proprietary
architecture-specific tools for implementation.

The Xilinx development system is integrated under the Xil-
inx Design Manager (XDM™) software, providing design-
ers with a common user interface regardless of their choice
of entry and verification tools. The XDM software simplifies
the selection of implementation options with pull-down
menus and on-line help.

Table 7: Boundary-Scan Instructions

Boundary-Scan| Binary Description
Command Code(4:0)
EXTEST 00000 |Enables boundary-scan
EXTEST operation
SAMPLE 00001 |Enables boundary-scan
SAMPLE operation
USR1 00010 |Access user-defined regis-
terl
USR2 00011 Access user-defined reg-
ister 2
CFG_OouT 00100 |Access the configuration
bus for Readback
CFG_IN 00101 |Access the configuration
bus for Configuration
INTEST 00111 |Enables boundary-scan
INTEST operation
USRCODE 01000 |Enables shifting out USER
code
IDCODE 01001 |Enables shifting out of ID
Code
HIZ 01010 |Tri-states output pins while
enabling the Bypass Reg-
ister
BUS_RST 01011 |Reset the Configuration
Bus
JSTART 01100 |Clock the start-up se-
guence when StartupClk is
TCK
BYPASS 11111 Enables BYPASS
RESERVED All other |Xilinx reserved instructions
codes

Application programs ranging from schematic capture to
Placement and Routing (PAR) can be accessed through
the XDM software. The program command sequence is
generated prior to execution, and stored for documentation.

Several advanced software features facilitate Virtex design.
RPMs, for example, are schematic-based macros with rela-
tive location constraints to guide their placement. They help
ensure optimal implementation of common functions.

For HDL design entry, the Xilinx FPGA Foundation devel-
opment system provides interfaces to the following synthe-
sis design environments.

e Synopsys (FPGA Compiler, FPGA Express)

e Exemplar (Spectrum)

e Synplicity (Synplify)

For schematic design entry, the Xilinx FPGA Foundation
and alliance development system provides interfaces to the
following schematic-capture design environments.

¢ Mentor Graphics V8 (Design Architect, QuickSim I1)

January 27, 1999 (Version 1.2)
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« Viewlogic Systems (Viewdraw)
Third-party vendors support many other environments.

A standard interface-file specification, Electronic Design
Interchange Format (EDIF), simplifies file transfers into and
out of the development system.

Virtex FPGAs supported by a unified library of standard
functions. This library contains over 400 primitives and
macros, ranging from 2-input AND gates to 16-bit accumu-
lators, and includes arithmetic functions, comparators,
counters, data registers, decoders, encoders, 1/O functions,
latches, Boolean functions, multiplexers, shift registers, and
barrel shifters.

The “soft macro” portion of the library contains detailed
descriptions of common logic functions, but does not con-
tain any partitioning or placement information. The perfor-
mance of these macros depends, therefore, on the
partitioning and placement obtained during implementa-
tion.

RPMs, on the other hand, do contain predetermined parti-
tioning and placement information that permits optimal
implementation of these functions. Users can create their
own library of soft macros or RPMs based on the macros
and primitives in the standard library.

The design environment supports hierarchical design entry,
with high-level schematics that comprise major functional
blocks, while lower-level schematics define the logic in
these blocks. These hierarchical design elements are auto-
matically combined by the implementation tools. Different
design entry tools can be combined within a hierarchical
design, thus allowing the most convenient entry method to
be used for each portion of the design.

Design Implementation

The place-and-route tools (PAR) automatically provide the
implementation flow described in this section. The parti-
tioner takes the EDIF netlist for the design and maps the
logic into the architectural resources of the FPGA (CLBs
and 10Bs, for example). The placer then determines the
best locations for these blocks based on their interconnec-
tions and the desired performance. Finally, the router inter-
connects the blocks.

The PAR algorithms support fully automatic implementa-
tion of most designs. For demanding applications, however,
the user can exercise various degrees of control over the
process. User partitioning, placement, and routing informa-
tion is optionally specified during the design-entry process.
The implementation of highly structured designs can bene-
fit greatly from basic floorplanning.

The implementation software incorporates Timing Wizard®
timing-driven placement and routing. Designers specify
timing requirements along entire paths during design entry.
The timing path analysis routines in PAR then recognize

these user-specified
them.

requirements and accommodate

Timing requirements are entered on a schematic in a form
directly relating to the system requirements, such as the
targeted clock frequency, or the maximum allowable delay
between two registers. In this way, the overall performance
of the system along entire signal paths is automatically tai-
lored to user-generated specifications. Specific timing infor-
mation for individual nets is unnecessary.

Design Verification

In addition to conventional software simulation, FPGA
users can use in-circuit debugging techniques. Because
Xilinx devices are infinitely reprogrammable, designs can
be verified in real time without the need for extensive sets of
software simulation vectors.

The development system supports both software simula-
tion and in-circuit debugging techniques. For simulation,
the system extracts the post-layout timing information from
the design database, and back-annotates this information
into the netlist for use by the simulator. Alternatively, the
user can verify timing-critical portions of the design using
the TRACE® static timing analyzer.

For in-circuit debugging, the development system includes
a download and readback cable. This cable connects the
FPGA in the target system to a PC or workstation. After
downloading the design into the FPGA, the designer can
single-step the logic, readback the contents of the flip-flops,
and so observe the internal logic state. Simple modifica-
tions can be downloaded into the system in a matter of min-
utes.

Configuration

Virtex devices are configured by loading configuration data
into the internal configuration memory. Some of the pins
used for this are dedicated configuration pins, while others
may be re-used as general purpose inputs and outputs
once configuration is complete.

The dedicated pins are the mode pins (M2, M1, MO0), the
configuration clock pin (CCLK), the PROGRAM pin, the
DONE pin and the boundary-scan pins (TDI, TDO, TMS,
TCK). Depending on the configuration mode chosen,
CCLK may be an output generated by the FPGA, or may be
generated externally, and provided to the FPGA as an
input.

Note that some configuration pins that may act as outputs.
For correct operation, these pins may require a Ve of
3.3 V to permit LVTTL operation. All the pins affected fall in
banks 2 or 3.

For a more detailed description than that given below, see
the Supplementary Description on Configuration and
Readback.
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Configuration Modes
Virtex supports the following four configuration modes.

« Slave-serial mode

¢ Master-serial mode

¢ SelectMAP mode

* Boundary-scan mode

The Configuration mode pins (M2, M1, MO) select among
these configuration modes with the option in each case of

Table 8: Configuration Codes

having the 10B pins either pulled up or left floating prior to
configuration. The selection codes are listed in Table 8.

Configuration through the boundary-scan port is always
available, independent of the mode selection. Selecting the
boundary-scan mode simply turns off the other modes. The
three mode pins have internal pull-up resistors, and default
to a logic High if left unconnected.

. . CCLK Data Serial Pre-configuration
Configuration Mode | M2 | M1 | MO Direction Width Doyt Pull-gps
Master-serial mode 0 0 0 Out 1 Yes No
Boundary-scan mode 1 0 1 N/A 1 No No
SelectMAP mode 1 1 0 In 8 No No
Slave-serial mode 1 1 1 In 1 Yes No
Master-serial mode 1 0 0 Out 1 Yes Yes
Boundary-scan mode 0 0 1 N/A 1 No Yes
SelectMAP mode 0 1 0 In 8 No Yes
Slave-serial mode 0 1 1 In 1 Yes Yes

Slave Serial Mode

In slave serial mode, the FPGA receives configuration data
in bit-serial form from a serial PROM or other source of
serial configuration data. The serial bitstream must be
setup at the DIN input pin a short time before each rising
edge of an externally generated CCLK.

Multiple FPGAs can be daisy-chained for configuration
from a single source. After a particular FPGA has been
configured, the data for the next device is routed to the
DOUT pin. The data on the DOUT pin changes on the ris-
ing edge of CCLK.

The capture of DIN on the rising edge of CCLK differs from
previous families, but will not cause a problem for mixed

Table 9: Serial Mode Programming Switching

configuration chains. This change was made to improve
serial-configuration rates for Virtex only chains.

Figure 10 shows a full master/slave system. A Virtex device
in slave serial mode should be connected as shown in the
third device from the left

Slave-serial mode is selected by applying <111> to the
mode pins (M2, M1, MO). A weak pull-up on the mode pins
makes slave serial the default mode if the pins are left
unconnected. Figure 11 shows slave-serial configuration
timing.

Table 9 provides more detail about the characteristics
shown in Figure 11. Configuration must be delayed until the
INIT pins of all daisy-chained FPGAs are High.

Description Symbol Units

DIN setup/hold, slave mode 1/2 Toce/Teep 5.0/0.0 ns, min
DIN setup/hold, master mode 1/2 Tosck/Tsckp 5.0/0.0 ns, min
DOUT 3 Tcco 12.0 ns, max

CCLK High Fime 4 Teen 5.0 ns, m?n
Low time 5 TeeL 5.0 ns, min
Maximum Frequency Fce 66 MHz, max
Frequency Tolerance, master mode with +45%
respect to nominal -30%
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Figure 10: Master/Slave Serial Mode Circuit Diagram
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Figure 11: Slave Serial Mode Programming Switching Characteristics
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Master Serial Mode

In master serial mode, the CCLK output of the FPGA drives
a Xilinx Serial PROM that feeds bit-serial data to the DIN
input. The FPGA accepts this data on each rising CCLK
edge. After the FPGA has been loaded, the data for the
next device in a daisy-chain is presented on the DOUT pin
after the rising CCLK edge. The preamble is also forwarded
to other devices in the daisy-chain.

The interface is identical to slave serial except that an inter-
nal oscillator is used to generate the configuration clock
(CCLK). A wide range of frequencies can be selected for
CCLK which always starts at a slow default frequency. Con-
figuration bits then switch CCLK to a higher frequency for
the remainder of the configuration. Switching to a lower fre-
quency is prohibited.

The CCLK frequency is set using the ConfigRate option in
the bitstream generation software. The maximum CCLK
frequency that can be selected is 60 MHz. When selecting
a CCLK frequency, ensure that the serial PROM and any
daisy-chained FPGAs are fast enough to support the clock
rate.

On power-up, the CCLK frequency is 2.5 MHz. This fre-
quency is used until the ConfigRate bits have been loaded
when the frequency changes to the selected ConfigRate.
Unless a different frequency is specified in the design, the
default ConfigRate is 2.5 MHz.

Figure 10 shows a full master/slave system. In this system,
the leftmost device operates in master-serial mode. The

remaining devices operate in slave-serial mode. The
SPROM RESET pin is driven by INIT, and CE input is
driven by DONE. There is, therefore, the potential for con-
tention on the DONE pin, depending on the start-up
sequence options chosen.

The sequence of operations necessary to configure a Vir-
tex FPGA serially appears in Figure 12.

Figure 13 shows the timing of master-serial configuration.
Master serial mode is selected by a <000> on the mode
pins (M2, M1, MO). Table 9 shows the timing information for
Figure 13

At power-up, Vcc must rise from 2.0 V to Vcc min in less
than 25 ms, otherwise delay configuration by pulling PRO-
GRAM Low until Vcc is valid.

SelectMAP Mode

The SelectMAP mode is the fastest configuration option.
Byte-serial data is written into the FPGA with a BUSY flag
controlling the flow of data.

An external data source provides a byte stream, CCLK, a
Chip Select (CS) signal and a Write signal (WRITE). If
BUSY is asserted (High) by the FPGA, the data must be
held until BUSY goes Low.

Data can also be read using the SelectMAP mode. If
WRITE is not asserted, configuration data is read out of the
FPGA as part of a readback operation.

January 27, 1999 (Version 1.2)

3-17




Virtex™ 2.5 V Field Programmable Gate Arrays 2:X||_|NX®

Apply Power

FPGA startsto clear — 3 +
configuration memory.

If used to delay
configuration

Set PROGRAM = High

FPGA makes afinal —— 3 ¢
clearing pass and releases
INIT when finished. Release INIT It used to delay

configuration

Low

High
<€

Load a Configuration Bit

Once aFrame, ———
FPGA checks data using CRC

and pulls INIT Low on error.

End of No

Bitstream?

If no CRC errors found, —— 3
FPGA enters start-up phase
causing DONE to go High.

Configuration Completed

X8793_a

Figure 12: Serial Configuration Flowchart
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Figure 13: Master Serial Mode Programming Switching Characteristics
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After configuration, the pins of the SelectMAP port can be
used as additional user I/O. Alternatively, the port may be
retained to permit high-speed 8-bit readback.

Retention of the SelectMAP port is selectable on a
design-by-design basis when the bitstream is generated. If
retention is selected, PROHIBIT constraints are required to
prevent the SelectMAP-port pins from being used as user
I/O.

Multiple Virtex FPGAs can be configured using the Select-
MAP mode, and be made to start-up simultaneously. To
configure multiple devices in this way, wire the individual
CCLK, Data, WRITE, and BUSY pins of all the devices in
parallel. The individual devices are loaded separately by
asserting the CS pin of each device in turn and writing the
appropriate data.

Note: See Table 10 for SelectMAP Write Timing

Characteristics.
Table 10: SelectMAP Write Timing Characteristics
Description Symbol Units

Dg.7 Setup/Hold 1/2 Tsmpec!/ Tsmeep 5.0/0.0 ns, min
CS Setup/Hold 3/4 Tsmescc/Tsmececs 7.0/0.0 ns, min
WRITE Setup/Hold 5/6 Tsmeew!/Tsmwee 7.0/0.0 ns, min

CCLK BUSY Propagation Delay 7 TsmckBy 12.0 ns, max
Maximum Frequency Fce 66 MHz, max
Maximum Frequency with FcenH 50 MHz, max
no handshake

Write

Write operations send packets of configuration data into the
FPGA. The sequence of operations for a multi-cycle write
operation is shown below. Note that a configuration packet

can be split into many such sequences. The packet does
not have to complete within one assertion of CS, illustrated
in Figure 14.

—

.

"Il

CCLK \ [ \
CS %(43—){
WRITE _*<—<>—>1
DATA[7:0] lII'F(}>
BUSY

Figure 14: Write Operations

1. Assert WRITE and CS Low. Note that when CS is
asserted on successive CCLKs, WRITE must remain
either asserted or deasserted. Otherwise an abort will
be initiated, as described below.

Drive data onto D[7:0]. Note that to avoid contention, the
data source should not be enabled while CS is Low and
WRITE is High. Similarly, while WRITE is High, no more
that one CS should be asserted.

Wri

te No Write Write

X8796_b

At the rising edge of CCLK: If BUSY is Low, the data is
accepted on this clock. If BUSY is High from a previous
write, the data is not be accepted. Acceptance will
instead occur on the first clock after BUSY goes Low,
and the data must be held until this has happened.

Repeat steps 2 and 3 until all the data has been sent.
Deassert CS and WRITE.

January 27, 1999 (Version 1.2)
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A flowchart for the write operation appears in Figure 15. essary, and data can simply be entered into the FPGA
Note that if CCLK is slower than fccyy, the FPGA will never every CCLK cycle.
assert BUSY, In this case, the above handshake is unnec-

FPGA starts t0 Clear g
configuration memory.

Apply Power
_— If used to delay
Set PROGRAM = High configuration
FPGA makes a final =y
clearing pass and releases

el —_ If used to delay
INIT when finished. Release INIT configuration

Set WRITE = Low

Enter Data Source
Set CS = Low

| Apply Configuration Byte |

Sequence A

On first FPGA

Once a Frame,
FPGA checks data using CRC
and pulls INIT Low on error.

Low

End of Data?

Yes

Set CS = High
If N0 €r1OrS, m—— _ For any other FPGAs
later FPGAs enter start-up phase Repeat Sequence A Y

releasing DONE.

1f NO Errors, e

first FPGAs enter start-up phase
releasing DONE. )

On first FPGA

Disable Data Source
Set WRITE = High

When all DONE PiNS s
are released, DONE goes High

and start-up sequences complete. | Configuration Completed |
X8795_a
Figure 15: SelectMAP Flowchart for Write Operation
Abort aries, and the FPGA requires a new synchronization word
During a given assertion of CS, the user cannot switch from prior to accepting any new packets.
a write to a read, or vice-versa. This action causes the cur- To initiate an abort during a write operation, deassert
rent packet command to be aborted. The device will remain WRITE. At the rising edge of CCLK, an abort is initiated, as

BUSY until the aborted operation has completed. Following shown in Figure 16.
an abort, data is assumed to be unaligned to word bound-
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Figure 16: SelectMAP Write Abort Waveforms

Boundary-Scan Mode

In the boundary-scan mode, no non-dedicated pins are
required, configuration being done entirely through the
IEEE 1149.1 Test Access Port.

Configuration through the TAP uses the special CFG_IN
instruction. This instruction allows data input on TDI to be
converted into data packets for the internal configuration
bus.

The following steps are required to configure the FPGA
through the boundary-scan port.

1. Load the CFG_IN instruction into the boundary-scan
instruction register (IR)

Enter the Shift-DR (SDR) state

Shift a standard configuration bitstream into TDI
Return to Run-Test-Idle (RTI)

Load the JSTART instruction into IR

Enter the SDR state

N o g bk~ w0 DN

Clock TCK for the length of the sequence (the length is
programmable)

8. Return to RTI

As noted above, configuration and readback is always
available. The boundary-scan mode simply locks out the

Abort
X8797_b

figuration data is loaded into the memory, and finally, the
logic is activated by a start-up process.

Configuration is automatically initiated on power-up unless
it is delayed by the user, as described below. The configu-
ration process may also be initiated by asserting PRO-
GRAM. The end of the memory-clearing phase is signalled
by INIT going High, and the completion of the entire pro-
cess is signalled by asserting DONE.

The power-up timing of configuration signals is shown in
Figure 17. The corresponding timing characteristics are
listed in Table 11.

Vee TPOR
/

PROGRAM

—| TicCK [¢—
CCLK OUTPUT or INPUT / \
MO, M1, > x
(Required) VALID

98122302

Figure 17: Power-up Timing Configuration Signals

NI

Table 11: Power-up Timing Characteristics

other modes. The boundary-scan mode is selected by a Description Symbol Units
<101> on the mode pins (M2, M1, MO). Power-on Reset TroR 2.0 ms, max
Configuration Sequence Program Latency TpL 100.0 Us, mr?lx
CCLK (output) Ticck 0.5 Ms, min
The configuration of Virtex devices is a three-phase pro- delay 4.0 Us, max
cess. First, the configuration memory is cleared. Next, con- - '
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Delaying Configuration

Configuration of the FPGA can be delayed by holding the
PROGRAM pin Low until the system is ready for the device
to configure. During the memory clearance phase, the con-
figuration sequences continuously cycles through the con-
figuration memory clearing all addresses. This activity
continues until the completion of one full address cycle
after the PROGRAM pin goes High. Thus, configuration is
delayed by extending the memory clearance phase.

Alternatively, INIT can be held Low using an open-drain
driver. An open-drain is required since INIT is a bidirec-
tional open-drain pin that is held Low by the FPGA while the
configuration memory is being cleared. Extending the time
that the pin is Low causes the configuration sequencer to
act as if the configuration memory is still being cleared.
Thus, configuration is delayed by preventing entry into the
phase where data is loaded.

Start-Up Sequence

The default Start-up sequence is that one CCLK cycle after
DONE goes High, the global tri-state signal (GTS) is
released. This permits device outputs to turn on as neces-
sary.

One CCLK cycle later, the Global Set/Reset (GSR) and
Global Write Enable (GWE) signals are released. This per-
mits the internal storage elements to begin changing state
in response to the logic and the user clock.

The relative timing of these events may be changed. In
addition, the GTS, GSR, and GWE events may be made
dependent on the DONE pins of multiple devices all going
High, forcing the devices to start in synchronism. The
sequence may also be paused at any stage until lock has
been achieved on any or all DLLs.

Data Stream Format

Virtex devices are configured by sequentially loading
frames of data that have been concatenated into a bit-
stream. Table 12 lists the total number of bits required to
configure each device.

Table 12: Virtex Bit-stream Lengths

Device # of Configuration Bits

XCV50 559,232
XCV100 781,248
XCV150 1,041,128
XCV200 1,335,872
XCV300 1,751,840
XCV400 2,546,080
XCV600 3,608,000
XCV800 4,715,684
XCV1000 6,127,776

Readback

The configuration data stored in the Virtex configuration
memory can be readback for verification. Along with the
configuration data it is possible to readback the contents all
flip-flops/latches, LUTRAMSs, and block RAMs. This capa-
bility is used for real-time debugging.

For more detailed information contact the factory for a copy
of the “Supplementary Description on Configuration and
Readback’.
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Pin Definitions

Table 13: Special Purpose Pins

Pin Name DedFl)(i::ted Direction Description

GCKO, GCK1, Yes Input Clock input pins that connect to Global Clock Buffers. These

GCK2, GCK3 pins become user inputs when not needed for clocks.

MO, M1, M2 Yes Input Mode pins are used to specify the configuration mode.

CCLK Yes Input or The configuration Clock I/O pin: itis an input for SelectRAM and

Output slave-serial modes, and output in master-serial mode

PROGRAM Yes Input Initiates a configuration sequence when asserted Low.

DONE Yes Bidirectional | Indicates that configuration loading is complete, and that the
start-up sequence is in progress. The output may be open drain.

INIT No Bidirectional | When Low, indicates that the configuration memory is being

(Open-drain) | cleared. The pin becomes a user I/O after configuration.

BUSY/ No Output In SelectMAP mode, BUSY controls the rate at which configura-

DOUT tion data is loaded. The pin becomes a user I/O after configura-
tion unless the SelectMAP port is retained.

In bit-serial modes, DOUT provides preamble and configuration
data to downstream devices in a daisy-chain. The pin becomes
a user I/O after configuration.

DO/DIN, No Input In SelectMAP mode, DO-7 are configuration data input pins.

D1, D2, These pins become user I/Os after configuration unless the Se-

D3, D4, lectMAP port is retained.

D5, D6, In bit-serial modes, DIN is the single data input. This pin be-

D7 comes a user I/O after configuration.

WRITE No Input In SelectMAP mode, the active-low Write Enable signal. The pin
becomes a user 1/O after configuration unless the SelectMAP
port is retained.

CS No Input In SelectMAP mode, the active-low Chip Select signal. The pin
becomes a user I/O after configuration unless the SelectMAP
port is retained.

TDI, TDO, Yes Mixed Boundary-scan Test-Access-Port pins, as defined in IEEE

TMS, TCK 1149.1.

DXN, DXP Yes N/A Temperature-sensing diode pins. (Anode: DXP, Cathode: DXN)

VeaInT Yes Input Power-supply pins for the internal core logic.

Veeo Yes Input Power-supply pins for the output drivers (subject to banking
rules)

VREE No Input Input threshold voltage pins. Become user 1/0s when an exter-
nal threshold voltage is not needed (subject to banking rules).

GND Yes Input Ground

January 27, 1999 (Version 1.2)
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Virtex DC Characteristics

Definition of Terms
Data sheets may be designated as Advance or Preliminary. The status of specifications in these data sheets is as follows:

Advance: Initial estimates based on simulation and/or extrapolation from other speed grades, devices, or families.
Values are subject to change. Use as estimates, not for production.

Preliminary: Based on preliminary characterization. Further changes are not expected.
Unmarked: Data sheets not identified as either Advance or Preliminary are to be considered final.

All specifications are representative of worst-case supply voltage and junction temperature conditions. The parameters
included are common to popular designs and typical applications. Contact the factory for design considerations requiring
more detailed information.

All specifications are subject to change without notice.

Virtex Absolute Maximum Ratings

Symbol Description Units
VeanT Supply voltage relative to GND -0.5t0 3.0 \Y
Veco Supply voltage relative to GND -0.5t04.0 \%
VREer Input Reference Voltage -0.5t0 3.6 \
v Input voltage relative to GND Using VRer -0.5t0 3.6 \Y
N Internal threshold -0.5t05.5 \Y
Vg Voltage applied to 3-state output -0.5t05.5 \%
Vee Longest Supply Voltage Rise Time from 1 V to 3V 50 ms
Tsto Storage temperature (ambient) -65 to +150 °C
TsoL Maximum soldering temperature (10 s @ 1/16 in. = 1.5 mm) +260 °C
T Junction temperature Ceramic packages +125 °C
Plastic packages +125 °C

Notes: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, and functional operation of the device at these or any other conditions beyond those listed under Operating
Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for extended periods of time may affect device
reliability.
Power supplies may turn on in any order.
For protracted periods (e.g., longer than a day), V,y should not exceed Vg by more that 3.6 V.

Virtex Recommended Operating Conditions

Symbol Description Min Max Units
Supply voltage relative to GND, T; = 0 °C to +85°C Commercial 2.5-5% 25+5% \
Veaint Supply voltage relative to GND, T; = -40°C to +100°C Industrial 2.5-5% 25+5% \%
Supply voltage relative to GND, T; = 0 °C to +85°C Commercial 3.6 \%
Veco Supply voltage relative to GND, T; = -40°C to +100°C Industrial 3.6 \%
Tin Input signal transition time 250 ns

Notes: Correct operation is guaranteed with a minimum Ve iyt 0f 2.25 V (Nominal Vg iyt -10%). Below the minimum value stated
above, all delay parameters increase by 3% for each 50-mV reduction in V¢ Nt below the specified range.
At junction temperatures above those listed as Operating Conditions, all delay parameters increase by 0.35% per °C.
Input and output measurement threshold is ~50% of V.
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Virtex DC Characteristics Over Recommended Operating Conditions

Symbol Description Min Max Units
Vprint | Data Retention V¢ )yt Voltage (below which configuration data may be lost) 2.0 \Y
Vprio Data Retention V¢ Voltage (below which configuration data may be lost) 12 \Y
lccintg | Quiescent Vet supply current (Note 1) mA
lccog Quiescent Vo supply current (Note 1) mA

IREE VReg current per Vgeg pin 20 HA

I Input or output leakage current -10 +10 HA

Cin Input capacitance (sample tested) BGA, PQ, HQ, packages 8 pF

IrPU Pad pull-up (when selected) @ Vi, =0V, Vcco = 3.3 V (sample tested) Note 2 0.25 mA

IrPD Pad pull-down (when selected) @ Vj, = 3.6 V (sample tested) Note 2 0.15 mA
Note 1: With no output current loads, no active input pull-up resistors, all I/O pins Tri-stated and floating.

Note 2:

resistors do not guarantee valid logic levels when input pins are connected to other circuits.

Virtex DC Input and Output levels

Internal pull-up and pull-down resistors guarantee valid logic levels at unconnected input pins. These pull-up and pull-down

Values for V|_and V| are recommended input voltages. Values for Vo and Vg are guaranteed output voltages over the
recommended operating conditions. Only selected standards are tested. These are chosen to ensure that all standards
meet their specifications. The selected standards are tested at minimum Vco with the respective I and Igy currents
shown. Other standards are sample tested.

Input/Output ViL Vin Voo VoH loL lon
Standard V, min V, max V, min V, max V, Max V, Min mA mA

LVTTL (Note 1) -05 0.8 2.0 55 0.4 2.4 24 -24
LVCMOS2 -05 0.7 1.7 5.5 10% Veeo | 90% Veco 15 -05
PC', 3.3V -05 44% VCC|NT 60% VCC|NT VCCO +0.5 10% VCCO 90% VCCO Note 2 Note 2
PCI, 5.0V -05 0.8 2.0 0.55 2.4 Note 2 Note 2
GTL -05 VRrer - 0.05 | Ve + 0.05 36 0.4 nia 40 n/a
GTL+ -05 VREF -0.1 VREF +0.1 3.6 0.6 n/a 36 n/a
HSTL | -0.5 Vrer- 0.1 | Ve +0.1 36 0.4 Veeo - 0.4 8 -8
HSTL Il -0.5 Vrer - 0.1 | Vgeg +0.1 3.6 0.4 Vceo - 0.4 24 -8
HSTL IV -05 VReg - 0.1 | Vggr +0.1 3.6 0.4 Veeo - 0.4 48 -8
SSTL3| -0.5 VRer - 0.2 | Vgeg +0.2 36 VRer - 0.6 | Vgee+ 0.6 8 -8
SSTL3 I -0.5 VRer - 0.2 | Vggg +0.2 3.6 VRer - 0.8 | Vgeg + 0.8 16 -16
SSTL2 1 -05 Vree-0.2 | VgRge +0.2 3.6 VReg - 0.50 | Vrge + 0.50 7.6 -7.6
SSTL2 1l -05 VRer - 0.2 | Vgeg +0.2 3.6 VRer - 0.50 | Vgeg + 0.50 15.2 -15.2
CTT -0.5 VRer - 0.2 | Vggg +0.2 36 Vger - 0.4 | Vgeg + 0.4 8 -8
AGP -05 Vrer-0.2 | Vggr+0.2 3.6 10% Veeo | 90% Veco Note 2 Note 2
Note 1: Vo and Vg for lower drive currents are sample tested.
Note 2: Tested according to the relevant specifications.
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Virtex Switching Characteristics

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. All timing
parameters assume worst-case operating conditions (supply voltage and junction temperature). Values apply to all Virtex
devices unless otherwise noted.

Virtex IOB Input Switching Characteristics

Input delays associated with the pad are specified for LVTTL levels. For other standards, these delays typically vary by less
than 0.3 ns. Precise values are provided by the timing analyzer.

Speed Grade
Description Symbol -6 I -5 | -4 Units

Propagation Delays

Pad to | output, no delay All Tiop 0.8 0.9 1.0 ns, max

Pad to | output, with delay XCV50 TioPiD 1.3 15 1.7 ns, max
XCV100 1.3 15 1.7 ns, max
XCV150 1.3 15 1.7 ns, max
XCV200 1.3 15 1.8 ns, max
XCV300 1.3 15 1.8 ns, max
XCV400 1.6 1.8 21 ns, max
XCV600 1.6 1.8 2.1 ns, max
XCV800 2.0 2.3 2.6 ns, max
XCV1000 2.0 2.3 2.7 ns, max

Pad to output 1Q via transparent latch, no delay All TiopL 1.7 19 22 ns, max

Pad to output IQ via transparent latch, with delay XCV50 TiopLID 3.0 3.5 4.0 ns, max
XCV100 3.0 3.5 4.0 ns, max
XCV150 3.1 3.6 4.2 ns, max
XCV200 3.2 3.7 4.3 ns, max
XCV300 3.2 3.7 4.3 ns, max
XCV400 3.4 3.9 4.5 ns, max
XCV600 3.5 4.0 4.6 ns, max
XCV800 3.7 4.3 4.9 ns, max
XCV1000 3.9 4.5 5.1 ns, max

Sequential Delays

Clock CLK to output IQ TiockiQ 11 12 1.4 ns, max

Setup and Hold Times with respect to Clock CLK Setup Time/Hold Time

Pad, no delay T|OP|CK/T|O|CKP 1.9/0.0 2.2/0.0 2.5/0.0 ns, min

Pad, with delay (Note 1) T|OP|CKD/T|O|CKPD 3.5/<0 4.1/<0 4.7/<0 ns, min

ICE input T|O|CECK/T|OCK|CE 0.8/0.0 0.9/0.0 1.0/0.0 ns, min

SR input (IFF, synchronous) Tiosreki/Tiockisr | 0.8/0.0 1.0/0.0 1.1/0.0 ns, min

Set/Reset Delays

SR input to IQ (asynchronous) TiosrIQ 1.2 14 1.6 ns, max

GSR to output 1Q Tesro 10.0 11.0 13.0 ns, max

Note 1: With delay, the 10B hold time is negative. This reduces or eliminates pad-to-pad hold time.
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Virtex IOB Output Switching Characteristics

Output delays terminating at a pad are specified for LVTTL with 12 mA drive and slow slew rate, the default output standard.
For other standards, adjust the delays by adding the values shown. Tri-state turn-off delays should not be adjusted.

Speed Grade
Description Symbol 6 | 5 [ -4 Units
Propagation Delays
O input to Pad Tioop 4.1 5.3 6.1 ns, max
O input to Pad via transparent latch TiooLp 4.3 5.5 6.4 ns, max
3-State Delays
T input to Pad high-impedance TioTHZ 11 1.3 15 ns, max
T input to valid data on Pad TioTon 5.0 5.8 6.6 ns, max
T input to Pad high-impedance via transparent latch T\oTLPHZ 17 1.9 22 ns, max
T input to valid data on Pad via transparent latch TioTLPON 5.0 5.8 6.6 ns, max
GTS to Pad high impedance Tets 5.0 5.8 6.7 ns, max
Sequential Delays
Clock CLK to Pad Tiockp 5.8 6.7 7.7 ns, max
Clock CLK to Pad high-impedance (synchronous) TiockHz 2.1 2.4 2.8 ns, max
Clock CLK to valid data on Pad (synchronous) Tiockon 5.8 6.7 7.7 ns, max
Setup Times before Clock CLK
O input Tioock 0.5 0.5 0.6 ns, min
OCE input T|OOCECK 0.8 0.9 1.0 ns, min
SR input (OFF) T|OSRCKO 0.8 1.0 1.1 ns, min
3-State Setup Times
TCE input T|OTCECK 0.8 0.9 1.0 ns, min
T input TioTck 0.2 0.2 0.3 ns, min
SR input (TFF) T|OSRCKT 0.8 1.0 1.1 ns, min
Hold Times after Clock CLK
All Hold Times 0.0 0.0 0.0 ns, min
Set/Reset Delays
SR input to Pad (asynchronous) TiosrP 5.0 5.8 6.6 ns, max
SR input to Pad high-impedance (asynchronous) TI0SRHZ 2.3 2.6 3.0 ns, max
SR input to valid data on Pad (asynchronous) TiosroN 6.0 6.8 7.9 ns, max
GSR to Pad TGsro 10.0 11.0 13.0 ns, max
Output Delay Adjustments
Standard-specific increments for delays terminating at pads LVTTL, Slow, 2 mA 13.3 15.2 175 ns
4 mA 5.8 6.6 7.6 ns
6 mA 3.0 3.5 4.0 ns
8 mA 1.2 14 1.6 ns
12 mA 0.0 0.0 0.0 ns
16 mA -0.2 -0.2 -0.3 ns
24 mA -0.6 -0.7 -0.8 ns
LVTTL, Fast, 2 mA 115 13.3 15.3 ns
4 mA 3.5 4.1 4.7 ns
6 mA 1.3 15 1.7 ns
8 mA -0.9 -10 -1.2 ns
12 mA -1.9 -2.2 -25 ns
16 mA -2.0 -2.3 -2.7 ns
24 mA -23 -26 -3.0 ns
LVCMOS2 -20 -23 -2.7 ns
PCI, 33 MHz, 3.3V 0.3 0.4 0.4 ns
PCI, 33 MHz, 5.0 V -0.9 -11 -1.2 ns
PCI, 66 MHz, 3.3V -2.7 -3.1 -3.6 ns
GTL -26 -3.0 -35 ns
GTL+ -1.9 -2.2 -25 ns
HSTL | -2.8 -3.2 -3.7 ns
HSTL 11l -2.8 -3.3 -3.7 ns
HSTL IV -3.0 -34 -3.9 ns
SSTL3 1 -25 -28 -33 ns
SSTL3 I -3.0 -3.4 -39 ns
SSTL2 1 -24 -2.7 -3.2 ns
SSTL2 1 -2.8 -3.2 -3.7 ns
CTT -25 -29 -34 ns
AGP -2.8 -33 -3.8 ns

January 27, 1999 (Version 1.2) 3-27



Virtex™ 2.5 V Field Programmable Gate Arrays 2:X||_|NX®

Virtex Pad-to-Pad Switching Characteristics

Output delays terminating at the pad are specified for LVTTL levels with 12 mA drive and slow slew rate (the default output
standard). For other standards, these delays must be adjusted by adding the values shown in the Virtex 10B Output
Switching Characteristics table on page 27.

Speed Grade
Description Symbol -6 -5 -4 Units

Using a DLL

Pad-to-pad input data setup time before the clock ns, min
Pad-to-pad input data hold time after the clock ns, min
Pad-to-pad delay from clock input to data output ns, max
Without a DLL

Pad-to-pad input data setup time before the clock ns, min
Pad-to-pad input data hold time after the clock ns, min
Pad-to-pad delay from clock input to data output Note 1 | Note1 | Note 1 ns, max

Note 1: These dfelays may be calculated by adding the Clock-to-Pad delay from the Virtex IOB Input Switching Characteristics table on
page 26 to the GCLK-pad-to-flip-flop delay shown in the Virtex Clock Distribution Guidelines table on page 28.

Virtex Clock Distribution Guidelines

Speed Grade
Description Symbol -6 -5 -4 Units

GCLK Distribution
From GCLK pad to any flip-flop XCV50 ns, max

XCV100 ns, max
Note: These clock-distribution delays are pro- XCV150 ns, max
vided for guidance only. They reflect the de- XCV200 ns, max
lays encountered in a typical design under XCV300 ns, max
worst-case conditions. Precise values for a XCV400 ns, max
particular design are provided by the timing XCV600 ns, max
analyzer. XCV800 ns, max

XCV1000 ns, max

Virtex Clock Distribution Switching Characteristics

Speed Grade
Description Symbol -6 -5 -4 Units
GCLK IOB and Buffer
Global Clock PAD to output. TepiD 1.0 11 13 ns, max
IN input to OUT output Tsio 0.9 1.0 1.2 ns, max
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Virtex CLB Switching Characteristics

Delays originating at F/G inputs vary slightly according to the input used. The values listed below are worst-case. Precise
values are provided by the timing analyzer.

Speed Grade

Description Symbol 6 | 5 | -4 Units
Combinatorial Delays
4-input function: F/G inputs to X/Y outputs Tio 0.6 0.7 0.8 ns, max
5-input function: F/G inputs to F5 output Tiks 1.0 11 12 ns, max
5-input function: F/G inputs to X output TiFsx 1.0 1.2 13 ns, max
6-input function: F/G inputs to Y output via F6 MUX Tirey 1.2 14 1.6 ns, max
6-input function: F5IN input to Y output Tesiny 0.4 0.5 0.6 ns, max
Incremental delay routing through transparent latch to XQ/YQ out- TIENCTL 0.4 0.5 0.6 ns, max
puts
BY input to YB output Tevys 0.5 0.6 0.7 ns, max
Sequential Delays
FF Clock CLK to XQ/YQ outputs Tcko 11 1.3 14 ns, max
Latch Clock CLK to XQ/YQ outputs TekLo 0.7 0.7 0.9 ns, max
Setup Times before Clock CLK
4-input function: F/G Inputs Tick 1.0 11 1.2 ns, min
5-input function: F/G inputs TiFsck 14 16 18 ns, min
6-input function: F5IN input TEsINCK 0.8 0.9 1.0 ns, min
6-input function: F/G inputs via F6 MUX Tireck 1.6 1.8 2.0 ns, min
BX/BY inputs Tpick 1.6 18 2.0 ns, min
CE input Tceck 0.8 0.9 1.0 ns, min
SR/BY inputs (synchronous) Trek 1.3 15 17 ns, min
Hold Times after Clock CLK
All Hold Times 0.0 0.0 0.0 ns, min
Clock CLK
Minimum Pulse Width, High Ten 2.0 2.3 2.6 ns, min
Minimum Pulse Width, Low TeL 2.0 2.3 2.6 ns, min
Set/Reset
Minimum Pulse Width, SR/BY inputs Trpw 2.9 3.4 3.9 ns, min
Delay from SR/BY inputs to XQ/YQ outputs (asynchronous) Tro 1.6 1.9 2.2 ns, max
Delay from GSR to XQ/YQ outputs Tesro 10.0 11.0 13.0 ns, max
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Virtex CLB Arithmetic Switching Characteristics

Setup times not listed explicitly can be approximated by decreasing the combinatorial delays by the setup time adjustment
listed. Precise values are provided by the timing analyzer.

Speed Grade

Description Symbol -6 | 5 | -4 Units
Combinatorial Delays
F operand inputs to X via XOR Topx 0.8 0.9 1.0 ns, max
F operand input to XB output Topxs 1.2 14 16 ns, max
F operand input to Y via XOR Topy 1.6 1.9 2.2 ns, max
F operand input to YB output Topys 1.3 15 1.7 ns, max
F operand input to COUT output TopcyE 13 15 17 ns, max
G operand inputs to Y via XOR Topay 1.0 11 1.3 ns, max
G operand input to YB output TopcyB 1.4 1.6 1.9 ns, max
G operand input to COUT output Topcvs 14 1.6 18 ns, max
BX initialization input to COUT Texcy 0.8 0.9 1.0 ns, max
CIN input to X output via XOR Teinx 0.5 0.5 0.6 ns, max
CIN input to XB Teinxs 0.1 0.1 0.1 ns, max
CIN input to Y via XOR Teiny 0.5 0.6 0.7 ns, max
CIN input to YB TcoinyB 0.2 0.2 0.2 ns, max
CIN input to COUT output
Multiplier Operation Teyp 0.1 0.2 0.2 ns, max
F1/2 operand inputs to XB output via AND TEANDXB 0.4 0.5 0.6 ns, max
F1/2 operand inputs to YB output via AND TEANDYB 0.5 0.6 0.6 ns, max
F1/2 operand inputs to COUT output via AND TEANDCY 0.5 0.5 0.6 ns, max
G1/2 operand inputs to YB output via AND TGANDYR 0.4 0.4 0.5 ns, max
G1/2 operand inputs to COUT output via AND TeanDCY 0.4 0.4 0.5 ns, max
Setup Times before Clock CLK
CIN input to FFX Teckx 0.8 0.9 11 ns, min
CIN input to FFY Teeky 0.9 1.0 11 ns, min
Setup Time Adjustment ns
Hold Times after Clock CLK
All Hold Times 0.0 0.0 0.0 ns, min

Virtex CLB SelectRAM Switching Characteristics

Speed Grade

Description Symbol -6 -5 -4 Units
Sequential Delays
Clock CLK to X/Y outputs (WE active) Tsucko ns, max
Shift-Register Mode
Clock CLK to X/Y outputs ns, max
Setup Times before Clock CLK
F/G address inputs Tas/Tan 0.6 0.7 0.8 ns, min
BX/BY data inputs (DIN) Tos/ToH 1.0 1.2 13 ns, min
CE input (WE) Tws/TwH 0.6 0.6 0.7 ns, min
Shift-Register Mode
BX/BY data inputs (DIN) TsHDICK ns, min
CE input (WS) TSHCECK ns, min
Hold Times after Clock CLK
All Hold Times 0.0 0.0 0.0 ns, min
Clock CLK
Minimum Pulse Width, High TwpH 2.9 34 3.9 ns, min
Minimum Pulse Width, Low TweL 2.9 34 3.9 ns, min
Minimum clock period to meet address write cycle time Twe 5.8 6.7 7.7 ns, min
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Virtex BLOCKRAM Switching Characteristics

Speed Grade
Description Symbol -6 | 5 | -4 Units
Sequential Delays
Clock CLK to DOUT output Tgcko 33 | 3.8 | 4.4 ns, max
Setup Times before Clock CLK
ADDR inputs Teack 1.2 14 16 ns, min
DIN inputs TebCK 1.2 14 16 ns, min
EN input TeECK 2.7 3.1 3.6 ns, min
RST input TBRCK 25 2.9 33 ns, min
WEN input Tewck 24 2.8 3.2 ns, min
Hold Times after Clock CLK
All Hold Times 0.0 0.0 0.0 ns, min
Clock CLK
Minimum Pulse Width, High TepwH 2.0 2.3 2.6 ns, min
Minimum Pulse Width, Low TepwL 2.0 2.3 2.6 ns, min
CLKA -> CLKB setup time for different ports Teecs 3.0 35 4.0 ns, min
Virtex TBUF Switching Characteristics
Speed Grade
Description Symbol -6 -5 -4 Units
Combinatorial Delays
IN input to OUT output Tio 0.2 0.2 0.2 ns, max
TRl input to OUT output high-impedance Torr 0.2 0.2 0.2 ns, max
Tri input to valid data on OUT output Ton 0.2 0.2 0.2 ns, max
Virtex Test Access Port Switching Characteristics
Speed Grade
Description Symbol -6 -5 -4 Units
TMS and TDI Setup times before TCK TrapTCK 4.0 4.0 4.0 ns, min
TMS and TDI Hold times after TCK TrcKkTAP 2.0 2.0 2.0 ns, min
Output delay from clock TCK to output TDO TrckTDO 11.0 11.0 11.0 ns, max
Maximum TCK clock frequency Frek 33 33 33 MHz, max
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Virtex Pin Outs
Pin-Out Tables

See the Xilinx WebLINX website (http://www.xilinx.com/partinfo/databook.htm) for updates or additional pin-out information.
For convenience, Table 14 and Table 15 list the locations of special-purpose and power-supply pins. Pins not listed are user
I/Os.

Table 14: Virtex Pin-out Tables (QFP Packages)

Pin Name Device TQ144 PQ/HQ240
GCKO All 90 92
GCK1 All 93 89
GCK2 All 19 210
GCK3 All 16 213
MO All 110 60
M1 All 112 58
M2 All 108 62
CCLK All 38 179
PROGRAM All 72 122
DONE All 74 120
INIT All 71 123
BUSY/DOUT All 39 178
DO/DIN All 40 177
D1 All 45 167
D2 All 47 163
D3 All 51 156
D4 All 59 145
D5 All 63 138
D6 All 65 134
D7 All 70 124
WRITE All 32 185
CS All 33 184
TDI All 34 183
TDO All 36 181
TMS All 143 2
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Table 14: Virtex Pin-out Tables (QFP Packages) (Continued)

Pin Name Device TQ144 PQ/HQ240
TCK All 2 239
VeaInT All 10, 15, 16, 32,

25, 57, 43,77,
84, 94, 88, 104,
99, 126 137, 148,
164, 198,
214, 225
Vcco, Unbanked All 1,17, 15, 30,
37, 55, 44,61,
73,92, 76, 90,
109, 128 105, 121,
136, 150,
165, 180,
197, 212,
226, 240
VRreg: Bank 0 XCV50 5,13 218, 232
(VRer pins are listed in- XCV100/150 Lt 7 .. +229
crementally. Connectall
pins listed for both the XCV200/300 .. +236
required device and all
smaller devices listed in XCV400 . +215
the same package.)
XCV600 .. +230
XCV800 .. +222
Vger Bank 1 XCV50 22,30 191, 205
(VREF pins are listed in- XCV100/150 ..+28 .. +194
crementally. Connectall
pins listed for both the XCV200/300 ..+ 187
required device and all
smaller devices listed in XCV400 . +208
the same package.)
XCV600 .. +193
XCV800 ..+201
VReg, Bank 2 XCV50 42,50 157,171
(VREF pins are listed in- XCV100/150 ..+44 ...+ 168
crementally. Connectall
pins listed for both the XCV200/300 .+ 175
required device and all
smaller devices listed in XCV400 . +154
the same package.)
XCV600 .. +169
XCV800 .. +161
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Table 14: Virtex Pin-out Tables (QFP Packages) (Continued)

Pin Name Device TQ144 PQ/HQ240
VRreg, Bank 3 XCV50 60, 68 130, 144
(VREF pins are listed in- XCV100/150 ..+ 66 ... +133
crementally. Connectall
pins listed for both the XCV200/300 ..+ 126
required device and all
smaller devices listed in XCV400 +147
the same package.)

XCV600 .. +132
XCV800 .. +140
Vgrer, Bank 4 XCV50 79, 87 97,111
(VREF pins are listed in- XCV100/150 ..+81 ... +108
crementally. Connectall
pins listed for both the XCV200/300 ...+115
required device and all
smaller devices listed in XCV400 . +94
the same package.)
XCV600 ... +109
XCV800 ...+101
VRreg, Bank 5 XCV50 96, 104 70, 84
(VREF pins are listed in- XCV100/150 ... +102 ..+73
crementally. Connectall
pins listed for both the XCV200/300 ..+ 66
required device and all
smaller devices listed in XCV400 . +87
the same package.)
XCV600 L+ 72
XCV800 .. +80
VRreg: Bank 6 XCV50 116, 123 36, 50
(VRer pins are listed in- XCV100/150 ...+118 .. +47
crementally. Connectall
pins listed for both the XCV200/300 ..+54
required device and all
smaller devices listed in XCV400 . +33
the same package.)
XCV600 ..+48
XCV800 ..+40
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Table 14: Virtex Pin-out Tables (QFP Packages) (Continued)

Pin Name Device TQ144 PQ/HQ240
VRreg, Bank 7 XCV50 133, 140 9,23
(VREF pins are listed in- XCV100/150 ... +138 L+ 12
crementally. Connectall
pins listed for both the XCV200/300 .+5
required device and all
smaller devices listed in XCV400 L +26
the same package.)

XCV600 L+ 11
XCV800 ..+19
GND All 9, 18, 1,8,
26, 35, 14, 22,
46, 54, 29, 37,
64, 75, 45, 51,
83, 91, 59, 69,
100, 111, 75, 83,
120, 129, 91, 98,
136, 144, 106, 112,
119, 129,
135, 143,
151, 158,
166, 172,
182, 190,
196, 204,
211, 219,
227, 233
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Table 15: Virtex Pin-out Tables (BGA)

Pin Name Device BG256 BG352 BG432 BG560
GCKO All Y11 AE13 AL16 AL17
GCK1 All Y10 AF14 AK16 AJ17
GCK2 All Al0 B14 Al6 D17
GCK3 All B10 D14 D17 Al7
MO All Y1 AD24 AH28 AJ29
M1 All U3 AB23 AH29 AK30
M2 All W2 AC23 AJ28 AN32
CCLK All B19 C3 D4 (07
PROGRAM All Y20 AC4 AH3 AM1
DONE All W19 AD3 AH4 AJ5
INIT All uls AD2 AJ2 AH5
BUSY/DOUT All D18 E4 D3 D4
DO/DIN All C19 D3 Cc2 E4
D1 All E20 G1 K4 K3
D2 All G19 J3 K2 L4
D3 All J19 M3 P4 P3
D4 All M19 R3 V4 W4
D5 All P19 u4 AB1 AB5
D6 All T20 V3 AB3 AC4
D7 All V19 AC3 AG4 AJ4
WRITE All Al9 D5 B4 D6
CS All B18 C4 D5 A2
TDI All C17 B3 B3 D5
TDO All A20 D4 Cc4 E6
TMS All D3 D23 D29 B33
TCK All Al c24 D28 E29
DXN All W3 AD23 AH27 AK29
DXP All V4 AE24 AK29 AJ28
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Table 15: Virtex Pin-out Tables (BGA) (Continued)

Pin Name Device BG256 BG352 BG432 BG560
VeaInT XCV50/100/ C10, D6, A20, C14,
150/200 D15, F4, D10, J24,
;irrinl(iesr;eé:j ¥6r t;)othet(r:]e re- L18, R4, P25, V24,
quired device and all R17, U6, W2, AC10,
smaller devices listed in ui15, V10 AE14, AE19
the same package.)
XCV300 ... +B16, D12, Al10, A17,
L1, L25, B23, C14,
R23, T1, C19, K3,
AF11, AF16 K29, N2,
N29, T1,
T29, W2,
W31, AB2,
AB30, AJ10,
AJ16, AK13,
AK19, AK22
XCV400/600 ... + B26, C7, A21, B14,
F1, F30, B18, B28,
AE29, AF1, C24, E9,
AHS8, AH24 E12, F2,
H30, J1,
K32, N1,
N33, U5,
U30, Y2,
Y31, AD2,
AD32, AG3,
AG31, AKS,
AK11, AK17,
AK20, AL14,
AL27, AN25
XCV800/1000 ... +B12, C22,
M3, N29,
AB2, AB32,
AJ13, AL22,
Vccos Bank 0 All D7, D8 Al7, B25, A21, C29, A22, A26,
D19 D21 A30, B19,
B32
Veeos Bank 1 All D13, D14 Al0, D7, Al, Al1, Al0, Al6,
D13 D11 B13, C3,
E5
Vo, Bank 2 All G17, H17 B2, H4, C3, L1, B2, D1,
K1 L4 H1, M1,
R2
Vceo, Bank 3 All N17, P17 P4, U1, AAl, AA4, V1, AA2,
Y4 AJ3 AD1, AK1,
AL2
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Table 15: Virtex Pin-out Tables (BGA) (Continued)

Pin Name Device BG256 BG352 BG432 BG560
Vcco, Bank 4 All u13,ul14 ACS8, AE2, AH11, AL1, AM2, AM15,
AF10 AL11 AN4, ANS,
AN12
Vceo, Bank 5 All U7, Us AC14, AC20, AH21, AJ29, AL31, AM21,
AF17 AL21 AN18, AN24,
AN30
Vcco, Bank 6 All N4, P4 u26, W23, AA28, AA3L, W32, AB33,
AE25 AL31 AF33, AK33,
AM32
Vceo, Bank 7 All G4, H4 G23, K26, A31, L28, C32, D33,
N23 L31 K33, N32,
T33
Vger, Bank 0 XCV50 A8, B4
(VREF pins are listed in- XCV100/150 ..+ A4 A16,C19,
crementally. Connect all c21
pins listed for both the re-
quired device and all
smaller devices listed in XCV200/300 ..+D21 B19, D22,
the same package.) D24, D26
XCV400 ... +B15 ...+ C18 Al19, D20,
D26, E23,
E27
XCV600 ...+ C24 ...+ E24
XCV800 ...+B21 ...+E21
XCV1000 ...+D29
VRrer, Bank 1 XCV50 Al7,B12
(VREF pins are listed in- XCV100/150 ...+ B15 B6, C9,
crementally. Connect all C12
pins listed for both the re-
quired device and all XCV200/300 ..+D6 A13, B7,
smaller devices listed in c6. C10
the same package.) !
XCV400 ...+ C13 ...+ B15 A6, D7,
D11, D16,
E15
XCV600 ...+ D10 ...+ D10
XCV800 ...+ B12 ...+ D13
XCV1000 ..+ E7

3-38

January 27, 1999 (Version 1.2)



S XILINX®

Virtex™ 2.5 V Field Programmable Gate Arrays

Table 15: Virtex Pin-out Tables (BGA) (Continued)

Pin Name Device BG256 BG352 BG432 BG560
VRrer, Bank 2 XCV50 C20, J18
(VreE pins are listed in- XCV100/150 ...+ F19 E2, H2,
crementally. Connect all M4
pins listed for both the re-
quired device and all XCV200/300 ..+ D2 E2, G3,
smaller devices listed in 32 N1
the same package.) !
XCV400 .+ M1 + R3 G5, H4,
L5, P4,
R1
XCV600 . +H1 + K5
XCV800 .. + M3 ..+ N5
XCV1000 ..+ B3
VRer, Bank 3 XCV50 M18, V20
(Vgrer pins are listed in- XCV100/150 ...+ R19 R4, V4,
crementally. Connect all Y3
pins listed for both the re-
quifflfld dgviC_e anld ?IL _ XCV200/300 .. +AC2 V2, AB4,
smaller devices listed in
the same package.) AD4, AF3
XCV400 .+R1 ..+ U2 V4, W5,
AD3, AE5,
AK2
XCV600 ...+ AC3 ... +AF1
XCV800 ..+Y3 ...+ AA4
XCV1000 ...+ AH4
VRreg, Bank 4 XCV50 V12, Y18
(VRer pins are listed in- XCV100/150 .. + W15 AC12, AE5,
crementally. Connect alll AES,
pins listed for both the re-
quired device and all XCV200/300 .. + AE4 AJ7, AL4,
smaller devices listed in ALS. AL13
the same package.) !
XCV400 ... + AF12 ... + AK15 AL7, AL10,
AL16, AM4,
AM14
XCV600 ... + AK8 ... +AL9
XCV800 .. +AJ12 ... + AK13
XCV1000 ... + AN3
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Table 15: Virtex Pin-out Tables (BGA) (Continued)

Pin Name Device BG256 BG352 BG432 BG560
VReg, Bank 5 XCV50 V9, Y3
(Vrer pins are listed in- XCV100/150 ... + W6 AC15, AC18,
crementally. Connect all AD20
pin_s listed _for both the re-
quired device and all XCV200/300 .. + AE23 AJ18, AJ25,
smaller devices listed in AK23. AK27
the same package.) !
XCV400 ...+ AF15 ...+ AJ17 AJ18, AJ25,
AL20, AL24,
AL29
XCV600 ... +AL24 ... + AM26
XCV800 ...+ AH19 ... + AN23
XCV1000 ... + AK28
VRer, Bank 6 XCV50 M2, R3
(VREF pins are listed in- XCV100/150 +T1 R24, Y26,
crementally. Connect all AA25,
pin_s listed _for both the re-
gﬁq‘;’g rdgg\'/clceez“li f‘e'lj o XCV200/300 ... + AD26 V28, AB28,
the same package.) AE30, AF28
XCV400 ...+ P24 ... +U28 V29, Y32,
AD31, AE29,
AK32
XCV600 ...+ AC28 ... + AE31
XCV800 ...+Y30 ... + AA30
XCV1000 ... + AH30
VRreg, Bank 7 XCV50 G3, H1
(Vrer pins are listed in- XCV100/150 ..+D1 D26, G26,
crementally. Connect all L26
pins listed for both the re-
quired device and all XCV200/300 ..+E24 F28, F31,
smaller devices listed in 330 N30
the same package.) !
XCV400 ... + M25 ...+R31 E31, G31,
K31, P31,
T31
XCV600 ... +J28 ... + H32
XCV800 ...+ M28 ... +L33
XCV1000 ...+ D31
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Table 15: Virtex Pin-out Tables (BGA) (Continued)

Pin Name Device BG256 BG352 BG432 BG560
GND All C3, C18, Al, A2, A2, A3, Al, A7,
D4, D5, A5, A8, A7, A9, Al2, Al4,
D9, D10, Al4, A19, Al4, A18, Al18, A20,
D11, D12, A22, A25, A23, A25, A24, A29,
D16, D17. A26, B1, A29, A30, A32, A33,
E4, E17, B26, E1, B1, B2, B1, B6,
J4, J9, E26, H1, B30, B31, B9, B15,
J10, J11, H26, N1, C1, C31, B23, B27,
J12,J17, P26, W1, D16, G1, B31, C2,
K4, K9, W26, AB1, G31, J1, E1, F32,
K10, K11, AB26, AE1, J31, P1, G2, G33,
K12, K17, AE26, AF1, P31, T4, J32, K1,
L4, L9, AF2, AF5, T28, V1, L2, M33,
L10, L11, AF8, AF13, V31, AC1, P1, P33,
L12, L17, AF19, AF22, AC31, AE1L, R32, T1,
M4, M9, AF25, AF26 AE31, AH16, V33, W2,
M10, M11, AJl, AJ31, Y1, Y33,
M12, M17, AK1, AK2, AB1, AC32,
T4, T17, AK30, AK31, AD33, AE2,
U4, U5, AL2, AL3, AG1, AG32,
U9, U10, AL7, AL9 AH2, AJ33,
Ull, U12, AL14, AL18 AL32, AM3,
uile, U17, AL23, AL25, AM7, AM11,
V3, V18 AL29, AL30 AM19, AM25,
AM28, AM33,
AN1, AN2,
AN5, AN10,
AN14, AN16,
AN20, AN22,
AN27, AN33
No Connect C31, AC2,
AK4, AL3
January 27, 1999 (Version 1.2) 3-41




Virtex™ 2.5 V Field Programmable Gate Arrays

S XILINX®

Pin-Out Diagrams

The following diagrams, pages 44 through 48, illustrate the
locations of special-purpose pins on Virtex FPGAs.

Table 16: Pin-out Diagram Symbols

Symbol

Pin Function

O

General I/O

Veeint

Device-dependent V¢ nT, N/C on smaller devices

Veeo

T 0Ol<| <

VREF

Device-dependent Vggg, remains /O on smaller devices

Ground

3,1,2,3

Global Clocks

g,0,0

MO, M1, M2

O O

oo
O O
OO

DO/DIN, D1, D2, D3, D4, D5, D6, D7

DOUT/BUSY

DONE

PROGRAM

INIT

CCLK

WRITE

Cs

Boundary-scan Test Access Port

+Hd0 S| X - TVOw®

Temperature diode, anode

Temperature diode, cathode

3>

No connect

Table 16 lists the symbols used in these diagrams. The dia-
grams also show I/O-bank boundaries.
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TQ144 Pin-out Diagram
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PQ240/HQ240 Pin-out Diagram
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BG256 Pin-out Diagram
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BG352 Pin-out Diagram
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BG432 Pin-out Diagram
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Device/Package Combinations and Maximum |/O

Package Maximum User 1/O
g XCV50 | XCV100 | XCV150 | XCV200 | XCV300 | XCV400 | XCV600 | XCV800 | XCV1000
CS144 94 94
TQ144 94 94
PQ240 164 164 164 164 164
HQ240 164 164 164
BG256 180 180
BG352 260 260 260
BG432 316 316 316 316
BG560 404 404 404 404
FG256 176 176 176 176
FG456 260 284 312
FG600 404 404 404
FG680 500 514 514
Ordering Information
Example: XCV300-6 PQ 240C
Device Type Temperature Range
C = Commercial (T; = 0°C to +85°C)
| = Industrial (T; = -40°C to +100°C)
Speed Grade
-4
5 L Number of Pins
-6
Package Types
BG = Ball Grid Array
FG = Fine-pitch Ball Grid Array
PQ = Plastic Quad Flat Pack
HQ = High Heat Dissipation QFP
TQ = Thin Quad Flat Pack
CS = Chip-scale Package
January 27, 1999 (Version 1.2) 3-49
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Revision Table

Date Revision
11/98 Initial document release.
1/99 Update of package drawings, updated specifications
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Spartan and SpartanXL Families

X XILINX® Field Programmable Gate Arrays

January 6, 1999 (Version 1.4) Preliminary Product Specification

Introduction » System level features
- Available in both 5.0 Volt and 3.3 Volt versions

- On-chip SelectRAM™ memory

- Fully PCI compliant

- Low power segmented routing architecture

- Full readback capability for program verification and
internal node observability

- Dedicated high-speed carry logic

The SpartanT'\’I Series is the first high-volume production
FPGA solution to deliver all the key requirements for ASIC
replacement up to 40,000 gates. These requirements
include high performance, on-chip RAM, Core Solutions
and prices that, in high volume, approach and in many
cases are equivalent to mask programmed ASIC devices.

The Spartan Series is the result of more than thirteen years - Internal 3-state bus capability

of FPGA design experience and feedback from thousands - 8 global low-skew clock or signal networks

of customers. By streamlining the Spartan feature set, - |EEE 1149.1-compatible boundary scan logic

leveraging advanced hybrid process technologies and » Versatile I/O and packaging

focusing on total cost management, the Spartan Series - Low cost plastic packages available in all densities

delivers the key features required by ASIC and other high - Footprint compatibility in common packages

volume logic users while avoiding the initial cost, long - Individually programmable output slew-rate control

development cycles and inherent risk of conventional maximizes performance and reduces noise

ASICs. The Spartan Series currently has 10 members, as - Zero input register hold time simplifies system timing

shown in Table 1. e Fully supported by powerful Xilinx development system
. - Foundation series: Integrated, shrink-wrap software

Spartan Series Features - Alliance series: Over 100 PC and workstation 3RP

party development systems supported
- Fully automatic mapping, placement and routing
- Interactive design editor for design optimization

Note: The Spartan Series devices described in this data
sheet include the 5 V Spartan family of devices and the
3.3V SpartanXL™ family of devices.

+ Next generation ASIC replacement technology Additional SpartanXL Features

- First ASIC replacement FPGA for high-volume * 3.3V supply for low power with 5V tolerant I/Os
production with on-chip RAM * Power down input

- Advanced process technology * Higher performance

- Density up to 1862 logic cells or 40,000 system * Faster carry logic
gates » More flexible high-speed clock network

- Streamlined feature set based on XC4000 * Latch capability in Configurable Logic Blocks
architecture « Input fast capture latch

- System performance beyond 80 MHz e Optional mux or 2-input function generator on outputs

- Broad set of AllianceCORE™ and LogiCORE ™ * 12 mA or 24 mA output drive
pre-defined solutions available » 5V/3.3V PCI compatible

- Unlimited reprogrammability * Enhanced Boundary Scan

- Low cost * Express Mode configuration

Table 1: Spartan and SpartanXL Series Field Programmable Gate Arrays

Max Typical Number Max.

Logic System Gate Range CLB Total of Available

Device Cells Gates (Logic and RAM)* Matrix CLBs Flip-Flops | User I/O
XCSO05 & XCS05XL 238 5,000 2,000 - 5,000 10x 10 100 360 77
XCS10 & XCS10XL 466 10,000 3,000 - 10,000 14x 14 196 616 112
XCS20 & XCS20XL 950 20,000 7,000 - 20,000 20 x 20 400 1,120 160
XCS30 & XCS30XL 1368 30,000 10,000 - 30,000 24 x 24 576 1,536 192
XCS40 & XCS40XL 1862 40,000 13,000 - 40,000 28 x 28 784 2,016 205

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

January 6, 1999 (Version 1.4) 4-3
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General Overview

Spartan Series FPGAs are implemented with a regular,
flexible, programmable architecture of Configurable Logic
Blocks (CLBs), interconnected by a powerful hierarchy of
versatile routing resources (routing channels), and sur-
rounded by a perimeter of programmable Input/Output
Blocks (IOBs), as seen in Figure 1. They have generous
routing resources to accommodate the most complex inter-
connect patterns.

The devices are customized by loading configuration data
into internal static memory cells. Re-programming is possi-
ble an unlimited number of times. The values stored in
these memory cells determine the logic functions and inter-
connections implemented in the FPGA. The FPGA can
either actively read its configuration data from an external
serial PROM (Master Serial mode), or the configuration
data can be written into the FPGA from an external device
(Slave Serial mode).

Spartan FPGAs can be used where hardware must be
adapted to different user applications. FPGAs are ideal for

shortening design and development cycles, and also offer a
cost-effective solution for production rates well beyond
50,000 systems per month.

Spartan Series devices achieve high-performance,
low-cost operation through the use of an advanced archi-
tecture and semiconductor technology. Spartan and Spar-
tanXL devices provide system clock rates exceeding
80 MHz and internal performance in excess of 150 MHz.
In contrast to other FPGA devices, Spartan FPGAs offer
the most cost-effective solution while maintaining lead-
ing-edge performance. In addition to the conventional ben-
efit of high volume programmable logic solutions Spartan
FPGAs also offer on-chip edge-triggered single-port and
dual-port RAM, clock enables on all flip-flops, fast carry
logic, and many other features.

The Spartan Series leverages the highly successful
XC4000 architecture with many of that family’s features and
benefits. Technology advancements have been derived
from the XC4000XLA and XC4000XV process develop-
ments.
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Figure 1: Basic FPGA Block Diagram
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Spartan and SpartanXL Families Field Programmable Gate Arrays

Logic Functional Description

The Spartan Series uses a standard FPGA structure as
shown in Figure 1 on page 4. The FPGA consists of an
array of configurable logic blocks (CLBs) placed in a matrix
of routing channels. The input and output of signals is
achieved through a set of input/output blocks (IOBs) form-
ing a ring around the CLBs and routing channels.

¢ CLBs provide the functional elements for implementing
the user’s logic.

« |OBs provide the interface between the package pins
and internal signal lines.

* Routing channels provide paths to interconnect the
inputs and outputs of the CLBs and 10Bs.

The functionality of each circuit block is customized during
configuration by programming internal static memory cells.
The values stored in these memory cells determine the
logic functions and interconnections implemented in the
FPGA.

Configurable Logic Blocks (CLBs)

The CLBs are used to implement most of the logic in an
FPGA. The principal CLB elements are shown in the simpli-

fied block diagram in Figure 2. There are three look-up
tables (LUT) which are used as logic function generators,
two flip-flops and two groups of signal steering multiplexers.
There are also some more advanced features provided by
the CLB which will be covered in the “Advanced Features
Description” on page 15.

Function Generators

Two 16x1 memory look-up tables (F-LUT and G-LUT) are
used to implement 4-input function generators, each offer-
ing unrestricted logic implementation of any Boolean func-
tion of up to four independent input signals (F1 to F4 or G1
to G4). Using memory look-up tables the propagation delay
is independent of the function implemented.

A third 3-input function generator (H-LUT) can implement
any Boolean function of its three inputs. Two of these inputs
are controlled by programmable multiplexers (see box “A”
of Figure 2). These inputs can come from the F-LUT or
G-LUT outputs or from CLB inputs. The third input always
comes from a CLB input. The CLB can, therefore, imple-
ment certain functions of up to nine inputs, like parity
checking. The three LUTs in the CLB can also be combined
to do any arbitrarily defined Boolean function of five inputs.

Bl _\_|
G-LUT -
G4 —G4 ‘ ‘ SR
Logic D QF—YQ
G3 G3 Function ‘ ‘
of G @ CK
G2 ——G2 G1-G4 /
N ] \ \ EC
61 —— 61 H-LUT . N
SR .L ‘ | Y
Logic |
Function :
§ readSinilie
FG,H1
DIN Qr E ® \
|
F4 ——F4 ‘ ‘ SR
Logic LY _TA D QF— XQ
F3 F3 Function 4 ‘
of : ¢ CK
F2 ——F2 F1-F4 ‘ / ‘
@ —EC
F1 ——F1 N
F-LUT \ ! X
Multiplexer Controlled /
K | by Configuration Program L ]
EC
Rev 1.0
Figure 2: Spartan Simplified CLB Logic Diagram (some features not shown)
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A CLB can implement any of the following functions:

< Any function of up to four variables, plus any second
function of up to four unrelated variables, plus any third
function of up to three unrelated variables®

* Any single function of five variables

* Any function of four variables together with some
functions of six variables

* Some functions of up to nine variables.

Implementing wide functions in a single block reduces both
the number of blocks required and the delay in the signal
path, achieving both increased capacity and speed.

The versatility of the CLB function generators significantly
improves system speed. In addition, the design-software
tools can deal with each function generator independently.
This flexibility improves cell usage.

Flip-Flops

Each CLB contains two flip-flops that can be used to regis-
ter (store) the function generator outputs. The flip-flops and
function generators can also be used independently (see
Figure 2 on page 5). The CLB input DIN can be used as a
direct input to either of the two flip-flops. H1 can also drive
either flip-flop via the H-LUT with a slight additional delay.

The two flip-flops have common clock (CK), clock enable
(EC) and set/reset (SR) inputs. Internally both flip-flops are
also controlled by a global initialization signal (GSR) which
is described in detail in “Global Signals: GSR and GTS” on
page 21.

Latches (SpartanXL only)

The SpartanXL CLB storage elements can also be config-
ured as latches. The two latches have common clock (K)
and clock enable (EC) inputs. Functionality of the storage
element is described in Table 2.

Table 2: CLB Storage Element Functionality

Mode CK EC SR D Q
Power-Up or
GSR X X X X SR
Elin-F X X 1 X SR
Ip-rlop 1 0 D D
Operation
0 X 0* X Q
Latch Operation 1 1* 0* X Q
(SpartanXL) 0 1* 0* D D
Both X 0 o* X Q
Legend:
X Don't care
I Rising edge (clock not inverted)
SR Set or Reset value. Reset is default.
0* Input is Low or unconnected (default value)
1* Input is High or unconnected (default value)

-
| |
| |
| |
| GSR |
| |
| sb |
D D Q - o
| |
CK |
| - |
EC |
| Vce |
L - . Rev11l_ |

Multiplexer Controlled
by Configuration Program

Figure 3: CLB Flip-Flop Functional Block Diagram

Clock Input

Each flip-flop can be triggered on either the rising or falling
clock edge. The CLB clock line is shared by both flip-flops.
However, the clock is individually invertible for each flip-flop
(see CK path in Figure 3). Any inverter placed on the clock
line in the design is automatically absorbed into the CLB.

Clock Enable

The clock enable line (EC) is active High. The EC line is
shared by both flip-flops in a CLB. If either one is left dis-
connected, the clock enable for that flip-flop defaults to the
active state. EC is not invertible within the CLB. The clock
enable is synchronous to the clock and must satisfy the
setup and hold timing specified for the device.

Set/Reset

The set/reset line (SR) is an asynchronous active High con-
trol of the flip-flop. SR can be configured as either set or
reset at each flip-flop. This configuration option determines
the state in which each flip-flop becomes operational after
configuration. It also determines the effect of a GSR pulse
during normal operation, and the effect of a pulse on the
SR line of the CLB. The SR line is shared by both flip-flops.
If SR is not specified for a flip-flop the set/reset for that
flip-flop defaults to the inactive state. SR is not invertible
within the CLB.

1. When three separate functions are generated, one of the function outputs must be captured in a flip-flop internal to the CLB. Only two

unregistered function generator outputs are available from the CLB.

4-6
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CLB Signal Flow Control

In addition to the H-LUT input control multiplexers (shown
in box “A” of Figure 2 on page 5) there are signal flow con-
trol multiplexers (shown in box “B” of Figure 2) which select
the signals which drive the flip-flop inputs and the combina-
torial CLB outputs (X and Y).

Each flip-flop input is driven from a 4:1 multiplexer which
selects among the three LUT outputs and DIN as the data
source.

Each combinatorial output is driven from a 2:1 multiplexer
which selects between two of the LUT outputs. The X out-
put can be driven from the F-LUT or H-LUT, the Y output
from G-LUT or H-LUT.

Control Signals

There are four signal control multiplexers on the input of the
CLB. These multiplexers allow the internal CLB control sig-
nals (H1, DIN, SR, and EC in Figure 2 and Figure 4) to be
driven from any of the four general control inputs (C1 - C4
in Figure 4) into the CLB. Any of these inputs can drive any
of the four internal control signals.

The four internal control signals are:

e EC - Enable Clock

* SR - Asynchronous Set/Reset or H function generator
Input O

« DIN - Direct In or H function generator Input 2

e H1 - H function generator Input 1.

} DIN
H1
cL—e@
c2 ®
SR
c3 ®
¢
c4 *—
T EC
Rev 1.1

Multiplexer Controlled
by Configuration Program

Figure 4: CLB Control Signal Interface

Input/Output Blocks (IOBs)

User-configurable input/output blocks (IOBs) provide the
interface between external package pins and the internal
logic. Each IOB controls one package pin and can be con-
figured for input, output, or bidirectional signals. Figure 5 on
page 8 shows a simplified functional block diagram of the
Spartan IOB.

10B Input Signal Path

The input signal to the IOB can be configured to either go
directly to the routing channels (via I1 and 12 in Figure 5) or
to the input register. The input register can be programmed
as either an edge-triggered flip-flop or a level-sensitive
latch. The functionality of this register is shown in Table 3,
and a simplified block diagram of the register can be seen
in Figure 6.

Table 3: Input Register Functionality

Mode CK EC D Q
Power-Up or X X X SR
GSR
Flip-Flop I 1* D D

0 X X Q
Latch 1 1* X Q
0 1* D D
Both X 0 X Q
Legend:
X Don't care
I Rising edge (clock not inverted)
SR Set or Reset value. Reset is default.
o* Input is Low or unconnected (default value)
1* Input is High or unconnected (default value)
r—— - - - - - - — = A
| |
| GSR |
| |
| |
| 0 |
D D Q —Q
| |
CK |
| RD |
EC |
| Vce I— |
L - - - — — — — Rev11_|

Multiplexer Controlled
by Configuration Program

Figure 6: 10B Flip-Flop/Latch Functional Block
Diagram
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The register choice is made by placing the appropriate
library symbol. For example, IFD is the basic input flip-flop
(rising edge triggered), and ILD is the basic input latch
(transparent-High). Variations with inverted clocks are also
available. The clock signal inverter is also shown in
Figure 6 on the CK line.

The Spartan IOB data input path has a one-tap delay ele-
ment: either the delay is inserted (default), or it is not. The
SpartanXL I0B data input path has a two-tap delay ele-
ment, with choices of a full delay, a partial delay, or no
delay. The added delay guarantees a zero hold time with
respect to clocks routed through the Spartan global clock
buffers. (See “Global Nets and Buffers” on page 14 for a
description of the global clock buffers in the Spartan
Series.) For a shorter input register setup time, with positive
hold-time, attach a NODELAY attribute or property to the
flip-flop.

The output of the input register goes to the routing chan-
nels (via 11 and 12 in Figure 5). The 11 and 12 signals that

exit the IOB can each carry either the direct or registered
input signal.

The 5V Spartan input buffers can be globally configured for
either TTL (1.2 V) or CMOS (Vcc/2) thresholds, using an
option in the bitstream generation software. The Spartan
output levels are also configurable; the two global adjust-
ments of input threshold and output level are independent.
The inputs of Spartan devices can be driven by the outputs
of any 3.3 V device, if the Spartan inputs are in TTL mode.
There is a slight input hysteresis of about 300 mV. Spar-
tanXL inputs are TTL compatible and 3.3 V CMOS compat-
ible.

Supported sources for Spartan Series device inputs are
shown in Table 4.

SpartanXL 1/Os are fully 5V tolerant even though the VCC
is 3.3 Volts. This allows 5V signals to directly connect to the
SpartanXL inputs without damage, as shown in Table 4. In
addition, the 3.3 Volt VCC can be applied before or after 5V
signals are applied to the 1/Os. This makes the SpartanXL
devices immune to power supply sequencing problems.

I_ GTS —|
o D Q
OUTPUT DRIVER
l— CK Programmable Slew Rate
OK Programmable TTL/CMOS Drive
EC
/ Package
’
11
\j (1 INPUT BUFFER
/]
12 Delay
N
D Q
Programmable
Pull-Up/ ||
IK CcK Pull-Down
Network

EC @ EC :D_ Multiplexer Controlled

L

by Configuration Program

Rev 1.1_]

Figure 5: Simplified Spartan IOB Block Diagram
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Table 4: Supported Sources for Spartan Series Inputs

Spartan SpartanXL
Inputs Inputs
Source 50V, | 50V, 3.3V
TTL |CMOS CMOS
Any device, Vcc =3.3V, J N
CMOS outputs )
Spartan Series, Vcc =5V, J Ug{ﬁg_ J
TTL outputs Data
Any device, Vcc =5V, J N
TTL outputs (Voh < 3.7 V)
Any device, Vcc =5V, J J Vv (default
CMOS outputs mode)

Table 5: 1/0 Standards Supported by SpartanXL FPGAs

SpartanXL VCC Clamping

SpartanXL FPGAs have an optional clamping diode con-
nected from each 1/0O to VCC. When enabled they clamp
ringing transients back to the 3.3 V supply rail. This clamp-
ing action is required in 3.3 V PCl applications. VCC clamp-
ing is a global option affecting all 1/0O pins.

SpartanXL devices are fully 5V TTL I/O compatible if VCC
clamping is not enabled. With VCC clamping enabled, the
SpartanXL devices will begin to clamp input voltages to one
diode voltage drop above VCC. If enabled, TTL I/O compat-
ibility is maintained but full 5V 1/O tolerance is sacrificed.
The user may select either 5V tolerance (default) or 3.3 V
PCl compatibility. In both cases negative voltage is
clamped to one diode voltage drop below ground.

SpartanXL devices are compatible with TTL, LVTTL, PCI
3V, PCI 5V and LVCMOS signalling. The various standards
are illustrated in Table 5.

Signaling VCC
Standard Clamping | Output Drive|  ViH MAX ViH MIN ViL Max VoH mIN VoL max
TTL Not allowed 12/24 mA 55 2.0 0.8 2.4 0.4
LVTTL OK 12/24 mA 3.6 2.0 0.8 2.4 0.4
PCI5V Not allowed 24 mA 55 2.0 0.8 2.4 0.4
PCI3V Required 12 mA 3.6 50% of VCC | 30% of VCC | 90% of VCC | 10% of VCC
LVCMOS 3V OK 12/24 mA 3.6 50% of VCC | 30% of VCC | 90% of VCC | 10% of VCC

Additional Fast Capture Input Latch (SpartanXL only)

The SpartanXL I0B has an additional optional latch on the
input. This latch is clocked by the clock used for the output
flip-flop rather than the input clock. Therefore, two different
clocks can be used to clock the two input storage elements.
This additional latch allows the fast capture of input data,
which is then synchronized to the internal clock by the I0B
flip-flop or latch.

To place the Fast Capture latch in a design, use one of the
special library symbols, ILFFX or ILFLX. ILFFX is a trans-
parent-Low Fast Capture latch followed by an active-High
input flip-flop. ILFLX is a transparent-Low Fast Capture
latch followed by a Transparent-High input latch. Any of the
clock inputs can be inverted before driving the library ele-
ment, and the inverter is absorbed into the IOB.

10B Output Signal Path

Output signals can be optionally inverted within the 10B,
and can pass directly to the output buffer or be stored in an
edge-triggered flip-flop and then to the output buffer. The
functionality of this flip-flop is shown in Table 6.

Table 6: Output Flip-Flop Functionality

Clock
Mode Clock Enable T D Q
Power-Up X X o* X SR
or GSR
X 0 o* X Q
Flip-Flop ! 1 o D D
X X 1 X z
0 X o* X Q
Legend:
X Don't care
I Rising edge (clock not inverted)
SR Set or Reset value. Reset is default.
0* Input is Low or unconnected (default value)
1* Input is High or unconnected (default value)
z 3-state

Output Multiplexer/2-Input Function Generator
(SpartanXL only)

The output path in the SpartanXL 10B contains an addi-
tional multiplexer not available in the Spartan IOB. The mul-
tiplexer can also be configured as a 2-input function
generator, implementing a pass gate, AND gate, OR gate,
or XOR gate, with 0, 1, or 2 inverted inputs.

January 6, 1999 (Version 1.4)
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When configured as a multiplexer, this feature allows two
output signals to time-share the same output pad; effec-
tively doubling the number of device outputs without requir-
ing a larger, more expensive package. The select input is
the pin used for the output flip-flop clock, OK.

When the multiplexer is configured as a 2-input function
generator, logic can be implemented within the IOB itself.
Combined with a Global buffer, this arrangement allows
very high-speed gating of a single signal. For example, a
wide decoder can be implemented in CLBs, and its output
gated with a Read or Write Strobe Driven by a Global
buffer.

The user can specify that the 0B function generator be
used by placing special library symbols beginning with the
letter “O.” For example, a 2-input AND gate in the OB func-
tion generator is called OAND2. Use the symbol input pin
labelled “F” for the signal on the critical path. This signal is
placed on the OK pin — the I0OB input with the shortest
delay to the function generator. Two examples are shown in
Figure 7.

OMUX2

—F DO
o
D1
OAND2 X6598 450

Figure 7: AND & MUX Symbols in SpartanXL OB

Output Buffer

An active-High 3-state signal can be used to place the out-
put buffer in a high-impedance state, implementing 3-state
outputs or bidirectional I/O. Under configuration control, the
output (O) and output 3-state (T) signals can be inverted.
The polarity of these signals is independently configured
for each 10B (see Figure 5 on page 8).

By default, a 5V Spartan device output buffer pull-up struc-
ture is configured as a TTL-like totem-pole. The High driver
is an n-channel pull-up transistor, pulling to a voltage one
transistor threshold below Vcc. Alternatively, the outputs
can be globally configured as CMOS drivers, with addi-
tional p-channel pull-up transistors pulling to Vcc. This
option, applied using the bitstream generation software,
applies to all outputs on the device. Itis not individually pro-
grammable.

All SpartanXL device outputs are configured as CMOS
drivers, therefore driving rail-to-rail. The SpartanXL outputs
are individually programmable for 12 mA or 24 mA output
drive.

Any 5V Spartan device with its outputs configured in TTL
mode can drive the inputs of any typical 3.3 V device. (For
a detailed discussion of how to interface between 5.0 V and
3.3 V devices, see the 3V Products section of The Pro-
grammable Logic Data Book.) Supported destinations for
Spartan Series device outputs are shown in Table 7.

Output Slew Rate

The slew rate of each output buffer is, by default, reduced,
to minimize power bus transients when switching non-criti-
cal signals. For critical signals, attach a FAST attribute or
property to the output buffer or flip-flop.

Table 7: Supported Destinations
for Spartan Series Outputs

SpartanXL Spartan
Outputs Outputs
Destination 3.3V, 50V, | 5.0V,
CMOS TTL | CMOS
Any device, Vcc = 3.3V, v v Somel
CMOS-threshold inputs
Any device, Vcc =5.0 V, v v v
TTL-threshold inputs
Any device, Vcc =5.0 V, Unreliable v
CMOS-threshold inputs Data
1. Only if destination device has 5-V tolerant inputs

Spartan Series devices have a feature called “Soft
Start-up,” designed to reduce ground bounce when all out-
puts are turned on simultaneously at the end of configura-
tion. When the configuration process is finished and the
device starts up, the first activation of the outputs is auto-
matically slew-rate limited. Immediately following the initial
activation of the 1/0O, the slew rate of the individual outputs
is determined by the individual configuration option for each
10B.

Pull-up and Pull-down Network

Programmable pull-up and pull-down resistors are used for
tying unused pins to Vcc or Ground to minimize power con-
sumption and reduce noise sensitivity. The configurable
pull-up resistor is a p-channel transistor that pulls to Vcc.
The configurable pull-down resistor is an n-channel transis-
tor that pulls to Ground. The value of these resistors is typ-
ically 20 kQ — 100 kQ (See “Spartan DC Characteristics
Over Operating Conditions” on page 39.). This high value
makes them unsuitable as wired-AND pull-up resistors.

After configuration, voltage levels of unused pads, bonded
or unbonded, must be valid logic levels, to reduce noise
sensitivity and avoid excess current. Therefore, by default,
unused pads are configured with the internal pull-up resis-
tor active. Alternatively, they can be individually configured
with the pull-down resistor, or as a driven output, or to be
driven by an external source. To activate the internal
pull-up, attach the PULLUP library component to the net
attached to the pad. To activate the internal pull-down,
attach the PULLDOWN library component to the net
attached to the pad.

4-10
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Set/Reset

As with the CLB registers, the GSR signal can be used to
set or clear the input and output registers, depending on
the value of the INIT attribute or property. The two flip-flops
can be individually configured to set or clear on reset and
after configuration. Other than the global GSR net, no
user-controlled set/reset signal is available to the 1/O
flip-flops (Figure 6). The choice of set or reset applies to
both the initial state of the flip-flop and the response to the
GSR pulse.

Independent Clocks

Separate clock signals are provided for the input (IK) and
output (OK) flip-flops. The clock can be independently
inverted for each flip-flop within the IOB, generating either
falling-edge or rising-edge triggered flip-flops. The clock
inputs for each IOB are independent.

Common Clock Enables

The input and output flip-flops in each IOB have a common
clock enable input (see EC signal in Figure 6), which
through configuration, can be activated individually for the
input or output flip-flop, or both. This clock enable operates
exactly like the EC signal on the Spartan Series CLB. It
cannot be inverted within the 10B.

Three-State Register (SpartanXL Only)

SpartanXL devices incorporate an optional register control-
ling the three-state enable in the IOBs. The use of the
three-state control register can significantly improve output
enable and disable time.

Routing Channel Description

All internal routing channels are composed of metal seg-
ments with programmable switching points and switching
matrices to implement the desired routing. A structured,
hierarchical matrix of routing channels is provided to
achieve efficient automated routing.

This section describes the routing channels available in
Spartan Series devices. Figure 8 shows a general block
diagram of the CLB routing channels. The implementation
software automatically assigns the appropriate resources
based on the density and timing requirements of the
design. The following description of the routing channels is
for information only and is simplified with some minor
details omitted. For an exact interconnect description the
designer should open a design in the EPIC design editor
and review the actual connections in this tool.

The routing channels will be discussed as follows;

» CLB routing channels which run along each row and
column of the CLB array.

« 10B routing channels which form a ring (called a
VersaRing) around the outside of the CLB array. It
connects the 1/0 with the CLB routing channels.

* Global routing consists of dedicated networks primarily
designed to distribute clocks throughout the device with
minimum delay and skew. Global routing can also be
used for other high-fanout signals.

January 6, 1999 (Version 1.4)
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Figure 8: Spartan Series CLB Routing Channels and Interface Block Diagram
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CLB Routing Channels

The routing channels around the CLB are derived from
three types of interconnects; single-length, double-length,
and longlines. At the intersection of each vertical and hori-
zontal routing channel is a signal steering matrix called a
Programmable Switch Matrix (PSM). Figure 8 shows the
basic routing channel configuration showing single-length
lines, double-length lines and longlines as well as the CLBs
and PSMs. The CLB to routing channel interface is shown
as well as how the PSMs interface at the channel intersec-
tions.

CLB Interface

A block diagram of the CLB interface signals is shown in
Figure 9. The input signals to the CLB are distributed
evenly on all four sides providing maximum routing flexibil-
ity. In general, the entire architecture is symmetrical and
regular. It is well suited to established placement and rout-
ing algorithms. Inputs, outputs, and function generators can
freely swap positions within a CLB to avoid routing conges-
tion during the placement and routing operation. The
exceptions are the clock (K) input and CIN/COUT signals.
The K input is routed to dedicated global vertical lines as
well as 4 single-length lines and is on the left side of the
CLB. The CIN/COUT signals are routed through dedicated
interconnects which do not interfere with the general rout-
ing structure. The output signals from the CLB are available
to drive both vertical and horizontal channels.

Programmable Switch Matrices

The horizontal and vertical single- and double-length lines
intersect at a box called a programmable switch matrix
(PSM). Each PSM consists of programmable pass transis-
tors used to establish connections between the lines (see
Figure 10).

\
\

L |— 4=\

Figure 10: Programmable Switch Matrix

4—F4
44— C4
— G4
—» YQ

CIN—P —p v
COUT 4 4— G3
Gl1—Pp
<4—C3
c1— CLB
K —
44— F3
F1—P
X <_ Rev 1.1

XQ €—
F2—
c2 —Pp
G2 —Pp

Figure 9: CLB Interconnect Signals

For example, a single-length signal entering on the right
side of the switch matrix can be routed to a single-length
line on the top, left, or bottom sides, or any combination
thereof, if multiple branches are required. Similarly, a dou-
ble-length signal can be routed to a double-length line on
any or all of the other three edges of the programmable
switch matrix.

Single-Length Lines

Single-length lines provide the greatest interconnect flexi-
bility and offer fast routing between adjacent blocks. There
are eight vertical and eight horizontal single-length lines
associated with each CLB. These lines connect the switch-
ing matrices that are located in every row and column of
CLBs.

X

Six Pass Transistors Per
Switch Matrix Interconnect Point
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Single-length lines are connected by way of the program-
mable switch matrices, as shown in Figure 10. Routing
connectivity is shown in Figure 8.

Single-length lines incur a delay whenever they go through
a PSM. Therefore, they are not suitable for routing signals
for long distances. They are normally used to conduct sig-
nals within a localized area and to provide the branching for
nets with fanout greater than one.

Double-Length Lines

The double-length lines consist of a grid of metal segments,
each twice as long as the single-length lines: they run past
two CLBs before entering a PSM. Double-length lines are
grouped in pairs with the PSMs staggered, so that each line
goes through a PSM at every other row or column of CLBs
(see Figure 8).

There are four vertical and four horizontal double-length
lines associated with each CLB. These lines provide faster
signal routing over intermediate distances, while retaining
routing flexibility.

Longlines

Longlines form a grid of metal interconnect segments that
run the entire length or width of the array. Longlines are
intended for high fan-out, time-critical signal nets, or nets
that are distributed over long distances.

Each Spartan Series longline has a programmable splitter
switch at its center. This switch can separate the line into
two independent routing channels, each running half the
width or height of the array.

Routing connectivity of the longlines is shown in Figure 8.
The longlines also interface to some 3-state buffers which
is described later in “3-State Long Line Drivers” on
page 20.

I/0 Routing

Spartan Series devices have additional routing around the
IOB ring. This routing is called a VersaRing. The VersaRing
facilitates pin-swapping and redesign without affecting
board layout. Included are eight double-length lines, and
four longlines.

Global Nets and Buffers

The Spartan Series devices have dedicated global net-
works. These networks are designed to distribute clocks
and other high fanout control signals throughout the
devices with minimal skew.

Four vertical longlines in each CLB column are driven
exclusively by special global buffers. These longlines are in
addition to the vertical longlines used for standard intercon-
nect. In the 5V Spartan devices, the four global lines can be
driven by either of two types of global buffers; Primary Glo-
bal buffers (BUFGP) or Secondary Global buffers
(BUFGS). Each of these lines can be accessed by one par-
ticular Primary Global buffer, or by any of the Secondary
Global buffers, as shown in Figure 11. In the 3V SpartanXL
devices, the four global lines can be driven by any of the
eight Global Low-Skew Buffers (BUFGLS). The clock pins
of every CLB and IOB can also be sourced from local inter-
connect.

10B 10B 10B 10B
) ) © ]
BUFGS g g 8 8 BUFGP
ke) o k<) ke)
PGCK1 W SGCK4
SGCK1 PGCK4
4 4
BUFGP BUFGS
4
4 locals locals
) (
10B 10B
: locals locals :
. X4 Any BUFGS X4 X4 Any BUFGS X4 .
. locals ——  oOneBUFGP —— oneBUFGP — locals| .
0B per Global Line per Global Line 0B
locals ' ' locals
BUFGS é é BUFGP
PGCK2 SGCK3

BUFGP

[}
(0]
(@]
e
N

locals
locals

EE

Figure 11: 5V Spartan Series Global Net Distribution
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The four Primary Global buffers offer the shortest delay and
negligible skew. Four Secondary Global buffers have
slightly longer delay and slightly more skew due to poten-
tially heavier loading, but offer greater flexibility when used
to drive non-clock CLB inputs. The eight Global Low-Skew
buffers in the SpartanXL devices combine short delay, neg-
ligible skew, and flexibility.

The Primary Global buffers must be driven by the
semi-dedicated pads (PGCK1-4). The Secondary Global
buffers can be sourced by either semi-dedicated pads
(SGCK1-4) or internal nets. Each corner of the device has
one Primary buffer and one Secondary buffer. The Spar-
tanXL family has eight global low-skew buffers, two in each
corner. All can be sourced by either semi-dedicated pads
(GCK1-8) or internal nets.

Using the library symbol called BUFG results in the soft-
ware choosing the appropriate clock buffer, based on the
timing requirements of the design. A global buffer should be
specified for all timing-sensitive global signal distribution.
To use a global buffer, place a BUFGP (primary buffer),
BUFGS (secondary buffer), BUFGLS (SpartanXL global
low-skew buffer), or BUFG (any buffer type) element in a
schematic or in HDL code.

Advanced Features Description
Distributed RAM

Optional modes for each CLB allow the function generators
(F-LUT and G-LUT) to be used as Random Access Mem-
ory (RAM).

Read and write operations are significantly faster for this
on-chip RAM than for off-chip implementations. This speed
advantage is due to the relatively short signal propagation
delays within the FPGA.

Memory Configuration Overview

There are two available memory configuration modes: sin-
gle-port RAM and dual-port RAM. For both these modes,
write operations are synchronous (edge-triggered), while
read operations are asynchronous. In the Single-Port
Mode, a single CLB can be configured as either a 16 x 1,
(16 x 1) x 2 or 32 x 1 RAM array. In the Dual-Port mode, a
single CLB can be configured only as one 16 x 1 RAM
array. The different CLB memory configurations are sum-
marized in Table 8. Any of these possibilities can be individ-
ually programmed into a Spartan Series CLB.

¢ The 16 x 1 Single-Port configuration contains a RAM
array with 16 locations, each one-bit wide. One 4-bit
address decoder determines the RAM location for write
and read operations. There is one input for writing data
and one output for reading data, all at the selected
address.

e The (16 x 1) x 2 Single-Port configuration combines two
16 x 1 Single Port configurations (each according to the

preceding description). There is one data input, one
data output and one address decoder for each array.
These arrays can be addressed independently.

¢ The 32 x 1 Single-Port configuration contains a RAM
array with 32 locations, each one-bit wide. There is one
data input, one data output, and one 5-bit address
decoder.

e The Dual-Port mode 16 x 1 configuration contains a
RAM array with 16 locations, each one-bit wide. There
are two 4-bit address decoders, one for each port. One
port consists of an input for writing and an output for
reading, all at a selected address. The other port
consists of one output for reading from an
independently selected address.

Table 8: CLB Memory Configurations

Mode 16x1 (16x1)x2 32x1
Single-Port v v v
Dual-Port v

The appropriate choice of RAM configuration mode for a
given design should be based on timing and resource
requirements, desired functionality, and the simplicity of the
design process. Selection criteria include the following:
Whereas the 32 x 1 Single-Port, the (16 x 1) x 2 Single-Port
and the 16 x 1 Dual-Port configurations each use one entire
CLB, the 16 x 1 Single-Port configuration uses only one half
of a CLB. Due to its simultaneous read/write capability, the
Dual-Port RAM can transfer twice as much data as the Sin-
gle-Port RAM, which permits only one data operation at
any given time.

CLB memory configuration options are selected by using
the appropriate library symbol in the design entry.

Single-Port Mode

There are three CLB memory configurations for the Sin-
gle-Port RAM: 16 x 1, (16 x 1) x 2, and 32 x 1, the functional
organization of which is shown in Figure 12.

The Single-Port RAM signals and the CLB signals
(Figure 2 on page 5) from which they are originally derived
are shown in Table 9.

Table 9: Single-Port RAM Signals

RAM Signal Function CLB Signal
D Data In DIN or Hy
A[3:0] Address Fi-F4 0r G1-Gy4
A4 (32 x 1 only) | Address H,

WE Write Enable SR

WCLK Clock K

SPO Single Port Out FouTt or GouTt
(Data Out)

January 6, 1999 (Version 1.4)
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Figure 12: Logic Diagram for the Single-Port RAM

NOTE: 1. The (16 x 1) x 2 configuration combines two 16 x 1 Single Port RAMs, each with its own independent address bus and
data input. The same WE and WCLK signals are connected to both RAMs.
2. n=4for the 16 x 1 and (16 x 1) x 2 configurations. n = 5 for the 32 x 1 configuration.

Writing data to the Single-Port RAM is essentially the same
as writing to a data register. It is an edge-triggered (syn-
chronous) operation performed by applying an address to
the A inputs and data to the D input during the active edge
of WCLK while WE is High.

The timing relationships are shown in Figure 13. The High
logic level on WE enables the input data register for writing.
The active edge of WCLK latches the address, input data,
and WE signals. Then, an internal write pulse is generated
that loads the data into the memory cell.

WCLK (K)
WE
TDSS TDHS
DATA IN
Tass Tams
ADDRESS
T
T ILO
ILO
TWOS
DATA OUT OLD 1( NEW
X6461
Figure 13: Data Write and Access Timing for RAM

WCLK can be configured as active on either the rising edge
(default) or the falling edge. While the WCLK input to the
RAM accepts the same signal as the clock input to the
associated CLB's flip-flops, the sense of this WCLK input
can be inverted with respect to the sense of the flip-flop
clock inputs. Consequently, within the same CLB, data at
the RAM’s SPO line can be stored in a flip-flop with either
the same or the inverse clock polarity used to write data to
the RAM.

The WE input is active-High and cannot be inverted within
the CLB.

Allowing for settling time, the data on the SPO output
reflects the contents of the RAM location currently
addressed. When the address changes, following the asyn-
chronous delay T, o, the data stored at the new address
location will appear on SPO. If the data at a particular RAM
address is overwritten, after the delay Ty os, the new data
will appear on SPO.

Dual-Port Mode

In dual-port mode, the function generators (F-LUT and
G-LUT) are used to create a 16 x 1 Dual-Port memory. Of
the two data ports available, one permits read and write
operations at the address specified by A[3:0] while the sec-
ond provides only for read operations at the address spec-
ified independently by DPRA[3:0]. As a result,
simultaneous read/write operations at different addresses
(or even at the same address) are supported.

The functional organization of the 16 x 1 Dual-Port RAM is
shown in Figure 14.
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Figure 14: Logic Diagram for the Dual-Port RAM

The Dual-Port RAM signals and the CLB signals from
which they are originally derived are shown in Table 10.

Table 10: Dual-Port RAM Signals

RAM Signal Function .CLB
Signal
D Data In DIN
A[3:0] Read Address for Single-Port. | F1-F4
Write Address for Single-Port
and Dual-Port.
DPRA[3:0] Read Address for Dual-Port G1-G4
WE Write Enable SR
WCLK Clock K
SPO Single Port Out Four
(addressed by A[3:0])
DPO Dual Port Out Gout
(addressed by DPRA[3:0])

The RAM16X1D primitive used to instantiate the Dual-Port
RAM consists of an upper and a lower 16 x 1 memory array.
The address port labeled A[3:0] supplies both the read and
write addresses for the lower memory array, which behaves
the same as the 16 x 1 Single-Port RAM array described
previously. Single Port Out (SPO) serves as the data output

for the lower memory. Therefore, SPO reflects the data at
address A[3:0].

The other address port, labeled DPRA[3:0] for Dual Port
Read Address, supplies the read address for the upper
memory. The write address for this memory, however,
comes from the address A[3:0]. Dual Port Out (DPO)
serves as the data output for the upper memory. Therefore,
DPO reflects the data at address DPRA[3:0].

By using A[3:0] for the write address and DPRA[3:0] for the
read address, and reading only the DPO output, a FIFO
that can read and write simultaneously is easily generated.
The simultaneous read/write capability possible with the
Dual-Port RAM can provide twice the effective data
throughput of a Single-Port RAM alternating read and write
operations.

The timing relationships for the Dual-Port RAM mode are
shown in Figure 13.

Note that write operations to RAM are synchronous
(edge-triggered); however, data access is asynchronous.

January 6, 1999 (Version 1.4)
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Initializing RAM at FPGA Configuration

Both RAM and ROM implementations of the Spartan
Series are initialized during device configuration. The initial
contents are defined via an INIT attribute or property
attached to the RAM or ROM symbol, as described in the
schematic library guide. If not defined, all RAM contents
are initialized to zeros, by default.

RAM initialization occurs only during device configuration.
The RAM content is not affected by GSR.

More Information on using RAM inside CLBs

Three application notes are available from Xilinx that dis-
cuss synchronous (edge-triggered) RAM: “Xilinx Edge- Trig-
gered and Dual-Port RAM Capability,” “Implementing
FIFOs in Xilinx RAM,” and “Synchronous and Asynchro-
nous FIFO Designs.” All three application notes apply to
both the Spartan and the SpartanXL Series.

Fast Carry Logic

Each CLB F-LUT and G-LUT contains dedicated arithmetic
logic for the fast generation of carry and borrow signals.
This extra output is passed on to the function generator in
the adjacent CLB. The carry chain is independent of nor-
mal routing resources. (See Figure 15.)

Dedicated fast carry logic greatly increases the efficiency
and performance of adders, subtractors, accumulators,
comparators and counters. It also opens the door to many
new applications involving arithmetic operation, where the
previous generations of FPGAs were not fast enough or too
inefficient. High-speed address offset calculations in micro-
processor or graphics systems, and high-speed addition in
digital signal processing are two typical applications.

The two 4-input function generators can be configured as a
2-bit adder with built-in hidden carry that can be expanded
to any length. This dedicated carry circuitry is so fast and
efficient that conventional speed-up methods like carry
generate/propagate are meaningless even at the 16-bit
level, and of marginal benefit at the 32-bit level. This fast
carry logic is one of the more significant features of the
Spartan Series, speeding up arithmetic and counting func-
tions.

CLB |-:- o| CLB |---»| CLB }---+| CLB

CLB | i+ CLB | i+ CLB | i-» CLB

cLB | -+ cLB | ++| CcLB | -+ CLB

CLB -» CLB -+ CLB -+ CLB
e e
X6610 :. _______ : :. _______ : :. _______ :
Figure 15: Available Spartan Carry Propagation
Paths

The carry chain in Spartan devices can run either up or
down. At the top and bottom of the columns where there
are no CLBs above and below, the carry is propagated to
the right. The default is always to propagate up the column,
as shown in the figures. The carry chain in SpartanXL
devices can only run up the column, providing even higher
speed.

Figure 16 on page 19 shows a Spartan Series CLB with
dedicated fast carry logic. The carry logic shares operand
and control inputs with the function generators. The carry
outputs connect to the function generators, where they are
combined with the operands to form the sums.

Figure 17 on page 20 shows the details of the Spartan
carry logic. This diagram shows the contents of the box
labeled “CARRY LOGIC" in Figure 16.

The fast carry logic can be accessed by placing special
library symbols, or by using Xilinx Relationally Placed Mac-
ros (RPMs) that already include these symbols.
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Figure 16: Fast Carry Logic in Spartan CLB
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Figure 17: Detail of Spartan Dedicated Carry Logic

3-State Long Line Drivers

A pair of 3-state buffers is associated with each CLB in the
array. These 3-state buffers (BUFT) can be used to drive
signals onto the nearest horizontal longlines above and
below the CLB. They can therefore be used to implement
multiplexed or bidirectional buses on the horizontal lon-
glines, saving logic resources.

There is a weak keeper at each end of these two horizontal
longlines. This circuit prevents undefined floating levels.
However, it is overridden by any driver.

The buffer enable is an active-High 3-state (i.e. an
active-Low enable), as shown in Table 11.

~100 kQ

Three-State Buffer Example

Figure 18 shows how to use the 3-state buffers to imple-
ment a multiplexer. The selection is accomplished by the
buffer 3-state signal.

Pay particular attention to the polarity of the T pin when
using these buffers in a design. Active-High 3-state (T) is
identical to an active-Low output enable, as shown in
Table 11.

Table 11: Three-State Buffer Functionality

IN T ouT

X 1 Z

IN 0 IN
AtA+DgeB+D.-C+Dy*N

"Weak Keeper"

Figure 18: 3-State Buffers Implement a Multiplexer
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On-Chip Oscillator

Spartan Series devices include an internal oscillator. This
oscillator is used to clock the power-on time-out, for config-
uration memory clearing, and as the source of CCLK in
Master configuration mode. The oscillator runs at a nominal
8 MHz frequency that varies with process, Vcc, and tem-
perature. The output frequency falls between 4 MHz and
10 MHz.

The oscillator output is optionally available after configura-
tion. Any two of four resynchronized taps of a built-in divider
are also available. These taps are at the fourth, ninth, four-
teenth and nineteenth bits of the divider. Therefore, if the
primary oscillator output is running at the nominal 8 MHz,
the user has access to an 8 MHz clock, plus any two of
500 kHz, 16 kHz, 490 Hz and 15 Hz. These frequencies
can vary by as much as -50% or +25%.

These signals can be accessed by placing the OSC library
element in a schematic or in HDL code. The oscillator is
automatically disabled after configuration if the OSC sym-
bol is not used in the design.

Global Signals: GSR and GTS
Global Set/Reset

A separate Global Set/Reset line, as shown in Figure 3 on
page 6 for the CLB and Figure 6 on page 7 for the IOB, sets
or clears each flip-flop during power-up, reconfiguration, or
when a dedicated Reset net is driven active. This global net
(GSR) does not compete with other routing resources; it
uses a dedicated distribution network.

Each flip-flop is configured as either globally set or reset in
the same way that the local set/reset (SR) is specified.
Therefore, if a flip-flop is set by SR, it is also set by GSR.
Similarly, if in reset mode, it is reset by both SR and GSR.

GSR can be driven from any user-programmable pin as a
global reset input. To use this global net, place an input pad
and input buffer in the schematic or HDL code, driving the
GSR pin of the STARTUP symbol. (See Figure 19.) A spe-
cific pin location can be assigned to this input using a LOC
attribute or property, just as with any other user-program-
mable pad. An inverter can optionally be inserted after the
input buffer to invert the sense of the GSR signal. Alterna-
tively, GSR can be driven from any internal node.

STARTUP
PAD } GSR Q2 —
IBUF —{ GTS Q3 —

QlQ4 —

—> CLK DONEIN —

X5260

Figure 19: Schematic Symbols for Global Set/Reset

Global 3-State

A separate Global 3-State line (GTS) as shown in Figure 5
on page 8 forces all FPGA outputs to the high-impedance
state, unless boundary scan is enabled and is executing an
EXTEST instruction. GTS does not compete with other
routing resources; it uses a dedicated distribution network.

GTS can be driven from any user-programmable pin as a
global 3-state input. To use this global net, place an input
pad and input buffer in the schematic or HDL code, driving
the GTS pin of the STARTUP symbol. This is similar to what
is shown in Figure 19 for GSR except the IBUF would be
connected to GTS. A specific pin location can be assigned
to this input using a LOC attribute or property, just as with
any other user-programmable pad. An inverter can option-
ally be inserted after the input buffer to invert the sense of
the Global 3-State signal. Alternatively, GTS can be driven
from any internal node.

Boundary Scan

The ‘bed of nails’ has been the traditional method of testing
electronic assemblies. This approach has become less
appropriate, due to closer pin spacing and more sophisti-
cated assembly methods like surface-mount technology
and multi-layer boards. The IEEE Boundary Scan Standard
1149.1 was developed to facilitate board-level testing of
electronic assemblies. Design and test engineers can
imbed a standard test logic structure in their device to
achieve high fault coverage for I/0O and internal logic. This
structure is easily implemented with a four-pin interface on
any boundary scan-compatible IC. IEEE 1149.1-compati-
ble devices may be serial daisy-chained together, con-
nected in parallel, or a combination of the two.

The Spartan Series implements |IEEE 1149.1-compatible
BYPASS, PRELOAD/SAMPLE and EXTEST boundary
scan instructions. When the boundary scan configuration
option is selected, three normal user 1/0 pins become ded-
icated inputs for these functions. Another user output pin
becomes the dedicated boundary scan output. The details
of how to enable this circuitry are covered later in this sec-
tion.

By exercising these input signals, the user can serially load
commands and data into these devices to control the driv-
ing of their outputs and to examine their inputs. This
method is an improvement over bed-of-nails testing. It
avoids the need to over-drive device outputs, and it reduces
the user interface to four pins. An optional fifth pin, a reset
for the control logic, is described in the standard but is not
implemented in Xilinx devices.

The dedicated on-chip logic implementing the IEEE 1149.1
functions includes a 16-state machine, an instruction regis-
ter and a number of data registers. The functional details
can be found in the IEEE 1149.1 specification and are also
discussed in the Xilinx application note: “Boundary Scan in
FPGA Devices.”

January 6, 1999 (Version 1.4)
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Figure 20 is a diagram of the Spartan Series boundary
scan logic. It includes three bits of Data Register per 10B,
the IEEE 1149.1 Test Access Port controller, and the
Instruction Register with decodes.

Spartan Series devices can also be configured through the
boundary scan logic. See “Configuration Through the
Boundary Scan Pins” on page 34.

Data Registers

The primary data register is the boundary scan register. For
each 10B pin in the FPGA, bonded or not, it includes three
bits for In, Out and 3-State Control. Non-IOB pins have
appropriate partial bit population for In or Out only. PRO-
GRAM, CCLK and DONE are not included in the boundary
scan register. Each EXTEST CAPTURE-DR state captures
all In, Out, and 3-state pins.

The data register also includes the following non-pin bits:
TDO.T, and TDO.O, which are always bits 0 and 1 of the
data register, respectively, and BSCANT.UPD, which is
always the last bit of the data register. These three bound-
ary scan bits are special-purpose Xilinx test signals.

10B.T

F o8 | 108 | 108 | 0B | I0B j
[H 108 108 ]
[H o8 o8 ]
[H o8 o8 ]
I08B.1
[H o8 o8 ]
[H o8 108 ]
[H o8 o8B H]
[ 108 BYPASS o8 ] 108.Q
REGISTER
T 10B.T
M |TDO
oI INSTRUCTION REGISTER u W
X

10B.I

Figure 20: Spartan Series Boundary Scan Logic

The other standard data register is the single flip-flop
BYPASS register. It synchronizes data being passed
through the FPGA to the next downstream boundary scan
device.

The FPGA provides two additional data registers that can
be specified using the BSCAN macro. The FPGA provides
two user pins (BSCAN.SEL1 and BSCAN.SEL2) which are
the decodes of two user instructions. For these instructions,
two corresponding pins (BSCAN.TDO1 and
BSCAN.TDO?2) allow user scan data to be shifted out on
TDO. The data register clock (BSCAN.DRCK) is available
for control of test logic which the user may wish to imple-
ment with CLBs. The NAND of TCK and RUN-TEST-IDLE
is also provided (BSCAN.IDLE).

Instruction Set

The Spartan Series boundary scan instruction set also
includes instructions to configure the device and read back
the configuration data. The instruction set is coded as
shown in Table 12.

SHIFT/
CAPTURE

DATAOUT
CLOCK DATA
REGISTER

UPDATE EXTEST

X9016
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Table 12: Boundary Scan Instructions

Instruction Test I/O Data

2 111110 Selected TDO Source Source

0|00 EXTEST DR DR

0| 0| 1 |SAMPLE/PR DR Pin/Logic

ELOAD

o/11|0 USER 1 BSCAN. User Logic
TDO1

011 USER 2 BSCAN. User Logic
TDO2

1 | 0 | 0 | READBACK | Readback Data | Pin/Logic

1| 0| 1 |CONFIGURE DOUT Disabled

1/1]0 Reserved — —

1111 BYPASS |Bypass Register —

Bit Sequence

The bit sequence within each IOB is: In, Out, 3-State. The
input-only pins contribute only the In bit to the boundary
scan I/O data register, while the output-only pins contrib-
utes all three bits.

The first two bits in the 1/O data register are TDO.T and
TDO.O, which can be used for the capture of internal sig-
nals. The final bit is BSCANT.UPD, which can be used to
drive an internal net. These locations are primarily used by
Xilinx for internal testing.

From a cavity-up view of the chip (as shown in EPIC), start-
ing in the upper right chip corner, the boundary scan
data-register bits are ordered as shown in Figure 21. The
device-specific pinout tables for the Spartan Series include
the boundary scan locations for each 10B pin.

TDO.T
TDO.O

Bit 0 ( TDO end)
Bit 1
Bit 2

{ Top-edge IOBs (Right to Left)

{ Left-edge IOBs (Top to Bottom)
MODE.|

{ Bottom-edge 10Bs (Left to Right)

{ Right-edge 10Bs (Bottom to Top)

(TDI end) BSCANT.UPD

$6075_02

Figure 21: Boundary Scan Bit Sequence

BSDL (Boundary Scan Description Language) files for
Spartan Series devices are available on the Xilinx web site
in the File Download area. Note that the 5V Spartan
devices and 3V SpartanXL devices have different BSDL
files.

Including Boundary Scan in a Design

If boundary scan is only to be used during configuration, no
special schematic elements need be included in the sche-
matic or HDL code. In this case, the special boundary scan
pins TDI, TMS, TCK and TDO can be used for user func-
tions after configuration.

To indicate that boundary scan remain enabled after config-
uration, place the BSCAN library symbol and connect the
TDI, TMS, TCK and TDO pad symbols to the appropriate
pins, as shown in Figure 22.

Even if the boundary scan symbol is used in a schematic,
the input pins TMS, TCK, and TDI can still be used as
inputs to be routed to internal logic. Care must be taken not
to force the chip into an undesired boundary scan state by
inadvertently applying boundary scan input patterns to
these pins. The simplest way to prevent this is to keep TMS
High, and then apply whatever signal is desired to TDI and
TCK.

Avoiding Inadvertent Boundary Scan

If TMS or TCK is used as user 1/O, care must be taken to
ensure that at least one of these pins is held constant dur-
ing configuration. In some applications, a situation may
occur where TMS or TCK is driven during configuration.
This may cause the device to go into boundary scan mode
and disrupt the configuration process.

To prevent activation of boundary scan during configura-
tion, do either of the following:

e TMS: Tie High to put the Test Access Port controller
in a benign RESET state
e TCK: Tie High or Low—do not toggle this clock input.

For more information regarding boundary scan, refer to the
Xilinx Application Note, “Boundary Scan in FPGA Devices."

Optional N To User
| Logic
IBUF
BSCAN
[ TDI I TDO TDO
™S ™S DRCK [—
TCK TCK IDLE [—
To User
From — TDbo1 SEL1[— Logic
User Logic | —{1po2 SEL2 —
X2675

Figure 22: Boundary Scan Schematic Example
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Boundary Scan Enhancements (SpartanXL only)

SpartanXL devices have improved boundary scan function-
ality and performance in the following areas:

IDCODE: The IDCODE register is now supported. By using
the IDCODE, the device connected to the JTAG port can be
determined. The use of the IDCODE enables selective con-
figuration dependent on the FPGA found.

The IDCODE register has the following binary format:
vvvv: ffff:fffa:aaaa: aaaa: cccc:cccc:cccl
where

¢ = the company code (49h for Xilinx)

a = the array dimension in CLBs (ranges from OAh for
XCSO05XL to 1Ch for XCS40XL)

f = the family code (02h for SpartanXL family)
v = the die version number (currently Oh)
Table 13: IDCODEs Assigned to SpartanXL FPGAs

FPGA IDCODE
XCSO05XL 0040A093h
XCS10XL 0040E093h
XCS20XL 00414093h
XCS30XL 00418093h
XCS40XL 0041C093h

Configuration State: The configuration state is available to
JTAG controllers.

Configuration Disable: The JTAG port can be prevented
from configuring the FPGA.

TCK Startup: TCK can now be used to clock the start-up
block in addition to other user clocks.

CCLK Holdoff: Changed the requirement for Boundary
Scan Configure or EXTEST to be issued prior to the
release of INIT pin and CCLK cycling.

Reissue Configure: The Boundary Scan Configure can be
reissued to recover from an unfinished attempt to configure
the device.

Bypass FF: Bypass FF and I0B is modified to provide
DRCLOCK only during BYPASS for the bypass flip-flop,
and during EXTEST or SAMPLE/PRELOAD for the 10B
register.

Power Down (SpartanXL Only)

All Spartan Series devices use a combination of efficient
segmented routing and advanced process technology to
provide low power consumption under all conditions. The

3.3V SpartanXL family adds a dedicated active-Low Power
Down pin (PWRDWN) to reduce supply current to 100 pA
typical. The PWRDWN pin takes advantage of one of the
unused Don't Connect locations on the 5V Spartan. The
user must de-select the “5V Tolerant I/Os” option in the
Configuration Options to achieve the specified Power Down
current. The PWRDWN pin has a default internal pull-up
resistor, allowing it to be left unconnected if unused.

VCC must continue to be supplied during Power Down, and
configuration data is maintained. When the PWRDWN pin
is pulled Low, the input and output buffers are disabled. The
inputs are internally forced to a logic Low level, including
the MODE pins, DONE, CCLK, and TDO, and all internal
pull-up resistors are turned off. The PROGRAM pin is not
affected by Power Down. The GSR net is asserted during
Power Down, initializing all the flip-flops to their start-up
state.

PWRDWN has a minimum pulse width of 50 ns. On enter-
ing the Power Down state, the inputs will be disabled and
the flip-flops set/reset, and then the outputs are disabled
about 10 ns later. The user may prefer to assert the GTS or
GSR signals before PWRDWN to affect the order of events.
When the PWRDWN signal is returned High, the inputs will
be enabled first, followed immediately by the release of the
GSR signal initializing the flip-flops. About 10 ns later, the
outputs will be enabled. Allow 50 ns after the release of
PWRDWN before using the device.

Power Down retains the configuration, but loses all data
stored in the device. All inputs are interpreted as Low, but
the internal combinatorial logic is fully functional. Make
sure that the combination of all inputs Low and all flip-flops
set or reset in your design will not generate internal oscilla-
tions, or create permanent bus contention by activating
internal bus drivers with conflicting data onto the same long
line.

During configuration, the PWRDWN pin must be High. If
the Power Down state is entered before or during configu-
ration, the device will re-start configuration once the
PWRDWN signal is removed. Note that the configuration
pins are affected by Power Down and may not reflect their
normal function. If there is an external pull-up resistor on
the DONE pin, it will be High during Power Down even if the
device is not yet configured. Similarly, if PWRDWN is
asserted before configuration is completed, the INIT pin will
not indicate status information.

Note that the PWRDWN pin is not part of the Boundary
Scan chain. Therefore, the SpartanXL family has a sepa-
rate set of BSDL files than the 5V Spartan family. Boundary
scan logic is not usable during Power Down.
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Configuration and Test

Configuration is the process of loading design-specific pro-
gramming data into one or more FPGAs to define the func-
tional operation of the internal blocks and their
interconnections. This is somewhat like loading the com-
mand registers of a programmable peripheral chip. Spartan
Series devices use several hundred bits of configuration
data per CLB and its associated interconnects. Each con-
figuration bit defines the state of a static memory cell that
controls either a function look-up table bit, a multiplexer
input, or an interconnect pass transistor. The Xilinx devel-
opment system translates the design into a netlist file. It
automatically partitions, places and routes the logic and
generates the configuration data in PROM format.

Configuration Mode Control
5V Spartan Series devices have two configuration modes.

« MODE =1 sets Slave Serial mode
« MODE = 0 sets Master Serial mode

3V SpartanXL Series devices have three configuration
modes.

¢ M1/MO = 11 sets Slave Serial mode
¢ M1/MO = 10 sets Master Serial mode
* M1/MO = OX sets Express mode

In addition to these modes, the device can be configured
through the Boundary Scan logic (See “Configuration
Through the Boundary Scan Pins” on page 34.).

The Mode pins are sampled prior to starting configuration
to determine the configuration mode. After configuration,
these pin are unused. The Mode pins have a weak pull-up
resistor of 20 kQ to 100 kQ turned on during configuration.
With the Mode pins High, Slave Serial mode is selected,
which is the most popular configuration mode. Therefore,
for the most common configuration mode, the Mode pins
can be left unconnected. If the Master Serial mode is
desired, the MODE/MO pin should be connected directly to
GND, or through a pull-down resistor of 1 KQ or less.

During configuration, some of the I/O pins are used tempo-
rarily for the configuration process. All pins used during
configuration are shown in Table 14 and Table 15.

Table 14: Pin Functions During Configuration (Spartan

only)
CONFIGURATION MODE
<MODE Pin>
SLAVE MASTER USER
SERIAL SERIAL
<High> <Low> OPERATION
MODE (1) MODE (1) MODE
HDC (HIGH) HDC (HIGH) I/0
CDC (LOW) LDC (LOW) 110
INIT INIT I/0
DONE DONE DONE
PROGRAM () | PROGRAM (I) PROGRAM
CCLK (I) CCLK (O) CCLK (I)
DIN (1) DIN (I) I/0
DOUT DOUT SGCK4-1/0
TDI TDI TDI-I/O
TCK TCK TCK-I/0
T™MS T™MS TMS-I/O
TDO TDO TDO-(O)
ALL OTHERS

Notes

used before and during configuration.
2. (I) represents an input; (O) represents an output.
3. INIT is an open-drain output during configuration.

1. A shaded table cell represents the internal pull-up

Table 15: Pin Functions During Configuration
(SpartanXL only)

CONFIGURATION MODE <M1:M0>

SLAVE MASTER USER
SERIAL SERIAL EXPRESS | OPERATION
<1:1> <1:0> <0:X>
ML(HIGH) (I) | ML(HIGH) (1) | M1LOwW) (1) M1
MO(HIGH) (1) | MO(LOW) (1) MO (1) MO
HDC (HIGH) | HDC (HIGH) | HDC (HIGH) I/0
LDC (LOW) LDC (LOW) LDC (LOW) I/0
INIT INIT INIT l[e}
DONE DONE DONE DONE
PROGRAM (I) | PROGRAM (I) | PROGRAM () | PROGRAM
CCLK (1) CCLK (0) CCLK (1) CCLK (1)
DATA 7 (1) o)
DATA 6 (I) 110
DATA5 (1) o)
DATA 4 (I) 110
DATA 3 (1) o)
DATA 2 (I) 110
DATA 1 (1) o)
DIN (1) DIN (I) DATA 0 (I) 110
DOUT DOUT DOUT SGCKA4-1/0
TDI TDI TDI TDI-I/O
TCK TCK TCK TCK-I/O
TMS TMS TMS TMS-1/0
TDO TDO TDO TDO-(O)
Cs1 l[e}
ALL OTHERS
Notes 1. A shaded table cell represents the internal pull-up

used before and during configuration.
2. (I) represents an input; (O) represents an output.
3. INIT is an open-drain output during configuration.
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Master Serial Mode

The Master serial mode uses an internal oscillator to gen-
erate a Configuration Clock (CCLK) for driving potential
slave devices and the Xilinx serial-configuration PROM
(SPROM). The CCLK speed is selectable as either 1 MHz
(default) or 8 MHz. Configuration always starts at the
default slow frequency, then can switch to the higher fre-
guency during the first frame. Frequency tolerance is -50%
to +25%.

In Master Serial mode, the CCLK output of the device
drives a Xilinx SPROM that feeds the FPGA DIN input.
Each rising edge of the CCLK output increments the Serial
PROM internal address counter. The next data bit is put on
the SPROM data output, connected to the FPGA DIN pin.
The FPGA accepts this data on the subsequent rising
CCLK edge.

When used in a daisy-chain configuration the Master Serial
FPGA is placed as the first device in the chain and is
referred to as the lead FPGA. The lead FPGA presents the
preamble data, and all data that overflows the lead device,
on its DOUT pin. There is an internal pipeline delay of 1.5
CCLK periods, which means that DOUT changes on the

CCLK
(Output)

falling CCLK edge, and the next FPGA in the daisy chain
accepts data on the subsequent rising CCLK edge. See the
timing diagram in Figure 23.

In the bitstream generation software, the user can specify
Fast Configuration Rate, which, starting several bits into the
first frame, increases the CCLK frequency by a factor of
eight. For actual timing values please refer to the specifica-
tion section. Be sure that the serial PROM and slaves are
fast enough to support this data rate. Devices such as
XC3000A and XC3100A do not support the Fast Configura-
tion Rate option.

The SPROM CE input can be driven from either LDC or
DONE. Using LDC avoids potential contention on the DIN
pin, if this pin is configured as user-1/O, but LDC is then
restricted to be a permanently High user output after con-
figuration. Using DONE can also avoid contention on DIN,
provided the early DONE option is invoked.

Figure 24 shows a full master/slave system. The leftmost
device is in Master Serial mode, all other devices in the
chain are in Slave Serial mode.

Serial Data In

Serial DOUT

(Output) n-3 X n-2

X3223

Description Symbol Min Max Units
DIN setu 1 T
CCLK p DSCK 20 ns
DIN hold 2 Tckps 0 ns

Notes: 1. At power-up, Vcc must rise from 2.0 V to Vcc min in less than 25 ms, otherwise delay configuration by puling PROGRAM

Low until Vcc is valid.

2. Master Serial mode timing is based on testing in slave mode.

Figure 23: Master Serial Mode Programming Switching Characteristics
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Slave Serial Mode

In Slave Serial mode, the FPGA receives serial configura-
tion data on the rising edge of CCLK and, after loading its
configuration, passes additional data out, resynchronized
on the next falling edge of CCLK.

In this mode, an external signal drives the CCLK input of
the FPGA (most often from a Master Serial device). The
serial configuration bitstream must be available at the DIN
input of the lead FPGA a short setup time before each ris-
ing CCLK edge.

The lead FPGA then presents the preamble data—and all
data that overflows the lead device—on its DOUT pin.
There is an internal delay of 0.5 CCLK periods, which
means that DOUT changes on the falling CCLK edge, and
the next FPGA in the daisy chain accepts data on the sub-
sequent rising CCLK edge.

Figure 24 shows a full master/slave system. A Spartan
Series device in Slave Serial mode should be connected as
shown in the third device from the left.

Slave Serial is the default mode if the Mode pins are left
unconnected, as they have weak pull-up resistors during
configuration.

Multiple slave devices with identical configurations can be
wired with parallel DIN inputs. In this way, multiple devices
can be configured simultaneously.

Serial Daisy Chain

Multiple devices with different configurations can be con-
nected together in a “daisy chain,” and a single combined
bitstream used to configure the chain of slave devices.

To configure a daisy chain of devices, wire the CCLK pins
of all devices in parallel, as shown in Figure 24. Connect
the DOUT of each device to the DIN of the next. The lead or
master FPGA and following slaves each passes resynchro-
nized configuration data coming from a single source. The
header data, including the length count, is passed through
and is captured by each FPGA when it recognizes the 0010
preamble. Following the length-count data, each FPGA
outputs a High on DOUT until it has received its required
number of data frames.

After an FPGA has received its configuration data, it
passes on any additional frame start bits and configuration
data on DOUT. When the total number of configuration
clocks applied after memory initialization equals the value
of the 24-bit length count, the FPGAs begin the start-up
sequence and become operational together. FPGA I/O are
normally released two CCLK cycles after the last configura-
tion bit is received.

The daisy-chained bitstream is not simply a concatenation
of the individual bitstreams. The PROM file formatter must
be used to combine the bitstreams for a daisy-chained con-
figuration.

NOTE:
M2, M1, MO can be shorted
to Vcc if not used as I/0

[ Meee N/C —— MODE
= pouT DIN pouT DIN poUT —
Spartan Vee | cCLK > cCLK
MASTER XC17S00 5V Spartan EPGA
SERIAL 7 SLAVE SLAVE
CCLK CLK VPP
DIN DATA
PROGRAM bc CE CEO[—— —>{PrROGRAM —>| RESET
DONE NT RESET/OE — ponE INT > —] or NT -
(Low Reset Option Used)
PROGRAM

Figure 24: Master/Slave Serial Mode Circuit Diagram
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DIN * Bit n * Bitn+1
<—<1>TDCC > @ Tcep = ~ @TCCL — ]
CCLK ]/ \\
®Tcen ®Teco
DOUT .
(Output) Bitn-1
X5379
Description Symbol Min Max Units
DIN setup 1 Tboce 20 ns
DIN hold 2 Tcep 0 ns
DIN to DOUT 3 Teco 30 ns
CCLK —

High time 4 Teen 45 ns
Low time 5 TeeL 45 ns
Frequency Fce 10 MHz

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

Figure 25: Slave Serial Mode Programming Switching Characteristics

Express Mode (SpartanXL only)

Express mode is similar to Slave Serial mode, except that
data is processed one byte per CCLK cycle instead of one
bit per CCLK cycle. An external source is used to drive
CCLK, while byte-wide data is loaded directly into the con-
figuration data shift registers (Figure 26). A CCLK fre-
quency of 1 MHz is equivalent to a 8 MHz serial rate,
because eight bits of configuration data are loaded per
CCLK cycle. Express mode does not support CRC error
checking, but does support constant-field error checking. A
length count is not used in Express mode.

Express mode must be specified as an option to the BitGen
program, which generates the bitstream. The Express
mode bitstream is not compatible with the other configura-
tion modes. (See Table 16 on page 31.) Express mode is
selected by a <0X> on the mode pins (M1, MO0).

The first byte of parallel configuration data must be avail-
able at the D inputs of the FPGA a short setup time before
the second rising CCLK edge. Subsequent data bytes are
clocked in on each consecutive rising CCLK edge
(Figure 27).

Pseudo Daisy Chain

Multiple devices with different configurations can be config-
ured in a pseudo daisy chain provided that all of the devices
are in Express mode. A single combined bitstream is used
to configure the chain of Express mode devices. CCLK pins
are tied together and DO-D7 pins are tied together for all
devices along the chain. A status signal is passed from
DOUT to CS1 of successive devices along the chain.
Frame data is accepted only when CS1 is High and the

device’s configuration memory is not already full. The lead
device in the chain has its CS1 input tied High (or floating,
since there is an internal pullup). The status pin DOUT is
pulled Low after the header is received by all devices, and
remains Low until the device’s configuration memory is full.
DOUT is then pulled High to signal the next device in the
chain to accept the configuration data on the DO-D7 bus.

The DONE pins of all devices in the chain should be tied
together, with one or more active internal pull-ups. If a large
number of devices are included in the chain, deactivate
some of the internal pull-ups, since the Low-driving DONE
pin of the last device in the chain must sink the current from
all pull-ups in the chain. The DONE pull-up is activated by
default. It can be deactivated using a BitGen option.

The requirement that all DONE pins in a daisy chain be
wired together applies only to Express mode, and only if all
devices in the chain are to become active simultaneously.
All SpartanXL devices in Express mode are synchronized
to the DONE pin. User I/Os for each device become active
after the DONE pin for that device goes High. (The exact
timing is determined by BitGen options.) Since the DONE
pin is open-drain and does not drive a High value, tying the
DONE pins of all devices together prevents all devices in
the chain from going High until the last device in the chain
has completed its configuration cycle. If the DONE pin of a
device is left unconnected, the device becomes active as
soon as that device has been configured.

Because only SpartanXL, XC4000XLA/XV, and XC5200
devices support Express mode, only these devices can be
used to form an Express mode daisy chain.
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Figure 26: Express Mode Circuit Diagram
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Description Symbol Min Max Units
INIT (High) setup time 1 Tic 5 ps
DO - D7 setup time 2 Tbe 20 ns
DO - D7 hold ti T
CCLK 0 ' od. ime 3 cD 0 ns
CCLK High time TeeH 45 ns
CCLK Low time TeceL 45 ns
CCLK Frequency Fce 10 MHz
CCLK |—"—| |-"—| I
@O e
>
T 1 )
INIT '
—> |<_TCD @
@O1pe— <
h )
- /BYTEVBYTE ! BYTE !
XX XX X ———
J)
DOUT H
Header Received FPGA Filled
X6710_m

Note: If not driven by the preceding DOUT, CS1 must remain High until the device is fully configured.

Figure 27: Express Mode Programming Switching Characteristics

Setting CCLK Frequency

In Master mode, CCLK can be generated in either of two
frequencies. In the default slow mode, the frequency
ranges from 0.5 MHz to 1.25 MHz for Spartan Series
devices. In fast CCLK mode, the frequency ranges from
4 MHz to 10 MHz for Spartan Series devices. The fre-
quency is changed to fast by an option when running the
bitstream generation software.

Data Stream Format

The data stream (“bitstream”) format is identical for both
serial configuration modes, but different for the SpartanXL
Express mode. In Express mode, the device becomes
active when DONE goes High, therefore no length count is
required. Additionally, CRC error checking is not supported
in Express mode. The data stream format is shown in

Table 16. Bit-serial data is read from left to right. Express
mode data is shown with DO at the left and D7 at the right.

The configuration data stream begins with a string of eight
ones, a preamble code, followed by a 24-bit length count
and a separator field of ones (or 24 fill bits, in SpartanXL
Express mode). This header is followed by the actual con-
figuration data in frames. The length and number of frames
depends on the device type (see Table 17). Each frame
begins with a start field and ends with an error check. In
serial modes, a postamble code is required to signal the
end of data for a single device. In all cases, additional
start-up bytes of data are required to provide four clocks for
the startup sequence at the end of configuration. Long
daisy chains require additional startup bytes to shift the last
data through the chain. All startup bytes are don’t-cares.
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Table 16: Spartan Series Data Stream Formats

. Express Mode
Data Type Ser'(TD'OMC;deS p(DO-D?)
(SpartanXL only)

Fill Byte 11111111b FFFFh
Preamble Code 0010b 11110010b
Length Count COUNT(23:0) COUNT(23:0)*
Fill Bits 1111b —
Field Check Code |— 11010010b
Start Field Ob 11111110b
Data Frame DATA(Nn-1:0) DATA(n-1:0)
CRC or Constant |xxxx (CRC) 11010010b
Field Check or 0110b
Extend Write Cycle |— FFFFFFFFFFh
Postamble 01111111b —
Start-Up Bytes FFh FFFFFFFFFFFFFFh?
LEGEND:

Unshaded Once per bitstream

Light Once per data frame

Dark Once per device

Note 1: Not used by configuration logic.
Note 2: Development system may add more start-up

bytes.

A selection of CRC or non-CRC error checking is allowed
by the bitstream generation software. The SpartanXL
Express mode only supports non-CRC error checking. The
non-CRC error checking tests for a designated
end-of-frame field for each frame. For CRC error checking,
the software calculates a running CRC and inserts a
unique four-bit partial check at the end of each frame. The
11-bit CRC check of the last frame of an FPGA includes the
last seven data bits.

Detection of an error results in the suspension of data load-
ing before DONE goes High, and the pulling down of the
INIT pin. In Master serial mode, CCLK continues to operate
externally. The user must detect INIT and initialize a new
configuration by pulsing the PROGRAM pin Low or cycling
Vcc.

Cyclic Redundancy Check (CRC) for Configura-
tion and Readback

The Cyclic Redundancy Check is a method of error detec-
tion in data transmission applications. Generally, the trans-
mitting system performs a calculation on the serial
bitstream. The result of this calculation is tagged onto the
data stream as additional check bits. The receiving system
performs an identical calculation on the bitstream and com-
pares the result with the received checksum.

Each data frame of the configuration bitstream has four
error bits at the end, as shown in Table 16. If a frame data
error is detected during the loading of the FPGA, the con-
figuration process with a potentially corrupted bitstream is
terminated. The FPGA pulls the INIT pin Low and goes into
a Wait state.

January 6, 1999 (Version 1.4)
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Table 17: Spartan Program Data

Device XCS05 XCS10 XCS20 XCS30 XCS40
Max System 5,000 10,000 20,000 30,000 40,000
Gates
CLBs 100 196 400 576 784
(Row x Col.) (10 x 10) (14 x 14) (20 x 20) (24 x 24) (28 x 28)
I0OBs 80 112 160 192 224
Part Number XCS05 | XCSO5XL | XCS10 | XCS10XL | XCS20 | XCS20XL | XCS30 | XCS30XL | XCS40 | XCS40XL
Supply Voltage 5V 3.3V 5V 3.3V 5V 3.3V 5V 3.3V 5V 3.3V
Bits per Frame 126 127 166 167 226 227 266 267 306 307
Frames 428 429 572 573 788 789 932 933 1,076 1,077
Program Data 53,936 | 54,491 | 94,960 | 95,699 | 178,096 | 179,111 | 247,920 | 249,119 | 329,264 | 330,647
PROM Size 53,984 | 54,536 | 95,008 | 95,744 | 178,144 | 179,160 | 247,968 | 249,168 | 329,312 | 330,696
(bits)
Serial PROM 17S05 [17S05XL| 17S10 |17S10XL| 17S20 |17S20XL| 17S30 |[17S30XL| 17S40 |17S40XL
Express Mode 79,040 128,456 221,024 298,664 387,824
PROM Size
(bits)

Notes: 1.Bits per Frame = (10 x number of rows) + 7 for the top + 13 for the bottom + 1 + 1 start bit + 4 error check bits (+ 1 for

SpartanXL device)

Number of Frames = (36 x number of columns) + 26 for the left edge + 41 for the right edge + 1 (+ 1 for SpartanXL device)
Program Data = (Bits per Frame x Number of Frames) + 8 postamble bits
PROM Size = Program Data + 40 (header) + 8, rounded up to the nearest byte

2.The user can add more “one” bits as leading dummy bits in the header, or, if CRC = off, as trailing dummy bits at the end of
any frame, following the four error check bits. However, the Length Count value must be adjusted for all such extra “one”
bits, even for extra leading ones at the beginning of the header.

3. Express mode adds 57 (XCS05XL, XCS10XL), or 53 (XCS20XL, XCS30XL, XCS40XL) bits per frame.

During Readback, 11 bits of the 16-bit checksum are added
to the end of the Readback data stream. The checksum is
computed using the CRC-16 CCITT polynomial, as shown
in Figure 28. The checksum consists of the 11 most signif-
icant bits of the 16-bit code. A change in the checksum indi-
cates a change in the Readback bitstream. A comparison
to a previous checksum is meaningful only if the readback
data is independent of the current device state. CLB out-
puts should not be included (Readback Capture option not
used), and if RAM is present, the RAM content must be
unchanged.

Statistically, one error out of 2048 might go undetected.

Configuration Sequence

There are four major steps in the Spartan Series power-up
configuration sequence.

¢ Configuration Memory Clear
 Initialization

e Configuration

e Start-Up

The full process is illustrated in Figure 29.

Configuration Memory Clear

When power is first applied or is reapplied to an FPGA, an
internal circuit forces initialization of the configuration logic.

When Vcc reaches an operational level, and the circuit
passes the write and read test of a sample pair of configu-
ration bits, a time delay is started. This time delay is nomi-
nally 16 ms. The delay is four times as long when in Master
Serial Mode to allow ample time for all slaves to reach a
stable Vcc. When all INIT pins are tied together, as recom-
mended, the longest delay takes precedence. Therefore,
devices with different time delays can easily be mixed and
matched in a daisy chain.

This delay is applied only on power-up. It is not applied
when reconfiguring an FPGA by pulsing the PROGRAM pin

X2 X15
X16
[o]1} D—{z\a\4\5\6\7\8\9\10\11\12\13\14 .
SERIAL DATA IN

Polynomial: X16 + X15 + X2 +1

]
e 11112 15[14[13[12[11][10[9[8[7[6]5]

LAST DATA FRAME — m@ |«—— CRC — CHECKSUM ——>

START BIT |[©

Readback Data Stream e

Figure 28: Circuit for Generating CRC-16
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Low. During this time delay, or as long as the PROGRAM

input is asserted, the configuration logic is held in a Config-
‘ uration Memory Clear state. The configuration-memory
Boundary Scan frames are consecutively initialized, using the internal oscil-
Instructions
Available: Iator.

— Yes

At the end of each complete pass through the frame
addressing, the power-on time-out delay circuitry and the
level of the PROGRAM pin are tested. If neither is asserted,
the logic initiates one additional clearing of the configura-
tion frames and then tests the INIT input.

Test MODE, Generate
One Time-Out Pulse
of 16 or 64 ms

Keep Clearing
Configuration Memory

Completely Clear

PROGRAM
= Low

Initialization

During initialization and configuration, user pins HDC, LDC,
< Completely clear - INIT and DONE provide status outputs for the system inter-
Once More face. The outputs LDC, INIT and DONE are held Low and

P HDC is held High starting at the initial application of power.

EXTEST*

SAMPLE/PRELOAD
BYPASS

CONFIGURE*

(+ if PROGRAM = High)

~1.3 ps per Frame

The open drain INIT pin is released after the final initializa-
tion pass through the frame addresses. There is a deliber-
Master Delays Before ate delay_before a Master-mode devic&cognizes an
v Sampling Mode Line inactive INIT. Two internal clocks after the INIT pin is recog-
nized as High, the device samples the MODE pin to deter-
mine the configuration mode. The appropriate interface
lines become active and the configuration preamble and
data can be loaded.

INIT
High? if
Master

Sample
Mode Line

Master CCLK
Goes Active

H

Load One
Configuration
Data Frame

Configuration

The 0010 preamble code indicates that the following 24 bits
represent the length count for serial modes. The length
count is the total number of configuration clocks needed to
load the complete configuration data. (Four additional con-
figuration clocks are required to complete the configuration
process, as discussed below.) After the preamble and the
length count have been passed through to any device in the
daisy chain, its DOUT is held High to prevent frame start
bits from reaching any daisy-chained devices. In Spar-
tanXL Express mode, the length count bits are ignored, and
DOUT is held Low, to disable the next device in the pseudo
daisy chain.

L, HDC Output

Pull INIT Low
and Stop

LDC Output

SAMPLE/PRELOAD
BYPASS

Configuration
Data to DOUT

A specific configuration bit, early in the first frame of a mas-
ter device, controls the configuration-clock rate and can
increase it by a factor of eight. Therefore, if a fast configu-
ration clock is selected by the bitstream, the slower clock
rate is used until this configuration bit is detected.

CCLK
Count Equals
Length
Count

Start-Up
Sequence

Each frame has a start field followed by the frame-configu-
ration data bits and a frame error field. If a frame data error
is detected, the FPGA halts loading, and signals the error

BYPASS by pulling the open-drain INIT pin Low. After all configura-
DSER? [ I Boundary Scan tion frames have been loaded into an FPGA using a serial
CONFICURE mode, DOUT again follows the input data so that the
s6076.01 remaining data is passed on to the next device. In Spar-

tanXL Express mode, when the first device is fully pro-

grammed, DOUT goes High to enable the next device in the
Figure 29: Power-up Configuration Sequence chain.

EXTEST
SAMPLE PRELOAD

1/0 Active
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Delaying Configuration After Power-Up

There are two methods of delaying configuration after
power-up: put a logic Low on the PROGRAM input, or pull
the bidirectional INIT pin Low, using an open-collector
(open-drain) driver. (See Figure 29 on page 33.)

A Low on the PROGRAM input is the more radical
approach, and is recommended when the power-supply
rise time is excessive or poorly defined. As long as PRO-
GRAM is Low, the FPGA keeps clearing its configuration
memory. When PROGRAM goes High, the configuration
memory is cleared one more time, followed by the begin-
ning of configuration, provided the INIT input is not exter-
nally held Low. Note that a Low on the PROGRAM input
automatically forces a Low on the INIT output. The Spartan
Series PROGRAM pin has a permanent weak pull-up.

Using an open-collector or open-drain driver to hold INIT
Low before the beginning of configuration causes the
FPGA to wait after completing the configuration memory
clear operation. When INIT is no longer held Low exter-
nally, the device determines its configuration mode by cap-
turing the state of the MODE pin, and is ready to start the
configuration process. A master device waits up to an addi-
tional 300 pus to make sure that any slaves in the optional
daisy chain have seen that INIT is High.

Configuration Through the Boundary Scan
Pins

Spartan Series devices can be configured through the
boundary scan pins. The basic procedure is as follows:

» Power up the FPGA with INIT held Low (or drive the
PROGRAM pin Low for more than 300 ns followed by a
High while holding INTT Low). Holding INIT Low allows
enough time to issue the CONFIG command to the
FPGA. The pin can be used as I/O after configuration if
a resistor is used to hold INIT Low.

¢ Issue the CONFIG command to the TMS input

« Wait for INIT to go High

« Sequence the boundary scan Test Access Port to the
SHIFT-DR state

* Toggle TCK to clock data into TDI pin.

The user must account for all TCK clock cycles after INIT
goes High, as all of these cycles affect the Length Count
compare.

For more detailed information, refer to the Xilinx application
note, “Boundary Scan in FPGA Devices.” This application
note applies to Spartan and SpartanXL devices.
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IF UNCONNECTED,
DEFAULT IS CCLK

READ_TRIGGER TRIG

DATA READ_DATA
> & >

READBACK OBUF

RIP

IBUF

Figure 30: Readback Schematic Example

Readback

The user can read back the content of configuration mem-
ory and the level of certain internal nodes without interfer-
ing with the normal operation of the device.

Readback not only reports the downloaded configuration
bits, but can also include the present state of the device,
represented by the content of all flip-flops and latches in
CLBs and I0Bs, as well as the content of function genera-
tors used as RAMs.

Readback of SpartanXL Express mode bitstreams results
in data that does not resemble the original bitstream,
because the bitstream format differs from other modes.

Spartan Series Readback does not use any dedicated pins,
but uses four internal nets (RDBK.TRIG, RDBK.DATA,
RDBK.RIP and RDBK.CLK) that can be routed to any 10B.
To access the internal Readback signals, place the READ-
BACK library symbol and attach the appropriate pad sym-
bols, as shown in Figure 30.

After Readback has been initiated by a Low-to-High transi-
tion on RDBK.TRIG, the RDBK.RIP (Read In Progress)
output goes High on the next rising edge of RDBK.CLK.
Subsequent rising edges of this clock shift out Readback
data on the RDBK.DATA net.

Readback data does not include the preamble, but starts
with five dummy bits (all High) followed by the Start bit
(Low) of the first frame. The first two data bits of the first
frame are always High.

Each frame ends with four error check bits. They are read
back as High. The last seven bits of the last frame are also
read back as High. An additional Start bit (Low) and an
11-bit Cyclic Redundancy Check (CRC) signature follow,
before RDBK.RIP returns Low.

Readback Options

Readback options are: Readback Capture, Readback
Abort, and Clock Select. They are set with the bitstream
generation software.

Readback Capture

When the Readback Capture option is selected, the read-
back data stream includes sampled values of CLB and IOB
signals. The rising edge of RDBK.TRIG latches the
inverted values of the four CLB outputs, the 10B output

51786_01

flip-flops and the input signals 11 and 12. Note that while
the bits describing configuration (interconnect, function
generators, and RAM content) are not inverted, the CLB
and 10B output signals are inverted. RDBK.TRIG is located
in the lower-left corner of the device.

When the Readback Capture option is not selected, the val-
ues of the capture bits reflect the configuration data origi-
nally written to those memory locations. If the RAM
capability of the CLBs is used, RAM data are available in
readback, since they directly overwrite the F and G func-
tion-table configuration of the CLB.

Readback Abort

When the Readback Abort option is selected, a
High-to-Low transition on RDBK.TRIG terminates the read-
back operation and prepares the logic to accept another
trigger.

After an aborted readback, additional clocks (up to one
readback clock per configuration frame) may be required to
re-initialize the control logic. The status of readback is indi-
cated by the output control net RDBK.RIP. RDBK.RIP is
High whenever a readback is in progress.

Clock Select

CCLK is the default clock. However, the user can insert
another clock on RDBK.CLK. Readback control and data
are clocked on rising edges of RDBK.CLK. If readback
must be inhibited for security reasons, the readback control
nets are simply not connected. RDBK.CLK is located in the
lower right chip corner.

Violating the Maximum High and Low Time
Specification for the Readback Clock

The readback clock has a maximum High and Low time
specification. In some cases, this specification cannot be
met. For example, if a processor is controlling readback, an
interrupt may force it to stop in the middle of a readback.
This necessitates stopping the clock, and thus violating the
specification.

The specification is mandatory only on clocking data at the
end of a frame prior to the next start bit. The transfer mech-
anism will load the data to a shift register during the last six
clock cycles of the frame, prior to the start bit of the follow-
ing frame. This loading process is dynamic, and is the
source of the maximum High and Low time requirements.
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Therefore, the specification only applies to the six clock
cycles prior to and including any start bit, including the
clocks before the first start bit in the readback data stream.
At other times, the frame data is already in the register and
the register is not dynamic. Thus, it can be shifted out just
like a regular shift register.

The user must precisely calculate the location of the read-
back data relative to the frame. The system must keep track
of the position within a data frame, and disable interrupts
before frame boundaries. Frame lengths and data formats
are listed in Table 16 and Table 17.

Readback with the XChecker Cable

The XChecker Universal Download/Readback Cable and
Logic Probe uses the readback feature for bitstream verifi-
cation. It can also display selected internal signals on the
computer screen, acting as a low-cost in-circuit emulator.

Spartan Program Readback Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are not measured directly. They are derived from benchmark timing patterns
that are taken at device introduction, prior to any process improvements.

The following guidelines reflect worst-case values over the recommended operating conditions.

Finished
Internal Net
rdbk. TRIG /

rdclic| W
@TRCL TRCH@

§ % 5§
{
@TRTRC» :TRCRTj\@ @TRTR;}TRC RTW@

{ C
) T

rdbk.RIP
> TRCRR@
rdbk.DATA {;DUMMYX DUMMY X ;VALID X VALID / o \
— TRCRD@ X1790
Spartan and SpartanXL Readback
Description Symbol Min Max Units
rdbk.TRIG rdbk.TRIG setup to initiate and abort Readback | 1 TrTRC 200 - ns
rdbk.TRIG hold to initiate and abort Readback 2 TRCRT 50 - ns
rdclk.1 rdbk.DATA delay 7 TrRcrRD - 250 ns
rdbk.RIP delay 6 TRcRR - 250 ns
High time 5 TrcH 250 500 ns
Low time 4 TreL 250 500 ns
Note 1: Timing parameters apply to all speed grades.

Note 2:

If rdbk. TRIG is High prior to Finished, Finished will trigger the first Readback.

4-36

January 6, 1999 (Version 1.4)



S XILINX®

Spartan and SpartanXL Families Field Programmable Gate Arrays

Configuration Switching Characteristics

Vee /[V‘ Tror
PROGRAM
< Tei
INIT

RE-PROGRAM

CCLK OUTPUT or INPUT

Mode Pins
(Required)
x1532_01

Master Mode

DONE RESPONSE

VALID X

— <— >300 ns

—» |[€+— <300ns

— <300 ns
110

Description Symbol Min Max Units
Power-On Reset TpoRr 40 130 ms
Program Latency Tp 30 200 Us per
CLB column
CCLK (output) Delay Ticck 40 250 ps
CCLK (output) Period, slow Tcelk 640 2000 ns
CCLK (output) Period, fast Tcelk 80 250 ns
Slave Mode
Description Symbol Min Max Units
Power-On Reset Tror 10 33 ms
Program Latency Tp 30 200 Us per
CLB column
CCLK (input) Delay (required) Ticck 4 ps
CCLK (input) Period (required) Tcelk 100 ns
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Spartan Detailed Specifications

Definition of Terms

In the following tables, some specifications may be designated as Advance or Preliminary. These terms are defined as
follows:

Advance: Initial estimates based on simulation and/or extrapolation from other speed grades, devices, or families.
Values are subject to change. Use as estimates, not for production.

Preliminary: Based on preliminary characterization. Further changes are not expected.
Unmarked:  Specifications not identified as either Advance or Preliminary are to be considered Final.
Notwithstanding the definition of the above terms, all specifications are subject to change without notice.

Except for pin-to-pin input and output parameters, the a.c. parameter delay specifications included in this document are
derived from measuring internal test patterns. All specifications are representative of worst-case supply voltage and junction
temperature conditions. The parameters included are common to popular designs and typical applications.

Spartan Absolute Maximum Ratings:

Symbol Description Value Units
Vee Supply voltage relative to GND -0.5t0 +7.0 \%
VN Input voltage relative to GND (Note 2, 3) -0.5t0 Ve +0.5 \
Vs Voltage applied to 3-state output (Note 2, 3) -0.5t0 Ve +0.5 \%

Tsto Storage temperature (ambient) -65 to +150 °C
TsoL Maximum soldering temperature (10 s @ 1/16 in. = 1.5 mm) +260 °C
T; Junction temperature | Plastic packages +125 °C

Note  1: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are

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

2: Maximum DC overshoot (above V) or undershoot (below GND) must be limited to either 0.5 V or 10 mA, whichever is
easier to achieve.

3: Maximum AC (during transitions) conditions are as follows; the device pins may undershoot to -2.0 V or overshoot to + 7.0 V,
provided this overshoot or undershoot lasts no more than 11 ns with a forcing current no greater than 100 mA.

Spartan Recommended Operating Conditions

Symbol Description Min Max Units
Vee Supply voltage relative to GND, T; = 0°C to +85°C Commercial 4.75 5.25 \%
Supply voltage relative to GND, T; = -40°C to +100°C  |Industrial 4.5 55 \%
ViH High-level input voltage TTL inputs 2.0 Vee \Y
CMOS inputs 70% 100% Vee
Vi Low-level input voltage TTL inputs 0 0.8 \%
CMOS inputs 0 20% Vee
TN Input signal transition time 250 ns

Note 1: At junction temperatures above those listed as Recommended Operating Conditions, all delay parameters increase by 0.35%
per °C.
Note 2: Input and output Measurement thresholds are: 1.5 V for TTL and 2.5 V for CMOS.
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Spartan DC Characteristics Over Operating Conditions

Symbol Description Min Max Units
Vou High-level output voltage @ gy = -4.0mA, Ve min TTL outputs 2.4 \
High-level output voltage @ Iy = -1.0mA, Ve min CMOS outputs Vee-0.5 \
VoL Low-level output voltage @ I, = 12.0mA, Ve min TTL outputs 0.4 \
(Note 1) CMOS outputs 0.4 Y,
lcco Quiescent FPGA supply current (Note 2) Commercial 3.0 mA
Industrial 6.0 mA
I Input or output leakage current -10 +10 HA
Cin Input capacitance (sample tested) 10 pF
IrPU Pad pull-up (when selected) @ V,\ = 0V (sample tested) 0.02 0.25 mA
IrPD Pad pull-down (when selected) @ V,\ = 5V (sample tested) 0.02 mA

Note 1: With 50% of the outputs simultaneously sinking 12mA, up to a maximum of 64 pins.
Note 2: With no output current loads, no active input pull-up resistors, all package pins at Vcc or GND, and the FPGA configured with a
Tie option.

Spartan Global Buffer Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values where one global clock input drives one vertical clock line in each accessible column, and where all
accessible I0B and CLB flip-flops are clocked by the global clock net.

When fewer vertical clock lines are connected, the clock distribution is faster; when multiple clock lines per column are driven
from the same global clock, the delay is longer. For more specific, more precise, and worst-case guaranteed data, reflecting
the actual routing structure, use the values provided by the static timing analyzer (TRCE in the Xilinx Development System)
and back-annotated to the simulation netlist. These path delays, provided as a guideline, have been extracted from the static
timing analyzer report. All timing parameters assume worst-case operating conditions (supply voltage and junction

temperature).
Speed Grade -4 -3 .
— - Units
Description Symbol Device Max Max
From pad through Primary buffer, to any clock K Tpg XCS05 2.0 4.0 ns
XCS10 24 4.3 ns
XCS20 2.8 5.4 ns
XCS30 3.2 5.8 ns
XCS40 35 6.4 ns
From pad through Secondary buffer, to any clock K Tsg XCS05 25 4.4 ns
XCS10 29 4.7 ns
XCS20 3.3 5.8 ns
XCS30 3.6 6.2 ns
XCS40 3.9 6.7 ns
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Spartan CLB Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. All timing
parameters assume worst-case operating conditions (supply voltage and junction temperature). Values apply to all Spartan

devices and expressed in nanoseconds unless otherwise noted.

Speed Grade

-4

-3

(for export control purposes)

Description Symbol Min Max Min | Max units
Clocks
Clock High time Ten 3.0 4.0 ns
Clock Low time TeL 3.0 4.0 ns
Combinatorial Delays
F/G inputs to X/Y outputs Tio 1.2 1.6 ns
F/G inputs via H to X/Y outputs Tivo 2.0 2.7 ns
C inputs via H1 via H to X/Y outputs Thhio 17 2.2 ns
CLB Fast Carry Logic
Operand inputs (F1, F2, G1, G4) to CoyTt Topcy 1.7 2.1 ns
Add/Subtract input (F3) to Coyt Tascy 2.8 3.7 ns
Initialization inputs (F1, F3) to Coyt Tincy 12 14 ns
Cn through function generators to X/Y outputs | Tgypm 2.0 2.6 ns
Cinto CouyT, bypass function generators Teyp 0.5 0.6 ns
Sequential Delays
Clock K to Flip-Flop outputs Q Tecko 21 2.8 ns
Setup Time before Clock K
F/G inputs Tick 1.8 2.4 ns
F/G inputs via H TiHck 2.9 3.9 ns
C inputs via H1 through H ThHick 2.3 3.3 ns
C inputs via DIN Tpick 13 2.0 ns
C inputs via EC Tecck 2.0 2.6 ns
C inputs via S/R, going Low (inactive) Trek 25 4.0 ns
Hold Time after Clock K
All Hold times, all devices 0.0 0.0 ns
Set/Reset Direct
Width (High) TrPwW 3.0 4.0 ns
Delay from C inputs via S/R, going High to Q TriO 3.0 4.0 ns
Global Set/Reset
Minimum GSR Pulse Width TMRW 11.5 13.5 ns
Delay from GSR input to any Q TMRO See page 45 for Trg, values per device.
Toggle Frequency (MHz) Froc 166 125 MHz

4-40

January 6, 1999 (Version 1.4)



2:X||_|NX® Spartan and SpartanXL Families Field Programmable Gate Arrays

Spartan CLB RAM Synchronous (Edge-Triggered) Write Operation Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. All timing
parameters assume worst-case operating conditions (supply voltage and junction temperature). Values apply to all Spartan
devices and are expressed in nanoseconds unless otherwise noted.

. Speed Grade -4 -3 )
Single Port RAM Units
Size Symbol Min Max Min Max
Write Operation
Address write cycle time (clock K period) 16x2 | Twes 8.0 11.6 ns
32x1 TWCTS 8.0 11.6 ns
Clock K pulse width (active edge) 16x2 | Twpes 4.0 5.8 ns
32x1 | Twers 4.0 5.8 ns
Address setup time before clock K 16x2 | Tass 15 2.0 ns
32x1 | Tasts 15 2.0 ns
Address hold time after clock K 16x2 | Tans 0.0 0.0 ns
32x1 | TauTs 0.0 0.0 ns
DIN setup time before clock K 16x2 | Tpss 15 2.7 ns
32x1 TDSTS 1.5 1.7 ns
DIN hold time after clock K 16x2 | Tpus 0.0 0.0 ns
32x1 TDHTS 0.0 0.0 ns
WE setup time before clock K 16x2 | Twss 15 1.6 ns
32x1 | Twsts 15 1.6 ns
WE hold time after clock K 16x2 | TwHs 0.0 0.0 ns
32x1 | Twuts 0.0 0.0 ns
Data valid after clock K 16x2 | Twos 6.5 7.9 ns
32x1 | Twors 7.0 9.3 ns
Read Operation
Address read cycle time 16x2 |Trc 2.6 2.6 ns
32x1 | Tgret 3.8 3.8 ns
Data Valid after address change (no Write 16x2 |[Tjo 1.2 1.6 ns
Enable) 32x1 | Tiho 2.0 2.7 ns
Address setup time before clock K 16x2 | Tick 1.8 2.4 ns
32x1 | Tiek 2.9 3.9 ns

Note: Timing for 16 x 1 RAM option is identical to 16 x 2 RAM timing.
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Spartan CLB RAM Synchronous (Edge-Triggered) Write Operation Guidelines (continued)

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. All timing
parameters assume worst-case operating conditions (supply voltage and junction temperature). Values apply to all Spartan

devices and are expressed in nanoseconds unless otherwise noted.

Speed Grade -4 -3
Dual Port RAM Units
Size | Symbol Min Max Min Max

Write Operation

Address write cycle time (clock K period) 16x1 | Tweps 8.0 11.6 ns
Clock K pulse width (active edge) 16x1 | Tywpps 4.0 5.8 ns
Address setup time before clock K 16x1 | Tasps 15 2.1 ns
Address hold time after clock K 16x1 | Tanps 0.0 0.0 ns
DIN setup time before clock K 16x1 | Tpsps 15 1.6 ns
DIN hold time after clock K 16x1 | TpHDs 0.0 0.0 ns
WE setup time before clock K 16x1 | Tywsps 15 1.6 ns
WE hold time after clock K 16x1 | T\wwhps 0.0 0.0 ns
Data valid after clock K 16x1 | Twobs 6.5 7.0 ns

Note 1: Read Operation Timing for 16x1 dual-port RAM option is identical to 16x2 single-port RAM timing.

Spartan CLB RAM Synchronous (Edge-Triggered) Write Timing

WCLK (K) WCLK (K)
WE WE
T
Toss DHS Tosps ToHps
DATAIN DATA IN
T T
ASS AHS Tasps Tarps
ADDRESS ADDRESS
T
Tio T Lo Lo ILO
~—;WOS Twobs .}
DATA OUT OLD NEW DATA OUT OLD NEW
X6461 X6474
Single Port Dual Port
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Spartan Pin-to-Pin Output Parameter Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Pin-to-pin timing parameters are derived from measuring external and internal test patterns and are
guaranteed over worst-case operating conditions (supply voltage and junction temperature). Listed below are representative
values for typical pin locations and normal clock loading. For more specific, more precise, and worst-case guaranteed data,
reflecting the actual routing structure, use the values provided by the static timing analyzer (TRCE in the Xilinx Development
System) and back-annotated to the simulation netlist. These path delays, provided as a guideline, have been extracted from
the static timing analyzer report.

Spartan Output Flip-Flop, Clock-to-Out

Speed Grade -4 -3 Unit
nits
Description Symbol Device Max Max

Global Primary Clock to TTL Output using OFF

Fast T|CKOF XCS05 53 8.7 ns
XCS10 5.7 9.1 ns
XCS20 6.1 9.3 ns
XCS30 6.5 9.4 ns
XCS40 6.8 10.2 ns

Slew-rate limited Ticko XCS05 9.0 11.5 ns
XCS10 9.4 12.0 ns
XCS20 9.8 12.2 ns
XCS30 10.2 12.8 ns
XCS40 10.5 12.8 ns

Global Secondary Clock to TTL Output using OFF

Fast T|CKSOF XCS05 5.8 9.2 ns
XCS10 6.2 9.6 ns
XCS20 6.6 9.8 ns
XCS30 7.0 9.9 ns
XCS40 7.3 10.7 ns

Slew-rate limited Tickso XCS05 9.5 12.0 ns
XCS10 9.9 12.5 ns
XCS20 10.3 12.7 ns
XCS30 10.7 13.2 ns
XCS40 11.0 14.3 ns

Delay Adder for CMOS Outputs Option

Fast Temosor | All devices 0.8 1.0 ns

Slew-rate Limited Temoso All devices 15 2.0 ns

OFF = Output Flip-Flop

Note 1: Listed above are representative values where one global clock input drives one vertical clock line in each accessible column,
and where all accessible IOB and CLB flip-flops are clocked by the global clock net.
Note 2: Output timing is measured at ~50% V¢ threshold with 50 pF external capacitive load. For different loads, see Figure 31.

Capacitive Load Factor Figure 31: Delay Factor at Various Capacitive Loads

Figure 31 shows the relationship between 1/0 output delay ° } .
and load capacitance. It allows a user to adjust the speci-
fied output delay if the load capacitance is different than
50 pF. For example, if the actual load capacitance is
120 pF, add 2.5 ns to the specified delay. If the load capac-
itance is 20 pF, subtract 0.8 ns from the specified output
delay. Figure 31 is usable over the specified operating con-
ditions of voltage and temperature and is independent of 0O 20 40 60 80 100 120 140

the output slew rate control. Capacitance (pF)

N

[y

o

Delta Delay (ns)

'
[y

'
N
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Spartan Pin-to-Pin Input Parameter Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Pin-to-pin timing parameters are derived from measuring external and internal test patterns and are
guaranteed over worst-case operating conditions (supply voltage and junction temperature). Listed below are representative

values for typical pin locations and normal clock loading.

Spartan Primary and Secondary Setup and Hold

Speed Grade -4 -3 Units
Description Symbol Device Min Min

Input Setup/Hold Times Using Primary Clock and IFF

No Delay Tpsur/Tpue | XCS05 | 1.2/1.7 1.8/25 ns
XCS10 1.0/23 15/34 ns
XCS20 0.8/2.7 1.2/4.0 ns
XCS30 0.6/3.0 0.9/45 ns
XCS40 0.4/35 0.6/5.2 ns

With Delay Tesu/TpH XCS05 43/0.0 6.0/0.0 ns
XCs10 43/0.0 6.0/0.0 ns
XCS20 4.3/0.0 6.0/0.0 ns
XCS30 4.3/0.0 6.0/0.0 ns
XCS40 5.3/0.0 6.8/0.0 ns

Input Setup/Hold Times Using Secondary Clock and IFF

No Delay TSSUF/TSHF XCS05 09/2.2 1.5/3.0 ns
XCs10 0.7/2.8 1.2/3.9 ns
XCS20 05/3.2 09/45 ns
XCS30 0.3/35 0.6/5.0 ns
XCS40 0.1/4.0 0.3/5.7 ns

With Delay Tssu/TsH XCSO05 4.0/0.0 5.7/0.0 ns
XCS10 4.0/0.0 5.7/0.0 ns
XCS20 4.0/0.5 5.7/0.5 ns
XCS30 4.0/0.5 5.7/0.5 ns
XCS40 5.0/0.0 6.5/0.0 ns

IFF = Input Flip-Flop or Latch

Note 1: Setup time is measured with the fastest route and the lightest load. Hold time is measured using the furthest distance and a

reference load of one clock pin per IOB/CLB.
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Spartan IOB Input Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. These path
delays, provided as a guideline, have been extracted from the static timing analyzer report. All timing parameters assume
worst-case operating conditions (supply voltage and junction temperature).

Speed Grade -4 -3 Units
Description Symbol | Device Min | Max | Min [ Max

Setup Times - TTL Inputs (Note 1)

Clock Enable (EC) to Clock (IK), no delay Teck | All devices | 1.6 2.1 ns

Pad to Clock (IK), no delay Tpick | All devices | 1.5 2.0 ns

Hold Times

Clock Enable (EC) to Clock (IK), no delay Tikec | All devices | 0.0 0.9 ns

All Other Hold Times All devices | 0.0 0.0 ns

Propagation Delays - TTL Inputs (Note 1)

Padto 11, 12 Tpp | All devices 15 2.0 ns

Pad to 11, 12 via transparent input latch, no delay Tpr | All devices 2.8 3.6 ns

Clock (IK) to 11, 12 (flip-flop) Tikri | All devices 2.7 2.8 ns

Clock (IK) to 11, 12 (latch enable, active Low) Tiku | All devices 3.2 3.9 ns

Delay Adder for Input with Delay Option

Tecikp = Tecik * Tpelay Tpelay XCS05 3.6 4.0 ns

Tpickp = Trick * Tpelay XCS10 3.7 4.1 ns

TeoL = TeLi + Tpelay XCS20 3.8 4.2 ns
XCS30 4.5 5.0 ns
XCS40 5.5 5.5 ns

Global Set/Reset

Minimum GSR Pulse Width Tmrw | All devices | 11.5 13.5 ns

Delay from GSR input to any Q TRRI XCS05 9.0 11.3 ns
XCs10 9.5 11.9 ns
XCs20 10.0 12.5 ns
XCS30 10.5 13.1 ns
XCS40 11.0 13.8 ns

Note 1: Delay adder for CMOS Inputs option: for -3 speed grade, add 0.4 ns; for -4 speed grade, add 0.2 ns.

Note 2: Input pad setup and hold times are specified with respect to the internal clock (IK). For setup and hold times with respect to the
clock input, see the pin-to-pin parameters in the Pin-to-Pin Input Parameters table.

Note 3: Voltage levels of unused pads, bonded or unbonded, must be valid logic levels. Each can be configured with the internal pull-up
(default) or pull-down resistor, or configured as a driven output, or can be driven from an external source.
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Spartan IOB Output Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. These path
delays, provided as a guideline, have been extracted from the static timing analyzer report. All timing parameters assume
worst-case operating conditions (supply voltage and junction temperature). Values are expressed in nanoseconds unless

otherwise noted.

Speed Grade -4 -3 )
Units
Description Symbol Device Min Max Min Max
Clocks
Clock High TcH All devices 3.0 4.0 ns
Clock Low TeoL All devices 3.0 4.0 ns
Propagation Delays - TTL Outputs (Notes 1, 2)
Clock (OK) to Pad, fast TokpoE All devices 3.3 4.5 ns
Clock (OK to Pad, slew-rate limited Tokpos All devices 6.9 7.0 ns
Output (O) to Pad, fast Tope All devices 3.6 4.8 ns
Output (O) to Pad, slew-rate limited Tops All devices 7.2 7.3 ns
3-state to Pad hi-Z (slew-rate independent) T1sHz All devices 3.0 3.8 ns
3-state to Pad active and valid, fast TrsonE All devices 6.0 7.3 ns
3-state to Pad active and valid, slew-rate limited | Ttgons All devices 9.6 9.8 ns
Setup and Hold Times
Output (O) to clock (OK) setup time Took All devices 25 3.8 ns
Output (O) to clock (OK) hold time Toko All devices 0.0 0.0 ns
Clock Enable (EC) to clock (OK) setup time Tecok All devices 2.0 2.7 ns
Clock Enable (EC) to clock (OK) hold time Tokec All devices 0.0 0.5 ns
Global Set/Reset
Minimum GSR pulse width TMmrRwW All devices | 11.5 13.5 ns
Delay from GSR input to any Pad TrrPO XCS05 12.0 15.0 ns
XCs10 125 15.7 ns
XCS20 13.0 16.2 ns
XCS30 135 16.9 ns
XCS40 14.0 17.5 ns

Note 1: Delay adder for CMOS Outputs option (with fast slew rate option): for -3 speed grade, add 1.0 ns; for -4 speed grade, add 0.8 ns.
Note 2: Delay adder for CMOS Outputs option (with slow slew rate option): for -3 speed grade, add 2.0 ns; for -4 speed grade, add 1.5 ns.
Note 3: Output timing is measured at ~50% V¢ threshold, with 50 pF external capacitive loads including test fixture. Slew-rate limited
output riseffall times are approximately two times longer than fast output rise/fall times.
Note 4: Voltage levels of unused pads, bonded or unbonded, must be valid logic levels. Each can be configured with the internal pull-up
(default) or pull-down resistor, or configured as a driven output, or can be driven from an external source.
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SpartanXL Detailed Specifications

Definition of Terms

In the following tables, some specifications may be designated as Advance or Preliminary. These terms are defined as
follows:

Initial estimates based on simulation and/or extrapolation from other speed grades, devices, or device
families. Values are subject to change. Use as estimates, not for production.
Preliminary: Based on preliminary characterization. Further changes are not expected.
Unmarked: Specifications not identified as either Advance or Preliminary are to be considered Final.

Advance:

Notwithstanding the definition of the above terms, all specifications are subject to change without notice.

SpartanXL Absolute Maximum Ratings:

Symbol Description Value Units

Vee Supply voltage relative to GND -0.5t04.0 \%
5V Tolerant I/O Checked? 3 -0.5t05.5 \%

VN Input voltage relative to GND (Note 2, 3, 4, 5) Ty ——, 0510 Voo 05 v
5V Tolerant I/O Checked? 3 -0.5t05.5 \Vj

Vs Voltage applied to 3-state output (Note 2, 3, 4, 5) NPYSVES———— 050 Ve 705 v
Vet Longest Supply Voltage Rise Time from 1V to 3V 50 ms
Tstg Storage temperature (ambient) -65 to +150 °C
TsoL Maximum soldering temperature (10 s @ 1/16 in. = 1.5 mm) +260 °C
T; Junction temperature | Plastic packages +125 °C

Note 1. Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are

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

2: With 5V Tolerant I/Os Selected, the Maximum DC overshoot (above V) must be limited to either 5.5 V or 10 mA and
undershoot (below GND) must be limited to either 0.5 V or 10 mA, whichever is easier to achieve.

3: With 5V Tolerant I/Os Selected, the Maximum AC (during transitions) conditions are as follows; the device pins may
undershoot to -2.0 V or overshoot to + 7.0 V, provided this overshoot or undershoot lasts no more than 11 ns with a forcing
current no greater than 100 mA.

4: Without 5V Tolerant I/Os Selected, the Maximum DC overshoot or undershoot must be limited to either 0.5 V or 10 mA,
whichever is easier to achieve.

5: Without 5V Tolerant I/Os Selected, the Maximum AC conditions are as follows; the device pins may undershoot to -2.0 V or
overshoot to V¢ + 2.0 V, provided this overshoot or undershoot lasts no more than 11 ns with a forcing current no greater
than 100 mA.

SpartanXL Recommended Operating Conditions

Symbol Description Min Max Units
Supply voltage relative to GND, T; = 0°C to +85°C | Commercial 3.0 3.6 \%
Vee Supply voltage relative to GND, T; = -40°C to Industrial 3.0 3.6 \%
+100°C
Vi High-level input voltage 50% of V¢ 5.5 \
Vi Low-level input voltage 0 30% of Ve \Y
TIN Input signal transition time 250 ns
Notes: At junction temperatures above those listed as Operating Conditions, all delay parameters increase by 0.35% per °C.
Input and output measurement threshold is ~50% of V.
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SpartanXL DC Characteristics Over Operating Conditions

Symbol Description Min Max Units
Vo High-level output voltage @ loy = -4.0 mA, Ve min (LVTTL) 2.4 \%
High-level output voltage @ loy = -500 pA, (LVCMOS) 90% V¢ \%
Low-level output voltage @ lg, = 12.0 mA, Ve min (LVTTL) (Note 1) 0.4 \%
VoL Low-level output voltage @ I, = 24.0 mA, V¢ min (LVTTL) (Note 2) 0.4 \%
Low-level output voltage @ 1o, = 1500 pA, (LVCMOS) 10% Ve \%
VpRr Data Retention Supply Voltage (below which configuration data may be lost) 25 \%
lcco Quiescent FPGA supply current (Note 3) 5 mA
lccpp Power Down FPGA supply current (Note 4) 100 HA
I Input or output leakage current -10 +10 HA
CiN Input capacitance (sample tested) 10 pF
IrPU Pad pull-up (when selected) @ V;, = 0V (sample tested) 0.02 0.25 mA
IrPD Pad pull-down (when selected) @ V;, = 3.3V (sample tested) 0.02 mA

Note 1: With up to 64 pins simultaneously sinking 12 mA (default mode).

Note 2: With up to 64 pins simultaneously sinking 24mA (with 24 mA option selected).

Note 3: With no output current loads, no active input pull-up resistors, all package pins at Vcc or GND, and the FPGA configured with
the Tie option.

Note 4: With PWRDWN active and 5V tolerance not selected. Typical value.

SpartanXL Global Buffer Switching Characteristic Guidelines

Testing of the switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values where one global clock input drives one vertical clock line in each accessible column, and where all
accessible 10B and CLB flip-flops are clocked by the global clock net.

When fewer vertical clock lines are connected, the clock distribution is faster; when multiple clock lines per column are driven
from the same global clock, the delay is longer. For more specific, more precise, and worst-case guaranteed data, reflecting
the actual routing structure, use the values provided by the static timing analyzer (TRCE in the Xilinx Development System)
and back-annotated to the simulation netlist. These path delays, provided as a guideline, have been extracted from the static
timing analyzer report. All timing parameters assume worst-case operating conditions (supply voltage and junction
temperature).

Speed Grade -5 -4 Unit
nits
Description Symbol Device Max Max

From pad through buffer, to any clock K TaeLs XCS05XL 11 15 ns
XCS10XL 1.5 1.8 ns

XCS20XL 1.8 21 ns

XCS30XL 2.1 25 ns

XCS40XL 2.4 2.8 ns

Advance | Preliminary
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SpartanXL CLB Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. All timing
parameters assume worst-case operating conditions (supply voltage and junction temperature). Values apply to all
SpartanXL devices and expressed in nanoseconds unless otherwise noted.

Speed Grade -5 -4 Units
Description Symbol Min Max Min | Max
Clocks
Clock High time Ten 2.0 2.3 ns
Clock Low time TeoL 2.0 2.3 ns
Combinatorial Delays
F/G inputs to X/Y outputs Tio 1.0 11 ns
F/G inputs via H to X/Y outputs Tivo 17 2.0 ns
F/G inputs via transparent latch to Q outputs Tito 15 1.8 ns
C inputs via H1 via H to X/Y outputs Thhio 15 1.8 ns
Sequential Delays
Clock K to Flip-Flop or latch outputs Q Tcko 12 14 ns
Setup Time before Clock K
F/G inputs Tick 0.6 0.7 ns
F/G inputs via H TiHck 13 1.6 ns
Hold Time after Clock K
All Hold times, all devices 0.0 0.0 ns
Set/Reset Direct
Width (High) TrPwW 25 2.8 ns
Delay from C inputs via S/R, going High to Q TriO 2.3 2.7 ns
Global Set/Reset
Minimum GSR Pulse Width TMRW 10.5 115 ns
Delay from GSR input to any Q TMRQ See page 54 for Trg, values per device.
Toggle Frequency (MHz) Froc 200 179 MHz
(for export control purposes)
Advance Preliminary
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SpartanXL CLB RAM Synchronous (Edge-Triggered) Write Operation Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. All timing
parameters assume worst-case operating conditions (supply voltage and junction temperature). Values apply to all
SpartanXL devices and are expressed in nanoseconds unless otherwise noted.

. Speed Grade -5 -4 )
Single Port RAM Units
Size! Symbol Min Max Min Max
Write Operation
Address write cycle time (clock K period) 16x2 | Twes 7.7 8.4 ns
32x1 TWCTS 7.7 8.4 ns
Clock K pulse width (active edge) 16x2 | Twpes 3.1 3.6 ns
32x1 | Twers 3.1 3.6 ns
Address setup time before clock K 16x2 | Tass 13 15 ns
32x1 | Tasts 15 1.7 ns
DIN setup time before clock K 16x2 | Tpss 15 17 ns
32x1 | Tpsts 1.8 2.1 ns
WE setup time before clock K 16x2 | Twss 14 1.6 ns
32x1 TWSTS 1.3 1.5 ns
All hold times after clock K 0.0 0.0 ns
Data valid after clock K 16x2 | Twos 4.5 5.3 ns
32x1 | Twors 5.4 6.3 ns
Read Operation
Address read cycle time 16x2 | Tre 2.6 3.1 ns
32x1 | Trer 3.8 5.5 ns
Data Valid after address change (no Write 16x2 | T 0 1.0 11 ns
Enable) 32x1 | TiHo 1.7 2.0 ns
Address setup time before clock K 16x2 | Tick 0.6 0.7 ns
32x1 T|HCK 1.3 1.6 ns
Advance Preliminary

Note 1: Timing for 16 x 1 RAM option is identical to 16 x 2 RAM timing.
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SpartanXL CLB RAM Synchronous (Edge-Triggered) Write Operation Guidelines (cont.)

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. All timing
parameters assume worst-case operating conditions (supply voltage and junction temperature). Values apply to all
SpartanXL devices and are expressed in nanoseconds unless otherwise noted.

Speed Grade -5 -4 _

Dual Port RAM _ _ _ Units
Size! | Symbol Min Max Min Max
Write Operation
Address write cycle time (clock K period) 16x1 | Tweps 7.7 8.4 ns
Clock K pulse width (active edge) 16x1 | Tywpps 3.9 3.6 ns
Address setup time before clock K 16x1 |Tasps 13 15 ns
DIN setup time before clock K 16x1 | Tpsps 17 2.0 ns
WE setup time before clock K 16x1 | Tywsps 14 1.6 ns
All hold time after clock K 16x1 0.0 0.0 ns
Data valid after clock K 16x1 | Twobps 5.2 6.1 ns
Advance Preliminary

Note 1: Read Operation Timing for 16x1 dual-port RAM option is identical to 16x2 single-port RAM timing.

Spartan CLB RAM Synchronous (Edge-Triggered) Write Timing

WCLK (K) WCLK (K)
WE WE
T
Toss DHS Tosps ToHps
DATA IN DATA IN
T T
ASS AHS Tasps TaDs
ADDRESS ADDRESS
T
Tio - Tio Tio Lo
oS, Twobs
DATA OUT oLD L NEW DATA OUT OLD NEW
X6461 X6474
Single Port Dual Port
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SpartanXL Pin-to-Pin Output Parameter Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Pin-to-pin timing parameters are derived from measuring external and internal test patterns and are
guaranteed over worst-case operating conditions (supply voltage and junction temperature). Listed below are representative
values for typical pin locations and normal clock loading.

SpartanXL Output Flip-Flop, Clock-to-Out

Speed Grade -5 -4 .
— - Units
Description Symbol Device Max Max

Global Clock to Output using OFF

Fast TickoE XCS05XL 4.4 5.2 ns
XCS10XL 4.7 55 ns
XCS20XL 5.0 5.8 ns
XCS30XL 5.3 6.2 ns
XCS40XL 5.6 6.5 ns

Slew Rate Adjustment

For output slow option add TsLow All Devices 15 1.7 ns

OFF = Output Flip Flop Advance Prelim

Note 1: Output delays are representative values where one global clock input drives one vertical clock line in each accessible column,
and where all accessible IOB and CLB flip-flops are clocked by the global clock net.
Note 2: Output timing is measured at ~50% V¢ threshold with 50 pF external capacitive load.

SpartanXL Pin-to-Pin Input Parameter Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Pin-to-pin timing parameters are derived from measuring external and internal test patterns and are
guaranteed over worst-case operating conditions (supply voltage and junction temperature). Listed below are representative
values for typical pin locations and normal clock loading.

SpartanXL Setup and Hold

Speed Grade -5 -4 Units
Description Symbol Device Min Min

Input Setup/Hold Times Using Global Clock and IFF

No Delay Tsue/THE XCSO05XL 1.1/2.0 1.6/2.6 ns
XCS10XL 1.0/2.2 1.5/2.8 ns
XCS20XL 0.9/2.4 1.4/3.0 ns
XCS30XL 0.8/2.6 1.3/3.2 ns
XCS40XL 0.7/2.8 1.2/3.4 ns

Full Delay Tsu/Th XCSO05XL 3.9/0.0 5.1/0.0 ns
XCS10XL 4.1/0.0 5.3/0.0 ns
XCS20XL 4.3/0.0 5.5/0.0 ns
XCS30XL 4.5/0.0 5.7/0.0 ns
XCS40XL 4.7/0.0 5.9/0.0 ns

IFF = Input Flip-Flop or Latch Advance Prelim

Note 3: Setup time is measured with the fastest route and the lightest load. Hold time is measured using the furthest distance and a
reference load of one clock pin per IOB/CLB.
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Capacitive Load Factor

Figure 32 shows the relationship between 1/0 output delay
and load capacitance. It allows a user to adjust the speci-
fied output delay if the load capacitance is different than
50 pF. For example, if the actual load capacitance is
120 pF, add 2.5 ns to the specified delay. If the load capac-
itance is 20 pF, subtract 0.8 ns from the specified output
delay. Figure 32 is usable over the specified operating con-
ditions of voltage and temperature and is independent of
the output slew rate control.

N

Delta Delay (ns)

0 20 40 60 80 100 120 140
Capacitance (pF)

X8257

Figure 32: Delay Factor at Various Capacitive Loads
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SpartanXL I0B Input Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. These path
delays, provided as a guideline, have been extracted from the static timing analyzer report. All timing parameters assume
worst-case operating conditions (supply voltage and junction temperature).

Speed Grade -5 -4 Units
Description Symbol | Device Min | Max | Min [ Max

Setup Times

Clock Enable (EC) to Clock (IK) Teck | All devices]| 0.0 0.0 ns

Pad to Clock (IK), no delay Tpick | All devices | 1.0 1.2 ns

Pad to Fast Capture Latch Enable (OK), no delay Tpock | All devices | 0.7 0.8 ns

Hold Times

All Hold Times All devices | 0.0 | | 0.0 | ns

Propagation Delays

Padto 11, 12 Tpp | All devices 0.9 11 ns

Pad to 11, 12 via transparent input latch, no delay Tpr | All devices 21 25 ns

Clock (IK) to 11, 12 (flip-flop) Tikrr | All devices 1.0 11 ns

Clock (IK) to 11, 12 (latch enable, active Low) Tiku | All devices 11 12 ns

Delay Adder for Input with Delay Option

Tpickp = Tpick * Tpelay Tpelay | XCSO5XL | 4.0 4.7 ns

TeoL = TeLi + Toelay XCS10XL | 4.8 5.6 ns
XCS20XL | 5.0 5.9 ns
XCS30XL | 5.5 6.5 ns
XCS40XL | 6.5 7.6 ns

Global Set/Reset

Minimum GSR Pulse Width Tmrw | All devices | 10.5 11.5 ns

Delay from GSR input to any Q TRRI XCSO05XL 9.0 10.5 ns
XCS10XL 9.5 11.0 ns
XCS20XL 10.0 11.5 ns
XCS30XL 11.0 125 ns
XCS40XL 12.0 135 ns

Advance Preliminary

Note 1: Input pad setup and hold times are specified with respect to the internal clock (IK). For setup and hold times with respect to the

clock input, see the pin-to-pin parameters in the Pin-to-Pin Input Parameters table.

Note 2: Voltage levels of unused pads, bonded or unbonded, must be valid logic levels. Each can be configured with the internal pull-up
(default) or pull-down resistor, or configured as a driven output, or can be driven from an external source.
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SpartanXL 10B Output Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing methods specified by MIL-M-38510/605. All devices are 100%
functionally tested. Internal timing parameters are derived from measuring internal test patterns. Listed below are
representative values. For more specific, more precise, and worst-case guaranteed data, use the values reported by the
static timing analyzer (TRCE in the Xilinx Development System) and back-annotated to the simulation netlist. These path
delays, provided as a guideline, have been extracted from the static timing analyzer report. All timing parameters assume
worst-case operating conditions (supply voltage and junction temperature). Values are expressed in nanoseconds unless
otherwise noted.

Speed Grade -5 -4 )
Units
Description Symbol Device Min Max Min Max
Clocks
Clock High TcH All devices 2.0 2.3 ns
Clock Low TeoL All devices 2.0 2.3 ns
Propagation Delays
Clock (OK) to Pad, fast TokpoE All devices 3.2 3.7 ns
Output (O) to Pad, fast Topk All devices 25 2.9 ns
3-state to Pad hi-Z (slew-rate independent) T1sHz All devices 2.8 3.3 ns
3-state to Pad active and valid, fast TrsonE All devices 2.6 3.0 ns
Output (O) to Pad via Output Mux, fast TorpE All devices 3.7 4.4 ns
Select (OK) to Pad via Output Mux, fast TokepE All devices 3.3 3.9 ns
For Output SLOW option add TsLow All devices 15 1.7 ns
Setup and Hold Times
Output (O) to clock (OK) setup time Took All devices 0.5 0.5 ns
Output (O) to clock (OK) hold time Toko All devices 0.0 0.0 ns
Clock Enable (EC) to clock (OK) setup time Tecok All devices 0.0 0.0 ns
Clock Enable (EC) to clock (OK) hold time Tokec All devices 0.1 0.1 ns
Global Set/Reset
Minimum GSR pulse width TMmrRwW All devices | 10.5 115 ns
Delay from GSR input to any Pad TrPo XCS05XL 11.9 14.0 ns
XCS10XL 12.4 145 ns
XCS20XL 12.9 15.0 ns
XCS30XL 13.9 16.0 ns
XCS40XL 14.9 17.0 ns
Advance Preliminary

Note 1: Output timing is measured at ~50% V¢ threshold, with 50 pF external capacitive loads including test fixture. Slew-rate limited
output rise/fall times are approximately two times longer than fast output rise/fall times.

Note 2: Voltage levels of unused pads, bonded or unbonded, must be valid logic levels. Each can be configured with the internal
pull-up (default) or pull-down resistor, or configured as a driven output, or can be driven from an external source.
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Pin Descriptions
There are three types of pins in the Spartan Series devices:

* Permanently dedicated pins
« User I/O pins that can have special functions
¢ Unrestricted user-programmable /O pins.

Before and during configuration, all outputs not used for the
configuration process are 3-stated with the I/O pull-up
resistor network activated. After configuration, if an IOB is

Table 18: Pin Descriptions

unused it is configured as an input with the 1/O pull-up
resistor network remaining activated.

Any user I/O can be configured to drive the Global
Set/Reset net GSR or the global three-state net, GTS. See
“Global Signals: GSR and GTS” on page 21 for more infor-
mation.

Device pins for Spartan Series devices are described in
Table 18.

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

Pin Description

Permanently Dedicated Pins

VCC X X

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

GND X X nected.

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

CCLK lorO |

this exception.

During configuration, Configuration Clock (CCLK) is an output in Master mode and is an
input in Slave mode. After configuration, CCLK has a weak pull-up resistor and can be
selected as the Readback Clock. There is no CCLK High or Low time restriction on
Spartan Series devices, except during Readback. See “Violating the Maximum High
and Low Time Specification for the Readback Clock” on page 35 for an explanation of

DONE le} O

DONE is a bidirectional signal with an optional internal pull-up resistor. As an output, it
indicates the completion of the configuration process. As an input, a Low level on DONE
can be configured to delay the global logic initialization and the enabling of outputs.
The optional pull-up resistor is selected as an option in the program that creates the
configuration bitstream. The resistor is included by default.

PROGRAM | |

up to Vcc.

PROGRAM is an active Low input that forces the FPGA to clear its configuration mem-
ory. It is used to initiate a configuration cycle. When PROGRAM goes High, the FPGA
finishes the current clear cycle and executes another complete clear cycle, before it
goes into a WAIT state and releases INIT.

The PROGRAM pin has a permanent weak pull-up, so it need not be externally pulled

MODE
(Spartan)
MO, M1
(SpartanXL)

mode to be used.

The Mode input(s) are sampled after INIT goes High to determine the configuration

During configuration, these pins have a weak pull-up resistor. For the most popular con-
figuration mode, Slave Serial, the mode pins can be left unconnected. For Master Serial
mode, connect the Mode/MO pin directly to system ground.

PWRDWN | |

PWRDWN is an active Low input that forces the FPGA into the Power Down state and
reduces power consumption. When PWRDWN is Low, the FPGA disables all I/0O and
initializes all flip-flops. All inputs are interpreted as Low independent of their actual level.
VCC must be maintained, and the configuration data is maintained. PWRDWN halts
configuration if asserted before or during configuration, and re-starts configuration when
removed. When PWRDWN returns High, the FPGA becomes operational by first en-
abling the inputs and flip-flops and then enabling the outputs. PWRDWN has a default
internal pull-up resistor.

Don’t Connect
(Spartan)

floating.

Pins reserved for factory testing and possible future enhancements. Pins must be left
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Table 18: Pin Descriptions (Continued)

I/0 110
During | After
Pin Name | Config. | Config. Pin Description
User I/O Pins That Can Have Special Functions
If boundary scan is used, this pin is the Test Data Output. If boundary scan is not used,
this pin is a 3-state output without a register, after configuration is completed.
To use this pin, place the library component TDO instead of the usual pad symbol. An
output buffer must still be used.
If boundary scan is used, these pins are Test Data In, Test Clock, and Test Mode Select
inputs respectively. They come directly from the pads, bypassing the IOBs. These pins
Jo |ean also be used as inputs to the CLB logic after configuration is completed.
TDI, TCK, | or | If the BSCAN symbol is not placed in the design, all boundary scan functions are inhib-
TMS (JTAG) ited once configuration is completed, and these pins become user-programmable 1/O.
In this case, they must be called out by special library elements. To use these pins,
place the library components TDI, TCK, and TMS instead of the usual pad symbols. In-
put or output buffers must still be used.
High During Configuration (HDC) is driven High until the 1/O go active. It is available as
HDC (0] /O  |a control output indicating that configuration is not yet completed. After configuration,
HDC is a user-programmable 1/O pin.
Low During Configuration (LDC) is driven Low until the I/O go active. It is available as a
/O  |control output indicating that configuration is not yet completed. After configuration,
LDC is a user-programmable 1/O pin.
Before and during configuration, INIT is a bidirectional signal. A 1 kQ - 10 kQ external
pull-up resistor is recommended.
As an active-Low open-drain output, INIT is held Low during the power stabilization and
internal clearing of the configuration memory. As an active-Low input, it can be used
to hold the FPGA in the internal WAIT state before the start of configuration. Master
mode devices stay in a WAIT state an additional 30 to 300 us after INIT has gone High.
During configuration, a Low on this output indicates that a configuration data error has
occurred. After the I/O go active, INIT is a user-programmable 1/0 pin.
Four Primary Global inputs each drive a dedicated internal global net with short delay
and minimal skew. If not used to drive a global buffer, any of these pins is a user-pro-
PGCK1 -
PGCK4 Weak Lor /O grammable 1/O. _ _ _ _
(Spartan) Pull-up The PGCK1-PGCK4 pins drive the four Primary Global Buffers. Any input pad symbol
connected directly to the input of a BUFGP symbol is automatically placed on one of
these pins.
Four Secondary Global inputs each drive a dedicated internal global net with short delay
and minimal skew. These internal global nets can also be driven from internal logic. If
SGCK1 - . L .
SGCK4 Weak Lor /O not used to drive a glot_)al net, any of these pins is a user-programmable I/O pin.
(Spartan) Pull-up The SGC_Kl-SGCK4 pins provide the shortest path t_o the four Secondary Glok_)al Buff-
ers. Any input pad symbol connected directly to the input of a BUFGS symbol is auto-
matically placed on one of these pins.
Eight Global inputs each drive a dedicated internal global net with short delay and min-
imal skew. These internal global nets can also be driven from internal logic. If not used
GCK1-GCK8 | Weak Lor /O to drive a global net, any of these pins is a user-programmable /O pin.
(SpartanXL) | Pull-up The GCK1-GCKS pins provide the shortest path to the eight Global Low-Skew Buffers.
Any input pad symbol connected directly to the input of a BUFGLS symbol is automati-
cally placed on one of these pins.
Cs1 | 10 During Express configuration, CS1 is used as a serial-enable signal for daisy-chaining.
(SpartanXL)

D0O-D7 During Express configuration, these eight input pins receive configuration data. After
I I/0 ! : .
(SpartanXL) configuration, they are user-programmable I/O pins.

TDO O O

,_
g
O
o

z
_|

I/0 I/0
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Table 18: Pin Descriptions (Continued)

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

During Slave Serial or Master Serial configuration, DIN is the serial configuration data

DIN | I/O  |input receiving data on the rising edge of CCLK. After configuration, DIN is a user-pro-
grammable 1/O pin.
During Slave Serial or Master Serial configuration, DOUT is the serial configuration data
output that can drive the DIN of daisy-chained slave FPGAs. DOUT data changes on
the falling edge of CCLK, one-and-a-half CCLK periods after it was received at the DIN

DOUT 0] /O |input.

In SpartanXL Express mode, DOUT is the status output that can drive the CS1 of dai-
sy-chained FPGAs, to enable and disable downstream devices.
After configuration, DOUT is a user-programmable 1/O pin.

Unrestricted User-Prog

rammable 1/O Pins

Weak

Vo Pull-up

110

These pins can be configured to be input and/or output after configuration is completed.
Before configuration is completed, these pins have an internal high-value pull-up resis-
tor network that defines the logic level as High.

Device-Specific Pinout Tables

Device-specific tables include all packages for each Spartan and SpartanXL device. They follow the pad locations around
the die, and include boundary scan register locations.

Pin Locations for XCS05 & XCS05XL Devices

;‘gjgiﬁ'; pCs4 VQ100  |Bndry Scan égfggé'; PC84 VQ100  |Bndry Scan
VCC P2 P89 N VCC P33 P25 -
/0 P3 P90 32 Don't Connect T, P34 P26 126 1
e P4 POL 35 PWRDWN f1
o - 592 8 /0, PGCK2 T, GCK3 11 P35 P27 127 %
o - b3 a1 /0 (HDC) P36 P28 130
o P5 P94 44 Vo____ - P29 133 ¢
o 56 oS 47 /0 (LDC) P37 P30 136
o 7 o6 0 Ie) P38 P31 139
o 8 597 = e P39 P32 142
o P9 P98 56 Vo - P33 145 %
/0, SGCK1 T, GCK8 Tt P10 P99 59 [1S) - P34 148 ¢
vee TR 5100 . o P40 P35 151 %
GND oo o1 . /0 (INTT) Pal P36 154 %
/0, PGCK1 T, GCK1 11 P13 P2 62 vcc P42 P37 -
Is) P14 P3 65 GND P43 P38 -
0.TBI BIE b4 s e P44 P39 157 %
0. TCK 16 = = e P45 P40 160 ¥
/0, TMS P17 P6 74 i) - P41 1631
o 18 7 - e - P42 166 ¥
o - o8 5 e P46 P43 169
o 519 59 86 e P47 Pa4 172 %
o 530 510 59 e P48 P45 175
GND = 11 : e P49 P46 178
vee 22 12 . e P50 Pa7 181 %
o 523 13 9 /0, SGCK3 T, GCK4 11 P51 P48 184 §
e P24 P14 95 GND P52 P49 -
o . =T %8 DONE P53 P50 -
e P25 P16 104 vee PS4 PS1 -
o 526 17 107 PROGRAM P55 P52 -
o o7 018 110 /0 (D7 11) P56 P53 187 %
o . 519 113 /0, PGCK3 T, GCK5 1 P57 P54 190 £
o 578 520 116 /0 (D6 11) P58 P55 193 §
/0, SGCK2 T, GCK2 tt P29 P21 119 S) - P56 196 %
Don't Connect T, ML 11 P30 P22 122 /0 (DS 11) P59 Ps7 199 £
oD 31 23 . e P60 P58 202 %
MODE T, MO Tt P32 P24 125 1) - P59 205 %
e - P60 208
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sgjﬁiﬁt PC84 VQ100 Bndry Scan ég(fﬁi’rﬁ: PC84 VQ100 Bndry Scan
1/0 (D4 t1) P61 P61 211 % 1/0, PGCK4 t, GCK7 tt P78 P79 5
110 P62 P62 214 1 1/0 (CS1 1) P79 P80 8
VCC P63 P63 - 110 P80 P81 11
GND P64 P64 - 110 P81 P82 14
1/0 (D3 1) P65 P65 217 % 110 P82 P83 17
110 P66 P66 220 f 110 - P84 20
110 - P67 223 % 110 - P85 23
1/0 (D2 t1) P67 P68 229 f 110 P83 P86 26
110 P68 P69 232 1 110 P84 P87 29
1/0 (D1 t1) P69 P70 2351 GND P1 P88 -
110 P70 P71 238 f 11/20/98
1/0 (DO t1, DIN) P71 P72 241 % + = 5V Spartan only
110, SGCK4 t, GCK6 Tt P72 P73 244 1
(DOUT) t1 = 3V SpartanXL only
CeLK pr3 P74 - T The “PWRDWN” on the XCS05XL is not part of the Boundary
VCC P74 P75 - h
5.7D0 P75 576 5 Scan chain. For the XCSO05XL, sub_tract 1 from all Boundary Scan
. bers from GCK3 on (127 and higher).
GND P76 P77 - num
110 P77 P78 2

Pin Locations for XCS10 & XCS10XL Devices

XCS10/XL Bndr XCS10/XL Bndry
xes1oxL pC84 VQ100 TQ144 Scany Do Name PC84 VQ100 TQu44 |l
vCC P2 P89 P128 B GND - - p27 -
/o P3 P90 P129 2 o) P27 P18 P28 152
o) P4 P91 P130 a7 1o - P19 P29 155
110 - P92 P131 50 110 - - P30 158
110 - P93 P132 53 1o - - P31 161
110 P5 P94 P133 56 110 P28 P20 P32 164
/o P6 PO5 P134 ) /0, SGCK2 1, P29 P21 P33 167
o) - - P135 62 GCK2 tt
) - - P136 e Don't Connect T, M1 tt P30 P22 P34 170
SND - - P137 : GND P31 P23 P35 -
7o 57 595 138 o8 MODE 1, MO tt P32 P24 P36 173
o R N O Dot Commeet PP | e T
110 - - P140 74 Dont onnect ,
/0 - - P141 77 PWRDWN 1
/0, PGCK2 1, GCK3 T | P35 P27 P39 175 %
Vo P9 P98 p142 8 /0 (HDC P36 P28 P40 1781
/0, SGCK1 T, GCK8 1| P10 P99 P143 83 (HDC)
110 - - P41 181%
vCC P11 P100 P144 -
GND P12 P1 P1 - Ve - - Paz | 18414
o) - P29 P43 187 £
I/0, PGCK1 1, GCK1 P13 P2 P2 86 —
o e m 14 03 53 89 /0 (LDC) P37 P30 P44 190 £
110 - - P4 92 GND - - Pas _
o - - = 95 o) - - P46 1931
o) - - P47 196 t
/0, TDI P15 P4 P6 98
/0, TCK P16 P5 P7 101 Vo P38 ps1 pag 1991
GND - : o8 - o) P39 P32 P49 202 %
o - - 59 0 /0 - P33 P50 205 §
o - . 510 107 o) - P34 P51 208t
/0, TMS P17 P6 P11 110 Vo ___ P40 P35 P52 211¢
/0 (INTT) P41 P36 P53 214 ¢
o) P18 P7 P12 113
o - - 13 116 vCC P42 P37 P54 -
GND P43 P38 P55 -
o) - P8 P14 119
o ) 59 15 12 /0 P44 P39 P56 217 ¢
o = 510 16 195 /0 P45 P40 P57 220 %
GND o1 i1 17 5 o) - P41 P58 223t
vee 522 pio 018 - /0 - P42 P59 226 1
o 523 13 19 28 /0 P46 P43 P60 229 ¢
o) P47 P44 P61 232t
/0 P24 P14 P20 131
/0 - - P62 235 ¢
/0 - P15 P21 134
o - - = 137 o) - - P63 238 ¢
GND - - P64 -
/0 P25 P16 P23 140
o 526 17 = 43 /0 P48 P45 P65 241¢%
o - - = TS o) P49 P46 P66 244 %
o - . = 149 o) - - P67 247%
o) - - P68 250 t
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Spartan and SpartanXL Families Field Programmable Gate Arrays 2:X||_|NX®

XCS10/XL Bndr XCS10/XL Bndr

pad Name PC84 VQ100 TQ144 Scany pad Name PC84 VQ100 TQ144 Scany
1/0 P50 P47 P69 2531 1/0, SGCK4 t, GCK6 Tt P72 P73 P106 340 1
1/0, SGCK3 1, GCK4 t1 P51 P48 P70 256 (DOUT)
GND P52 P49 P71 - CCLK P73 P74 P107 -
DONE P53 P50 P72 - vce P74 P75 P108 -
VCC P54 P51 P73 - 0, TDO P75 P76 P109 0
PROGRAM P55 P52 P74 - GND P76 P77 P110 -
1/0 (D7 11) P56 P53 P75 259 1 110 P77 P78 P111 2
1/0, PGCK3 1, GCK5 1 P57 P54 P76 262 1 I/0, PGCK4 1, GCK7 t1 P78 P79 P112 5
1/0 - - P77 265 1 [[e] - - P113 8
110 - - P78 268 1 110 - - P114 11
1/0 (D6 1) P58 P55 P79 271 ¢ 110 (CS1 t1) P79 P80 P115 14
110 - P56 P80 274 % 110 P80 P81 P116 17
GND . . P81 _ GND - - P118 -
110 - - P82 2771 l[e] - - P119 20
110 - - P83 280 f 110 - - P120 23
1/0 (D5 11) P59 P57 P84 2831 e} P81 P82 P121 26
110 P60 P58 P85 286 1 110 P82 P83 P122 29
110 - P59 P86 289 1 110 - P84 P123 32
110 - P60 P87 2921 [} - P85 P124 35
1/0 (D4 11) P61 P61 P88 295 1 110 P83 P86 P125 38
110 P62 P62 P89 298 # 110 P84 P87 P126 41
vVCC P63 P63 P90 - GND P1 P88 P127 -
GND P64 P64 P91 - 11/20/98
1/0 (D3 11) P65 P65 P92 3011 + = 5V Spartan only
110 P66 P66 P93 304§
110 - P67 P94 | 307% 1 = 3V SpartanXL only
Vo - - P95 | 310% t The “PWRDWN” on the XCS10XL is not

part of the Boundary

1/0 (D2 t1) P67 P68 P96 313t .
T7e) P68 P69 P97 316 ¢ Scan chain. For the XCS10XL, subtract 1 from all Boundary Scan
110 - - P98 3191 numbers from GCK3 on (175 and higher).
110 - - P99 322%
GND - - P100 - Additional XCS10/XL Package Pins
1/0 (D1 t1) P69 P70 P101 3251
110 P70 P71 P102 | 328% TQ144
110 R N P103 331t Not Connected Pins
o - - P104 | 334 % Pz [ - [ - [ - [ - [ -
I/0 (DO 11, DIN) P71 P72 P105 | 337% ST
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2:X||_|NX® Spartan and SpartanXL Families Field Programmable Gate Arrays

Pin Locations for XCS20 & XCS20XL Devices

ReS2OXL VQ100 TQ144 PQaos | BNdYY ReS20XL VQ100 TQ144 PQos |21
Ve 585 5138 5163 - e P19 P29 P45 227
110 P90 P129 P184 62 110 - P30 P46 230
o) P91 P130 P185 65 1o - P31 pa7 233
/0 P92 P131 P186 68 110 P20 P32 P48 236
) P93 P132 187 = /0, SGCK2 T, GCK2 11| P21 P33 P49 239
110 B R P188 74 Don’t Connect 1, M1 t1 P22 P34 P50 242
o : . 189 - GND P23 P35 P51 -
7o =T 5133 P190 0 MODE t, MO 1 P24 P36 P52 245
110 P95 P134 P191 83 vee P25 P37 P53 -
VCC tt R R P192 R Don't Connect T, P26 P38 P54 246 t
o - P135 P193 86 PWRDWN 11
o - 136 104 89 /0, PGCK2 T, GCK3 11| P27 P39 P55 247 %
GND - 137 105 - 1/0 (HDC) P28 P40 P56 250%
o - - 106 % IIo - P41 P57 2531
) - - 5107 % 1o - P42 P58 256
o - : 108 % o P29 P43 P59 2591
o - : 109 o1 /0 (LDC) P30 P44 P60 2621
o P96 P138 P200 | 104 Vo - : P6L | 265%
110 P97 P139 P201 107 iio - - P62 268 ¢
/0 - P140 P204 110 o) - - P63 2714
110 - P141 P205 113 o - - P64 2744
o P98 P142 P206 116 GND - P45 P66 -
/0, SGCK1 1, GCK8 Tt P99 P143 P207 119 iio - P46 P67 271+
vCC P100 P144 P208 - ) - P47 P68 280 %
oD o1 o1 o1 - 110 P31 P48 P69 2831
/0, PGCK1 T, GCK1 Tt P2 P2 P2 122 o P32 P4s P70 286+
10 P3 P3 P3 125 VCC 11 - - P71 -
o - P4 P4 128 Vo - - P72 |289%
o - P5 P5 131 Vo - - P73 |292%
Vo Tl 54 56 b6 134 110 P33 P50 P74 2951
/0. TCK = 7 o7 137 1) P34 P51 P75 298 %
o - - P8 120 o P35 P52 P76 301¢%
o - : 59 3 /0 (INTT) P36 P53 P77 304 %
o - : 510 126 vcC P37 P54 P78 -
o - . o 129 GND P38 P55 P79 -
GND - o8 13 - ) P39 P56 P80 307§
o - 5o 14 15 1o P40 P57 P81 310%
o - 510 BIE 1ee e P41 P58 P82 313 %
/0, TMS P6 P11 P16 158 Vo P42 P59 Pe3 | 316%
o P7 P12 P17 161 Vo - - P84 |319%
Voo T - - 18 : 1o - - P85 322%
o - - P19 164 vee 1t - - P86 -
o - : 520 67 1o P43 P60 P87 325%
o - 513 o1 170 1) P44 P61 P88 328 %
o P8 P14 P22 173 Vo : P62 P89 |33t
s P9 P15 P23 176 vo : P63 P90 |334%
o P10 P16 P24 179 GND : P64 PoL -
GND P11 P17 P25 - Vo - - P93 | 3371
VCC P12 P18 P26 - L[S - - Po4 340 %
IIo P13 P19 P27 182 iio - - P95 3431
e P14 P20 P28 185 ) - - P96 346 %
o 15 o1 529 188 1o P45 P65 P97 349 %
o - 522 530 To1 1o P46 P66 P98 352%
o - . = 104 e - P67 P99 355 %
o - : P o7 I8 - P68 P00 |358%
Vee T - : P33 : 110 P47 P69 P101 | 361%
o 516 523 b3 500 /0, SGCK3 T, GCK4 11| P48 P70 P02 | 364%
e P17 P24 P35 203 GND P49 P71 P103 -
o : BoE 536 06 DONE P50 P72 P104 -
o - D26 37 200 vce P51 P73 P105 -
GND - o7 538 - PROGRAM P52 P74 P106 -
o - . 540 TH /0 (D7 1) P53 P75 P107 | 367 %
o - : a1 o1e /0, PGCK3 T, GCK5 11| P54 P76 P08 |370%
o - : 54> 18 110 - P77 P09 |373%
o - . a3 o1 1o - P78 P10 |376¢%
o 518 578 b1 224 1/0 (D6 1) P55 P79 P12 |379%

110 P56 P80 P113 | 382%
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Spartan and SpartanXL Families Field Programmable Gate Arrays 2:X||_|NX®

XCS20/XL Bndr XCS20/XL Bndr

Pad Name VQ100 TQ144 PQ208 Scany Pad Name VQ100 TQ144 PQ208 Scany
110 - - P114 385t VCC P75 P108 P156 -
110 - - P115 388 ¢ 0, TDO P76 P109 P157 0
110 - - P116 391% GND P77 P110 P158 -
110 - - P117 394 1 110 P78 P111 P159 2
GND - P81 P118 - 1/0, PGCK4 1, GCK7 t1 P79 P112 P160 5
110 - P82 P119 397 % 110 - P113 P161 8
110 - P83 P120 400 ¥ 110 - P114 P162 11
VCC tt - - P121 - 1/0 (CS1 t1) P80 P115 P163 14
1/0 (D5 11) P57 P84 P122 403 £ 110 P81 P116 P164 17
110 P58 P85 P123 406 ¥ 110 - P117 P166 20
110 - - P124 409 t 110 - - P167 23
110 - - P125 412 110 - - P168 26
110 P59 P86 P126 415 % 110 - - P169 29
110 P60 P87 P127 418 GND - P118 P170 -
1/0 (D4 11) P61 P88 P128 421 % 110 - P119 P171 32
110 P62 P89 P129 424 1 110 - P120 P172 35
VCC P63 P90 P130 - VCC 1t - - P173 -
GND P64 P91 P131 - 110 P82 P121 P174 38
1/0 (D3 11) P65 P92 P132 427 % 110 P83 P122 P175 41
110 P66 P93 P133 430 § 110 - - P176 44
110 P67 P94 P134 433 110 - - P177 47
110 - P95 P135 436 1 110 P84 P123 P178 50
110 - - P136 439 1 110 P85 P124 P179 53
110 - - P137 442 1 110 P86 P125 P180 56
1/0 (D2 1) P68 P96 P138 445 1 110 P87 P126 P181 59
110 P69 P97 P139 448 t GND P88 P127 P182 -
VCC tt - - P140 - 11/20/98
110 - P98 P141 451 ini :
o . 599 pizo  Tasas Additional XCS20/XL Package Pins
GND - P100 P143 - PQ208
110 - - P145 457 % Not Connected Pins
110 - - P146 460 % P12 P18 t P33t P39 P65 P71t
110 - - p147 463 ¢ P86 t P92 P111 P121 t P140 t P144
1o - - P148 466 ¥ P165 P173 t P192 t P202 P203 -
1/0 (D1 11) P70 P101 P149 469 9/16/98
110 P71 P102 P150 472 % T =5V Spartan only
110 - P103 P151 4751
) - P104 P152 478 1 11 = 3V SpartanXL only
1/0 (DO 11, DIN) P72 P105 P153 481 % I The “PWRDWN” on the XCS20XL is not part of the Boundary
110, SGCK4 t, GCK6 Tt P73 P106 P154 484 Scan chain. For the XCS20XL, subtract 1 from all Boundary Scan
(DOUT) numbers from GCK3 on (247 and higher).
CCLK P74 P107 P155 -

Pin Locations for XCS30 & XCS30XL Devices

XCS30/XL Bndr XCS30/XL Bndry

Pod Name VQ100 | TQ144 | PQ208 | PQ240 | BG256 Scany Pad Name VQ100 | TQ144 | PQ208 | PQ240 | BG256 | o o1
vCC P89 P128 | P183 | P212 | VCC* - 1o - - P202 | P234 D5 128
110 P90 P129 | Pl184 | P213 C10 74 Ue) - - P203 | P235 c4 131
110 P91 P130 | P185 | P214 D10 77 e} - P140 | P204 | P236 B3 134
110 P92 P131 | P186 | P215 A9 80 110 - P141 | P205 | P237 B2 137
) pos | P12z | Pis7 | P2i6 | B9 83 110 P98 | P142 | P206 | P238 | A2 | 140
/o ; - P18 | P27 | co 6 /0, SGCK1 1, P99 | P143 | P207 | P239 | C3 | 143
110 - - P189 | P218 D9 89 GCK8 f1 ;
/o soq T P33 | Pioo | P220 | AB % vce P100 | Pi#4 | P20s | P2d0 | VCC' | -
110 P95 | P134 | P19l | P22l B8 95 S(’)“DPGCKl - E; E; E; E; Gg? -

- - * - il y

o T s | he e |ockit
7o - - - so2a 7 T 1ot 110 P3 P3 P3 P3 Cc2 | 149
1) - P135 | P193 | P225 | B6 | 104 o - P4 P4 P4 D2 | 152
110 - P136 | P194 | P226 | A5 | 107 Vo - PS PS5 PS D3 | 155
GND - 5137 T pios | pazs T onDr |- /0, TDI P4 P6 P6 P6 E4 | 158
70 - - o106 | pazs I cs | 1io 1/0, TCK P5 P7 P7 P7 c1 | 161
110 - - P197 | P229 B5 113 Vo - - P8 P8 D1 164
110 - - P198 | P230 | A4 | 116 Vo - - P9 P9 E3 167
1) - - P109 | P23l | C5 | 119 o - - P10 | P10 E2 | 170
110 P96 | P138 | P200 | P232 B4 | 122 :;8 - - ii; E; E; 1;2
110 P97 P139 P201 P233 A3 125 - -
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2:X||_|NX® Spartan and SpartanXL Families Field Programmable Gate Arrays

XCS30/XL Bndr XCS30/XL Bndr

Pad Name VQ100 | TQ144 | PQ208 | PQ240 | BG256 Scany Pad Name VQ100 | TQ144 | PQ208 | PQ240 | BG256 Scany
/0 - - - P13 F2 179 /0 - - P72 P8l Y8 [343%
GND - P8 P13 P14 | GND* | - 110 - - P73 P82 uUs [346%
o) - P9 P14 P15 G3 | 182 /0 - - - P84 Yo [349%
/0 - P10 P15 P16 G2 | 185 /0 - - - P85 | W10 [352f%
10, TMS P6 P11 P16 P17 Gl | 188 110 P33 P50 P74 P86 V10 [355%
110 P7 P12 P17 P18 H3 191 /0 P34 P51 P75 P87 Y10 [358%
vce - - P18 P19 | vccr - 110 P35 P52 P76 P88 Y11 [361%
o) - - - P20 H2 194 1/0 (INTT) P36 P53 P77 P89 | Wil |364%
/0 - - - P21 H1 197 vce P37 P54 P78 P90 | vccr -
o) - - P19 P23 32 200 GND P38 P55 P79 P91 [ GND* | -
/0 - - P20 P24 J1 203 /0 P39 P56 P80 P92 Vil [367%
110 - P13 P21 P25 K2 206 110 P40 P57 P81 P93 Uil [370%
110 P8 P14 P22 P26 K3 209 110 P41 P58 P82 P94 Y12 [373%
110 P9 P15 P23 P27 K1 212 /0 P42 P59 P83 P95 | w12 [376%
110 P10 P16 P24 P28 L1 215 110 - - P84 P96 vi2 [379%
GND P11 P17 P25 P29 | GND* | - /0 - - P85 P97 U2 [382%
vce P12 P18 P26 P30 | vccr - /0 - - - P99 Vi3 [385%
110 P13 P19 P27 P31 L2 218 110 - - - P100 | Y14 [388%
/0 P14 P20 P28 P32 L3 221 vce - - P86 | P101 | vcc* -
110 P15 P21 P29 P33 L4 224 110 P43 P60 P87 | P102 | VY15 [391%
110 - P22 P30 P34 M1 | 227 110 P44 P61 P88 | P103 | V14 [394%
/0 - - P31 P35 M2 | 230 /0 - P62 P89 | P104 | W15 [397%
110 - - P32 P36 M3 | 233 110 - P63 P90 [ P105 | Y16 [ 400 %
/0 - - - P38 N1 236 GND - P64 POl | P106 | GND* | -
110 - - - P39 N2 239 110 - - - P107 | Vvi5 [403%
vce - - P33 P40 | vccr - 110 - - P92 | P108 | W16 | 406 %
/0 P16 P23 P34 P41 P1 242 /0 - - P93 | P109 | VY17 [409%
110 P17 P24 P35 P42 P2 245 110 - - P94 [ P110 | Vvie [412%
/0 - P25 P36 P43 R1 248 /0 - - P95 | P111 | W17 |415%
/0 - P26 P37 P44 P3 251 /0 - - P96 | P112 | vig |418f%
GND - P27 P38 P45 | GND* | - 110 P45 P65 P97 [ P113 | Ul6 |[421%
/0 - - - P46 T1 254 /0 P46 P66 P98 | P114 | V17 |424f%
110 - - P39 P47 R3 257 110 - P67 P99 [ P115 | wis [427%
110 - - P40 P48 T2 260 110 - P68 | P100 | P116 | Y19 [430%
/0 - - P41 P49 UL 263 /0 P47 P69 | P101 | P117 | Vvis8 |433%
110 - - P42 P50 T3 266 /0, SGCK3 1, P48 P70 | P102 | P118 | W19 [436%
/0 - - P43 P51 u2 269 GCK4 11
/10 P18 P28 P44 P52 V1 272 GND P49 P71 P103 P119 | GND* -
o) P19 P29 P45 P53 T4 275 DONE P50 P72 [ P104 | P120 | V20 -
T7e) . P30 P46 P54 U3 278 vce P51 P73 | P105 | P121 | vCC* -
o) - P31 P47 P55 V2 281 PROGRAM P52 P74 | P106 | P122 | V19 -
110 P20 P32 P48 P56 W1 284 1/0 (D7 t1) P53 P75 P107 P123 u19 439 t
1/10, SGCK2 1, P21 P33 P49 P57 V3 287 1/0, PGCK3 t, P54 P76 P108 P124 u18 442 t
GCK2 t1 GCK5 t1
Don't Connect t, P22 P34 P50 P58 w2 | 290 110 - P77 | P109 | P125 | T17 |445%
M1 tt 110 - P78 | P110 | P126 | V20 [448f%
GND P23 P35 P51 P59 | GND* | - /0 - - - P127 | U20 [451%
MODE t, MO tt P24 P36 P52 P60 Y1 293 /0 - - P111 | P128 | Ti8 |[454f%
vce P25 P37 P53 P61 | vcc* - 1/0 (D6 11) P55 P79 | P112 | P129 | T19 [457%
Don't Connect t, P26 P38 P54 P62 w3 204t /0 P56 P80 | P113 | P130 | T20 |460%
PWRDWN tt 110 - - P114 | P131 R18 | 463t
1/0, PGCK2 t, P27 P39 P55 P63 Y2 295 1 110 R R P115 P132 R19 466 1
GCK3 11 110 - - P116 | P133 | R20 | 469%
1/0 (HDC) P28 P40 P56 P64 w4 298 t 110 R R P117 P134 P18 472
1/10 - P41 P57 P65 \Z! 301 % GND N P81 P118 P135 GND* -
1/0 - P42 P58 P66 us 304 F 110 _ _ _ P136 P20 475t
1/0 P29 P43 P59 P67 Y3 307 e R R R P137 N18 478 1
I/0 (LDC) P30 P44 P60 P68 Y4 |310% /0 - P82 | P119 | P138 | N19 [481%
110 - - P61 P69 Ve | 313% /0 - P83 | P120 | P139 | N20 [484f%
/0 - - P62 P70 W5 [316% vceC - - P121 | P140 | vcc* -
110 - - P63 P71 Ys |319% I/0 (D5 11) P57 P84 | P122 | P141 | M17 |487%
110 - - P64 P72 Ve | 322% /0 P58 P85 | P123 | P142 | M18 [490%
110 - - P65 P73 W6 | 326% o) - - P124 | P144 | M20 |493%
I'o - - - P74 Y6 | 328% 110 - - P125 | P145 | L19 |49t
GND - P45 P66 P75 | GND* | - 110 P59 P86 | P126 | P146 | L18 |499%
110 - P46 P67 P76 W7 | 331% /0 P60 P87 | P127 | P147 | 120 |502%
110 - P47 P68 P77 Y7 | 334% I/0 (D4 11) P61 P88 | P128 | P148 | K20 [505%
1o P31 P48 P69 P78 ve |337% o) P62 P89 | P129 | P149 | K19 |508%
1/10 P32 P49 P70 P79 W8 340 F VCC P63 P90 P130 P150 VCC* N
vee - - P71 P80 | vccr - GND P64 Po1 | P131 | P11 | GND* | -
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Spartan and SpartanXL Families Field Programmable Gate Arrays 2:X||_|NX®

XCS30/XL Bndr XCS30/XL Bndr
Pad Name VQ100 | TQ144 | PQ208 | PQ240 | BG256 Scany Pad Name VQ100 | TQ144 | PQ208 | PQ240 | BG256 Scany
1/0 (D3 t1) P65 P92 P132 | P152 K18 [511t% 110 P85 P124 | P179 | P208 All 65
110 P66 P93 P133 | P153 K17 |5141% 110 P86 P125 | P180 | P209 A10 68
110 P67 P94 P134 | P154 J20 |517+% 110 P87 P126 | P181 | P210 B10 71
110 - P95 P135 | P155 J19 [ 520% GND P88 P127 | P182 | P211 | GND* -
110 - - P136 | P156 J18 | 523% 2o .
/0 : . P137 P157 317 | 526¢ Pads labelled GND* or VCC* are internally bonded to Ground or
/0 (D2 11) P68 P96 | P138 | P159 | H19 |529% VCC planes within the package.
110 P69 P97 P139 | P160 H18 | 532t
vee - - P140 | P16l | vCCr | - T =5V Spartan only
110 - P98 P141 P162 G19 |[535% Tt = 3V SpartanXL only
[1S) : Po9 | P142 | P163 | F20 |sS38% T The “PWRDWN"” on the XCS30XL is not part of the Boundary
:;8 - - - :2123 'C;‘llg 22‘11 i Scan chain. For the XCS30XL, subtract 1 from all Boundary Scan
GND - P10 P13 5166 | GND* - numbers from GCKS3 on (295 and higher).
110 - - - P167 F18 |547% " .
o - - 5122 | Pies | Eis 550+ Additional XCS30/XL Package Pins
110 - - P145 | P169 D20 | 553t PQ240
110 - - P146 | P170 E18 |5561% GND Pins
] - - P147 | P171 | D19 |559% P22 P37 P83 P98 P143 P158
110 - - P148 | P172 C20 |5621% P204 P219 _ N _ _
1/0 (D1 t1) P70 P101 | P149 | P173 E17 |5651% Not Connected Pins
110 P71 P102 | P150 | P174 D18 | 568t P195 _ _ ‘ N [ N .
110 - P103 | P151 | P175 Cc19 |571% 2112198
110 - P104 | P152 | P176 B20 |5741%
1/0 (DO 1, DIN) P72 P105 | P153 | P177 Cc18 |577%
1/0, SGCK4 1, P73 P106 | P154 | P178 B19 |580t% BG256
GCK6 11 (DOUT) VCC Pins
oo e - B S -
- E20 F1 F4 F17 G4 G17
0, TDO P76 P109 | P157 | Pi181 Al19 0 Ka 17 P P17 P19 R2
GND P77 P110 | P158 | P182 | GND* - Ra R17 U 07 010 U14
110 P78 P111 | P159 | P183 B18 2 Uis V7 W20 - - -
|(/50c,KP7(3T(J:rK4 1, P79 P112 | P160 | P184 B17 5 GND Pins
Al B7 D4 D8 D13 D17
e i o ——
1/0 (CS1) t1 P80 P115 | P163 | P187 Al8 14 4 u8 Nolilgonnec te:;?ns wi4 =
110 P81 P116 | P164 | P188 Al7 17 A7 AL3 cs bi2 [20 73
110 - - P165 | P189 C16 20 i M4 MO o Wo Wi3
110 - - - P190 B16 23 Y13 - - - - -
110 - P117 | P166 | P191 Al6 26 o
110 - - P167 | P192 C15 29
110 - - P168 | P193 B15 32
110 - - P169 | P194 Al5 35
GND - P118 | P170 | P196 | GND* -
110 - P119 | P171 | P197 B14 38
110 - P120 | P172 | P198 Al4 41
110 - - - P199 Cc13 44
110 - - - P200 B13 47
VCC - - P173 | P201 | vccr -
110 P82 P121 | P174 | P202 C12 50
110 P83 P122 | P175 | P203 B12 53
110 - - P176 | P205 Al12 56
110 - - P177 | P206 B11 59
110 P84 P123 | P178 | P207 c11 62
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Spartan and SpartanXL Families Field Programmable Gate Arrays

Pin Locations for XCS40 & XCS40XL Devices

ggjﬁl‘:ﬁt PQ208 PQ240 BG256 Bsrlc; ry égfﬁ(gﬁ'; PQ208 PQ240 BG256 Bsnc‘:ny
vee P183 P22 Vo n 170 P30 P34 ML 263
110 P184 P213 C10 86 110 P31 P35 M2 266
o) P185 P214 D10 89 1o P32 P36 M3 269
110 P186 P215 A9 92 110 - - M4 272
/0 P187 P216 B9 95 1o - P38 N1 278
/0 P188 P217 [ 98 1o - P39 N2 281
110 P189 P218 D9 101 vce P33 P40 veer -
o) P190 P220 A8 104 1o P34 pa1 Pl 284
110 P191 P221 B8 107 110 P35 P42 P2 287
/0 ; - Cs 110 110 P36 P43 R1 290
/o ; - A7 113 /0 P37 P44 P3 293
vVCC P192 p222 VCC* - GND P38 P45 GND* -
110 - P223 A6 116 1o - P46 TL 296
e} ; Po2a c7 119 110 P39 P47 R3 299
110 P193 P225 B6 122 110 P40 P48 T2 302
/0 P194 P226 A5 125 1o P4l P49 u1 305
GND P195 P227 GND* ; 110 P42 P50 T3 308
/0 P196 P228 [ 128 1o P43 P51 u2 311
/0 P197 P229 B5 131 1o P44 P52 Vi 320
o) P198 P230 A4 134 110 P45 P53 T4 323
o) P199 P231 C5 137 1o P46 P54 U3 326
o) P200 P232 B4 140 1o par P55 v2 329
110 P201 P233 A3 143 110 P48 P56 w1 332
e} P202 Po3a D5 152 /0, SGCK2 1, P49 P57 V3 335
s P203 P235 c4 155 GCK2 Tt
/0 P204 P236 B3 158 ac])-ngTConnect 1, P50 P58 W2 338
o N
g%K%GTngl 1, P207 P239 c3 167 Voo bos - Voo -
VCC P208 P240 VCC* B Don‘t Connect ¥, P54 P62 w3 3421
GND P1 P1 GND* - PWRDWN 11
/0. PGCKL T = 52 a1 70 /0, PGCK2 1, P55 P63 Y2 343%
GCKL ft CeKs 11
o 53 53 o 173 1/0 (HDC) P56 P64 W4 346 1
o o4 o2 = 176 110 P57 P65 V4 349 %
o pE = 03 179 110 P58 P66 Us 352 %
/O, TDI P6 P6 E4 182 Vo ___ P59 P67 v3 3551
10 TCK = = o1 185 /0 (LDC) P60 P68 Y4 358 ¢
o 8 o8 o1 1oa 110 P61 P69 V5 367 %
o 59 59 = o7 110 P62 P70 W5 370 %
o 510 510 = 200 110 P63 P71 Y5 3731
o b1l 511 = 203 110 P64 P72 V6 376 1
o 512 12 = 206 /0 P65 P73 W6 379 %
o - 13 = 209 110 - P74 Y6 3821
GND P13 P14 GND* - GND Pe6 P75 GND* -
o = P = o1 110 P67 P76 w7 385 &
o biE 16 oo 15 110 P68 P77 Y7 388 1
/0, TMS P16 P17 Gl 218 Vo P69 pr8 V8 3914
o 517 = 3 921 110 P70 P79 w8 394 %
vce P18 P19 veer - vee pri P80 veer -
o - = v 22 1/0 P72 P81 Y8 397 %
o - bo1 i 97 110 P73 P82 U9 400 £
o - . i 30 110 - - V9 403 ¥
o - . 3 933 110 - - w9 406 f
10 P19 P23 2 236 :;8 - Egg \A\/(fo 3(1)2 i
110 P20 P24 a1 239
o =1 = " o1 110 P74 P86 V10 415
o = Dot K3 245 110 P75 P87 Y10 418 %
o 523 = K1 48 o P76 P88 Y11 421%
o N = L1 %1 1/0 (INIT) P77 P89 Wil 424 %
GND DoE 529 N : vce P78 P90 vcer -
Ve 526 530 Voo - GND P79 P91 GND* -
o o7 31 5 54 110 P80 P92 Vi1 427%
o 528 b3z 3 7 1/0 P8l P93 U1l 430 f
o 529 b33 ) 260 110 P82 P94 Y12 4331

110 P83 P95 W12 436 f

January 6, 1999 (Version 1.4) 4-65




Spartan and SpartanXL Families Field Programmable Gate Arrays 2:X||_|NX®

XCS40/XL Bndr XCS40/XL Bndr

Pad Name PQ208 PQ240 BG256 Scany Pad Name PQ208 PQ240 BG256 Scany
110 P84 P96 V12 439 1/0 (D2 1) P138 P159 H19 619 t
110 P85 P97 u12 442 110 P139 P160 H18 622 t
110 - - Y13 445 t VCC P140 P161 VCC* -
110 - - w13 448 t 110 P141 P162 G19 625 t
110 - P99 V13 451 % 110 P142 P163 F20 628
110 - P100 Y14 454 110 - P164 G18 631 t
VCC P86 P101 VCC* - 110 - P165 F19 634 t
110 P87 P102 Y15 457 t GND P143 P166 GND* -
110 P88 P103 V14 460 t 110 - P167 F18 637 t
110 P89 P104 W15 463 110 P144 P168 E19 640 t
110 P90 P105 Y16 466 t 110 P145 P169 D20 643 t
GND P91 P106 GND* - 110 P146 P170 E18 646 t
110 - P107 V15 469 110 P147 P171 D19 649 t
110 P92 P108 W16 472 ¢ 110 P148 P172 C20 652 t
110 P93 P109 Y17 475 % 1/0 (D1 1) P149 P173 E17 655 t
110 P94 P110 V16 478 t 110 P150 P174 D18 658 t
110 P95 P111 w17 481 t 110 P151 P175 C19 667 t
110 P96 P112 Y18 484 110 P152 P176 B20 670 t
110 P97 P113 u16 493 t 1/0 (DO tt, DIN) P153 P177 c18 673 t
110 P98 P114 V17 496 110, SGCK4 1, P154 P178 B19 676 t
110 P99 P115 wis 499 ¥ GCK6 1t (DOUT)
110 P100 P116 Y19 502 % CCLK P155 P179 A20 -
110 P101 P117 V18 505 % vcc P156 P180 vcer -
110, SGCK3 1, P102 P118 w19 508 % O, TDO P157 P181 Al9 0
GCK4 t1 GND P158 P182 GND* -
GND P103 P119 GND* - 110 P159 P183 B18 2
DONE P104 P120 Y20 - 110, PGCK4 1, P160 P184 B17 5
VCC P105 P121 VCC* - GCK7 tt
PROGRAM P106 P122 V19 - 110 P16l P185 C17 8
1/0 (D7 t1) P107 P123 Uu19 511 % 110 P162 P186 D16 11
110, PGCK3 1, P108 P124 u18 514 % I/0 (CS1 t1) P163 p187 Al8 14
GCK5 t1 110 P164 P188 Al7 17
110 P109 P125 T17 517 % 110 P165 P189 C16 26
110 P110 P126 V20 520 f 110 - P190 B16 29
110 - P127 u20 523 f 110 P166 P191 Al6 32
110 P111 P128 T18 526 % 110 P167 P192 C15 35
1/0 (D6 t1) P112 P129 T19 535 f 110 P168 P193 B15 38
110 P113 P130 T20 538 § 110 P169 P194 Al5 41
110 P114 P131 R18 541 % GND P170 P196 GND* -
110 P115 P132 R19 544 % 110 P171 P197 B14 44
110 P116 P133 R20 547 % 110 P172 P198 Al4 47
110 P117 P134 P18 550 f 110 - P199 C13 50
GND P118 P135 GND* - 110 - P200 B13 53
110 - P136 P20 553 } VCC P173 P201 VCC* -
110 - P137 N18 556 1 110 - - A13 56
110 P119 P138 N19 559 # 110 - - D12 59
110 P120 P139 N20 562 1 110 P174 P202 C12 62
VCC P121 P140 VCC* - 110 P175 P203 B12 65
1/0 (D5 t1) P122 P141 M17 565 # 110 P176 P205 Al12 68
110 P123 P142 M18 568 1 110 P177 P206 B11 71
110 - - M19 574 % 110 P178 P207 C11 74
110 P124 P144 M20 577 % 110 P179 P208 All 77
110 P125 P145 L19 580 t 110 P180 P209 A10 80
110 P126 P146 L18 583 f 110 P181 P210 B10 83
110 P127 P147 L20 586 1 GND P182 P211 GND* -
1/0 (D4 t1) P128 P148 K20 589 # 11/20/98
110 P129 P149 K19 592 % * Pads labelled GND* or VCC* are internally bonded to Ground or
vee P130 P150 vec - VCC planes within the package.
GND P131 P151 GND* -
1/0 (D3 11) P132 P152 K18 595 t T =5V Spartan only
110 P133 P153 K17 598 t
110 P134 P154 320 601 f TT =3V SpartanXL only
110 P135 P155 J19 604 T 1 The “PWRDWN?” on the XCS40XL is not part of the Boundary
1/10 P136 P156 J18 607 t Scan chain. For the XCS40XL, subtract 1 from all Boundary Scan
L[S P137 P157 J17 610+ numbers from GCK3 on (343 and higher).
110 - - H20 613t
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Additional XCS40/XL Package Pins

PQ240
GND Pins
P22 P37 P83 P98 P143 P158
P204 P219 - - - -
Not Connected Pins
P195 - - - - -
2/12/98
BG256
VCC Pins
C14 D6 D7 D11 D14 D15
E20 F1 F4 F17 G4 G17
K4 L17 P4 P17 P19 R2
R4 R17 U6 u7 u10 u14
u15 V7 W20 - - -
GND Pins
Al B7 D4 D8 D13 D17
G20 H4 H17 N3 N4 N17
U4 U8 u13 u17 W14 -

6/17/97

January 6, 1999 (Version 1.4) 4-67



Spartan and SpartanXL Families Field Programmable Gate Arrays

S XILINX®

Product Availability

Table 19 shows the packages and speed grades for Spartan Series devices. Table 20 shows the number of user 1/Os
available for each device/package combination.

Table 19: Component Availability Chart for Spartan Series FPGAs

PINS 84 100 144 208 240 256
TYPE | Plast. PLCC | Plast. VQFP | Plast. TQFP | Plast. PQFP | Plast. PQFP | Plast. BGA
Device CODE PC84 VQ100 TQ144 PQ208 PQ240 BG256
-3 C C, I
XCS05
-4 C C
-3 C C, I C
XCS10
-4 C C C
-3 C C, 1 G
XCS20
-4 C C C
-3 C C, I C, 1 C C
XCS30
-4 C C C C C
-3 C, 1 C C
XCS40
-4 C C C
XCS05XL 4 c c!
-5 © ©
XCS10XL 4 c c! ¢
-5 © © ©
XCS20XL 4 ¢ ¢! ¢!
-5 © © ©
XCSI0XL -4 C C, I C, 1 C C
-5 © © © © ©
XCS40XL 4 ¢! c c
-5 (©) (C) (C)
11/20/98
C = Commercial T;=0°to +85°C () Parentheses indicate future product plans
| = Industrial T; = -40°C to +100°C
Table 20: User I/O Chart for Spartan Series FPGAs
Max Package Type
Device 110 PC84 VQ100 TQ144 PQ208 PQ240 BG256
XCS05 80 61 77
XCS10 112 61 77 112
XCS20 160 77 113 160
XCS30 192 77 113 169 192 192
XCS40 224 169 192 205
XCS05XL 80 61 77
XCS10XL 112 61 77 112
XCS20XL 160 77 113 160
XCS30XL 192 77 113 169 192 192
XCS40XL 224 169 192 205

11/20/98
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Ordering Information

Example: XCS20XL-4 PQ208C

Device Type Temperature Range
— H — 0,
Speed Grade C= Commerual (T, —OO to +85 Cz))
| = Industrial (T; = -40°C to +100°C)
-3
-4
-5 L Number of Pins

Package Type
BG = Ball Grid Array VQ = Very Thin Quad Flat Pack
PC = Plastic Lead Chip Carrier TQ = Thin Quad Flat Pack
PQ = Plastic Quad Flat Pack

Table 21: Revisions

Version Description
4/2/98 Rev. 1.0 (Preliminary) Added timing specifications for 5V devices, updated PQ208 pinout tables, im-
proved description.
5/31/98 Rev. 1.1 (Preliminary) Updated all timing specifications.
9/28/98 Rev. 1.2 (Preliminary) Added SpartanXL architecture description, changed speed grades to -4/-5
11/20/98 Rev. 1.3 (Preliminary) Added SpartanXL specs and Power Down
1/6/99 Rev. 1.4 (Preliminary) All SpartanXL -4 specs designated Preliminary with no changes
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FastFLASH™ XC9500XL
High-Performance CPLD
Family

October 2, 1998 (Version 1.1)

Preliminary Product Specification

Features

¢ Optimized for high-performance 3.3V systems
- 4 ns pin-to-pin logic delays, with internal system
frequency up to 200 MHz
- Small footprint packages including VQFPs, TQFPs
and CSPs (Chip Scale Package)
- Lower power operation
- 5V tolerant I/O pins accept 5V, 3.3V, and 2.5V
signals
- 3.3V or 2.5V output capability
- Advanced 0.35 micron feature size CMOS
FastFLASH™ technology
¢ Advanced system features
- In-system programmable
- Superior pin-locking and routability with
FastCONNECT II™ switch matrix
- Extra wide 54-input Function Blocks
- Up to 90 product-terms per macrocell with individual
product-term allocation
- Local clock inversion with 3 global and one
product-term clocks
- Individual output enable per output pin with local
inversion
- Input hysteresis on all user and boundary-scan pin
inputs
- Bus-hold circuitry on all user pin inputs
- Full IEEE Standard 1149.1 boundary-scan (JTAG)
support on all devices
« Four pin-compatible device densities
- 36 to 288 macrocells, with 800 to 6400 usable gates
» Fast concurrent programming
e Slew rate control on individual outputs
* Enhanced data security features
¢ Excellent quality and reliability
- 10,000 program/erase cycles endurance rating
- 20 year data retention
* Pin-compatible with 5V core XC9500 family in common
package footprints

Family Overview

The FastFLASH XC9500XL family is a 3.3V CPLD family
targeted for high-performance, low-voltage applications in
leading-edge communications and computing systems,
where high device reliability and low power dissipation is
important. Each XC9500XL device supports in-system pro-
gramming (ISP) and the full IEEE 1149.1 (JTAG) bound-
ary-scan, allowing superior debug and design iteration
capability for small form-factor packages. The XC9500XL

family is designed to work closely with the Xilinx Spar-
tan-XL and XC4000XL FPGA families, allowing system
designers to partition logic optimally between fast interface
circuitry and high-density general purpose logic. As shown
in Table 1, logic density of the XC9500XL devices ranges
from 800 to 6400 usable gates with 36 to 288 registers,
respectively. Multiple package options and associated 1/O
capacity are shown in Table 2. The XC9500XL family mem-
bers are fully pin-compatible, allowing easy design migra-
tion across multiple density options in a given package
footprint.

The XC9500XL architectural features address the require-
ments of in-system programmability. Enhanced pin-locking
capability avoids costly board rework. In-system program-
ming throughout the full commercial operating range and a
high programming endurance rating provide worry-free
reconfigurations of system field upgrades. Extended data
retention supports longer and more reliable system operat-
ing life.

Advanced system features include output slew rate control
and user-programmable ground pins to help reduce system
noise. Each user pin is compatible with 5V, 3.3V, and 2.5V
inputs, and the outputs may be configured for 3.3V or 2.5V
operation. The XC9500XL device exhibits symmetric full
3.3V output voltage swing to allow balanced rise and fall
times.

Architecture Description

Each XC9500XL device is a subsystem consisting of multi-
ple Function Blocks (FBs) and 1/0 Blocks (I0Bs) fully inter-
connected by the FastCONNECT Il switch matrix. The 10B
provides buffering for device inputs and outputs. Each FB
provides programmable logic capability with extra wide 54
inputs and 18 outputs. The FastCONNECT Il switch matrix
connects all FB outputs and input signals to the FB inputs.
For each FB, up to 18 outputs (depending on package
pin-count) and associated output enable signals drive
directly to the IOBs. See Figure 1.

October 2, 1998 (Version 1.1)
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Figure 1: XC9500XL Architecture
Note: Function block outputs (indicated by the bold lines) drive the I/O blocks directly.
Table 1: XC9500XL Device Family
XC9536XL XC9572XL XC95144XL XC95288XL
Macrocells 36 72 144 288
Usable Gates 800 1,600 3,200 6,400
Registers 36 72 144 288
tPD (nS) 4 5 5 6
tsy (NS) 3 3.7 3.7 4.1
tco (NS) 3 3.5 35 4.3
fsysteEm (MHZ) 200 178 178 151
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Table 2: XC9500XL Packages and User I/O Pins (not including 4 dedicated JTAG pins)

XC9536XL XC9572XL XC95144XL XC95288XL

44-Pin PLCC 34 34

64-Pin VQFP 36 52

100-Pin TQFP 72 81

144-Pin TQFP 117 117
208-Pin PQFP 168
48-Pin CSP 36 38

144-Pin CSP 117

352-Pin BGA 192

Function Block

Each Function Block, as shown in Figure 2 is comprised of
18 independent macrocells, each capable of implementing
a combinatorial or registered function. The FB also
receives global clock, output enable, and set/reset signals.
The FB generates 18 outputs that drive the FastCONNECT
switch matrix. These 18 outputs and their corresponding
output enable signals also drive the 10B.

Logic within the FB is implemented using a sum-of-prod-
ucts representation. Fifty-four inputs provide 108 true and
complement signals into the programmable AND-array to
form 90 product terms. Any number of these product terms,
up to the 90 available, can be allocated to each macrocell
by the product term allocator.

Programmable Product
AND-Array Term
Allocators
From g4
FastCONNECT Il ﬁ——[\}:

Switch Matrix

Figure 2: XC9500XL Function Block

Macrocell 1
18 To FastCONNECT I
Switch Matrix
18 ouT
To 1/O Blocks
18 _PTOE
Macrocell 18
Global Global
Set/Reset Clocks X5878 01
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Macrocell

Each XC9500XL macrocell may be individually configured
for a combinatorial or registered function. The macrocell
and associated FB logic is shown in Figure 3.

Five direct product terms from the AND-array are available
for use as primary data inputs (to the OR and XOR gates)
to implement combinatorial functions, or as control inputs
including clock, clock enable, set/reset, and output enable.

54

Additional
Product
Terms
(from other
macrocells)

0 U

Product Term Set

The product term allocator associated with each macrocell
selects how the five direct terms are used.

The macrocell register can be configured as a D-type or
T-type flip-flop, or it may be bypassed for combinatorial
operation. Each register supports both asynchronous set
and reset operations. During power-up, all user registers
are initialized to the user-defined preload state (default to 0
if unspecified).

Global Global
Set/Reset Clocks

3,

Product
Term
Allocator

-

To
FastCONNECTII
Switch Matrix

S —>

Product Term Clock Enable|

DIT Q
EC

Product Term Clock

Product Term Reset

YYUYY

Product Term OE

-

ouT

Additional
Product
Terms
(from other
macrocells)

0 U

Figure 3: XC9500XL Macrocell Within Function Block

All global control signals are available to each individual
macrocell, including clock, set/reset, and output enable sig-
nals. As shown in Figure 4, the macrocell register clock
originates from either of three global clocks or a product

—
To
1/0 Blocks

ll: PTOE

X5879_new

term clock. Both true and complement polarities of the
selected clock source can be used within each macrocell. A
GSR input is also provided to allow user registers to be set
to a user-defined state.
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Macrocell
[\ Product Term Set
L/
L
S
[\ Product Term Clock Eg
R
[\ Product Term Reset T
L
IO/GSR Global Set/Reset
I/0/IGCK1 [: Global Clock 1
IO/GCK2 l: Global Clock 2
IO/GCK3 Global Clock 3 seonaz0z

i

Figure 4: Macrocell Clock and Set/Reset Capability
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Product Term Allocator

The product term allocator controls how the five direct
product terms are assigned to each macrocell. For exam-
ple, all five direct terms can drive the OR function as shown
in Figure 5.

Product Term
Allocator

_Di
D
_Di

Figure 5: Macrocell Logic Using Direct Product Term

Macrocell
Product Term
Logic

X5894

The product term allocator can re-assign other product
terms within the FB to increase the logic capacity of a mac-
rocell beyond five direct terms. Any macrocell requiring
additional product terms can access uncommitted product
terms in other macrocells within the FB. Up to 15 product
terms can be available to a single macrocell with only a
small incremental delay of tpta, as shown in Figure 6.

Note that the incremental delay affects only the product
terms in other macrocells. The timing of the direct product
terms is not changed.

Product Term

Allocator

Product Term
Allocator

Macrocell Logic
With 15 P-Terms

Product Term
Allocator

D=

Figure 6: Product Term Allocation With 15 Product
Terms

X5895
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The product term allocator can re-assign product terms In this example, the incremental delay is only 2*tpa. All 90
from any macrocell within the FB by combining partial sums product terms are available to any macrocell, with a maxi-
of products over several macrocells, as shown in Figure 7. mum incremental delay of 8*tpya.

Product Term

Allocator

Macrocell Logic
::Df With 2
Product Terms
Product Term
Allocator

66@?

Product Term
Allocator
E Macrocell Logic
4D With 18
Product Terms
Product Term
Allocator

X5896

Figure 7: Product Term Allocation Over Several Macrocells
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The internal logic of the product term allocator is shown in Figure 8.

From Upper To Upper
Macrocell Macrocell
A

Product Term
Allocator

+ Lo

Product Term Set

Global Set/Reset

>

pan =
| I
D Global Clocks —] ™ R
| Product Term Clock
/
| ) Product Term Reset N
Global Set/Reset —{ /
Product Term OE N
| ) L~
A /
From Lower To Lower
Macrocell Macrocell X5881_01

Figure 8: Product Term Allocator Logic
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FastCONNECT Il Switch Matrix

The FastCONNECT Il Switch Matrix connects signals to FastCONNECT Il matrix. Any of these (up to a fan-in limit of
the FB inputs, as shown in Figure 9. All IOB outputs (corre- 54) may be selected to drive each FB with a uniform delay.
sponding to user pin inputs) and all FB outputs drive the

i

FastCONNECT II
Switch Matrix Function Block

N[,: 11O Block

(36) 18
D — DT Q o
p—

Function Block

Nl,: 1/O Block

s e
p—

(38) »

e e B A R e el S R E A

Wired-AND Capability / % 4&

X5882_01

Figure 9: FastCONNECT Il Switch Matrix
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/0O Block

The 1/0 Block (IOB) interfaces between the internal logic
and the device user 1/O pins. Each I0B includes an input
buffer, output driver, output enable selection multiplexer,

and user programmable ground control. See Figure 10 for
details.

To other
Macrocells

AAAA

1/0 Block

To FastCONNECT ==

Switch Matrix €———

Macrocell

/\

Bus-Hold

N JA IS

| ) i > ouT

(Inversion in
AND-array) 1 User-
[\ ProductTerm OE N PTOE ] Programmable
| / | Ground
= T
0
Slew Rate

Control

I/0/IGTS1

Available in XC95144XL
and XC95288XL

[ Global OE 1
I0IGTS2 [ Global OE 2
I/0/GTS3 E Global OE 3
I10/GTS4 Global OE 4

!

Figure 10: 1/0 Block and Output Enable Capability

The input buffer is compatible with 5V CMOS, 5V TTL, 3.3V
CMOS, and 2.5V CMOS signals. The input buffer uses the
internal 3.3V voltage supply (Vccont) to ensure that the
input thresholds are constant and do not vary with the
Vccio Voltage. Each input buffer provides input hysteresis

X5899_01

(50 mV typical) to help reduce system noise for input sig-
nals with slow rise or fall edges.

Each output driver is designed to provide fast switching with
minimal power noise. All output drivers in the device may
be configured for driving either 3.3V CMOS levels (which
are compatible with 5V TTL levels as well) or 2.5V CMOS

5-14
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levels by connecting the device output voltage supply
(Vccio) to a 3.3V or 2.5V voltage supply. Figure 11 shows
how the XC9500XL device can be used in 3.3V only sys-
tems and mixed voltage systems with any combination of
5V, 3.3V and 2.5V power supplies.

Each output driver can also be configured for slew-rate lim-
ited operation. Output edge rates may be slowed down to
reduce system noise (with an additional time delay of
ts_ew) under user control. See Figure 12.

The output enable may be generated from one of four
options: a product term signal from the macrocell, any of
the global output enable signals (GTS), always “1,” or
always “0.” There are two global output enables for devices
with 72 or fewer macrocells, and four global output enables
for devices with 144 or more macrocells. Any selected out-
put enable signal may be inverted locally at each pin output
to provide maximal design flexibility.

Each 10B provides user programmable ground pin capabil-
ity. This allows device I/O pins to be configured as addi-
tional ground pins in order to force otherwise unused pins
to a low voltage state, as well as provide for additional
device grounding capability. This grounding of the pin is
achieved by internal logic that forces a logic low output

regardless of the internal macrocell signal, so the internal
macrocell logic is unaffected by the programmable ground
pin capability.

Each 10B also provides for bus-hold circuitry that is active
during valid user operation. The bus-hold feature elimi-
nates the need to tie unused pins either high or low by hold-
ing the last known state of the input until the next input
signal is present. The bus-hold circuit drives back the same
state via a nominal resistance (Rgy) of 50k ohms. See
Figure 13. Note the bus-hold output will drive no higher
than V¢ o to prevent overdriving signals when interfacing
to 2.5V components.

When the device is not in valid user operation, the bus-hold
circuit defaults to an equivalent 50k ohm pull-up resistor in
order to provide a known repeatable device state. This
occurs when the device is in the erased state, in program-
ming mode, in JTAG INTEST mode, or during initial
power-up. A pull-down resistor (1k ohm) may be externally
added to any pin to override the default Rgy resistance to
force a low state during power-up or any of these other
modes.

5V CMOS 33V 25V

5V | |

Veaent  Vecio

ov

5VTTL O 25V CMOS

36V XC9500XL

25V
—IN TERp - ouT [— X
ov

< s

ov

5V CMOS 33v
5V :X: )
ov Veeint  Vecio
5VTTL OF 3.3VCMOS,5VTTL
36V 33V
XC9500XL
—IN Tpip - ouT [— ><
ov ov
3.3V CMOS or
33V
>< GND
ov i
2,5V CMOS =
25V @
ov

3.3VCMOS or

33V

ov

GND

(b) X5901_01

2.5V CMOS
25V

< [

ov

Figure 11: XC9500XL Devices in (a) 3.3V only and (b) Mixed 5V/3.3V/2.5V Systems

5V Tolerant 1/0Os

The 1/Os on each XC9500XL device are fully 5V tolerant
even though the core power supply is 3.3 volts. This allows
5V CMOS signals to connect directly to the XC9500XL
inputs without damage. In addition, the 3.3V V¢ n power
supply can be applied before or after 5V signals are applied
to the 1/0s. In mixed 5V/3.3V/2.5V systems, the user pins,
the core power supply (VccnT), @nd the output power sup-
ply (Vccio) may have power applied in any order. This
makes the XC9500XL devices immune to power supply
sequencing problems.

Pin-Locking Capability

The capability to lock the user defined pin assignments dur-
ing design iteration depends on the ability of the architec-
ture to adapt to unexpected changes. The XC9500XL
devices incorporate architectural features that enhance the
ability to accept design changes while maintaining the
same pinout.

The XC9500XL architecture provides for superior pin-lock-
ing characteristics with a combination of large number of
routing switches in the FastCONNECT Il switch matrix, a
54-wide input Function Block, and flexible, bi-directional
product term allocation within each macrocell. These fea-

October 2, 1998 (Version 1.1)
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tures address design changes that require adding or
changing internal routing, including additional signals into
existing equations, or increasing equation complexity,
respectively.

Output
Voltage
A
Vccio v
Standard , 4
’
’
’
, 7 Slew-Rate Limited
tsLEW e
15V ————f——— 7
7
7
7
7~
”
P ~
A .
0 » Time
@

For extensive design changes requiring higher logic capac-
ity than is available in the initially chosen device, the new
design may be able to fit into a larger pin-compatible device
using the same pin assignments. The same board may be
used with a higher density device without the expense of
board rework.

Output
Voltage
A

» Time

X5900_01

Figure 12: Output Slew-Rate Control For (a) Rising and (b) Falling Outputs

Set to PIN
during valid user
operation Drive to

Tt Vccio level

RBH

I[e]

K

99011200

Figure 13: Bus-Hold Logic

In-System Programming

One or more XC9500XL devices can be daisy chained
together and programmed in-system via a standard 4-pin
JTAG protocol, as shown in Figure 14. In-system program-
ming offers quick and efficient design iterations and elimi-
nates package handling. The Xilinx development system
provides the programming data sequence using a Xilinx
download cable, a third-party JTAG development system,
JTAG-compatible board tester, or a simple microprocessor
interface that emulates the JTAG instruction sequence.

All I/Os are 3-stated and pulled high by the bus-hold cir-
cuitry during in-system programming. If a particular signal

must remain low during this time, then a pulldown resistor
may be added to the pin.

External Programming

XC9500XL devices can also be programmed by the Xilinx
HW-130 device programmer as well as third-party program-
mers. This provides the added flexibility of using pre-pro-
grammed devices during manufacturing, with an in-system
programmable option for future enhancements and design
changes.

Reliability and Endurance

All XC9500XL CPLDs provide a minimum endurance level
of 10,000 in-system program/erase cycles and a minimum
data retention of 20 years. Each device meets all func-
tional, performance, and data retention specifications
within this endurance limit.

IEEE 1149.1 Boundary-Scan (JTAG)

XC9500XL devices fully support IEEE 1149.1 bound-
ary-scan (JTAG). EXTEST, SAMPLE/PRELOAD, BYPASS,
USERCODE, INTEST, IDCODE, HIGHZ and CLAMP
instructions are supported in each device. Additional
instructions are included for in-system programming opera-
tions.

Design Security

XC9500XL devices incorporate advanced data security
features which fully protect the programming data against
unauthorized reading or inadvertent device erasure/repro-
gramming. Table 3 shows the four different security settings
available.

5-16
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The read security bits can be set by the user to prevent the
internal programming pattern from being read or copied.
When set, they also inhibit further program operations but
allow device erase. Erasing the entire device is the only
way to reset the read security bit.

The write security bits provide added protection against
accidental device erasure or reprogramming when the
JTAG pins are subject to noise, such as during system
power-up. Once set, the write-protection may be deacti-
vated when the device needs to be reprogrammed with a
valid pattern with a specific sequence of JTAG instructions.

@

Figure 14:

Low Power Mode

All XC9500XL devices offer a low-power mode for individ-
ual macrocells or across all macrocells. This feature allows
the device power to be significantly reduced.

Each individual macrocell may be programmed in
low-power mode by the user. Performance-critical parts of
the application can remain in standard power mode, while
other parts of the application may be programmed for
low-power operation to reduce the overall power dissipa-
tion. Macrocells programmed for low-power mode incur
additional delay (t p) in pin-to-pin combinatorial delay as
well as register setup time. Product term clock to output
and product term output enable delays are unaffected by
the macrocell power-setting.

Table 3: Data Security Options

Read Security

Default Set
o Read Allowed Read Inhibited
5 Default | Program/Erase Program Inhibit
% Allowed Erase Allowed
Q
s Read Allowed Read Inhibited
Set Program/Erase Program/Erase
Allowed Inhibited

& XILINX

(b) xs902

In-System Programming Operation (a) Solder Device to PCB and (b) Program Using Download Cable

Timing Model

The uniformity of the XC9500XL architecture allows a sim-
plified timing model for the entire device. The basic timing
model, shown in Figure 15, is valid for macrocell functions
that use the direct product terms only, with standard power
setting, and standard slew rate setting. Table 4 shows how
each of the key timing parameters is affected by the product
term allocator (if needed), low-power setting, and slew-lim-
ited setting.

The product term allocation time depends on the logic span
of the macrocell function, which is defined as one less than
the maximum number of allocators in the product term
path. If only direct product terms are used, then the logic
span is 0. The example in Figure 6 shows that up to 15
product terms are available with a span of 1. In the case of
Figure 7, the 18 product term function has a span of 2.

October 2, 1998 (Version 1.1)
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Detailed timing information may be derived from the full tim- for each parameter are given in the individual device data
ing model shown in Figure 16. The values and explanations sheets.
tsy

Combinatorial Combinatorial
I:l Logic I:l I:l Logic >[0T QI I:l

[]
Y

tco

Propagation Delay = tpp Setup Time = tgyy Clock to Out Time = tcqg
(@) (b)

psy - |
I:l Combinatoria
Logic DT Q I:l
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I:l P-Term Clock > > Logic DIT Q —D
Path
tpco -
S

Setup Time =tpg; Clock to Out Time = tpco Internal System Cycle Time = tgysTeMm
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Figure 15: Basic Timing Model
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Figure 16: Detailed Timing Model
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Power-Up Characteristics

The XC9500XL devices are well behaved under all operat-
ing conditions. During power-up each XC9500XL device
employs internal circuitry which keeps the device in the qui-
escent state until the VocoyT Supply voltage is at a safe
level (approximately 2.5 V). During this time, all device pins
and JTAG pins are disabled and all device outputs are dis-
abled with the pins weakly pulled high, as shown in Table 5.
When the supply voltage reaches a safe level, all user reg-
isters become initialized (typically within 200 ps), and the
device is immediately available for operation, as shown in
Figure 17.

If the device is in the erased state (before any user pattern
is programmed), the device outputs remain disabled with
weak pull-up. The JTAG pins are enabled to allow the
device to be programmed at any time. All devices are
shipped in the erased state from the factory.

If the device is programmed, the device inputs and outputs
take on their configured states for normal operation. The
JTAG pins are enabled to allow device erasure or bound-
ary-scan tests at any time.

Development System Support

The XC9500XL family and associated in-system program-
ming capabilities are fully supported in either software solu-
tions available from Xilinx.

The Foundation Series is an all-in-one development sys-
tem containing schematic entry, HDL (VHDL, Verilog, and

Table 4: Timing Model Parameters

ABEL), and simulation capabilities. It supports the
XC9500XL family as well as other CPLD and FPGA fami-
lies.

The Alliance Series includes CPLD and FPGA implementa-
tion technology as well as all necessary libraries and inter-
faces for Alliance partner EDA solutions.

FastFLASH Technology

An advanced 0.35 micron feature size CMOS Flash process is
used to fabricate all XC9500XL devices. The FastFLASH pro-
cess provides high performance logic capability, fast pro-
gramming times, and superior reliability and endurance
ratings.

Veeint

2.5V / \
(Typ) —1=—=—— fr——mmm

ov

No Quiescent
Power State

Quiescent No
State Power

User Operation

Initialization of User Registers X5904

Figure 17: Device Behavior During Power-up

Description Parameter Product Teim Macrocell _ Output SIeyv-Limited

Allocator Low-Power Setting Setting

Propagation Delay tpp +ipta* S +tp + ts Ew

Global Clock Setup Time tsu +tpta*S +tp -

Global Clock-to-output tco - + s Ew

Product Term Clock Setup tpsy +ipta* S +tp -

Time

Product Term Clock-to-output trco - + g ew

Internal System Cycle Period tsysTEM +ipta* S +tp -

Note: 1. S =the logic span of the function, as defined in the text.

Table 5: XC9500XL Device Characteristics

Device Quiescent Erased Device Valid User
Circuitry State Operation Operation
IOB Bus-Hold Pull-up Pull-up Bus-Hold
Device Outputs Disabled Disabled As Configured
Device Inputs and Clocks Disabled Disabled As Configured
Function Block Disabled Disabled As Configured
JTAG Controller Disabled Enabled Enabled

October 2, 1998 (Version 1.1)
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Preliminary Product Specification

Features

* 4 ns pin-to-pin logic delays
e System frequency up to 200 MHz
« 36 macrocells with 800 usable gates
¢ Available in small footprint packages
- 44-pin PLCC (34 user I/O pins)
- 48-pin CSP (36 user 1/O pins)
- 64-pin VQFP (36 user I/O pins)
¢ Optimized for high-performance 3.3 V systems
- Low power operation
- 5Vtolerant I/O pins accept5V, 3.3V, and 2.5V
signals
- 3.3 Vor 2.5V output capability
- Advanced 0.35 micron feature size CMOS
FastFLASH™ technology
¢ Advanced system features
- In-system programmable
- Superior pin-locking and routability with
FastCONNECT II™ switch matrix
- Extra wide 54-input Function Blocks
- Up to 90 product-terms per macrocell with individual
product-term allocation
- Local clock inversion with 3 global and one
product-term clocks
- Individual output enable per output pin
- Input hysteresis on all user and boundary-scan pin
inputs
- Bus-hold circuitry on all user pin inputs
- Full IEEE Standard 1149.1 boundary-scan (JTAG)
» Fast concurrent programming
e Slew rate control on individual outputs
« Enhanced data security features
¢ Excellent quality and reliability
- Endurance exceeding 10,000 program/erase cycles
- 20 year data retention
- ESD protection exceeding 2,000 V
e Pin-compatible with 5 V-core XC9536 device in the
44-pin PLCC package and the 48-pin CSP package

Description

The XC9536XL is a 3.3 V CPLD targeted for high-perfor-
mance, low-voltage applications in leading-edge communi-
cations and computing systems. It is comprised of two
54V18 Function Blocks, providing 800 usable gates with
propagation delays of 4 ns. See Figure 2 for architecture
overview.

Power Estimation

Power dissipation in CPLDs can vary substantially depend-
ing on the system frequency, design application and output
loading. To help reduce power dissipation, each macrocell
in a XC9500XL device may be configured for low-power
mode (from the default high-performance mode). In addi-
tion, unused product-terms and macrocells are automati-
cally deactivated by the software to further conserve power.

For a general estimate of Ic¢, the following equation may
be used:

ICC (mA) = MCHP(OS) + MCLP(O?:) + MC(00045 mA/MHZ) f
Where:

MChp = Macrocells in high-performance (default) mode
MC_p = Macrocells in low-power mode

MC = Total number of macrocells used

f = Clock frequency (MHz)

This calculation is based on typical operating conditions
using a pattern of 16-bit up/down counters in each Function
Block with no output loading. The actual Icc value varies
with the design application and should be verified during
normal system operation.

Figure 1 shows the above estimation in a graphical form.

60
200 MHz

50
<
g w0 .

O
8 e(\o‘“‘a“ 125 MHZ
= °
.S 30 W /
o X
> O\NG
F /\’0 M
0 50 100 150 200

Clock Frequency (MHz) X5836x]

Figure 1: Typical I, vs. Frequency for XC9536XL
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Figure 2: XC9536XL Architecture

Function Block outputs (indicated by the bold line) drive the 1/O Blocks directly.
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Absolute Maximum Ratings

Symbol Description Value Units
Vee Supply voltage relative to GND -0.5t04.0 \%
VN Input voltage relative to GND (Note 1) -0.5t05.5 \%
Vs Voltage applied to 3-state output (Note 1) -0.5t05.5 \%
TsTe Storage temperature (ambient) -65 to +150 °c
TsoL Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) +260 °c

T, Junction temperature +150 °c

Note 1: Maximum DC undershoot below GND must be limited to either 0.5 V or 10 mA, whichever is easier to achieve. During
transitions, the device pins may undershoot to -2.0 V or overshoot to +7.0 V, provided this over- or undershoot lasts less
than 10 ns and with the forcing current being limited to 200 mA.

Note 2: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, and functional operation of the device at these or any other conditions beyond those listed under Operating
Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for extended periods of time may affect device
reliability.

Recommended Operation Conditions

Symbol Parameter Min Max Units
VeanT Supply voltage for internal logic Commercial T = 0°C to 70°C 3.0 3.6 \Y,
and input buffers Industrial T, = -40°C to +85°C 3.0 3.6 v
Veeio Supply voltage for output drivers for 3.3 V operation 3.0 3.6 \Y,
Supply voltage for output drivers for 2.5 V operation 2.3 2.7 \%
Vi Low-level input voltage 0 0.80 \
ViH High-level input voltage 2.0 55 \%
Vo Output voltage 0 Veeio \

Quality and Reliability Characteristics

Symbol Parameter Min Max Units
bR Data Retention 20 - Years
Npg Program/Erase Cycles (Endurance) 10,000 - Cycles

Vesp Electrostatic Discharge (ESD) 2,000 - Volts
DC Characteristic Over Recommended Operating Conditions
Symbol Parameter Test Conditions Min Max Units
VoH Output high voltage for 3.3 V outputs lon = -4.0 MA 2.4 \Y,
Output high voltage for 2.5 V outputs lon = -500 pA 90% Vccio \Y,
VoL Output low voltage for 3.3 V outputs loL =8.0 mA 0.4 \Y,
Output low voltage for 2.5 V outputs loL =500 pA 0.4 Y
I Input leakage current Ve = Max +10.0 HA
V|N = GND or V¢
Iy I/0 high-Z leakage current Ve = Max +10.0 MA
V|N = GND or VCC
Cin I/O capacitance V|n = GND 10.0 pF
f=1.0 MHz
lcc Operating Supply Current V| = GND, No load 10(Typ) mA
(low power mode, active) f=1.0 MHz
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AC Characteristics

XC9536XL-4 XC9536XL-5 XC9536XL-7 | XC9536XL-10 .
Symbol Parameter - - - - Units
Mint | Max?! Min Max Min Max Min Max
tpp I/0 to output valid 4.0 5.0 7.5 10.0 ns
tsy I/0 setup time before GCK 3.0 3.7 4.8 6.5 ns
t I/0 hold time after GCK 0.0 0.0 0.0 0.0 ns
tco GCK to output valid 3.0 35 4.5 5.8 ns
fsystem |Multiple FB internal operating 200.0 178.6 125.0 100.0 | MHz
frequency
tpsy I/O setup time before p-term 1.2 1.7 1.6 2.1 ns
clock input
tpH I/0 hold time after p-termclock | 1.8 2.0 3.2 4.4 ns
input
tpco P-term clock output valid 4.8 55 7.7 10.2 ns
toe GTS to output valid 35 4.0 5.0 7.0 ns
top GTS to output disable 4.0 5.0 7.0 ns
tpoE Product term OE to output en- 6.5 7.0 9.5 11.0 ns
abled
trobp Product term OE to output dis- 7.0 9.5 11.0 ns
abled
tao GSR to output valid 7.6 10.0 12.0 14.5 ns
tpao P-term S/R to output valid 8.4 105 12.6 15.3 ns
twLH GCK pulse width (High or Low)| 2.5 2.8 4.0 4.5 ns
tpLH P-term clock pulse width (High | 5.0 5.0 6.5 7.0 ns
or Low)
Advance Preliminary

Note 1:Please contact Xilinx for up-to-date information on advance specifications.

Ry
Output Type VCC|O VTEST Rl R2 CL
® 33V 33V 320 Q 360 Q 35 pF
25V 25V 250 Q 660 Q 35 pF

X5906A

Device Output © i

Figure 3: AC Load Circuit

5-24 September 28, 1998 (Version 1.0)



2:X||_|NX® XC9536XL High Performance CPLD

Internal Timing Parameters

XC9536XL-4 XC9536XL-5 XC9536XL-7 XC9536XL-10 .
Symbol Parameter - - - - Units
Min? ‘ Max? Min Max Min Max Min Max
Buffer Delays
tiw  [Input buffer delay 1.2 15 2.3 3.5 ns
tcck |GCK buffer delay 1.0 11 15 1.8 ns
tgsr |GSR buffer delay 1.2 2.0 3.1 4.5 ns
tects |GTS buffer delay 35 4.0 5.0 7.0 ns
tour |Output buffer delay 1.6 2.0 25 3.0 ns
ten  |Output buffer enable/disable 0.0 0.0 0.0 0.0 ns
delay
Product Term Control Delays
tprck |Product term clock delay 1.6 1.6 2.4 2.7 ns
tprsr |Product term set/reset delay 0.8 1.0 14 1.8 ns
tprrs |Product term 3-state delay 5.3 5.5 7.2 7.5 ns
Internal Register and Combinatorial Delays
tpp;  |Combinatorial logic propagation 0.4 0.5 1.3 1.7 ns
delay
tsy; |Register setup time 2.0 2.3 2.6 3.0 ns
ty  |Register hold time 1.0 14 2.2 35 ns
tecsu |Register clock enable setup 2.0 2.3 2.6 3.0 ns
time
tecHo |Register clock enable hold time| 1.0 14 2.2 35 ns
tcor |Register clock to output valid 0.4 0.4 0.5 1.0 ns
time
taor  |Register async. S/R to output 4.8 6.0 6.4 7.0 ns
delay
trar  |Register async. S/R recover be- 5.0 7.5 10.0 ns
fore clock
tLog) |Internal logic delay 0.8 1.0 14 1.8 ns
t ociLp |INnternal low power logic delay 3.8 5.0 6.4 7.3 ns
Feedback Delays
te FastCONNECT II™ feedback 1.8 1.9 35 4.2 ns
delay
Time Adders
tpra |Incremental product term allo- 0.6 0.7 0.8 1.0 ns
cator delay
tsLew | Slew-rate limited delay 2.5 3.0 4.0 4.5 ns
Advance Preliminary

Note 1: Please contact Xilinx for up-to-date information on advance specifications.
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XC9536XL I/O Pins

Flgl‘gtcif(’” Macrocell| PC44 | CS48 | vQ64 %Srgz:‘ Notes Flgl‘gtcif(’” Macrocell| PC44 | CS48 | vQ64 %Srg::] Notes
1 1 2 D6 9 105 2 1 1 D7 8 51
1 2 3 c7 10 102 2 2 44 E5 7 48
1 3 5 B7 15 99 ] 2 3 42 E6 5 45 ]
1 4 4 C6 11 96 2 4 43 E7 6 42
1 5 6 B6 16 93 ] 2 5 40 F6 2 39 ]
1 6 8 AG 19 90 2 6 39 G7 64 36 ]
1 7 7 A7 17 87 ] 2 7 38 G6 63 33
1 8 9 cs 20 84 2 8 37 F5 62 30
1 9 11 B5 22 81 2 9 36 G5 61 27
1 10 12 Al 24 78 2 10 35 Fa 60 24
1 11 13 B4 25 75 2 11 34 G4 57 21
1 12 14 A3 27 72 2 12 33 E3 56 18
1 13 18 B2 33 69 2 13 29 F2 50 15
1 14 19 B1 35 66 2 14 28 G1 48 12
1 15 20 c2 36 63 2 15 27 F1 45 9
1 16 22 c3 38 60 2 16 26 E2 44 6
1 17 24 D2 42 57 2 17 25 El 43 3
1 18 - D3 39 54 2 18 E4 49 0

Note 1: Global control pin.

XC9536XL Global, JTAG and Power Pins

Pin Type PC44 CS48 VQ64
/0/GCK1 5 B7 15
/O/GCK2 6 B6 16
/IO/GCK3 7 A7 17
/O/GTS1 42 E6 5
/OIGTS2 40 F6 2
/O/GSR 39 G7 64
TCK 17 Al 30
TDI 15 B3 28
TDO 30 G2 53
T™S 16 A2 29
Voot 3.3 V 21, 41 CL F7 3,37
Vceio 25 VB3V 32 G3 55
GND 10, 23, 31 A5, D1, F3 21, 41, 54
No Connects — — 1, 4,12, 13, 14, 18,
23, 26, 31, 32, 34, 40,
46, 47,51, 52, 58, 59
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Ordering Information

Example: XC9536XL -5PC 44 C

Device Type Temperature Range

Number of Pins

Speed Grade Package Type
Speed Options Packaging Options
-10 10 ns pin-to-pin delay PC44 44-Pin Plastic Lead Chip Carrier (PLCC)

-7 7.5 ns pin-to-pin delay . .
5 5 ns pin-to-pin delay CS48 48-Pin Chip Scale Package

-4 4 ns pin-to-pin delay VQ64 64-Pin Quad Flat Pack (VQFP)
Temperature Options

C = Commercial T, =0°C to +70°C
| = Industrial T, = -40°C to +85°C

Component Availability

Pins 44 48 64
Type Plastic Plastic Plastic
PLCC CsP VQFP
Code PC44 Cs48 VQ64
-10 C, I - (o
XC9536XL 7 c c c
-5 C C C
-4 © - ©

C = Commercial (T = 0°C to +70°C) | = Industrial (T, = -40°C to +85°C)
() Parenthesis indicate future planed products. Please contact Xilinx for up-to-date
information.
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XC9572XL High Performance
CPLD

September 28, 1998 (Version 1.0)

Preliminary Product Specification

Features

* 5 ns pin-to-pin logic delays
e System frequency up to 178 MHz
e 72 macrocells with 1,600 usable gates
¢ Available in small footprint packages
- 44-pin PLCC (34 user I/O pins)
- 48-pin CSP (38 user 1/O pins)
- 64-pin VQFP (52 user I/O pins)
- 100-Pin TQFP (72 user I/O pins)
¢ Optimized for high-performance 3.3 V systems
- Low power operation
- 5Vtolerant I/O pins accept5V, 3.3V, and 2.5V
signals
- 3.3 Vor 2.5V output capability
- Advanced 0.35 micron feature size CMOS
FastFLASH™ technology
« Advanced system features
- In-system programmable
- Superior pin-locking and routability with
FastCONNECT II™ switch matrix
- Extra wide 54-input Function Blocks
- Up to 90 product-terms per macrocell with individual
product-term allocation
- Local clock inversion with 3 global and one
product-term clocks
- Individual output enable per output pin
- Input hysteresis on all user and boundary-scan pin
inputs
- Bus-hold circuitry on all user pin inputs
- Full IEEE Standard 1149.1 boundary-scan (JTAG)
» Fast concurrent programming
e Slew rate control on individual outputs
« Enhanced data security features
¢ Excellent quality and reliability
- Endurance exceeding 10,000 program/erase cycles
- 20 year data retention
- ESD protection exceeding 2,000 V
e Pin-compatible with 5 V-core XC9572 device in the
44-pin PLCC package and the 100-pin TQFP package

Description

The XC9572XL is a 3.3 V CPLD targeted for high-perfor-
mance, low-voltage applications in leading-edge communi-
cations and computing systems. It is comprised of four
54V18 Function Blocks, providing 1,600 usable gates with
propagation delays of 4 ns. See Figure 2 for architecture
overview.

Power Estimation

Power dissipation in CPLDs can vary substantially depend-
ing on the system frequency, design application and output
loading. To help reduce power dissipation, each macrocell
in a XC9500XL device may be configured for low-power
mode (from the default high-performance mode). In addi-
tion, unused product-terms and macrocells are automati-
cally deactivated by the software to further conserve power.

For a general estimate of Ic¢, the following equation may
be used:

ICC (mA) = MCHP(OS) + MCLP(O?:) + MC(00045 mA/MHZ) f
Where:

MChp = Macrocells in high-performance (default) mode
MC_p = Macrocells in low-power mode

MC = Total number of macrocells used

f = Clock frequency (MHz)

This calculation is based on typical operating conditions
using a pattern of 16-bit up/down counters in each Function
Block with no output loading. The actual Icc value varies
with the design application and should be verified during
normal system operation.

Figure 1 shows the above estimation in a graphical form.
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Figure 1: Typical I, vs. Frequency for XC9572XL
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Function Block outputs (indicated by the bold line) drive the 1/O Blocks directly.
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Absolute Maximum Ratings

Symbol Description Value Units
Vee Supply voltage relative to GND -0.5t04.0 \%
VN Input voltage relative to GND (Note 1) -0.5t05.5 \%
Vs Voltage applied to 3-state output (Note 1) -0.5t05.5 \%
TsTe Storage temperature (ambient) -65 to +150 °c
TsoL Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) +260 °c

T, Junction temperature +150 °c

Note 1: Maximum DC undershoot below GND must be limited to either 0.5 V or 10 mA, whichever is easier to achieve. During
transitions, the device pins may undershoot to -2.0 V or overshoot to +7.0 V, provided this over- or undershoot lasts less
than 10 ns and with the forcing current being limited to 200 mA.

Note 2: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, and functional operation of the device at these or any other conditions beyond those listed under Operating
Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for extended periods of time may affect
device reliability.

Recommended Operation Conditions

Symbol Parameter Min Max Units
VeanT Supply voltage for internal logic Commercial T = 0°C to 70°C 3.0 3.6 \Y,
and input buffers Industrial T, = -40°C to +85°C 3.0 3.6 v
Veeio Supply voltage for output drivers for 3.3 V operation 3.0 3.6 \Y,
Supply voltage for output drivers for 2.5 V operation 2.3 2.7 \%
Vi Low-level input voltage 0 0.80 \
ViH High-level input voltage 2.0 55 \%
Vo Output voltage 0 Veeio \

Quality and Reliability Characteristics

Symbol Parameter Min Max Units
bR Data Retention 20 - Years
Npg Program/Erase Cycles (Endurance) 10,000 - Cycles

Vesp Electrostatic Discharge (ESD) 2,000 - Volts
DC Characteristic Over Recommended Operating Conditions
Symbol Parameter Test Conditions Min Max Units
VoH Output high voltage for 3.3 V outputs lon = -4.0 MA 2.4 \Y,
Output high voltage for 2.5 V outputs lon = -500 pA 90% Vccio \Y,
VoL Output low voltage for 3.3 V outputs loL =8.0 mA 0.4 \Y,
Output low voltage for 2.5 V outputs loL =500 pA 0.4 Y
I Input leakage current Ve = Max +10.0 HA
V|N = GND or V¢
Iy I/0 high-Z leakage current Ve = Max +10.0 MA
V|N = GND or VCC
Cin I/O capacitance V|n = GND 10.0 pF
f=1.0 MHz
lcc Operating Supply Current V| = GND, No load 20 (Typ) mA
(low power mode, active) f=1.0 MHz
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AC Characteristics

X5906A

XC9572XL-5 XC9572XL-7 XC9572XL-10 .
Symbol Parameter - - - Units
Min? Max?* Min Max Min Max
tpp I/0 to output valid 5.0 7.5 10.0 ns
tsu I/0 setup time before GCK 3.7 4.8 6.5 ns
t I/0 hold time after GCK 0.0 0.0 0.0 ns
tco GCK to output valid 35 4.5 5.8 ns
fsystem |Multiple FB internal operating fre- 178.6 125.0 100.0 MHz
quency

tpsu I/O setup time before p-term clock 1.7 1.6 2.1 ns

input
tpH I/O hold time after p-term clock input| 2.0 3.2 4.4 ns
tpco P-term clock output valid 5.5 7.7 10.2 ns
toe GTS to output valid 4.0 5.0 7.0 ns
top GTS to output disable 4.0 5.0 7.0 ns
tpoe Product term OE to output enabled 7.0 9.5 11.0 ns
tpoD Product term OE to output disabled 7.0 9.5 11.0 ns
tao GSR to output valid 10.0 12.0 14.5 ns
tpao P-term S/R to output valid 10.5 12.6 15.3 ns
twiLH GCK pulse width (High or Low) 2.8 4.0 4.5 ns
tpLH P-term clock pulse width (High or 5.0 6.5 7.0 ns

Low)

Advance Preliminary
Note 1: Please contact Xilinx for up-to-date information on advance specifications.
VTEST
g
Output Type | Vccio VTest Ry Ry Co
Device Output © 3.3V 33V 320 Q 360 Q 35 pF
% 25V 25V 250 Q 660 Q 35 pF
Ry

Figure 3: AC Load Circuit
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Internal Timing Parameters

XC9572XL-5 XC9572XL-7 XC9572XL-10 .
Symbol Parameter - - - Units
Min? Max? Min Max Min Max
Buffer Delays
tN Input buffer delay 15 2.3 3.5 ns
tcck  |GCK buffer delay 11 15 1.8 ns
tcsr |GSR buffer delay 2.0 31 4.5 ns
tgrs |GTS buffer delay 4.0 5.0 7.0 ns
tour |Output buffer delay 2.0 25 3.0 ns
ten Output buffer enable/disable delay 0.0 0.0 0.0 ns
Product Term Control Delays
tprck  |Product term clock delay 1.6 2.4 2.7 ns
tprsr  |Product term set/reset delay 1.0 14 1.8 ns
terrs  |Product term 3-state delay 5.5 7.2 7.5 ns
Internal Register and Combinatorial Delays
tppi Combinatorial logic propagation de- 0.5 1.3 1.7 ns
lay
tsui Register setup time 23 2.6 3.0 ns
th Register hold time 14 2.2 35 ns
tecsy |Register clock enable setup time 23 2.6 3.0 ns
tecHo |Register clock enable hold time 14 2.2 35 ns
tcol Register clock to output valid time 0.4 0.5 1.0 ns
taol Register async. S/R to output delay 6.0 6.4 7.0 ns
trAI Register async. S/R recover before 5.0 7.5 10.0 ns
clock
tLog |Internal logic delay 1.0 14 1.8 ns
t ociLp |Internal low power logic delay 5.0 6.4 7.3 ns
Feedback Delays
te FastCONNECT II™ feedback delay 1.9 35 4.2 ns
Time Adders
tpta |INcremental product term allocator 0.7 0.8 1.0 ns
delay
tsL.ew  |Slew-rate limited delay 3.0 4.0 4.5 ns
Advance Preliminary

Note 1: Please contact Xilinx for up-to-date information on advance specifications.
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XC9572XL /O Pins

Fl_mc- Macro- BScan FL.mC' Macro- BScan
tion PC44 | CS48 | VQ64 | TQ100 Notes tion PC44 | CS48 | VQ64 [TQ100 Notes
Block cell Order Block cell Order

1 1 - - - 16 213 3 1 - - - 41 105
1 2 1 D7 8 13 210 3 2 11 B5 22 32 102
1 3 - D4 12 18 207 3 3 - C4 31 49 99
1 4 - - 13 20 204 3 4 - - 32 50 96
1 5 2 D6 9 14 201 3 5 12 A4 24 35 93
1 6 3 Cc7 10 15 198 3 6 - - 34 53 90
1 7 - - - 25 195 3 7 - - - 54 87
1 8 4 C6 11 17 192 3 8 13 B4 25 37 84
1 9 5 B7 15 22 189 [1] 3 9 14 A3 27 42 81
1 10 - - 18 28 186 3 10 - D3 39 60 78
1 11 6 B6 16 23 183 [1] 3 11 18 B2 33 52 75
1 12 - - 23 33 180 3 12 - - 40 61 72
1 13 - - - 36 177 3 13 - - - 63 69
1 14 7 A7 17 27 174 [1] 3 14 19 B1 35 55 66
1 15 8 A6 19 29 171 3 15 20 Cc2 36 56 63
1 16 - - - 39 168 3 16 24 D2 42 64 60
1 17 9 C5 20 30 165 3 17 22 C3 38 58 57
1 18 - - - 40 162 3 18 - - - 59 54
2 1 - - - 87 159 4 1 - - - 65 51
2 2 35 F4 60 94 156 4 2 25 El 43 67 48
2 3 - - 58 91 153 4 3 - - 46 71 45
2 4 - - 59 93 150 4 4 - - a7 72 42
2 5 36 G5 61 95 147 4 5 26 E2 44 68 39
2 6 37 F5 62 96 144 4 6 - E4 49 76 36
2 7 - - - 3 141 [2] 4 7 - - - 77 33
2 8 38 G6 63 97 138 4 8 27 F1 45 70 30
2 9 39 G7 64 99 135 [1] 4 9 - - - 66 27
2 10 - - 1 1 132 4 10 - - 51 81 24
2 11 40 F6 2 4 129 [1] 4 11 28 Gl 48 74 21
2 12 - - 4 6 126 4 12 - - 52 82 18
2 13 - - - 8 123 4 13 - - - 85 15
2 14 42 E6 5 9 120 [3] 4 14 29 F2 50 78 12
2 15 43 E7 6 11 117 4 15 33 E3 56 89 9

2 16 - - - 10 114 4 16 - - - 86 6

2 17 44 E5 7 12 111 4 17 34 G4 57 90 3

2 18 - - - 92 108 4 18 - - - 79 0

Note 1: Global control pin.
Note 2: GTS1 for TQ100
Note 3: GTS1 for PC44, CS48, VQ64
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XC9572XL Global, JTAG and Power Pins

Pin Type PCa4 Cs48 VQ64 TQ100
I/O/GCK1 5 B7 15 22
I/0IGCK2 6 B6 16 23
I/OIGCK3 7 A7 17 27
I/OIGTS1 42 E6 5 3
I/OIGTS2 40 F6 2 4
I/OIGSR 39 G7 64 99
TCK 17 AL 30 48
TDI 15 B3 28 45
TDO 30 G2 53 83
T™S 16 A2 29 47

Voot 3.3 V 21, 41 CL, F7 3, 37 5,57, 98

Veeio 25 VB3V 32 G3 26, 55 26, 38, 51, 88

GND 10, 23, 31 A5, D1, F3 14, 21, 41, 54 21, 31, 44, 62,

69, 75, 84, 100

No Connects - - — 2,7,19, 24, 34,

43, 46, 73, 80

Ordering Information

Example: XC9572XL -7 TQ 100 C

Device Type Temperature Range

Number of Pins

Speed Grade Package Type
Speed Options Packaging Options
-10 10 ns pin-to-pin delay PC44 44-Pin Plastic Lead Chip Carrier (PLCC)

-7 7.5 ns pin-to-pin delay

5 5ns pin-to-pin delay CS48 48-Pin Chip Scale Package (CSP)

VQ64 64-Pin Very Thin Quad Flat Pack (VQFP)
TQ100 100-Pin Thin Quad Flat Pack (TQFP)
Temperature Options

C = Commercial T, =0°C to +70°C
| = Industrial Ta = -40°C to +85°C
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Component Availability
Pins 44 48 64 100
Type Plastic Plastic Plastic Plastic
PLCC CspP VQFP TQFP

Code PC44 CS48 VQ64 TQ100

-10 C,1 - C, 1 C, 1

XC9572XL -7 C C C C
-5 © - © (©)

C = Commercial (T, = 0°C to +70°C) | = Industrial (T, = -40°C to +85°C)

() Parenthesis indicate future planned products. Please contact Xllinx for up-to-date availability information.
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Preliminary Product Specification

Features

* 5 ns pin-to-pin logic delays
e System frequency up to 178 MHz
e 144 macrocells with 3,200 usable gates
¢ Available in small footprint packages
- 100-pin TQFP (81 user I/O pins)
- 144-pin TQFP (117 user I/O pins)
- 144-pin CSP (117 user I/O pins)
e Optimized for high-performance 3.3 V systems
- Low power operation
- 5Vtolerant I/O pins accept5V, 3.3V, and 2.5V
signals
- 3.3 Vor 2.5V output capability
- Advanced 0.35 micron feature size CMOS
FastFLASH™ technology
¢ Advanced system features
- In-system programmable
- Superior pin-locking and routability with
FastCONNECT II™ switch matrix
- Extra wide 54-input Function Blocks
- Up to 90 product-terms per macrocell with individual
product-term allocation
- Local clock inversion with 3 global and one
product-term clocks
- Individual output enable per output pin with local
inversion
- Input hysteresis on all user and boundary-scan pin
inputs
- Bus-hold ciruitry on all user pin inputs
- Full IEEE Standard 1149.1 boundary-scan (JTAG)
» Fast concurrent programming
e Slew rate control on individual outputs
« Enhanced data security features
¢ Excellent quality and reliability
- Endurance exceeding 10,000 program/erase cycles
- 20 year data retention
- ESD protection exceeding 2,000 V
e Pin-compatible with 5 V-core XC95144 device in the
100-pin TQFP package

Description

The XC95144XL is a 3.3 V CPLD targeted for high-perfor-
mance, low-voltage applications in leading-edge communi-
cations and computing systems. It is comprised of eight
54V18 Function Blocks, providing 3,200 usable gates with
propagation delays of 5 ns. See Figure 2 for architecture
overview.

Power Estimation

Power dissipation in CPLDs can very substantially depend-
ing on the system frequency, design application, and output
loading. To help reduce power dissipation, each macrocell
in a XC9500XL device may be configured for low-power
mode (from the default high-performance mode). In addi-
tion, unused product-terms and macrocells are automati-
cally deactivated by the software to further conserve power.

For a general estimate of I¢, the following equation may
be used:

ICC (mA) = MCHP(OS) + MCLP(O?’) + MC(00045 mA/MHZ) f
Where:

MChp = Macrocells in high-performance (default) mode
MC,_p = Macrocells in low-power mode

MC = Total number of macrocells used

f = Clock frequency (MHz)

This calculation is based on typical operating conditions
using a pattern of 16-bit up/down counters in each Function
Block with no output loading. The actual Icc value varies
with the design application and should be verified during
normal system operation.

Figure 1 shows the above estimation in graphical form.
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Figure 1: Typical I, vs. Frequency for XC95144XL
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Figure 2: XC95144XL Architecture

X5922B

Function Block outputs (indicated by the bold line) drive the 1/O Blocks directly.

5-38

November 13, 1998 (Version 1.2)



& XILINX® XC95144XL High Performance CPLD

Absolute Maximum Ratings

Symbol Description Value Units
Vee Supply voltage relative to GND -0.5t04.0 \%
VN Input voltage relative to GND (Note 1) -0.5t05.5 \%
Vs Voltage applied to 3-state output (Note 1) -0.5t05.5 \%
TsTe Storage temperature (ambient) -65 to +150 °c
TsoL Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) +260 °c

T, Junction temperature +150 °c

Note 1: Maximum DC undershoot below GND must be limited to either 0.5 V or 10 mA, whichever is easier to achieve. During
transitions, the device pins may undershoot to -2.0 V or overshoot to +7.0 V, provided this over- or undershoot lasts less
than 10 ns and with the forcing current being limited to 200 mA.

Note 2: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, and functional operation of the device at these or any other conditions beyond those listed under Operating
Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for extended periods of time may affect device
reliability.

Recommended Operation Conditions

Symbol Parameter Min Max Units
VeanT Supply voltage for internal logic Commercial T = 0°C to 70°C 3.0 3.6 \Y,
and input buffers Industrial T, = -40°C to +85°C 3.0 3.6 v
Veeio Supply voltage for output drivers for 3.3 V operation 3.0 3.6 \Y,
Supply voltage for output drivers for 2.5 V operation 2.3 2.7 \%
Vi Low-level input voltage 0 0.80 \
ViH High-level input voltage 2.0 55 \%
Vo Output voltage 0 Veeio \

Quality and Reliability Characteristics

Symbol Parameter Min Max Units
bR Data Retention 20 - Years
Npg Program/Erase Cycles (Endurance) 10,000 - Cycles

Vesp Electrostatic Discharge (ESD) 2,000 - Volts
DC Characteristics Over Recommended Operating Conditions
Symbol Parameter Test Conditions Min Max Units
VoH Output high voltage for 3.3 V outputs lon = -4.0 MA 2.4 \Y,
Output high voltage for 2.5 V outputs lon = -500 pA 90% Vccio \Y,
VoL Output low voltage for 3.3 V outputs loL =8.0 mA 0.4 \Y,
Output low voltage for 2.5 V outputs loL =500 pA 0.4 Y
I Input leakage current Ve = Max +10.0 HA
V|N = GND or V¢
Iy I/0 high-Z leakage current Ve = Max +10.0 MA
V|N = GND or VCC
Cin I/O capacitance V|n = GND 10.0 pF
f=1.0 MHz
e Operating Supply Current V| = GND, No load 45 ma
(low power mode, active) f=1.0 MHz
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AC Characteristics

XC95144XL-5 XC95144XL-7 XC95144XL-10 _
Symbol Parameter - - - Units
Min?t Max? Min Max Min Max
tpp I/0 to output valid 5.0 7.5 10.0 ns
tsu I/0 setup time before GCK 3.7 4.8 6.5 ns
ty I/0 hold time after GCK 0.0 0.0 0.0 ns
tco GCK to output valid 35 4.5 5.8 ns
fsystem |Multiple FB internal operating frequency 178.6 125.0 100.0 MHz
tpsy I/O setup time before p-term clock input 1.7 1.6 21 ns
tpH I/O hold time after p-term clock input 2.0 3.2 4.4 ns
tprco P-term clock output valid 5.5 7.7 10.2 ns
toe GTS to output valid 4.0 5.0 7.0 ns
top GTS to output disable 4.0 5.0 7.0 ns
tpoE Product term OE to output enabled 7.0 9.5 11.0 ns
tpoD Product term OE to output disabled 7.0 9.5 11.0 ns
tao GSR to output valid 10.0 12.0 14.5 ns
tpao P-term S/R to output valid 10.5 12.6 15.3 ns
tWLH GCK pulse width (High or Low) 2.8 4.0 4.5 ns
tpLH P-term clock pulse width (High or Low) 5.0 6.5 7.0 ns
Advance Preliminary

Note 1:Please contact Xilinx for up-to-date information on advance specifications.

VTEST
Ry
Output Type | Vccio VIEST Ry Rz CL
Device Output © 4 ® 3.3V 3.3V 320 Q 360 Q 35 pF
l 25V 25V 250 Q 660 Q 35 pF
Rz CL
I X5906A

Figure 3: AC Load Circuit
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Internal Timing Parameters

XC95144XL-5 XC95144XL-7 XC95144XL-10 i
Symbol Parameter - - - Units
Min? Max? Min Max Min Max
Buffer Delays
N Input buffer delay 15 2.3 3.5 ns
tgck  |GCK buffer delay 11 15 1.8 ns
tgsr  |GSR buffer delay 2.0 3.1 4.5 ns
tgts |GTS buffer delay 4.0 5.0 7.0 ns
tout |Output buffer delay 2.0 25 3.0 ns
teN Output buffer enable/disable delay 0.0 0.0 0.0 ns
Product Term Control Delays
tprck  |Product term clock delay 1.6 2.4 2.7 ns
tprsr  |Product term set/reset delay 1.0 14 1.8 ns
tprrs |Product term 3-state delay 5.5 7.2 7.5 ns
Internal Register and Combinatorial Delays
toppy  |Combinatorial logic propagation delay 0.5 1.3 1.7 ns
tsy;  |Register setup time 2.3 2.6 3.0 ns
th Register hold time 14 2.2 35 ns
tecsy |Register clock enable setup time 2.3 2.6 3.0 ns
tecno |Register clock enable hold time 1.4 2.2 35 ns
tcor  |Register clock to output valid time 0.4 0.5 1.0 ns
taol  |Register async. S/R to output delay 6.0 6.4 7.0 ns
trar  |Register async. S/R recover before clock| 5.0 7.5 10.0 ns
t og |Internal logic delay 1.0 14 1.8 ns
tL.ogip |Internal low power logic delay 5.0 6.4 7.3 ns
Feedback Delays
te FastCONNECT II™ feedback delay 1.9 35 4.2 ns
Time Adders
tpta  |Incremental product term allocator delay 0.7 0.8 1.0 ns
tsiew |Slew-rate limited delay 3.0 4.0 4.5 ns
Advance Preliminary

Note 1: Please contact Xilinx for up-to-date information on advance specifications.
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XC95144XL 1/0 Pins

Flgl‘gtcif(’” Macrocell | TQ100 | TQ144 | CS144 %Srgz:‘ Notes Flgl‘gtcif(’” Macrocell | TQ100 | TQ144 | CS144 %Srg::] Notes
1 1 - 23 H3 | 429 3 1 - 39 M3 | 321
1 2 11 16 F1 426 3 2 23 32 L1 318 ]
1 3 12 17 G2 | 423 3 3 - 41 K4 | 315
1 4 . 25 J1 420 3 4 - 44 N4 | 312
1 5 13 19 G3 | 417 3 5 24 33 L2 309
1 6 14 20 G4 | 414 3 6 25 34 L3 306
1 7 - - - 411 3 7 _ 46 L5 303
1 8 15 21 H1 | 408 3 8 27 38 N2 | 300 ]
1 9 16 22 H2 | 405 3 9 28 40 N3 | 297
1 10 - 31 K3 | 402 3 10 - 48 N5 | 294
1 11 17 24 H4 | 399 3 11 29 43 M4 | 291
1 12 18 26 32 396 3 12 30 45 K5 288
1 13 . - - 393 3 13 - - - 285
1 14 19 27 33 390 3 14 32 49 K6 282
1 15 20 28 34 387 3 15 33 50 L6 279
1 16 . 35 ML | 384 3 16 _ - - 276
1 17 22 30 K2 381 ] 3 17 34 51 M6 | 273
1 18 Z _ - 378 3 18 _ Z - 270
2 1 - 142 | C3 | 375 4 1 - 118 | C9 | 267
2 2 99 143 | A2 372 [ 4 2 87 126 | A7 264
2 3 - - - 369 4 3 - 133 | A5 261
2 4 . 4 C1 | 366 4 4 - - - 258
2 5 1 2 B1 363 ] 4 5 89 128 | D7 | 255
2 6 2 3 c2 | 360 ] 4 6 90 129 | A6 252
2 7 . - - 357 4 7 _ - - 249
2 8 3 5 D4 | 354 ] 2 8 91 130 | B6 246
2 9 4 6 D3 | 351 ] 2 9 92 131 | C6 | 243
2 10 - 7 D2 | 348 4 10 - 135 | C5 | 240
2 11 6 9 E4 | 345 4 11 93 132 | D6 | 237
2 12 7 10 E3 342 4 12 94 134 | B5 234
2 13 . 12 El 339 4 13 - 137 | A4 | 231
2 14 8 11 E2 336 4 14 95 136 | D5 | 228
2 15 9 13 Fa 333 4 15 96 138 | B4 | 225
2 16 . 14 F3 330 4 16 _ 139 | ca | 222
2 17 10 15 F2 327 4 17 97 140 | A3 219
2 18 Z _ - 324 2 18 - - - 216

Note 1: Global control pin.
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XC95144XL High Performance CPLD

XC95144XL (Continued)

F%Tgtcif” Macrocell | TQ100 | TQ144 | CS144 | 2522 | Notes th;gtcif” Macrocell | TQ100 | TQ144 | CS144 | 2522 | Notes
5 1 - - - 213 7 1 - - - 105
5 2 3 | 52 | N6 | 210 7 2 50 | 71 | N12 | 102
5 3 Z 59 | 18 | 207 7 3 - 75 | 112 | 99
5 2 Z - - 204 7 2 - - - 96
5 5 36 | 53 | M7 | 201 7 5 52 | 74 | M3 | 93
5 6 37 | 54 | N7 | 198 7 6 53 | 76 | 113 | 9
5 7 Z 66 | M10 | 195 7 7 - 77 | K0 | 87
5 8 39 | 56 | K7 | 192 7 8 54 | 78 | KiL | o4
5 9 20 | 57 | N8 | 189 7 9 55 | 80 | K13 | sl
5 10 - 68 | NIl | 186 7 10 - 79 | K12 | 78
5 11 41 | 58 | ™8 | 183 7 11 56 | 82 | JiL | 75
5 12 22 | 60 | K8 | 180 7 12 58 | 85 | H1O | 72
5 13 Z 70 | L1 | 177 7 13 - 81 | J10 | 69
5 12 3 | 61 | No | 174 7 12 59 | 86 | M1l | 66
5 15 26 | 64 | ko | 171 7 15 60 | 87 | Hiz | 63
5 16 Z - - 168 7 16 - 83 | J12 | 60
5 7 49 | 69 | M1l | 165 7 7 61 | 88 | H13 | 57
5 18 Z - - 162 7 18 - - - 54
6 1 = - - 159 8 1 - - - 51
6 2 74 | 106 | c11 | 156 8 2 63 | 91 | c11 | 48
6 3 Z - - 153 8 3 - 95 | F11 | 45
6 2 ~ [ 111 | B1L | 150 8 2 - 97 | E13 | 42
6 5 76 | 110 | A2 | 147 8 5 64 | 92 | G0 | 29
6 6 77 | 112 | AL | 144 8 6 6 | 93 | Fi3 | 36
6 7 Z - - 141 8 7 - - - 33
6 8 78 | 113 | D10 | 138 8 8 66 | 94 | F12 | =0
6 9 79 | 116 | A0 | 135 8 9 67 | 9 | Fl0 | 27
6 10 — [ 115 | B0 | 132 8 10 — [ 101 | D13 | 24
6 11 80 | 119 | B9 | 129 8 11 68 | 98 | E12 | 21
6 12 81 | 120 | A9 | 126 8 12 70 | 100 | E10 | 18
6 13 Z - - 123 8 13 — [ 103 | p11 | 15
6 12 82 | 121 | D8 | 120 8 12 71 | 102 | p12 | 12
6 15 85 | 124 | A8 | 117 8 15 72 | 104 | c13 | 9
6 16 ~ [ 117 | Do | 114 8 16 — [ 107 | B13 | 6
6 7 86 | 125 | B7 | 111 8 7 73 | 105 | c12 | 3
6 18 Z - - 108 8 18 - - - 0
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XC95144XL Global, ITAG and Power Pins

Pin Type TQ100 TQ144 CS144
I/OIGCK1 22 30 K2
I/OIGCK2 23 32 L1
I/OIGCK3 27 38 N2
I/OIGTS1 3 5 D4
I/0IGTS2 4 6 D3
I/O/GTS3 1 2 B1
I/OIGTS4 2 3 c2
I/OIGSR 99 143 A2
TCK 48 67 L10
TDI 45 63 L9
TDO 83 122 C8
T™S 47 65 N10
VeainT 33 V 5,57, 98 8, 42, 84, 141 B3, D1, J13, L4
Veeio 2.5 VB3V 26, 38, 51, 88 1, 37, 55, 73, 109, 127 | AL, A13, C7, L7, N1, N13
21, 31, 44, 62, 69, 75, 84, | 18, 29, 36, 47, 62, 72, 89, | B2, B8, B12, C10, E11,
GND 100 90, 99, 108, 114, 123, 144| G1, G12, G13, K1, M2,
M5, M9, M12
No Connects - - -

Ordering Information

Example: XC95144XL -7 TQ 100 C
Device Type Q T— Temperature Range

Number of Pins

Speed Grade Package Type
Speed Options Packaging Options
-10 10ns pip-to-pih delay TQ100 100-Pin Thin Quad Flat Pack (TQFP)
-7 75 ns_pln-tofpln delay TQ144 144-Pin Thin Quad Flat Pack (TQFP)
-5 5 ns pin-to-pin delay CS144 144-Pin Chip Scale Package (CSP)

Temperature Options

C= Commercial T, =0°C to +70°C
I = Industrial Ta = -40°C to +85°C
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Component Availability

Pins 100 144 144
Type Plastic Plastic Chip Scale Package
TQFP TQFP CSP
Code TQ100 TQ144 CS144
-10 C. 1 C, 1 -
XC95144XL -7 C C ©
-5 © (©) -

C = Commercial (T, = 0°C to +70°C) | = Industrial (T, = -40°C to +85°C)
() Parenthesis indicate future planned products. Please contact Xilinx for up-to-date availability
information.

Revision Control

Date Revision
10/30/98 Minor corrections in CS144 pinout table.
11/13/98 V1.2 Minor correction in CS144 pinout table.
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Advance Product Specification

Features

e 6 ns pin-to-pin logic delays
e System frequency up to 151 MHz
« 288 macrocells with 6,400 usable gates
¢ Available in small footprint packages
- 144-pin TQFP (117 user I/O pins)
- 208-pin PQFP (168 user I/O pins)
- 352-pin BGA (192 user I/O pins)
¢ Optimized for high-performance 3.3 V systems
- Low power operation
- 5Vtolerant I/O pins accept5V, 3.3V, and 2.5V
signals
- 3.3 Vor 2.5V output capability
- Advanced 0.35 micron feature size CMOS
FastFLASH™ technology
¢ Advanced system features
- In-system programmable
- Superior pin-locking and routability with
FastCONNECT II™ switch matrix
- Extra wide 54-input Function Blocks
- Up to 90 product-terms per macrocell with individual
product-term allocation
- Local clock inversion with 3 global and one
product-term clocks
- Individual output enable per output pin
- Input hysteresis on all user and boundary-scan pin
inputs
- Bus-hold ciruitry on all user pin inputs
- Full IEEE Standard 1149.1 boundary-scan (JTAG)
» Fast concurrent programming
e Slew rate control on individual outputs
« Enhanced data security features
¢ Excellent quality and reliability
- Endurance exceeding 10,000 program/erase cycles
- 20 year data retention
- ESD protection exceeding 2,000 V
¢ Pin-compatible with 5 V-core XC95288 device in the
208-pin HQFP package

Description

The XC95288XL is a 3.3 V CPLD targeted for high-perfor-
mance, low-voltage applications in leading-edge communi-
cations and computing systems. It is comprised of sixteen
54V18 Function Blocks, providing 6,400 usable gates with
propagation delays of 6 ns. See Figure 2 for architecture
overview.

Power Estimation

Power dissipation in CPLDs can vary substantially depend-
ing on the system frequency, design application and output
loading. To help reduce power dissipation, each macrocell
in a XC9500XL device may be configured for low-power
mode (from the default high-performance mode). In addi-
tion, unused product-terms and macrocells are automati-
cally deactivated by the software to further conserve power.

For a general estimate of Ic¢, the following equation may
be used:

ICC (mA) = MCHP(OS) + MCLP(O?:) + MC(00045 mA/MHZ) f
Where:

MChp = Macrocells in high-performance (default) mode
MC_p = Macrocells in low-power mode

MC = Total number of macrocells used

f = Clock frequency (MHz)

This calculation is based on typical operating conditions
using a pattern of 16-bit up/down counters in each Function
Block with no output loading. The actual Icc value varies
with the design application and should be verified during
normal system operation.

Figure 1 shows the above estimation in a graphical form.
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Figure 1: Typical I vs. Frequency for XC95288XL
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Figure 2: XC95288XL Architecture

Function Block outputs (indicated by the bold line) drive the 1/O Blocks directly.
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Absolute Maximum Ratings

Symbol Description Value Units
Vee Supply voltage relative to GND -0.5t04.0 \%
VN Input voltage relative to GND (Note 1) -0.5t05.5 \%
Vs Voltage applied to 3-state output (Note 1) -0.5t05.5 \%
TsTe Storage temperature (ambient) -65 to +150 °c
TsoL Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) +260 °c

T, Junction temperature +150 °c

Note 1: Maximum DC undershoot below GND must be limited to either 0.5 V or 10 mA, whichever is easier to achieve. During
transitions, the device pins may undershoot to -2.0 V or overshoot to +7.0 V, provided this over- or undershoot lasts less
than 10 ns and with the forcing current being limited to 200 mA.

Note 2: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, and functional operation of the device at these or any other conditions beyond those listed under Operating
Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for extended periods of time may affect device
reliability.

Recommended Operation Conditions

Symbol Parameter Min Max Units
VeanT Supply voltage for internal logic Commercial T = 0°C to 70°C 3.0 3.6 \Y,
and input buffers Industrial T, = -40°C to +85°C 3.0 3.6 v
Veeio Supply voltage for output drivers for 3.3 V operation 3.0 3.6 \Y,
Supply voltage for output drivers for 2.5 V operation 2.3 2.7 \%
Vi Low-level input voltage 0 0.80 \
ViH High-level input voltage 2.0 55 \%
Vo Output voltage 0 Veeio \

Quality and Reliability Characteristics

Symbol Parameter Min Max Units
bR Data Retention 20 - Years
Npg Program/Erase Cycles (Endurance) 10,000 - Cycles

Vesp Electrostatic Discharge (ESD) 2,000 - Volts
DC Characteristic Over Recommended Operating Conditions
Symbol Parameter Test Conditions Min Max Units
VoH Output high voltage for 3.3 V outputs lon = -4.0 MA 2.4 \Y,
Output high voltage for 2.5 V outputs lon = -500 pA 90% Vccio \Y,
VoL Output low voltage for 3.3 V outputs loL =8.0 mA 0.4 \Y,
Output low voltage for 2.5 V outputs loL =500 pA 0.4 Y
I Input leakage current Ve = Max +10.0 HA
V|N = GND or V¢
Iy I/0 high-Z leakage current Ve = Max +10.0 MA
V|N = GND or VCC
Cin I/O capacitance V|n = GND 10.0 pF
f=1.0 MHz
lcc Operating Supply Current V| = GND, No load 85(Typ) mA
(low power mode, active) f=1.0 MHz
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AC Characteristics

XC95288XL-6 XC95288XL-10 .
Symbol Parameter - - Units
Min? Max? Min?t Max?
tpp I/0 to output valid 6.0 10.0 ns
tsu I/0 setup time before GCK 4.1 6.5 ns
ty I/0 hold time after GCK 0.0 0.0 ns
tco GCK to output valid 4.3 5.8 ns
fsystem |Multiple FB internal operating frequency 151.5 100.0 MHz
tpsy I/O setup time before p-term clock input| 2.1 21 ns
tpH I/O hold time after p-term clock input 2.0 4.4 ns
tprco P-term clock output valid 6.3 10.2 ns
toe GTS to output valid 4.5 7.0 ns
top GTS to output disable 7.0 ns
tpoE Product term OE to output enabled 8.0 11.0 ns
troDp Product term OE to output disabled 11.0 ns
tao GSR to output valid 10.8 14.5 ns
tpao P-term S/R to output valid 11.6 15.3 ns
tWLH GCK pulse width (High or Low) 3.3 4.5 ns
tpLH P-term clock pulse width (High or Low) 6.0 7.0 ns
Advance

Note 1: Please contact Xilinx for up-to-date information on advance specifications.

V1EST

Ry
Output Type VCC|O VTEST Rl R2 CL
Device Output © ® 3.3V 3.3V 320Q 360 Q 35 pF
25V 25V 250 Q 660 Q 35 pF

X5906A

III—’\/;\U/\/—<—’\/\/\/—0
) —

Figure 3: AC Load Circuit
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Internal Timing Parameters

XC95288XL-6 XC95288XL-10 .
Symbol Parameter - - Units
Min? Max? Min? Max?
Buffer Delays
N Input buffer delay 18 3.5 ns
tgck  |GCK buffer delay 14 1.8 ns
tgsr  |GSR buffer delay 2.2 4.5 ns
tgTrs |GTS buffer delay 4.5 7.0 ns
tout |Output buffer delay 24 3.0 ns
teN Output buffer enable/disable delay 0.0 0.0 ns
Product Term Control Delays
tprck  |Product term clock delay 1.6 2.7 ns
tprsr  |Product term set/reset delay 12 1.8 ns
tprrs |Product term 3-state delay 6.2 7.5 ns
Internal Register and Combinatorial Delays
toppy  |Combinatorial logic propagation delay 0.6 1.7 ns
tsy;  |Register setup time 25 3.0 ns
th Register hold time 1.6 35 ns
tecsy |Register clock enable setup time 25 3.0 ns
tecno |Register clock enable hold time 1.6 3.5 ns
tcor  |Register clock to output valid time 0.5 1.0 ns
taol  |Register async. S/R to output delay 6.2 7.0 ns
trar  |Register async. S/R recover before clock 10.0 ns
t og |Internal logic delay 1.2 1.8 ns
tL.ogip |Internal low power logic delay 5.2 7.3 ns
Feedback Delays
te FastCONNECT II™ feedback delay 2.4 4.2 ns
Time Adders
tpta  |Incremental product term allocator delay 0.8 1.0 ns
tsiew |Slew-rate limited delay 3.5 4.5 ns
Advance

Note 1: Please contact Xilinx for up-to-date information on advance specifications.
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XC95288XL 1/O Pins

Flé?gglfn Macrocell | TQ144 | PQ208 | BG352 %Sr((j:z? Notes Flé?ggsn Macrocell | TQ144 | PQ208 [ BG352 %Sr((j:z? Notes
1 1 - - - 861 3 1 - - - 753
1 2 - 28 N26 858 3 2 28 38 u24 750
1 3 - 29 P25 855 3 3 - 39 u23 747
1 4 - - - 852 3 4 - - - 744
1 5 20 30 P23 849 3 5 - 40 Y26 741
1 6 21 31 P24 846 3 6 - 41 W25 738
1 7 - - - 843 3 7 - - - 735
1 8 22 32 R26 840 3 8 - 43 AA26 732
1 9 - - R25 837 3 9 - - Y25 729
1 10 23 33 R24 834 3 10 30 44 Y24 726 [1]
1 11 - - R23 831 3 11 - - AA25 723
1 12 24 34 T26 828 3 12 31 45 AB25 | 720
1 13 - - - 825 3 13 - - - 717
1 14 25 35 T25 822 3 14 32 46 AA24 714 [1]
1 15 26 36 T23 819 3 15 33 47 Y23 711
1 16 - - - 816 3 16 - - - 708
1 17 27 37 V26 813 3 17 - 48 AC26 705
1 18 - - - 810 3 18 - - - 702
2 1 - - - 807 2 1 - - - 699
2 2 9 15 K23 804 4 2 2 3 E23 696 [1]
2 3 10 16 K24 801 4 3 - 4 C26 693
2 4 - - - 798 4 4 - - - 690
2 5 11 17 J25 795 4 5 3 5 E24 687 [1]
2 6 12 18 L24 792 4 6 4 6 F24 684
2 7 - - - 789 4 7 - - - 681
2 8 13 19 K25 | 786 4 8 5 7 E25 | 678 [1]
2 9 - - L25 783 4 9 - - D26 675
2 10 14 20 L26 780 4 10 - 8 G24 672
2 11 - - M23 77 4 11 - - F25 669
2 12 15 21 M24 774 4 12 6 9 F26 666 [1]
2 13 - - - 771 4 13 - - - 663
2 14 16 22 M25 768 4 14 7 10 H23 660
2 15 17 23 M26 765 4 15 - 12 G26 657
2 16 - - - 762 4 16 - - - 654
2 17 19 25 N25 759 4 17 - 14 H25 651
2 18 - - - 756 4 18 - - - 648

Notes: [1] Global control pin
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XC95288XL 1/0O Pins (continued)

Ftér;gglsn Macrocell | TQ144 | PQ208 |BG352 %Sr’ggp Notes Ftér;gglsn Macrocell | TQ144 | PQ208 | BG352 %Srgg? Notes
5 1 — - — 645 7 1 — - — 537
5 2 34 49 AA23 | 642 7 2 - 62 AC19 | 534
5 3 — 50 AB24 639 7 3 45 63 AD19 531
5 4 - - - 636 7 4 - - - 528
5 5 35 51 AD25 633 7 5 46 64 AE20 525
5 6 — 54 AE24 630 7 6 — 66 AC18 522
5 7 — - — 627 7 7 — - — 519
5 8 38 55 AD23 624 [1] 7 8 — 67 AD18 516
5 9 — - AC22 621 7 9 — - AE19 513
5 10 39 56 AF24 618 7 10 — 69 AD17 510
5 11 — - AD22 615 7 11 — - AE18 507
5 12 40 57 AE23 612 7 12 48 70 AF18 504
5 13 - - - 609 7 13 - - - 501
5 14 41 58 AE22 606 7 14 — 71 AE17 498
5 15 43 60 AE21 603 7 15 49 72 AE16 495
5 16 - - - 600 7 16 - - - 492
5 17 44 61 AF21 597 7 17 — 73 AF16 489
5 18 — - — 594 7 18 — - — 486
6 1 — - — 591 8 1 - - — 483
6 2 135 197 C19 588 8 2 130 186 Al5 480
6 3 136 198 D18 585 8 3 131 187 B15 477
6 4 — - — 582 8 4 — - — 474
6 5 137 199 A21 579 8 5 132 188 C15 471
6 6 138 200 B20 576 8 6 - 189 D15 468
6 7 — - — 573 8 7 — - — 465
6 8 139 201 Cc20 570 8 8 133 191 Al6 462
6 9 - - B21 567 8 9 - - B16 459
6 10 140 202 B22 564 8 10 134 192 C16 456
6 11 — - Cc21 561 8 11 — - B17 453
6 12 — 203 D20 558 8 12 — 193 C17 450
6 13 — - — 555 8 13 — - — 447
6 14 142 205 B24 552 8 14 — 194 B18 444
6 15 143 206 C23 549 [1] 8 15 — 195 A20 441
6 16 — - — 546 8 16 — - — 438
6 17 — 208 D22 543 8 17 — 196 B19 435
6 18 — - — 540 8 18 — - — 432

Note: [1] Global control pin
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XC95288XL 1/0O Pins (continued)

Ftér:ggli)n Macrocell | TQ144 | PQ208 |BG352 %Srgg? Notes F%nglgn Macrocell | TQ144 | PQ208 |BG352 %Srggp Notes
9 1 - - - 429 11 1 - - - 321
9 2 50 74 AE14 426 11 2 - 87 AD9 318
9 3 51 75 AF14 423 11 3 60 88 AC10 315
9 4 - - - 420 11 4 - - - 312
9 5 52 76 AE13 417 11 5 61 89 AF7 309
9 6 53 77 AC13 414 11 6 - 90 AES8 306
9 7 - - - 411 11 7 - - - 303
9 8 54 78 AD13 408 11 8 - 91 AD8 300
9 9 - - AF12 405 11 9 - - AE7 297
9 10 - 80 AE12 402 11 10 64 95 AD7 294
9 11 56 82 AD12 399 11 11 66 97 AES 291
9 12 57 83 AC12 | 396 11 12 68 99 AC7 288
9 13 - - - 393 11 13 - - - 285
9 14 58 84 AF11 390 11 14 69 100 AE3 282
9 15 - 85 AE11 387 11 15 - 101 AD4 279
9 16 - - - 384 11 16 - - - 276
9 17 59 86 AE9 381 11 17 70 102 AC5 273
9 18 - - - 378 11 18 - - - 270
10 1 - - - 375 12 1 - - - 267
10 2 117 170 C10 372 12 2 110 158 B3 264
10 3 118 171 B9 369 12 3 111 159 A3 261
10 4 - - - 366 12 4 - - - 258
10 5 119 173 A9 363 12 5 112 160 D6 255
10 6 120 174 D11 360 12 6 - 161 C6 252
10 7 - - - 357 12 7 - - - 249
10 8 121 175 B11 354 12 8 113 162 B5 246
10 9 - - All 351 12 9 - - A4 243
10 10 124 178 C12 348 12 10 115 164 B6 240
10 11 125 179 B12 345 12 11 - 165 A6 237
10 12 126 180 Al2 342 12 12 116 166 D8 234
10 13 - - - 339 12 13 - - - 231
10 14 128 182 Al3 336 12 14 - 167 B7 228
10 15 - 183 B14 333 12 15 - 168 A7 225
10 16 - - - 330 12 16 - - - 222
10 17 129 185 Ci14 327 12 17 - 169 D9 219
10 18 - - - 324 12 18 - - - 216
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XC95288XL 1/0O Pins (continued)

Flé?gglfn Macrocell| TQ144 | PQ208 [ BG352 %Srggp Notes Flé?ggsn Macrocell| TQ144 | PQ208 | BG352 %Sr’ggp Notes
13 1 - - - 213 15 1 - - - 105
13 2 71 103 AD3 210 15 2 79 117 V3 102
13 3 - 106 AD2 207 15 3 80 118 W2 99
13 4 - - - 204 15 4 - - - 96
13 5 - 107 AC3 201 15 5 - 119 U4 93
13 6 - 109 AD1 198 15 6 - 120 U3 90
13 7 - - - 195 15 7 - - - 87
13 8 74 110 AA4 192 15 8 81 121 V2 84
13 9 - - AA3 189 15 9 - - V1 81
13 10 - 111 AB2 186 15 10 82 122 u2 78
13 11 75 112 AC1 183 15 11 83 123 T2 75
13 12 - 113 AA2 180 15 12 85 125 R4 72
13 13 - - - 177 15 13 - - - 69
13 14 76 114 AAl 174 15 14 86 126 R3 66
13 15 77 115 Y1 171 15 15 87 127 R2 63
13 16 - - - 168 15 16 - - - 60
13 17 78 116 V4 165 15 17 88 128 R1 57
13 18 - - - 162 15 18 - - - 54
14 1 - - - 159 16 1 - - - 51
14 2 - 144 K3 156 16 2 91 131 P1 48
14 3 100 145 G1 153 16 3 92 133 N2 45
14 4 - - - 150 16 4 - - - 42
14 5 101 146 H2 147 16 5 93 134 N4 39
14 6 102 147 H3 144 16 6 94 135 N3 36
14 7 - - - 141 16 7 - - - 33
14 8 103 148 J4 138 16 8 95 136 M1 30
14 9 - - F1 135 16 9 - - M2 27
14 10 104 149 G2 132 16 10 96 137 M3 24
14 11 105 150 G3 129 16 11 97 138 M4 21
14 12 - 151 F2 126 16 12 98 139 L1 18
14 13 - - - 123 16 13 - - - 15
14 14 106 152 E2 120 16 14 - 140 L2 12
14 15 107 154 D2 117 16 15 - 142 L3 9
14 16 - - - 114 16 16 - - - 6
14 17 - 155 F4 111 16 17 - 143 J1 3
14 18 - - - 108 16 18 - - - 0
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XC95288XL Global, JTAG and Power Pins

Pin Type TQ144 PQ208 BG352
/OIGCK1 30 44 Y24
/OIGCK2 32 46 AA24
/O/GCK3 38 55 AD23
/OIGTST 5 7 E25
/0IGTS2 6 9 F26
/0IGTS3 2 3 E23
/OIGTS4 3 5 E24
/O/GSR 143 206 C23
TCK 67 98 AD6
TDI 63 94 AF6
TDO 122 176 D12
TMS 65 96 AE6
Voot 3.3V 8, 42, 84, 141 11, 59, 124, 153, 204|923, V24, AF23, AC15, AF15, |

AD11, ADS, Y3, T1, J3, G4,
D5, D10, B13, D17, C22, H24

Veeio 2.5VI33 V

1, 37,55, 73, 109, 127

1, 26, 53, 65, 79, 92, 105,
132,157,172, 181, 184

A10, Al17, B2, B25, D7, D13,

D19, G23, H4, K1, K26, N23,

P4, U1, U26, W23, Y4, ACS8,

AC14, AC20, AE25, AF10,
AF17

GND

18, 29, 36, 47, 62, 72, 89, 90,
99, 108, 114, 123, 144

2,13, 24,27, 42,52, 68, 81,
93, 104,1 08, 129, 130, 141,
156, 163, 177, 190, 207

Al, A2, A5, A8, Al4, Al9,
A22, A25, A26, B1, B26, C7,
C9, C13, C18, D24, E1, E26,

H1, H26, K4, N1, N24, P3,

P26, V23, W1, W4, W26,
AB1, AB4, AB26, AC9, AD10,

AD14, AD15, AD20, AE1,
AE26, AF1, AF2, AF5, AFS,

AF13, AF19, AF22, AF25,

AF26

No Connects

Al18, A23, A24, B4, B8, B10,
B23, C1, C2, C3, C4, C5, C8,
C11, C24, C25, D1, D3, D4,
D14,D16,D21,D23,D25, E3,
E4, F3, F23, G25, J2, J24,
J26, K2, L4, L23, P2, T3, T4,
T24,U25,V25, W3, W24, Y2,
AB3, AB23, AC2, AC4, ACGb,
AC11, AC16, AC17, AC21,
AC23, AC24, AC25, AD16,
AD21, AD24, AD26, AEZ2,
AE4, AE10, AE15, AF3, AF4,
AF9, AF20

5-56
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Ordering Information

Example: XC95288XL -6 TQ 144 C

Device Type ——— Temperature Range

Number of Pins

Speed Grade Package Type
Speed Options Packaging Options
-10 10 ns pin-to-pin delay TQ144 144-Pin Thin Quad Flat Pack (TQFP)
-6 6 ns pin-to-pin delay PQ208 208-Pin Plastic Quad Flat Pack (PQFP)

BG352 352-Pin Plastic Ball Grid Array (BGA)
Temperature Options

C= Commercial T, =0°C to +70°C
| = Industrial T, = -40°C to +85°C

Component Availability

Pins 144 208 352
Type Plastic Plastic Plastic
TQFP PQFP BGA
Code TQ144 PQ208 BG352
XC95288XL 10 c! ¢! ©
-6 © © ©

C = Commercial (T = 0°C to +70°C) | = Industrial (T = -40°C to +85°C)
() Parenthesis indicate future product plans. Please contact Xilinx for up-to-date availability information.
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CPLD Family
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Features

* High-performance
- 5 ns pin-to-pin logic delays on all pins
- fCNT to 125 MHz
e Large density range
- 36 to 288 macrocells with 800 to 6,400 usable gates
¢ 5V in-system programmable
- Endurance of 10,000 program/erase cycles
- Program/erase over full commercial voltage and
temperature range
* Enhanced pin-locking architecture
¢ Flexible 36V18 Function Block
- 90 product terms drive any or all of 18 macrocells
within Function Block
- Global and product term clocks, output enables, set
and reset signals
¢ Extensive IEEE Std 1149.1 boundary-scan (JTAG)
support
¢ Programmable power reduction mode in each
macrocell
¢ Slew rate control on individual outputs
¢ User programmable ground pin capability
« Extended pattern security features for design protection
¢ High-drive 24 mA outputs
e 3.3V or5VI/O capability
¢ Advanced CMOS 5V FastFLASH technology
e Supports parallel programming of multiple XC9500
devices

Family Overview

The XC9500 CPLD family provides advanced in-system
programming and test capabilities for high performance,
general purpose logic integration. All devices are in-system
programmable for a minimum of 10,000 program/erase
cycles. Extensive IEEE 1149.1 (JTAG) boundary-scan sup-
port is also included on all family members.

As shown in Table 1, logic density of the XC9500 devices
ranges from 800 to over 6,400 usable gates with 36 to 288
registers, respectively. Multiple package options and asso-
ciated I/O capacity are shown in Table 2. The XC9500 fam-
ily is fully pin-compatible allowing easy design migration
across multiple density options in a given package foot-
print.

The XC9500 architectural features address the require-
ments of in-system programmability. Enhanced pin-locking
capability avoids costly board rework. An expanded JTAG
instruction set allows version control of programming pat-
terns and in-system debugging. In-system programming
throughout the full device operating range and a minimum
of 10,000 program/erase cycles provide worry-free recon-
figurations and system field upgrades.

Advanced system features include output slew rate control
and user-programmable ground pins to help reduce system
noise. I/Os may be configured for 3.3 V or 5 V operation. All
outputs provide 24 mA drive.

Architecture Description

Each XC9500 device is a subsystem consisting of multiple
Function Blocks (FBs) and 1/0 Blocks (I0Bs) fully intercon-
nected by the FastCONNECT switch matrix. The I0OB pro-
vides buffering for device inputs and outputs. Each FB
provides programmable logic capability with 36 inputs and
18 outputs. The FastCONNECT switch matrix connects all
FB outputs and input signals to the FB inputs. For each FB,
12 to 18 outputs (depending on package pin-count) and
associated output enable signals drive directly to the 10Bs.
See Figure 1.

December 14, 1998 (Version 3.0)
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lo/cTs K> I — ¢ 11018
f M A
L]
X5877
Figure 1: XC9500 Architecture
Note: Function Block outputs (indicated by the bold line) drive the 1/0 Blocks directly.
Table 1: XC9500 Device Family
XC9536 XC9572 XC95108 XC95144 XC95216 XC95288
Macrocells 36 72 108 144 216 288
Usable Gates 800 1,600 2,400 3,200 4,800 6,400
Registers 36 72 108 144 216 288
tpp (NS) 5 7.5 7.5 7.5 10 15
tgy (NS) 35 4.5 4.5 4.5 6.0 8.0
tco (ns) 4.0 45 4.5 4.5 6.0 8.0
fent (MHZ) 100 125 125 125 111.1 92.2
fsysteEm (MHZ) 100 83.3 83.3 83.3 66.7 56.6

Note: font = Operating frequency for 16-bit counters
fsystem = Internal operating frequency for general purpose system designs spanning multiple FBs.
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Table 2: Available Packages and Device I/O Pins (not including dedicated JTAG pins)

XC9536 XC9572 XC95108 XC95144 XC95216 XC95288
44-Pin VQFP 34
44-Pin PLCC 34 34
48-Pin CSP 34
84-Pin PLCC 69 69
100-Pin TQFP 72 81 81
100-Pin PQFP 72 81 81
160-Pin PQFP 108 133 133
208-Pin HQFP 166 168
352-Pin BGA 166 192

Function Block

Each Function Block, as shown in Figure 2, is comprised of
18 independent macrocells, each capable of implementing
a combinatorial or registered function. The FB also
receives global clock, output enable, and set/reset signals.
The FB generates 18 outputs that drive the FastCONNECT
switch matrix. These 18 outputs and their corresponding
output enable signals also drive the 10B.

Logic within the FB is implemented using a sum-of-prod-
ucts representation. Thirty-six inputs provide 72 true and
complement signals into the programmable AND-array to

form 90 product terms. Any number of these product terms,
up to the 90 available, can be allocated to each macrocell
by the product term allocator.

Each FB (except for the XC9536) supports local feedback
paths that allow any number of FB outputs to drive into its
own programmable AND-array without going outside the
FB. These paths are used for creating very fast counters
and state machines where all state registers are within the
same FB.

Programmable Product
AND-Array Term
Allocators
From 3¢
FastCONNECT ——F—
Switch Matrix

Figure 2: XC9500 Function Block

Macrocell 1
18 To FastCONNECT
———>
Switch Matrix
18 ouT
To I/0 Blocks
18 PTOE
Macrocell 18
Global Global
Set/Reset  Clocks X5878
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Macrocell

Each XC9500 macrocell may be individually configured for
a combinatorial or registered function. The macrocell and
associated FB logic is shown in Figure 3.

Five direct product terms from the AND-array are available
for use as primary data inputs (to the OR and XOR gates)
to implement combinatorial functions, or as control inputs
including clock, set/reset, and output enable. The product

54

Additional
Product
Terms
(from other
macrocells)

00

Product Term Set

term allocator associated with each macrocell selects how
the five direct terms are used.

The macrocell register can be configured as a D-type or
T-type flip-flop, or it may be bypassed for combinatorial
operation. Each register supports both asynchronous set
and reset operations. During power-up, all user registers
are initialized to the user-defined preload state (default to O
if unspecified).

Global Global
Set/Reset Clocks

3,

Product
Term
Allocator

-

To
FastCONNECTII
Switch Matrix

S —>

Product Term Clock Enable|

DIT Q
CE

Product Term Clock

Product Term Reset

YYUYY

Product Term OE

ouT

—
To
1/0 Blocks

ll: PTOE

-

Additional
Product
Terms
(from other
macrocells)

0 U

Figure 3: XC9500 Macrocell Within Function Block

X5879_new
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All global control signals are available to each individual
macrocell, including clock, set/reset, and output enable sig-
nals. As shown in Figure 4, the macrocell register clock
originates from either of three global clocks or a product

term clock. Both true and complement polarities of a GCK
pin can be used within the device. A GSR input is also pro-
vided to allow user registers to be set to a user-defined
state.

[T\ Product Term Set

Macrocell

i)

[\ Product Term Clock

D/T

L/
R
|—\ Product Term Reset I
LD 'P
L
II0/GSR ™
Q—D—g Global Set/Reset
|~
110/GCK1
S D N\
i Global Clock 1
Td |~
N
IOIGCK2 T Y clobai ciock 2
Q—|> T
Td |~
e I
JO/GCKS 'ALC Global Clock 3
> =

Figure 4: Macrocell Clock and Set/Reset Capability

X5880
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Product Term Allocator

The product term allocator controls how the five direct
product terms are assigned to each macrocell. For exam-
ple, all five direct terms can drive the OR function as shown
in Figure 5.

Product Term

Allocator

)

L/

)

) \:—\ Macrocell

T u rm

L/ ,j—/ Togio
L/

)

L/

X5894

Figure 5: Macrocell Logic Using Direct Product Term

The product term allocator can re-assign other product
terms within the FB to increase the logic capacity of a mac-
rocell beyond five direct terms. Any macrocell requiring
additional product terms can access uncommitted product
terms in other macrocells within the FB. Up to 15 product
terms can be available to a single macrocell with only a
small incremental delay of tpta as shown in Figure 6.

Note that the incremental delay affects only the product
terms in other macrocells. The timing of the direct product
terms is not changed.

Product Term

Allocator

Product Term
Allocator

Macrocell Logic
With 15 P-Terms

Product Term
Allocator

D+

Figure 6: Product Term Allocation With 15 Product
Terms

X5895
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The product term allocator can re-assign product terms In this example, the incremental delay is only 2*tpa. All 90
from any macrocell within the FB by combining partial sums product terms are available to any macrocell, with a maxi-
of products over several macrocells, as shown in Figure 7. mum incremental delay of 8*tpta.

Product Term

Allocator

Macrocell Logic
::D— With 2
Product Terms
Product Term
Allocator

66@?

Product Term
Allocator

Macrocell Logic
With 18
Product Terms

Product Term
Allocator

By W DO

X5896

Figure 7: Product Term Allocation Over Several Macrocells
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The internal logic of the product term allocator is shown in Figure 8.

From Upper To Upper
Macrocell Macrocell

Product Term
Allocator

Do D

Product Term Set

Global Set/Reset

1
L 0
S
I— DIT Q
Global Clocks —-
Product Term Clock R

Product Term Reset

Global Set/Reset —

Product Term OE

00U O0U

\V4

A Y
From Lower To Lower
Macrocell Macrocell X5881

Figure 8: Product Term Allocator Logic
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FastCONNECT Switch Matrix

The FastCONNECT switch matrix connects signals to the
FB inputs, as shown in Figure 9. All IOB outputs (corre-
sponding to user pin inputs) and all FB outputs drive the
FastCONNECT matrix. Any of these (up to a FB fan-in limit
of 36) may be selected, through user programming, to drive
each FB with a uniform delay.

The FastCONNECT switch matrix is capable of combining
multiple internal connections into a single wired-AND out-
put before driving the destination FB. This provides addi-
tional logic capability and increases the effective logic
fan-in of the destination FB without any additional timing
delay. This capability is available for internal connections
originating from FB outputs only. It is automatically invoked
by the development software where applicable.

Y7 Y7 FastCONNECT I

Switch Matrix

Function Block

s —
D —

D —
s—

(64 .

1/O Block

D
e o

Function Block

D —
= —

D —
D —

54«

1/O Block

/T
T e &S o

1&4

X5882_01

Figure 9: FastCONNECT Switch Matrix
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/O Block

The 1/0 Block (IOB) interfaces between the internal logic
and the device user 1/O pins. Each 0B includes an input
buffer, output driver, output enable selection multiplexer,
and user programmable ground control. See Figure 10 for
details.

The input buffer is compatible with standard 5 V CMOS, 5 V
TTL and 3.3 V signal levels. The input buffer uses the internal
5 V voltage supply (VccnT) to ensure that the input thresh-
olds are constant and do not vary with the Vo voltage.

The output enable may be generated from one of four
options: a product term signal from the macrocell, any of
the global OE signals, always “1", or always “0". There are
two global output enables for devices with up to 144 mac-
rocells, and four global output enables for devices with 180
or more macrocells. Both polarities of any of the global
3-state control (GTS) pins may be used within the device.

To other
Macrocells
AAAA
1/0 Block
To FastCONNECT <II
Switch Matrix <€————
Macrocell BusHiold
1/0
— DD | > =
(Inversion in
AND-array) 1 User-
[\ Product Term OE N PTOE ] Programmable
| ) 1> Ground
= <
0
Slew Rate
Control

1/0/GTS1 E Global OE 1

1/0/GTS2 [ Global OE 2

Available in XC95144XL

I/O/GTS3 [: Global OE 3 and XC95288XL
I/1oIGTS4A Global OE 4

3;

Figure 10: 1/0 Block and Output Enable Capability

X5899_01
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Each output has independent slew rate control. Output
edge rates may be slowed down to reduce system noise
(with an additional time delay of tg| gyy) through program-
ming. See Figure 11.

Each 10B provides user programmable ground pin capabil-
ity. This allows device I/O pins to be configured as addi-
tional ground pins. By tying strategically located
programmable ground pins to the external ground connec-
tion, system noise generated from large numbers of simul-
taneous switching outputs may be reduced.

A control pull-up resistor (typically 10K ohms) is attached to
each device /0O pin to prevent them from floating when the
device is not in normal user operation. This resistor is
active during device programming mode and system
power-up. It is also activated for an erased device. The
resistor is deactivated during normal operation.

The output driver is capable of supplying 24 mA output
drive. All output drivers in the device may be configured for
either 5 V TTL levels or 3.3 V levels by connecting the
device output voltage supply (Vccio) to a5 V or 3.3V

Output
Voltage
A
Standard , 4
7’
7’
’
, 7 Slew-Rated Limited
tsLEw i
15V f————f T
7
7
7
7~
~
~
A -

» Time

@

voltage supply. Figure 12 shows how the XC9500 device
can be used in 5 V only and mixed 3.3 V/5 V systems.

Pin-Locking Capability

The capability to lock the user defined pin assignments dur-
ing design changes depends on the ability of the architec-
ture to adapt to unexpected changes. The XC9500 devices
have architectural features that enhance the ability to
accept design changes while maintaining the same pinout.

The XC9500 architecture provides maximum routing within
the FastCONNECT switch matrix, and incorporates a flexi-
ble Function Block that allows block-wide allocation of
available product terms. This provides a high level of confi-
dence of maintaining both input and output pin assign-
ments for unexpected design changes.

For extensive design changes requiring higher logic capac-
ity than is available in the initially chosen device, the new
design may be able to fit into a larger pin-compatible device
using the same pin assignments. The same board may be
used with a higher density device without the expense of
board rework.

Output
Voltage
A

15V ¢

> Time

(b) X5900

Figure 11: Output Slew-Rate Control For (a) Rising and (b) Falling Outputs

5V CMOS 5V

WX
ov Veent  Vecio

5VTTL Of S5VTTL

3.6V ~4V
>< XC9500 ><
—]IN CPLD OouT |—
ov ov

33V or

33V
@

5V CMOS 5V 33V
5V [ [
ov 3 C Veent  Vecio
5V TTL OF 3.3V
33V
36V i xcosoo ol
CPLD
ov ov
33V or
33V
GND
o X

(b) X5901

Figure 12: XC9500 Devices in (a) 5V Systems and (b) Mixed 3.3 V/5 V Systems
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In-System Programming

XC9500 devices are programmed in-system via a standard
4-pin JTAG protocol, as shown in Figure 13. In-system pro-
gramming offers quick and efficient design iterations and
eliminates package handling. The Xilinx development sys-
tem provides the programming data sequence using a Xil-
inx download cable, a third-party JTAG development
system, JTAG-compatible board tester, or a simple micro-
processor interface that emulates the JTAG instruction
sequence.

All 1/Os are 3-stated and pulled high by the I0B resistors
during in-system programming. If a particular signal must
remain low during this time, then a pulldown resistor may
be added to the pin.

External Programming

XC9500 devices can also be programmed by the Xilinx
HW130 device programmer as well as third-party program-
mers. This provides the added flexibility of using pre-pro-
grammed devices during manufacturing, with an in-system
programmable option for future enhancements.

Endurance

All XC9500 CPLDs provide a minimum endurance level of
10,000 in-system program/erase cycles. Each device
meets all functional, performance, and data retention spec-
ifications within this endurance limit.

IEEE 1149.1 Boundary-Scan (JTAG)

XC9500 devices fully support IEEE 1149.1 boundary-scan
(JTAG). EXTEST, SAMPLE/PRELOAD, BYPASS, USER-
CODE, INTEST, IDCODE, and HIGHZ instructions are sup-
ported in each device. For ISP operations, five additional
instructions are added; the ISPEN, FERASE, FPGM,
FVFY, and ISPEX instructions are fully compliant exten-
sions of the 1149.1 instruction set.

The TMS and TCK pins have dedicated pull-up resistors as
specified by the IEEE 1149.1 standard.

Boundary Scan Description Language (BSDL) files for the
XC9500 are included in the development system and are
available on the Xilinx FTP site.

Design Security

XC9500 devices incorporate advanced data security fea-
tures which fully protect the programming data against
unauthorized reading or inadvertent device erasure/repro-
gramming. Table 3 shows the four different security set-
tings available.

The read security bits can be set by the user to prevent the
internal programming pattern from being read or copied.
When set, they also inhibit further program operations but
allow device erase. Erasing the entire device is the only
way to reset the read security bit.

The write security bits provide added protection against
accidental device erasure or reprogramming when the
JTAG pins are subject to noise, such as during system
power-up. Once set, the write-protection may be deacti-
vated when the device needs to be reprogrammed with a
valid pattern.

Table 3: Data Security Options

Read Security
Default Set

Read Allowed Read Inhibited

Default

Program/Erase Allowed | Program Inhibited/Erase Allowed

Read Allowed Read Inhibited

Write Security

Set
Program/Erase Inhibited | Program/Erase Inhibited

X5905
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XC9500 In-System Programmable CPLD Family

@

Figure 13:

Low Power Mode

All XC9500 devices offer a low-power mode for individual
macrocells or across all macrocells. This feature allows the
device power to be significantly reduced.

Each individual macrocell may be programmed in
low-power mode by the user. Performance-critical parts of
the application can remain in standard power mode, while
other parts of the application may be programmed for
low-power operation to reduce the overall power dissipa-
tion. Macrocells programmed for low-power mode incur
additional delay (t p) in pin-to-pin combinatorial delay as
well as register setup time. Product term clock to output
and product term output enable delays are unaffected by
the macrocell power-setting.

2 XILINX

(b) X5902

In-System Programming Operation (a) Solder Device to PCB and (b) Program Using Download Cable

Timing Model

The uniformity of the XC9500 architecture allows a simpli-
fied timing model for the entire device. The basic timing
model, shown in Figure 14, is valid for macrocell functions
that use the direct product terms only, with standard power
setting, and standard slew rate setting. Table 4 shows how
each of the key timing parameters is affected by the prod-
uct term allocator (if needed), low-power setting, and
slew-limited setting.

The product term allocation time depends on the logic span
of the macrocell function, which is defined as one less than
the maximum number of allocators in the product term
path. If only direct product terms are used, then the logic
span is 0. The example in Figure 6 shows that up to 15
product terms are available with a span of 1. In the case of
Figure 7, the 18 product term function has a span of 2.

Detailed timing information may be derived from the full
timing model shown in Figure 15. The values and explana-
tions for each parameter are given in the individual device
data sheets.

December 14, 1998 (Version 3.0)
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Figure 15: Detailed Timing Model

Power-Up Characteristics

with the 10B pull-up resistors (~ 10K ohms) enabled, as

shown in Table 5. When the supply voltage reaches a safe

The XC9500 devices are well behaved under all operating

level, all user registers become initialized (typically within

conditions. During power-up each XC9500 device employs 109 s for 9536 - 95144, 200 s for 95216 and 300 s for
internal circuitry which keeps the device in the quiescent 95288), and the device is immediately available for opera-

state until the VeoonT Supply voltage is at a safe level
(approximately 3.8 V). During this time, all device pins and
JTAG pins are disabled and all device outputs are disabled

tion, as shown in Figure 16.
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XC9500 In-System Programmable CPLD Family

If the device is in the erased state (before any user pattern
is programmed), the device outputs remain disabled with
the 10B pull-up resistors enabled. The JTAG pins are
enabled to allow the device to be programmed at any time.

If the device is programmed, the device inputs and outputs
take on their configured states for normal operation. The
JTAG pins are enabled to allow device erasure or bound-
ary-scan tests at any time.

Development System Support

The XC9500 CPLD family is fully supported by the develop-
ment systems available from Xilinx and the Xilinx Alliance
Program vendors.

The designer can create the design using ABEL, schemat-
ics, equations, VHDL, or Verilog in a variety of software
front-end tools. The development system can be used to
implement the design and generate a JEDEC bitmap which
can be used to program the XC9500 device. Each develop-
ment system includes JTAG download software that can be
used to program the devices via the standard JTAG inter-
face and a download cable.

Table 4: Timing Model Parameters

FastFLASH Technology

An advanced CMOS Flash process is used to fabricate all
XC9500 devices. Specifically developed for Xilinx in-system pro-
grammable CPLDs, the FastFLASH process provides high
performance logic capability, fast programming times, and
endurance of 10,000 program/erase cycles.

Veeint

38V
(Typ)

ov

No
Power

Quiescent
State

LN

User Operation

Quiescent
State

\— Initialization of User Registers

Figure 16: Device Behavior During Power-up

No
Power

X5904

Description Parameter Product Terlm Macrocell _ Output SIeyv-Limited
Allocator Low-Power Setting Setting
Propagation Delay tpp +ipta* S +tp +ts Ew
Global Clock Setup Time tsu +tpta*S +tp -
Global Clock-to-output tco - - + ts Ew
Product Term Clock Setup tpsu +tpta* S +tp -
Time
Product Term Clock-to-output tpco - - + ts Ew
Internal System Cycle Period tsysSTEM +ipta* S +tp -
Note: 1. S =the logic span of the function, as defined in the text.
Table 5: XC9500 Device Characteristics
Device Quiescent Erased Device Valid User
Circuitry State Operation Operation
I0B Pull-up Resistors Enabled Enabled Disabled
Device Outputs Disabled Disabled As Configured
Device Inputs and Clocks Disabled Disabled As Configured
Function Block Disabled Disabled As Configured
JTAG Controller Disabled Enabled Enabled

December 14, 1998 (Version 3.0)
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Revision History

Version

Date

Revision

3.0

12/14/98

Revised datasheet to reflect new AC characteristics and Internal Timing Parmeters.
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XC9536 In-System Programmable
CPLD

November 30, 1998 (Version 5.0)

Product Specification

Features

* 5 ns pin-to-pin logic delays on all pins
. fCNT to 100 MHz
» 36 macrocells with 800 usable gates
e Up to 34 user I/O pins
¢ 5V in-system programmable (ISP)
- Endurance of 10,000 program/erase cycles
- Program/erase over full commercial voltage and
temperature range
« Enhanced pin-locking architecture
* Flexible 36V18 Function Block
- 90 product terms drive any or all of 18 macrocells
within Function Block
- Global and product term clocks, output enables, set
and reset signals
« Extensive IEEE Std 1149.1 boundary-scan (JTAG)
support
¢ Programmable power reduction mode in each
macrocell
e Slew rate control on individual outputs
e User programmable ground pin capability
« Extended pattern security features for design protection
¢ High-drive 24 mA outputs
e 3.3Vor5VI/O capability
¢ Advanced CMOS 5V FastFLASH technology
e Supports parallel programming of more than one
XC9500 concurrently
* Available in 44-pin PLCC, 44-pin VQFP, and 48-pin
CSP packages

Description

The XC9536 is a high-performance CPLD providing
advanced in-system programming and test capabilities for
general purpose logic integration. It is comprised of two
36V18 Function Blocks, providing 800 usable gates with
propagation delays of 5 ns. See Figure 2 for the architec-
ture overview.

Power Management

Power dissipation can be reduced in the XC9536 by config-
uring macrocells to standard or low-power modes of opera-
tion. Unused macrocells are turned off to minimize power
dissipation.

Operating current for each design can be approximated for
specific operating conditions using the following equation:

lcc (MA) =

MCyp (1.7) + MC p (0.9) + MC (0.006 mA/MHz) f
Where:

MCyp = Macrocells in high-performance mode
MC, p = Macrocells in low-power mode

MC = Total number of macrocells used

f = Clock frequency (MHz)

Figure 1 shows a typical calculation for the XC9536 device.

. (83)

pigh PeﬂM
(50)

Low PM

(50)

Typical Icc (MA)

(30)

100

50
Clock Frequency (MHz) 5920

Figure 1. Typical Icc vs. Frequency For XC9536
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Figure 2: XC9536 Architecture
Note: Function Block outputs (indicated by the bold line) drive the I/O Blocks directly
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Absolute Maximum Ratings

Symbol Parameter Value Units
Vee Supply voltage relative to GND -0.5t07.0 \Y
VIN DC input voltage relative to GND -05t0 Ve + 05 \
VTg Voltage applied to 3-state output with respect to GND -0.5t0 Vg + 0.5 \%
Tsto Storage temperature -65 to +150 °C
TsoL Max soldering temperature (10 s @ 1/16 in = 1.5 mm) +260 °C

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

Recommended Operating Conditions:

Symbol Parameter Min Max Units
VcCeINT Supply voltage for internal logic and input buffer 4.75 5.25 \Y
(4.5) (5.5)

Veceio Supply voltage for output drivers for 5 V operation 4.75 (4.5) 5.25 (5.5) \%

Supply voltage for output drivers for 3.3 V operation 3.0 3.6 \%
ViL Low-level input voltage 0 0.80 \
ViH High-level input voltage 2.0 Veeint 0.5 \
Vo Output voltage 0 Vceio \

Note 1. Numbers in parenthesis are for industrial-temperature range versions.

Endurance Characteristics

Symbol Parameter Min Max Units
DR Data Retention 20 - Years
Npg Program/Erase Cycles 10,000 - Cycles
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DC Characteristics Over Recommended Operating Conditions

Symbol Parameter Test Conditions Min Max Units
VoH Output high voltage for 5 V operation  |lgy = -4.0 mA 24 \%
VCC = Min
Output high voltage for 3.3 V operation |lgy =-3.2 mA 24 \
VCC = Min
VoL Output low voltage for 5 V operation loL =24 mA 0.5 Vv
VCC = Min
Output low voltage for 3.3 V operation |lg; =10 mA 0.4 \%
VCC = Min
e Input leakage current Ve = Max *10.0 HA
VIN = GND or VCC
i I/O high-Z leakage current Ve = Max +10.0 HA
VIN = GND or VCC
CiNn I/O capacitance ViN = GND 10.0 pF
f=1.0 MHz
Icc Operating Supply Current V, = GND, No load 30 (Typ) mA
(low power mode, active) f=1.0 MHz yp

AC Characteristics

XC9536-5 | XC9536-6 | XC9536-7 | XC9536-10 | XC9536-15
Symbol Parameter - - - - - Units
Min | Max [ Min | Max | Min | Max | Min | Max | Min | Max
tpp I/0 to output valid 5.0 6.0 7.5 10.0 15.0] ns
tsy I/O setup time before GCK 35 3.5 4.5 6.0 8.0 ns
tH I/0 hold time after GCK 0.0 0.0 0.0 0.0 0.0 ns
tco GCK to output valid 4.0 4.0 4.5 6.0 8.0 ] ns
fent! 16-bit counter frequency 100.0 100.0 83.3 66.7 55.6 MHz
fsysTeEMm ?|Multiple FB internal operating frequency}100.0 100.0 83.3 66.7 55.6 MHz
tpsy I/O setup time before p-term clock input] 0.5 0.5 0.5 2.0 4.0 ns
tpH I/0 hold time after p-term clock input 3.0 3.0 4.0 4.0 4.0 ns
tpco P-term clock to output valid 7.0 7.0 8.5 10.0 12.0] ns
toe GTS to output valid 5.0 5.0 55 6.0 11.0] ns
top GTS to output disable 5.0 5.0 55 6.0 11.0] ns
tpoE Product term OE to output enabled 9.0 9.0 9.5 10.0 1401 ns
tpoD Product term OE to output disabled 9.0 9.0 9.5 10.0 1401 ns
tWLH GCK pulse width (High or Low) 4.0 4.0 4.0 4.5 55 ns

Note: 1.fcytis the fastest 16-bit counter frequency available.
fonT is also the Export Control Maximum flip-flop toggle rate, frog.
2. fsysTEM IS the internal operating frequency for general purpose system designs spanning multiple FBs.
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Ry
Output Type |  Vccio VTEST Ry Ry CL
® 50V 50V 160 Q 120 Q 35 pF
33V 33V 260 Q 360 Q 35 pF

X5906

Device Output © §

Figure 3: AC Load Circuit

Internal Timing Parameters

XC9536-5 | XC9536-6 | XC9536-7 | XC9536-10 | XC9536-15
Symbol Parameter - - - - - Units

Min | Max | Min | Max | Min | Max | Min | Max | Min | Max
Buffer Delays
N Input buffer delay 15 15 2.5 3.5 451 ns
tcck  |GCK buffer delay 15 15 15 25 30 ns
tcsr  |GSR buffer delay 4.0 4.0 4.5 6.0 75 ns
teTs GTS buffer delay 5.0 5.0 5.5 6.0 11.0] ns
tout |Output buffer delay 2.0 2.0 2.5 3.0 45| ns
tEN Output buffer enable/disable delay 0.0 0.0 0.0 0.0 00| ns
Product Term Control Delays
tpTck |Product term clock delay 3.0 3.0 3.0 3.0 25 ] ns
tpTsr |Product term set/reset delay 1.0 1.0 2.0 25 30 ns
tpTTs |Product term 3-state delay 55 55 4.5 3.5 50 ns
Internal Register and Combinatorial delays
tppi Combinatorial logic propagation delay 0.5 15 0.5 1.0 30] ns
tsul Register setup time 2.5 25 15 2.5 3.5 ns
tH Register hold time 1.0 1.0 3.0 3.5 4.5 ns
tcol Register clock to output valid time 0.5 0.5 0.5 0.5 05 ns
taol Register async. S/R to output delay 6.0 6.0 6.5 7.0 80 ] ns
tRAI Register async. S/R recovery before clock | 5.0 5.0 7.5 10.0 10.0 ns
tLogl |Internal logic delay 1.0 1.0 2.0 25 30] ns
t ociLp |Internal low power logic delay 9.0 9.0 10.0 11.0 115] ns
Feedback Delays
te FastCONNECT matrix feeback delay |60 [60] 8.0 9.5 11.0] ns
Time Adders
tpta® |Incremental Product Term Allocator delay 0.8 0.8 1.0 1.0 10§ ns
tg pw |Slew-rate limited delay 3.5 3.5 4.0 4.5 50 ns

Note: 3. tpra is multiplied by the span of the function as defined in the family data sheet.
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XC9536 1/0 Pins

F%nglgn Macrocell | PC44 | VQ44 | CS48 Bosr’gg? Notes Ftér;ggl:)n Macrocell | PC44 | VQ44 | CS48 BosrgZ? Notes
1 1 2 40 D6 105 2 1 1 39 D7 51
1 2 3 41 C7 102 2 2 44 38 E5 48
1 3 5 43 B7 99 [1] 2 3 42 36 E6 45 [1]
1 4 4 42 C6 96 2 4 43 37 E7 42
1 5 6 44 B6 93 [1] 2 5 40 34 F6 39 [1]
1 6 8 2 A6 90 2 6 39 33 G7 36 [1]
1 7 7 1 A7 87 [1] 2 7 38 32 G6 33
1 8 9 3 C5 84 2 8 37 31 F5 30
1 9 11 5 B5 81 2 9 36 30 G5 27
1 10 12 6 A4 78 2 10 35 29 F4 24
1 11 13 7 B4 75 2 11 34 28 G4 21
1 12 14 8 A3 72 2 12 33 27 E3 18
1 13 18 12 B2 69 2 13 29 23 F2 15
1 14 19 13 B1 66 2 14 28 22 Gl 12
1 15 20 14 Cc2 63 2 15 27 21 F1 9
1 16 22 16 C3 60 2 16 26 20 E2 6
1 17 24 18 D2 57 2 17 25 19 El 3
1 18 - - - 54 2 18 - - - 0
Note: [1] Global control pin Note: [1] Global control pin
XC9536 Global, JTAG and Power Pins
Pin Type PC44 VQ44 CS48
I/0/GCK1 5 43 B7
1/0/GCK2 6 44 B6
1/0/GCK3 7 1 A7
I/10/IGTS1 42 36 E6
I/0IGTS2 40 34 F6
I/O/GSR 39 33 G7
TCK 17 11 Al
TDI 15 9 B3
TDO 30 24 G2
TMS 16 10 A2
Veeint 2 Vv 21,41 15,35 C1,F7
Veeio 3.3V/I5V 32 26 G3
GND 23,10,31 17,4,25 A5, D1, F3
No Connects — — C4,D3, D4, E4
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Ordering Information

XC9536 -5 PC 44 C

Device Type J Temperature Range

Number of Pins

Speed
Package Type
Speed Options Packaging Options

-15 15 ns pin-to-pin delay PC44 44-Pin Plastic Leaded Chip Carrier (PLCC)
-10 10 ns pin-to-pin delay VQ44 44-Pin Thin Quad Pack (VQFP)

-7 7.5 ns pin-to-pin delay CS48 48-Pin Chip Scale Package (CSP)

-6 6 ns pin-to-pin delay Temperature Options

-5 5 ns pin-to-pindelay

C = Commercial (0°C to +70°C)
| = Industrial (—40°C to +85°C)

Component Availability

Pins 44 48
Type Plastic Plastic Plastic
PLCC VQFP CSP
Code PC44 VQ44 CS48
-15 Cl (of -
-10 Cl (of C
XC9536 -7 Cl Cl C
-6 C C -
-5 C C C

C = Commercial (0°C to +70°C), | = Industrial (—40°C to +85°C)

Revision Control

Date Reason

6/3/98 Revise datasheet to reflect new CSP package pinouts & ordering code.

11/2/98 Revise datasheet to reflect new AC characteristics and Internal Timing Parameters.
11/30/98 Revise datasheet to remove PCI compliancy statement and remove t, .
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XC9572 In-System Programmable
CPLD

November 30, 1998 (Version 2.2)

Product Specification

Features

» 7.5 ns pin-to-pin logic delays on all pins
. fCNT to 125 MHz
e 72 macrocells with 1,600 usable gates
e Upto 72 user I/O pins
¢ 5V in-system programmable (ISP)
- Endurance of 10,000 program/erase cycles
- Program/erase over full commercial voltage and
temperature range
« Enhanced pin-locking architecture
* Flexible 36V18 Function Block
- 90 product terms drive any or all of 18 macrocells
within Function Block
- Global and product term clocks, output enables, set
and reset signals
« Extensive IEEE Std 1149.1 boundary-scan (JTAG)
support
¢ Programmable power reduction mode in each
macrocell
e Slew rate control on individual outputs
e User programmable ground pin capability
« Extended pattern security features for design protection
¢ High-drive 24 mA outputs
e 3.3Vor5VI/O capability
¢ Advanced CMOS 5V FastFLASH technology
e Supports parallel programming of more than one
XC9500 concurrently
e Available in 44-pin PLCC, 84-pin PLCC, 100-pin PQFP
and 100-pin TQFP packages

Description

The XC9572 is a high-performance CPLD providing
advanced in-system programming and test capabilities for
general purpose logic integration. It is comprised of four
36V18 Function Blocks, providing 1,600 usable gates with
propagation delays of 7.5 ns. See Figure 2 for the architec-
ture overview.

Power Management

Power dissipation can be reduced in the XC9572 by config-
uring macrocells to standard or low-power modes of opera-
tion. Unused macrocells are turned off to minimize power
dissipation.

Operating current for each design can be approximated for
specific operating conditions using the following equation:

lcc (MA) =

MCyp (1.7) + MC p (0.9) + MC (0.006 mA/MHz) f
Where:

MCyp = Macrocells in high-performance mode
MC, p = Macrocells in low-power mode

MC = Total number of macrocells used

f = Clock frequency (MHz)

Figure 1 shows a typical calculation for the XC9572 device.

200
High performanc? —— (160)
\
(125)
100 (100)

LoW powe!

(65) /

Typical I (ma)

0 50 100
Clock Frequency (MHz)

Figure 1: Typical Icc vs. Frequency for XC9572
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Note: Function Block outputs (indicated by the bold line) drive the I/O Blocks directly
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Absolute Maximum Ratings

Symbol Parameter Value Units
Vee Supply voltage relative to GND -0.51t07.0 \%
VIN DC input voltage relative to GND -0.5t0 Ve + 0.5 \
VTg Voltage applied to 3-state output with respect to GND -0.5t0 Vg + 0.5 \Y,
Tsto Storage temperature -65 to +150 °C
TsoL Max soldering temperature (10 s @ 1/16 in = 1.5 mm) +260 °C

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

of time may affect device reliability.

Recommended Operation Conditions:

Symbol Parameter Min Max Units

VceINT Supply voltage for internal logic and input buffer 4.75 5.25 \Y,
(4.5) (5.5)
Vceio Supply voltage for output drivers for 5 V operation 4.75 (4.5) 5.25 (5.5) \%
Supply voltage for output drivers for 3.3 V operation 3.0 3.6 \%

VL Low-level input voltage 0 0.80 \
ViH High-level input voltage 2.0 Veeint 0.5 \
Vo OUtpUt voltage 0 VCC|O \Y
Note: 1. Numbers in parenthesis are for industrial temperature range versions.
Endurance Characteristics

Symbol Parameter Min Max Units
DR Data Retention 20 - Years
Npg Program/Erase Cycles 10,000 - Cycles
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DC Characteristics Over Recommended Operating Conditions

Symbol Parameter Test Conditions Min Max | Units
VoH Output high voltage for 5 V operation loq =-4.0 MA 2.4 \%
VCC = Min
Output high voltage for 3.3 V operation loy =-3.2 mA 24 \
VCC = Min
VoL Output low voltage for 5 V operation loL =24 mA 0.5 \%
VCC = Min
Output low voltage for 3.3 V operation loL =10 mA 0.4 \%
VCC = Min
e Input leakage current Ve = Max +10.0 | pA
V|N = GND or VCC
i I/O high-Z leakage current Ve = Max +10.0 A
VIN = GND or VCC
CiNn I/O capacitance V|N = GND 10.0 pF
f=1.0 MHz
Icc Operating Supply Current V| = GND, No load 65 (Typ) ma
(low power mode, active) f=1.0 MHz
AC Characteristics
XC9572-7 XC9572-10 | XC9572-15
Symbol Parameter - - - Units
Min | Max | Min | Max | Min | Max
tpp I/O to output valid 7.5 10.0 150 | ns
tsy I/O setup time before GCK 4.5 6.0 8.0 ns
tH I/0 hold time after GCK 0.0 0.0 0.0 ns
tco GCK to output valid 4.5 6.0 8.0 ns
fent? 16-bit counter frequency 125.0 111.1 95.2 MHz
fsysteM 2 |Multiple FB internal operating frequency 83.3 66.7 55.6 MHz
tpsu I/O setup time before p-term clock input 0.5 2.0 4.0 ns
tpH I/0 hold time after p-term clock input 4.0 4.0 4.0 ns
tpco P-term clock to output valid 8.5 10.0 120 | ns
toe GTS to output valid 55 6.0 11.0 | ns
top GTS to output disable 5.5 6.0 110 | ns
tpoE Product term OE to output enabled 9.5 10.0 140 | ns
tpoD Product term OE to output disabled 9.5 10.0 140 | ns
tWLH GCK pulse width (High or Low) 4.0 4.5 5.5 ns
Note: 1. fcnis the fastest 16-bit counter frequency available, using the local feedback when applicable.
fonT is also the Export Control Maximum flip-flop toggle rate, frog.
2. fgysTEM s the internal operating frequency for general purpose system designs spanning multiple FBs.
VTEST
Output Type |  Vccio VIEST Ry Ry CL
Device Output © * ® 50V 50V 160 Q 120 Q 35 pF
% _L 3.3V 3.3V 260 Q 360 Q 35 pF
Ry CL
I X5906

Figure 3: AC Load éircuit
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Internal Timing Parameters

XC9572-7 | XC9572-10 | XC9572-15
Symbol Parameter Units

Min [ Max | Min | Max | Min | Max
Buffer Delays
N Input buffer delay 2.5 3.5 4.5 ns
teck GCK buffer delay 15 2.5 3.0 ns
tesR GSR buffer delay 4.5 6.0 7.5 ns
teTs GTS buffer delay 5.5 6.0 11.0 | ns
touT Output buffer delay 2.5 3.0 4.5 ns
tEN Output buffer enable/disable delay 0.0 0.0 0.0 ns
Product Term Control Delays
tpTCK Product term clock delay 3.0 3.0 2.5 ns
tpTSR Product term set/reset delay 2.0 2.5 3.0 ns
tpTTS Product term 3-state delay 4.5 3.5 5.0 ns
Internal Register and Combinatorial delays
tppi Combinatorial logic propagation delay 0.5 1.0 3.0 ns
tsyi Register setup time 15 2.5 35 ns
tHi Register hold time 3.0 3.5 4.5 ns
tcol Register clock to output valid time 0.5 0.5 0.5 ns
taol Register async. S/R to output delay 6.5 7.0 8.0 ns
tRAI Register async. S/R recovery before clock | 7.5 10.0 10.0 ns
tLoal Internal logic delay 2.0 25 3.0 ns
tLoGILP Internal low power logic delay 10.0 11.0 115 | ns
Feedback Delays
te FastCONNECT matrix feedback delay 8.0 9.5 11.0 | ns
tE Function Block local feeback delay 4.0 3.5 3.5 ns
Time Adders
tpTas Incremental Product Term Allocator delay 1.0 1.0 1.0 ns
tsLEW Slew-rate limited delay 4.0 4.5 5.0 ns

Note: 3. tpra is multiplied by the span of the function as defined in the family data sheet.
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XC9572 1/0 Pins

Mhlock [ Macrocell| | B IR | 10 | orger [Notes || “giog | Macrocel| 521 | 1 | o0 | rder | Notes
1 1 — | 4 | 18 | 16 | 213 3 1 — [ 25 | 43 | 41 | 105
1 2 1] 1 |15 | 13| 210 3 2 11 | 17 | 34 | 32 | 102
1 3 — [ 6 | 20 | 18 | 207 3 3 — 31 |51 49 | 99
1 4 — [ 7 [ 22| 20 | 204 3 4 — 32| 52|50 | 9
1 5 2 | 2 | 16 | 14 | 201 3 5 12 | 19 | 37 | 35 | 93
1 6 3 | 3 | 17 | 15 | 198 3 6 — | 34| 55| 53] 90
1 7 — 11 | 27 | 25 | 195 3 7 — | 35 | 56 | 54 | 87
1 8 4 | 5 |19 | 17 | 192 3 8 13 | 21 | 39 | 37 | 84
1 9 5 | 9 | 24 | 22 | 189 | [1] 3 9 14 | 26 | 44 | 42 | 81
1 10 — [ 13 | 30 | 28 | 186 3 10 — 140 | 62 | 60 | 78
1 11 6 | 10 | 25 | 23 | 183 | [1] 3 11 18 | 33 | 54 | 52 | 75
1 12 — [ 18 | 35 | 33 | 180 3 12 — 4163 ]| 61| 72
1 13 — [ 20 | 38 | 36 | 177 3 13 — | 43|65 63| 69
1 14 7 (12 | 29 | 27 | 174 | [ 3 14 19 | 36 | 57 | 55 | 66
1 15 8 | 14 | 31 | 29 | 171 3 15 20 | 37 | 58 | 56 | 63
1 16 — [ 23 [ 41 | 39 | 168 3 16 — | 45 | 67 | 65 | 60
1 17 9 | 15 | 32 | 30 | 165 3 17 22 | 39 | 60 | 58 | 57
1 18 24 | 42 | 40 | 162 3 18 — | Z [ 61|59 | 54
2 T — 1 63 | 89 | 87 | 159 7] 1 — | 46 | 68 | 66 | 51
2 2 35 | 69 | 96 | 94 | 156 4 2 24 | 44 | 66 | 64 | 48
2 3 — 67 | 93| 91 | 153 4 3 — 51| 73] 71| 45
2 4 — [ 68 ] 95 | 93 | 150 4 4 — [ 52 [ 74 | 712 | 42
2 5 36 | 70 | 97 | 95 | 147 4 5 25 | 47 | 69 | 67 | 39
2 6 37 | 71 | 98 | 96 | 144 4 6 — | 54| 78| 76 | 36
2 7 — 76 [ 5 | 3 | 141 | [2] 4 7 — 55| 79| 77 | 33
2 8 38 | 72 | 99 | 97 | 138 4 8 26 | 48 | 70 | 68 | 30
2 9 39 | 74 | 1 | 99 | 135 | [1] ] 9 27 | 50 | 72 | 70 | 27
2 10 — 75| 3 | 1 | 132 ] 10 — |57 | 83 | 81 | 24
2 11 20 |77 | 6 | 4 | 129 | [ 4 11 28 | 53 | 76 | 74 | 21
2 12 — 79 8 | 6 | 126 4 12 — | 58 | 84 | 82 | 18
2 13 — |80 | 10 | 8 | 123 4 13 — 61|87 |8 | 15
2 14 42 |81 | 11| 9 | 120 | 3] 4 14 29 | 56 | 80 | 78 | 12
2 15 43 | 83 | 13 | 11 | 117 4 15 3365|918 | 9
2 16 — |82 | 12 | 10 | 114 ] 16 — 62|88 |8 | 6
2 17 44 | 84 | 14 | 12 | 111 ] 17 34 |66 |92 ]9 | 3
2 18 — | — [ 94 | 92| 108 4 18 — - [8 |79 o

Notes: [1] Global control pin
[2] Global control pin GTS1 for PC84, PQ100, and TQ100
[3] Global control pin GTS1 for PC44
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XC9572 Global, JTAG and Power Pins

Pin Type PC44 PC84 PQ100 TQ100
/OIGCK1 5 9 24 22
/OIGCK2 6 10 25 23
/OIGCK3 7 12 29 27
I/OIGTS1 42 76 5 3
/OIGTS2 40 77 6 4
/O/GSR 39 74 1 99
TCK 17 30 50 48
TDI 15 28 47 45
TDO 30 59 85 83
T™S 16 29 49 47
Veoint b V 21,41 38,73,78 7,59,100 557,98
Veeio 3.3 V5V 32 22,64 28,40,53,90 26,38,51,88
8,16,27,42, 2,23,33,46,64,71, 100,21,31,44,62,69,
GND 10,23,31 49,60 77,86 75, 84
4,9,21,26,36,45,48, 2,7,19,24,34,43 46,
No Connects - — 75, 82 73, 80

November 30, 1998 (Version 2.2)
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Ordering Information

XC9572 -7 PQ 100 C

Device Type L Temperature Range
Speed L——— Number of Pins
Package Type
Speed Options Packaging Options
-15 15 ns pin-to-pin delay PC44 44-Pin Plastic Leaded Chip Carrier (PLCC)
-10 10 ns pin-to-pin delay PC84 84-Pin Plastic Leaded Chip Carrier (PLCC)
-7 7.5 ns pin-to-pin delay PQ100 100-Pin Plastic Quad Flat Pack (PQFP)

TQ100 100-Pin Very Thin Quad Flat Pack (TQFP)
Temperature Options

C Commercial0°C to +70°C
| Industrial-40°C to +85°C

Component Availability

Pins 44 84 100
Type Plastic Plastic Plastic Plastic
PLCC PLCC PQFP TQFP
Code PC44 PC84 PQ100 TQ100
-15 C() c() C() c()
XC9572 -10 C() C(l) C() C(l)
-7 C C C C

C = Commercial = 0° to +70°C | = Industrial = —40° to +85°C

Revision Control

Date Revision
11/30/98 V 2.2 - Update AC Charateristics and Internal Parameters
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Product Specification

Features

» 7.5 ns pin-to-pin logic delays on all pins
. fCNT to 125 MHz
¢ 108 macrocells with 2400 usable gates
¢ Upto 108 user I/O pins
¢ 5V in-system programmable (ISP)
- Endurance of 10,000 program/erase cycles
- Program/erase over full commercial voltage and
temperature range
« Enhanced pin-locking architecture
* Flexible 36V18 Function Block
- 90 product terms drive any or all of 18 macrocells
within Function Block
- Global and product term clocks, output enables, set
and reset signals
« Extensive IEEE Std 1149.1 boundary-scan (JTAG)
support
¢ Programmable power reduction mode in each
macrocell
e Slew rate control on individual outputs
e User programmable ground pin capability
« Extended pattern security features for design protection
¢ High-drive 24 mA outputs
e 3.3Vor5VI/O capability
¢ Advanced CMOS 5V FastFLASH technology
e Supports parallel programming of more than one
XC9500 concurrently
¢ Available in 84-pin PLCC, 100-pin PQFP, 100-pin TQFP
and 160-pin PQFP packages

Description

The XC95108 is a high-performance CPLD providing
advanced in-system programming and test capabilities for
general purpose logic integration. It is comprised of six
36V18 Function Blocks, providing 2,400 usable gates with
propagation delays of 7.5 ns. See Figure 2 for the architec-
ture overview.

Power Management

Power dissipation can be reduced in the XC95108 by con-
figuring macrocells to standard or low-power modes of
operation. Unused macrocells are turned off to minimize
power dissipation.

Operating current for each design can be approximated for
specific operating conditions using the following equation:

lcc (MA) =

MCyp (1.7) + MC p (0.9) + MC (0.006 mA/MHz) f
Where:

MCyp = Macrocells in high-performance mode
MC, p = Macrocells in low-power mode

MC = Total number of macrocells used

f = Clock frequency (MHz)

Figure 1 shows a typical calculation for the XC95108
device.

300
. (250)
H.\ghpeﬁM
~ 200
£ (180)
= (170)
3
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Q
o
>
= 100
0 50 100

Clock Frequency (MHz) X5898

Figure 1: Typical Icc vs. Frequency for XC95108
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Figure 2: XC95108 Architecture

Note: Function Block outputs (indicated by the bold line) drive the I/O Blocks directly

5-92 November 30, 1998 (Version 2.1)



S XILINX®

XC95108 In-System Programmable CPLD

Absolute Maximum Ratings

Symbol Parameter Value Units
Vee Supply voltage relative to GND -0.51t07.0 \%
VIN DC input voltage relative to GND -0.5t0 Ve + 0.5 \
VTg Voltage applied to 3-state output with respect to GND -0.5t0 Vg + 0.5 \Y,
Tsto Storage temperature -65 to +150 °C
TsoL Max soldering temperature (10 s @ 1/16 in = 1.5 mm) +260 °C

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

of time may affect device reliability.

Recommended Operation Conditions:

Symbol Parameter Min Max Units

VceINT Supply voltage for internal logic and input buffer 4.75 5.25 \Y,
(4.5) (5.5)
Vceio Supply voltage for output drivers for 5 V operation 4.75 (4.5) 5.25 (5.5) \%
Supply voltage for output drivers for 3.3 V operation 3.0 3.6 \%

VL Low-level input voltage 0 0.80 \
ViH High-level input voltage 2.0 Veeint 0.5 \
Vo OUtpUt voltage 0 VCC|O \Y
Note: 1. Numbers in parenthesis are for industrial-temperature range versions.
Endurance Characteristics

Symbol Parameter Min Max Units
DR Data Retention 20 - Years
Npg Program/Erase Cycles 10,000 - Cycles
November 30, 1998 (Version 2.1) 5-93
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DC Characteristics Over Recommended Operating Conditions

Symbol Parameter Test Conditions Min Max | Units
VoH Output high voltage for 5 V operation loq =-4.0 MA 2.4 \%
VCC = Min
Output high voltage for 3.3 V operation loy =-3.2 mA \%
VCC = Min 2.4
VoL Output low voltage for 5 V operation loL =24 mA 0.5 \%
VCC = Min
Output low voltage for 3.3 V operation loL =10 mA 0.4 \%
VCC = Min
e Input leakage current Ve = Max +10.0 | pA
V|N = GND or VCC
i I/O high-Z leakage current Ve = Max +10.0 A
VIN = GND or VCC
CiNn I/O capacitance V|N = GND 10.0 pF
f=1.0 MHz
Icc Operating Supply Current V| = GND, No load 100 (Typ) ma
(low power mode, active) f=1.0 MHz

AC Characteristics

XC95108-7 | XC95108-10 | XC95108-15 | XC95108-20
Symbol Parameter - - - - Units
Min | Max | Min | Max | Min | Max | Min | Max
tpp I/O to output valid 7.5 10.0 15.0 200 | ns
tsy I/O setup time before GCK 4.5 6.0 8.0 10.0 ns
tH I/0 hold time after GCK 0.0 0.0 0.0 0.0 ns
tco GCK to output valid 4.5 6.0 8.0 100 | ns
fent? 16-bit counter frequency 125.0 111.1 95.2 83.3 MHz
fsysteM 2 |Multiple FB internal operating frequency 83.3 66.7 55.6 50.0 MHz
tpsu I/O setup time before p-term clock input 0.5 2.0 4.0 4.0 ns
tpH I/0 hold time after p-term clock input 4.0 4.0 4.0 6.0 ns
tpco P-term clock to output valid 8.5 10.0 12.0 16.0 | ns
toe GTS to output valid 55 6.0 11.0 16.0 | ns
top GTS to output disable 5.5 6.0 11.0 16.0 | ns
tpoE Product term OE to output enabled 9.5 10.0 14.0 18.0 | ns
tpoD Product term OE to output disabled 9.5 10.0 14.0 18.0 | ns
tWLH GCK pulse width (High or Low) 4.0 4.5 5.5 5.5 ns

Note: 1. fcytis the fastest 16-bit counter frequency available, using the local feedback when applicable.
fonT is also the Export Control Maximum flip-flop toggle rate, frog.
2. fgysTEM s the internal operating frequency for general purpose system designs spanning multiple FBs.
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VTEST
Ry
Output Type | Vccio VTEST Ry ) CL
Device Output © ’ ® 50V 50V 160 Q 120 Q 35 pF
l 3.3V 3.3V 260 Q 360 Q 35 pF
R2 CL
I X5906

Figure 3: AC Load Circuit

Internal Timing Parameters

XC95108-7 | XC95108-10 | XC95108-15 | XC95108-20
Symbol Parameter - - - - Units

Min | Max | Min | Max | Min | Max | Min | Max
Buffer Delays
N Input buffer delay 2.5 3.5 4.5 6.5 ns
teck GCK buffer delay 15 25 3.0 3.0 ns
tGsR GSR buffer delay 4.5 6.0 7.5 9.5 ns
teTs GTS buffer delay 5.5 6.0 11.0 16.0 | ns
touT Output buffer delay 2.5 3.0 4.5 6.5 ns
teN Output buffer enable/disable delay 0.0 0.0 0.0 0.0 ns
Product Term Control Delays
tpTCK Product term clock delay 3.0 3.0 2.5 2.5 ns
tpTSR Product term set/reset delay 2.0 25 3.0 3.0 ns
tpTTS Product term 3-state delay 4.5 3.5 5.0 5.0 ns
Internal Register and Combinatorial delays
tppi Combinatorial logic propagation delay 0.5 1.0 3.0 4.0 ns
tsul Register setup time 15 2.5 3.5 3.5 ns
tH Register hold time 3.0 3.5 4.5 6.5 ns
tcol Register clock to output valid time 0.5 0.5 0.5 0.5 ns
taol Register async. S/R to output delay 6.5 7.0 8.0 8.0 ns
tRAI Register async. S/R recovery before clock | 7.5 10.0 10.0 10.0 ns
tLoGI Internal logic delay 2.0 2.5 3.0 3.0 ns
tLoGILP Internal low power logic delay 10.0 11.0 115 115 | ns
Feedback Delays
te FastCONNECT matrix feedback delay 8.0 9.5 11.0 13.0 | ns
tLE Function Block local feeback delay 4.0 35 3.5 5.0 ns
Time Adders
tptal Incremental Product Term Allocator delay 1.0 1.0 1.0 15 ns
tsLEW Slew-rate limited delay 4.0 4.5 5.0 5.5 ns

Note: 3. tpra is multiplied by the span of the function as defined in the family data sheet.
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XC95108 I/0 Pins

Flgl‘gtc'li’” Macrocell | PC84 | PQ100 | TQ100 |PQ160 BOSYSZP Notes F“Brl‘gtc'li’” Macrocell| PC84 | PQ100 | TQ100 |PQ160 BOSYSZP Notes
1 1 - - - 25 321 3 1 - - - 45 213
1 2 1 15 13 21 318 3 2 14 31 29 47 210
1 3 2 16 14 22 315 3 3 15 32 30 49 207
1 4 — 21 19 29 312 3 4 - 36 34 57 204
1 5 3 17 15 23 309 3 5 17 34 32 54 201
1 6 4 18 16 24 306 3 6 18 35 33 56 198
1 7 — — - 27 303 3 7 - - — 50 195
1 8 5 19 17 26 300 3 8 19 37 35 58 192
1 9 6 20 18 28 297 3 9 20 38 36 59 189
1 10 — 26 24 36 294 3 10 - 45 43 69 186
1 11 7 22 20 30 291 3 11 21 39 37 60 183
1 12 9 24 22 33 288 [1] 3 12 23 41 39 62 180
1 13 — — - 34 285 3 13 - - — 52 177
1 14 10 25 23 35 282 [1] 3 14 24 42 40 63 174
1 15 11 27 25 37 279 3 15 25 43 41 64 171
1 16 12 29 27 42 276 [1] 3 16 26 44 42 68 168
1 17 13 30 28 44 273 3 17 31 51 49 77 165
1 18 — — - 43 270 3 18 - - — 74 162
2 1 I — | 158 | 267 4 1 I - — | 123 | 159
2 2 71 98 96 154 | 264 4 2 57 83 81 134 | 156
2 3 72 99 97 156 | 261 4 3 58 84 82 135 | 153
2 4 - 4 2 4 258 4 4 - 82 80 133 | 150
2 5 74 1 99 159 | 255 [1] 4 5 61 87 85 138 | 147
2 6 75 3 1 2 252 4 6 62 88 86 139 | 144
2 7 — — - 9 249 4 7 - - — 128 | 141
2 8 76 5 3 6 246 [1] 4 8 63 89 87 140 | 138
2 9 77 6 4 8 243 [1] 4 9 65 91 89 142 | 135
2 10 — 9 7 12 240 4 10 - - — 147 | 132
2 11 79 8 6 11 237 4 11 66 92 90 143 129
2 12 80 10 8 13 234 4 12 67 93 91 144 126
2 13 — — - 14 231 4 13 - - — 153 | 123
2 14 81 11 9 15 228 4 14 68 95 93 146 120
2 15 82 12 10 17 225 4 15 69 96 94 148 117
2 16 83 13 11 18 222 4 16 - 94 92 145 | 114
2 17 84 14 12 19 219 4 17 70 97 95 152 | 111
2 18 - - - 16 216 4 18 - - - 155 108

Notes: [1] Global control pin
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XC95108 I/0 Pins (continued)

Flgl‘gtc'li’” Macrocell | PC84 | PQ100 | TQ100 |PQ160 BOSYSZP Notes F“Brl‘gtc'li’” Macrocell| PC84 | PQ100 | TQ100 |PQ160 BOSYSZP Notes
5 1 — — - 76 105 6 1 - - — 91 51
5 2 32 52 50 79 102 6 2 45 67 65 103 48
5 3 33 54 52 82 99 6 3 46 68 66 104 45
5 4 — 48 46 72 96 6 4 - 75 73 116 42
5 5 34 55 53 86 93 6 5 47 69 67 106 39
5 6 35 56 54 88 90 6 6 48 70 68 108 36
5 7 — — - 78 87 6 7 - - — 105 33
5 8 36 57 55 90 84 6 8 50 72 70 111 30
5 9 37 58 56 92 81 6 9 51 73 71 113 27
5 10 — — - 84 78 6 10 - - — 107 24
5 11 39 60 58 95 75 6 11 52 74 72 115 21
5 12 40 | 62 | 60 | 97 | 72 6 12 53 | 76 | 74 | 117 | 18
5 13 — — - 87 69 6 13 - - — 112 15
5 14 41 63 61 98 66 6 14 54 78 76 122 12
5 15 43 65 63 101 63 6 15 55 79 7 124 9
5 16 — 61 59 96 60 6 16 - 81 79 129 6
5 17 44 66 64 102 57 6 17 56 80 78 126 3
5 18 — — - 89 54 6 18 - - — 114 0
XC95108 Global, JTAG and Power Pins
Pin Type PC84 PQ100 TQ100 PQ160
/OIGCK1 9 24 22 33
I/0/GCK2 10 25 23 35
I/0/GCK3 12 29 27 42
I/O/GTS1 76 5 3 6
I/O/IGTS2 77 6 4 8
I/O/GSR 74 1 99 159
TCK 30 50 48 75
TDI 28 47 45 71
TDO 59 85 83 136
TMS 29 49 47 73
VeaINT BV 38,73,78 7,59,100 5,57,98 10,46,94,157
Veeio 3.3VI5V 22,64 28,40,53,90 26,38,51,88 1,41,61,81,121,141
GND 8,16,27,42,49,60 2,23,33,46,64,71,77,86 |100,21,31,44,62,69,75,84 20,31,40,51,70,80,99
GND - - - 100,110,120,127,137
GND - — - 160
No connects - - — 3,5,7,32,38,39,48,53,55,6
5,66,67,83,85,93,109,
118,119,125,130,131,
132,149,150,151
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Ordering Information

Speed Options

- 20 20 ns pin-to-pin delay
-15 15 ns pin-to-pin delay
-10 10 ns pin-to-pin delay

XC95108 -7 PQ 160 C

Device Type

Speed

-7 7 ns pin-to-pin delay

Temperature Range

Number of Pins

Component Availability

Package Type

Packaging Options

PC84 84-Pin Plastic Leaded Chip Carrier (PLCC)
PQ100 100-Pin Plastic Quad Flat Pack (PQFP)
TQ100 100-Pin Very Thin Quad Flat Pack (TQFP)
PQ160 160-Pin Plastic Quad Flat Pack (PQFP)

Temperature Options

C Commercial 0°C to +70°C
| Industrial —40°C to +85°C

Pins 84 100 160
Tupe Plastic Plastic Plastic Plastic
yp PLCC PQFP TQFP PQFP
Code PC84 PQ100 TQ100 PQ160
-20 C() C(l) C() (ol()}
-15 c(l c(l C(l c(
XC95108 0) () () 0)
-10 C(l Cc(l) C() C(l)
-7 C(l) (o1()] C() C(l)
C = Commercial = 0° to +70°C | = Industrial = —40° to +85°C
Revision Control
Date Revision
11/30/98 V 2.1 - Update AC Characteristics and Internal Parameters
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Product Specification

Features

» 7.5 ns pin-to-pin logic delays on all pins
. fCNT to 111 MHz
e 144 macrocells with 3,200 usable gates
e Upto 133 user I/O pins
¢ 5V in-system programmable
- Endurance of 10,000 program/erase cycles
- Program/erase over full commercial voltage and
temperature range
« Enhanced pin-locking architecture
* Flexible 36V18 Function Block
- 90 product terms drive any or all of 18 macrocells
within Function Block
- Global and product term clocks, output enables, set
and reset signals
« Extensive IEEE Std 1149.1 boundary-scan (JTAG)
support
¢ Programmable power reduction mode in each
macrocell
e Slew rate control on individual outputs
e User programmable ground pin capability
« Extended pattern security features for design protection
¢ High-drive 24 mA outputs
e 3.3Vor5VI/O capability
¢ Advanced CMOS 5V FastFLASH technology
e Supports parallel programming of more than one
XC9500 concurrently
* Available in 100-pin PQFP, 100-pin TQFP, and 160-pin
PQFP packages

Description

The XC95144 is a high-performance CPLD providing
advanced in-system programming and test capabilities for
general purpose logic integration. It is comprised of eight
36V18 Function Blocks, providing 3,200 usable gates with
propagation delays of 7.5 ns. See Figure 2 for the architec-
ture overview.

Power Management

Power dissipation can be reduced in the XC95144 by con-
figuring macrocells to standard or low-power modes of
operation. Unused macrocells are turned off to minimize
power dissipation.

Operating current for each design can be approximated for
specific operating conditions using the following equation:

Icc (MA) =

MCpp (1.7) + MC p (0.9) + MC (0.006 mA/MHz) f
Where:

MCyp = Macrocells in high-performance mode
MC| p = Macrocells in low-power mode

MC = Total number of macrocells used

f = Clock frequency (MHz)

Figure 1 shows a typical calculation for the XC95144
device.

600
(480)
ce
o pefo™e
%E? 400 e
vg (320)
= (300) X
38 Low PO
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Figure 1: Typical I vs. Frequency for XC95144
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Figure 2: XC95144 Architecture

Function Block outputs (indicated by the bold line) drive the 1/O Blocks directly.
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Absolute Maximum Ratings

Symbol Parameter Value Units
Vee Supply voltage relative to GND -0.51t07.0 \%
VIN DC input voltage relative to GND -0.5t0 Ve + 0.5 \
VTg Voltage applied to 3-state output with respect to GND -0.5t0 Vg + 0.5 \Y,
Tsto Storage temperature -65 to +150 °C
TsoL Max soldering temperature (10 s @ 1/16 in = 1.5 mm) +260 °C

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

of time may affect device reliability.

Recommended Operation Conditions:

Symbol Parameter Min Max Units

VceINT Supply voltage for internal logic and input buffer 4.75 5.25 \Y,
(4.5) (5.5)
Vceio Supply voltage for output drivers for 5 V operation 4.75 (4.5) 5.25 (5.5) \%
Supply voltage for output drivers for 3.3 V operation 3.0 3.6 \%

VL Low-level input voltage 0 0.80 \
ViH High-level input voltage 2.0 Veeint 0.5 \
Vo OUtpUt voltage 0 VCC|O \Y
Note: 1. Numbers in parenthesis are for industrial-temperature range versions.
Endurance Characteristics

Symbol Parameter Min Max Units
DR Data Retention 20 - Years
Npg Program/Erase Cycles 10,000 - Cycles
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DC Characteristics Over Recommended Operating Conditions

Symbol Parameter Test Conditions Min Max | Units
VoH Output high voltage for 5 V operation loq =-4.0 MA 2.4 \%
VCC = Min
Output high voltage for 3.3 V operation loy =-3.2 mA 24 \
VCC = Min
VoL Output low voltage for 5 V operation loL =24 mA 0.5 \%
VCC = Min
Output low voltage for 3.3 V operation loL =10 mA 0.4 \%
VCC = Min
e Input leakage current Ve = Max +10.0 | pA
V|N = GND or VCC
i I/O high-Z leakage current Ve = Max +10.0 A
VIN = GND or VCC
CiNn I/O capacitance V|N = GND 10.0 pF
f=1.0 MHz
Icc Operating Supply Current V| = GND, No load 160 (Typ) ma
(low power mode, active) f=1.0 MHz

AC Characteristics

XC95144-7 | XC95144-10 | XC95144-15
Symbol Parameter - - - Units
Min | Max | Min | Max | Min | Max
tpp I/O to output valid 7.5 10.0 150 | ns
tsy I/O setup time before GCK 4.5 6.0 8.0 ns
tH I/0 hold time after GCK 0.0 0.0 0.0 ns
tco GCK to output valid 4.5 6.0 8.0 ns
fent? 16-bit counter frequency 125.0 111.1 95.2 MHz
fsysteM 2 |Multiple FB internal operating frequency 83.3 66.7 55.6 MHz
tpsu I/O setup time before p-term clock input 0.5 2.0 4.0 ns
tpH I/0 hold time after p-term clock input 4.0 4.0 4.0 ns
tpco P-term clock to output valid 8.5 10.0 120 | ns
toe GTS to output valid 55 6.0 11.0 | ns
top GTS to output disable 5.5 6.0 110 | ns
tpoE Product term OE to output enabled 9.5 10.0 140 | ns
tpoD Product term OE to output disabled 9.5 10.0 140 | ns
tWLH GCK pulse width (High or Low) 4.0 4.5 5.5 ns

Note: 1.fcytis the fastest 16-bit counter frequency available, using the local feedback when applicable.
fonT is also the Export Control Maximum flip-flop toggle rate, frog.
2. fgysTEM s the internal operating frequency for general purpose system designs spanning multiple FBs.

5-102 November 30, 1998 (Version 3.1)




2:X||_|NX® XC95144 In-System Programmable CPLD

VTEST
Ry
Output Type | Vccio VTEST Ry ) CL
Device Output © ’ ® 50V 50V 160 Q 120 Q 35 pF
l 3.3V 3.3V 260 Q 360 Q 35 pF
R2 CL
I X5906

Figure 3: AC Load Circuit

Internal Timing Parameters

XC95144-7 | XC95144-10 | XC95144-15
Symbol Parameter - - - Units

Min | Max | Min | Max [ Min | Max
Buffer Delays
N Input buffer delay 2.5 3.5 4.5 ns
teck GCK buffer delay 15 25 3.0 ns
tGsR GSR buffer delay 4.5 6.0 7.5 ns
teTs GTS buffer delay 5.5 6.0 11.0 | ns
touT Output buffer delay 2.5 3.0 4.5 ns
teN Output buffer enable/disable delay 0.0 0.0 0.0 ns
Product Term Control Delays
tpTCK Product term clock delay 3.0 3.0 2.5 ns
tpTSR Product term set/reset delay 2.0 25 3.0 ns
tpTTS Product term 3-state delay 4.5 3.5 5.0 ns
Internal Register and Combinatorial delays
tppi Combinatorial logic propagation delay 0.5 1.0 3.0 ns
tsul Register setup time 15 2.5 3.5 ns
tH Register hold time 3.0 3.5 4.5 ns
tcol Register clock to output valid time 0.5 0.5 0.5 ns
taol Register async. S/R to output delay 6.5 7.0 8.0 ns
tRAI Register async. S/R recovery before clock | 7.5 10.0 10.0 ns
tLoGI Internal logic delay 2.0 2.5 3.0 ns
tLoGILP Internal low power logic delay 10.0 11.0 115 | ns
Feedback Delays
te FastCONNECT matrix feedback delay 8.0 9.5 11.0 | ns
tLE Function Block local feedback delay 4.0 35 35 ns
Time Adders
tptal Incremental Product Term Allocator delay 1.0 1.0 1.0 ns
tsLEW Slew-rate limited delay 4.0 4.5 5.0 ns

Note: 3. tpra is multiplied by the span of the function as defined in the family data sheet.
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XC95144 1/0O Pins

Function T P P BScan Function T P P BScan
Block |Macrocell 10Qo 10Qo 16Q0 Order |NOtes Block |Macrocell 1(% 10Q0 16Q0 order |NOteS
1 1 _ — [ 25 | 429 3 1 _ — | 43 | 321
1 2 11 | 13 | 18 | 426 3 2 23 | 25 | 35 | 318 | [1]
1 3 12 | 14 | 19 | 423 3 3 - — | 45 | 315
1 4 _ — [ 27 | 420 3 4 _ — | 48 | 312
1 5 13 | 15 | 21 | 417 3 5 24 | 26 | 36 | 309
1 6 14 | 16 | 22 | 414 3 6 25 | 27 | 37 | 306
1 7 _ — [ 32 | 411 3 7 - — | 50 | 303
1 8 15 | 17 | 23 | 408 3 8 27 | 29 | 42 | 300 | [4]
1 9 16 | 18 | 24 | 405 3 9 28 | 30 | 44 | 297
1 10 — — [ 34 | 402 3 10 — — | 52 | 204
1 11 17 | 19 | 26 | 399 3 11 29 | 31 | 47 | 291
1 12 18 | 20 | 28 | 396 3 12 30 | 32 | 49 | 288
1 13 - — | 38 | 393 3 13 - — | 53 | 285
1 14 19 | 21 | 29 | 390 3 14 32 | 34 | 54 | 282
1 15 20 | 22 | 30 | 387 3 15 33 | 35 | 56 | 279
1 16 - — | 39 | 384 3 16 - — | 55 | 276
1 17 22 | 24 | 33 | 381 | [4 3 17 34 | 36 | 57 | 273
1 18 _ — [ - [ 378 3 18 _ _ — [ 270
2 1 - — | 158 | 375 Z 1 - — | 132 | 267
2 2 99 | 1 |159 | 372 | [ 4 2 87 | 89 | 140 | 264
2 3 - — | 3 [ 369 4 3 — — 147 | 261
2 4 _ — [ 5 | 366 4 4 _ — | 149 | 258
2 5 1 3 | 2 | 363 | [1] 4 5 89 | o1 | 142 | 255
2 6 2 4 | 4 | 360 | [1] 4 6 90 | 92 | 143 | 252
2 7 _ — [ 7 | 357 4 7 _ — | 150 | 249
2 8 3 5 | 6 | 354 | [1 4 8 91 | 93 | 144 | 246
2 9 4 6 | 8 | 351 | [1] 4 9 92 | 94 | 145 | 243
2 10 _ — [ 9 | 348 4 10 _ — | 151 | 240
2 11 6 8 | 11 | 345 4 11 93 | 95 | 146 | 237
2 12 7 9 | 12 | 342 4 12 94 | 96 | 148 | 234
2 13 — — [ 14 | 339 4 13 — — | 153 | 231
2 14 8 | 10 | 13 | 336 4 14 95 | 97 | 152 | 228
2 15 9 | 11 | 15 | 333 4 15 96 | 98 | 154 | 225
2 16 - — | 16 | 330 4 16 — — [ 155 | 222
2 17 10 | 12 | 17 | 327 4 17 97 | 99 | 156 | 219
2 18 _ — | - | 324 4 18 _ _ — | 216

Notes: [1] Global control pin.
Macrocell outputs to package pins subject to change, contact factory for latest information. Power, GND, JTAG and Global
Signals are fixed.
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XC95144 1/0 Pins (continued)

Function

TQ

PQ

PQ

BScan

Function

TQ

PQ

PQ

BScan

Block |[Macrocelll 1561 100 | 160 | order |NOt€S Block |Macrcelll 166 | 100 | 160 | Order |NOt€S
5 1 — 1 - [ 65 | 213 7 1 — [ = | = [ 105
5 2 35 | 37 | 58 | 210 7 2 50 | 52 | 79 | 102
5 3 | — [ 66 | 207 7 3 [ = [ 8 | 99
5 Z | = [ 67 | 204 7 Z — [ -~ [ 8 | 9%
5 5 36 | 38 | 59 | 201 7 5 52 | 54 | 82 | 93
5 6 37 | 39 | 60 | 198 7 6 53 | 55 | 86 | 90
5 7 [ = | 74 | 195 7 7 [ [ 87 | 87
5 8 39 | 41 | 62 | 192 7 8 54 | 56 | 88 | o4
5 9 40 | 42 | 63 | 189 7 9 55 | 57 | 90 | 81
5 10 — | - |76 | 186 7 10 — [ - [ 89 | 78
5 11 41 | 43 | 64 | 183 7 11 56 | 58 | 92 | 75
5 12 42 | 44 | 68 | 180 7 12 58 | 60 | 95 | 72
5 13 — [ = [ 78 | 177 7 13 [ = [ o1 | 69
5 14 43 | 45 | 69 | 174 7 14 59 | 61 | 96 | 66
5 15 46 | 48 | 72 | 171 7 15 60 | 62 | 97 | 63
5 16 | - [ 83 | 168 7 16 [ =~ [ 93 | 60
5 17 29 | 51 | 77 | 165 7 17 61 | 63 | 98 | 57
5 18 S S . T 7 18 S S .
5 T — T - 1 - | 159 8 T — 1 - 1 - | 51
6 2 74 | 76 | 117 | 156 8 2 63 | 65 | 101 | 48
6 3 — | - 119 | 153 8 3 — [ — [105] 45
6 Z | = [ 123 | 150 8 Z — [ = (107 ] 22
6 5 76 | 78 | 122 | 147 8 5 64 | 66 | 102 | 39
6 6 77 | 79 | 124 | 144 8 6 65 | 67 | 103 | 36
6 7 1 = 125 | 141 8 7 [ = [109] 33
6 8 78 | 80 | 126 | 138 8 8 66 | 68 | 104 | 30
6 9 79 | 81 | 129 | 135 8 9 67 | 69 | 106 | 27
6 10 [ - 128 122 8 10 - - 112 22
6 11 80 | 82 | 133 | 129 8 11 68 | 70 | 108 | 21
6 12 81 | 83 | 134 | 126 8 12 70 | 72 | 111 | 18
6 13 | - 130 | 123 8 13 - [ - [114| 15
6 14 82 | 84 | 135 | 120 8 14 71 | 73 | 113 | 12
6 15 85 | 87 | 138 | 117 8 15 72 | 74 | 115 | 9
6 16 [ - [ 131 114 8 16 [ - [118] 6
6 17 86 | 88 | 139 | 111 8 17 73 | 75 | 116 | 3
6 18 — [ = | = | 108 8 18 S S 0
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XC95144 Global, JTAG and Power Pins

Pin Type TQ100 PQ100 PQ160
I/0/GCKL 22 24 33
I/0IGCK2 23 25 35
I/O/GCK3 27 29 42
I/OIGTS1 3 5 6
I/0IGTS2 4 6 8
I/OIGTS3 1 3 2
I/OIGTS4 2 4 4
I/OIGSR 99 1 159
TCK 48 50 75
TDI 45 47 71
TDO 83 85 136
T™S 47 49 73
VeeInT 5 V 5,57, 98 7, 59, 100 0. 46, 04, 157
Veeio 3-3 V5V 26, 38, 51, 88 28, 40, 53, 90 1, 41, 61, 81, 121, 141
GND 100, 21, 31, 44, 62, 69, | 2, 23, 33, 46, 64, 71, 20, 31, 40, 51, 70, 80,
75, 84 77, 86 99, 100, 110, 120, 127,

137, 160

No Connects

5-106
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Ordering Information

XC95144 -7 PQ 160 C

Device Type Temperature Range

Number of Pins
Speed Package Type

Speed Options Packaging Options

-15 15 ns pin-to-pin delay PQ100 100-Pin Plastic Quad Flat Pack (PQFP)
-10 10 ns pin-to-pin delay TQ100 100-Pin Very Thin Quad Flat Pack (TQFP)
-7 7 ns pin-to-pin delay PQ160 160-Pin Plastic Quad Flat Pack (PQFP)
Temperature Options
C Commercial 0°Cto 70°C
| Industrial —40°C to 85°C
Component Availability
Pins 100 160
Type Plastic Plastic Plastic
PQFP TQFP PQFP
Code PQ100 TQ100 PQ160
-15 C,| Cl Cl
XC95144 [_10 (o} C,l C,l
-7 C C C
C = Commercial = 0°C to +70°C | = Industrial = —-40°C to +G85°C
Revision Control
Date Revision

11/30/98 V 3.1 - Update AC characteristics and internal parameters.
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Product Specification

Features

¢ 10 ns pin-to-pin logic delays on all pins
. fCNT to 111 MHz
¢ 216 macrocells with 4800 usable gates
¢ Upto 166 user I/O pins
¢ 5V in-system programmable
- Endurance of 10,000 program/erase cycles
- Program/erase over full commercial voltage and
temperature range
« Enhanced pin-locking architecture
* Flexible 36V18 Function Block
- 90 product terms drive any or all of 18 macrocells
within Function Block
- Global and product term clocks, output enables, set
and reset signals
« Extensive IEEE Std 1149.1 boundary-scan (JTAG)
support
¢ Programmable power reduction mode in each
macrocell
¢ Slew rate control on individual outputs
¢ User programmable ground pin capability
¢ Extended pattern security features for design protection
¢ High-drive 24 mA outputs
¢ 3.3V or5VI/O capability
¢ Advanced CMOS 5V FastFLASH technology
e Supports parallel programming of more than one
XC9500 concurrently
e Available in 160-pin PQFP, 352-pin BGA, and 208-pin
HQFP packages

Description

The XC95216 is a high-performance CPLD providing
advanced in-system programming and test capabilities for
general purpose logic integration. It is comprised of twelve
36V18 Function Blocks, providing 4,800 usable gates with
propagation delays of 10 ns. See Figure 2 for the architec-
ture overview.

Power Management

Power dissipation can be reduced in the XC95216 by con-
figuring macrocells to standard or low-power modes of
operation. Unused macrocells are turned off to minimize
power dissipation.

Operating current for each design can be approximated for
specific operating conditions using the following equation:

lcc (MA) =

MChp (1.7) + MC p (0.9) + MC (0.006 mA/MHz) f
Where:

MCyp = Macrocells in high-performance mode
MC, p = Macrocells in low-power mode

MC = Total number of macrocells used

f = Clock frequency (MHz)

Figure 1 shows a typical calculation for the XC95216
device.

600
o (500)
High peﬂM
= 400
£ (360)
= (340)
8
T Low PM
2
o
>
= 200
0 50 100
Clock Frequency (MHz) X5918
Figure 1: Typical Icc vs. Frequency For XC95216
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Function Block outputs (indicated by the bold line) drive the I/O Blocks directly

X5917
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Absolute Maximum Ratings

Symbol Parameter Value Units
Vce Supply voltage relative to GND -0.5t07.0 \%
VIN DC input voltage relative to GND -05t0 Ve + 0.5 \
VTg Voltage applied to 3-state output with respect to GND -0.5t0 Vg + 0.5 \%
Tsta Storage temperature -65 to +150 °C
TsoL Max soldering temperature (10 s @ 1/16 in = 1.5 mm) +260 °C

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

Recommended Operating Conditions:

Symbol Parameter Min Max Units

VeeINT Supply voltage for internal logic and input buffer 4.75 5.25 \%
(4.5) (5.5)
Veelo Supply voltage for output drivers for 5 V operation 4.75 (4.5) 5.25 (5.5) \%
Supply voltage for output drivers for 3.3 V operation 3.0 3.6 \%

VL Low-level input voltage 0 0.80 \
VIH High-level input voltage 2.0 Veeint 0.5 \Y
Vo OUtpUt voltage 0 VCC|O Vv
Note: 1. Numbers in parenthesis are for industrial-temperature range versions.
Endurance Characteristics

Symbol Parameter Min Max Units
bR Data Retention 20 - Years
Npg Program/Erase Cycles 10,000 - Cycles
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DC Characteristics Over Recommended Operating Conditions

Symbol Parameter Test Conditions Min Max Units
VoH Output high voltage for 5 V operation loyq =-4.0 mA 2.4 \%
VCC = Min
Output high voltage for 3.3 V operation loq =-3.2mA 24 \
VCC = Min
VoL Output low voltage for 5 V operation loL =24 mA 0.5 \
VCC = Min
Output low voltage for 3.3 V operation loL =10 mA 0.4 \%
VCC = Min
I Input leakage current Vce = Max +10.0 MA
VIN = GND or VCC
lIH I/0O high-Z leakage current Ve = Max +10.0 A
VIN = GND or VCC
CiN I/0 capacitance V|N = GND 10.0 pF
f=1.0 MHz
lcc Operating Supply Current V| = GND, No load 200 (typ) ma
(low power mode, active) f=1.0 MHz

AC Characteristics

XC95216-10 | XC95216-15 | XC95216-20
Symbol Parameter - - - Units
Min | Max [ Min | Max | Min | Max
tPD I/0 to output valid 10.0 15.0 20.0 | ns
tsy I/O setup time before GCK 6.0 8.0 10.0 ns
tH I/0 hold time after GCK 0.0 0.0 0.0 ns
tco GCK to output valid 6.0 8.0 100 | ns
font? 16-bit counter frequency 1111 95.2 83.3 MHz
fsysTeEM 2 |Multiple FB internal operating frequency 66.7 55.6 50.0 MHz
tpsu I/O setup time before p-term clock input 2.0 4.0 4.0 ns
tpH I/0 hold time after p-term clock input 4.0 4.0 6.0 ns
tpco P-term clock to output valid 10.0 12.0 16.0 | ns
toe GTS to output valid 6.0 11.0 16.0 | ns
top GTS to output disable 6.0 11.0 16.0 | ns
tPOE Product term OE to output enabled 10.0 14.0 180 | ns
tpoD Product term OE to output disabled 10.0 14.0 18.0 | ns
tWLH GCK pulse width (High or Low) 4.5 5.5 5.5 ns

Note: 1. fcytis the fastest 16-bit counter frequency available, using the local feedback when applicable.
fon is also the Export Control Maximum flip-flop toggle rate, frog.
2. fgysTEM is the internal operating frequency for general purpose system designs spanning multiple FBs.
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VTEST
Ry
Output Type | Vccio VTEST Ry R CL
Device Output O L 4 ® 50V 50V 160 Q 120 Q 35 pF
l 3.3V 3.3V 260 Q 360 Q 35 pF
Ry CL
I X5906

Figure 3: AC Load Circuit

Internal Timing Parameters

XC95216-10 | XC95216-15 | XC95216-20
Symbol Parameter - - - Units

Min | Max | Min | Max [ Min | Max
Buffer Delays
N Input buffer delay 3.5 4.5 6.5 ns
teck GCK buffer delay 2.5 3.0 3.0 ns
tgsr GSR buffer delay 6.0 7.5 9.5 ns
teTs GTS buffer delay 6.0 11.0 16.0 | ns
touT Output buffer delay 3.0 4.5 6.5 ns
tEN Output buffer enable/disable delay 0.0 0.0 0.0 ns
Product Term Control Delays
tpTCK Product term clock delay 3.0 2.5 2.5 ns
tpTSR Product term set/reset delay 25 3.0 3.0 ns
tpTTS Product term 3-state delay 3.5 5.0 5.0 ns
Internal Register and Combinatorial delays
tpp) Combinatorial logic propagation delay 1.0 3.0 4.0 ns
tsul Register setup time 2.5 3.5 3.5 ns
tH Register hold time 3.5 4.5 6.5 ns
tcol Register clock to output valid time 0.5 0.5 0.5 ns
taol Register async. S/R to output delay 7.0 8.0 8.0 ns
tRAI Register async. S/R recovery before clock | 10.0 10.0 10.0 ns
tLoGI Internal logic delay 2.5 3.0 3.0 ns
tLoGILP Internal low power logic delay 11.0 115 115 | ns
Feedback Delays
te FastCONNECT matrix feedback delay 9.5 11.0 13.0 | ns
tLE Function Block local feeback delay 3.5 3.5 5.0 ns
Time Adders
tpTad Incremental Product Term Allocator delay 1.0 1.0 15 ns
tSLEW Slew-rate limited delay 4.5 5.0 5.5 ns

Note: 3. tpya is multiplied by the span of the function as defined in the family data sheet.
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XC95216 I/0O Pins

Flg;gtc'l‘()” Macrocell | PQ160 | HQ208 | BG352 %?32? Notes Flg;gtc'i‘(’” Macrocell| PQ160 | HQ208 | BG352 %Srgzr Notes
1 1 - - - 645 3 1 - - - 537
1 2 18 22 M25 642 3 2 32 43 AA26 534
1 3 19 23 M26 639 3 3 33 44 Y24 531 [1]
1 4 - 28 N26 636 3 4 - 39 uz23 528
1 5 21 25 N25 633 3 5 34 45 AB25 525
1 6 22 30 P23 630 3 6 35 46 AA24 522 [1]
1 7 - - - 627 3 7 - - - 519
1 8 23 31 P24 624 3 8 36 47 Y23 516
1 9 24 32 R26 621 3 9 37 49 AA23 513
1 10 - 12 G26 618 3 10 - 67 AD18 510
1 11 25 33 R24 615 3 11 38 50 AB24 507
1 12 26 34 T26 612 3 12 39 51 AD25 504
1 13 - - - 609 3 13 - - - 501
1 14 27 35 T25 606 3 14 42 55 AD23 498 [1]
1 15 28 36 T23 603 3 15 43 56 AF24 495
1 16 29 37 V26 600 3 16 - 80 AE12 492
1 17 30 38 uz24 597 3 17 44 57 AE23 489
1 18 — - - 594 3 18 - - - 486
2 1 - - - 501 4 1 - - - 483
2 2 6 7 E25 588 [1] 4 2 152 198 D18 480
2 3 7 8 G24 585 4 3 153 199 A21 477
2 4 - 29 P25 582 4 4 - 196 B19 474
2 5 8 9 F26 579 [1] 4 5 154 200 B20 471
2 6 9 10 H23 576 4 6 155 201 C20 468
2 7 - - - 573 4 7 - - - 465
2 8 11 15 K23 570 4 8 156 202 B22 462
2 9 12 16 K24 567 4 9 158 205 B24 459
2 10 - - - 564 4 10 - - - 456
2 11 13 17 J25 561 4 11 159 206 Cc23 453 [1]
2 12 14 18 L24 558 4 12 2 3 E23 450 [1]
2 13 - - - 555 4 13 - - - 447
2 14 15 19 K25 552 4 14 3 4 C26 444
2 15 16 20 L26 549 4 15 4 5 E24 441 [1]
2 16 - 14 H25 546 4 16 - 203 D20 438
2 17 17 21 M24 543 4 17 5 6 F24 435
2 18 - - - 540 4 18 - - - 432
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XC95216 I/0 Pins (continued)

Function

BScan

Function

BScan

Block Macrocell | PQ160 | HQ208 | BG352 Order Notes Block Macrocell | PQ160 | HQ208 | BG352 Order Notes
5 1 - - - 429 7 1 - - - 321
5 2 45 58 AE22 | 426 7 2 58 76 AE13 318
5 3 47 60 AE21 | 423 7 3 59 77 AC13 | 315
5 4 - 41 W25 420 7 4 - 54 AE24 | 312
5 5 48 61 AF21 417 7 5 60 78 AD13 | 309
5 6 49 63 AD19 | 414 7 6 62 82 AD12 | 306
5 7 - - - 411 7 7 - - - 303
5 8 50 64 AE20 | 408 7 8 63 83 AC12 | 300
5 9 52 70 AF18 405 7 9 64 84 AF11 297
5 10 - 109 AD1 402 7 10 - 91 AD8 294
5 11 53 71 AE17 | 399 7 11 65 85 AE11 291
5 12 54 72 AE16 396 7 12 66 86 AE9 288
5 13 - - - 393 7 13 - - - 285
5 14 55 73 AF16 390 7 14 67 87 AD9 282
5 15 56 74 AE14 387 7 15 68 88 AC10 | 279
5 16 - 40 Y26 384 7 16 - 48 AC26 | 276
5 17 57 75 AF14 381 7 17 69 89 AF7 273
5 18 - - - 378 7 18 - - - 270
6 1 - - — | 375 8 1 - - = | 267
6 2 140 180 Al2 372 8 2 126 162 B5 264
6 3 142 182 Al3 369 8 3 128 164 B6 261
6 4 - 208 D22 366 8 4 - 143 J1 258
6 5 143 185 C14 363 8 5 129 166 D8 255
6 6 144 186 Al5 360 8 6 130 167 B7 252
6 7 - - - 357 8 7 - - - 249
6 8 145 187 B15 354 8 8 131 170 C10 246
6 9 146 188 C15 351 8 9 132 171 B9 243
6 10 - 183 B14 348 8 10 - 195 A20 240
6 11 147 191 Al6 345 8 11 133 173 A9 237
6 12 148 192 C16 342 8 12 134 174 D11 234
6 13 - - - 339 8 13 - - - 231
6 14 149 193 C17 336 8 14 135 175 B11 228
6 15 150 194 B18 333 8 15 138 178 C12 225
6 16 - 169 D9 330 8 16 - 189 D15 222
6 17 151 197 C19 327 8 17 139 179 B12 219
6 18 - - - 324 8 18 - - - 216
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XC95216 I/0 Pins (continued)

Flg;gtc'l‘()” Macrocell | PQ160 | HQ208 | BG352 %?32? Notes Flg;gtc'i‘(’” Macrocell| PQ160 | HQ208 | BG352 %Srgzr Notes
9 1 - - - 213 11 1 - - - 105
9 2 72 95 AD7 210 11 2 87 115 Y1 102
9 3 74 97 AE5 207 11 3 88 116 V4 99
9 4 - 101 AD4 204 11 4 - 119 U4 96
9 5 76 99 AC7 201 11 5 89 117 V3 93
9 6 77 100 AE3 198 11 6 90 118 W2 90
9 7 - - - 195 11 7 - - - 87
9 8 78 102 AC5 192 11 8 91 121 V2 84
9 9 79 103 AD3 189 11 9 92 122 uz2 81
9 10 - 90 AES8 186 11 10 - 107 AC3 78
9 11 82 110 AA4 183 11 11 93 123 T2 75
9 12 83 111 AB2 180 11 12 95 125 R4 72
9 13 - - - 177 11 13 - - - 69
9 14 84 112 AC1 174 11 14 96 126 R3 66
9 15 85 113 AA2 171 11 15 97 127 R2 63
9 16 - 62 AC19 168 11 16 - 120 u3 60
9 17 86 114 AAl 165 11 17 98 128 R1 57
9 18 — - - 162 11 18 - - - 54
10 1 - - - 159 12 1 - - - 51
10 2 113 147 H3 156 12 2 101 131 P1 48
10 3 114 148 J4 153 12 3 102 133 N2 45
10 4 - 144 K3 150 12 4 - 106 AD2 42
10 5 115 149 G2 147 12 5 103 134 N4 39
10 6 116 150 G3 144 12 6 104 135 N3 36
10 7 - - - 141 12 7 - - - 33
10 8 117 152 E2 138 12 8 105 136 M1 30
10 9 118 154 D2 135 12 9 106 137 M3 27
10 10 - 168 A7 132 12 10 - 151 F2 24
10 11 119 155 F4 129 12 11 107 138 M4 21
10 12 122 158 B3 126 12 12 108 139 L1 18
10 13 - - - 123 12 13 - - - 15
10 14 123 159 A3 120 12 14 109 140 L2 12
10 15 124 160 D6 117 12 15 111 145 G1 9
10 16 - 165 A6 114 12 16 - 142 L3 6
10 17 125 161 C6 111 12 17 112 146 H2 3
10 18 — - - 108 12 18 - - - 0
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XC95216 Global, JTAG and Power Pins

Pin Type PQ160 HQ208 BG352
I/0/GCK1 33 44 Y24
I/0/GCK2 35 46 AA24
I/0/GCK3 42 55 AD23
I/O/GTS1 6 7 E25
I/O/IGTS2 8 9 F26
I/O/IGTS3 2 3 E23
I/O/IGTS4 4 5 E24
I/0O/GSR 159 206 c23
TCK 75 98 AD6
TDI 71 94 AF6
TDO 136 176 D12
TMS 73 96 AE6
Veeint 5V 10,46,94,157 11, 59, 124, 153, 204 H24, AF23, T1, G4, C22

Veeio 33 ViV

1,41,61,81,121,141

1, 26, 53, 65, 79, 92, 105, 132,
157,172,181, 184

A10, Al7, B2, B25, D7, D13,
D19, G23, H4, K1, K26, N23, P4,
U1, U26, W23, Y4, ACS8, AC14,
AC20, AE25, AF10, AF17

GND

20, 31, 40, 51, 70, 80, 99, 100,
110, 120, 127, 137, 160

2,13, 24,27,42,52, 66, 68, 69,
81, 93, 104, 108, 129, 130, 141,
156, 163, 177, 190, 207

Al, A2, A5, A8, Al4, A19, A22,
A25, A26, B1, B26, C7, E1, E26,
H1, H26, N1, P3, P26, V23, W1,
W26, AB1, AB4, AB26, AC9,
AC17, AE1, AE26, AF1, AF2,
AF5, AF8, AF13, AF19, AF20,
AF22, AF25, AF26

No Connects

A4, All, Al18, A23, A24, B4, BS,
B10, B13, B16, B17, B21, B23,
C1,C2,C3,C4,C5,C8,C9, C11,
C13, C18, C21, C24, C25, D1,
D3, D4, D5, D10, D14, D16, D17,
D21, D23, D24, D25, D26, ES3,
E4, F1, F3, F23, F25, G25, J2,
J3,J23, J24, J26, K2, K4, L4,
L23, L25, M2, M23, N24, P2,
R23, R25, T3, T4, T24, U25, V1,
V24,V25, W3, W4, W24,Y2,Y3,
Y25, AA3, AA25, AB3, AB23,
AC2, AC4, AC6, AC11, AC15,
AC16, AC18, AC21, AC22,
AC23, AC24, AC25, AD5, AD10,
AD11, AD14, AD15, AD16,
AD17, AD20, AD21, AD22,
AD24, AD26, AE2, AEA4, AE7,
AE10, AE15, AE18, AE19, AF3,
AF4, AF9, AF12, AF15
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Ordering Information

XC95216 -10 HQ 208 C
Device Type -L Temperature Range
Number of Pins
Speed Package Type
Speed Options Packaging Options

- 20 20 ns pin-to-pin delay PQ160 160-Pin Plastic Quad Flat Pack (PQFP)
-15 15 ns pin-to-pin delay HQ208 208-Pin Heat Sink Quad Flat Pack (HQFP)
-10 10 ns pin-to-pin delay BG352 352-Pin Ball Grid Array (BGA)

Temperature Options

C Commercial 0°C to +70°C
| Industrial —40°C to +85°C

Component Availability

Pins 160 208 352
Type Plastic Power Plastic
PQFP QFP BGA
Code PQ160 HQ208 BG352
=20 (o1()] c c()
XC95216 -15 C() C() C(l
-10 C() C() C(l)

C = Commercial = 0°C to +70°C | = Industrial = —40°C to +85°C

Revision Control

Date Revision
11/30/98 Update AC Characteristics and Internal Parameters
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Product Specification

Features

« 15 ns pin-to-pin logic delays on all pins
. fCNT to 95 MHz
« 288 macrocells with 6,400 usable gates
e Upto 192 user I/O pins
¢ 5V in-system programmable
- Endurance of 10,000 program/erase cycles
- Program/erase over full commercial voltage and
temperature range
« Enhanced pin-locking architecture
* Flexible 36V18 Function Block
- 90 product terms drive any or all of 18 macrocells
within Function Block
- Global and product term clocks, output enables, set
and reset signals
« Extensive IEEE Std 1149.1 boundary-scan (JTAG)
support
¢ Programmable power reduction mode in each
macrocell
e Slew rate control on individual outputs
e User programmable ground pin capability
« Extended pattern security features for design protection
¢ High-drive 24 mA outputs
e 3.3Vor5VI/O capability
¢ Advanced CMOS 5V FastFLASH technology
e Supports parallel programming of more than one
XC9500 concurrently
* Available in 352-pin BGA and 208-pin HQFP packages

Description

The XC95288 is a high-performance CPLD providing
advanced in-system programming and test capabilities for
general purpose logic integration. It is comprised of sixteen
36V18 Function Blocks, providing 6,400 usable gates with
propagation delays of 10 ns. See Figure 2 for the architec-
ture overview.

Power Management

Power dissipation can be reduced in the XC95288 by con-
figuring macrocells to standard or low-power modes of
operation. Unused macrocells are turned off to minimize
power dissipation.

Operating current for each design can be approximated for
specific operating conditions using the following equation:

lcc (MA) =

MCyp (1.7) + MC p (0.9) + MC (0.006 mA/MHz) f
Where:

MCyp = Macrocells in high-performance mode
MC, p = Macrocells in low-power mode

MC = Total number of macrocells used

f = Clock frequency (MHz)

Figure 1 shows a typical calculation for the XC95288
device.

900
. (700)
anc!
wigh peﬁM
g 600
=, (500) (500)
O
= Low PM
L2
[=5
>
= 300
0 50 100
Clock Frequency (MHz) 7131
Figure 1. Typical Icc vs. Frequency For XC95288
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S XILINX®

3
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FastCONNECT Switch Matrix

In-System Programming Controller
A
Y
36
> Function
18 Block 1
Macrocells
v 1t018
A AA
Y
36 - -
> Function
18 Block 2
Macrocells
e 1t0 18
A AA
36 o Y -
> Function
18 Block 3
Macrocells
e 1t0 18
A AA
Y
36
> Function
18 Block 4
Macrocells
v 1to 18
[ ]
[ ]
[ ]
36 o ¢ T T
> Function
18 Block 16
Macrocells
v 1to 18

H

Figure 2: XC95288 Architecture

X5924

Note: Function Block outputs (indicated by the bold line) drive the I/O Blocks directly
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XC95288 In-System Programmable CPLD

Absolute Maximum Ratings

Symbol Parameter Value Units
Vee Supply voltage relative to GND -0.51t07.0 \%
VIN DC input voltage relative to GND -0.5t0 Ve + 0.5 \
VTg Voltage applied to 3-state output with respect to GND -0.5t0 Vg + 0.5 \Y,
Tsto Storage temperature -65 to +150 °C
TsoL Max soldering temperature (10 s @ 1/16 in = 1.5 mm) +260 °C

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

of time may affect device reliability.

Recommended Operation Conditions:

Symbol Parameter Min Max Units

VceINT Supply voltage for internal logic and input buffer 4.75 5.25 \Y,
(4.5) (5.5)
Vceio Supply voltage for output drivers for 5 V operation 4.75 (4.5) 5.25 (5.5) \%
Supply voltage for output drivers for 3.3 V operation 3.0 3.6 \%

VL Low-level input voltage 0 0.80 \
ViH High-level input voltage 2.0 Veeint 0.5 \
Vo OUtpUt voltage 0 VCC|O \Y
Note: 1. Numbers in parenthesis are for industrial-temperature range versions.
Endurance Characteristics

Symbol Parameter Min Max Units
DR Data Retention 20 - Years
Npg Program/Erase Cycles 10,000 - Cycles
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DC Characteristics Over Recommended Operating Conditions

Symbol Parameter Test Conditions Min Max | Units
VoH Output high voltage for 5 V operation loq =-4.0 MA 2.4 \%
VCC = Min
Output high voltage for 3.3 V operation loy =-3.2 mA 24 \
VCC = Min
VoL Output low voltage for 5 V operation loL =24 mA 0.5 \%
VCC = Min
Output low voltage for 3.3 V operation loL =10 mA 0.4 \%
VCC = Min
e Input leakage current Ve = Max +10.0 | pA
V|N = GND or VCC
i I/O high-Z leakage current Ve = Max +10.0 A
VIN = GND or VCC
CiNn I/O capacitance V|N = GND +10.0 pF
f=1.0 MHz
Icc Operating Supply Current V| = GND, No load 300 (Typ) ma
(low power mode, active) f=1.0 MHz

AC Characteristics

XC95288-15 | XC95288-20
Symbol Parameter - - Units
Min | Max | Min | Max
tpp I/O to output valid 15.0 200 | ns
tsy I/O setup time before GCK 8.0 10.0 ns
tH I/0 hold time after GCK 0.0 0.0 ns
tco GCK to output valid 8.0 100 | ns
fent? 16-bit counter frequency 95.2 83.3 MHz
fsysteM 2 |Multiple FB internal operating frequency 55.6 50.0 MHz
tpsu I/O setup time before p-term clock input 4.0 4.0 ns
tpH I/0 hold time after p-term clock input 4.0 6.0 ns
tpco P-term clock to output valid 12.0 16.0 | ns
toe GTS to output valid 11.0 16.0 | ns
top GTS to output disable 11.0 16.0 | ns
tpoE Product term OE to output enabled 14.0 18.0 | ns
tpoD Product term OE to output disabled 14.0 18.0 | ns
tWLH GCK pulse width (High or Low) 55 55 ns

Note: 1. fcytis the fastest 16-bit counter frequency available, using the local feedback when applicable.
fonT is also the Export Control Maximum flip-flop toggle rate, frog.
2. fgysTEM s the internal operating frequency for general purpose system designs spanning multiple FBs.
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VTEST
Ry
Output Type | Vccio VTEST Ry R CL
Device Output © * ® 50V 50V 160 Q 120 Q 35 pF
j_ 33V 33V 260 Q 360 Q 35 pF
I X5906

Figure 3: AC Load Circuit

Internal Timing Parameters

XC95288-15 | XC95288-20
Symbol Parameter - - Units

Min | Max | Min | Max
Buffer Delays
N Input buffer delay 4.5 6.5 ns
teck GCK buffer delay 3.0 3.0 ns
tesRr GSR buffer delay 7.5 9.5 ns
teTs GTS buffer delay 11.0 16.0 | ns
touT Output buffer delay 4.5 6.5 ns
tEN Output buffer enable/disable delay 0.0 0.0 ns
Product Term Control Delays
tpTCK Product term clock delay 25 25 ns
tpTSR Product term set/reset delay 3.0 3.0 ns
tpTTS Product term 3-state delay 5.0 5.0 ns
Internal Register and Combinatorial delays
tppi Combinatorial logic propagation delay 3.0 4.0 ns
tsul Register setup time 35 3.5 ns
th Register hold time 4.5 6.5 ns
tcol Register clock to output valid time 0.5 0.5 ns
taol Register async. S/R to output delay 8.0 8.0 ns
tRAI Register async. S/R recovery before clock | 10.0 10.0 ns
tLoai Internal logic delay 3.0 3.0 ns
tLogILp Internal low power logic delay 11.5 115 | ns
Feedback Delays
te FastCONNECT matrix feedback delay 11.0 13.0 | ns
tLE Function Block local feeback delay 35 5.0 ns
Time Adders
tptal Incremental Product Term Allocator delay 1.0 15 ns
tsL EW Slew-rate limited delay 5.0 5.5 ns

Note: 3. tpra is multiplied by the span of the function as defined in the family data sheet.
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XC95288 I/0 Pins

F‘érl‘gtc'l‘:” Macrocell |HQ208|BG352 Eésrgz? Notes F‘g;gtc'li’” Macrocell |HQ208|BG352 BOSrSZ:' Notes
1 1 Z — | 861 3 1 Z — | 753
1 2 28 | N26 | 858 3 > 38 | U24 | 750
1 3 29 | P25 | 855 3 3 39 | U23 | 747
1 Z Z T 3 4 Z — [ 744
1 5 30 | P23 | 849 3 5 20 | Y26 | 741
1 6 31 | P24 | 846 3 6 21 | W25 | 738
1 7 - — | 843 3 7 Z — | 735
1 8 32 | R26 | 840 3 8 23 | AA26 | 732
1 9 — | R25 | 837 3 9 — [ Y25 | 729
1 10 33 | R24 | 834 3 10 24 | Y24 | 726 | [
1 11 — [ R23 | 831 3 11 [ AA25 | 723
1 12 34 | T26 | 828 3 12 45 | AB25 | 720
1 13 Z — | 825 3 13 - — [ 717
1 14 35 | T25 | 822 3 14 26 | AA24 | 714 | [
1 15 36 | T23 | 819 3 15 47 | Y23 | 711
1 16 - . IT 3 16 Z — | 708
1 17 37 | V26 | 813 3 17 48 | AC26 | 705
1 18 Z — | 810 3 18 Z — [ 702
2 1 — - 807 4 1 — - 699
2 2 15 | K23 | 804 Z > 3 | E23 | 69 | [0
2 3 16 | K24 | 801 2 3 4 | Cc26 | 693
2 Z Z — | 798 Z 4 Z — | 6%
2 5 17 | J25 | 795 Z 5 5 | Ex4 | 687 | [
2 6 8 | 124 | 792 Z 6 6 F24 | 684
2 7 Z — | 789 Z 7 Z — | es1
2 8 19 | K25 | 786 Z 8 7 | E25 | 678 | [4]
2 9 — [ 125 | 783 Z 9 — | D26 | 675
2 10 20 | L26 | 780 Z 10 8 | G24 | 672
2 11 — [ ™23 | 777 Z 11 — | F25 | 669
2 12 21 | M24 | 774 Z 12 9 F26 | 666 | [1]
2 13 - — [ 771 Z 13 Z — | 663
2 14 22 | M25 | 768 Z 14 10 | H23 | 660
2 15 23 | M26 | 765 Z 15 12 | G26 | 657
2 16 - — | 762 Z 16 Z — | 654
2 17 25 | N25 | 759 Z 17 14 | H25 | 651
2 18 Z — | 756 Z 18 Z — | 648

Notes: [1] Global control pin
Macrocell outputs to package pins subject to change, contact factory for latest information. Power, GND, JTAG and Global
Signals are fixed.
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XC95288 In-System Programmable CPLD

XC95288 I/0 Pins (continued)

F‘érl‘gtc'l‘:” Macrocell |HQ208|BG352 Eésrgz? Notes F‘g;gtc'li’” Macrocell |HQ208|BG352 BOSrSZ:' Notes
5 1 - — | 645 7 1 - — | 537
5 2 29 | AA23 | 642 7 2 62 | AC10 | 534
5 3 50 | AB24 | 639 7 3 63 | AD19 | 531
5 Z - — | 636 7 Z - — | 528
5 5 51 | AD25 | 633 7 5 64 | AE20 | 525
5 6 54 | AE24 | 630 7 6 66 | AC18 | 522
5 7 - — | 627 7 7 - — [ 519
5 8 55 | AD23 | 624 | [1] 7 8 67 | AD18 | 516
5 9 — [AC22 | 621 7 9 — [ AE19 | 513
5 10 56 | AF24 | 618 7 10 69 | AD17 | 510
5 1 — [ AD22 | 615 7 1 — | AE18 | 507
5 2 57 | AE23 | 612 7 2 70 | AF18 | 504
5 13 Z — | 609 7 13 Z S
5 14 58 | AE22 | 606 7 14 71 | AE17 | 498
5 15 60 | AE21 | 603 7 15 72 | AE16 | 495
5 16 Z — | 600 7 16 - — [ 292
5 17 61 | AF21 | 597 7 17 73 | AF16 | 489
5 18 - — | 594 7 18 - — | 486
3 T = | 591 8 1 = | 483
6 2 197 | C19 | 588 8 > 186 | AL5 | 480
6 3 198 | D18 | 585 8 3 187 | B15 | 477
6 Z - — | 582 8 Z - — | 474
6 5 199 | A21 | 579 8 5 188 | C15 | 471
6 6 200 | B20 | 576 8 6 189 | D15 | 468
6 7 - — | 573 8 7 - — | 465
6 8 201 | C20 | 570 8 8 191 | Ale | 462
6 9 — | B21 | 567 8 9 — | B16 | 459
6 10 202 | B22 | 564 8 10 192 | C16 | 456
6 1 — | c21 | 561 8 1 — | B17 | 453
6 7 203 | D20 | 558 8 7 193 | C17 | 450
6 13 Z — | 555 8 13 - — | 447
6 14 205 | B24 | 552 8 14 194 | Bi8 | 444
6 15 206 | C23 | 549 | [ 8 15 195 | A20 | 441
6 16 Z — | 546 8 16 Z — | 438
6 17 208 | D22 | 543 8 17 196 | B19 | 435
6 18 - — | 540 8 18 - — | 432

Note: [1] Global control pin

November 30, 1998 (Versi

on 3.1)
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XC95288 I/0 Pins (continued)

F‘érl‘gtc'l‘:” Macrocell |HQ208|BG352 Eésrgz? Notes F‘g;gtc'li’” Macrocell |HQ208|BG352 BOSrSZ:' Notes
9 1 Z — | 429 11 1 Z — | 321
9 2 74 | AE14 | 426 11 2 87 | AD9 | 318
9 3 75 | AF14 | 423 11 3 88 | AC10 | 315
9 Z Z — | 220 11 4 Z — | 312
9 5 76 | AE13 | 417 11 5 89 | AF7 | 309
9 6 77 | AC13 | 414 11 6 90 | AE8 | 306
9 7 - — | 411 11 7 Z — | 303
9 8 78 | AD13 | 408 11 8 91 | AD8 | 300
9 9 — [ AF12 | 405 11 9 — [ AE7 | 297
9 10 80 | AE12 | 402 11 10 95 | AD7 | 294
9 11 82 | AD12 | 399 11 11 97 | AE5 | 291
9 12 83 | AC12 | 396 11 12 99 | AC7 | 288
9 13 Z — | 393 11 13 Z — | 285
9 14 84 | AF11 | 390 11 14 100 | AE3 | 282
9 15 85 | AE1L | 387 11 15 101 | AD4 | 279
9 16 Z — | 384 11 16 - — | 276
9 17 86 | AE9 | 381 11 17 102 | AC5 | 273
9 18 Z — | 378 11 18 Z — | 270
10 1 — - 375 12 1 — - 267
10 2 170 | c10 | 372 12 2 158 | B3 | 264
10 3 171 | B9 | 369 12 3 159 | A3 | 261
10 Z Z — | 366 12 4 Z — | 258
10 5 173 | A9 | 363 12 5 160 | D6 | 255
10 6 174 | D11 | 360 12 6 161 | C6 | 252
10 7 Z — | 357 12 7 Z — | 249
10 8 175 | B1L | 354 12 8 162 | B5 | 246
10 9 — [ AlLl | 351 12 9 - A4 | 243
10 10 178 | C12 | 348 12 10 164 | B6 | 240
10 11 179 | B12 | 345 12 11 165 | A6 | 237
10 12 180 | Al2 | 342 12 12 166 | D8 | 234
10 13 Z — | 339 12 13 - — | 231
10 14 182 | A13 | 336 12 14 167 | B7 | 228
10 15 183 | B14 | 333 12 15 168 | A7 | 225
10 16 Z — | 330 12 16 - — [ 222
10 17 185 | c14 | 327 12 17 169 | D9 | 219
10 18 Z — | 324 12 18 Z — | 216

5-116 November 30, 1998 (Version 3.1)



S XILINX®

XC95288 In-System Programmable CPLD

XC95288 I/0 Pins (continued)

Function

BScan

Function

BScan

Block Macrocell |HQ208 |BG352 Order Notes Block Macrocell |HQ208|BG352 Order Notes
13 1 - - 213 15 1 - - 105
13 2 103 AD3 210 15 2 117 V3 102
13 3 106 AD2 207 15 3 118 W2 99
13 4 - - 204 15 4 - - 96
13 5 107 AC3 201 15 5 119 u4 93
13 6 109 AD1 198 15 6 120 u3 90
13 7 - - 195 15 7 - - 87
13 8 110 AA4 192 15 8 121 V2 84
13 9 - AA3 189 15 9 - Vi 81
13 10 111 AB2 186 15 10 122 u2 78
13 11 112 AC1 183 15 11 123 T2 75
13 12 113 AA2 180 15 12 125 R4 72
13 13 - - 177 15 13 - - 69
13 14 114 AAl 174 15 14 126 R3 66
13 15 115 Y1 171 15 15 127 R2 63
13 16 - - 168 15 16 - - 60
13 17 116 V4 165 15 17 128 R1 57
13 18 - - 162 15 18 - - 54
14 1 - - 159 16 1 - - 51
14 2 144 K3 156 16 2 131 P1 48
14 3 145 Gl 153 16 3 133 N2 45
14 4 - - 150 16 4 - - 42
14 5 146 H2 147 16 5 134 N4 39
14 6 147 H3 144 16 6 135 N3 36
14 7 - - 141 16 7 - - 33
14 8 148 Ja 138 16 8 136 M1 30
14 9 - F1 135 16 9 - M2 27
14 10 149 G2 132 16 10 137 M3 24
14 11 150 G3 129 16 11 138 M4 21
14 12 151 F2 126 16 12 139 L1 18
14 13 - - 123 16 13 - - 15
14 14 152 E2 120 16 14 140 L2 12
14 15 154 D2 117 16 15 142 L3 9
14 16 - — 114 16 16 - - 6
14 17 155 F4 111 16 17 143 J1 3
14 18 - - 108 16 18 - - 0

November 30, 1998 (Version 3.1)
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XC95288 Global, JTAG and Power Pins

Pin Type HQ208 BG352
/O/GCK1 44 Y24
/O/GCK2 46 AA24
/O/GCK3 55 AD23
/O/GTS1 7 E25
/OIGTS2 9 F26
/OIGTS3 3 E23
/OIGTS4 5 E24
/O/GSR 206 C23
TCK 98 AD6
DI 94 AF6
TDO 176 D12
™S 96 AE6
Voot b V 11, 59, 124, 153, 204 323, V24, AF23, AC15, AF15,

AD11, ADS, Y3, T1, J3, G4, D5,
D10, B13, D17, C22, H24

Voo 33 VBV

1, 26, 53, 65, 79, 92, 105, 132,
157,172,181, 184

A10, A17, B2, B25, D7, D13,
D19, G23, H4, K1, K26, N23, P4,
Ul, U26, W23, Y4, AC8, AC14,
AC20, AE25, AF10, AF17

GND

2,13, 24,27,42,52, 68, 81, 93,
104,108, 129, 130, 141, 156,
163, 177, 190, 207

Al, A2, A5, A8, Al4, A19, A22,
A25, A26, B1, B26, C7, C9, C13,
C18, D24, E1, E26, H1, H26, K4,
N1, N24, P3, P26, V23, W1, W4,
W26, AB1, AB4, AB26, AC9,
AD10, AD14, AD15, AD20, AE1,
AE26, AF1, AF2, AF5, AFS8,
AF13, AF19, AF22, AF25, AF26

No Connects

A18, A23, A24, B4, B8, B10, B23,
C1, C2, C3, C4, C5, C8, C11,
C24,C25,D1, D3, D4, D14, D16,
D21, D23, D25, E3, E4, F3, F23,
G25, J2, J24, J26, K2, L4, L23,
P2, T3, T4, T24, U25, V25, W3,
W24,Y2, AB3, AB23, AC2, AC4,
AC6, AC11, AC16, AC17, AC21,
AC23, AC24, AC25, AD16,
AD21, AD24, AD26, AE2, AE4,
AE10, AE15, AF3, AF4, AF9,
AF20
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Ordering Information

XC95288 -15 HQ 208 C

Device Type L Temperature Range
Speed —— —— Number of Pins
Package Type
Speed Options Packaging Options
- 20 20 ns pin-to-pin delay HQ208 208-Pin Heat Sink Quad Flat Pack (HQFP)
-15 15 ns pin-to-pin delay BG352 352-Pin Plastic Ball Grid Array (BGA)

Temperature Options

C Commercial 0°C to +70°C
| Industrial —40°C to +85°C

Component Availability

Pins 208 352
Type Plastic Plastic
HQFP BGA
Code HQ BG
XC95288 —20 ch c®)
-15 C() C()

C = Commercial = 0° to +70°C | = Industrial = —40° to +85°C

Revision Control

Date Revision
11/30/98 V 3.1 - Update AC Characteristics and Internal Parameters
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XC4000E and XC4000X Series Field
Programmable Gate Arrays

January 29, 1999 (Version 1.5)

Product Specification

XC4000E and XC4000X Series
Features

Note: XC4000 Series devices described in this data sheet
include the XC4000E family and XC4000X Series.
XC4000X Series devices described in this data sheet
include the XC4000EX and XC4000XL families. Separate
data sheets are available for two other Families in the
XC4000X series, the XC4000XLT and XC4000XV. This
information does not apply to the older Xilinx families:
XC4000, XC4000A, XC4000D, XC4000H, or XC4000L. For
information on these devices, see the Xilinx WEBLINX at
http://www.xilinx.com.

« System featured Field-Programmable Gate Arrays
- Select-RAM™ memory: on-chip ultra-fast RAM with
- synchronous write option
- dual-port RAM option
- Fully PCI compliant (speed grades -2 and faster)
- Abundant flip-flops
- Flexible function generators
- Dedicated high-speed carry logic
- Wide edge decoders on each edge
- Hierarchy of interconnect lines
- Internal 3-state bus capability
- 8 global low-skew clock or signal distribution
networks
e System Performance beyond 80 MHz
* Flexible Array Architecture
¢ Low Power Segmented Routing Architecture
e Systems-Oriented Features
- |EEE 1149.1-compatible boundary scan logic
support
- Individually programmable output slew rate
- Programmable input pull-up or pull-down resistors
12-mA sink current per XC4000E output
. Conflgured by Loading Binary File
- Unlimited reprogrammability
* Readback Capability
- Program verification
- Internal node observability
¢ Backward Compatible with XC4000 Devices
« Development System runs on most common computer
platforms
- Interfaces to popular design environments
- Fully automatic mapping, placement and routing
- Interactive design editor for design optimization

Low-Voltage Versions Available

* Low-Voltage Devices Function at 3.0 - 3.6 Volts
e XC4000XL: High Performance Low-Voltage Versions of
XC4000EX devices

Additional XC4000X Series Features

¢ Highest Performance — 3.3 V XC4000XL

¢ Highest Capacity — Over 180,000 Usable Gates

* 5V tolerant I/Os on XC4000XL

¢ 0.35u SRAM process for XC4000XL

« Additional Routing Over XC4000E
- almost twice the routing capacity for high-density

designs

e Buffered Interconnect for Maximum Speed

* New Latch Capability in Configurable Logic Blocks

* Improved VersaRing™ I/O Interconnect for Better Fixed
Pinout Flexibility

e 12-mA Sink Current Per XC4000X Output

* Flexible New High-Speed Clock Network
- 8 additional Early Buffers for shorter clock delays
- Virtually unlimited number of clock signals

e Optional Multiplexer or 2-input Function Generator on
Device Outputs

* 4 Additional Address Bits in Master Parallel
Configuration Mode

e XC4000XLT devices, optimized for PCl applications, are
available.

* The XC4000XV Family offers the highest density with
0.25 micron 2.5 volt technology.

Introduction

XC4000 Series high-performance, high-capacity Field Pro-
grammable Gate Arrays (FPGAS) provide the benefits of
custom CMOS VLSI, while avoiding the initial cost, long
development cycle, and inherent risk of a conventional
masked gate array.

The result of thirteen years of FPGA design experience and
feedback from thousands of customers, these FPGAs com-
bine architectural versatility, on-chip Select-RAM memory
with edge-triggered and dual-port modes, increased
speed, abundant routing resources, and new, sophisticated
software to achieve fully automated implementation of
complex, high-density, high-performance designs.

The XC4000E and XC4000X Series currently have 20
members, as shown in Table 2.

January 29, 1999 (Version 1.5)
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Table 2: XC4000E and XC4000X Series Field Programmable Gate Arrays

Max Logic | Max. RAM Typical Number
Logic Gates Bits Gate Range CLB Total of Max.
Device Cells (No RAM) |(No Logic)|(Logic and RAM)*| Matrix CLBs |Flip-Flops | User I/O

XC4002XL 152 1,600 2,048 1,000 - 3,000 8x8 64 256 64
XC4003E 238 3,000 3,200 2,000 - 5,000 10x 10 100 360 80
XC4005E/XL 466 5,000 6,272 3,000 - 9,000 14x 14 196 616 112
XC4006E 608 6,000 8,192 4,000 - 12,000 16 x 16 256 768 128
XC4008E 770 8,000 10,368 6,000 - 15,000 18 x 18 324 936 144
XC4010E/XL 950 10,000 12,800 7,000 - 20,000 20 x 20 400 1,120 160
XC4013E/XL 1368 13,000 18,432 10,000 - 30,000 24 x 24 576 1,536 192
XC4020E/XL 1862 20,000 25,088 13,000 - 40,000 28 x 28 784 2,016 224
XC4025E 2432 25,000 32,768 15,000 - 45,000 32x32 1,024 2,560 256
XC4028EX/XL 2432 28,000 32,768 18,000 - 50,000 32x32 1,024 2,560 256
XC4036EX/XL 3078 36,000 41,472 22,000 - 65,000 36 x 36 1,296 3,168 288
XC4044XL 3800 44,000 51,200 27,000 - 80,000 40 x 40 1,600 3,840 320
XC4052XL 4598 52,000 61,952 | 33,000 - 100,000 | 44 x 44 1,936 4,576 352
XC4062XL 5472 62,000 73,728 | 40,000 - 130,000 | 48 x 48 2,304 5,376 384
XC4085XL 7448 85,000 100,352 | 55,000 - 180,000 | 56 x 56 3,136 7,168 448

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

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

Description

XC4000 Series devices are implemented with a regular,
flexible, programmable architecture of Configurable Logic
Blocks (CLBs), interconnected by a powerful hierarchy of
versatile routing resources, and surrounded by a perimeter
of programmable Input/Output Blocks (IOBs). They have
generous routing resources to accommodate the most
complex interconnect patterns.

The devices are customized by loading configuration data
into internal memory cells. The FPGA can either actively
read its configuration data from an external serial or
byte-parallel PROM (master modes), or the configuration
data can be written into the FPGA from an external device
(slave and peripheral modes).

XC4000 Series FPGAs are supported by powerful and
sophisticated software, covering every aspect of design
from schematic or behavioral entry, floorplanning, simula-
tion, automatic block placement and routing of intercon-
nects, to the creation, downloading, and readback of the
configuration bit stream.

Because Xilinx FPGAs can be reprogrammed an unlimited
number of times, they can be used in innovative designs

where hardware is changed dynamically, or where hard-
ware must be adapted to different user applications.
FPGAs are ideal for shortening design and development
cycles, and also offer a cost-effective solution for produc-
tion rates well beyond 5,000 systems per month. For lowest
high-volume unit cost, a design can first be implemented in
the XC4000E or XC4000X, then migrated to one of Xilinx’
compatible HardWire mask-programmed devices.

Taking Advantage of Reconfiguration

FPGA devices can be reconfigured to change logic function
while resident in the system. This capability gives the sys-
tem designer a new degree of freedom not available with
any other type of logic.

Hardware can be changed as easily as software. Design
updates or modifications are easy, and can be made to
products already in the field. An FPGA can even be recon-
figured dynamically to perform different functions at differ-
ent times.

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

6-8
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XC4000E and XC4000X Series Field Programmable Gate

XC4000E and XC4000X Series
Compared to the XC4000

For readers already familiar with the XC4000 family of Xil-
inx Field Programmable Gate Arrays, the major new fea-
tures in the XC4000 Series devices are listed in this
section. The biggest advantages of XC4000E and
XC4000X devices are significantly increased system
speed, greater capacity, and new architectural features,
particularly Select-RAM memory. The XC4000X devices
also offer many new routing features, including special
high-speed clock buffers that can be used to capture input
data with minimal delay.

Any XC4000E device is pinout- and bitstream-compatible
with the corresponding XC4000 device. An existing
XC4000 bitstream can be used to program an XC4000E
device. However, since the XC4000E includes many new
features, an XC4000E bitstream cannot be loaded into an
XC4000 device.

XC4000X Series devices are not bitstream-compatible with
equivalent array size devices in the XC4000 or XC4000E
families. However, equivalent array size devices, such as
the XC4025, XC4025E, XC4028EX, and XC4028XL, are
pinout-compatible.

Improvements in XC4000E and XC4000X

Increased System Speed

XC4000E and XC4000X devices can run at synchronous
system clock rates of up to 80 MHz, and internal perfor-
mance can exceed 150 MHz. This increase in performance
over the previous families stems from improvements in both
device processing and system architecture. XC4000
Series devices use a sub-micron multi-layer metal process.
In addition, many architectural improvements have been
made, as described below.

The XC4000XL family is a high performance 3.3V family
based on 0.35u SRAM technology and supports system
speeds to 80 MHz.

PCI Compliance

XC4000 Series -2 and faster speed grades are fully PCI
compliant. XC4000E and XC4000X devices can be used to
implement a one-chip PCI solution.

Carry Logic

The speed of the carry logic chain has increased dramati-
cally. Some parameters, such as the delay on the carry
chain through a single CLB (Tsyr), have improved by as

much as 50% from XC4000 values. See “Fast Carry Logic”
on page 20 for more information.

Select-RAM Memory: Edge-Triggered, Synchronous
RAM Modes

The RAM in any CLB can be configured for synchronous,
edge-triggered, write operation. The read operation is not
affected by this change to an edge-triggered write.

Dual-Port RAM

A separate option converts the 16x2 RAM in any CLB into a
16x1 dual-port RAM with simultaneous Read/Write.

The function generators in each CLB can be configured as
either level-sensitive (asynchronous) single-port RAM,
edge-triggered (synchronous) single-port RAM, edge-trig-
gered (synchronous) dual-port RAM, or as combinatorial
logic.

Configurable RAM Content

The RAM content can now be loaded at configuration time,
so that the RAM starts up with user-defined data.

H Function Generator

In current XC4000 Series devices, the H function generator
is more versatile than in the original XC4000. Its inputs can
come not only from the F and G function generators but
also from up to three of the four control input lines. The H
function generator can thus be totally or partially indepen-
dent of the other two function generators, increasing the
maximum capacity of the device.

I0OB Clock Enable

The two flip-flops in each I0B have a common clock enable
input, which through configuration can be activated individ-
ually for the input or output flip-flop or both. This clock
enable operates exactly like the EC pin on the XC4000
CLB. This new feature makes the IOBs more versatile, and
avoids the need for clock gating.

Output Drivers

The output pull-up structure defaults to a TTL-like
totem-pole. This driver is an n-channel pull-up transistor,
pulling to a voltage one transistor threshold below Vcc, just
like the XC4000 family outputs. Alternatively, XC4000
Series devices can be globally configured with CMOS out-
puts, with p-channel pull-up transistors pulling to Vcc. Also,
the configurable pull-up resistor in the XC4000 Series is a
p-channel transistor that pulls to Vcc, whereas in the origi-
nal XC4000 family it is an n-channel transistor that pulls to
a voltage one transistor threshold below Vcc.

January 29, 1999 (Version 1.5)
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Input Thresholds

The input thresholds of 5V devices can be globally config-
ured for either TTL (1.2 V threshold) or CMOS (2.5 V
threshold), just like XC2000 and XC3000 inputs. The two
global adjustments of input threshold and output level are
independent of each other. The XC4000XL family has an
input threshold of 1.6V, compatible with both 3.3V CMOS
and TTL levels.

Global Signal Access to Logic

There is additional access from global clocks to the F and
G function generator inputs.

Configuration Pin Pull-Up Resistors

During configuration, the three mode pins, MO, M1, and
M2, have weak pull-up resistors. For the most popular con-
figuration mode, Slave Serial, the mode pins can thus be
left unconnected.

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

The PROGRAM input pin has a permanent weak pull-up.

Soft Start-up

Like the XC3000A, XC4000 Series devices have “Soft
Start-up.” When the configuration process is finished and
the device starts up, the first activation of the outputs is
automatically slew-rate limited. This feature avoids poten-
tial ground bounce when all outputs are turned on simulta-
neously. Immediately after start-up, the slew rate of the
individual outputs is, as in the XC4000 family, determined
by the individual configuration option.

XC4000 and XC4000A Compatibility

Existing XC4000 bitstreams can be used to configure an
XC4000E device. XC4000A bitstreams must be recompiled
for use with the XC4000E due to improved routing
resources, although the devices are pin-for-pin compatible.

Additional Improvements in XC4000X Only

Increased Routing

New interconnect in the XC4000X includes twenty-two
additional vertical lines in each column of CLBs and twelve
new horizontal lines in each row of CLBs. The twelve “Quad
Lines” in each CLB row and column include optional repow-
ering buffers for maximum speed. Additional high-perfor-
mance routing near the IOBs enhances pin flexibility.

Faster Input and Output

A fast, dedicated early clock sourced by global clock buffers
is available for the IOBs. To ensure synchronization with the
regular global clocks, a Fast Capture latch driven by the
early clock is available. The input data can be initially
loaded into the Fast Capture latch with the early clock, then
transferred to the input flip-flop or latch with the low-skew
global clock. A programmable delay on the input can be
used to avoid hold-time requirements. See “IOB Input Sig-
nals” on page 23 for more information.

Latch Capability in CLBs

Storage elements in the XC4000X CLB can be configured
as either flip-flops or latches. This capability makes the
FPGA highly synthesis-compatible.

I0OB Output MUX From Output Clock

A multiplexer in the IOB allows the output clock to select
either the output data or the 0B clock enable as the output
to the pad. Thus, two different data signals can share a sin-
gle output pad, effectively doubling the number of device
outputs without requiring a larger, more expensive pack-
age. This multiplexer can also be configured as an
AND-gate to implement a very fast pin-to-pin path. See
“lOB Output Signals” on page 26 for more information.

Additional Address Bits

Larger devices require more bits of configuration data. A
daisy chain of several large XC4000X devices may require
a PROM that cannot be addressed by the eighteen address
bits supported in the XC4000E. The XC4000X Series
therefore extends the addressing in Master Parallel config-
uration mode to 22 bits.

6-10
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Detailed Functional Description

XC4000 Series devices achieve high speed through
advanced semiconductor technology and improved archi-
tecture. The XC4000E and XC4000X support system clock
rates of up to 80 MHz and internal performance in excess
of 150 MHz. Compared to older Xilinx FPGA families,
XC4000 Series devices are more powerful. They offer
on-chip edge-triggered and dual-port RAM, clock enables
on I/O flip-flops, and wide-input decoders. They are more
versatile in many applications, especially those involving
RAM. Design cycles are faster due to a combination of
increased routing resources and more sophisticated soft-
ware.

Basic Building Blocks

Xilinx user-programmable gate arrays include two major
configurable elements: configurable logic blocks (CLBS)
and input/output blocks (I0OBs).

» CLBs provide the functional elements for constructing
the user’s logic.

« 10Bs provide the interface between the package pins
and internal signal lines.

Three other types of circuits are also available:

« 3-State buffers (TBUFs) driving horizontal longlines are
associated with each CLB.

* Wide edge decoders are available around the periphery
of each device.

* An on-chip oscillator is provided.

Programmable interconnect resources provide routing
paths to connect the inputs and outputs of these config-
urable elements to the appropriate networks.

The functionality of each circuit block is customized during
configuration by programming internal static memory cells.
The values stored in these memory cells determine the
logic functions and interconnections implemented in the
FPGA. Each of these available circuits is described in this
section.

Configurable Logic Blocks (CLBs)

Configurable Logic Blocks implement most of the logic in
an FPGA. The principal CLB elements are shown in
Figure 2. Two 4-input function generators (F and G) offer
unrestricted versatility. Most combinatorial logic functions
need four or fewer inputs. However, a third function gener-
ator (H) is provided. The H function generator has three
inputs. Either zero, one, or two of these inputs can be the
outputs of F and G; the other input(s) are from outside the
CLB. The CLB can, therefore, implement certain functions
of up to nine variables, like parity check or expand-
able-identity comparison of two sets of four inputs.

Each CLB contains two storage elements that can be used
to store the function generator outputs. However, the stor-
age elements and function generators can also be used
independently. These storage elements can be configured
as flip-flops in both XC4000E and XC4000X devices; in the
XC4000X they can optionally be configured as latches. DIN
can be used as a direct input to either of the two storage
elements. H1 can drive the other through the H function
generator. Function generator outputs can also drive two
outputs independent of the storage element outputs. This
versatility increases logic capacity and simplifies routing.

Thirteen CLB inputs and four CLB outputs provide access
to the function generators and storage elements. These
inputs and outputs connect to the programmable intercon-
nect resources outside the block.

Function Generators

Four independent inputs are provided to each of two func-
tion generators (F1 - F4 and G1 - G4). These function gen-
erators, with outputs labeled F' and G’, are each capable of
implementing any arbitrarily defined Boolean function of
four inputs. The function generators are implemented as
memory look-up tables. The propagation delay is therefore
independent of the function implemented.

A third function generator, labeled H’, can implement any
Boolean function of its three inputs. Two of these inputs can
optionally be the F' and G’ functional generator outputs.
Alternatively, one or both of these inputs can come from
outside the CLB (H2, HO). The third input must come from
outside the block (H1).

Signals from the function generators can exit the CLB on
two outputs. F' or H’ can be connected to the X output. G’ or
H’ can be connected to the Y output.

A CLB can be used to implement any of the following func-
tions:

« any function of up to four variables, plus any second
function of up to four unrelated variables, plus any third
function of up to three unrelated variables®

« any single function of five variables

« any function of four variables together with some
functions of six variables

« some functions of up to nine variables.

Implementing wide functions in a single block reduces both
the number of blocks required and the delay in the signal
path, achieving both increased capacity and speed.

The versatility of the CLB function generators significantly
improves system speed. In addition, the design-software
tools can deal with each function generator independently.
This flexibility improves cell usage.

1. When three separate functions are generated, one of the function outputs must be captured in a flip-flop internal to the CLB. Only two

unregistered function generator outputs are available from the CLB.

January 29, 1999 (Version 1.5)
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Figure 2: Simplified Block Diagram of XC4000 Series CLB (RAM and Carry Logic functions not shown)

Flip-Flops

The CLB can pass the combinatorial output(s) to the inter-
connect network, but can also store the combinatorial
results or other incoming data in one or two flip-flops, and
connect their outputs to the interconnect network as well.

The two edge-triggered D-type flip-flops have common
clock (K) and clock enable (EC) inputs. Either or both clock
inputs can also be permanently enabled. Storage element
functionality is described in Table 3.

Latches (XC4000X only)

The CLB storage elements can also be configured as
latches. The two latches have common clock (K) and clock
enable (EC) inputs. Storage element functionality is
described in Table 3.

Clock Input

Each flip-flop can be triggered on either the rising or falling
clock edge. The clock pin is shared by both storage ele-
ments. However, the clock is individually invertible for each
storage element. Any inverter placed on the clock input is
automatically absorbed into the CLB.

Clock Enable

The clock enable signal (EC) is active High. The EC pin is
shared by both storage elements. If left unconnected for
either, the clock enable for that storage element defaults to
the active state. EC is not invertible within the CLB.

Table 3: CLB Storage Element Functionality
(active rising edge is shown)

Mode K EC SR D Q
Power-Up or
GSR X X X X SR
X X 1 X SR
Flip-Flop e 1* 0* D D
0 X 0* X Q
1 1* o* X
Latch Q
0 1* o* D D
Both X 0 o* X Q
Legend
X Don't care
I Rising edge
SR Set or Reset value. Reset is default.
0* Input is Low or unconnected (default value)
1* Input is High or unconnected (default value)
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Set/Reset

An asynchronous storage element input (SR) can be con-
figured as either set or reset. This configuration option
determines the state in which each flip-flop becomes oper-
ational after configuration. It also determines the effect of a
Global Set/Reset pulse during normal operation, and the
effect of a pulse on the SR pin of the CLB. All three
set/reset functions for any single flip-flop are controlled by
the same configuration data bit.

The set/reset state can be independently specified for each
flip-flop. This input can also be independently disabled for
either flip-flop.

The set/reset state is specified by using the INIT attribute,
or by placing the appropriate set or reset flip-flop library
symbol.

SR is active High. It is not invertible within the CLB.

Global Set/Reset

A separate Global Set/Reset line (not shown in Figure 2)
sets or clears each storage element during power-up,
reconfiguration, or when a dedicated Reset net is driven
active. This global net (GSR) does not compete with other
routing resources; it uses a dedicated distribution network.

Each flip-flop is configured as either globally set or reset in
the same way that the local set/reset (SR) is specified.
Therefore, if a flip-flop is set by SR, it is also set by GSR.
Similarly, a reset flip-flop is reset by both SR and GSR.

STARTUP
PAD } GSR Q2 —
IBUF —{ GTS Q3 —

Q1Q4 —

—> CLK DONEIN —

X5260

Figure 3: Schematic Symbols for Global Set/Reset

GSR can be driven from any user-programmable pin as a
global reset input. To use this global net, place an input pad
and input buffer in the schematic or HDL code, driving the
GSR pin of the STARTUP symbol. (See Figure 3.) A spe-
cific pin location can be assigned to this input using a LOC
attribute or property, just as with any other user-program-
mable pad. An inverter can optionally be inserted after the
input buffer to invert the sense of the Global Set/Reset sig-
nal.

Alternatively, GSR can be driven from any internal node.

Data Inputs and Outputs

The source of a storage element data input is programma-
ble. It is driven by any of the functions F’, G’, and H’, or by
the Direct In (DIN) block input. The flip-flops or latches drive
the XQ and YQ CLB outputs.

Two fast feed-through paths are available, as shown in
Figure 2. A two-to-one multiplexer on each of the XQ and
YQ outputs selects between a storage element output and
any of the control inputs. This bypass is sometimes used by
the automated router to repower internal signals.

Control Signals

Multiplexers in the CLB map the four control inputs (C1 - C4
in Figure 2) into the four internal control signals (H1,
DIN/H2, SR/HO, and EC). Any of these inputs can drive any
of the four internal control signals.

When the logic function is enabled, the four inputs are:

« EC — Enable Clock

¢ SR/HO — Asynchronous Set/Reset or H function
generator Input O

* DIN/H2 — Direct In or H function generator Input 2

e H1 — H function generator Input 1.

When the memory function is enabled, the four inputs are:

¢ EC — Enable Clock

e WE — Write Enable

* DO — Data Input to F and/or G function generator

e D1 — Data input to G function generator (16x1 and
16x2 modes) or 5th Address bit (32x1 mode).

Using FPGA Flip-Flops and Latches

The abundance of flip-flops in the XC4000 Series invites
pipelined designs. This is a powerful way of increasing per-
formance by breaking the function into smaller subfunc-
tions and executing them in parallel, passing on the results
through pipeline flip-flops. This method should be seriously
considered wherever throughput is more important than
latency.

To include a CLB flip-flop, place the appropriate library
symbol. For example, FDCE is a D-type flip-flop with clock
enable and asynchronous clear. The corresponding latch
symbol (for the XC4000X only) is called LDCE.

In XC4000 Series devices, the flip flops can be used as reg-
isters or shift registers without blocking the function gener-
ators from performing a different, perhaps unrelated task.
This ability increases the functional capacity of the devices.

The CLB setup time is specified between the function gen-
erator inputs and the clock input K. Therefore, the specified
CLB flip-flop setup time includes the delay through the
function generator.

Using Function Generators as RAM

Optional modes for each CLB make the memory look-up
tables in the F’ and G’ function generators usable as an
array of Read/Write memory cells. Available modes are
level-sensitive (similar to the XC4000/A/H families),
edge-triggered, and dual-port edge-triggered. Depending
on the selected mode, a single CLB can be configured as
either a 16x2, 32x1, or 16x1 bit array.

January 29, 1999 (Version 1.5)
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Supported CLB memory configurations and timing modes
for single- and dual-port modes are shown in Table 4.

XC4000 Series devices are the first programmable logic
devices with edge-triggered (synchronous) and dual-port
RAM accessible to the user. Edge-triggered RAM simpli-
fies system timing. Dual-port RAM doubles the effective
throughput of FIFO applications. These features can be
individually programmed in any XC4000 Series CLB.

Advantages of On-Chip and Edge-Triggered RAM

The on-chip RAM is extremely fast. The read access time is
the same as the logic delay. The write access time is
slightly slower. Both access times are much faster than
any off-chip solution, because they avoid 1/O delays.

Edge-triggered RAM, also called synchronous RAM, is a
feature never before available in a Field Programmable
Gate Array. The simplicity of designing with edge-triggered
RAM, and the markedly higher achievable performance,
add up to a significant improvement over existing devices
with on-chip RAM.

Three application notes are available from Xilinx that dis-
cuss edge-triggered RAM: “XC4000E Edge-Triggered and
Dual-Port RAM Capability,” “Implementing FIFOs in
XC4000E RAM,” and “Synchronous and Asynchronous
FIFO Designs.” All three application notes apply to both
XC4000E and XC4000X RAM.

Table 4: Supported RAM Modes

16 16 | 32 Edge- Level-

X X X | Triggered | Sensitive

1 2 1 Timing Timing
Single-Port v v v v v
Dual-Port v v

RAM Configuration Options

The function generators in any CLB can be configured as
RAM arrays in the following sizes:

* Two 16x1 RAMSs: two data inputs and two data outputs
with identical or, if preferred, different addressing for
each RAM

¢ One 32x1 RAM: one data input and one data output.

One F or G function generator can be configured as a 16x1
RAM while the other function generators are used to imple-
ment any function of up to 5 inputs.

Additionally, the XC4000 Series RAM may have either of
two timing modes:

« Edge-Triggered (Synchronous): data written by the
designated edge of the CLB clock. WE acts as a true
clock enable.

* Level-Sensitive (Asynchronous): an external WE signal
acts as the write strobe.

The selected timing mode applies to both function genera-
tors within a CLB when both are configured as RAM.

The number of read ports is also programmable:

¢ Single Port: each function generator has a common
read and write port

e Dual Port: both function generators are configured
together as a single 16x1 dual-port RAM with one write
port and two read ports. Simultaneous read and write
operations to the same or different addresses are
supported.

RAM configuration options are selected by placing the
appropriate library symbol.

Choosing a RAM Configuration Mode

The appropriate choice of RAM mode for a given design
should be based on timing and resource requirements,
desired functionality, and the simplicity of the design pro-
cess. Recommended usage is shown in Table 5.

The difference between level-sensitive, edge-triggered,
and dual-port RAM is only in the write operation. Read
operation and timing is identical for all modes of operation.

Table 5: RAM Mode Selection

Dual-Port
Level-Sens | Edge-Trigg | Edge-Trigg
itive ered ered
Use_for New No Yes Yes
Designs?
Size (16x1, 1/2CLB | 1/2CLB 1CLB
Registered)
Simultaneous
Read/Write No No ves
Relative X ox 2X (é_lX
Performance effective)

RAM Inputs and Outputs

The F1-F4 and G1-G4 inputs to the function generators act
as address lines, selecting a particular memory cell in each
look-up table.

The functionality of the CLB control signals changes when
the function generators are configured as RAM. The
DIN/H2, H1, and SR/HO lines become the two data inputs
(DO, D1) and the Write Enable (WE) input for the 16x2
memory. When the 32x1 configuration is selected, D1 acts
as the fifth address bit and DO is the data input.

The contents of the memory cell(s) being addressed are
available at the F’ and G’ function-generator outputs. They
can exit the CLB through its X and Y outputs, or can be cap-
tured in the CLB flip-flop(s).

Configuring the CLB function generators as Read/Write
memory does not affect the functionality of the other por-
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tions of the CLB, with the exception of the redefinition of the
control signals. In 16x2 and 16x1 modes, the H’ function
generator can be used to implement Boolean functions of
F’, G’, and D1, and the D flip-flops can latch the F’, G’, H’, or
DO signals.

Single-Port Edge-Triggered Mode

Edge-triggered (synchronous) RAM simplifies timing
requirements. XC4000 Series edge-triggered RAM timing
operates like writing to a data register. Data and address
are presented. The register is enabled for writing by a logic
High on the write enable input, WE. Then a rising or falling
clock edge loads the data into the register, as shown in
Figure 4.

nals. An internal write pulse is generated that performs the
write. See Figure 5 and Figure 6 for block diagrams of a
CLB configured as 16x2 and 32x1 edge-triggered, sin-
gle-port RAM.

The relationships between CLB pins and RAM inputs and
outputs for single-port, edge-triggered mode are shown in
Table 6.

The Write Clock input (WCLK) can be configured as active
on either the rising edge (default) or the falling edge. It uses
the same CLB pin (K) used to clock the CLB flip-flops, but it
can be independently inverted. Consequently, the RAM
output can optionally be registered within the same CLB
either by the same clock edge as the RAM, or by the oppo-
site edge of this clock. The sense of WCLK applies to both

function generators in the CLB when both are configured
WCLK (K) as RAM.
The WE pin is active-High and is not invertible within the
CLB.
We Note: The pulse following the active edge of WCLK (Tyyps
Toss Tous in Figure 4) must be less than one millisecond wide. For
most applications, this requirement is not overly restrictive;
DATAIN however, it must not be forgotten. Stopping WCLK at this
point in the write cycle could result in excessive current and
Tass Tans even damage to the larger devices if many CLBs are con-
ADDRESS figured as edge-triggered RAM.
Table 6: Single-Port Edge-Triggered RAM Signals
T
"o Twos o RAM Signal CLB Pin Function
D DO or D1 (16x2, Data In
DATA OUT OoLD NEW 16x1), DO (32x1)
ot A[3:0] F1-F4 or G1-G4 Address
Figure 4: Edge-Triggered RAM Write Timing Al4] D1 (32x1) Address
WE WE Write Enable
Complex timing relationships between address, data, and WCLK K Clock
write enable signals are not required, and the external write SPO ForG’ Single Port Out
enable pulse becomes a simple clock enable. The active (Data Out) (Data Out)
edge of WCLK latches the address, input data, and WE sig-
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Figure 6: 32x1 Edge-Triggered Single-Port RAM (F and G addresses are identical)
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Dual-Port Edge-Triggered Mode

In dual-port mode, both the F and G function generators
are used to create a single 16x1 RAM array with one write
port and two read ports. The resulting RAM array can be
read and written simultaneously at two independent
addresses. Simultaneous read and write operations at the
same address are also supported.

Dual-port mode always has edge-triggered write timing, as
shown in Figure 4.

Figure 7 shows a simple model of an XC4000 Series CLB
configured as dual-port RAM. One address port, labeled
A[3:0], supplies both the read and write address for the F
function generator. This function generator behaves the
same as a 16x1 single-port edge-triggered RAM array. The
RAM output, Single Port Out (SPO), appears at the F func-
tion generator output. SPO, therefore, reflects the data at
address A[3:0].

The other address port, labeled DPRA[3:0] for Dual Port
Read Address, supplies the read address for the G function
generator. The write address for the G function generator,
however, comes from the address A[3:0]. The output from
this 16x1 RAM array, Dual Port Out (DPO), appears at the
G function generator output. DPO, therefore, reflects the
data at address DPRA[3:0].

Therefore, by using A[3:0] for the write address and
DPRA[3:0] for the read address, and reading only the DPO
output, a FIFO that can read and write simultaneously is
easily generated. Simultaneous access doubles the effec-
tive throughput of the FIFO.

The relationships between CLB pins and RAM inputs and
outputs for dual-port, edge-triggered mode are shown in
Table 7. See Figure 8 on page 18 for a block diagram of a
CLB configured in this mode.

RAM16X1D Primitive

DPO (Dual Port Out)

WE
D
DPRA[3:0]

D Q Registered DPO

AR[3:0]
AW[3:0]

G Function Generator

SPO (Single Port Out)

—TWE

D Q Registered SPO

D
A[3:0]

AR[3:0]
AW[3:0]

-

,,,,,,,,,,,,,,,,,,

WCLK

X6755

Figure 7: XC4000 Series Dual-Port RAM, Simple
Model

Table 7: Dual-Port Edge-Triggered RAM Signals

RAM Signal CLB Pin Function
D DO Data In
A[3:0] F1-F4 Read Address for F,
Write Address for F and G
DPRA[3:0] G1l-G4 Read Address for G
WE WE Write Enable
WCLK K Clock
SPO F Single Port Out
(addressed by A[3:0])
DPO G’ Dual Port Out
(addressed by DPRA[3:0])

Note: The pulse following the active edge of WCLK (Tywps
in Figure 4) must be less than one millisecond wide. For
most applications, this requirement is not overly restrictive;
however, it must not be forgotten. Stopping WCLK at this
point in the write cycle could result in excessive current and
even damage to the larger devices if many CLBs are con-
figured as edge-triggered RAM.

Single-Port Level-Sensitive Timing Mode

Note: Edge-triggered mode is recommended for all new
designs. Level-sensitive mode, also called asynchronous
mode, is still supported for XC4000 Series backward-com-
patibility with the XC4000 family.

Level-sensitive RAM timing is simple in concept but can be
complicated in execution. Data and address signals are
presented, then a positive pulse on the write enable pin
(WE) performs a write into the RAM at the designated
address. As indicated by the “level-sensitive” label, this
RAM acts like a latch. During the WE High pulse, changing
the data lines results in new data written to the old address.
Changing the address lines while WE is High results in spu-
rious data written to the new address—and possibly at
other addresses as well, as the address lines inevitably do
not all change simultaneously.

The user must generate a carefully timed WE signal. The
delay on the WE signal and the address lines must be care-
fully verified to ensure that WE does not become active
until after the address lines have settled, and that WE goes
inactive before the address lines change again. The data
must be stable before and after the falling edge of WE.

In practical terms, WE is usually generated by a 2X clock. If
a 2X clock is not available, the falling edge of the system
clock can be used. However, there are inherent risks in this
approach, since the WE pulse must be guaranteed inactive
before the next rising edge of the system clock. Several
older application notes are available from Xilinx that dis-
cuss the design of level-sensitive RAMs. These application
notes include XAPPO031, “Using the XC4000 RAM Capabil-
ity,” and XAPP042, “High-Speed RAM Design in XC4000."
However, the edge-triggered RAM available in the XC4000
Series is superior to level-sensitive RAM for almost every
application.
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Figure 8: 16x1 Edge-Triggered Dual-Port RAM

Figure 9 shows the write timing for level-sensitive, sin-
gle-port RAM.

The relationships between CLB pins and RAM inputs and
outputs for single-port level-sensitive mode are shown in
Table 8.

Figure 10 and Figure 11 show block diagrams of a CLB
configured as 16x2 and 32x1 level-sensitive, single-port
RAM.

Initializing RAM at Configuration

Both RAM and ROM implementations of the XC4000
Series devices are initialized during configuration. The ini-
tial contents are defined via an INIT attribute or property

X6748

attached to the RAM or ROM symbol, as described in the
schematic library guide. If not defined, all RAM contents
are initialized to all zeros, by default.

RAM initialization occurs only during configuration. The

RAM content is not affected by Global Set/Reset.

Table 8: Single-Port Level-Sensitive RAM Signals

RAM Signal CLB Pin Function
D DO or D1 Data In
A[3:0] F1-F4 or G1-G4 Address
WE WE Write Enable
(0] ForG Data Out
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Twc

ADDRESS

Tas I Twp TAH—>|
WRITE ENABLE A/ \#
|
Tps —> ~«—TpH

-
DATA IN * REQUIRED

Figure 9: Level-Sensitive RAM Write Timing

X6462

4

civercu Sy T

7 7 W7 7

Enable Din
WRITE 16-LATCH .
. DECODER ARRAY MUX G
GG -
! 4 1 0f 16
4
READ ADDRESS
Enable Din
WRITE 16-LATCH .
. DECODER ARRAY MUX F
FpeeeFyq
1 0f 16
4
X6746 READ ADDRESS

Figure 10: 16x2 (or 16x1) Level-Sensitive Single-Port RAM

January 29, 1999 (Version 1.5) 6-19



XC4000E and XC4000X Series Field Programmable Gate 2:X||_|NX®

4
e [ I [ |
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GpeeGy 4
FpessFy 10f 16
4
READ ADDRESS
o
WRITE 16-LATCH )
. DECODER ARRAY UX F
1of16
4
READ ADDRESS X6749

Figure 11: 32x1 Level-Sensitive Single-Port RAM (F and G addresses are identical)

Fast Carry Logic

Each CLB F and G function generator contains dedicated
arithmetic logic for the fast generation of carry and borrow
signals. This extra output is passed on to the function gen-
erator in the adjacent CLB. The carry chain is independent
of normal routing resources.

Dedicated fast carry logic greatly increases the efficiency
and performance of adders, subtractors, accumulators,
comparators and counters. It also opens the door to many
new applications involving arithmetic operation, where the
previous generations of FPGAs were not fast enough or too
inefficient. High-speed address offset calculations in micro-
processor or graphics systems, and high-speed addition in
digital signal processing are two typical applications.

The two 4-input function generators can be configured as a
2-bit adder with built-in hidden carry that can be expanded
to any length. This dedicated carry circuitry is so fast and
efficient that conventional speed-up methods like carry
generate/propagate are meaningless even at the 16-bit
level, and of marginal benefit at the 32-bit level.

This fast carry logic is one of the more significant features
of the XC4000 Series, speeding up arithmetic and counting
into the 70 MHz range.

The carry chain in XC4000E devices can run either up or
down. At the top and bottom of the columns where there
are no CLBs above or below, the carry is propagated to the
right. (See Figure 12.) In order to improve speed in the
high-capacity XC4000X devices, which can potentially
have very long carry chains, the carry chain travels upward
only, as shown in Figure 13. Additionally, standard intercon-
nect can be used to route a carry signal in the downward
direction.

Figure 14 on page 22 shows an XC4000E CLB with dedi-
cated fast carry logic. The carry logic in the XC4000X is
similar, except that COUT exits at the top only, and the sig-
nal CINDOWN does not exist. As shown in Figure 14, the
carry logic shares operand and control inputs with the func-
tion generators. The carry outputs connect to the function
generators, where they are combined with the operands to
form the sums.

Figure 15 on page 23 shows the details of the carry logic
for the XC4000E. This diagram shows the contents of the
box labeled “CARRY LOGIC" in Figure 14. The XC4000X
carry logic is very similar, but a multiplexer on the
pass-through carry chain has been eliminated to reduce
delay. Additionally, in the XC4000X the multiplexer on the
G4 path has a memory-programmable 0 input, which per-
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mits G4 to directly connect to COUT. G4 thus becomes an
additional high-speed initialization path for carry-in.

The dedicated carry logic is discussed in detail in Xilinx
document XAPP 013: “Using the Dedicated Carry Logic in
XC4000." This discussion also applies to XC4000E
devices, and to XC4000X devices when the minor logic
changes are taken into account.

The fast carry logic can be accessed by placing special
library symbols, or by using Xilinx Relationally Placed Mac-
ros (RPMs) that already include these symbols.

CLB (—— CLB 5%+ CLB — CLB

CLB CLB CLB CLB
NS 2 NS 7y NS 7y NS yy
v I I 3 T v T

CLB CLB CLB CLB

2 7y 7y 2
v v v v
CLB » CLB (~%%+ CLB » CLB

X6687

Figure 12: Available XC4000E Carry Propagation
Paths

CLB f-; CLB [-»| CLB - CLB
i R R e
cLB P¢ cLB ;¢ CLB L¢ CLB
o e el B el B
AR S T i 7
CLB }» CLB }» CLB }» CLB
s s
CLB | sl CLB | L4 CLB | il CLB

X6610

Figure 13: Available XC4000X Carry Propagation

Paths (dotted lines use general interconnect)
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CARRY cout CINDOWN DN
LOGIC
G
> Y
J ¢ H
| CARRY
G4 F
~ | L.
G3 |
G2 ™~ o
R H SIR
G D Q—*YQ
|~ F’ =
G1
EC
CouTo
H1
R DIN
o F H SIR
| cARRY G D QF—— XQ
—
F
F4 EC
F3 >
F2 >
F1 > i
X
F
v
CiNUP Cout K SIR EC
X6699
Figure 14: Fast Carry Logic in XC4000E CLB (shaded area not present in XC4000X)
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FUNCTION
GENERATORS
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X2000

Figure 15: Detail of XC4000E Dedicated Carry Logic

Input/Output Blocks (IOBs)

User-configurable input/output blocks (IOBs) provide the
interface between external package pins and the internal
logic. Each IOB controls one package pin and can be con-
figured for input, output, or bidirectional signals.

Figure 16 shows a simplified block diagram of the
XC4000E I0B. A more complete diagram which includes
the boundary scan logic of the XC4000E 10B can be found
in Figure 41 on page 46, in the “Boundary Scan” section.

The XC4000X IOB contains some special features not
included in the XC4000E IOB. These features are high-
lighted in a simplified block diagram found in Figure 17, and
discussed throughout this section. When XC4000X special
features are discussed, they are clearly identified in the
text. Any feature not so identified is present in both
XC4000E and XC4000X devices.

I0B Input Signals

Two paths, labeled 11 and 12 in Figure 16 and Figure 17,
bring input signals into the array. Inputs also connect to an
input register that can be programmed as either an
edge-triggered flip-flop or a level-sensitive latch.

C N DowN

The choice is made by placing the appropriate library sym-
bol. For example, IFD is the basic input flip-flop (rising edge
triggered), and ILD is the basic input latch (transpar-
ent-High). Variations with inverted clocks are available, and
some combinations of latches and flip-flops can be imple-
mented in a single 10B, as described in the XACT Libraries
Guide.

The XC4000E inputs can be globally configured for either
TTL (1.2V) or 5.0 volt CMOS thresholds, using an option in
the bitstream generation software. There is a slight input
hysteresis of about 300mV. The XC4000E output levels are
also configurable; the two global adjustments of input
threshold and output level are independent.

Inputs on the XC4000XL are TTL compatible and 3.3V
CMOS compatible. Outputs on the XC4000XL are pulled to
the 3.3V positive supply.

The inputs of XC4000 Series 5-Volt devices can be driven
by the outputs of any 3.3-Volt device, if the 5-Volt inputs are
in TTL mode.

Supported sources for XC4000 Series device inputs are
shown in Table 9.

January 29, 1999 (Version 1.5)
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Figure 17: Simplified Block Diagram of XC4000X IOB (shaded areas indicate differences from XC4000E)
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Table 9: Supported Sources for XC4000 Series Device
Inputs

XC4000E/EX | XC4000XL
Series Inputs |Series Inputs
Source 5V, 5V, 3.3V
TTL |CMOS CMOS
Any device, Vcc =3.3V, J N
CMOS outputs .
XC4000 Series, Vcc =5 V, Unreli
TTL outputs v | -able v
Data
Any device, Vcc =5V, J N
TTL outputs (Voh £ 3.7 V)
Any device, Vcc =5V, J J N
CMOS outputs

XC4000XL 5-Volt Tolerant 1/Os

The 1/Os on the XC4000XL are fully 5-volt tolerant even
though the V¢ is 3.3 volts. This allows 5 V signals to
directly connect to the XC4000XL inputs without damage,
as shown in Table 9. In addition, the 3.3 volt V¢ can be
applied before or after 5 volt signals are applied to the I/Os.
This makes the XC4000XL immune to power supply
sequencing problems.

Registered Inputs

The 11 and 12 signals that exit the block can each carry
either the direct or registered input signal.

The input and output storage elements in each 0B have a
common clock enable input, which, through configuration,
can be activated individually for the input or output flip-flop,
or both. This clock enable operates exactly like the EC pin
on the XC4000 Series CLB. It cannot be inverted within the
I0B.

The storage element behavior is shown in Table 10.

Table 10: Input Register Functionality
(active rising edge is shown)

Optional Delay Guarantees Zero Hold Time

The data input to the register can optionally be delayed by
several nanoseconds. With the delay enabled, the setup
time of the input flip-flop is increased so that normal clock
routing does not result in a positive hold-time requirement.
A positive hold time requirement can lead to unreliable,
temperature- or processing-dependent operation.

The input flip-flop setup time is defined between the data
measured at the device 1/0 pin and the clock input at the
IOB (not at the clock pin). Any routing delay from the device
clock pin to the clock input of the IOB must, therefore, be
subtracted from this setup time to arrive at the real setup
time requirement relative to the device pins. A short speci-
fied setup time might, therefore, result in a negative setup
time at the device pins, i.e., a positive hold-time require-
ment.

When a delay is inserted on the data line, more clock delay
can be tolerated without causing a positive hold-time
requirement. Sufficient delay eliminates the possibility of a
data hold-time requirement at the external pin. The maxi-
mum delay is therefore inserted as the default.

The XC4000E I0B has a one-tap delay element: either the
delay is inserted (default), or it is not. The delay guarantees
a zero hold time with respect to clocks routed through any
of the XC4000E global clock buffers. (See “Global Nets and
Buffers (XC4000E only)” on page 38 for a description of the
global clock buffers in the XC4000E.) For a shorter input
register setup time, with non-zero hold, attach a NODELAY
attribute or property to the flip-flop.

The XC4000X IOB has a two-tap delay element, with
choices of a full delay, a partial delay, or no delay. The
attributes or properties used to select the desired delay are
shown in Table 11. The choices are no added attribute,
MEDDELAY, and NODELAY. The default setting, with no
added attribute, ensures no hold time with respect to any of
the XC4000X clock buffers, including the Global Low-Skew
buffers. MEDDELAY ensures no hold time with respect to
the Global Early buffers. Inputs with NODELAY may have a

Clock
Mode Clock Enable D Q positive hold time with respect to all clock buffers. For a
description of each of these buffers, see “Global Nets and
gosvl\éer-Up or X X X SR Buffers (XC4000X only)” on page 40.
Flip-Flop — 1* D D Table 11: XC4000X IOB Input Delay Element
0 X X Q Value When to Use
Latch 1 1 X Q full delay Zero Hold with respect to Global
0 1* D D (default, no Low-Skew Buffer, Global Early Buffer
Both X 0 X Q attribute added)
Legend: MEDDELAY Zero Hold with respect to Global Early
X Don't care Buffer
_ Rising edge — -
SR Set or Reset value. Reset is default. NODELAY Short Setup, positive Hold time
o* Input is Low or unconnected (default value)
1* Input is High or unconnected (default value)

January 29, 1999 (Version 1.5)
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Additional Input Latch for Fast Capture (XC4000X only)

The XC4000X I0B has an additional optional latch on the
input. This latch, as shown in Figure 17, is clocked by the
output clock — the clock used for the output flip-flop —
rather than the input clock. Therefore, two different clocks
can be used to clock the two input storage elements. This
additional latch allows the very fast capture of input data,
which is then synchronized to the internal clock by the I0OB
flip-flop or latch.

To use this Fast Capture technique, drive the output clock
pin (the Fast Capture latching signal) from the output of one
of the Global Early buffers supplied in the XC4000X. The
second storage element should be clocked by a Global
Low-Skew buffer, to synchronize the incoming data to the
internal logic. (See Figure 18.) These special buffers are
described in “Global Nets and Buffers (XC4000X only)” on
page 40.

The Fast Capture latch (FCL) is designed primarily for use
with a Global Early buffer. For Fast Capture, a single clock
signal is routed through both a Global Early buffer and a
Global Low-Skew buffer. (The two buffers share an input
pad.) The Fast Capture latch is clocked by the Global Early
buffer, and the standard IOB flip-flop or latch is clocked by
the Global Low-Skew buffer. This mode is the safest way to
use the Fast Capture latch, because the clock buffers on
both storage elements are driven by the same pad. There is
no external skew between clock pads to create potential
problems.

To place the Fast Capture latch in a design, use one of the
special library symbols, ILFFX or ILFLX. ILFFX s a trans-
parent-Low Fast Capture latch followed by an active-High
input flip-flop. ILFLX is a transparent-Low Fast Capture
latch followed by a transparent-High input latch. Any of the
clock inputs can be inverted before driving the library ele-
ment, and the inverter is absorbed into the 10B. If a single
BUFG output is used to drive both clock inputs, the soft-
ware automatically runs the clock through both a Global
Low-Skew buffer and a Global Early buffer, and clocks the
Fast Capture latch appropriately.

Figure 17 on page 24 also shows a two-tap delay on the
input. By default, if the Fast Capture latch is used, the Xilinx
software assumes a Global Early buffer is driving the clock,
and selects MEDDELAY to ensure a zero hold time. Select

ILFFX
D Q to internal
logic
> GF
BUFGE CE (
[IPAD> =

BUFGLS

Figure 18: Examples Using XC4000X FCL

X9013

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

10B Output Signals

Output signals can be optionally inverted within the 10B,
and can pass directly to the pad or be stored in an
edge-triggered flip-flop. The functionality of this flip-flop is
shown in Table 12.

An active-High 3-state signal can be used to place the out-
put buffer in a high-impedance state, implementing 3-state
outputs or bidirectional I1/0. Under configuration control, the
output (OUT) and output 3-state (T) signals can be
inverted. The polarity of these signals is independently con-
figured for each 10B.

The 4-mA maximum output current specification of many
FPGAs often forces the user to add external buffers, which
are especially cumbersome on bidirectional 1/O lines. The
XC4000E and XC4000EX/XL devices solve many of these
problems by providing a guaranteed output sink current of
12 mA. Two adjacent outputs can be interconnected exter-
nally to sink up to 24 mA. The XC4000E and XC4000EX/XL
FPGAs can thus directly drive buses on a printed circuit
board.

By default, the output pull-up structure is configured as a
TTL-like totem-pole. The High driver is an n-channel pull-up
transistor, pulling to a voltage one transistor threshold
below Vcc. Alternatively, the outputs can be globally config-
ured as CMOS drivers, with p-channel pull-up transistors
pulling to Vcc. This option, applied using the bitstream gen-
eration software, applies to all outputs on the device. It is
not individually programmable. In the XC4000XL, all out-
puts are pulled to the positive supply rail.

Table 12: Output Flip-Flop Functionality (active rising
edge is shown)

Clock
Mode Clock Enable T D Q
Power-Up X X o* X SR
or GSR
X 0 0* X Q
Flip-Flop ! - o D D
X X 1 X VA
0 X 0* X Q
Legend:
X Don't care
_ [ Rising edge
SR Set or Reset value. Reset is default.
o* Input is Low or unconnected (default value)
1* Input is High or unconnected (default value)
z 3-state
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Any XC4000 Series 5-Volt device with its outputs config-
ured in TTL mode can drive the inputs of any typical
3.3-Volt device. (For a detailed discussion of how to inter-
face between 5 V and 3.3 V devices, see the 3V Products
section of The Programmable Logic Data Book.)

Supported destinations for XC4000 Series device outputs
are shown in Table 13.

An output can be configured as open-drain (open-collector)
by placing an OBUFT symbol in a schematic or HDL code,
then tying the 3-state pin (T) to the output signal, and the
input pin (1) to Ground. (See Figure 19.)

Table 13: Supported Destinations for XC4000 Series
Outputs

XC4000 Series
Outputs
Destination 3.3V, 5V, 5V,

CMOS| TTL | CMOS
Any typical device, Vcc =3.3V, vV v some?l
CMOS-threshold inputs
Any device, Vcc =5V, v v v
TTL-threshold inputs
Any device, Vcc =5V, Unreliable v
CMOS-threshold inputs Data

1. Only if destination device has 5-V tolerant inputs

-

T o

Figure 19: Open-Drain Output

OPAD |

X6702

Output Slew Rate

The slew rate of each output buffer is, by default, reduced,
to minimize power bus transients when switching non-criti-
cal signals. For critical signals, attach a FAST attribute or
property to the output buffer or flip-flop.

For XC4000E devices, maximum total capacitive load for
simultaneous fast mode switching in the same direction is
200 pF for all package pins between each Power/Ground
pin pair. For XC4000X devices, additional internal

Power/Ground pin pairs are connected to special Power
and Ground planes within the packages, to reduce ground
bounce. Therefore, the maximum total capacitive load is
300 pF between each external Power/Ground pin pair.
Maximum loading may vary for the low-voltage devices.

For slew-rate limited outputs this total is two times larger for
each device type: 400 pF for XC4000E devices and 600 pF
for XC4000X devices. This maximum capacitive load
should not be exceeded, as it can result in ground bounce
of greater than 1.5 V amplitude and more than 5 ns dura-
tion. This level of ground bounce may cause undesired
transient behavior on an output, or in the internal logic. This
restriction is common to all high-speed digital ICs, and is
not particular to Xilinx or the XC4000 Series.

XC4000 Series devices have a feature called “Soft
Start-up,” designed to reduce ground bounce when all out-
puts are turned on simultaneously at the end of configura-
tion. When the configuration process is finished and the
device starts up, the first activation of the outputs is auto-
matically slew-rate limited. Immediately following the initial
activation of the 1/0, the slew rate of the individual outputs
is determined by the individual configuration option for each
I0B.

Global Three-State

A separate Global 3-State line (not shown in Figure 16 or
Figure 17) forces all FPGA outputs to the high-impedance
state, unless boundary scan is enabled and is executing an
EXTEST instruction. This global net (GTS) does not com-
pete with other routing resources; it uses a dedicated distri-
bution network.

GTS can be driven from any user-programmable pin as a
global 3-state input. To use this global net, place an input
pad and input buffer in the schematic or HDL code, driving
the GTS pin of the STARTUP symbol. A specific pin loca-
tion can be assigned to this input using a LOC attribute or
property, just as with any other user-programmable pad. An
inverter can optionally be inserted after the input buffer to
invert the sense of the Global 3-State signal. Using GTS is
similar to GSR. See Figure 3 on page 13 for details.

Alternatively, GTS can be driven from any internal node.

January 29, 1999 (Version 1.5)
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Output Multiplexer/2-Input Function Generator
(XC4000X only)

As shown in Figure 17 on page 24, the output path in the
XC4000X 0B contains an additional multiplexer not avail-
able in the XC4000E I0B. The multiplexer can also be con-
figured as a 2-input function generator, implementing a
pass-gate, AND-gate, OR-gate, or XOR-gate, with 0, 1, or 2
inverted inputs. The logic used to implement these func-
tions is shown in the upper gray area of Figure 17.

When configured as a multiplexer, this feature allows two
output signals to time-share the same output pad; effec-
tively doubling the number of device outputs without requir-
ing a larger, more expensive package.

When the MUX is configured as a 2-input function genera-
tor, logic can be implemented within the IOB itself. Com-
bined with a Global Early buffer, this arrangement allows
very high-speed gating of a single signal. For example, a
wide decoder can be implemented in CLBs, and its output
gated with a Read or Write Strobe Driven by a BUFGE
buffer, as shown in Figure 20. The critical-path pin-to-pin
delay of this circuit is less than 6 nanoseconds.

As shown in Figure 17, the 10B input pins Out, Output
Clock, and Clock Enable have different delays and different
flexibilities regarding polarity. Additionally, Output Clock
sources are more limited than the other inputs. Therefore,
the Xilinx software does not move logic into the IOB func-
tion generators unless explicitly directed to do so.

The user can specify that the IOB function generator be
used, by placing special library symbols beginning with the
letter “O.” For example, a 2-input AND-gate in the 10B func-
tion generator is called OAND2. Use the symbol input pin
labelled “F” for the signal on the critical path. This signal is
placed on the OK pin — the 10B input with the shortest
delay to the function generator. Two examples are shown in
Figure 21.

[ IPAD I
BUFGE L

F

OAND2 FAST

from
internal
logic

X9019
Figure 20: Fast Pin-to-Pin Path in XC4000X

OMUX2

—F DO

o
] D1
OAND2 . M

Figure 21: AND & MUX Symbols in XC4000X 10B

Other IOB Options

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

Pull-up and Pull-down Resistors

Programmable pull-up and pull-down resistors are useful
for tying unused pins to Vcc or Ground to minimize power
consumption and reduce noise sensitivity. The configurable
pull-up resistor is a p-channel transistor that pulls to Vcc.
The configurable pull-down resistor is an n-channel transis-
tor that pulls to Ground.

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

The pull-up resistors for most user-programmable I0Bs are
active during the configuration process. See Table 23 on
page 61 for a list of pins with pull-ups active before and dur-
ing configuration.

After configuration, voltage levels of unused pads, bonded
or unbonded, must be valid logic levels, to reduce noise
sensitivity and avoid excess current. Therefore, by default,
unused pads are configured with the internal pull-up resis-
tor active. Alternatively, they can be individually configured
with the pull-down resistor, or as a driven output, or to be
driven by an external source. To activate the internal
pull-up, attach the PULLUP library component to the net
attached to the pad. To activate the internal pull-down,
attach the PULLDOWN library component to the net
attached to the pad.

Independent Clocks

Separate clock signals are provided for the input and output
flip-flops. The clock can be independently inverted for each
flip-flop within the IOB, generating either falling-edge or ris-
ing-edge triggered flip-flops. The clock inputs for each I0OB
are independent, except that in the XC4000X, the Fast
Capture latch shares an 10B input with the output clock pin.

Early Clock for IOBs (XC4000X only)

Special early clocks are available for IOBs. These clocks
are sourced by the same sources as the Global Low-Skew
buffers, but are separately buffered. They have fewer loads
and therefore less delay. The early clock can drive either
the 10B output clock or the IOB input clock, or both. The
early clock allows fast capture of input data, and fast
clock-to-output on output data. The Global Early buffers
that drive these clocks are described in “Global Nets and
Buffers (XC4000X only)” on page 40.

Global Set/Reset

As with the CLB registers, the Global Set/Reset signal
(GSR) can be used to set or clear the input and output reg-
isters, depending on the value of the INIT attribute or prop-
erty. The two flip-flops can be individually configured to set
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or clear on reset and after configuration. Other than the glo-
bal GSR net, no user-controlled set/reset signal is available
to the I/O flip-flops. The choice of set or clear applies to
both the initial state of the flip-flop and the response to the
Global Set/Reset pulse. See “Global Set/Reset” on
page 13 for a description of how to use GSR.

JTAG Support

Embedded logic attached to the I0Bs contains test struc-
tures compatible with IEEE Standard 1149.1 for boundary
scan testing, permitting easy chip and board-level testing.
More information is provided in “Boundary Scan” on
page 45.

Three-State Buffers

A pair of 3-state buffers is associated with each CLB in the
array. (See Figure 28 on page 33.) These 3-state buffers
can be used to drive signals onto the nearest horizontal
longlines above and below the CLB. They can therefore be
used to implement multiplexed or bidirectional buses on the
horizontal longlines, saving logic resources. Programmable
pull-up resistors attached to these longlines help to imple-
ment a wide wired-AND function.

The buffer enable is an active-High 3-state (i.e. an
active-Low enable), as shown in Table 14.

Another 3-state buffer with similar access is located near
each I/O block along the right and left edges of the array.
(See Figure 34 on page 37.)

The horizontal longlines driven by the 3-state buffers have
a weak keeper at each end. This circuit prevents undefined
floating levels. However, it is overridden by any driver, even
a pull-up resistor.

Special longlines running along the perimeter of the array
can be used to wire-AND signals coming from nearby IOBs
or from internal longlines. These longlines form the wide
edge decoders discussed in “Wide Edge Decoders” on
page 30.

Three-State Buffer Modes

Standard 3-State Buffer

All three pins are used. Place the library element BUFT.
Connect the input to the | pin and the output to the O pin.
The T pin is an active-High 3-state (i.e. an active-Low
enable). Tie the T pin to Ground to implement a standard
buffer.

Wired-AND with Input on the | Pin

The buffer can be used as a Wired-AND. Use the WAND1
library symbol, which is essentially an open-drain buffer.
WAND4, WAND8, and WAND16 are also available. See the
XACT Libraries Guide for further information.

The T pin is internally tied to the | pin. Connect the input to
the | pin and the output to the O pin. Connect the outputs of
all the WAND1s together and attach a PULLUP symbol.

Wired OR-AND

The buffer can be configured as a Wired OR-AND. A High
level on either input turns off the output. Use the
WOR2AND library symbol, which is essentially an
open-drain 2-input OR gate. The two input pins are func-
tionally equivalent. Attach the two inputs to the 10 and I1
pins and tie the output to the O pin. Tie the outputs of all the
WOR2ANDs together and attach a PULLUP symbol.

Three-State Buffer Examples

Figure 22 shows how to use the 3-state buffers to imple-
ment a wired-AND function. When all the buffer inputs are
High, the pull-up resistor(s) provide the High output.

Figure 23 shows how to use the 3-state buffers to imple-
ment a multiplexer. The selection is accomplished by the
buffer 3-state signal.

Pay particular attention to the polarity of the T pin when
using these buffers in a design. Active-High 3-state (T) is
identical to an active-Low output enable, as shown in
Table 14.

Table 14: Three-State Buffer Functionality

IN T ouT
The 3-state buffers can be configured in three modes: X 1 z
» Standard 3-state buffer IN 0 IN
e Wired-AND with input on the | pin
¢ Wired OR-AND
Z=D,+Dge (D+Dp) « (Dg+Dy) B% u
L P
L
B :
WAND1 WAND1
WOR2AND WOR2AND

Figure 22: Open-Drain Buffers Implement a Wired-AND Function
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Figure 23: 3-State Buffers Implement a Multiplexer

Wide Edge Decoders

Dedicated decoder circuitry boosts the performance of
wide decoding functions. When the address or data field is
wider than the function generator inputs, FPGAs need
multi-level decoding and are thus slower than PALs.
XC4000 Series CLBs have nine inputs. Any decoder of up
to nine inputs is, therefore, compact and fast. However,
there is also a need for much wider decoders, especially for
address decoding in large microprocessor systems.

An XC4000 Series FPGA has four programmable decoders
located on each edge of the device. The inputs to each
decoder are any of the IOB 11 signals on that edge plus one
local interconnect per CLB row or column. Each row or col-
umn of CLBs provides up to three variables or their compli-
ments., as shown in Figure 24. Each decoder generates a
High output (resistor pull-up) when the AND condition of
the selected inputs, or their complements, is true. This is
analogous to a product term in typical PAL devices.

Each of these wired-AND gates is capable of accepting up
to 42 inputs on the XC4005E and 72 on the XC4013E.
There are up to 96 inputs for each decoder on the
XC4028X and 132 on the XC4052X. The decoders may
also be split in two when a larger number of narrower
decoders are required, for a maximum of 32 decoders per
device.

The decoder outputs can drive CLB inputs, so they can be
combined with other logic to form a PAL-like AND/OR struc-
ture. The decoder outputs can also be routed directly to the
chip outputs. For fastest speed, the output should be on the
same chip edge as the decoder. Very large PALs can be
emulated by ORing the decoder outputs in a CLB. This
decoding feature covers what has long been considered a
weakness of older FPGAs. Users often resorted to external
PALs for simple but fast decoding functions. Now, the dedi-
cated decoders in the XC4000 Series device can imple-
ment these functions fast and efficiently.

To use the wide edge decoders, place one or more of the
WAND library symbols (WAND1, WAND4, WANDS,
WAND16). Attach a DECODE attribute or property to each
WAND symbol. Tie the outputs together and attach a PUL-

LUP symbol. Location attributes or properties such as L
(left edge) or TR (right half of top edge) should also be used
to ensure the correct placement of the decoder inputs.

INTERCONNECT
10B 10B
11 11
A c B
O ) O
( C) ...
(A*B+C).....
(AsB+C)...
(A*B+C) ...

X2627
Figure 24: XC4000 Series Edge Decoding Example

OSC4

F8M [——

F500K [——
F16K |—
F490 |—

F15 | —

X6703

Figure 25: XC4000 Series Oscillator Symbol

On-Chip Oscillator

XC4000 Series devices include an internal oscillator. This
oscillator is used to clock the power-on time-out, for config-
uration memory clearing, and as the source of CCLK in
Master configuration modes. The oscillator runs at a nomi-
nal 8 MHz frequency that varies with process, Vcc, and
temperature. The output frequency falls between 4 and 10
MHz.
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The oscillator output is optionally available after configura-
tion. Any two of four resynchronized taps of a built-in divider
are also available. These taps are at the fourth, ninth, four-
teenth and nineteenth bits of the divider. Therefore, if the
primary oscillator output is running at the nominal 8 MHz,
the user has access to an 8 MHz clock, plus any two of 500
kHz, 16kHz, 490Hz and 15Hz (up to 10% lower for low-volt-
age devices). These frequencies can vary by as much as
-50% or +25%.

These signals can be accessed by placing the OSC4
library element in a schematic or in HDL code (see
Figure 25).

The oscillator is automatically disabled after configuration if
the OSC4 symbol is not used in the design.

Programmable Interconnect

All internal connections are composed of metal segments
with programmable switching points and switching matrices
to implement the desired routing. A structured, hierarchical
matrix of routing resources is provided to achieve efficient
automated routing.

The XC4000E and XC4000X share a basic interconnect
structure. XC4000X devices, however, have additional rout-
ing not available in the XC4000E. The extra routing
resources allow high utilization in high-capacity devices. All
XC4000X-specific routing resources are clearly identified
throughout this section. Any resources not identified as
XC4000X-specific are present in all XC4000 Series
devices.

This section describes the varied routing resources avail-
able in XC4000 Series devices. The implementation soft-
ware automatically assigns the appropriate resources
based on the density and timing requirements of the
design.

Interconnect Overview
There are several types of interconnect.

e CLB routing is associated with each row and column of
the CLB array.

« |OB routing forms a ring (called a VersaRing) around
the outside of the CLB array. It connects the I/O with the
internal logic blocks.

¢ Global routing consists of dedicated networks primarily
designed to distribute clocks throughout the device with
minimum delay and skew. Global routing can also be
used for other high-fanout signals.

Five interconnect types are distinguished by the relative
length of their segments: single-length lines, double-length
lines, quad and octal lines (XC4000X only), and longlines.
In the XC4000X, direct connects allow fast data flow
between adjacent CLBs, and between IOBs and CLBs.

Extra routing is included in the IOB pad ring. The XC4000X
also includes a ring of octal interconnect lines near the
I0Bs to improve pin-swapping and routing to locked pins.

XC4000E/X devices include two types of global buffers.
These global buffers have different properties, and are
intended for different purposes. They are discussed in
detail later in this section.

CLB Routing Connections

A high-level diagram of the routing resources associated
with one CLB is shown in Figure 26. The shaded arrows
represent routing present only in XC4000X devices.

Table 15 shows how much routing of each type is available
in XC4000E and XC4000X CLB arrays. Clearly, very large
designs, or designs with a great deal of interconnect, will
route more easily in the XC4000X. Smaller XC4000E
designs, typically requiring significantly less interconnect,
do not require the additional routing.

Figure 28 on page 33 is a detailed diagram of both the
XC4000E and the XC4000X CLB, with associated routing.
The shaded square is the programmable switch matrix,
present in both the XC4000E and the XC4000X. The
L-shaped shaded area is present only in XC4000X devices.
As shown in the figure, the XC4000X block is essentially an
XC4000E block with additional routing.

CLB inputs and outputs are distributed on all four sides,
providing maximum routing flexibility. In general, the entire
architecture is symmetrical and regular. It is well suited to
established placement and routing algorithms. Inputs, out-
puts, and function generators can freely swap positions
within a CLB to avoid routing congestion during the place-
ment and routing operation.

January 29, 1999 (Version 1.5)
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Figure 26: High-Level Routing Diagram of XC4000 Series CLB (shaded arrows indicate XC4000X only)

Table 15: Routing per CLB in XC4000 Series Devices

XC4000E XC4000X
Vertical |Horizontal | Vertical | Horizontal

Singles 8 8 8 8
Doubles 4 4 4 4
Quads 0 0 12 12
Longlines 6 6 10 6
Direct 0 0 2 2
Connects

Globals 4 0 8 0
Carry Logic 2 0 1 0
Total 24 18 45 32

Programmable Switch Matrices

The horizontal and vertical single- and double-length lines
intersect at a box called a programmable switch matrix
(PSM). Each switch matrix consists of programmable pass
transistors used to establish connections between the lines
(see Figure 27).

For example, a single-length signal entering on the right
side of the switch matrix can be routed to a single-length
line on the top, left, or bottom sides, or any combination
thereof, if multiple branches are required. Similarly, a dou-
ble-length signal can be routed to a double-length line on
any or all of the other three edges of the programmable
switch matrix.

Double t
1
1
1
Singles H
L : Six Pass Transistors
T T Per Switch Matrix
Double , L Interconnect Point
! 1

X6600
Figure 27: Programmable Switch Matrix (PSM)

Single-Length Lines

Single-length lines provide the greatest interconnect flexi-
bility and offer fast routing between adjacent blocks. There
are eight vertical and eight horizontal single-length lines
associated with each CLB. These lines connect the switch-
ing matrices that are located in every row and a column of
CLBs.

Single-length lines are connected by way of the program-
mable switch matrices, as shown in Figure 29. Routing
connectivity is shown in Figure 28.

Single-length lines incur a delay whenever they go through
a switching matrix. Therefore, they are not suitable for rout-
ing signals for long distances. They are normally used to
conduct signals within a localized area and to provide the
branching for nets with fanout greater than one.
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Figure 28: Detail of Programmable Interconnect Associated with XC4000 Series CLB
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Figure 29: Single- and Double-Length Lines, with
Programmable Switch Matrices (PSMs)

Double-Length Lines

The double-length lines consist of a grid of metal segments,
each twice as long as the single-length lines: they run past
two CLBs before entering a switch matrix. Double-length
lines are grouped in pairs with the switch matrices stag-
gered, so that each line goes through a switch matrix at
every other row or column of CLBs (see Figure 29).

There are four vertical and four horizontal double-length
lines associated with each CLB. These lines provide faster
signal routing over intermediate distances, while retaining
routing flexibility. Double-length lines are connected by way
of the programmable switch matrices. Routing connectivity
is shown in Figure 28.

Quad Lines (XC4000X only)

XC4000X devices also include twelve vertical and twelve
horizontal quad lines per CLB row and column. Quad lines
are four times as long as the single-length lines. They are
interconnected via buffered switch matrices (shown as dia-
monds in Figure 28 on page 33). Quad lines run past four
CLBs before entering a buffered switch matrix. They are
grouped in fours, with the buffered switch matrices stag-
gered, so that each line goes through a buffered switch
matrix at every fourth CLB location in that row or column.
(See Figure 30.)

The buffered switch matrixes have four pins, one on each
edge. All of the pins are bidirectional. Any pin can drive any
or all of the other pins.

Each buffered switch matrix contains one buffer and six
pass transistors. It resembles the programmable switch
matrix shown in Figure 27, with the addition of a program-
mable buffer. There can be up to two independent inputs

CLB CLB CLB
L
RE
2 R r—
R
c| (U ce | [ (1 CLB
R
R
R
CLB CLB CLB
L) ) ) A )
X9014

Figure 30: Quad Lines (XC4000X only)

and up to two independent outputs. Only one of the inde-
pendent inputs can be buffered.

The place and route software automatically uses the timing
requirements of the design to determine whether or not a
quad line signal should be buffered. A heavily loaded signal
is typically buffered, while a lightly loaded one is not. One
scenario is to alternate buffers and pass transistors. This
allows both vertical and horizontal quad lines to be buffered
at alternating buffered switch matrices.

Due to the buffered switch matrices, quad lines are very
fast. They provide the fastest available method of routing
heavily loaded signals for long distances across the device.

Longlines

Longlines form a grid of metal interconnect segments that
run the entire length or width of the array. Longlines are
intended for high fan-out, time-critical signal nets, or nets
that are distributed over long distances. In XC4000X
devices, quad lines are preferred for critical nets, because
the buffered switch matrices make them faster for high
fan-out nets.

Two horizontal longlines per CLB can be driven by 3-state
or open-drain drivers (TBUFs). They can therefore imple-
ment unidirectional or bidirectional buses, wide multiplex-
ers, or wired-AND functions. (See “Three-State Buffers” on
page 29 for more details.)

Each horizontal longline driven by TBUFs has either two
(XC4000E) or eight (XC4000X) pull-up resistors. To acti-
vate these resistors, attach a PULLUP symbol to the
long-line net. The software automatically activates the
appropriate number of pull-ups. There is also a weak
keeper at each end of these two horizontal longlines. This
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circuit prevents undefined floating levels. However, it is
overridden by any driver, even a pull-up resistor.

Each XC4000E longline has a programmable splitter switch
at its center, as does each XC4000X longline driven by
TBUFs. This switch can separate the line into two indepen-
dent routing channels, each running half the width or height
of the array.

Each XC4000X longline not driven by TBUFs has a buff-
ered programmable splitter switch at the 1/4, 1/2, and 3/4
points of the array. Due to the buffering, XC4000X longline
performance does not deteriorate with the larger array
sizes. If the longline is split, the resulting partial longlines
are independent.

Routing connectivity of the longlines is shown in Figure 28
on page 33.

Direct Interconnect (XC4000X only)

The XC4000X offers two direct, efficient and fast connec-
tions between adjacent CLBs. These nets facilitate a data
flow from the left to the right side of the device, or from the
top to the bottom, as shown in Figure 31. Signals routed on
the direct interconnect exhibit minimum interconnect prop-
agation delay and use no general routing resources.

The direct interconnect is also present between CLBs and
adjacent I0Bs. Each 10B on the left and top device edges
has a direct path to the nearest CLB. Each CLB on the right
and bottom edges of the array has a direct path to the near-
est two I0Bs, since there are two IOBs for each row or col-
umn of CLBs.

The place and route software uses direct interconnect
whenever possible, to maximize routing resources and min-
imize interconnect delays.

ol | o| | ol [o
os) o) vs] o) @ vs)

0B 1 10B
CLB CLB CLB

0B 1> [ 108
| | ] | ]

I0B 1> [ 108
CLB CLB CLB

10B —1t—> [ 108
E| E E| E E| E
@ @ vy} @ @ vy)

X6603

Figure 31: XC4000X Direct Interconnect

I/0 Routing

XC4000 Series devices have additional routing around the
IOB ring. This routing is called a VersaRing. The VersaRing
facilitates pin-swapping and redesign without affecting
board layout. Included are eight double-length lines span-
ning two CLBs (four I0OBs), and four longlines. Global lines
and Wide Edge Decoder lines are provided. XC4000X
devices also include eight octal lines.

A high-level diagram of the VersaRing is shown in
Figure 32. The shaded arrows represent routing present
only in XC4000X devices.

Figure 34 on page 37 is a detailed diagram of the XC4000E
and XC4000X VersaRing. The area shown includes two
IOBs. There are two IOBs per CLB row or column, there-
fore this diagram corresponds to the CLB routing diagram
shown in Figure 28 on page 33. The shaded areas repre-
sent routing and routing connections present only in
XC4000X devices.

Octal I/O Routing (XC4000X only)

Between the XC4000X CLB array and the pad ring, eight
interconnect tracks provide for versatility in pin assignment
and fixed pinout flexibility. (See Figure 33 on page 36.)

These routing tracks are called octals, because they can be
broken every eight CLBs (sixteen IOBs) by a programma-
ble buffer that also functions as a splitter switch. The buffers
are staggered, so each line goes through a buffer at every
eighth CLB location around the device edge.

The octal lines bend around the corners of the device. The
lines cross at the corners in such a way that the segment
most recently buffered before the turn has the farthest dis-
tance to travel before the next buffer, as shown in
Figure 33.

January 29, 1999 (Version 1.5)
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Figure 32: High-Level Routing Diagram of XC4000 Series VersaRing (Left Edge)
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Figure 34: Detail of Programmable Interconnect Associated with XC4000 Series I0B (Left Edge)
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I0B inputs and outputs interface with the octal lines via the
single-length interconnect lines. Single-length lines are
also used for communication between the octals and dou-
ble-length lines, quads, and longlines within the CLB array.

Segmentation into buffered octals was found to be optimal
for distributing signals over long distances around the
device.

Global Nets and Buffers

Both the XC4000E and the XC4000X have dedicated glo-
bal networks. These networks are designed to distribute
clocks and other high fanout control signals throughout the
devices with minimal skew. The global buffers are
described in detail in the following sections. The text
descriptions and diagrams are summarized in Table 16.
The table shows which CLB and IOB clock pins can be
sourced by which global buffers.

In both XC4000E and XC4000X devices, placement of a
library symbol called BUFG results in the software choos-
ing the appropriate clock buffer, based on the timing
requirements of the design. The detailed information in
these sections is included only for reference.

Global Nets and Buffers (XC4000E only)

Four vertical longlines in each CLB column are driven
exclusively by special global buffers. These longlines are
in addition to the vertical longlines used for standard inter-
connect. The four global lines can be driven by either of two
types of global buffers. The clock pins of every CLB and
IOB can also be sourced from local interconnect.

Table 16: Clock Pin Access

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

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

Four Primary Global buffers offer the shortest delay and
negligible skew. Four Secondary Global buffers have
slightly longer delay and slightly more skew due to poten-
tially heavier loading, but offer greater flexibility when used
to drive non-clock CLB inputs.

The Primary Global buffers must be driven by the
semi-dedicated pads. The Secondary Global buffers can
be sourced by either semi-dedicated pads or internal nets.

Each CLB column has four dedicated vertical Global lines.
Each of these lines can be accessed by one particular Pri-
mary Global buffer, or by any of the Secondary Global buff-
ers, as shown in Figure 35. Each corner of the device has
one Primary buffer and one Secondary buffer.

I0OBs along the left and right edges have four vertical global
longlines. Top and bottom 10Bs can be clocked from the
global lines in the adjacent CLB column.

A global buffer should be specified for all timing-sensitive
global signal distribution. To use a global buffer, place a
BUFGP (primary buffer), BUFGS (secondary buffer), or
BUFG (either primary or secondary buffer) element in a
schematic or in HDL code. |If desired, attach a LOC
attribute or property to direct placement to the designated
location. For example, attach a LOC=L attribute or property
to a BUFGS symbol to direct that a buffer be placed in one
of the two Secondary Global buffers on the left edge of the
device, or a LOC=BL to indicate the Secondary Global
buffer on the bottom edge of the device, on the left.

XC4000E XC4000X Local
L&R T&B Inter-
BUFGP BUFGS BUFGLS BUFGE BUFGE connect

All CLBs in Quadrant v v v v v
All CLBs in Device v v v
IOBs on Adjacent Vertical v v v v v
Half Edge
IOBs on Adjacent Vertical v v v v
Full Edge
IOBs on Adjacent Horizontal v v
Half Edge (Direct)
IOBs on Adjacent Horizontal v v v v v
Half Edge (through CLB globals)
IOBs on Adjacent Horizontal v v v
Full Edge (through CLB globals)

L = Left, R = Right, T = Top, B = Bottom
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Figure 36: XC4000X Global Net Distribution
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Global Nets and Buffers (XC4000X only)

Eight vertical longlines in each CLB column are driven by
special global buffers. These longlines are in addition to the
vertical longlines used for standard interconnect. The glo-
bal lines are broken in the center of the array, to allow faster
distribution and to minimize skew across the whole array.
Each half-column global line has its own buffered multi-
plexer, as shown in Figure 36. The top and bottom global
lines cannot be connected across the center of the device,
as this connection might introduce unacceptable skew. The
top and bottom halves of the global lines must be sepa-
rately driven — although they can be driven by the same
global buffer.

The eight global lines in each CLB column can be driven by
either of two types of global buffers. They can also be
driven by internal logic, because they can be accessed by
single, double, and quad lines at the top, bottom, half, and
quarter points. Consequently, the number of different
clocks that can be used simultaneously in an XC4000X
device is very large.

There are four global lines feeding the I0Bs at the left edge
of the device. IOBs along the right edge have eight global
lines. There is a single global line along the top and bottom
edges with access to the IOBs. All IOB global lines are bro-
ken at the center. They cannot be connected across the
center of the device, as this connection might introduce
unacceptable skew.

IOB global lines can be driven from two types of global buff-
ers, or from local interconnect. Alternatively, top and bottom
IOBs can be clocked from the global lines in the adjacent
CLB column.

Two different types of clock buffers are available in the
XC4000X:

¢ Global Low-Skew Buffers (BUFGLS)
¢ Global Early Buffers (BUFGE)

Global Low-Skew Buffers are the standard clock buffers.
They should be used for most internal clocking, whenever a
large portion of the device must be driven.

Global Early Buffers are designed to provide a faster clock
access, but CLB access is limited to one-fourth of the
device. They also facilitate a faster 1/O interface.

Figure 36 is a conceptual diagram of the global net struc-
ture in the XC4000X.

Global Early buffers and Global Low-Skew buffers share a
single pad. Therefore, the same IPAD symbol can drive one
buffer of each type, in parallel. This configuration is particu-
larly useful when using the Fast Capture latches, as
described in “IOB Input Signals” on page 23. Paired Global
Early and Global Low-Skew buffers share a common input;
they cannot be driven by two different signals.

Choosing an XC4000X Clock Buffer

The clocking structure of the XC4000X provides a large
variety of features. However, it can be simple to use, with-
out understanding all the details. The software automati-
cally handles clocks, along with all other routing, when the
appropriate clock buffer is placed in the design. In fact, if a
buffer symbol called BUFG is placed, rather than a specific
type of buffer, the software even chooses the buffer most
appropriate for the design. The detailed information in this
section is provided for those users who want a finer level of
control over their designs.

If fine control is desired, use the following summary and
Table 16 on page 38 to choose an appropriate clock buffer.

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

e |If a faster clock path is needed, try a BUFG. The
software will first try to use a Global Low-Skew Bulffer. If
timing requirements are not met, a faster buffer will
automatically be used.

« If a single quadrant of the chip is sufficient for the
clocked logic, and the timing requires a faster clock than
the Global Low-Skew buffer, use a Global Early buffer.

Global Low-Skew Buffers

Each corner of the XC4000X device has two Global
Low-Skew buffers. Any of the eight Global Low-Skew buff-
ers can drive any of the eight vertical Global lines in a col-
umn of CLBs. In addition, any of the buffers can drive any of
the four vertical lines accessing the IOBs on the left edge of
the device, and any of the eight vertical lines accessing the
IOBs on the right edge of the device. (See Figure 37 on
page 41.)

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

The Global Low-Skew buffers can be driven by either
semi-dedicated pads or internal logic.

To use a Global Low-Skew buffer, instantiate a BUFGLS
element in a schematic or in HDL code. If desired, attach a
LOC attribute or property to direct placement to the desig-
nated location. For example, attach a LOC=T attribute or
property to direct that a BUFGLS be placed in one of the
two Global Low-Skew buffers on the top edge of the device,
or a LOC=TR to indicate the Global Low-Skew buffer on the
top edge of the device, on the right.
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Figure 37: Any BUFGLS (GCK1 - GCK8) Can
Drive Any or All Clock Inputs on the Device

Global Early Buffers

Each corner of the XC4000X device has two Global Early
buffers. The primary purpose of the Global Early buffers is
to provide an earlier clock access than the potentially
heavily-loaded Global Low-Skew buffers. A clock source
applied to both buffers will result in the Global Early clock
edge occurring several nanoseconds earlier than the Glo-
bal Low-Skew buffer clock edge, due to the lighter loading.

Global Early buffers also facilitate the fast capture of device
inputs, using the Fast Capture latches described in “IOB
Input Signals” on page 23. For Fast Capture, take a single
clock signal, and route it through both a Global Early buffer
and a Global Low-Skew buffer. (The two buffers share an
input pad.) Use the Global Early buffer to clock the Fast
Capture latch, and the Global Low-Skew buffer to clock the
normal input flip-flop or latch, as shown in Figure 18 on
page 26.

The Global Early buffers can also be used to provide a fast
Clock-to-Out on device output pins. However, an early clock
in the output flip-flop IOB must be taken into consideration
when calculating the internal clock speed for the design.

The Global Early buffers at the left and right edges of the
chip have slightly different capabilities than the ones at the
top and bottom. Refer to Figure 38, Figure 39, and
Figure 36 on page 39 while reading the following explana-
tion.

Each Global Early buffer can access the eight vertical Glo-
bal lines for all CLBs in the quadrant. Therefore, only
one-fourth of the CLB clock pins can be accessed. This
restriction is in large part responsible for the faster speed of
the buffers, relative to the Global Low-Skew buffers.

8 7
D> 0B | OB |
1v Vv 6
| |
o CLB CLB o
B B
I |
o CLB CLB o}
B B
A A
2 > 10B | | 0B | 5
3 4

X6751

Figure 38: Left and Right BUFGEs Can Drive Any or
All Clock Inputs in Same Quadrant or Edge (GCK1 is
shown. GCK2, GCK5 and GCKG6 are similar.)

The left-side Global Early buffers can each drive two of the
four vertical lines accessing the IOBs on the entire left edge
of the device. The right-side Global Early buffers can each
drive two of the eight vertical lines accessing the IOBs on
the entire right edge of the device. (See Figure 38.)

Each left and right Global Early buffer can also drive half of
the 10Bs along either the top or bottom edge of the device,
using a dedicated line that can only be accessed through
the Global Early buffers.

The top and bottom Global Early buffers can drive half of
the IOBs along either the left or right edge of the device, as
shown in Figure 39. They can only access the top and bot-
tom I0Bs via the CLB global lines.

8 7
D> | 10B | | 10B |
1v Vv 6
I
¢} CLB CLB o
B B
I I
¢} CLB CLB o
B B
A A
2 > 10B | 10B R 5
3 4

X6747

Figure 39: Top and Bottom BUFGEs Can Drive Any
or All Clock Inputs in Same Quadrant (GCK8 is
shown. GCK3, GCK4 and GCK7 are similar.)
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The top and bottom Global Early buffers are about 1 ns
slower clock to out than the left and right Global Early buff-
ers.

The Global Early buffers can be driven by either semi-ded-
icated pads or internal logic. They share pads with the Glo-
bal Low-Skew buffers, so a single net can drive both global
buffers, as described above.

To use a Global Early buffer, place a BUFGE element in a
schematic or in HDL code. If desired, attach a LOC
attribute or property to direct placement to the designated
location. For example, attach a LOC=T attribute or property
to direct that a BUFGE be placed in one of the two Global
Early buffers on the top edge of the device, ora LOC=TR to
indicate the Global Early buffer on the top edge of the
device, on the right.

Power Distribution

Power for the FPGA is distributed through a grid to achieve
high noise immunity and isolation between logic and I/O.
Inside the FPGA, a dedicated Vcc and Ground ring sur-
rounding the logic array provides power to the 1/O drivers,
as shown in Figure 40. An independent matrix of Vcc 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 pyF capacitor connected between each Vcc
pin and the board’s Ground plane will provide adequate
decoupling.

Output buffers capable of driving/sinking the specified 12
mA loads under specified worst-case conditions may be
capable of driving/sinking up to 10 times as much current
under best case conditions.

Noise can be reduced by minimizing external load capaci-
tance 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/O Block
output buffers have a slew-rate limited mode (default) which
should be used where output rise and fall times are not
speed-critical.

GND
1
< l.— Ground and
,Jr,,Jr,, Jr,,jr: jr” jr” J‘r”J‘rf Vee Ring for
! ! ! ! ! ! ! L LK 1/0 Drivers
I e e e e M Nt s
| | | | | | | |
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| | | | | | | |
I8 T
Vce E--ﬂ | | | | | | | | ""E| Vce

=2
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Figure 40: XC4000 Series Power Distribution

Pin Descriptions

There are three types of pins in the XC4000 Series
devices:

* Permanently dedicated pins
» User I/O pins that can have special functions
e Unrestricted user-programmable I/O pins.

Before and during configuration, all outputs not used for the
configuration process are 3-stated with a 50 kQ - 100 kQ
pull-up resistor.

After configuration, if an 10B is unused it is configured as
an input with a 50 kQ - 100 kQ pull-up resistor.

XC4000 Series devices have no dedicated Reset input.
Any user I/O can be configured to drive the Global
Set/Reset net, GSR. See “Global Set/Reset” on page 13
for more information on GSR.

XC4000 Series devices have no Powerdown control input,
as the XC3000 and XC2000 families do. The
XC3000/XC2000 Powerdown control also 3-stated all of the
device

I/O pins. For XC4000 Series devices, use the global 3-state
net, GTS, instead. This net 3-states all outputs, but does
not place the device in low-power mode. See “IOB Output
Signals” on page 26 for more information on GTS.

Device pins for XC4000 Series devices are described in
Table 17. Pin functions during configuration for each of the
seven configuration modes are summarized in Table 23 on
page 61, in the “Configuration Timing” section.
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Table 17: Pin Descriptions

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

Permanently Dedicated Pins

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

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

GND I I
nected.
During configuration, Configuration Clock (CCLK) is an output in Master modes or Asyn-
chronous Peripheral mode, but is an input in Slave mode and Synchronous Peripheral
CCLK lor O | mode. After configuration, CCLK has a weak pull-up resistor and can be selected as the

Readback Clock. There is no CCLK High or Low time restriction on XC4000 Series de-
vices, except during Readback. See “Violating the Maximum High and Low Time Spec-
ification for the Readback Clock” on page 59 for an explanation of this exception.
DONE is a bidirectional signal with an optional internal pull-up resistor. As an output, it
indicates the completion of the configuration process. As an input, a Low level on DONE
DONE /O (0] can be configured to delay the global logic initialization and the enabling of outputs.
The optional pull-up resistor is selected as an option in the XACTstep program that cre-
ates the configuration bitstream. The resistor is included by default.
PROGRAM is an active Low input that forces the FPGA to clear its configuration mem-
ory. It is used to initiate a configuration cycle. When PROGRAM goes High, the FPGA
finishes the current clear cycle and executes another complete clear cycle, before it
goes into a WAIT state and releases INIT.
The PROGRAM pin has a permanent weak pull-up, so it need not be externally pulled
up to Vcc.
User I/O Pins That Can Have Special Functions
During Peripheral mode configuration, this pin indicates when it is appropriate to write
another byte of data into the FPGA. The same status is also available on D7 in Asyn-
RDY/BUSY (0] I/0  |chronous Peripheral mode, if a read operation is performed when the device is selected.
After configuration, RDY/BUSY is a user-programmable 1/O pin.
RDY/BUSY is pulled High with a high-impedance pull-up prior to INIT going High.
During Master Parallel configuration, each change on the A0-A17 outputs (AO - A21 for
RCIK o e XC4000X) is preceded by a rising edge on RCLK, a redundant output signal. RCLK is
useful for clocked PROMSs. It is rarely used during configuration. After configuration,
RCLK is a user-programmable 1/O pin.
As Mode inputs, these pins are sampled after INIT goes High to determine the configu-
ration mode to be used. After configuration, MO and M2 can be used as inputs, and M1
can be used as a 3-state output. These three pins have no associated input or output
registers.
I (MO), |During configuration, these pins have weak pull-up resistors. For the most popular con-
MO, M1, M2 | O (M1), |figuration mode, Slave Serial, the mode pins can thus be left unconnected. The three
I (M2) |mode inputs can be individually configured with or without weak pull-up or pull-down re-
sistors. A pull-down resistor value of 4.7 kQ is recommended.
These pins can only be used as inputs or outputs when called out by special schematic
definitions. To use these pins, place the library components MDO, MD1, and MD2 in-
stead of the usual pad symbols. Input or output buffers must still be used.
If boundary scan is used, this pin is the Test Data Output. If boundary scan is not used,
this pin is a 3-state output without a register, after configuration is completed.
TDO (0] (0] This pin can be user output only when called out by special schematic definitions. To
use this pin, place the library component TDO instead of the usual pad symbol. An out-
put buffer must still be used.

PROGRAM | |
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Table 17: Pin Descriptions (Continued)

I/10 110
During | After
Pin Name | Config. | Config. Pin Description
If boundary scan is used, these pins are Test Data In, Test Clock, and Test Mode Select
inputs respectively. They come directly from the pads, bypassing the IOBs. These pins
Jo |can also be used as inputs to the CLB logic after configuration is completed.
TDI, TCK, If the BSCAN symbol is not placed in the design, all boundary scan functions are inhib-
| or | . . L .
T™MS (JTAG) ited once configuration is completed, and these pins become user-programmable I/O.
In this case, they must be called out by special schematic definitions. To use these pins,
place the library components TDI, TCK, and TMS instead of the usual pad symbols. In-
put or output buffers must still be used.
High During Configuration (HDC) is driven High until the 1/O go active. It is available as
HDC (0] /0 |a control output indicating that configuration is not yet completed. After configuration,
HDC is a user-programmable 1/O pin.
Low During Configuration (LDC) is driven Low until the I/O go active. It is available as a
LDC o I/O  |control output indicating that configuration is not yet completed. After configuration,
LDC is a user-programmable 1/0 pin.
Before and during configuration, INIT is a bidirectional signal. A 1 kQ - 10 kQ external
pull-up resistor is recommended.
As an active-Low open-drain output, INIT is held Low during the power stabilization and
NIT 1o 10 internal clearing of the configuration memory. As an active-Low input, it can be used
to hold the FPGA in the internal WAIT state before the start of configuration. Master
mode devices stay in a WAIT state an additional 30 to 300 us after INIT has gone High.
During configuration, a Low on this output indicates that a configuration data error has
occurred. After the I/O go active, INIT is a user-programmable 1/0 pin.
Four Primary Global inputs each drive a dedicated internal global net with short delay
PGCK1 - and minimal skew. If not used to drive a global buffer, any of these pins is a user-pro-
PGCK4 Weak Lor /O grammable 1/O.
(XC4000E Pull-up The PGCK1-PGCK4 pins drive the four Primary Global Buffers. Any input pad symbol
only) connected directly to the input of a BUFGP symbol is automatically placed on one of
these pins.
Four Secondary Global inputs each drive a dedicated internal global net with short delay
SGCK1 - and minimal skew. These internal global nets can also be driven from internal logic. If
SGCK4 Weak Lor /O not used to drive a global net, any of these pins is a user-programmable 1/O pin.
(XC4000E Pull-up The SGCK1-SGCK4 pins provide the shortest path to the four Secondary Global Buff-
only) ers. Any input pad symbol connected directly to the input of a BUFGS symbol is auto-
matically placed on one of these pins.
Eight inputs can each drive a Global Low-Skew buffer. In addition, each can drive a Glo-
GCK1 - bal Early buffer. Each pair of global buffers can also be driven from internal logic, but
GCK8 Weak Lor /O must share an input signal. If not used to drive a global buffer, any of these pins is a
(XC4000X | Pull-up user-programmable 1/O.
only) Any input pad symbol connected directly to the input of a BUFGLS or BUFGE symbol
is automatically placed on one of these pins.
FCLK1 - Four inputs can each drive a Fast Clock (FCLK) buffer which can deliver a clock signal
FCLK4 to any I0B clock input in the octant of the die served by the Fast Clock buffer. Two Fast
(XC4000XLA | Weak Lor 1/O Clock buffers serve the two I0OB octants on the left side of the die and the other two Fast
and Pull-up Clock buffers serve the two OB octants on the rigth side of the die. On each side of the
XC4000XV die, one Fast Clock buffer serves the upper octant and the other serves the lower octant.
only) If not used to drive a Fast Clock buffer, any of these pins is a user-programmable 1/O.
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I/0 I/0
During | After

Pin Name | Config. | Config. Pin Description
These four inputs are used in Asynchronous Peripheral mode. The chip is selected
when CS0 is Low and CS1 is High. While the chip is selected, a Low on Write Strobe
(WS) loads the data present on the DO - D7 inputs into the internal data buffer. A Low

@ Csi, | yo |on Read Strobe (RS) changes D7 into a status output — High if Ready, Low if Busy —

S, RS and drives DO - D6 High.

In Express mode, CS1 is used as a serial-enable signal for daisy-chaining.
WS and RS should be mutually exclusive, but if both are Low simultaneously, the Write
Strobe overrides. After configuration, these are user-programmable 1/0O pins.

AO - A17 0 e During Master Parallel configuration, these 18 output pins address the configuration
EPROM. After configuration, they are user-programmable I/O pins.

Al18 - A21 During Master Parallel configuration with an XC4000X master, these 4 output pins add

(XC4000X (0] I/0 |4 more bits to address the configuration EPROM. After configuration, they are user-pro-

only) grammable I/O pins. (See Master Parallel Configuration section for additional details.)
During Master Parallel and Peripheral configuration, these eight input pins receive con-
figuration data. After configuration, they are user-programmable 1/O pins.

During Slave Serial or Master Serial configuration, DIN is the serial configuration data
input receiving data on the rising edge of CCLK. During Parallel configuration, DIN is
the DO input. After configuration, DIN is a user-programmable 1/O pin.

During configuration in any mode but Express mode, DOUT is the serial configuration
data output that can drive the DIN of daisy-chained slave FPGAs. DOUT data changes
on the falling edge of CCLK, one-and-a-half CCLK periods after it was received at the
DIN input.

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

After configuration, DOUT is a user-programmable 1/O pin.

Unrestricted User-Programmable 1/O Pins

These pins can be configured to be input and/or output after configuration is completed.
Before configuration is completed, these pins have an internal high-value pull-up resis-
tor (25 kQ - 100 kQ) that defines the logic level as High.

DO - D7 | I/0

DIN | I/0

DOUT o I/0

110 weak |
Pull-up

of how to enable this circuitry are covered later in this sec-
tion.

Boundary Scan

The ‘bed of nails’ has been the traditional method of testing
electronic assemblies. This approach has become less
appropriate, due to closer pin spacing and more sophisti-
cated assembly methods like surface-mount technology
and multi-layer boards. The IEEE Boundary Scan Standard
1149.1 was developed to facilitate board-level testing of
electronic assemblies. Design and test engineers can
imbed a standard test logic structure in their device to
achieve high fault coverage for 1/O and internal logic. This
structure is easily implemented with a four-pin interface on
any boundary scan-compatible IC. IEEE 1149.1-compati-

By exercising these input signals, the user can serially load
commands and data into these devices to control the driv-
ing of their outputs and to examine their inputs. This
method is an improvement over bed-of-nails testing. It
avoids the need to over-drive device outputs, and it reduces
the user interface to four pins. An optional fifth pin, a reset
for the control logic, is described in the standard but is not
implemented in Xilinx devices.

The dedicated on-chip logic implementing the IEEE 1149.1
functions includes a 16-state machine, an instruction regis-

ble devices may be serial daisy-chained together, con-
nected in parallel, or a combination of the two.

The XC4000 Series implements IEEE 1149.1-compatible
BYPASS, PRELOAD/SAMPLE and EXTEST boundary
scan instructions. When the boundary scan configuration
option is selected, three normal user 1/O pins become ded-
icated inputs for these functions. Another user output pin
becomes the dedicated boundary scan output. The details

ter and a number of data registers. The functional details
can be found in the IEEE 1149.1 specification and are also
discussed in the Xilinx application note XAPP 017: “Bound-
ary Scan in XC4000 Devices.”

Figure 41 on page 46 shows a simplified block diagram of
the XC4000E Input/Output Block with boundary scan
implemented. XC4000X boundary scan logic is identical.

January 29, 1999 (Version 1.5)

6-45



XC4000E and XC4000X Series Field Programmable Gate 2:X||_|NX®

Figure 42 on page 47 is a diagram of the XC4000 Series data register, respectively, and BSCANT.UPD, which is
boundary scan logic. It includes three bits of Data Register always the last bit of the data register. These three bound-
per 10B, the IEEE 1149.1 Test Access Port controller, and ary scan bits are special-purpose Xilinx test signals.

the Instruction Register with decodes. The other standard data register is the single flip-flop

XC4000 Series devices can also be configured through the BYPASS register. It synchronizes data being passed
boundary scan logic. See “Readback” on page 58. through the FPGA to the next downstream boundary scan
device.

Data Registers : . ,
9 The FPGA provides two additional data registers that can

The primary data register is the boundary scan register. For be specified using the BSCAN macro. The FPGA provides
each IOB pin in the FPGA, bonded or not, it includes three two user pins (BSCAN.SEL1 and BSCAN.SEL2) which are
bits for In, Out and 3-State Control. Non-lIOB pins have the decodes of two user instructions. For these instructions,
appropriate partial bit population for In or Out only. PRO- two corresponding pins (BSCAN.TDO1 and
GRAM, CCLK and DONE are not included in the boundary BSCAN.TDO?2) allow user scan data to be shifted out on
scan register. Each EXTEST CAPTURE-DR state captures TDO. The data register clock (BSCAN.DRCK) is available
all In, Out, and 3-state pins. for control of test logic which the user may wish to imple-
ment with CLBs. The NAND of TCK and RUN-TEST-IDLE

The data register also includes the following non-pin bits: : -
is also provided (BSCAN.IDLE).

TDO.T, and TDO.O, which are always bits 0 and 1 of the

EXTEST SLEW PULL PULL
TSINV RATE DOWN uP
TSIOE

' j 3
3-State TS y/
TS - capture Vee
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Figure 41: Block Diagram of XC4000E 10B with Boundary Scan (some details not shown).
XC4000X Boundary Scan Logic is Identical.
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Figure 42: XC4000 Series Boundary Scan Logic

Instruction Set

The XC4000 Series boundary scan instruction set also
includes instructions to configure the device and read back
the configuration data. The instruction set is coded as
shown in Table 18.

Bit Sequence

The bit sequence within each IOB is: In, Out, 3-State. The
input-only MO and M2 mode pins contribute only the In bit
to the boundary scan I/O data register, while the out-
put-only M1 pin contributes all three bits.

The first two bits in the 1/0 data register are TDO.T and
TDO.O, which can be used for the capture of internal sig-
nals. The final bit is BSCANT.UPD, which can be used to
drive an internal net. These locations are primarily used by
Xilinx for internal testing.

From a cavity-up view of the chip (as shown in XDE or
Epic), starting in the upper right chip corner, the boundary
scan data-register bits are ordered as shown in Figure 43.
The device-specific pinout tables for the XC4000 Series
include the boundary scan locations for each 10B pin.

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

SHIFT/

DATAOUT

CLOCK DATA
REGISTER

UPDATE EXTEST

X9016

Including Boundary Scan in a Schematic

If boundary scan is only to be used during configuration, no
special schematic elements need be included in the sche-
matic or HDL code. In this case, the special boundary scan
pins TDI, TMS, TCK and TDO can be used for user func-
tions after configuration.

To indicate that boundary scan remain enabled after config-
uration, place the BSCAN library symbol and connect the
TDI, TMS, TCK and TDO pad symbols to the appropriate
pins, as shown in Figure 44.

Even if the boundary scan symbol is used in a schematic,
the input pins TMS, TCK, and TDI can still be used as
inputs to be routed to internal logic. Care must be taken not
to force the chip into an undesired boundary scan state by
inadvertently applying boundary scan input patterns to
these pins. The simplest way to prevent this is to keep TMS
High, and then apply whatever signal is desired to TDI and
TCK.
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Table 18: Boundary Scan Instructions

Instruction Test 1/0 Data
12 11 10 Selected TDO Source Source
0 0 0 EXTEST DR DR
0 0 1 |SAMPLE/PR DR Pin/Logic

ELOAD
0 1 0 USER 1 BSCAN. | User Logic
TDO1
0 1 1 USER 2 BSCAN. | User Logic
TDO2
1 0 0 | READBACK | Readback | Pin/Logic
Data
1 0 1 |CONFIGURE DOUT Disabled
1 1 Reserved — —
1 1 1 BYPASS Bypass —
Register
Bit 0 ( TDO end) TDO.T
Bit 1 TDO.O
Bit 2

——

Top-edge 10Bs (Right to Left)

{ Left-edge 10Bs (Top to Bottom)

MDL1.T
MD1.0
MD1.I
MDO.I
MD2.1

{ Bottom-edge I0Bs (Left to Right)

{ Right-edge 10Bs (Bottom to Top)

(TDI end) B SCANT.UPD

X6075

Figure 43: Boundary Scan Bit Sequence

Avoiding Inadvertent Boundary Scan

If TMS or TCK is used as user I/0O, care must be taken to
ensure that at least one of these pins is held constant dur-
ing configuration. In some applications, a situation may
occur where TMS or TCK is driven during configuration.
This may cause the device to go into boundary scan mode
and disrupt the configuration process.

To prevent activation of boundary scan during configura-
tion, do either of the following:

e TMS: Tie High to put the Test Access Port controller
in a benign RESET state
e TCK: Tie High or Low—don't toggle this clock input.

For more information regarding boundary scan, refer to the
Xilinx Application Note XAPP 017.001, “Boundary Scan in
XC4000E Devices."

Optional N To User
I/ Logic
IBUF
BSCAN
DI DI TDO TDO
T™S ™S DRCK [—
TCK TCK IDLE [—
To User
From [ —]TPo1 SELL[— Logic
User Logic —]TDO2 SEL2 |[—
X2675

Figure 44: Boundary Scan Schematic Example

Configuration

Configuration is the process of loading design-specific pro-
gramming data into one or more FPGAs to define the func-
tional operation of the internal blocks and their
interconnections. This is somewhat like loading the com-
mand registers of a programmable peripheral chip. XC4000
Series devices use several hundred bits of configuration
data per CLB and its associated interconnects. Each con-
figuration bit defines the state of a static memory cell that
controls either a function look-up table bit, a multiplexer
input, or an interconnect pass transistor. The XACTstep
development system translates the design into a netlist file.
It automatically partitions, places and routes the logic and
generates the configuration data in PROM format.

Special Purpose Pins

Three configuration mode pins (M2, M1, MO0) are sampled
prior to configuration to determine the configuration mode.
After configuration, these pins can be used as auxiliary
connections. M2 and MO can be used as inputs, and M1
can be used as an output. The XACTstep development sys-
tem does not use these resources unless they are explicitly
specified in the design entry. This is done by placing a spe-
cial pad symbol called MD2, MD1, or MDO instead of the
input or output pad symbol.

In XC4000 Series devices, the mode pins have weak
pull-up resistors during configuration. With all three mode
pins High, Slave Serial mode is selected, which is the most
popular configuration mode. Therefore, for the most com-
mon configuration mode, the mode pins can be left uncon-
nected. (Note, however, that the internal pull-up resistor
value can be as high as 100 kQ.) After configuration, these
pins can individually have weak pull-up or pull-down resis-
tors, as specified in the design. A pull-down resistor value
of 4.7 kQ is recommended.

These pins are located in the lower left chip corner and are
near the readback nets. This location allows convenient
routing if compatibility with the XC2000 and XC3000 family
conventions of MO/RT, M1/RD is desired.
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Configuration Modes

XC4000E devices have six configuration modes. XC4000X
devices have the same six modes, plus an additional con-
figuration mode. These modes are selected by a 3-bit input
code applied to the M2, M1, and MO inputs. There are three
self-loading Master modes, two Peripheral modes, and a
Serial Slave mode, which is used primarily for
daisy-chained devices. The coding for mode selection is
shown in Table 19.

Table 19: Configuration Modes

Mode M2 | M1 | MO | CCLK Data
Master Serial 0 0 output Bit-Serial
Slave Serial 1 1 1 input Bit-Serial
Master 1 0 output | Byte-Wide,
Parallel Up increment

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

Note: * Peripheral Synchronous can be considered

byte-wide Slave Parallel
A detailed description of each configuration mode, with tim-
ing information, is included later in this data sheet. During
configuration, some of the I/O pins are used temporarily for
the configuration process. All pins used during configura-
tion are shown in Table 23 on page 61.

Master Modes

The three Master modes use an internal oscillator to gener-
ate a Configuration Clock (CCLK) for driving potential slave
devices. They also generate address and timing for exter-
nal PROM(s) containing the configuration data.

Master Parallel (Up or Down) modes generate the CCLK
signal and PROM addresses and receive byte parallel data.
The data is internally serialized into the FPGA data-frame
format. The up and down selection generates starting
addresses at either zero or 3FFFF (3FFFFF when 22
address lines are used), for compatibility with different
microprocessor addressing conventions. The Master Serial
mode generates CCLK and receives the configuration data
in serial form from a Xilinx serial-configuration PROM.

CCLK speed is selectable as either 1 MHz (default) or 8
MHz. Configuration always starts at the default slow fre-
quency, then can switch to the higher frequency during the
first frame. Frequency tolerance is -50% to +25%.

Additional Address lines in XC4000 devices

The XC4000X devices have additional address lines
(A18-A21) allowing the additional address space required
to daisy-chain several large devices.

The extra address lines are programmable in XC4000EX
devices. By default these address lines are not activated. In
the default mode, the devices are compatible with existing
XC4000 and XC4000E products. If desired, the extra
address lines can be used by specifying the address lines
option in bitgen as 22 (bitgen -g AddressLines:22). The
lines (A18-A21) are driven when a master device detects,
via the bitstream, that it should be using all 22 address
lines. Because these pins will initially be pulled high by
internal pull-ups, designers using Master Parallel Up mode
should use external pull down resistors on pins A18-A21. If
Master Parallel Down mode is used external resistors are
not necessary.

All 22 address lines are always active in Master Parallel
modes with XC4000XL devices. The additional address
lines behave identically to the lower order address lines. If
the Address Lines option in bitgen is set to 18, it will be
ignored by the XC4000XL device.

The additional address lines (A18-A21) are not available in
the PC84 package.

Peripheral Modes

The two Peripheral modes accept byte-wide data from a
bus. A RDY/BUSY status is available as a handshake sig-
nal. In Asynchronous Peripheral mode, the internal oscilla-
tor generates a CCLK burst signal that serializes the
byte-wide data. CCLK can also drive slave devices. In the
synchronous mode, an externally supplied clock input to
CCLK serializes the data.

Slave Serial Mode

In Slave Serial mode, the FPGA receives serial configura-
tion data on the rising edge of CCLK and, after loading its
configuration, passes additional data out, resynchronized
on the next falling edge of CCLK.

Multiple slave devices with identical configurations can be
wired with parallel DIN inputs. In this way, multiple devices
can be configured simultaneously.

Serial Daisy Chain

Multiple devices with different configurations can be con-
nected together in a “daisy chain,” and a single combined
bitstream used to configure the chain of slave devices.

To configure a daisy chain of devices, wire the CCLK pins
of all devices in parallel, as shown in Figure 52 on page
63. Connect the DOUT of each device to the DIN of the
next. The lead or master FPGA and following slaves each
passes resynchronized configuration da