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Important Information You Need to Know About This Data Book

Veteran users of Xilinx programmable logic solutions will notice a number of significant changes in this latest edition of the
Xilinx Data Book. As always, our goal is to provide you with the most accurate and timely information about Xilinx products.

However, as the world moves at "Internet speed" and the pace of product innovation accelerates, some of the information
you see bound between these covers may well have become outdated as the pages were being printed.

The Web Site is Always Current

Whenever Xilinx updates technical data on its products, the first place that information goes is to the Xilinx web site. To find
the absolutely latest technical product data from Xilinx, simply go to the following Web address:

www.Xxilinx.com/partinfo/databook.htm

DataSource CD-ROM

In addition to the challenge of providing you with timely information, there is the problem of sheer bulk associated with print-
ing data books like this one. Over the last few years, Xilinx has introduced a record number of new products, and today Xilinx
has the largest product portfolio in the programmable logic industry. As a result, the number of new Xilinx devices and soft-
ware products continues to grow steadily—to the point that it is impossible to fit complete data sheets on all Xilinx products
physically into a single usable volume.

Rather than attempting to publish multiple printed volumes, we have provided the Xilinx DataSource CD-ROM, located in
the front sleeve of this data book. The CD-ROM contains complete data sheets on all Xilinx products currently in production,
as well as all application notes.

Registration Advantage

Please take a moment to compete the registration section on the CD-ROM. This will ensure that you automatically begin to
receive quarterly updates of the CD-ROM as they become available. For example, the CD-ROM in this edition of the Xilinx
Data Book has an September 2000 expiration date. By registering, you will receive the next updated CD-ROM free of charge
and without any other action required on your part.

Instructions for Using the CD-ROM

The CD-ROM contains a viewer called WebCD. WebCD operates as a plug-in to standard browsers, providing a floating win-
dow that allows for:

* Selecting bookmarks
e Searching files
* Opening the equivalent file on xilinx.com (if connected to the Internet) for real-time updates

New Content

* Avideo from Wim Roelandts, our CEO, about Xilinx focus

* Multimedia presentation on Virtex™-E, Spartan™-Il, and XPLA3
e The new 2000 Data Book

» Service Pack (the latest version) for the PC

» Virtex-E, Spartan-1l, and XPLA3 data sheets

» Many new application notes

NOTE: Because of production and implementation time, data on the CD is at least five weeks old.
For the very latest data, go to www.xilinx.com.




Installation Instructions for the CD-ROM

To enable search, multimedia, and custom bookmarks for the CD-ROM, install the WebCD™ Viewer, which works with
Microsoft or Netscape browsers to provide a familiar graphical interface. The WebCD Viewer provides search capabilities
and Smart Caching™, which automatically detects an internet connection and serves updated files from the xilinx.com web
site.

Notes:

WebCD runs on Windows platforms by selecting the setup file, and on UNIX platforms when you open
file:/cdrom/datsource/docs/home.htm from your web browser. Apple is not supported.

The WebCD setup program first looks for an installed browser and installs Microsoft Internet Explorer if no browser is
found. The WebCD Viewer works automatically as a plug-in to Netscape Navigator. A DataSource CD icon gets added to
the desktop, simplifying access to the CD.

Most material on the CD-ROM and on the Xilinx Web site is in Adobe Acrobat (PDF) format. If your browser is not
already set up to view Acrobat files, you will need to download and install the Acrobat Reader from the Adobe Web site
(www.adobe.com). Click the “Get Acrobat Reader” icon on the Adobe home page and follow the download / installation
instructions.

To install WebCD Viewer under Windows NT or Windows 95/98/2000:

5.
6.

. Make sure you exit any browsers before beginning the installation.
. Exit all other open applications and insert the CD-ROM into your CD-ROM drive.

The WebCD Viewer’s setup program usually begins automatically on insertion of the CD-ROM in Windows 95/98/NT
machines. If the setup program does not start by itself, proceed with steps 4 and 5. Otherwise, skip to step 6.

If setup does not start by itself: Click the Start button and select Run.
Type your CD-ROM drive letter, followed by :\setup (e.g., D:\setup). Then click OK.

Follow the on-screen prompts to complete the installation.

Other Operating Systems:

Point your own web browser at the file index.htm in the root directory of the CD-ROM.

For more installation details, see the readme.txt file in the root directory of the CD-ROM.

For the latest Xilinx information, go to www.xilinx.com.
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An Introduction to Xilinx
Products

February 15, 2000

About Xilinx

Xilinx® is the leading provider of complete programmable
logic solutions. The company’s products help minimize
risks for manufacturers of electronic equipment by shorten-
ing the time required to develop products and take them to
market.

Customers can design and verify their proprietary circuits in
Xilinx programmable devices much faster than they could
using traditional methods, such as mask-programmed gate
arrays. Moreover, because Xilinx devices are standard
parts needing only to be programmed, customers are not
required to wait for prototypes or pay large non-recurring
engineering costs. Customers incorporate Xilinx program-
mable logic into products for a wide range of markets,
including data processing, telecommunications, network-
ing, industrial control, instrumentation, consumer electron-
ics, automotive, military and aerospace.

Founded in 1984, Xilinx pioneered the FPGA, and today
fulfills more than half the worldwide demand for field-pro-
grammable devices. Xilinx, a publicly traded company
(NASDAQ: XLNX) headquartered in San Jose, California,
employs approximately 1,800 people worldwide. Market
researcher Dataquest currently ranks Xilinx as the sev-
enth-largest ASIC supplier in the world.

Operations

As a "fabless" supplier, Xilinx partners with leading semi-
conductor manufacturers—UMC Group in Taiwan and
Seiko Epson in Japan—through close business relation-
ships or equity positions in their factories. This strategy
allows Xilinx to focus on designing new product architec-
tures, software tools and cores while having access to the
most advanced semiconductor process technologies.
Today Xilinx is producing programmable logic devices
using state-of-the-art 0.18- and 0.25-micron process tech-
nology, and is working on advanced copper interconnect.

Xilinx has manufacturing operations in San Jose and near
Dublin, Ireland, where product design, software develop-
ment, final testing and quality analysis take place. Xilinx
also has facilities in Boulder, Colorado, where much of the
company'’s software development takes place, and in Albu-
querque, New Mexico, where development of the CoolRun-
ner CPLDs takes place.

Important Information You Need to
Know About This Data Book

Veteran users of Xilinx programmable logic solutions will
notice a number of significant changes in this latest edition
of the Xilinx Data Book. As always, our goal is to provide
you with the most accurate and timely information about
Xilinx products.

However, as the world moves at "Internet speed" and the
pace of product innovation accelerates, some of the infor-
mation you see bound between these covers may well have
become outdated as the pages were being printed.

The Web Site is Always Current

Whenever Xilinx updates technical data on its products, the
first place that information goes is to the Xilinx web site. To
find the absolutely latest technical product data from Xilinx,
simply go to the following Web address:

www.Xilinx.com/partinfo/databook.htm

DataSource CD-ROM

In addition to the challenge of providing you with timely
information, there is the problem of sheer bulk associated
with printing data books like this one. Over the last few
years, Xilinx has introduced a record number of new prod-
ucts, and today Xilinx has the largest product portfolio in the
programmable logic industry. As a result, the number of
new Xilinx devices and software products continues to grow
steadily—to the point that it is impossible to fit complete
data sheets on all Xilinx products physically into a single
usable volume.

Rather than attempting to publish multiple printed volumes,
we have provided the Xilinx DataSource CD-ROM,
located in the front sleeve of this data book. The CD-ROM
contains complete data sheets on all Xilinx products cur-
rently in production, as well as all application notes.

Registration Advantage

Please take a moment to compete the registration section
on the CD-ROM. This will ensure that you automatically
begin to receive quarterly updates of the CD-ROM as they
become available. For example, the CD-ROM in this edition
of the Xilinx Data Book has an September 2000 expiration
date. By registering, you will receive the next updated
CD-ROM free of charge and without any other action
required on your part.

February 15, 2000
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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.

e 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.

About This Edition

This data book contains only a snapshot of mainstream Xil-
inx programmable logic products and brief descriptions and
titles of applications note. The data sheets are abbreviated
to provide you with basic information on each product line.
You can see complete data sheets, pinout tables and appli-
cation notes either on the current DataSource CD-ROM or
by logging on to the data book section of the Xilinx web site.
This edition of the data book contains abbreviated descrip-
tions for the following Xilinx product lines:

Virtex ™ series FPGAs expand the traditional capabilities
of FPGAs to include a powerful set of features that address
board level problems for high-performance system designs.
The second generation of these devices, the Virtex-E
series, is also the industry’s first family of FPGAs to offer
three million system gates. The Virtex series has numerous
built-in features to solve designers’ challenges throughout
the system: broad capability for chip-to-chip communica-
tions through programmable support for the latest 1/O stan-
dards, digital delay lock loops for clock signal
synchronization on the FPGA and on the board, and a
memory hierarchy to manage fast access to RAM on and
off chip.

Spartan™ series FPGAs are targeted as gate array
replacements for low-cost, high-volume designs under
150,000 system gates which require on-chip RAM and can
benefit from pre-defined software cores. Spartan devices
are optimized for low-cost and are available in 2.5V, 3.3V,
and 5V versions. The latest Spartan-Il family offers Vir-
tex-like features such as digital delay locked loops, pro-
grammable 1/0 and on-chip block memory.

CoolRunner™ CPLDs are the first to combine very low
power with high speed, high density, and high 1/O counts in
a single device. Xilinx CoolRunner CPLDs feature Fast
Zero Power™ technology, allowing them to draw virtually
no power in standby mode. CoolRunner CPLDs are ideal
for battery operated portable electronic equipment such as
laptop PCs, telephone handsets, personal digital assistants
and electronic games. These CPLDs also use far less
dynamic power during actual operation compared to con-
ventional CPLDs, an important feature for high perfor-
mance, heat sensitive equipment such as telecom
switches, video conferencing systems, simulators, high end
testers and emulators. The entire series is available in 3.3V
and 5V versions with density ranges beginning at 32 mac-
rocells.

XC9500™ CPLDs from Xilinx range in density from 36 to
288 macrocells and are available in 3.3V and 5V version.
XC9500 devices support in-system programming, allowing
manufacturers to perform unlimited design iterations during
the prototyping phase, extensive system in-board debug-
ging, program and test during manufacturing, and field
upgrades. Based on advanced flash memory technology,
the XC9500 family provides fast, guaranteed timing, supe-
rior pin locking, a full JTAG compliant interface, and 10,000
programming cycles.

QPRO™ Xilinx is the leading supplier of High-Reliability
programmable logic devices to the aerospace and defense
markets. These devices are used in a wide range of appli-
cations such as electronic warfare, missile guidance and
targeting, RADAR, SONAR, communications, signal pro-
cessing, avionics and satellites. The Xilinx QPRO family of
ceramic and plastic QML products (Qualified Manufactur-
ers Listing), certified to MIL-PRF-38585, provide system
designers with advanced programmable logic solutions for
next generation designs. The QPRO family also includes
select products that are radiation hardened for use in satel-
lite and other space applications.

The Xilinx QPRO family addresses the issues that are criti-
cal to the aerospace and defense market:

QML/Best commercial practices. Commercial manufactur-
ing strengths result in more efficient process flows

Performance-based solutions,
plastic packages.

including cost-effective
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Reliability of supply. Controlled mask sets and processes
insure the same quality devices, every time, without varia-
tion, which remain in production for an extended time.

Off-the-shelf ASIC solutions. Standard devices readily
available, no need for custom logic and gate arrays.

Table of Contents

Products published in this edition of the Xilinx Data Book
are listed by page number in the table contents. Product
information that is only on the DataSource CD-ROM, such
as complete data sheets, application notes and pinout
information, is listed as "CD-ROM" in the table of contents.

Xilinx Online

The Xilinx Online program is designed to enable, identify,
and promote network upgradable systems. These are sys-
tems that can be upgraded, modified, or fixed after they
have been deployed in the field. While many customers
have been building upgradable devices based on Xilinx
technology for years, the explosion of the networked con-
nected devices has dramatically increased the demand for
these user configurable and adaptable applications.

Xilinx provides IRL™ technology to make it easier to
develop these systems based upon the most advanced
programmable logic available. For more information on this
program please visit:

www.xilinx.com/xilinxonline

Technical Support

Xilinx provides 24-hour access to a set of sophisticated
tools for resolving technical issues via the Web. The Xilinx
search utility scans thousands of Answers records to return
solutions for the given issue. Several problem-solver tools
are also available for assistance in specific areas, like Con-
figuration or Install. A complete suite of one-hour modules
is also available at the desktop via live or recorded e-Learn-
ing. Lastly, users with a valid service contract can access
Xilinx engineers over the Web by opening a case against a
specific issue. For technical support on the Web, log on to:

support.xilinx.com

Xilinx is committed to helping users succeed with program-
mable logic designs and provides a complete and uniquely
accessible array of services and training for customers with
service contracts. Xilinx experts provide responsive resolu-
tions to problems and creative, timely solutions to design
challenges. They also offer design evaluation of new
projects and close consultation through the design process.
Full training in design completion and methodology review
is also available, along with special application consulta-
tion.

Internet-enabled Software Solutions

At Xilinx, software tools are a key part of the company’s
programmable logic solutions. Since its inception, Xilinx
has shipped more than 60,000 development systems to
customers worldwide. Today Xilinx offers two lines of
design and implementation software that are Inter-
net-enabled to allow designers instant and direct access
from the tools to the technical support area of the Xilinx
web site.

Through its Alliance Series™ software, Xilinx has chosen
open systems approach that allows its customers to pick
the highest quality and widest variety of design and pro-
gramming tools available on the market today. To accom-
plish this, Xilinx has established engineering and marketing
relationships with the leading third-party suppliers of elec-
tronic design automation (EDA) software. Those include
Aldec, Cadence, Data 1/O, Exemplar, Mentor Graphics,
Model Technology, OrCAD, Synopsys, Synplicity, Veribest
and Viewlogic. This open systems strategy extends to
front-end design creation, synthesis and verification. The
result has been the creation of complementary technology
and tightly integrated third-party links with the Xilinx Alli-
ance Series backend place and route software for FPGAs
and CPLDs.

Foundation Series™ is a family of a fully integrated,
ready-to-use Windows NT and Windows 95 PC tools that
support a broad range of FPGA and CPLD design require-
ments. Available at low price points and targeted at
entry-level as well as high end users, the Foundation
Series products leverage industry standard hardware
description languages (HDLs), including Verilog/VHDL.
The Windows-based Foundation Series software provides
access to synthesis, schematic entry, gate level simulation
and implementation tools. Since Foundation Series tools
are integrated into a common design management environ-
ment, users have access to all technology from design
entry and implementation to verification in a single software
package.

WebFitter™ is a unique Internet-based software productiv-
ity tool that permits customers anywhere in the world to do
on-line fitting of CPLD designs from their PC or worksta-
tion. Webfitter kicked off the Xilinx "Silicon Xpresso Initia-
tive" that calls for stepped use of the Internet to help
increase designer productivity.

Designers access WebFitter from the Xilinx Web site and
work from a graphical user interface integrated with the
Netscape browser. WebFitter produces complete on-line
reports for design evaluation, and it eliminates the need for
designers to load software or manage updates and
licenses because the latest Xilinx tools always reside on
the Xilinx Web site. WebFitter accepts design files for Xilinx
XC9500 and CoolRunner series complex programmable
logic devices (CPLDs) and supports VHDL, Verilog, ABEL,
XNF or EDIF input formats. After completing a front-end

February 15, 2000
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design, users simply enter their e-mail address, attach their
design file and send it to the Xilinx server for compilation.
Shortly after, a return e-mail provides a complete fitter
report and bitstream to implement the design in the PLD. To
get to the WebFitter tool, log on to:

www.Xilinx.com/sxpresso/webfitter.htm

The Xilinx WebPACK contains FREE downloadable soft-
ware solutions for Xilinx XC9500 and CoolRunner Series
CPLDs. Each solution provides a simple and intuitive
design environment for any Xilinx CPLD family. The Web-
PACK is a collection of three design suites: design entry,
device fitting and programming. These tools can be down-
loaded and used individually or, when installed together
become an integrated design environment for Xilinx
CPLDs.

www.Xilinx.com/sxpresso/webpack.htm

IP Center Solutions

Today, a large number of predefined cores are available to
implement system-level functions directly in Xilinx program-
mable logic devices. These cores, available from Xilinx and
third-party partners, allow designers to cut design time and
significantly reduce risk while having access to the best
performing and lowest cost components available. Full
information about Xilinx cores is available on-line from the
IP Center area of the Xilinx Web site. To get to the IP Cen-
ter, log on to:

www.Xxilinx.com/ipcenter

LogiCORE™ products are sold and supported directly by
Xilinx and include PCI interfaces, digital signal processing
(DSP) functions and a number of other modules such as
adders, multipliers and look-up tables.

AllianceCORE™ modules are sold and supported by a net-
work of third-party developers and are optimized for Xilinx

devices. Current AllianceCORE products range from pro-
cessors and standard peripheral controllers to ATM func-
tions.

The CORE Generator™ tool from Xilinx delivers highly opti-
mized cores that are compatible with standard design
methodologies for Xilinx FPGAs. This easy-to-use tool gen-
erates flexible, high performance cores with a high degree
of predictability and allows customers to download future
core offerings from the Xilinx web site. Both Xilinx and inde-
pendent IP developers can design cores for the CORE
Generator tool, which also serves as a cataloging and
delivery system for related collateral for all designers using
Xilinx.

Design Consultants

The Xilinx XPERTS Program qualifies, develops and sup-
ports design consultants, ensuring that they have superior
design skills and the ability to work successfully with cus-
tomers. XPERTS is a worldwide program that allows easy
access to certified experts in Xilinx device architectures,
software tools and cores. XPERTS partners also offer con-
sulting in the areas of HDL synthesis and verification, cus-
tomization and integration, system-level designs and
team-based design techniques. A listing of partners in the
Xilinx XPERTS program is located on the Web at:

www.Xilinx.com/ipcenter

Feedback

We welcome any comments or suggestions you have about
the Xilinx Data Book — whether it’s the printed, CD-ROM, or
web version. You can send your feedback by e-mail to:

Databook@xilinx.com
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Figure 1: FPGA Package Options and User I/O Selection
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FPGA Product Selection Matrix

DENSITY FEATURES

£ 7 —

] 2o o e .E

g g8 @2 |3 % 2 lo5 B,
o | Eo 8% = = o | & |S|2./8/28 8 ==
_ ® | §9 =3 5 ] 83 & |5 5% 0w
Device Key Features fr =a =G = o o s = |0&|a|~|c|m»| 0w
XCS05 238 | 3K 2K-5K 3K |1ox10 | 100| seo| 77| 12|y |-|[-]-]X
XCS10 466 | 5K |  3K-10K 6K | 14x14 | 196 | 616|112 12|y |-|-|-|X
XCS20 950 | 10K |  7K-20K 13K | 20x20 | 400 | 1120160 | 12 |Y |-|-|-|X
XCS30 1368 | 13K |  10K-30K 18K | 24x24 | 576 | 1536|192 | 12 |Y |-|[-|-|X
XCS40 1862 | 20K |  13K-40K 25K | 28x28 | 784 | 2016|205 | 12 |Y |-| - | -|X
XCS05XL Spartan Series: 238 | 3K 2K-5K 3K | 10x10 | 100 | 360 77 [12/24 | Y [ - | - | X |
XCS10XL High Volume 466 | 5K 3K-10K 6K | 14x14 | 196 | 616|112 [12/24 | Y | = | = | X | *
XCS20XL Repéfé?nenv 950 | 10K |  7K-20K 13K | 20x20 | 400 | 1120|160 [12/24 | Y | = | = | X | *
XCS30XL High Performance/ | 1368 | 13K |  10K-30K 18K | 24x24 | 576 | 1536|192 [12/24 | Y | = | = | X | *
XCS40XL SelectRAM Memory | 1862 | 20K 13K-40K 25K | 28x28 | 784 | 2016|224 [12/24 | Y | - | - | X | *
XC2515 432 | 8K |  6K-15K 22K | 8x12 96| 384| 86| 204 [ Y |- | X [1O]
XC2530 972 | 17K |  13K-30K 36K | 12x18 | 216 | 863|132 | 224 [Y | - | X [IO] *
XC2S50 1728 | 80K |  23K-50K 56K | 16x24 | 384 | 1536|176 | 224 [ Y | - | X [I/O] *
XC25100 2700 | 53K | 37K-100K 78K | 20x30 | 600 | 2400|196 | 224 [ Y | - | X [I/O] *
XC25150 3888 | 77K | 52K-150K | 102K | 24x36 | 864 | 3456|260 | 2/24 | Y | - | X | /O] *
XC4013XLA 1368 | 13K |  10K-30K 18K | 24x24 | 576 | 1536|192 [12/24 | Y | - X|
XC4020XLA _ 1862 | 20K |  13K-40K 25K | 28x28 | 784 | 2016|205 |12/24 | Y | - | - | X | *
XC4000 Series:

XC4028XLA s 2432 | 28K |  18K-50K 33K | 32x32 | 1024 | 2560|256 |12/24 | Y | —| - | X | *
XC4036XLA Leadership/ 3078 | 36K | 22K-65K 42K | 36x36 | 1296 | 3168|288 [12/24 [ Y | - | - | X | *
XC4044XLA High Performance/ | 3800 | 44K |  27K-80K 51K | 40x40 | 1600 | 3840320 [12/24 [ Y | - | = | X | *
XC4052XLA Sﬂiﬁ:ﬁ@“‘ 4598 | 52K |  33K-100K 62K | 44x44 | 1936 | 4576|352 |12/24 | Y | = | - | X | *
XC4062XLA 5472 | 62K |  40K-130K 74K | 48x48 | 2304 | 5376|384 |12/24 | Y | - | - | X | *
XC4085XLA 7448 | 85K | 55K-180K | 100K | 56x56 | 3136 | 7168 | 448 |12/24 | Y | - X |+
XCV50 1728 | 21K |  34K-58K 56K | 16x24 | 384 | 1536|180 | 224 [ Y | - | X [IO] *
XCV100 Virtex Family 2700 | 82K | 72K-109K 78K | 20x30 | 600 | 2400|180 | 224 | Y | - | X [1O]| *
XCV150 Density/ 3888 | 47K | 93K-165K | 102K | 24x36 | 864 | 3456|260 | 2/24 | Y | - | X |1/O]| *
XCV200 Performance 5002 | 64K | 146K-237K | 130K | 28x42 | 1176 | 4704|284 | 2/24 | Y | - | X | 10| *
XCV300 E‘ngfm 6912 | 83K | 176K-323K | 160K | 32x48 | 1536 | 6144|316 | 224 | Y | - | x |wo] *
XCV400 Distributed RAM | 10800 | 130K | 282K-468K | 230K | 40x60 | 2400 | 9600 | 404 | 2/24 | Y | - | X | 10| *
XCV600 Selectl/O 15552 | 187K | 365K-661K | 312K | 48x72 | 3456 | 13824 | 512 | 2/24 | Y | = | X | /O] *
XCV800 LS 21168 | 254K | 511K-888K | 406K | 56x84 | 4704 | 18816512 | 224 | Y | = | X |1O| *
XCV1000 27648 | 332K | 622K-1,124K | 512K | 64x96 | 6144 | 24576 512 | 2/24 | ¥ X 10| *
XCV50E 1728 | 21K |  47K-72K 88K | 16x24 | 384 | 2112|176 | 224 | Y | X [VO|1/O| *
XCV100E — 2700 | 32K | 105K-128K | 117K | 20x30 | 600 | 3120|176 | 2/24 | Y | X [VO| O] *
XCV200E Densy! 5202 | 64K | 215K-306K | 185K | 28x42 | 1176 | 5712|284 | 2/24 | Y | X [VO| O] *
XCV300E Performance 6912 | 83K | 254K-412K | 224K | 32x48 | 1536 | 7296|316 | 2/24 | Y | X [VO| 10| *
XCV400E gﬁgg:ém 10800 | 130K | 413K-570K | 310K | 40x60 | 2400 | 11040 | 404 | 2/24 | Y | X |0 |1O]| *
XCV600E Distributed RAM | 15552 | 187K | 679K-986K | 504K | 48x72 | 3456 | 15552 | 512 | 2/24 | Y | X |I/O| O] *
XCV1000E Selectl/O+ 27648 | 332K | 1,146K-1,569K | 768K | 64x96 | 6144 | 26880 660 | 2/24 | Y | X [VO|1/O]| *
XCV1600E 8DLLs 34992 | 420K | 1,628K-2,189K | 1062K | 72x108 | 7776 | 33696 | 724 | 2/24 | Y | X |1/O| /O] *
XCV2000E LV'ID_\S,’P'ZLCVLDS' 43200 | 518K | 1,857K-2,542K | 1240K | 80x120 | 9600 | 41280 | 804 | 2/24 | Y | X [VO|1/O] *
XCV2600E 57132 | 686K | 2,221K-3,264K | 1529K | 92x138 | 12696 | 54096 | 804 | 2/24 | Y | X |I/O| /O] *
XCV3200E 73008 | 876K | 2,608K-4,047K | 1846K [104x156 | 16224 | 68640 | 804 | 2/24 | Y | X |1/O|l/O] *

* |/Os are 5 Volt compatible

X = Core and /0 voltage

1/0s = I/O voltage supported

Figure 2: FPGA Product Selection Matrix
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High Density PROMs Configuration PROMs for Virtex
Device |Density | PD8 | S020 | PC20 |VQ44 | PC44 | 3Volt | 5Volt | e Device | Configuration | XCITwX18xx | ppg | peg | 5020  PCad | Vad4
XC1701L iMb | X X | X X XCV50 559,232 01 X | X | X
XC1701 1Mb | X X | X X XCV100 781,248 01 X | X | X
XC1702L | 2Mb X X XCV150 1,041,128 o1 X | X | X
XC1704L | 4Mb X X
XCV200 1,335,872 02 X | X
XC17512L | 512Kb | X | X | X X
XCisels [ 51kt TR o x XCV300 1,751,840 02 X | X
XC1801 1Mb X X X X XCV400 2,546,080 04 X X
XC1802 oMb X X X X XCV600 3,608,000 04 X X
XC1804 4Mb X | X | X X XCV800 4715648 | 04+5120r8" X | X
XCV1000 | 6,127,776 | 04+ 02or8" X | X

3.3V Configuration PROMs for Spartan/Spartan-XL/Spartan-Il

* Available on XC17xx only
**In development

Device Configuration Bits | PROM Solution | PD8 | VO8 | SO20 | 3Volt | 5 Volt
ol T ET TR - Configuration ROs for Virtex-E
XC2515 197,696 | XC17ST5XL | X | X X Device | Configuration | XC17xx18xx | ppg | peag | 5020 | PC44 | VQss
XCS20XL 179,160 XC17S20XL | X | X X Bits Solution )
XCS30XL 249,168 XC17S30XL | X X X XCV50E 630,048 01 X X | X
XC2530 336,768 XC17S30XL | X | X X XCV100E 863,840 01 X | X | X
XCS40XL 330,696 XC17S40XL | X | X | X | X XCV200E | 1,442,106 01 X | X | X
XC2550 559,232 XC17S50XL | X X | X XCV300E | 1,875,648 02 X | X
XC25100 781,248 XC17S100XL X X X XCV400E 2,693,440 02 X X
XC25150 1,041,128 XC17S150XL X X X XCV600E 3,961,632 04 X X
XCS05 54,544 XC17805 | X | X X XCV1000E | 6,587,520 | 04+020r8" X | X
pein i S L L o A XCV1600E | 8308992 | 04+ 040r8™ X | X
XCS20 179,160 XC17520 X | X X
XCV2000E | 10,159,648 | 08+040r16 X | X
XCS30 249,168 XC17530 X | X X —
XCS40 330,696 XC17540 | X X X AGTRENE | R o oL
d XCV3200E | 16,284,000"* 16" X | X
* Available on XC17xx only
**  Estimated
**In development
Low Density PROMs
Device Density| PD8 | SO8 | V08 | S020 | PC20 | 3Volt | 5Volt | e
XC1736E 36Ko | X X X X X
XC1765E 64Kb | X X X X X
XC1765EL(X) 64Kb | X X X X X
XC17128E 128Kb | X X X X
XC17128EL(X) | 128Kb | X X X X
XC17256E 256Kb | X X X X
XC17256EL(X) | 256Kb | X X X X
XC18128 128Kb X | X X X
XC18256 256Kb X | X X X
Note: XC1700EL parts are marked with an “X” instead of “EL”
Figure 3: PROM Package Options and Product Selection
February 15, 2000 1-7
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CPLD Package Options and User I/0

gl a 2 2|28l el<l<|lc|lololololo| == =] 2| =
ol o 8| ZFT| e8| 5 X3 /8|2 58 2 & 8/ 38| 3| 3| 3/ 8|/2/8|8|3I
2 5l sl 5l 8l 8 28| 5|5/ 8 8|38/ 33 23| 3/ /38| 23| 3|38
o0 =23 (=23 (=23 o0 =23 (=23 (=23 o0 =23 o [+ o o o [+ [+ o o [+ @ 0" [+ =4 [+ [+
RIR|IR R R IR LILL[L|2|2| 2 || gL L L N
10 34 72 108 133 166 192 36 72 117 192 10 10 32 64 96 192 384 32 64 96 32 64 104 160 216
28 10 10
44 34 34 34 34 32 | 3 32 32
84 69 | 69
VOFP
44 34 34 | 34 32| 3R 32 | 32 32 | 32
64 36 | 52
100 64 | 80 64 | 80 64 | 80
CSP
48 34 36 | 38 32
56 44 44
144 117 104
280 192 160 | 216
TQFP
100 72 | 81 81 72 81
128 96 96
144 117 | 117 104 | 104
160 112
POFP
100 72 | 81 81
160 108 | 133 | 133
208 168 160
256 192 192

7 e 0 T e e s o v e

2o | | | | | | | [ [ [ feofol | | | | | | | | | | | ||

* Contact sales offices for up-to-date product and package availability

Figure 4: CPLD Package Options and User I/O
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| Dpensity |  Features |
3 g g
& £ 5 ) — > = ]
% b b4 % 8 o é \2— £ % g = %
= a 3 g <) = S = @ 3 25 a
5 & 2 3 8 | 3 z3 28 sw | 2  E£3
S (3] a N = = z A & i Eo0 5 59
XC9536XL | BestPin-Locking | 36 | 36 5 200 v v
%Co500xL. | XC9572XL \:|'I.'Ar(lipw/:|amp 72 72 5 178.6 J J
XC95144xL | High Performance | 144 | 117 5 | 1786 v v
XCoso8gxL | High Endurance o0 T o) 7 151 v J
XCR3032XL 32 32 5 200 V4 V4
XCR3064XL \lJJT“/:Z LowPower | g4 | g4 6 166 v v
XPLA3 XCR3128XL | | e 1555 128 | 104 6 166 v V4
XCR3256XL | Flexibility 256 | 160 75 133 v v
3.3 Volt XCR3384XL 384 | 216 75 133 v v
ISP XCR3032A 32 32 6 111 J J
(PZ3032A)*
XPLA- XCR3064A | Ultra Low Power 64 64 75 95 J J
Enhanced | (PZ3064A)* | JTAG
XCR3128A 128 9% 75 95 v V4
(PZ3128A)*
XCR3320 320 | 192 75 100 v V4
XPLA? (PZ3320C)* | Ultra Low Power
XCR3960 | High Density 960 | 384 75 100 v 4
(PZ3960C)*
XC9536 36 34 5 100 V4 v
XC9572 - 72| 72 | 75 833 v v
5 Volt xCostos | DestPinLocking [ yhe T 108 | 75 833 v J
XC9500 JTAG
ISP XC95144 | High Endurance | 144 | 133 | 75 83.3 v v
XC95216 216 | 166 10 66.7 V4 v
XC95288 288 | 192 10 66.7 v v
XCR5032C 32 32 6 11 v
(PZ5032C)*
XPLA- XCRs064C | UltraLowPower | 64 | 64 | 75 105 J
Enhanced (PZ5064C)* | JTAG
XCR5128C 128 % 75 100 J
(PZ5128C)*

* Philips part number

Figure 5: CPLD Product Selection Matrix
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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 three device con-
figurations 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 up to and including one million gates.

Elite configurations created to deliver the powerful design
tools necessary for designers when creating designs for
our greater than one million gate 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.

Configurations

Configurations of the Foundation Series contain integrated
VHDL/Verilog synthesis and graphical interactive HDL
entry tools with the following features:

On-line tutorial teaches the art of VHDL design.

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.

February 15, 2000 (v3.0)
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Foundation iSE v3.1I

http://www.xilinx.com/products/found.htm

The Foundation iSE software has been designed to enable
both new and experienced Programmable logic designers
to achieve results, through intuitive design flows. You are
assured of success on each and every design because
Foundation Series gives you the advanced tools and tech-
nology you need.

The Foundation iSE software represents Xilinx next evolu-
tion of our software. Xilinx has created a powerful HDL
design environment by integrating and further developing
acquired technology with our own FPGA design tools and
powerful implementation tools. You will benefit from the
same powerful tools and features of our Foundation and
Alliance tools while working in a new environment designed
to help you work faster and more efficiently.

The iSE software is packaged with two powerful synthesis
tools: the FPGA Express from Synopsys and our own XST
(Xilinx Synthesis Technology). We understand that synthe-
sis tools work differently on different designs, with multiple
synthesis tools you will have the option of using the tool
that fits your design needs. The Foundation iSE Software
comes in three configurations:

* Base X

* Express

» Elite

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.

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 design solutions continue Xilinx’ trend of cut-
ting place and route runtime in half, while maintaining or
improving design performance. The accumulation of runt-
ime improvements now enable the compilation of the
100,000 system gate Virtex devices in less time. Fast com-

pile times translate to more turns per day and greater pro-
ductivity.

Features include:

Timing Driven Place and Route. Allows you to specify
your timing requirements for critical paths. This feature
often gives 30-40% performance improvements when
speed is critical; you no longer need to manually fine-tune
your design.

Static Timing Analysis. Shortens your design process by
providing an evaluation of your timing at various points in
the implementation process, allowing you to make changes
immediately.

Flow Engine. Automates and simplifies the implementa-
tion process. Using a simple graphical interface, you can
monitor and control all aspects of your design implementa-
tion.

Simulation. Provides design verification before and after
implementation, thus reducing the number of design itera-
tions required to meet design specifications.

Incremental Design Capability. Reduces your overall
design cycle by allowing you to re-use previous iterations of
your design. This is very helpful for evaluating design alter-
ations.

Hierarchical Timing Analysis. The Interactive Timing
Analyzer has received a variety of dramatic improvements
to its User interface, including hierarchical reporting of tim-
ing analysis results. This feature simplifies the process of
navigation through the rich set of timing information Xilinx
provides on your design. The Alliance Software comes in
two configurations:

« Standard

* Elite

ModelSim Xilinx Edition

(http://www.xilinx.com/products/software/mxe.htm)

The ModelSim Xilinx Edition (XE) simulator is a complete
HDL simulation environment, optimized for use in verifying
Xilinx programmable logic designs. ModelSim XE enables
designers to verify source code (VHDL and Verilog), func-
tional, and timing models of their design using a common
"self-checking" testbench. ModelSim XE provides a power-
ful first step into the world of HDL simulation with capacity
and performance designed for the verification of the Xilinx
XC9500 CPLD and Spartan FPGA series of programmable
logic devices as well as lower-density XC4000 and Virtex
series FPGAs.

ModelSim XE is most valuable for customers who under-
stand the benefits of VHDL or Verilog simulation, and are
looking for a cost-effective solution for low-density pro-
grammable logic design. It is available in both VHDL and
Verilog versions. ModelSim XE may only be used with v2.1i
Xilinx development systems and later. Xilinx sells the MOD-

February 15, 2000 (v3.0)
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ELSIM XE products as options to any of its development
systems.

CPLD Web Powered Software Solutions:

The Xilinx CPLD Web Powered Software Solutions offer
designers the flexibility to do CPLD design evaluation and
fitting on-line or on their desktop. The WebFITTER is an
on-line device fitting and evaluation tool which accepts
VHDL, Verilog, ABEL or netlist files. The WebPACK down-
loadable desktop solutions offer FREE CPLD software
modules from ABEL and HDL synthesis to device fitting
and JTAG programming.

WebFITTER:

(http://lwww.xilinx.com/sxpresso/webfitter.htm)
. A
Web |[TER
I :\'l.-.ll

The Xilinx WebFITTER is a FREE, web-based CPLD
design evaluation and fitting software tool that allows sys-
tem designers to target their designs using the industry’s
best CPLDs, the XC9500 Series and the CoolRunner
Series, on the latest version of Xilinx software and get their
results and pricing in minutes!

WebPACK:

(http:/iwww.xilinx.com/sxpresso/webpack.htm)

&

WehbhPACK

The Xilinx WebPACK contains FREE downloadable soft-
ware solutions for Xilinx XC9500 and CoolRunner Series
CPLDs. Each solution provides a simple andintuitive
design environment for any Xilinx CPLD family. The Web-
PACK is a collection of three design suites: design entry,
device fitting and programming. These tools can be down-
loaded and used individually or, when installed together
become an integrated design environment for Xilinx
CPLDs.

February 15, 2000 (v3.0)
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Product Overview

Background

Designers everywhere are using Xilinx FPGAs to imple-
ment system-level functions in demanding applications
including communications, high-speed networking, image
processing, and computing. Xilinx offers the industry’s larg-
est selection of intellectual property (IP) cores, which
serves as the foundation for accomplishing complex sys-
tem-on-a-chip designs. Xilinx cores are pre-defined, tested,
and verified to ensure correct functionality. In addition, Xil-
inx cores utilize Smart-IP technology to predetermine the
implementation providing optimal and predictable perfor-
mance and utilization.

The broadest selection of industry-standard solutions
offered by Xilinx comprise two IP sources: LogiCORE™
and AllianceCORE™. The LogiCORE program being the
most successful in the industry, offers cores exclusively for
Xilinx FPGAs. These cores are sold and supported by Xil-
inx. The AllianceCORE program provides a broad selection
of third-party cores customized for use with Xilinx FPGAs
and CPLDs.

Smart-IP Core Design Methodology

Smart-IP technology is a combination of several features
designed to deliver highest performance, predictability, and
flexibility when implementing IP with Xilinx FPGAs.

Smart-IP technology ensures constant core performance
regardless of its position in the FPGA device; maintained
performance when multiple cores are integrated in the
same FPGA device; and no performance degradation
when migrating to larger devices.

Xilinx IP Center on the Web

The Xilinx IP Center offers a comprehensive list of Logi-
CORE and AllianceCORE products, reference designs,
and application notes. It also provides access to Alli-
anceCORE partners and to partners from the Xperts con-
sultants program.

All cores, reference designs, and design reuse tools from
Xilinx are delivered over the Internet; the latest versions of
these products are available for download from the Xilinx IP
Center at www.xilinx.com/ipcenter.

CORE Generator System™

The Xilinx CORE Generator system generates and delivers
parameterizable cores optimized for Xilinx FPGAs. You use
the Xilinx CORE Generator system to design high-density

Xilinx FPGA devices and achieve high-performance
results, while reducing your design time.

CORE Generator Features:

Simple, intuitive operation — Select a core, enter
parameters, and generate

Compatible with VHDL, Verilog, and Schematic
top-level design flows

Cores are delivered with a logic design plus an optimal
floorplan or layout

Performance is independent of FPGA device size
Performance stays constant as more cores are added

Optimal results as measured against the best
hand-packed design

Data sheet and VHDL behavioral model with each core

Ready access to intellectual property from Xilinx and
Xilinx partners

Predictable and repeatable results: core performance is
specified in advance

PC and Workstation platforms supported

CORE Generator Benefits:

Faster time-to-market

Fast core generation time with proprietary Xilinx
software

Reduced place and route time with preplaced Cores
Less engineering required with predesigned cores
Facilitates design reuse

Build your design out of cores

Simpler documentation with larger parameterizable
building blocks

Optimal core layout produces lower power dissipation

Xilinx Design Reuse

The need for design resuse has been apparent for many
years; no company likes to put many man years of effort
into a design that can be used only once. Today, thousands
of designers are creating intellectual property (IP) on a
huge scale, targeting the widely popular million-gate
Virtex™ FPGA family which is ideally suited to support
design resuse. For the latest most detailed information on
Xilinx Design Reuse function, visit:

www.Xilinx.com/ipcenter/designreuse/index.htm.
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Xilinx PCI Solutions

PCI (Peripheral Component Interconnect) has become one
of the most popular bus standards, not only for personal
computers, but also for industrial computers, communica-
tion switches, routers, and instrumentation. It solves a wide
range of compatibility problems and performance limita-
tions that were encountered with the older ISA and VME
standards.

However, PCI is also a significant design challenge; the
stringent electrical, functional, and timing specifications are
difficult to meet in any technology-and the standard keeps
evolving to meet the dynamic needs of our industry. That's
why you need a flexible PCI solution that will meet both
your current and future requirements, while guaranteeing
full PCI compliance with no limitations on performance or
functionality.

Our first LogiCORE PCI product was released in January,
1996. Now, our PCI cores have been proven in over 1000
customer designs, clearly demonstrating that Real-PCI
from Xilinx is the most flexible and cost-effective solution
for your fully-compliant, high-performance PCI system.

Visit the Xilinx IP-Center for more details and datasheets
on individual products, www.xilnx.com/ipcenter.

Features:

* Real Compliance - all LogiCORE PCI products are:
- Fully verified using our industry-proven testbench
that simulates over six million unique PCI cycles
- Hardware verified
- PCI cores and FPGAs characterized together for
guaranteed maximum, minimum and hold timing
- Smart-IP technology to maintain timing guarantees
for every core implementation
* Real Flexibility
- Supports Xilinx standard off-the-shelf PCI-compliant
FPGAs
- Range of device sizes and packages to choose from
for most cost-effective solution
- Integrates a fully-compliant target/initiator PCI
interface, scalable dual-port FIFOs, customizable,
DMA channels, and 7,000 to 2 million custom gates
- Flexible source code Reference Designs available to
exemplify back-end designs and accelerate time to
market
- Re-configurable FPGAs allows accommodation of
future changes in the PCI standard or feature
requirements
* Real Performance
- Supports up to 66 MHz PCI systems
- Operates at maximum throughput, with zero
wait-state bursts
- Full 32-bit and 64-bit data path

¢ Real Availability

- All LogiCORE PCI products available from Xilinx
IP-Center on the Internet (www.xilinx.com/pci) to
give users instant access to latest versions

- Easy and quick configuration via web-based
configuration tool.

- Generates unique netlists, implementation constraint
files, simulation models and instantiation code for
VHDL and Verilog

- Design Kits available with 64-bit and 32-bit
prototyping boards, driver development tools and
Reference Designs

- PCl training classes (3-4 days) available. See
support.xilinx.com for details

- Specially trained XPERTS partners available for
design services such as retargeting to untested
devices, integration, or core customization.

PCI Design Kits

Ballyinx 64/66 PCI Prototyping Board
from Nallatech

The 64-bit Design Kit includes Ballyinx 64/66 PCI prototyp-
ing board with a XCV300-6 BG432 device that allows
designers to quickly evaluate the performance of the Xilinx
64/66 PCI core in their system. In addition, the board dem-
onstrates how to build a universal 3.3V and 5V PCI card.
By incorporating Nallatech’s DIME standard for modular
expandability, the prototyping board can be used in a wide
variety of system solutions including FPGA-based DSP.

HotPCI 32/33 PCI Prototyping Board
from Virtual Computer Corporation

The 32-bit PCI Design Kit includes HotPCl 32/33 PCI pro-
totyping board with an XCS40-4 PQ240 device that allows
designers to quickly evaluate the performance of the Xilinx
32/33 PCI core in their system. The board includes 8x128K
SRAM and is reconfigurable from the PCI bus.

SoftICE Driver Suite from Compuware

The Xilinx PCI Design Kits includes a standard license of
Compuware’s NuMega SoftICE Driver suite that accelerate
the development and debugging of Windows device driv-
ers. The SoftICE Drive Suite includes all versions of Soft-
ICE, including SoftICE for Windows 2000/NT, SoftICE for
Windows 95, SoftICE for Windows 3.1, and SoftICE for
DOS along with DriveWorks, VtoolsD, and DriverAgent.

PCI Training

To further complete the Xilinx PCI solution, Xilinx offers a
three-day PCI course for customers who are planning PCI
systems. The course will give an introduction to the PCI
standard, and will cover configuration and integration of
core, system integration, verification and debug. More
information can be found at support.xilinx.com.
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Table 1: PCI Solutions Ordering Information

Product part Prototypin Driver
P Description | Accessible Design Files yping Development Miscellaneous
number Board
Tools
DO-DI-PCI32-S | 32-bit PCI for |PCI32 Spartan-I| No No Al design files and
Spartan PCI32 Spartan-XL PCI32 Spartan docs delivered over
. the Internet
family
DO-DI-PCI32-DK| 32-bit PCl |Same as DO-DI-PCI32-S plus: VCC HotPCl Compuware PCI Systems Architec-
Design Kit |PCI32 Virtex-E board with XCS40 | NuMega SoftICE |ture TextBook
PCI32 Virtex PO208 Dri Suit Printed Design Guide
PCI32 4000XLA Q river suite
DO-DI-PCl64 64/32-bit Same as DO-DI-PCI32-DK plus: No No All design files and
33/66 MHz |PCl64/66 Virtex-E docs delivered over
PCI PCI164/66 Virtex the Internet
PCl164 Spartan-II
DO-DI-PCI64-DK 64-bit Same as DO-DI-PCI64 Nallatech Ballyinx Compuware NuMega | PCI Systems Architec-
66 MHz 64-bit 66 MHz PCI SoftICE Driver Suite |ture Text Book
Desian Kit Prototyping Card with Printed Design Guide
esign Ki XCV300 BG432
DX-DI-M2DK-DK |Upgrade from DO-DI-PCIM (obsolete) to DO-DI-PCI32-DK®
DX-DI-S2DK-DK |Upgrade from DO-DI-PCIS (obsolete) to DO-DI-PCI32-DK®)
DX-DI-PCI32-DK | Upgrade from DO-DI-PCI32-S to DO-DI-PCI32-DK®
DX-DI-PCl64 Upgrade from DO-DI-PCI32-DK to DO-DI-PCI64®)
DX-DI-PCI64-DK | Upgrade from DO-DI-PCI64 to DO-DI-PCI64-DK®)

Note 1: Requires a valid maintenance contract

Xilinx DSP Solutions .

With Xilinx DSP, users can combine ASIC-like performance
and integration with the flexibility of a DSP processor imple-
mentation. By utilizing parallel computing techniques in a
Xilinx FPGA, users can achieve radical performance
advantage over fixed processors. The Xilinx FGA imple-
mentation will at the same time maintain maximum flexibil-
ity and the shortest time-to-market, which is lost using an
ASIC implementation. Until now, tools to automate the .
design process have been lacking and only experienced .
FPGA designers have completed most designs manually. .

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.

The Xilinx DSP Solution consists of:

» Standard Xilinx FPGA components - Virtex-E, Virtex,
Spartan-Il, Spartan-XL, Spartan and XC4000

DSP parameterizable LogiCORE and AllianceCORE
FPGA products, e.g., FIR Filters, FFTs, Reed-Solomon
FEC cores, and Multipliers, supporting
high-performance applications such as wireless
communication, digital networking, image processing,
DVB, and HDTV.

DSP system level tools integration

DSP starter kit

Regional dedicated DSP Field Applications Engineers
DSP Ph.D. level support

Acquiring LogiCORE Products

Features

ASIC-like DSP performance through parallel

processing, for example:

- 128-tap FIR filter, 8-bit data, 12-bit coefficients, 120
MSPS

- 1024 point complex FFT, 16-bit input, 35 us
transform time

Re-configurable FPGAs allows accommodation of

specification and feature changes late in the design

process and in end users' products

Cost-effective implementation saves cost over

Application Specific Standard Products (ASSP)

Integrates DSP functions with memory, control and glue

logic into single-chip solutions
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e Xilinx LogiCORE includes Smart-IP technology to .
maintain timing independently of surrounding logic and

device size

* Wide range of device sizes and packages to choose

from for most cost-effective solution

» All LogiCORE PCI products available from Xilinx .
IP-Center on the Internet (www.xilinx.com/pci) to give

users instant access to latest versions

Table 2: DSP Solutions Ordering Information

Easy and quick configuration via CORE generator or
web-based configuration tool

¢ Generates unique netlists, implementation constraint

files, simulation models and instantiation code for VHDL
and Verilog

Specially trained XPERTS partners available for design
services such as retargeting to untested devices,

integration, or core customization

Product
part number

Description

Accessible
Design Files

Prototyping
Board

Miscellaneous

DO-DI-RSE

Reed-Solomon Encoder

Parameterizable encoder for:
Virtex-E

Virtex

Spartan-I|

Spartan-XL

Spartan

XC4000XLA

No

All design files and docs
delivered over the Internet

DO-DI-RSD

Reed-Solomon Decoder

o Virtex-E
o Virtex

Spartan

Parameterizable decoder for: No

Spartan-I|
Spartan-XL

XC4000XLA

All design files and docs
delivered over the Internet

Note 1: Free LogiCORE DSP modules such as FIR filters, multipliers, and FFTs are available for download to all Xilinx SW customers from
Xilinx IP-Center. These cores are installed and configured with the Xilinx CORE generator.

AllianceCORE Products

Through the AllianceCORE program, Xilinx is expanding
the availability of high quality cores for programmable logic
by sharing what has been learned with leading third-party
core developers.

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 AllianceCORE products. This is unique to the
AllianceCORE program. Because the process is so
involved, we work closely with our partners to select the
right cores first which helps raise the quality and usability of
the cores that are offered. A core must meet a minimum set
of criteria before it can receive the AllianceCORE label.
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Table 3: Xilinx AllianceCORE Products (Continued)

Table 3: Xilinx AllianceCORE Products XF-DES Data Encryption Standard
Standard Bus Products MT1FT1 Framer
Generic Bus Arbiter DSP Functions
CAN Bus Interface Video and Image Processing
XF-TWSI Two-Wire Serial Interface (IIC) X_DCT/IDCT Discrete/Inverse Discrete Cosine Transform
Master Only X_JPEG JPEG Codec
XF-TWSI-MS Two-Wire Serial Interface YCrCb2RGB Color Space Converter
(lIC) Master & Slave RGB2YCrChb Color Space Converter
IEEE 1394 FireWire Link Layer Core DSP Core Development Tool
IEEE 1394 FireWire Evaluation Board GVA-270 Virtex-E DSP Hardware Accelerator Board
Communications and Networking GVA-220 DSP Hardware Accelerator Board
Asynchronous Transfer Mode GVA-250 Virtex DSP Hardware Accelerator Board
IMA 8-Channel Inverse Multiplexing for ATM GVA-200 DSP Hardware Accelerator Board
IMA 32-Channel Inverse Multiplexing for ATM GVA-100 DSP Prototyping Board
Distributed Sample Scrambler Processor Products
Distributed Sample Descrambler C2901 Microprocessor Slice
Cell Assembler (CC-201) C2910a Microprogram Controller
Cell Delineation (CC-200) Flip805x-PR 8051/2 Core
CRC10 Generator and Verifier (CC-130) V8 uRISC 8-bit RISC Microprocessor
CRC32 Generator and Verifier (CC-131) Intellicore™ Prototyping System
UTOPIA Level 2 Slave Transmitter Processor Peripherals
UTOPIA Level 2 Slave Receiver M8237 DMA Controller
UTOPIA Level 2 Master (CC-140f) M8254 Programmable Timer
UTOPIA Level 2 Slave on-chip FIFO (CC-141f) C8255A Peripheral Interface
UTOPIA Level 2 Slave off-chip FIFO (CC-143s) M8255 Programmable Peripheral Interface
Ethernet XF-8255 Programmable Peripheral Interface
10/100 Mbps Fast Ethernet MAC XF-8256 Multifunction Microprocessor Support Controller
10/100 Mbps Fast Ethernet MAC Core Evaluation Board C8259A Programmable Interrupt Controller
HDLC M8259 Programmable Interrupt Controller
Single-Channel XF-HDLC Controller XF-8279 Programmable Keyboard Display Interface
Single-Channel PPP8 HDLC Controller SDRAM Controller
Single-Channel HDLC Controller Core DRAM Controller
Forward Error Correction 200 MHz SDRAM Controller
Reed Solomon Decoder UARTSs
Reed-Solomon Encoder C_UART Compact UART
Reed Solomon Decoder XF-8250 Asynchronous Communications Element
Reed-Solomon Encoder C8251 Programmable Communications Interface
Convolutional Encoder C16450 UART
Viterbi Decoder M16450 UART
Telecommunications C16550 UART with FIFOs
Noisy Transmission Channel Model M16550A UART with RAM
ADPCM Codec C6850 Asynchronous Communications Interface Adapter
XF-MOD-DVB Satellite Modulator (ACIA)
X-3DES Triple Data Encryption Standard Cryptoprocessor Generic Core Development Tools
X-DES Data Encryption Standard Cryptoprocessor Microprocessor-Based Core Evaluation Card

February 15, 2000 (v3.0) 2-9



IP Solutions: System-Level Designs for FPGAs

S XILNX®

XPERTS

Xilinx Program for Engineering Resources from
Third Parties

Xilinx customers can take advantage of XPERTS, a world-
wide program giving customers access to Xilinx-certified
experts in Xilinx architecture, PCI designs, new design
methodologies, customer or third-party IP customization

Table 4. XPERTS Partners

and integration, and system level design. Partners
(Table 4) have experience and expertise in delivering turn-
key system designs for communications, networking, video
and medical imaging and computer applications. Their
experience with various standards and large systems
design will complement your internal expertise to deliver
the right product, at the right time and lowest cost.

XPERTS Partners Telecom & Networking Imaging & Video
Datacom

Advanced Digital Designs X X
Andraka Consulting X
Applied Micro Technology Inc. X

Baranti X
BARCO SILEX X
Bottom Line Technologies Inc. X
Comit Systems X
DesignPRO Inc. X

Synchronous Design Solutions X

Dillon Engineering X
ECLA Inc. X

Electronic Design Associates Inc. X

Enator Elektroniksystem AB

X
>

EuroMIPS Systems

GERPI

Integrated Intellectual Property Inc. (12P)

LP Technology Inc.

MultiVideo Designs

North Pole Engineering

Northwest Logic Design

Perigee

x
X| X | X | X| X| X

PLC 2

Polybus

Rapid Prototypes Inc.

Roman-Jones Inc.

SECAD

Silicon & Software Systems

SO-LOGIC

SPEAR Technology CC

XXX X[ XXX

Synchronous Design Solutions

Syntera Digital Solutions

Thomas Design
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Table 5: Xilinx LogiCORE Products Table 5: Xilinx LogiCORE Products (Continued)
General-Purpose Cores DSP and Communication Cores
Asynchronous FIFOs (BlockRAM & Distributed RAM) FIR Filters, Distributed Arithmetic
Memory Compilers (BlockRAM & Distributed RAM) FFT, Complex, High-performance, 1024 point
Multipliers (variable, parallel) FFT, Complex, High-performance, 256-point
Multipliers (constant coefficient, loadable) FFT, Complex, High-performance, 64-point
Divider FFT, Complex, High-performance, 16-point
Counter Reed Solomon Encoder, parameterizable
Accumulator Reed Solomon Decoder, parameterizable
Adder-Subtractor DDS (NCO)
Comparator Sine/Cosine Look Up Table
Shift Register (Flip-Flop based)
Shift Register (RAM based) Interface Cores
Decoder (Binary) PCI 64-bit, 33-66 MHz
Gate (bus output with control bit) PCIl64 Design Kit (incl. Virtex prototyping board and driver
Gate (Single output) development tools)
Gate (bus output) PCI 32-bit, 33 MHz
Multiplexer (Bit) PCI32 Design Kit (incl. Spartan-1l prototyping board and
Multiplexer (Bus) driver development tools)
Multiplexer (BUFE based slice)
Multiplexer (BUFT based slice) Reference Designs
Register (Flip-Flop Based) SDRAM Controller
Latch (LD based) ZBT RAM Controller
Two's Complement Double Data Rate RAM Controller
PCIl64 Bridge Reference Designs
PCI32 Bridge Reference Designs
PCI Power Management Reference Design
PCI32 Asynchronous FIFO Reference Designs
PCIl64 Asynchronous FIFO Reference Designs
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Advance Product Specification

Features

» Fast, High-density 1.8V FPGA Family
- Densities from 58 k to 4 M system gates
- 130 MHz internal performance (four LUT levels)
- Designed for low-power operation
- PCI compliant 3.3V, 32/64-bit, 33/ 66-MHz
* Highly Flexible SelectlO+™ Technology
- Supports 20 high-performance interface standards
- Up to 804 singled-ended I/Os or 344 differential /0O
pairs for an aggregate bandwidth of > 100 Gb/s
 Differential Signalling Support
- LVDS (622 Mb/s), BLVDS (Bus LVDS), LVPECL
- Differential I/O signals can be input, output, or I/O
- Compatible with standard differential devices
- LVPECL and LVDS clock inputs for 300+ MHz clocks
» Proprietary High-performance SelectLink™ Technology
- Double Data Rate (DDR) to Virtex-E link
- Web-based HDL generation methodology
» Sophisticated SelectRAM+™ Memory Hierarchy
- 1 Mb of internal configurable distributed RAM
- Up to 832K of synchronous internal BlockRAM
- True Dual-Port™ BlockRAM capability
- Memory bandwidth up to 1.66 Th/s (equivalent
bandwidth of over 100 RAMBUS channels)
- Designed for high-performance Interfaces to
External Memories
- 200 MHz ZBT* SRAMs
- 200 Mb/s DDR SDRAMs
- Supported by free Synthesizable reference design

High-performance Built-in Clock Management Circuitry

Flexible Architecture Balances Speed and Density

Eight fully digital Delay-Locked Loops (DLLS)
Digitally-Synthesized 50% duty cycle for Double

Data Rate (DDR) Applications

Clock Multiply and Divide

Zero-delay conversion of high-speed LVPECL/LVDS
clocks to any 1/O standard 3

Dedicated carry logic for high-speed arithmetic
Dedicated multiplier support

Cascade chain for wide-input function

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 sensor diode

Supported by Xilinx Foundation™ and Alliance
Series™ Development Systems

Further compile time reduction of 50%

Internet Team Design (ITD) tool ideal for million-plus
gate density designs

Wide selection of PC and workstation platforms

SRAM-based In-system Configuration

Unlimited re-programmability

Advanced Packaging Options

0.8 mm Chip-scale
1.0 mm BGA
1.27 mm BGA

HQ/PQ

0.18 um 6-layer Metal Process
100% Factory Tested
Table 1: Virtex-E Field-Programmable Gate Array Family Members

Device System Logic CLB Logic Differer_1tia| User I/O BIocI_<RAM Distribu_ted
Gates Gates Array Cells I/O Pairs Bits RAM Bits
XCV50E 71,693 20,736 16 x 24 1,728 83 176 65,536 24,576
XCV100E 128,236 32,400 20 x 30 2,700 83 176 81,920 38,400
XCV200E 306,393 63,504 28x 42 5,292 119 284 114,688 75,264
XCV300E 411,955 82,944 32x48 6,912 137 316 131,072 98,304
XCV400E 569,952 129,600 40 x 60 10,800 183 404 163,840 153,600
XCV600E 985,882 186,624 48 x 72 15,552 247 512 294,912 221,184
XCV1000E | 1,569,178 331,776 64 x 96 27,648 281 660 393,216 393,216
XCV1600E | 2,188,742 419,904 72 x 108 | 34,992 344 724 589,824 497,664
XCV2000E | 2,541,952 518,400 80 x 120 | 43,200 344 804 655,360 614,400
XCV2600E | 3,263,755 685,584 92x 138 | 57,132 344 804 753,664 812,544
XCV3200E | 4,074,387 876,096 104 x 156 | 73,008 344 804 851,968 1,038,336
* ZBT is a trademark of Integrated Device Technology, Inc.
DS022 (v1.3) February 28, 2000 - Advance Product Specification 3-5
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Virtex-E Compared to Virtex Devices

The Virtex™-E family offers up to 43,200 logic cells in
devices up to 30% faster than the Virtex family.

I/O performance is increased to 622 Mb/s using Source
Synchronous data transmission architectures and synchro-
nous system performance up to 240 MHz using sin-
gled-ended SelectlO technology. Additional 1/0 standards
are supported, notably LVPECL, LVDS, and BLVDS, which
use two pins per signal. Almost all signal pins can be used
for these new standards.

Virtex-E devices have up to 640 Kb of faster (250 MHz)
Block SelectRAM, but the individual RAMs are the same
size and structure as in the Virtex family. They also have
eight DLLs instead of the four in Virtex devices. Each indi-
vidual DLL is slightly improved with easier clock mirroring
and 4x frequency multiplication.

Vceint the supply voltage for the internal logic and mem-
ory, is 1.8V, instead of 2.5V for Virtex devices. Advanced
processing and 0.18 pum design rules have resulted in
smaller dice, faster speed, and lower power consumption.

I/O pins are 3V tolerant, and can be 5V tolerant with an
external 100Q2 resistor. PCI 5V is not supported. With the
addition of appropriate external resistors, any pin can toler-
ate any voltage desired.

Banking rules are different. With Virtex devices, all input
buffers are powered by Vet With Virtex-E devices, the
LVTTL, LVCMOS2, and PCI input buffers are powered by
the 1/0 supply voltage Veco.

The Virtex-E family is not bitstream-compatible with the Vir-
tex family, but Virtex designs can be compiled into equiva-
lent Virtex-E devices.

The same device in the same package for the Virtex-E and
Virtex families are pin-compatible with some minor excep-
tions. See the data sheet pinout section for details.

General Description

The Virtex-E 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
exploiting an aggressive 6-layer metal 0.18 um CMOS
process. These advances make Virtex-E FPGAs powerful
and flexible alternatives to mask-programmed gate arrays.
The Virtex-E family includes the nine members in Table 1.

Building on experience gained from Virtex FPGASs, the
Virtex-E family is an evolutionary step forward in program-
mable logic design. Combining a wide variety of
programmable system features, a rich hierarchy of fast,
flexible interconnect resources, and advanced process
technology, the Virtex-E family delivers a high-speed and
high-capacity programmable logic solution that enhances
design flexibility while reducing time-to-market.

Virtex-E Architecture

Virtex-E devices feature a flexible, regular architecture that
comprises an array of configurable logic blocks (CLBs) sur-
rounded by programmable input/output blocks (I0Bs), all
interconnected by a rich hierarchy of fast, versatile routing
resources. The abundance of routing resources permits the
Virtex-E family to accommodate even the largest and most
complex designs.

Virtex-E FPGAs are SRAM-based, and are customized by
loading configuration data into internal memory cells. Con-
figuration data can be read from an external SPROM (mas-
ter serial mode), or can be written into the FPGA
(SelectMAP™ slave serial, and JTAG modes).

The standard Xilinx Foundation Series™ and Alliance
Series™ Development systems deliver complete design
support for Virtex-E, covering every aspect from behavioral
and schematic entry, through simulation, automatic design
translation and implementation, to the creation and down-
loading of a configuration bit stream.

Higher Performance

Virtex-E devices provide better performance than previous
generations of FPGAs. Designs can achieve synchronous
system clock rates up to 240 MHz including I/O or 622 Mb/s
using Source Synchronous data transmission architech-
tures. Virtex-E 1/0Os comply fully with 3.3V PCI specifica-
tions, and interfaces can be implemented that operate at
33 MHz or 66 MHz.

While performance is design-dependent, many designs
operate internally at speeds in excess of 133 MHz and can
achieve over 311 MHz. Table 2 shows performance data for
representative circuits, using worst-case timing parame-
ters.

Table 2: Performance for Common Circuit Functions

Function Bits Virtex-E -7

Register-to-Register

Adder 16 4.3ns
64 6.3 ns

Pipelined Multiplier 8x8 4.4ns

16 x16 5.1ns

Address Decoder 16 3.8ns
64 5.5ns

16:1 Multiplexer 4.6 ns

Parity Tree 9 3.5ns
18 4.3 ns
36 5.9ns

Chip-to-Chip

HSTL Class IV

LVTTL,16mA, fast slew

LVDS

LVPECL

3-6 DS022 (v1.3) February 28, 2000 - Advance Product Specification
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Architectural Description
Virtex-E Array

The Virtex-E 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-E architecture also includes the following cir-
cuits 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|DLL DLL|DLL
VersaRing
9 Slelzlalalslals 5
o AR A 3
- o|9a]||°|a|®]s o
VersaRing
DLL|DLL DLL|DLL

ds022_01_121099

Figure 1. Virtex-E Architecture Overview

Input/Output Block

The Virtex-E 10B, Figure 2, features SelectlO+™ inputs
and outputs that support a wide variety of 1/0O signalling
standards, see Table 3.

Weak
Keeper

L i1,

II—A

Vref

. I

K >—

CE > ds022_02_121099

Figure 2: Virtex-E Input/Output Block (I0B)

The three 10B storage elements function either as
edge-triggered D-type flip-flops or as level-sensitive
latches. Each IOB has a clock signal (CLK) shared by the
three flip-flops and independent clock enable signals for
each flip-flop.

Table 3: Supported I/O Standards

110 Output| Input | Input Bqard.
Standard Veco | Veco | Veer Termination
Voltage (V1)
LVTTL 3.3 3.3 N/A N/A
LVCMOS2 25 25 N/A N/A
LVCMOS18 18 18 N/A N/A
SSTL3 1 &l 3.3 N/A 1.50 1.50
SSTL2 1 &1l 25 N/A 1.25 1.25
GTL N/A N/A 0.80 1.20
GTL+ N/A N/A 1.0 1.50
HSTL | 15 N/A 0.75 0.75
HSTL Il & IV 15 N/A 0.90 1.50
CTT 3.3 N/A 1.50 1.50
AGP-2X 3.3 N/A 1.32 N/A
PCI33_3 3.3 3.3 N/A N/A
PCIl66_3 3.3 3.3 N/A N/A
BLVDS & LVDS| 2.5 N/A N/A N/A
LVPECL 3.3 N/A N/A N/A

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.

DS022 (v1.3) February 28, 2000 - Advance Product Specification 3-7
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The output buffer and all of the IOB control signals have
independent polarity controls.

All pads are protected against damage from electrostatic
discharge (ESD) and from over-voltage transients. When
PCI 3.3V compliance is required, a conventional clamp
diode is connected to the output supply voltage, Vcco.

Optional pull-up, pull-down and weak-keeper circuits are
attached to each pad. Prior to configuration all outputs not
involved in configuration are forced into their high-imped-
ance state. The pull-down resistors and the weak-keeper
circuits are inactive, but IOs 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 are in a
high-impedance state. 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-E 10Bs support IEEE 1149.1-compatible bound-
ary scan testing.

Input Path

The Virtex-E IOB input path routes the input signal directly
to internal logic and/ 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, Vger The need to supply Vggr imposes
constraints on which standards can be used in close prox-
imity to each other. See “I/O Banking” on page 8.

There are optional pull-up and pull-down resistors at each
input for use after configuration. Their value is in the range
50 — 100 kQ.

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 0B 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.

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 V¢ 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 8.

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.

Since the weak-keeper circuit uses the 10B input buffer to
monitor the input level, an appropriate Vggg voltage must
be provided if the signalling standard requires one. The
provision of this voltage must comply with the 1/0 banking
rules.

I/O Banking

Some of the I/O standards described above require Voo
and/or Vg voltages. These voltages are externally sup-
plied and connected to device pins that serve groups of
IOBs, called banks. Consequently, restrictions exist about
which I/O standards can be combined within a given bank.

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

Bank O V V Bank 1
~ GCLK3 GCLK2 N
X X
C C
] I
m m
VirtexE
Device
[{e) ™
X 4
G g
s GCLK1 GCLKO >
Bank 5 A A Bank 4

ds022_03_121799

Figure 3: Virtex-E I/O Banks

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

Veeo Compatible Standards

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

25V |SSTL2 1, SSTL2 I, LVCMOS2, GTL, GTL+,
BLVDS, LVDS

1.8V |LVCMOS18, GTL, GTL+

1.5V |HSTL I, HSTL Ill, HSTL IV, GTL, GTL+

Some input standards require a user-supplied threshold
voltage, Vreg In this case, certain user-1/0O pins are auto-
matically configured as inputs for the Vygg voltage. Approx-
imately one in six of the 1/O pins in the bank assume this
role.

The Vgrgg pins within a bank are interconnected internally
and consequently only one Vggg Vvoltage can be used
within each bank. All Vggg 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 Vrgg voltage may be
used within a bank.

In Virtex-E, input buffers with LVTTL, LVCMOS2,
LVCMOS18, PCI33_3, PCI66_3 standards are supplied by
Vcco rather than Voot For these standards, only input

and output buffers that have the same Vg can be mixed
together.

The Vcco and Vgee 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,
more 1/O pins convert to Vreg pins. Since these are always
a super set 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 Vggg pins for the largest device
anticipated must be connected to the Vg voltage, and not
used for 1/O.

In smaller devices, some Vg 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 V¢ voltage to permit migration to a larger
device if necessary.

Configurable Logic Block

The basic building block of the Virtex-E 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-E 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.

CouT CouT
YB YB
G4 Y oGs Y
G3 SP G3 SP
LUT Carry & D Q YQ LUT Carry & D Q YQ
G2 G2
Control CE Control CE
G1 G1
BY RC BY RC
XB XB
Fa X R4 X
SpP SP
F3 LUT Carry & D Q XQ ::::23 LUT Carry & D Q XQ
F2 Control oE Control CE
F1 F1
RC
BX RC BX
Slice 1 Slice 0
CIN CIN
ds022_04_121799
Figure 4. 2-Slice Virtex-E CLB
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Figure 5: Detailed View of Virtex-E Slice

In addition to the four basic LCs, the Virtex-E 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-E function generators are implemented as 4-input
look-up tables (LUTSs). 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-E 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-E slice can be config-
ured either as edge-triggered D-type flip-flops or as
level-sensitive latches. The D inputs can be driven either by
the function 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

CIN ds022_05_121099

forces a storage element into the initialization state speci-
fied for it in the configuration. BY forces it into the opposite
state. Alternatively, these signals may be configured to
operate asynchronously. All of the control signals are inde-
pendently 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, two per slice.
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-E CLB
supports two separate carry chains, one per Slice. The
height of the carry chains is two bits per CLB.

3-10
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The arithmetic logic includes an XOR gate that allows a
2-bit full adder to be implemented within a slice. 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-E CLB contains two 3-state drivers (BUFTS)
that can drive on-chip busses. See “Dedicated Routing” on
page 12. Each Virtex-E BUFT has an independent 3-state
control pin and an independent input pin.

Block SelectRAM

Virtex-E FPGAs incorporate large Block SelectRAM mem-
ories. These complement the Distributed SelectRAM mem-
ories that provide shallow RAM structures implemented in
CLBs.

Block SelectRAM memory blocks are organized in col-
umns, starting at the left (column 0) and right outside edges
and inserted every 12 CLB columns (see notes for smaller
devices). Each memory block is four CLBs high, and each
memory column extends the full height of the chip, immedi-
ately adjacent (to the right, except for column 0) of the CLB
column locations indicated in Table 5.

Table 5: CLB/Block RAM Column Locations

Device/Col.| 0 112\24 36]48\60\72]84\96\108\120
XCV50E  [Columns 0, 6, 18, & 24

XCV100E |Columns O, 12,18, & 30

XCV200E [Columns 0, 12, 30, & 42

XCV300E |V ][+ R

XCV400E |V |V N A

XCV600E [V [V [V VIV

XCV1000E |V |V |+ NIEEE
XCV1600E |V |V [~ |+ VIV[N ]V
XCV2000E [V |V [V ][V NEEEEE
XCV2600E TBD

XCV3200E TBD

Table 6 shows the amount of Block SelectRAM memory

Table 6: Virtex-E Block SelectRAM Amounts

Virtex-E Device | # of Blocks | Block SelectRAM Bits
XCV2000E 160 655,360
XCV2600E 184 753,664
XCV3200E 208 851,968

Each Block SelectRAM cell, as illustrated in Figure 6, is a
fully synchronous dual-ported (True Dual Port™) 4096-bit
RAM with independent control signals for each port. The
data widths of the two ports can be configured indepen-
dently, providing built-in bus-width conversion.

RAMB4_S# S#

WEA
ENA

RSTA
[>CLKA
ADDRA[#:0]
DIA[#:0]

| L

WEB
ENB

RSTB

> CLKB
ADDRBI[#:0]
DIB[#:0]

DOA[#:0]

DOB[#:0]

ds022_06_121699
Figure 6: Dual-Port Block SelectRAM

Table 7 shows the depth and width aspect ratios for the
Block SelectRAM. The Virtex-E Block SelectRAM also
includes dedicated routing to provide an efficient interface
with both CLBs and other Block SelectRAMs.

Table 7: 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>

that is available in each Virtex-E device.
Table 6: Virtex-E Block SelectRAM Amounts

Virtex-E Device | # of Blocks | Block SelectRAM Bits
XCV50E 16 65,536
XCV100E 20 81,920
XCV200E 28 114,688
XCV300E 32 131,072
XCV400E 40 163,840
XCVG600E 72 294,912
XCV1000E 96 393,216
XCV1600E 144 589,824

Programmable Routing Matrix

It is the longest delay path that limits the speed of any
worst-case design. Consequently, the Virtex-E routing
architecture and its place-and-route software were defined
in a joint 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.

DS022 (v1.3) February 28, 2000 - Advance Product Specification
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Local Routing

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

» Interconnections among the LUTS, 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.

To Adjacent
GRM

¢

To
Adjacent <€ > To Adjacent
GRM GRM GRM
To Adjacent
GRM
. . Direct
Direct Connection .

; < > CLB Connection

ks Adjagile_rg - o To Adjacent

> CLB

XCVE_ds_007

Figure 7: Virtex-E Local Routing

General Purpose Routing

Most Virtex-E signals are routed on the general purpose
routing, 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
CLB rows and columns. 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.

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

e 72 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.

¢ 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-E devices have additional routing resources around
their periphery that form an interface between the CLB
array and the 10Bs. 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.

Dedicated Routing

Some classes of signal require dedicated routing resources
to maximize performance. In the Virtex-E architecture, ded-
icated 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 Clock Distribution
Network

¢ DLL Location

e I — T | TR Tri-State
T \ T ] " | - I Lines
CLB CLB CLB CLB
buft_c.eps

Figure 8: BUFT Connections to Dedicated Horizontal Bus LInes
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Clock Routing

Clock Routing resources distribute clocks and other signals
with very high fanout throughout the device. Virtex-E
devices include two tiers of clock routing resources referred
to as global and local clock routing resources.

» The 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, IOB, and block
RAM clock pins. The global nets may only be driven by
global buffers. There are four global buffers, one for
each global net.

* The local clock 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 local resources are
more flexible than the global resources since they are
not restricted to routing only to clock pins.

Global Clock Distribution

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

GCLKPAD3 GCLKPAD2
GCLKBUF3

GCLKBUF2

Global Clock Rows Global Clock Column
\ <3 <HD> <HD>
<> <Hb> <H>>
<HD> <Hi> <Hp>
<H> <Hp> <Hi> o]
<> <> <H> g
<H> <H> <H> 9
<H{> <H{> <H{> %
<> <> <H>
<HD>- <> <HD>-
<HD> <H{> <H>
GCLKBUF1 é g GCLKBUFO
GCLKPAD1 GCLKPADO

XCVE_009

Figure 9: Global Clock Distribution Network

Four global buffers are provided, two at the top center of the
device and two at the bottom center. These drive the four
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.

Digital Delay-Locked Loop (DLL)

There are eight DLLs (Delay Lock Loops) per device, with
four located at the top and four at the bottom, Figure 10.
The DLLs can be used to eliminate skew between the clock
input pad and the internal clock input pins throughout the
device. Each DLL can drive two global clock networks.The
DLL monitors the input clock and the distributed clock, and
automatically adjusts a clock delay element. Additional
delay is introduced such that clock edges arrive at internal
flip-flops synchronized 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,
and can double the clock or divide the clock by 1.5, 2, 2.5,
3,4,5, 8, or 16.

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 de-skew a board level clock among multiple
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.

For more information about DLL functionality, see the
Design Consideration section of the data sheet.

DLLDLL DLLIDLL
Primary DLLs
DL LL
Figure 10: DLL Locations

LD

Secondary DLLs
s71Q Arepuodas

ay,

Virtex-E 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, INTEST, SAMPLE/PRELOAD,
BYPASS, IDCODE, USERCODE, and HIGHZ instructions.
The TAP also supports two internal scan chains and config-
uration/readback of the device.

LD LD

XCVE_0010

Boundary Scan
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The JTAG input pints (TDI, TMS, TCK) do not have a VCCO
requirement and will operate with either 2.5V or 3.3 V input
signalling levels. The output pin (TDO) is sourced from the
VCCO in bank 2, and for proper operation of LVTTL 3.3 V
levels, the bank should be supplied with 3.3. V.

Boundary-scan operation is independent of individual 10B
configurations, and unaffected by package type. All IOBs,
including un-bonded 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 8 lists the boundary-scan instructions supported in
Virtex-E FPGAs. Internal signals can be captured during
EXTEST by connecting them to un-bonded or unused
IOBs. They may also be connected to the unused outputs
of IOBs defined as unidirectional input pins.

Before the device is configured, all instructions except
USER1 and USER2 are available. After configuration, all
instructions are available. During configuration, it is recom-
mended that those operations using the boundary-scan
register (SAMPLE/PRELOAD, INTEST, EXTEST) not be
performed.

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.

Figure 11 is a diagram of the Virtex-E 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.

Table 8: Boundary Scan Instructions

Boundary-Scan Binary Description
Command Code(4:0)
EXTEST 00000 Enables boundary-scan
EXTEST operation
SAMPLE/PRE- 00001 Enables boundary-scan
LOAD SAMPLE/PRELOAD
operation

USER1 00010 Access user-defined
register 1

USER2 00011 Access user-defined
register 2

CFG_OUT 00100 Access the configura-
tion bus for read opera-
tions.

CFG_IN 00101 Access the configura-
tion bus for write opera-
tions.

INTEST 00111 Enables boundary-scan
INTEST operation

USERCODE 01000 Enables shifting out
USER code

IDCODE 01001 Enables shifting out of

ID Code

HIGHZ 01010 Tri-states output pins
while enabling the By-
pass Register

JSTART 01100 Clock the start-up se-
guence when Startup-
Clk is TCK

BYPASS 11111 Enables BYPASS

RESERVED |All other codes|Xilinx reserved instruc-

tions

3-14
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Figure 11: Virtex-E Family Boundary Scan Logic

Instruction Set

The Virtex-E Series boundary scan instruction set also
includes instructions to configure the device and read back
configuration data (CFG_IN, CFG_OUT, and JSTART). The
complete instruction set is coded as shown in Table 8.

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 if input-only or out-
put-only. Each EXTEST CAPTURED-OR state captures all
In, Out, and 3-state pins.

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 supports up to two additional internal scan
chains that can be specified using the BSCAN macro. The
macro provides two user pins (SEL1 and SEL2) which are
decodes of the USER1 and USER?2 instructions respec-
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tively. For these instructions, two corresponding pins (T
DO1 and TDOZ2) allow user scan data to be shifted out of
TDO.

Likewise, there are individual clock pins (DRCK1 and
DRCK2) for each user register. There is a common input
pin (TDI) and shared output pins that represent the state of
the TAP controller (RESET, SHIFT, and UPDATE).

Bit Sequence

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

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 12.

BSDL (Boundary Scan Description Language) files for Vir-
tex-E Series devices are available on the Xilinx web site in
the File Download area.
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Bit 0 ( TDO end) { Right half of top-edge IOBs (Right to Left)
Bit 1
Bit 2 GCLK2

GCLK3
{ Left half of top-edge 10Bs (Right to Left)
{ Left-edge 10Bs (Top to Bottom)

M1

MO

M2
{ Left half of bottom-edge IOBs (Left to Right)

GCLK1
GCLKO

{ Right half of bottom-edge 10Bs (Left to Right)

DONE
PROG

{ Right-edge 10Bs (Bottom to Top)

(TDI end) CCLK

. . 990602001
Figure 12: Boundary Scan Bit Sequence

Identification Registers

The IDCODE register is supported. By using the IDCODE,
the device connected to the JTAG port can be determined.

The IDCODE register has the following binary format:

vvvv:ffff:fffa:aaaa:aaaa:cccc:ccece:cecl,
where v = the die version number

f = the family code (05 for Virtex-E family)

a = the number of CLB rows (ranges from 16 for
XCV50E to 104 for XCV3200E)

¢ = the company code (49h for Xilinx)

The USERCODE register is supported. By using the
USERCODE, a user-programmable identification code can
be loaded and shifted out for examination. The identifica-
tion code is embedded in the bitstream during bitstream
generation and is valid only after configuration.

Table 9: IDCODEs Assigned to Virtex-E FPGAs

FPGA IDCODE
XCV50E vOA10093h
XCV100E vOA14093h
XCV200E vOA1C093h
XCV300E vOA20093h
XCV400E vOA28093h
XCVG600E vOA30093h
XCV1000E vOA40093h
XCV1600E vOA48093h
XCV2000E VOA50093h
XCV2600E VOA5C093h
XCV3200E VvOA68093h

Including Boundary Scan in a Design

Since the boundary scan pins are dedicated, no special
element needs to be added to the design unless an internal
data register (USER1 or USER?2) is desired.

If an internal data register is used, insert the boundary scan
symbol and connect the necessary pins as appropriate.

Development System

Virtex-E FPGAs are supported by the Xilinx Foundation
and Alliance Series CAE tools. The basic methodology for
Virtex-E design consists of three interrelated steps: design
entry, implementation, and verification. Industry-standard
tools are used for design entry and simulation (for example,
Synopsys 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.

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-E
design. RPMs, for example, are schematic-based macros
with relative location constraints to guide their placement.
They help ensure optimal implementation of common func-
tions.

For HDL design entry, the Xilinx FPGA Foundation develop-
ment system provides interfaces to the following synthesis
design environments.

¢ Synopsys (FPGA Compiler, FPGA Express)

« Exemplar (Spectrum)

¢ 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 II)
¢ 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-E FPGAs are supported by a unified library of stan-
dard 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, I/O functions,
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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 net list for the design and maps the
logic into the architectural resources of the FPGA (CLBs
and IOBs, 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 implementation
of most designs. For demanding applications, however, the
user can exercise various degrees of control over the pro-
cess. User partitioning, placement, and routing information
is optionally specified during the design-entry process. The
implementation of highly structured designs can benefit
greatly from basic floor planning.

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 requirements and accommodate
them.

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 net list for use by the simulator. Alternatively, the
user can verify timing-critical portions of the design using
the TRCE® static timing analyzer.

For in-circuit debugging, an optional download and read-
back cable is available. 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 modifications can
be downloaded into the system in a matter of minutes.

Configuration

Virtex-E 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 out-
puts once configuration is complete.

The dedicated pins are the mode pins (M2, M1, MO0), the
configuration clock pin (CCLK), the INIT 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.

For correct operation, these pins require a Ve 0f 3.3 V to
permit LVTTL operation. All the pins affected fall in banks 2
or 3.

Configuration Modes
Virtex-E supports the following four configuration modes.

¢ Slave-serial mode

¢ Master-serial mode

¢ SelectMAP mode

¢ Boundary-scan mode (JTAG)

The Configuration mode pins (M2, M1, MO) select among
these configuration modes with the option in each case of
having the 10B pins either pulled up or left floating prior to
configuration. The selection codes are listed in Table 10.

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.
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Table 10: Configuration Codes

Configuration Mode | M2 | M1 | MO | CCLK Direction | Data Width | Serial D Configuration Pull-ups
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

Table 11 lists the total number of bits required to configure
each device.

Table 11: Virtex-E Bit-stream Lengths

Device # of Configuration Bits
XCV50E 630,048
XCV100E 863,840
XCV200E 1,442,106
XCV300E 1, 875,648
XCV400E 2,693,440
XCV600E 3,961,632
XCV1000E 6,587,520
XCV1600E 8,308,992
XCV2000E 10,159,648
XCV2600E TBD
XCV3200E TBD

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 change of DOUT on the rising edge of CCLK differs
from previous families, but will not cause a problem for
mixed configuration chains. This change was made to
improve serial-configuration rates for Virtex and Virtex-E
only chains.

Figure 13 shows a full master/slave system. A Virtex-E
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> or <011>
to the mode pins (M2, M1, MO0). A weak pull-up on the
mode pins makes slave serial the default mode if the pins
are left unconnected. Figure 14 shows slave-serial configu-
ration timing.

Table 12 provides more detail about the characteristics
shown in Figure 14. Configuration must be delayed until the
INIT pins of all daisy-chained FPGAs are High.

Table 12: Master/Slave Serial Mode Programming Switching

Description Rlzgel:(raii:s Symbol Values Units

DIN setup/hold, slave mode 1/2 Tocc!/Teep 5.0/0.0 ns, min
DIN setup/hold, master mode 1/2 Tosck/Tsckp| 5.0/0.0 ns, min
DOUT 3 Teeo 12.0 ns, max

CCLK |High time Teen 5.0 ns, min
Low time 5 Teel 5.0 ns, min
Maximum Frequency Fec 66 MHz, max
Frequency Tolerance, master mode with respect to nominal +45% -30%

3-18 DS022 (v1.3) February 28, 2000 - Advance Product Specification



SOXILINX®

Virtex-E 1.8V Field Programmable Gate Arrays

1
3.3V __| |
MO M1 47K MO M1
M2 N/IC —— M2
DOUT > DIN DOUT [———— >
VIRTEX-E > o
MASTER XC1701L VIRTEX-E,
SERIAL XC4000XL,
ccLK »{CLk SLAVE
DIN [« DATA
> PROGRAM —>»{ CE CEO [— > PROGRAM
DONE INT | > | RESET/OE —| DONE INT |€—>
(Low Reset Option Used)
PROGRAM XCVE_ds_013

Figure 13: Master/Slave Serial Mode Circuit Diagram

DIN
‘—®TDCC _><_@TCCD_> ‘—®Tc<:|_
CCLK /[ \\
@ Teceh——>
=~—®Tcco
DOUT
(Output)

X5379_a

Figure 14: Slave Serial Mode Programming Switching Characteristics

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 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 approximately 2.5
MHz. This frequency 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 4 MHz.

Figure 13 shows a full master/slave system. In this system,
the left-most device operates in master-serial mode. The
remaining devices operate in slave-serial mode. The
SPROM RESET pin is driven by INIT, and the CE input is
driven by DONE. There is the potential for contention on
the DONE pin, depending on the start-up sequence options
chosen.
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The sequence of operations necessary to configure a Vir-
tex-E FPGA serially appears in Figure 15.

Apply Power

Set PROGRAM = High

Release INIT

FPGA startsto clear ——3»
configuration memory.

FPGA makes afinal ——3»
clearing pass and releases

INIT when finished. If used to delay

configuration

Once per bitstream, — 3
FPGA checks data using CRC
and pulls INIT Low on error.

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

‘ Configuration Completed ‘

ds009_15_111799

Figure 15: Serial Configuration Flowchart

Figure 16 shows the timing of master-serial configuration.
Master serial mode is selected by a <000> or <100> on the
mode pins (M2, M1, MO0). Table 12 shows the timing infor-
mation for Figure 16.

CCLK
(Output)
Tokos
@ Toscx

j I X X

Serial DOUT
(Output)

zzzzzzz

Figure 16: Master Serial Mode Programming
Switching Characteristics

At power-up, Vcc must rise from 1.0 V to Vcc min in less
than 50 ms, otherwise delay configuration by pulling PRO-
GRAM Low until Vcc is valid.

SelectMAP Mode

The SelectMAP mode is the fastest configuration option.
Byte-wide 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.

After configuration, the pins of the SelectMAP port can be
used as additional user 1/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
1/0.

Multiple Virtex-E FPGAs can be configured using the
SelectMAP 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. See Table 13 for SelectMAP Write Timing
Characteristics.

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 17.

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

2. 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.

3. 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 accepted. Acceptance will instead
occur on the first clock after BUSY goes Low, and the
data must be held until this has happened.

4. Repeat steps 2 and 3 until all the data has been sent.
5. De-assert CS and WRITE
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Table 13: SelectMAP Write Timing Characteristics

Description Symbol Units
D0_7 Setup/HOId 1/2 TSMDCC/TSMCCD 5.0/0.0 ns, min
E Setup/HOld 3/4 TSMCSCC/TSMCCCS 7.0/0.0 ns, min
CCLK WRITE Setup/HOId 5/6 TSMCCW/TSMWCC 7.0/0.0 ns, min
BUSY Propagation Delay 7 TsMmcKBY 12.0 ns, max
Maximum Frequency Fce 66 MHz, max
Maximum Frequency with no handshake Fcenn 50 MHz, max
CCLK W\_/ FPGA starts t0 Clear mmm
! ! ' ! configuration memory.
cs Yo | | >« Set PROGRAM = High
WRITE W : : *} ® f < clearing']:JFJ’_SsAsr;‘:giI::sneasl p— If used to delay
i Q@« 3 ! INIT when finished. configuration
oo T ; i »
> @) | | | 3

Write
X8796_b

Figure 17: Write Operations

A flowchart for the write operation appears in Figure 18.
Note that if CCLK is slower than focnp, the FPGA will never
assert BUSY, In this case, the above handshake is unnec-
essary, and data can simply be entered into the FPGA
every CCLK cycle.

Abort

During a given assertion of CS, the user cannot switch from
a write to a read, or vice-versa. This action causes the cur-
rent packet command to be aborted. The device will remain
BUSY until the aborted operation has completed. Following
an abort, data is assumed to be unaligned to word bound-
aries, and the FPGA requires a new synchronization word
prior to accepting any new packets.

Sequence A

Once per bitstream, mtegy-
FPGA checks data using CRC
and pulls INIT Low on error.

1f NO EITOrS, st
first FPGAs enter start-up phase
releasing DONE.

End of Data?

Yes

Set CS = High

On first FPGA

On first FPGA

1f NO EITOrS, m—
later FPGAs enter start-up phase
releasing DONE.

When all DONE PiNS s
are released, DONE goes High
and start-up sequences complete.

Repeat Sequence A
Disable Data Source

Set WRITE = High

Configuration Completed

For any other FPGAs

ds009_18 111799

Figure 18: SelectMAP Flowchart for Write

Operations
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To initiate an abort during a write operation, de-assert
WRITE. At the rising edge of CCLK, an abort is initiated, as
shown in Figure 19.

CSs

WRITE

_
X

Ik

DATA[7:0]

BUSY

Abort
X8797_c

Figure 19: 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 CFG_IN instruc-
tion. This instruction allows data input on TDI to be con-
verted into data packets for the internal configuration bus.

The following steps are required to configure the FPGA
through the boundary-scan port (when using TCK as a
start-up clock).

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

Enter the Shift-DR (SDR) state

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

Load the JSTART instruction into IR
Enter the SDR state

Clock TCK through the startup sequence
Return to RTI

© N o g b~ e N

Configuration and readback via the TAP is always available.
The boundary-scan mode is selected by a <101> or <001>
on the mode pins (M2, M1, MO).

Configuration Sequence

The configuration of Virtex-E devices is a three-phase pro-
cess. First, the configuration memory is cleared. Next, con-
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 DONE going High.

The power-up timing of configuration signals is shown in
Figure 20. The corresponding timing characteristics are
listed in Table 14.

 —
Vee TeOR
/

PROGRAM

INIT

—(Ticck [+—
CCLK OUTPUT or INPUT / \

Mo, M1,
(Required) > VALID ><
98122302

Figure 20: Power-up Timing Configuration Signals

Table 14: Power-up Timing Characteristics

Description Symbol | Value Units
Power-on Reset Tror 2.0 ms, max
Program Latency TpL 100.0 | us, max
CCLK (output) Delay Ticck 0.5 us, min

4.0 Us, max
Program Pulse Width Terocram | 300 ns, min

Delaying Configuration

INIT can be held Low using an open-drain driver. An
open-drain is required since INIT is a bidirectional
open-drain pin that is held Low by the FPGA while the con-
figuration memory is being cleared. Extending the time that
the pin is Low causes the configuration sequencer to wait.
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 synchronously. The
sequence may also be paused at any stage until lock has
been achieved on any or all DLLs.
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Readback

The configuration data stored in the Virtex-E configuration
memory can be readback for verification. Along with the
configuration data it is possible to readback the contents all

bility is used for real-time debugging. For more detailed
information, see application note XAPP138 “Virtex FPGA
Series Configuration and Readback”.

flip-flops/latches, LUT RAMSs, and block RAMs. This capa-

Virtex-E Electrical 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.

DC Characteristics

Absolute Maximum Ratings

Symbol Description Units
VeeInT Internal Supply voltage relative to GND -0.5t02.0 \Y
Veeo Supply voltage relative to GND -0.5t04.0 \%
VREE Input Reference Voltage -0.5t04.0 \Y
VN Input voltage relative to GND -0.5t04.0 \Y
Vrs Voltage applied to 3-state output -0.5t04.0 \%
Vee Longest Supply Voltage Rise Time fromO0V - 1.71V 50 ms
Tsto Storage temperature (ambient) -65 to +150 °C
TsoL Maximum soldering temp. (10 s @ 1/16 in. = 1.5 mm) +260 °C
T, Junction temperature | 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.

Recommended Operating Conditions

Symbol Description Min Max Units
Veenr Internal Supply voltage relative to GND, T; =0 °C to +85°C Commercial | 1.8-5% | 1.8 +5% \%
Internal Supply voltage relative to GND, T; = -40°C to +100°C | Industrial 1.8-5% | 1.8 +5% \%
Veco Supply voltage relative to GND, T; =0 °C to +85°C Commercial 1.2 3.6 \%
Supply voltage relative to GND, T; = -40°C to +100°C Industrial 1.2 3.6 \%
Tin Input signal transition time 250 ns
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DC Characteristics Over Recommended Operating Conditions

Symbol Description Device Min Max | Units

Data Retention V¢ yt VOltage All 15 \Y
(below which configuration data may be lost)

Data Retention Vg Voltage All 1.2 \
(below which configuration data may be lost)

Iccintg | Quiescent Vet supply current (Note 1) XCV50E
XCV100E
XCV200E
XCV300E
XCV400E
XCV600E
XCV1000E
XCV1600E
XCV2000E
XCV2600E
XCV3200E
lccog | Quiescent Vo supply current (Note 1) XCV50E
XCV100E
XCV200E
XCV300E
XCV400E
XCV600E
XCV1000E
XCV1600E
XCV2000E
XCV2600E
XCV3200E
IREF VREE current per Vgeg pin All LA
I Input or output leakage current All A
CiN Input capacitance (sample tested) | BGA, PQ, HQ, packages All pF
IrPU Pad pull-up (when selected) @ Vi, =0V, Vo = 3.3 V (sample tested) All Note 2 mA
IrRPD Pad pull-down (when selected) @ V;, = 3.6 V (sample tested) Note 2 mA

Note 1: With no output current loads, no active input pull-up resistors, all I/O pins Tri-stated and floating.
Note 2: Internal pull-up and pull-down resistors guarantee valid logic levels at unconnected input pins. These pull-up and
pull-down resistors do not guarantee valid logic levels when input pins are connected to other circuits.

VDRINT

Vbrio

3-24 DS022 (v1.3) February 28, 2000 - Advance Product Specification



SOXILINX®

Virtex-E 1.8V Field Programmable Gate Arrays

DC Input and Output Levels

Values for V|_and V|4 are recommended input voltages. Values for 15, and Ioy are guaranteed over the recommended
operating conditions at the Vg, and Vgy test points. Only selected standards are tested. These are chosen to ensure that
all standards meet their specifications. The selected standards are tested at minimum V¢ with the respective Vg and
Von Voltage levels shown. Other standards are sample tested.

Input/Output Vi Vil VoL VoH loL low
Standard V, min V, max V, min V, max V, Max V, Min mA mA

LVTTL (Note 1) -05 0.8 2.0 3.6 0.4 2.4 24 -24
LVCMOS2 -05 0.7 1.7 3.6 0.4 1.9 12 -12
LVCMOS18 -05 20% Vo 70% Veeo 1.95 0.4 Veeco-0.4 8 -8
PCI, 3.3V -05 30% Vceo 50% Vceo | Veco*+ 0.5(10% Veeo | 90% Veco Note 2 Note 2
GTL -05 Vreg - 0.05 | Vger +0.05 3.6 0.4 n/a 40 n/a
GTL+ -05 Vgee- 0.1 Vgee + 0.1 3.6 0.6 n/a 36 n/a
HSTL | -05 Vgee- 0.1 Vgee + 0.1 3.6 0.4 Veeo - 0.4 8 -8
HSTL I -05 Vgee- 0.1 Vgee + 0.1 3.6 0.4 Veeo - 0.4 24 -8
HSTL IV -05 Vgee- 0.1 Vgee + 0.1 3.6 0.4 Veeo - 0.4 48 -8
SSTL3 | -0.5 Vgeg - 0.2 Vgeg + 0.2 3.6 VRee-0.6 | VgRgg + 0.6 8 -8
SSTL3 1 -0.5 Vgeg - 0.2 Vgeg + 0.2 3.6 Vgee-0.8 | Vrgg +0.8 16 -16
SSTL2 | -0.5 Vgeg - 0.2 Vgeg + 0.2 3.6 Vgeg - 0.61| Vggg + 0.61 7.6 -7.6
SSTL2 1 -0.5 Vgeg - 0.2 Vgeg + 0.2 3.6 Vgeg - 0.80| Vggg + 0.80 15.2 -15.2
CTT -0.5 Vgeg - 0.2 Vgeg + 0.2 3.6 Vgee-0.4 | Vg + 0.4 8 -8
AGP -0.5 Vgeg - 0.2 Vgeg + 0.2 3.6 10% Veeo | 90% Veco Note 2 Note 2
Note 1: Vo and Vgy for lower drive currents are sample tested.
Note 2: Tested according to the relevant specifications.
LVDS DC Specifications
DC Parameter Symbol Conditions Min Typ Max | Units
Supply Voltage Veeo 2375 | 25 | 2625 Y
Output High Voltage for Q and Q VoH Rt =100 Q across Q and Q signals 125 | 1425 | 1.6 \Y,
Output Low Voltage for Q and Q VoL Ry = 100 Q across Q and Q signals 09 |1.075]| 1.25 Vv
Differential Output Voltage (Q - Q), v Rt =100 Q across Q and Q signals 250 350 450 mV
Q = High (Q - Q), Q = High ODIFF
Output Common-Mode Voltage Vocm |RT =100 Q across Q and Q signals | 1.125 | 1.25 | 1.375 \
Differential Input Voltage (Q - Q), v Common-mode input voltage =1.25V| 100 350 NA mV
Q = High (Q - Q), Q = High IDIFF
Input Common-Mode Voltage Vicm Differential input voltage = £350 mV 0.2 1.25 2.2 \Y,

Note: Refer to the Design Consideration section for termination schematics.

LVPECL DC Specifications

These values are valid when driving a 100 Q differential load only, i.e., a 100 Q resistor between the two receiver pins. The
Von levels are 200 mV below standard LVPECL levels and are compatible with devices tolerant of lower common-mode
ranges. The following table summarizes the DC output specifications of LVPECL.

DC Parameter Min Max Min Max Min Max | Units
Veeo 3.0 3.3 3.6 \%
VoH 1.8 211 1.92 2.28 2.13 2.41 Vv
VoL 0.96 1.27 1.06 1.43 1.30 1.57 \%
\m 1.49 2.72 1.49 2.72 1.49 2.72 Y,
VL 0.86 2.125 0.86 2.125 0.86 2.125 \%
Differential Input Voltage 0.3 - 0.3 - 0.3 - \%
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Virtex-E 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 net list. All timing
parameters assume worst-case operating conditions (supply voltage and junction temperature). Values apply to all Virtex-E
devices unless otherwise noted.

IOB Input Switching Characteristics

Input delays associated with the pad are specified for LVTTL levels. For other standards, adjust the delays with the values
shown in “IOB Input Switching Characteristics Standard Adjustments” on page 28.

Speed Grade
Description Device Symbol -8 -7 -6 Units

Propagation Delays

Pad to | output, no delay All Tiopi 0.8 0.8 ns, max

Pad to | output, with delay XCV50E TioPID 1.0 1.0 ns, max
XCV100E 1.0 1.0 ns, max
XCV200E 1.0 1.0 ns, max
XCV300E 1.0 1.0 ns, max
XCV400E 1.0 1.0 ns, max
XCV600E 1.0 1.0 ns, max
XCV1000E 1.1 1.1 ns, max
XCV1600E 1.1 1.1 ns, max
XCV2000E 1.1 1.1 ns, max
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IOB Input Switching Characteristics (Continued)

Input delays associated with the pad are specified for LVTTL levels. For other standards, adjust the delays with the values
shown in “|OB Input Switching Characteristics Standard Adjustments” on page 28.

Speed Grade
Description Device Symbol -8 -7 -6 Units

Propagation Delays

Pad to output IQ via transparent latch, All TiopL 15 1.6 ns, max

no delay

Pad to output IQ via transparent latch, XCV50E TioPLID 3.0 3.1 ns, max

with delay XCV100E 3.0 3.1 ns, max
XCV200E 3.2 3.3 ns, max
XCV300E 3.2 3.3 ns, max
XCV400E 3.3 3.4 ns, max
XCV600E 3.6 3.7 ns, max
XCV1000E 3.6 3.7 ns, max
XCV1600E 3.7 3.8 ns, max
XCV2000E 3.7 3.8 ns, max

Sequential Delays

Clock CLK to output 1Q All TiockiQ 0.7 0.7 ns, max

Setup and Hold Times with respect to Clock at IOB Input Register

Pad, no delay All Tiopick/Tioickp 14/0 15 /0 | ns, min

Pad, with delay XCV50E | Tiopicko/TioickpD 29/0 29/0 | ns, min
XCV100E 29/0 29/0 | ns, min
XCV200E 3.1/0 3.1/0 | ns, min
XCV300E 3.1/0 3.1/0 ns, min
XCV400E 3.2/0 3.2/0 | ns, min
XCV600E 3.5/0 3.5/0 | ns, min
XCV1000E 35/0 3.5/0 | ns, min
XCV1600E 3.6/0 3.6/0 | ns, min
XCV2000E 3.6/0 3.6/0 | ns, min

ICE input All Tioiceck/Tiockice 0.7/0 0.7/0 | ns, min

SR input (IFF, synchronous) All TiosrcKI 0.9 1.0 ns, min

Set/Reset Delays

SR input to IQ (asynchronous) All TiosRIQ 1.2 1.4 ns, max

GSR to output 1Q All TesrQ 8.5 9.7 ns, max

Note: A Zero “0” Hold Time listing indicates no hold time or a negative hold time. Negative values can not be guaranteed

“best-case”, but if a “0” is listed, there is no positive hold time.
Note: Input timing i for LVTTL is measured at 1.4 V. For other I/O standards, see Table 16.
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Figure 21: Virtex-E Input/Output Block (I0B)

IOB Input Switching Characteristics Standard Adjustments

Speed Grade
Description Symbol | Standard -8 | -7 | -6 |uUnits

Data Input Delay Adjustments

Standard-specific data input delay adjustments | T\ .y17L LVTTL 0.0 0.0 ns
TiLvemos2 LVCMOS2 0.0 0.0 ns
Tivemosis | LVCMOS18 +0.20 | +0.20 | ns
Tivps LVDS +0.15 | +0.15 | ns
TivPECL LVPECL +0.15 | +0.15 ns
TIPCI33_3 PCl, 33 MHz, 3.3V +0.08 +0.08 ns
TIPCI66_3 PCl, 66 MHz, 3.3V -0.11 -0.11 ns
TieTL GTL +0.14 | +0.14 | ns
TiGTLPLUS GTL+ +0.14 | +0.14 | ns
TinsTL HSTL +0.04 | +0.04 | ns
TiHsTL2 SSTL2 +0.04 | +0.04 ns
TiHsTL3 SSTL3 +0.04 | +0.04 ns
TicrmL CTT +0.10 | +0.10 | ns
Tiacp AGP +0.04 | +0.04 | ns

Note: Input timing i for LVTTL is measured at 1.4 V. For other 1/O standards, see Table 16.
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IOB Output Switching Characteristics, Figure 21

Output delays terminating at a pad are specified for LVTTL with 12 mA drive and fast slew rate. For other standards, adjust
the delays with the values shown in “IOB Output Switching Characteristics Standard Adjustments” on page 30.

Speed Grade

Description Symbol -8 -7 -6 Units
Propagation Delays
O input to Pad Tioop 2.7 2.9 ns, max
O input to Pad via transparent latch TiooLp 3.1 3.4 ns, max
3-State Delays
T input to Pad high-impedance (Note 1) TioTHZ 17 1.9 ns, max
T input to valid data on Pad Tioton 2.9 3.1 ns, max
T input to Pad high-impedance via transparent TioTLPHZ 2.0 2.2 ns, max
latch (Note 1)
T input to valid data on Pad via transparent latch TioTLPON 3.2 3.4 ns, max
GTS to Pad high impedance (Note 1) TeTs 4.6 4.9 ns, max
Sequential Delays
Clock CLK to Pad Tiockp 2.8 2.9 ns, max
Clock CLK to Pad high-impedance (synchronous) TiockHz 2.0 2.2 ns, max
(Note 1)
Clock CLK to valid data on Pad (synchronous) TiockoN 3.2 3.4 ns, max
Setup and Hold Times before/after Clock CLK
O input Tioock!/Tiocko 10/0 11 /0 | ns, min
OCE input Tiooceck/TiockocE 0.7 /0 0.7 /0 | ns, min
SR input (OFF) Tiosrcko/Tiosrcko 0.9/0 1.0/0 ns, min
3-State Setup Times, T input Tiotexk/TiockT 06 /0 0.7 /0 | ns, min
3-State Setup Times, TCE input Tiotceck!/TiockTcE 0.7 /0 0.8 /0 | ns, min
3-State Setup Times, SR input (TFF) TiosrcekT TiockTsr 091/0 1.0 /0 | ns, min
Set/Reset Delays
SR input to Pad (asynchronous) TiosrP 3.3 35 ns, max
SR input to Pad high-impedance (asynchronous) Ti0SRHZ 2.4 2.7 ns, max
(Note 1)
SR input to valid data on Pad (asynchronous) TioSrRON 3.7 3.9 ns, max
GSR to Pad Ti0GSRQ 8.5 9.7 ns, max

Note: A Zero “0” Hold Time listing indicates no hold time or a negative hold time. Negative values can not be guaranteed “best-case”,
but if a “0” is listed, there is no positive hold time.
Note 1: Tri-state turn-off delays should not be adjusted.
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IOB Output Switching Characteristics Standard Adjustments

Output delays terminating at a pad are specified for LVTTL with 12 mA drive and fast slew rate. For other standards, adjust

the delays by the values shown.

Speed Grade

Description Symbol Standard -8 | -7 | -6 | Units
Output Delay Adjustments
Standard-specific adjustments for output delays | Topyr s |LVTTL, Slow,2 mA +14.7 | +14.7 ns
terminating at pads (based on standard capaci- ToOLVTTL sS4 4 mA +75 175 s
tive load, Cs) ToLVTTL S6 6 mA +4.8 | +4.8 ns
ToLVTTL S8 8 mA +3.0 | +3.0 ns
ToLVTTL 512 12 mA +1.9 | +1.9 ns
ToLvTTL S16 16 mA +1.7 | +1.7 ns
ToLvTTL S24 24 mA +1.3 | +1.3 ns
ToLvTiL F2 | LVTTL, Fast,2 mA 131 | +131 ] ns
TOLVTTL F4 4 mA +53 | +5.3 ns
ToLVITL Fe 6 mA +3.1 | +3.1 ns
ToLVTTL Fs 8 mA +1.0 | +1.0 ns
ToLVTTL F12 12 mA 0.0 0.0 ns
TOLVTTL_F16 16 mA -0.05 -0.05 ns
ToLVTTL F24 24 mA 020 | 020 | ns
ToLVeMOS 2 LVCMOS2 ¥0.09 | +0.09 | ns
ToLveMos. 18 LVCMOS18 107 | +0.7 | ns
Towvbs LVDS -1.2 -1.2 ns
ToLvPECL LVPECL 041 | -041 | ns
Topct 33 3 | PCl, 33 MHz, 3.3V +2.3 +2.3 ns
Topcl 66 3| PCI, 66 MHz, 3.3V 041 | 041 | ns
ToeTL GTL +0.49 | +049 | ns
TogTLp GTL+ +0.8 | +0.8 ns
ToHsTL | HSTL I -0.51 | -0.51 ns
TonsTL i HSTL 11l 09 | 09 | ns
ToHSTL IV HSTL IV -1.0 -1.0 ns
TossTLz | SSTL2 | 051 | 051 | ns
TossTLz I SSTL21I -1.0 -1.0 ns
TossTLs | SSTL3 | 051 | 051 | ns
TosSTLE I SSTL3 I -0.9 -0.9 ns
ToctT CTT -0.6 -0.6 ns
Toacp AGP -0.9 -0.9 ns
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Calculation of Tj,o, as a Function of Capacitance

Tioop is the propagation delay from the O Input of the OB to
the pad. The values for Ty, are based on the standard

capacitive load (Csl) for each 10 standard as listed in Table 16: Delay Measurement Methodology

Table 15. S L L Meas. | Vper
For other capacitive loads, use the formulas below to calcu- tandard VL VH Point (Typ)2
late the corresponding Tgqp. LVTTL 0 3 14 -
Tioop = Tioop + Topadjust *+(Cioad - Cs)) * I LVCMOS2 0 25 1125 -
PCI33_5 Per PCI Spec -
Where: PCI33_3 Per PCI Spec -
Topadjust is reported above in the Output Delay Adjust- PCI66_3 Per PCI Spec R
ment section. GTL Vger-0.2 | VRep +0.2 | VRrege | 0.80
Cioad is the capacitive load for the design. GTL+ Veer 0.2 | Vegr ¥0.2 | Veer 1.0
Table 15: Constants for Use in Calculation of Tjyqp HSTL Class | | VRgg-0.5 | VRgg ¥0.5 | Vger | 0.75
Standard Csl (pF) fl (ns/p F) HSTL Class Il VREF -0.5 VREF +0.5 VREF 0.90
LVTTL Fast Slew Rate, 2mA drive 35 0.41 HSTL Class IV| Vggp-0.5 | VRgr 0.5 | Vggr | 0.90
LVTTL Fast Slew Rate, 4mA drive 35 0.20 SSTL3 1 &l Vgeg -1.0 | VRer +1.0 | VRee 15
LVTTL Fast Slew Rate, 6mA drive 35 0.13 SSTL2 1 & 1 Vgrer -0.75 |Vrer +0.75| Vger 1.25
LVTTL Fast Slew Rate, 8mA drlve 35 0.079 CTT VREF -0.2 VREF +0.2 VREF 15
LVTTL Fast Slew Rate, 12mA dr!ve 35 0.044 AGP Veer - Veer + Veer | Per
LVTTL Fast Slew Rate, 16mA drive 35 0.043 AGP
LVTTL Fast Slew Rate, 24mA drive | 35 0.033 (0-2xVeco) | (0-2xVeco)
' Spec
LVTTL Slow Slew Rate, 2mA drive 35 0.41 LVDS 1.2-012511.2+0.125 1.2
LVTTL Slow Slew Rate, 4mA drive 35 0.20 LVPECL 16-03 16+03 1.6
LVTTL Slow Slew Rate, 6mA drive 35 0.10 Note 1: Input waveform switches between V, and V.
LVTTL Slow Slew Rate, 8mA drive 35 0.086 Note 2: Measurements are made at Vggr (Typ), Maximum,
LVTTL Siow Sew Rate, L2mAGve | 35 0058 | 210 poamens mosesenst e
LVTTL Slow Slew Rate, 16mA drive 35 0.050 capacitance values shown in Table 14. See the
LVTTL Slow Slew Rate, 24mA drive| 35 0.048 “App'icati?ntExamp't?S” on page 62 for
LVCMOS2 35 0.041 Note 4: 10 s?gr?ég?élziazwéﬁér?gsére reflected in the IBIS
LVCMOS18 35 0.050 model information except where the IBIS format
PCI33MHZ 3.3V 10 0.050 precludes it.
PCl 66 MHz 3.3 V 10 0.033
GTL 0 0.014
GTL+ 0 0.017
HSTL Class | 20 0.022
HSTL Class lll 20 0.016
HSTL Class IV 20 0.014
SSTL2 Class | 30 0.028
SSTL2 Class Il 30 0.016
SSTL3 Class | 30 0.029
SSTL3 Class Il 30 0.016
CTT 20 0.035
AGP 10 0.037

Note 1: 10 parameter measurements are made with the
capacitance values shown above. See the
“Application Examples” on page 62 for
appropriate terminations.

Note 2: 10 standard measurements are reflected in the IBIS
model information except where the IBIS format
precludes it.
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Clock Distribution Switching Characteristics

Speed Grade
Description Symbol 8 | -7 | -6 Units
GCLK IOB and Buffer
Global Clock PAD to output. Tepio 0.7 0.7 ns, max
Global Clock Buffer I input to O output Tsio 0.7 0.7 ns, max

CLB Switching Characteristics

Delays originating at F/G inputs vary slightly according to the input used, see Figure 22.

worst-case. Precise values are provided by the timing analyzer.

The values listed below are

Speed Grade

Description Symbol -8 -7 -6 Units
Combinatorial Delays
4-input function: F/G inputs to X/Y outputs Tio 0.42 0.47 ns, max
5-input function: F/G inputs to F5 output Ties 0.8 0.9 ns, max
5-input function: F/G inputs to X output TiFsx 0.8 0.9 ns, max
6-input function: F/G inputs to Y output via F6 MUX Tirey 0.9 1.0 ns, max
6-input function: F5IN input to Y output Tesiny 0.16 0.17 ns, max
Incremental delay routing through transparent latch TIENCTL 0.6 0.7 ns, max
to XQ/YQ outputs
BY input to YB output TeyyB 0.46 0.51 ns, max
Sequential Delays
FF Clock CLK to XQ/YQ outputs Tcko 0.9 1.0 ns, max
Latch Clock CLK to XQ/YQ outputs TckLo 0.9 1.0 ns, max
Setup and Hold Times before/after Clock CLK
4-input function: F/G Inputs Tick/Tick 09/0 1.0/0 ns, min
5-input function: F/G inputs Tiesck!/Tekirs 1.3/0 141/0 ns, min
6-input function: F5IN input Tesinek!TekEsIN 0.7/0 0.8/0 ns, min
6-input function: F/G inputs via F6 MUX Tireck!/Tckirs 14/0 16/0 ns, min
BX/BY inputs Toick/Tckpi 0.6/0 0.7/0 ns, min
CE input Tceck/TekcE 0.7/0 0.7/0 ns, min
SR/BY inputs (synchronous) Trek/ Tekr 0.52/0 06/0 ns, min
Clock CLK
Minimum Pulse Width, High Tch 13 14 ns, min
Minimum Pulse Width, Low TeL 13 14 ns, min
Set/Reset
Minimum Pulse Width, SR/BY inputs Trpw 21 2.4 ns, min
Delay from SR/BY inputs to XQ/YQ outputs (asyn- TrQ 0.9 1.0 ns, max
chronous)
Toggle Frequency (MHz) (for export control) Froc 384 357 MHz

Note:

“best-case”, but if a “0” is listed, there is no positive hold time.

A Zero “0” Hold Time listing indicates no hold time or a negative hold time. Negative values can not be guaranteed
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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 -8 -7 -6 Units
Combinatorial Delays
F operand inputs to X via XOR Topx 0.8 0.8 ns, max
F operand input to XB output Topxs 0.8 0.9 ns, max
F operand input to Y via XOR Topy 1.4 1.5 ns, max
F operand input to YB output TopyB 13 1.4 ns, max
F operand input to COUT output TopcyE 1.0 11 ns, max
G operand inputs to Y via XOR Topgy 0.8 0.9 ns, max
G operand input to YB output TopcyB 1.3 15 ns, max
G operand input to COUT output Topcys 1.0 11 ns, max
BX initialization input to COUT Texcy 0.48 0.54 ns, max
CIN input to X output via XOR Teinx 0.6 0.7 ns, max
CIN input to XB Teinxs 0.07 0.08 ns, max
CIN input to Y via XOR Teiny 0.7 0.7 ns, max
CIN input to YB Teinve 0.36 0.40 ns, max
CIN input to COUT output Teyp 0.10 0.11 ns, max
Multiplier Operation
F1/2 operand inputs to XB output via AND TEANDXB 0.22 0.25 ns, max
F1/2 operand inputs to YB output via AND TEANDYB 0.8 0.9 ns, max
F1/2 operand inputs to COUT output via AND TeEANDCY 0.49 0.55 ns, max
G1/2 operand inputs to YB output via AND TGANDYB 0.45 0.50 ns, max
G1/2 operand inputs to COUT output via AND TeaNDCY 0.19 0.21 ns, max
Setup and Hold Times before/after Clock CLK
CIN input to FFX Teckx!/Tekex 11/0 1.2/0 ns, min
CIN input to FFY Teeky/Tekey 12/0 1.3/0 ns, min
Note: A Zero “0” Hold Time listing indicates no hold time or a negative hold time. Negative values can not be guaranteed

“best-case”, but if a “0” is listed, there is no positive hold time.
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CLB Distributed RAM Switching Characteristics

Speed Grade
Description Symbol -8 -7 -6 Units
Sequential Delays
Clock CLK to X/Y outputs (WE active) TsHcko 1.7 1.9 ns, max
Shift-Register Mode
Clock CLK to X/Y outputs 1.7 1.9 ns, max
Setup and Hold Times before/after Clock CLK
F/G address inputs Tas/Tan 0.42/0 047170 ns, min
BX/BY data inputs (DIN) Tos/ToH 0.53/0 06/0 ns, min
CE input (WE) Tws/TwH 0.7/0 0.8/0 ns, min
Shift-Register Mode
BX/BY data inputs (DIN) TsHDICK 0.53/0 06/0 ns, min
CE input (WS) TsHcECK 0.7/0 0.8/0 ns, min
Clock CLK
Minimum Pulse Width, High TweH 21 2.4 ns, min
Minimum Pulse Width, Low TweL 21 2.4 ns, min
Minimum clock period to meet address write cycle time Twe 4.2 4.8 ns, min
Shift-Register Mode
Minimum Pulse Width, High TsrPH 21 2.4 ns, min
Minimum Pulse Width, Low TsrpL 2.1 2.4 ns, min
Note: A Zero “0” Hold Time listing indicates no hold time or a negative hold time. Negative values can not be guaranteed
“best-case”, but if a “0” is listed, there is no positive hold time.
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Block RAM Switching Characteristics

Speed Grade

Description Symbol 8 | 7 | -6 Units
Sequential Delays
Clock CLK to DOUT output Tacko | 26 [ 29 ns, max
Setup and Hold Times before Clock CLK
ADDR inputs Teack/Tecka 1.0/0 11/0 ns, min
DIN inputs Teock/TeckD 10/0 11/0 ns, min
EN input Teeck/TeckE 2.21/0 25/0 ns, min
RST input Terek/TBcKR 2.1/0 2.3/0 ns, min
WEN input Tewek/Teckw 20/0 2210 ns, min
Clock CLK
Minimum Pulse Width, High TePWH 14 15 ns, min
Minimum Pulse Width, Low TepwiL 14 15 ns, min

Note: A Zero “0” Hold Time listing indicates no hold time or a negative hold time. Negative values can not be guaranteed “best-case”,

but if a “0” is listed, there is no positive hold time.

TBUF Switching Characteristics

Speed Grade
Description Symbol 8 | -7 | -6 Units
Combinatorial Delays
IN input to OUT output Tio 0 0 ns, max
TRI input to OUT output high-impedance Torr 0.10 | 0.11 ns, max
TRI input to valid data on OUT output Ton 0.10 0.11 ns, max
JTAG Test Access Port Switching Characteristics
Speed Grade
Description Symbol -8 -7 -6 Units
TMS and TDI Setup times before TCK T1raPTK 4.0 ns, min
TMS and TDI Hold times after TCK TrekTAP 2.0 ns, min
Output delay from clock TCK to output TDO TrckTDO 11.0 ns, max
Maximum TCK clock frequency Frck 33 MHz, max
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Virtex-E 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% func-
tionally tested. Listed below are representative values for typical pin locations and normal clock loading. Values are

expressed in nanoseconds unless otherwise noted.

Global Clock Input to Output Delay for LVTTL, 12 mA, Fast Slew Rate, with DLL

Speed Grade -8 -7 -6 Unit
nits
Description Symbol Device Max Max Max
LVTTL Global Clock Input to Output Delay using | TickorpLL XCV50E 3.1 3.1 ns
Output Flip-flop, 12 mA, Fast Slew Rate, with DLL. XCV100E 31 3.1 ns
For data output with different standards, adjust the XCV200E 1 1
delays with the values shown in “IOB Output CV200 3. 3. ns
Switching Characteristics Standard Adjustments” XCV300E 3.1 3.1 ns
on page 30. XCV400E 3.1 3.1 ns
XCV600E 3.1 3.1 ns
XCV1000E 3.1 3.1 ns
XCV1600E 3.1 3.1 ns
XCV2000E 3.1 3.1 ns

Notes: 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.
Output timing is measured at 50% V¢ threshold with 35 pF external capacitive load. For other I/O standards and different

loads, see Table 15 and Table 16.

DLL output jitter is already included in the timing calculation.

Global Clock Input to Output Delay for LVTTL, 12 mA, Fast Slew Rate, without DLL

Speed Grade -8 -7 -6 Unit
nits
Description Symbol Device Max Max Max

LVTTL Global Clock Input to Output Delay using TickoE XCV50E 4.4 4.6 ns

Output Fllp-ﬂop, 12 mA, Fast Slew Rate, without XCV100E 4.4 4.6 ns
DLL. For data output with different standards, CV200

adjust the delays with the values shown in “IOB XCV200E 4.5 4.7 ns

Output Switching Characteristics Standard Adjust- XCV300E 4.5 4.7 ns

ments” on page 30. XCV400E 4.6 4.8 ns

XCV600E 4.7 4.9 ns

XCV1000E 4.8 5.0 ns

XCV1600E 4.9 51 ns

XCV2000E 5.0 5.2 ns

Notes: 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.
Output timing is measured at 50% V¢ threshold with 35 pF external capacitive load. For other I/O standards and different

loads, see Table 15 and Table 16.
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Virtex-E 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. Listed below are representative values for typical pin locations and normal clock loading. Values are
expressed in nanoseconds unless otherwise noted

Global Clock Set-Up and Hold for LVTTL Standard, with DLL

Speed Grade -8 -7 -6 .
Description |  Symbol | Device Min Min Min Units
Input Setup and Hold Time Relative to Global Clock Input Signal
for LVTTL Standard. For data input with different standards, adjust
the setup time delay by the values shown in “IOB Input Switching
Characteristics Standard Adjustments” on page 28.
No Delay TespLL/TPHDLL XCV50E 15/-04 15/-04 ns
Global Clock and IFF, with DLL XCV100E 15/-04 15/-04 ns
XCV200E 15/-04 15/-04 ns
XCV300E 15/-04 15/-04 ns
XCV400E 15/-04 15/-04 ns
XCV600E 15/-04 15/-04 ns
XCV1000E 15/-04 15/-04 ns
XCV1600E 15/-04 15/-04 ns
XCV2000E 15/-04 15/-04 ns
IFF = Input Flip-Flop or Latch
Notes: Setup time is measured relative to the Global Clock input signal with the fastest route and the lightest load. Hold time is
measured relative to the Global Clock input signal with the slowest route and heaviest load.
DLL output jitter is already included in the timing calculation.
Global Clock Set-Up and Hold for LVTTL Standard, without DLL
Speed Grade -8 -7 -6 .
Description | Symbol | Device Min Min Min units
Input Setup and Hold Time Relative to Global Clock Input Signal
for LVTTL Standard. For data input with different standards, adjust
the setup time delay by the values shown in “IOB Input Switching
Characteristics Standard Adjustments” on page 28.
Full Delay Tpsen/TPHED XCV50E 23/0 23/0 ns
Global Clock and IFF, without DLL XCV100E 23/0 23/0 ns
XCV200E 2410 2410 ns
XCV300E 25/0 25/0 ns
XCV400E 25/0 25/0 ns
XCV600E 261/0 261/0 ns
XCV1000E 281/0 281/0 ns
XCV1600E 3.0/0 3.0/0 ns
XCV2000E 3.2/0 3.2/0 ns

IFF = Input Flip-Flop or Latch
Note: Setup time is measured relative to the Global Clock input signal with the fastest route and the lightest load. Hold time is
measured relative to the Global Clock input signal with the slowest route and heaviest load.
A Zero “0” Hold Time listing indicates no hold time or a negative hold time. Negative values can not be guaranteed “best-case”,
but if a “0” is listed, there is no positive hold time.
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DLL Timing Parameters

Switching parameters testing is modeled after testing methods specified by MIL-M-38510/605; all devices are 100 percent
functionally tested. Because of the difficulty in directly measuring many internal timing parameters, those parameters are
derived from benchmark timing patterns. The following guidelines reflect worst-case values across the recommended
operating conditions.

Speed Grade -8 -7 -6
Description Symbol Felkin Min | Max | Min | Max | Min | Max | Units
Input Clock Frequency (CLKDLLHF) | Fo kinHE 60 320 60 260 MHz
Input Clock Frequency (CLKDLL) FeLkINLE 25 160 25 130 MHz
Input Clock Low/High Pulse Width ToLpw |22 5 MHz 5.0 5.0 ns
> 50 MHz 3.0 3.0 ns
2100 MHz 24 24 ns
> 150 2.0 2.0 ns
MHz
> 200 1.8 1.8 ns
MHz
> 250 15 15 ns
MHz
> 300 1.3 NA ns
MHz

Note:  All specifications correspond to Commercial Operating Temperatures (0°C to +85°C).

DLL Clock Tolerance, Jitter, and Phase Information

All DLL output jitter and phase specifications determined through statistical measurement at the package pins using a clock
mirror configuration and matched drivers.

CLKDLLHF | CLKDLL
Description Symbol Feolkin Min | Max | Min | Max | Units
Input Clock Period Tolerance TipTOL - 1.0 - 1.0 ns
Input Clock Jitter Tolerance (Cycle to Cycle) Tiaree - |£150| - |[+£300| ps
Time Required for DLL to Acquire Lock TLock | > 60 MHz - 20 - 20 us
50 - 60 MHz| - - - 25 us
40 - 50 MHz| - - - 50 us
30 - 40 MHz| - - - 90 us
25-30 MHz| - - - 120 us
Output Jitter (cycle-to-cycle) for any DLL Clock Output! Toarrce +60 +60 | ps
Phase Offset between CLKIN and CLKO? TpHiO +100 +100| ps
Phase Offset between Clock Outputs on the DLL> TpHOO +140 +140| ps
Maximum Phase Difference between CLKIN and CLKO* TpHIOM +160 +160 | ps
Maximum Phase Difference between Clock Outputs on the DLL®| Tpoom + 200 +200| ps

Note 1: Output Jitter is cycle-to-cycle jitter measured on the DLL output clock, excluding input clock jitter.

Note 2: Phase Offset between CLKIN and CLKO is the worst-case fixed time difference between rising edges of CLKIN and CLKO,
excluding Output Jitter and input clock jitter.

Note 3: Phase Offset between Clock Outputs on the DLL is the worst-case fixed time difference between rising edges of any two DLL
outputs, excluding Output Jitter and input clock jitter.

Note 4: Maximum Phase Difference between CLKIN an CLKO is the sum of Output Jitter and Phase Offset between CLKIN and
CLKO, or the greatest difference between CLKIN and CLKO rising edges due to DLL alone (excluding input clock jitter).

Note 5: Maximum Phase Dlfference between Clock Outputs on the DLL is the sum of Output Jltter and Phase Offset between any
DLL clock outputs, or the greatest difference between any two DLL output rising edges sue to DLL alone (excluding input
clock jitter).

Note 6: All specifications correspond to Commercial Operating Temperatures (0°C to +85°C).
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Period Tolerance: the allowed input clock period change in nanoseconds.
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Output Jitter: the difference between an ideal Phase Offset and Maximum Phase Difference
reference clock edge and the actual design.
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Figure 24: DLL Timing Waveforms
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Design Considerations

This section contains more detailed design information on
the following features.

» Delay-Locked Loop . . . see page 41
e BlockRAM ... see page 46
e Selectl/O ... see page 52

Using Delay-Locked Loop

The Virtex-E FPGA series provides up to eight fully digital
dedicated on-chip Delay-Locked Loop (DLL) circuits which
provide zero propagation delay, low clock skew between
output clock signals distributed throughout the device, and
advanced clock domain control. These dedicated DLLs can
be used to implement several circuits which improve and
simplify system level design.

Introduction

As FPGAs grow in size, quality on-chip clock distribution
becomes increasingly important. Clock skew and clock
delay impact device performance and the task of managing
clock skew and clock delay with conventional clock trees
becomes more difficult in large devices. The Virtex-E series
of devices resolve this potential problem by providing up to
eight fully digital dedicated on-chip Delay-Locked Loop
(DLL) circuits which provide zero propagation delay and
low clock skew between output clock signals distributed
throughout the device.

Each DLL can drive up to two global clock routing networks
within the device. The global clock distribution network min-
imizes clock skews due to loading differences. By monitor-
ing a sample of the DLL output clock, the DLL can
compensate for the delay on the routing network, effectively
eliminating the delay from the external input port to the indi-
vidual clock loads within the device.

In addition to providing zero delay with respect to a user
source clock, the DLL can provide multiple phases of the
source clock. The DLL can also act as a clock doubler or it
can divide the user source clock by up to 16.

Clock multiplication gives the designer a number of design
alternatives. For instance, a 50 MHz source clock doubled
by the DLL can drive an FPGA design operating at 100
MHz. This technique can simplify board design because
the clock path on the board no longer distributes such a
high-speed signal. A multiplied clock also provides design-
ers the option of time-domain-multiplexing, using one cir-
cuit twice per clock cycle, consuming less area than two
copies of the same circuit. Two DLLs in can be connected in
series to increase the effective clock multiplication factor to
four.

The DLL can also act as a clock mirror. By driving the DLL
output off-chip and then back in again, the DLL can be used
to de-skew a board level clock between multiple devices.

In order to guarantee the system clock establishes prior to
the device “waking up,” the DLL can delay the completion of
the device configuration process until after the DLL
achieves lock.

By taking advantage of the DLL to remove on-chip clock
delay, the designer can greatly simplify and improve system
level design involving high-fanout, high-performance
clocks.

Library DLL Symbols

Figure 25 shows the simplified Xilinx library DLL macro
symbol, BUFGDLL. This macro delivers a quick and effi-
cient way to provide a system clock with zero propagation
delay throughout the device. Figure 26 and Figure 27 show
the two library DLL primitives. These symbols provide
access to the complete set of DLL features when imple-
menting more complex applications.

— Ons

ds022_25_121099

Figure 25: Simplified DLL Macro Symbol BUFGDLL

CLKDLL

—1 CLKIN CLKO —
CLK90 —
CLK180 [—
CLK270 |—

— CLKFB

CLK2X —

CLKDV  [—

— RST LOCKED [—

ds022_26_121099

Figure 26: Standard DLL Symbol CLKDLL

CLKDLLHF
— CLKIN CLKO —
— CLKFB CLK180 |—
CLKDV |[—
— RST LOCKED |—

ds022_027_121099

igure 27: High Frequency DLL Symbol CLKDLLHF
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BUFGDLL Pin Descriptions

Use the BUFGDLL macro as the simplest way to provide
zero propagation delay for a high-fanout on-chip clock from
an external input. This macro uses the IBUFG, CLKDLL
and BUFG primitives to implement the most basic DLL
application as shown in Figure 28.

IBUFG BUFG

CLKDLL
| o 1[™_o
CLKIN CLKO
CLK90 — |

CLKFB CLK180 [—
CLK270 |—

CLK2X —

CLKDV  [—

LOCKED |—

f RST

ds022_28_121099

Figure 28: BUFGDLL Schematic

This symbol does not provide access to the advanced clock
domain controls or to the clock multiplication or clock divi-
sion features of the DLL. This symbol also does not provide
access to the RST, or LOCKED pins of the DLL. For access
to these features, a designer must use the library DLL prim-
itives described in the following sections.

Source Clock Input — |

The | pin provides the user source clock, the clock signal on
which the DLL operates, to the BUFGDLL. For the BUF-
GDLL macro the source clock frequency must fall in the low
frequency range as specified in the data sheet. The BUF-
GDLL requires an external signal source clock. Therefore,
only an external input port can source the signal that drives
the BUFGDLL I pin.

Clock Output— O

The clock output pin O represents a delay-compensated
version of the source clock (1) signal. This signal, sourced
by a global clock buffer BUFG symbol, takes advantage of
the dedicated global clock routing resources of the device.

The output clock has a 50-50 duty cycle unless you deacti-
vate the duty cycle correction property.

CLKDLL Primitive Pin Descriptions

The library CLKDLL primitives provide access to the com-
plete set of DLL features needed when implementing more
complex applications with the DLL.

Source Clock Input — CLKIN

The CLKIN pin provides the user source clock (the clock
signal on which the DLL operates) to the DLL. The CLKIN
frequency must fall in the ranges specified in the data
sheet. A global clock buffer (BUFG) driven from another

CLKDLL, one of the global clock input buffers (IBUFG), or
an 10_LVDS_DLL pin on the same edge of the device (top
or bottom) must source this clock signal. There are four
I0_LVDS_DLL input pins that can be used as inputs to the
DLLs. This makes a total of eight usable input pins for DLLs
in the Virtex-E family.

Feedback Clock Input — CLKFB

The DLL requires a reference or feedback signal to provide
the delay-compensated output. Connect only the CLKO or
CLK2X DLL outputs to the feedback clock input (CLKFB)
pin to provide the necessary feedback to the DLL. The
feedback clock input can also be provided through one of
the following pins.

IBUFG - Global Clock Input Pad
I0_LVDS_DLL - the pin adjacent to IBUF

If an IBUFG sources the CLKFB pin, the following special
rules apply.

1. An external input port must source the signal that drives
the IBUFG I pin.

2. The CLK2X output must feedback to the device if both
the CLKO and CLK2X outputs are driving off chip
devices.

3. That signal must directly drive only OBUFs and nothing
else.

These rules enable the software determine which DLL
clock output sources the CLKFB pin.

Reset Input — RST

When the reset pin RST activates the LOCKED signal
deactivates within four source clock cycles. The RST pin,
active High, must either connect to a dynamic signal or tied
to ground. As the DLL delay taps reset to zero, glitches can
occur on the DLL clock output pins. Activation of the RST
pin can also severely affect the duty cycle of the clock out-
put pins. Furthermore, the DLL output clocks no longer
de-skew with respect to one another. For these reasons,
rarely use the reset pin unless re-configuring the device or
changing the input frequency.

2x Clock Output — CLK2X

The output pin CLK2X provides a frequency-doubled clock
with an automatic 50/50 duty-cycle correction. Until the
CLKDLL has achieved lock, the CLK2X output appears as
a 1x version of the input clock with a 25/75 duty cycle. This
behavior allows the DLL to lock on the correct edge with
respect to source clock. This pin is not available on the
CLKDLLHF primitive.

Clock Divide Output — CLKDV

The clock divide output pin CLKDV provides a lower fre-
guency version of the source clock. The CLKDV_DIVIDE
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property controls CLKDV such that the source clock is
divided by N where N is either 1.5, 2, 2.5, 3, 4, 5, 8, or 16.

This feature provides automatic duty cycle correction such
that the CLKDV output pin always has a 50/50 duty cycle.

1x Clock Outputs — CLK]0|90|180|270]

The 1x clock output pin CLKO represents a delay-compen-
sated version of the source clock (CLKIN) signal. The
CLKDLL primitive provides three phase-shifted versions of
the CLKO signal while CLKDLLHF provides only the 180
phase-shifted version. The relationship between phase
shift and the corresponding period shift appears in
Table 17.

Table 17: Relationship of Phase-Shifted Output Clock
to Period Shift

Phase (degrees) Period Shift (percent)
0 0%
90 25%
180 50%
270 75%

The timing diagrams in Figure 29 illustrate the DLL clock
output characteristics.

90 180 270 0 90 180 270

CLKIN

| |
cukax _ [ ]| LI L

CLKDV_DIVIDE=2

CLKDV

DUTY_CYCLE_CORRECTION=FALSE

CLKO | |

CLK90 | |

CLK180 | |

clkero | | | L

DUTY_CYCLE_CORRECTION=TRUE

CLKO

CLK90

CLK180

CLK270

ds022_29_121099

Figure 29: DLL Output Characteristics

The DLL provides duty cycle correction on all 1x clock out-
puts such that all 1x clock outputs by default have a 50/50
duty cycle. The DUTY_CYCLE_CORRECTION property
(TRUE by default), controls this feature. In order to deacti-
vate the DLL duty cycle -correction, attach the
DUTY_CYCLE_CORRECTION=FALSE property to the
DLL symbol. When duty cycle correction deactivates, the
output clock has the same duty cycle as the source clock.

The DLL clock outputs can drive an OBUF, a BUFG, or they
can route directly to destination clock pins. The DLL clock
outputs can only drive the BUFGs that reside on the same
edge (top or bottom).

Locked Output — LOCKED

In order to achieve lock, the DLL may need to sample sev-
eral thousand clock cycles. After the DLL achieves lock the
LOCKED signal activates. The DLL timing parameter sec-
tion of the data sheet provides estimates for locking times.

In order to guarantee that the system clock is established
prior to the device “waking up,” the DLL can delay the com-
pletion of the device configuration process until after the
DLL locks. The STARTUP_WAIT property activates this
feature.

Until the LOCKED signal activates, the DLL output clocks
are not valid and can exhibit glitches, spikes, or other spu-
rious movement. In particular the CLK2X output will appear
as a 1x clock with a 25/75 duty cycle.

DLL Properties

Properties provide access to some of the Virtex-E series
DLL features, (for example, clock division and duty cycle
correction).

Duty Cycle Correction Property

The 1x clock outputs, CLKO, CLK90, CLK180, and
CLK270, use the duty-cycle corrected default, exhibiting a
50/50 duty cycle. The DUTY_CYCLE_CORRECTION
property (by default TRUE) controls this feature. To deacti-
vate the DLL duty-cycle correction for the 1x clock outputs,
attach the DUTY_CYCLE_CORRECTION=FALSE prop-
erty to the DLL symbol. When duty-cycle correction deacti-
vates, the output clock has the same duty cycle as the
source clock.

Clock Divide Property

The CLKDV_DIVIDE property specifies how the signal on
the CLKDV pin is frequency divided with respect to the
CLKO pin. The values allowed for this property are 1.5, 2,
2.5, 3, 4,5, 8, or 16; the default value is 2.

Startup Delay Property

This property, STARTUP_WAIT, takes on a value of TRUE
or FALSE (the default value). When TRUE the device con-
figuration DONE signal waits until the DLL locks before
going to High.
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Virtex-E DLL Location Constraints

As shown in Figure 30, there are four additional DLLs in the
Virtex-E devices, for a total of eight per Virtex-E device.
These DLLs are located in silicon, at the top and bottom of
the two innermost Block SelectRAM columns. The location
constraint LOC, attached to the DLL symbol with the identi-
fier DLLOS, DLLOP, DLL1S, DLL2S, DLL2P, DLL3S, or
DLL3P, controls the DLL location.

The LOC property uses the following form:
LOC = DLLOP

=3

—» Bottom Right
Half Edge

x132_14_100799

Figure 30: Virtex Series DLLs

Design Factors

Use the following design considerations to avoid pitfalls and
improve success designing with Xilinx devices.

Input Clock

The output clock signal of a DLL, essentially a delayed ver-
sion of the input clock signal, reflects any instability on the
input clock in the output waveform. For this reason the qual-
ity of the DLL input clock relates directly to the quality of the
output clock waveforms generated by the DLL. The DLL
input clock requirements are specified in the data sheet.

In most systems a crystal oscillator generates the system
clock. The DLL can be used with any commercially avail-
able quartz crystal oscillator. For example, most crystal
oscillators produce an output waveform with a frequency
tolerance of 100 PPM, meaning 0.01 percent change in the
clock period. The DLL operates reliably on an input wave-
form with a frequency drift of up to 1 ns — orders of magni-
tude in excess of that needed to support any crystal
oscillator in the industry. However, the cycle-to-cycle jitter
must be kept to less than 300 ps in the low frequencies and
150 ps for the high frequencies.

Input Clock Changes

Changing the period of the input clock beyond the maxi-
mum drift amount requires a manual reset of the CLKDLL.
Failure to reset the DLL will produce an unreliable lock sig-
nal and output clock.

It is possible to stop the input clock with little impact to the
DLL. Stopping the clock should be limited to less than

100 us to keep device cooling to a minimum. The clock
should be stopped during a Low phase, and when restored
the full High period should be seen. During this time
LOCKED will stay High and remain High when the clock is
restored.

When the clock is stopped, one to four more clocks will still
be observed as the delay line is flushed. When the clock is
restarted, the output clocks will not be observed for one to
four clocks as the delay line is filled. The most common
case will be two or three clocks.

In a similar manner, a phase shift of the input clock is also
possible. The phase shift will propagate to the output one to
four clocks after the original shift, with no disruption to the
CLKDLL control.

Output Clocks

As mentioned earlier in the DLL pin descriptions, some
restrictions apply regarding the connectivity of the output
pins. The DLL clock outputs can drive an OBUF, a global
clock buffer BUFG, or they can route directly to destination
clock pins. The only BUFGs that the DLL clock outputs can
drive are the two on the same edge of the device (top or
bottom). In addition, the CLK2X output of the secondary
DLL can connect directly to the CLKIN of the primary DLL
in the same quadrant.

Do not use the DLL output clock signals until after activa-
tion of the LOCKED signal. Prior to the activation of the
LOCKED signal, the DLL output clocks are not valid and
can exhibit glitches, spikes, or other spurious movement.

Useful Application Examples

The Virtex-E DLL can be used in a variety of creative and
useful applications. The following examples show some of
the more common applications. The Verilog and VHDL
example files are available at:

ftp://ftp.xilinx.com/pub/applications/xapp/xappl32.zip

Standard Usage

The circuit shown in Figure 31 resembles the BUFGDLL
macro implemented to provide access to the RST and
LOCKED pins of the CLKDLL.

CLKDLL

IBUFG BUFG
CLKIN CLKO |'>
CLK90  |—
—] cLkrB CLK180 |—
CLK270 |—
CLK2X  |—
CLKDV  |—
IBUF OBUF
I RST LOCKED N
L~ L~

ds022_028_121099

Figure 31: Standard DLL Implementation
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Board Level De-skew of Multiple Non-Virtex-E
Devices

The circuit shown in Figure 32 can be used to de-skew a
system clock between a Virtex-E chip and other non-Vir-
tex-E chips on the same board. This application is com-
monly used when the Virtex-E device is used in conjunction
with other standard products such as SRAM or DRAM
devices. While designing the board level route, ensure that
the return net delay to the source equals the delay to the
other chips involved.

Board-level de-skew is not required for low-fanout clock
networks. It is recommended for systems that have fanout
limitations on the clock network, or if the clock distribution
chip cannot handle the load.

Do not use the DLL output clock signals until after activa-
tion of the LOCKED signal. Prior to the activation of the
LOCKED signal, the DLL output clocks are not valid and
can exhibit glitches, spikes, or other spurious movement.

The dll_mirror_1 files in the xappl32.zip file show the
VHDL and Verilog implementation of this circuit.

Virtex-E Device

IBUFG CLKDLL OBUF
%4> CLKIN CLKO P
L L~
I~ CLK90
> CLKFB CLK180 |—
IBUFG CLK270 |—
CLK2X |—
CLKDV |—
B RST LOCKED |—
CLKDLL BUFG
CLKIN CLKO 4%
CLK90 |—
CLKFB CLK180 |—
CLK270 |—
CLK2X |—
CLKDV |—
I RST LOCKED [—
¢—— Non-Virtex-E Chip

L——> Non-Virtex-E Chip

L]
o Other Non_Virtex-E Chips

]
ds022_029_121099

Figure 32: DLL De-skew of Board Level Clock

De-skew of Clock and Its 2x Multiple

The circuit shown in Figure 33 implements a 2x clock multi-
plier and also uses the CLKO clock output with zero ns skew
between registers on the same chip. A clock divider circuit

could alternatively be implemented using similar connec-
tions.

IBUFG CLKDLL BUFG
CLKIN CLKO |'>
CLK90  |—
— CLKFB CLK180 |—
CLK270 |—
BUFG
CLK2X l'>
BUF CLKDV  |— OBUF
S RST LOCKED I
L~ L~

ds022_030_121099

Figure 33: DLL De-skew of Clock and 2x Multiple

Because any single DLL can only access at most two
BUFGs, any additional output clock signals must be routed
from the DLL in this example on the high speed backbone
routing.

The dll_2x files in the xapp132.zip file show the VHDL and
Verilog implementation of this circuit.

Virtex-E 4x Clock

Two DLLs located in the same half-edge (top-left, top-right,
bottom-right, bottom-left) can be connected together, with-
out using a BUFG between the CLKDLLs, to generate a 4x
clock as shown in Figure 34. Virtex-E devices, like the Vir-
tex devices, have four clock networks that are available for
internal de-skewing of the clock. Each of the eight DLLs
have access to two of the four clock networks. Although all
the DLLs can be used for internal de-skewing, the presence
of two GCLKBUFs on the top and two on the bottom indi-
cate that only two of the four DLLs on the top (and two of
the four DLLs on the bottom) can be used for this purpose.

BUFG CLKDLL-S

>—% CLKIN CLKO|—
CLK90|—
CLKFB CLK180}—
CLK270(—
CLK2X
CLKDV [— SRL16 v
F RST LOCKED D Q %><F
— % WCLK
CLKDLL-P I~
Al

CLKIN CLKOf— A0
CLK90|—
— CLKFB CLK180}—
CLK270(—

BUFG

CLK2X 4%
CLKDV [— oBUE
RST LOCKED #a
ds022_031_121099
Figure 34: DLL Generation of 4x Clock in Virtex-E

Devices
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The dll_4xe files in the xapp 32.zip file show the DLL imple-
mentation in Verilog for Virtex-E devices. These files can be
found at:

ftp://ftp.xilinx.com/pub/applications/xapp/xapp132.zip

Using Block SelectRAM+ Features

The Virtex FPGA Series provides dedicated blocks of
on-chip, true dual-read/write port synchronous RAM, with
4096 memory cells. Each port of the Block SelectRAM+
memory can be independently configured as a read/write
port, a read port, a write port, and can be configured to a
specific data width. The Block SelectRAM+ memory offers
new capabilities allowing the FPGA designer to simplify
designs.

Operating Modes

Virtex-E Block SelectRAM+ memory supports two operat-
ing modes.

¢ Read Through
e Write Back

Read Through (one clock edge)

The read address is registered on the read port clock edge
and data appears on the output after the RAM access time.
Some memories may place the latch/register at the outputs
depending on the desire to have a faster clock-to-out ver-
sus set-up time. This is generally considered to be an infe-
rior solution since it changes the read operation to an
asynchronous function with the possibility of missing an
address/control line transition during the generation of the
read pulse clock.

Write Back (one clock edge)

The write address is registered on the write port clock edge
and the data input is written to the memory and mirrored on
the write port input.

Block SelectRAM+ Characteristics

1. All inputs are registered with the port clock and have a
set-up to clock timing specification.

2. All outputs have a read through or write back function
depending on the state of the port WE pin. The outputs
relative to the port clock are available after the
clock-to-out timing specification.

3. The Block SelectRAMs are true SRAM memories and
do not have a combinatorial path from the address to the

output. The LUT SelectRAM+ cells in the CLBs are still
available with this function.

4. The ports are completely independent from each other
(i.e., clocking, control, address, read/write function, and
data width) without arbitration.

5. A write operation requires only one clock edge.

6. A read operation requires only one clock edge.

The output ports are latched with a self timed circuit to
guarantee a glitch free read. The state of the output port will
not change until the port executes another read or write

operation.

Library Primitives

Figure 35 and Figure 36 show the two generic library Block
SelectRAM+ primitives. Table 18 describes all of the avail-
able primitives for synthesis and simulation.

RAMB4_S# S#

WEA
ENA
RSTA
[>CLKA
ADDRA[#:0]
DIA[#:0]

]

WEB
ENB

RSTB

> cLKB
ADDRB[#:0]
DIB[#:0]

DOA[#:0]

L

DOB[#:0]

ds022_032_121399

Figure 35: Dual-Port Block SelectRAM+ Memory

RAMB4_S#

— WE
— EN

— RST
—-PCLK

=i ADDRI#:0]

= DI[#0]

DO[#:0] |

ds022_033_121399

Figure 36: Single-Port Block SelectRAM+ Memory

Table 18: Available Library Primitives

Primitive Port A Width Port B Width
RAMB4_S1 N/A
RAMB4_S1_S1 1
RAMB4_S1_S2 1 2
RAMB4_S1 S4 4
RAMB4_S1_S8 8
RAMB4_S1 _S16 16
RAMB4_S2 N/A
RAMB4_S2_S2 2
RAMB4_S2 S4 2 4
RAMB4_S2_S8 8
RAMB4_S2 S16 16
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Table 18: Available Library Primitives Address Bus—ADDR[A|B]<#:0>

Primitive Port A Width Port B Width The address bus selects the memory cells for read or write.
RAMB4 S4 N/A The width of the port determines the required width of this
RAMB4 S4 S4 A 4 bus as shown in Table 19.

RAMB4_S4 S8 8 .
RAMB4_S4_S16 16 Data In Bus—DI[A|B]<#:0>
RAMB4 S8 N/A The data in bus provides the new data value to be written
RAMB4_S8 S8 8 8 into the RAM. This bus and the port have the same width,
RAMB4 S8 S16 16 as shown in Table 19.
RAMB4_S16 16 N/A Data Output Bus—DO[A|B]<#:0>
RAMB4_S16_S16 16

The data out bus reflects the contents of the memory cells
Port Signals referenced by the address bus at the last active clock edge.

Each Block SelectRAM+ port operates independently of
the others while accessing the same set of 4096 memory

cells.

Table 19 describes the depth and width aspect ratios for the
Block SelectRAM+ memory.

Table 19: Block SelectRAM+ Port Aspect Ratios

Clock—CLK[A|B]

Each port is fully synchronous with independent clock pins.
All port input pins have setup time referenced to the port
CLK pin. The data output bus has a clock-to-out time refer-
enced to the CLK pin.

Enable—EN[A|B]

The enable pin affects the read, write and reset functional-
ity of the port. Ports with an inactive enable pin keep the
output pins in the previous state and do not write data to the
memory cells.

Write Enable—WEJ[A|B]

Activating the write enable pin allows the port to write to the
memory cells. When active, the contents of the data input
bus are written to the RAM at the address pointed to by the
address bus, and the new data also reflects on the data out
bus. When inactive, a read operation occurs and the con-
tents of the memory cells referenced by the address bus
reflect on the data out bus.

Reset—RST[A|B]

The reset pin forces the data output bus latches to zero
synchronously. This does not affect the memory cells of the
RAM and does not disturb a write operation on the other
port.

During a write operation, the data out bus reflects the data
in bus. The width of this bus equals the width of the port.
The allowed widths appear in Table 19.

Inverting Control Pins

The four control pins (CLK, EN, WE and RST) for each port
have independent inversion control as a configuration
option.

Width Depth ADDR Bus Data Bus
1 4096 ADDR<11:0> DATA<0> Address Mapp|ng
2 2048 ADDR<10:0> |DATA<1:0> Each port accesses the same set of 4096 memory cells
4 1024 ADDR<9:0> DATA<3:0> using an addressing scheme dependent on the width of the
8 512 ADDR<8:0> DATA<7:0> port. The physical RAM location addressed for a particular
16 256 ADDR<7:0> DATA<15:0> width are described in the following formula (of interest only

when the two ports use different aspect ratios).

Start = ((ADDRyor +1) * Width o) -1
End = ADDR oy * Widthpor

Table 20 shows low order address mapping for each port
width.

Table 20: Port Address Mapping

Port Port
Width Addresses
1/1|1/1/1/1|0|0|0/0|0|0|O|O|0O|O

1 4095"'5432109876543210
2 2047.../07 |06 | 05 | 04 | 03 | 02 | 01 | 0O
4 1023... 03 02 01 00
8 511... 01 00

16 255... 00

Creating Larger RAM Structures

The Block SelectRAM+ columns have specialized routing
to allow cascading blocks together with minimal routing
delays. This achieves wider or deeper RAM structures with
a smaller timing penalty than when using normal routing
channels.
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Location Constraints

Block SelectRAM+ instances can have LOC properties
attached to them to constrain the placement. The Block
SelectRAM+ placement locations are separate from the
CLB location naming convention, allowing the LOC
properties to transfer easily from array to array.

The LOC properties use the following form.
LOC = RAMB4_R#C#

RAMB4_ROCO is the upper left RAMB4 location on the
device.

Conflict Resolution

The Block SelectRAM+ memory is a true dual-read/write
port RAM that allows simultaneous access of the same
memory cell from both ports. When one port writes to a
given memory cell, the other port must not address that
memory cell (for a write or a read) within the clock-to-clock
setup window. The following lists specifics of port and
memory cell write conflict resolution.

 If both ports write to the same memory cell
simultaneously, violating the clock-to-clock setup
requirement, consider the data stored as invalid.

« If one port attempts a read of the same memory cell the
other simultaneously writes, violating the clock-to-clock
setup requirement, the following occurs.

- The write succeeds

- The data out on the writing port accurately reflects
the data written.

- The data out on the reading port is invalid.

Conflicts do not cause any physical damage.

Single Port Timing

Figure 37 shows a timing diagram for a single port of a
Block SelectRAM+ memory. The Block SelectRAM+ AC
switching characteristics are specified in the data sheet.
The Block SelectRAM+ memory is initially disabled.

At the first rising edge of the CLK pin, the ADDR, DI, EN,
WE, and RST pins are sampled. The EN pin is High and the
WE pin is Low indicating a read operation. The DO bus
contains the contents of the memory location, 0x00, as indi-
cated by the ADDR bus.

At the second rising edge of the CLK pin, the ADDR, DI,
EN, WR, and RST pins are sampled again. The EN and
WE pins are High indicating a write operation. The DO bus
mirrors the DI bus. The DI bus is written to the memory
location OxOF.

At the third rising edge of the CLK pin, the ADDR, DI, EN,
WR, and RST pins are sampled again. The EN pin is High
and the WE pin is Low indicating a read operation. The DO
bus contains the contents of the memory location OX7E as
indicated by the ADDR bus.

At the fourth rising edge of the CLK pin, the ADDR, DI, EN,
WR, and RST pins are sampled again. The EN pin is Low
indicating that the Block SelectRAM+ memory is now dis-
abled. The DO bus retains the last value.

Dual Port Timing

Figure 38 shows a timing diagram for a true dual-port
read/write Block SelectRAM+ memory. The clock on port A
has a longer period than the clock on Port B. The timing
parameter Tgccs, (clock-to-clock set-up) is shown on this
diagram. The parameter, Tgccg is violated once in the dia-
gram. All other timing parameters are identical to the single
port version shown in Figure 37.

Tgcces is only of importance when the address of both ports
are the same and at least one port is performing a write
operation. When the clock-to-clock set-up parameter is vio-
lated for a WRITE-WRITE condition, the contents of the
memory at that location will be invalid. When the
clock-to-clock set-up parameter is violated for a
WRITE-READ condition, the contents of the memory will
be correct, but the read port will have invalid data. At the
first rising edge of the CLKA, memory location 0x00 is to be
written with the value OXAAAA and is mirrored on the DOA
bus. The last operation of Port B was a read to the same
memory location 0x00. The DOB bus of Port B does not
change with the new value on Port A, and retains the last
read value. A short time later, Port B executes another read
to memory location 0x00, and the DOB bus now reflects the
new memory value written by Port A.

At the second rising edge of CLKA, memory location Ox7E
is written with the value 0x9999 and is mirrored on the DOA
bus. Port B then executes a read operation to the same
memory location without violating the Tgccg parameter
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and the DOB reflects the new memory values written by

Port A.
—| TePwH |«— —| TePwL |=—
CLK I [ S D S
—| |[=TBACK
ADDR 00 X OF X 7E X | erF
—~  [=TBDCK
DIN DDDD X ccce X BBBB X | 2222
—> TBCKO
DOUT MEM (00) | X ccee X MEM(7E)
—|  |=«TBECK
e ] L
RST
TBwck —=| =
WE I I
DISABLED READ WRITE READ DISABLED

Figure 37: Timing Diagram for Single Port Block SelectRAM+ Memory

ds022_0343_121399

Teccs
VIOLATION —=
CLK_A | | | | ‘ | | | | |
ADDR_A :X \ 00 X 7E X OF X OF X/ 7E X:
\ /
:: EN_A _I \TBCCS / I_
x Teces
e wea _| \ |
|
S G X 9999 X AAAA X oooo | X 1111 X_
DO_A X AAAA X 9999 X Anaa X  Junknown X 2222
cxs [ ] [ L[ | I N S N s B
ADDR_B o X o X 7 X [or X o X 7E X 1A
m ENB |_
i
O WEB [ ] ]
DI_B mr X 11 X o1mmn X [eeee X 11 X 2222 X FFFF
Do B ~ X wmemoo) X aaan X o999 | X eees__ X unknown X 2222 X FFFF

ds022_035_121399

Figure 38: Timing Diagram for a True Dual-port Read/Write Block SelectRAM+ Memory
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At the third rising edge of CLKA, the Tgccg parameter is
violated with two writes to memory location OxXOF. The DOA
and DOB busses reflect the contents of the DIA and DIB
busses, but the stored value at Ox7E is invalid.

At the fourth rising edge of CLKA, a read operation is per-
formed at memory location OxOF and invalid data is present
on the DOA bus. Port B also executes a read operation to
memory location OxXOF and also reads invalid data.

At the fifth rising edge of CLKA a read operation is per-
formed that does not violate the Tgccg parameter to the
previous write of Ox7E by Port B. THe DOA bus reflects the
recently written value by Port B.

Initialization

The Block SelectRAM+ memory can initialize during the
device configuration sequence. The 16 initialization proper-
ties of 64 hex values each (a total of 4096 bits) set the ini-
tialization of each RAM. These properties appear in
Table 21. Any initialization properties not explicitly set con-
figure as zeros. Partial initialization strings pad with zeros.
Initialization strings greater than 64 hex values generate an
error. The RAMs can be simulated with the initialization val-
ues using generics in VHDL simulators and parameters in
Verilog simulators.

Initialization in VHDL and Synopsys

The Block SelectRAM+ structures may be initialized in
VHDL for both simulation and synthesis for inclusion in the
EDIF output file. The simulation of the VHDL code uses a
generic to pass the initialization. Synopsys FPGA compiler
does not presently support generics. The initialization val-
ues instead attach as attributes to the RAM by a built-in
Synopsys dc_script. The translate_off statement stops syn-
thesis translation of the generic statements. The following
code illustrates a module that employs these techniques.

Table 21: RAM Initialization Properties

Property Memory Cells
INIT_00 255t00
INIT_01 511 to 256
INIT_02 767 to 512
INIT_03 1023 to 768
INIT_04 1279 to 1024
INIT_05 1535 to 1280
INIT_06 1791 to 2047
INIT_07 2047 to 1792
INIT_08 2303 to 2048
INIT_09 2559 to 2304
INIT_Oa 2815 to 2560
INIT_Ob 3071 to 2816
INIT_Oc 3327 to 3072
INIT_Od 3583 to 3328
INIT_Oe 3839 to 3584
INIT_Of 4095 to 3840

Initialization in Verilog and Synopsys

The Block SelectRAM+ structures may be initialized in Ver-
ilog for both simulation and synthesis for inclusion in the
EDIF output file. The simulation of the Verilog code uses a
defparam to pass the initialization. The Synopsys FPGA
compiler does not presently support defparam. The initial-
ization values instead attach as attributes to the RAM by a
built-in Synopsys dc_script. The translate_off statement
stops synthesis translation of the defparam statements.
The following code illustrates a module that employs these
techniques.

Design Examples
Creating a 32-bit Single-Port RAM

The true dual-read/write port functionality of the Block
SelectRAM+ memory allows a single port, 128 deep by
32-bit wide RAM to be created using a single Block
SelectRAM+ cell as shown inTable 39.

Interleaving the memory space, setting the LSB of the
address bus of Port A to 1 (Vcc), and the LSB of the
address bus of Port B to 0 (GND), allows a 32-bit wide sin-
gle port RAM to be created.

RAMB4_S16_S16

WE WEA
EN ENA
RST RSTA DOA[15:0] jmmmm DO[31:16]
CLK CLKA
ADDR[6:0], V¢ ADDRA[7:0]
DI[31:16] DIA[3:0]
C
WE WEB
EN ENB
RST RSTB DOB[15:0] jmmmm DO[15:0]
CLK CLKB
ADDRI[6:0], GND ADDRB[7:0]
DI[15:0] DIB[15:0]

ds022_036_121399

Figure 39: Single Port 128 x 32 RAM

Creating Two Single-Port RAMs

The true dual-read/write port functionality of the Block
SelectRAM+ memory allows a single RAM to be split into
two single port memories of 2K bits each as shown in
Figure 40.

In this example, a 512K x 4 RAM (Port A) and a 128 x 16
RAM (Port B) are created out of a single Block Selec-
tRAM+. The address space for the RAM is split by fixing the
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MSB of Port Ato 1 (V) for the upper 2K bits and the MSB

of Port B to 0 (GND

WE1
EN1
RST1
CLK1

) for the lower 2K bits.

RAMB4_S4_S16

V. ADDR1[8:0] st ADDRA[9:0]
DI1[3:0] sl DIA[3:0]

WE2
EN2

RST2

CLK2

GND, ADDR2[6:0]
DI2[15: 0 m—

p— D 01[3:0]

p— D 02[15:0]

WEA

ENA

RSTA DOA[3:0]

I>CLKA

] C
WEB

ENB

RSTB DOB[15:0]
CLKB

ADDRB[7:0]

DIB[15:0

ds022_037_121399

Figure 40: 512 x 4 RAM and 128 x 16 RAM

VHDL Initialization Example

library IEEE;

use IEEE.std logic 1164.all;

entity MYMEM is

port
ADDR:
DIN:

(CLK, WE:in std logic;
in std_logic vector (8 downto 0);
in std logic_vector (7 downto 0);

DOUT: out std logic_vector (7 downto 0));

end MYMEM;

architecture BEHAVE of MYMEM is

signal logicO,

logicl: std logic;

component RAMB4 S8
--synopsys translate off

generic( INIT 00,INIT 01, INIT 02, INIT 03,
INIT 08, INIT 09, INIT 0Oa, INIT 0b, INIT Oc,
downto 0)

INIT 04,
INIT 0d,

Block Memory Generation

The CoreGen program generates memory structures using
the Block SelectRAM+ features. This program outputs
VHDL or Verilog simulation code templates and an EDIF
file for inclusion in a design.

INIT 05,
INIT Oe,

INIT 06,
INIT Of

INIT 07,
BIT VECTOR (255

= X”0000000000000000000000000000000000000000000000000000000000000000") ;
--synopsys translate on

port
ADDR :
DI:

(WE, EN, RST, CLK:
in STD_LOGIC_VECTOR (8 downto 0) ;
in STD_LOGIC_VECTOR (7 downto 0) ;

in STD_LOGIC;

DO: out STD_LOGIC_VECTOR (7 downto 0));

end component ;

--synopsys dc_script begin
--set_attribute ram0 INIT 00

“0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF"”

--set_attribute ram0 INIT_ 01

“FEDCBAS876543210FEDCBAS876543210FEDCBA9876543210FEDCBA9876543210"

--synopsys dc_script end

begin
logic0 <='0";
logicl <="1";

ramO: RAMB4 S8

--synopsys translate off

generic map (

-type string

-type string
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INIT 00 => X”0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF",
INIT 01 => X”"FEDCBA9876543210FEDCBA9876543210FEDCBA9876543210FEDCBAS876543210")

--synopsys translate on

port map (WE=>WE, EN=>logicl, RST=>logic0, CLK=>CLK,ADDR=>ADDR, DI=>DIN, DO=>DOUT) ;

end BEHAVE;

Verilog Initialization Example

module MYMEM (CLK, WE, ADDR, DIN, DOUT) ;
input CLK, WE;

input [8:0] ADDR;

input [7:0] DIN;

output [7:0] DOUT;

wire logicO, logicl;

//synopsys dc_script begin
//set_attribute ram0 INIT 00

“0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF” -type string

//set_attribute ram0 INIT 01

“FEDCBA9876543210FEDCBA9876543210FEDCBA9876543210FEDCBA9876543210"” -type string

//synopsys dc_script end

assign logic0 = 1'b0;
assign logicl = 1'bl;

RAMB4 S8 ramO (.WE(WE),

.DO (DOUT) ) ;

//synopsys translate off
defparam ram0O.INIT_ 00 =

.EN(logicl), .RST(logic0O), .CLK(CLK), .ADDR(ADDR),

.DI (DIN),

256h’0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF;

defparam ramO.INIT 01 =

256h’ FEDCBA9876543210FEDCBA9876543210FEDCBA9876543210FEDCBA9876543210;

//synopsys translate on
endmodule

Using Select I/O

The Virtex-E FPGA series includes a highly configurable,
high-performance I/O resource, called Selectl/O™ to pro-
vide support for a wide variety of /O standards. The
Selectl/O resource is a robust set of features including pro-
grammable control of output drive strength, slew rate, and
input delay and hold time. Taking advantage of the flexibility
and Selectl/O features and the design considerations
described in this document can improve and simplify sys-
tem level design.

Introduction

As FPGAs continue to grow in size and capacity, the larger
and more complex systems designed for them demand an
increased variety of I/O standards. Furthermore, as system
clock speeds continue to increase, the need for high perfor-
mance /0O becomes more important. While chip-to-chip
delays have an increasingly substantial impact on overall
system speed, the task of achieving the desired system
performance becomes more difficult with the proliferation of
low-voltage 1/O standards. Selectl/O, the revolutionary
input/output resources of Virtex-E devices, has resolved

this potential problem by providing a highly configurable,
high-performance alternative to the 1/0 resources of more
conventional programmable devices. The Virtex-E
Selectl/O features combine the flexibility and time-to-mar-
ket advantages of programmable logic with the high perfor-
mance previously available only with ASICs and custom
ICs.

Each Selectl/O block can support up to 20 I/O standards.
Supporting such a variety of 1/0 standards allows the sup-
port of a wide variety of applications, from general purpose
standard applications to high-speed low-voltage memory
busses.

Selectl/O blocks also provide selectable output drive
strengths and programmable slew rates for the LVTTL out-
put buffers, as well as an optional, programmable weak
pull-up, weak pull-down, or weak “keeper” circuit ideal for
use in external bussing applications.

Each Input/Output Block (IOB) includes three registers, one
each for the input, output, and 3-state signals within the
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IOB. These registers are optionally configurable as either a
D-type flip-flop or as a level sensitive latch.

The input buffer has an optional delay element used to
guarantee a zero hold time requirement for input signals
registered within the IOB.

The Virtex-E Selectl/O features also provide dedicated
resources for input reference voltage (Vggg) and output
source voltage (Vccp), along with a convenient banking
system that simplifies board design.

By taking advantage of the built-in features and wide variety
of I/O standards supported by the Selectl/O features, sys-
tem-level design and board design can be greatly simplified
and improved.

Fundamentals

Modern bus applications, pioneered by the largest and
most influential companies in the digital electronics indus-
try, are commonly introduced with a new 1/O standard tai-
lored specifically to the needs of that application. The bus
I/O standards provide specifications to other vendors who
create products designed to interface with these applica-
tions. Each standard often has its own specifications for
current, voltage, 1/0 buffering, and termination techniques.

The ability to provide the flexibility and time-to-market
advantages of programmable logic is increasingly depen-
dent on the capability of the programmable logic device to
support an ever increasing variety of I/O standards

The Selectl/O resources feature highly configurable input
and output buffers which provide support for a wide variety
of I1/0 standards. As shown in Table 22, each buffer type
can support a variety of voltage requirements.

Table 22: Virtex-E Supported I/O Standards

Table 22: Virtex-E Supported I/O Standards

1/0 Output| Input | Input Bo_ard.
Standard v Vv Vv Termination
CCO CCO REF VOltage (VTT)
BLVDS & LVDS| 25 N/A N/A N/A
LVPECL 3.3 N/A N/A N/A

I/0 Output| Input | Input Bqard_
Standard Veco | Veco | Veer Termination
Voltage (V1)
LVTTL 3.3 3.3 N/A N/A
LVCMOS2 2.5 2.5 N/A N/A
LVCMOS18 1.8 1.8 N/A N/A
SSTL3 1 &l 3.3 N/A 1.50 1.50
SSTL2 1 &I 25 N/A 1.25 1.25
GTL N/A N/A 0.80 1.20
GTL+ N/A N/A 1.0 1.50
HSTL | 1.5 N/A 0.75 0.75
HSTL Il & IV 1.5 N/A 0.90 1.50
CTT 3.3 N/A 1.50 1.50
AGP-2X 3.3 N/A 1.32 N/A
PCI33_3 3.3 3.3 N/A N/A
PCI66_3 3.3 3.3 N/A N/A

Overview of Supported I/0O Standards

This section provides a brief overview of the I/O standards
supported by all Virtex-E devices.

While most I/O standards specify a range of allowed volt-
ages, this document records typical voltage values only.
Detailed information on each specification may be found on
the Electronic Industry Alliance Jedec website at:
http://www.jedec.org

LVTTL — Low-Voltage TTL

The Low-Voltage TTL, or LVTTL standard is a general pur-
pose EIA/JJESDSA standard for 3.3V applications that uses
an LVTTL input buffer and a Push-Pull output buffer. This
standard requires a 3.3V output source voltage (Vccp), but
does not require the use of a reference voltage (Vggg) or a
termination voltage (V11).

LVCMOS2 — Low-Voltage CMOS for 2.5 Volts

The Low-Voltage CMOS for 2.5 Volts or lower, or
LVCMOS?2 standard is an extension of the LVCMOS stan-
dard (JESD 8.-5) used for general purpose 2.5V applica-
tions. This standard requires a 2.5V output source voltage
(Vcco), but does not require the use of a reference voltage
(Vrep) Or a board termination voltage (V7).

LVCMOS18 — 1.8 V Low Voltage CMOS

This standard is an extension of the LVCMOS standard. Itis
used in general purpose 1.8 V applications. The use of a
reference voltage (Vrgp) Or a board termination voltage
(V1) is not required.

PCl — Peripheral Component Interface

The Peripheral Component Interface, or PCl standard
specifies support for both 33 MHz and 66 MHz PCI bus
applications. It uses a LVTTL input buffer and a Push-Pull
output buffer. This standard does not require the use of a
reference voltage (Vrep) Or a board termination voltage
(V17), however, it does require a 3.3V output source volt-

age (Veco)-
GTL — Gunning Transceiver Logic Terminated

The Gunning Transceiver Logic, or GTL standard is a
high-speed bus standard (JESD8.3) invented by Xerox. Xil-
inx has implemented the terminated variation for this stan-
dard. This standard requires a differential amplifier input
buffer and a Open Drain output buffer.
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GTL+ — Gunning Transceiver Logic Plus

The Gunning Transceiver Logic Plus, or GTL+ standard is a
high-speed bus standard (JESD8.3) first used by the Pen-
tium Pro processor.

HSTL — High-Speed Transceiver Logic

The High-Speed Transceiver Logic, or HSTL standard is a
general purpose high-speed, 1.5V bus standard sponsored
by IBM (EIA/JESD 8-6). This standard has four variations
or classes. Selectl/O devices support Class |, lll, and IV.
This standard requires a Differential Amplifier input buffer
and a Push-Pull output buffer.

SSTL3 — Stub Series Terminated Logic for 3.3V

The Stub Series Terminated Logic for 3.3V, or SSTL3 stan-
dard is a general purpose 3.3V memory bus standard also
sponsored by Hitachi and IBM (JESD8-8). This standard
has two classes, | and Il. Selectl/O devices support both
classes for the SSTL3 standard. This standard requires a
Differential Amplifier input buffer and an Push-Pull output
buffer.

SSTL2 — Stub Series Terminated Logic for 2.5V

The Stub Series Terminated Logic for 2.5V, or SSTL2 stan-
dard is a general purpose 2.5V memory bus standard
sponsored by Hitachi and IBM (JESD8-9). This standard
has two classes, | and Il. Selectl/O devices support both
classes for the SSTL2 standard. This standard requires a
Differential Amplifier input buffer and an Push-Pull output
buffer.

CTT — Center Tap Terminated

The Center Tap Terminated, or CTT standard is a 3.3V
memory bus standard sponsored by Fujitsu (JESD8-4).
This standard requires a Differential Amplifier input buffer
and a Push-Pull output buffer.

AGP-2X — Advanced Graphics Port

The Intel AGP standard is a 3.3V Advanced Graphics
Port-2X bus standard used with the Pentium Il processor
for graphics applications. This standard requires a
Push-Pull output buffer and a Differential Amplifier input
buffer.

LVDS — Low Voltage Differential Signal

LVDS is a differential 1/0 standard. It requires that one data
bit is carried through two signal lines. As with all differential
signaling standards, LVDS has an inherent noise immunity
over single-ended I/O standards. The voltage swing
between two signal lines is approximately 350mV. The use
of a reference voltage (Vrgr) Or a board termination voltage
(V1) is not required. LVDS requires the use of two pins per
input or output. LVDS requires external resistor termination.

BLVDS — Bus LVDS

This standard allows for bidirectional LVDS communication
between two or more devices. The external resistor termi-
nation is different than the one for standard LVDS.

LVPECL — Low Voltage Positive Emitter Cou-
pled Logic

LVPECL is another differential 1/0O standard. It requires two
signal lines for transmitting one data bit. This standard
specifies two pins per input or output. The voltage swing
between these two signal lines is approximately 850 mV.
The use of a reference voltage (Vrgg) or a board termina-
tion voltage (V171) is not required. The LVPECL standard
requires external resistor termination.

Library Symbols

The Xilinx library includes an extensive list of symbols
designed to provide support for the variety of Selectl/O fea-
tures. Most of these symbols represent variations of the five
generic Selectl/O symbols.

¢ IBUF (input buffer)

¢ |IBUFG (global clock input buffer)
¢ OBUF (output buffer)

¢ OBUFT (3-state output buffer)

¢ |OBUF (input/output buffer)

IBUF

Signals used as inputs to the Virtex-E device must source
an input buffer (IBUF) via an external input port. The
generic Virtex-E IBUF symbol appears in Figure 41. The
extension to the base name defines which I/O standard the
IBUF uses. The assumed standard is LVTTL when the
generic IBUF has no specified extension.

IBUF

O

x133_01_111699

Figure 41: Input Buffer (IBUF) Symbols

The following list details the variations of the IBUF symbol:

« IBUF
+ IBUF_LVCMOS2
.+ IBUF_PCI33 3
 IBUF_PCI66_3

« IBUF_GTL

+ IBUF_GTLP

+ IBUF_HSTL_|
IBUF_HSTL_III

« IBUF_HSTL_IV
 IBUF_SSTL3 |
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« IBUF_SSTL3 Il
 IBUF_SSTL2_|
« IBUF_SSTL2 Il

« IBUF_CTT

. IBUF_AGP

« IBUF_LVCMOS18
. IBUF_LVDS

* |IBUF_LVPECL

When the IBUF symbol supports an 1/O standard that
requires a differential amplifier input, the IBUF automati-
cally configures as a differential amplifier input buffer. The
low-voltage I/O standards with a differential amplifier input
require an external reference voltage input Vggg

The voltage reference signal is “banked” within the Virtex-E
device on a half-edge basis such that for all packages there
are eight independent Vgeg banks internally. See Figure 42
for a representation of the Virtex-E 1/0 banks. Within each
bank approximately one of every six I/O pins is automati-
cally configured as a Vrgg input. After placing a differential
amplifier input signal within a given Vrgg bank, the same
external source must drive all /O pins configured as a Vggg
input.

IBUF placement restrictions require that any differential
amplifier input signals within a bank be of the same stan-
dard. How to specify a specific location for the IBUF via the
LOC property is described below. Table 23 summarizes the
Virtex-E input standards compatibility requirements.

An optional delay element is associated with each IBUF.
When the IBUF drives a flip-flop within the IOB, the delay
element by default activates to ensure a zero hold-time
requirement. The NODELAY=TRUE property overrides this
default.

When the IBUF does not drive a flip-flop within the 10B, the
delay element de-activates by default to provide higher per-

formance. To delay the input signal, activate the delay ele-
ment with the DELAY=TRUE property.

Bank O V V Bank 1
N~ N
< GCLK3 GCLK2 <
© ©
om [a1]
Virtex-E
Device
[{e] m
X X
S GCLK1 GCLKO 3
om [a0]
Bank 5 A A Bank 4

ds022_42_012100

Figure 42: Virtex-E I/0 Banks

Table 23: Xilinx Input Standards Compatibility
Requirements

Rule 1 |All differential amplifier input signals within a

bank are required to be of the same standard.
There are no placement restrictions for inputs
with standards that require a single-ended input
buffer.

Rule 2

IBUFG

Signals used as high fanout clock inputs to the Virtex-E
device should drive a global clock input buffer (IBUFG) via
an external input port in order to take advantage of one of
the four dedicated global clock distribution networks. The
output of the IBUFG symbol can only drive a CLKDLL,
CLKDLLHF, or a BUFG symbol. The generic Virtex-E
IBUFG symbol appears in Figure 43.

IBUFG

O

x133_03_111699

Figure 43: Virtex-E Global Clock Input Buffer
(IBUFG) Symbol

The extension to the base name determines which 1/O
standard is used by the IBUFG. With no extension specified
for the generic IBUFG symbol, the assumed standard is
LVTTL.

The following list details variations of the IBUFG symbol.

* IBUFG
* |IBUFG_LVCMOS?2
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 IBUFG_PCI33 3
 IBUFG_PCI66_3
.+ IBUFG_GTL

+ IBUFG_GTLP

« IBUFG_HSTL_I
« IBUFG_HSTL_IIl
 IBUFG_HSTL_IV
 IBUFG_SSTL3_|
+ IBUFG_SSTL3_I
 IBUFG_SSTL2_|
 IBUFG_SSTL2_II
« IBUFG_CTT
 IBUFG_AGP

+ IBUFG_LVCMOS18
. IBUFG_LVDS

. IBUFG_LVPECL

When the IBUFG symbol supports an I/O standard that
requires a differential amplifier input, the IBUFG automati-
cally configures as a differential amplifier input buffer. The
low-voltage I/O standards with a differential amplifier input
require an external reference voltage input Vgeg

The voltage reference signal is “banked” within the Virtex-E
device on a half-edge basis such that for all packages there
are eight independent Vggg banks internally. See Figure 42
for a representation of the Virtex-E 1/0 banks. Within each
bank approximately one of every six I/O pins is automati-
cally configured as a Vrgg input. After placing a differential
amplifier input signal within a given Vrgg bank, the same
external source must drive all I/O pins configured as a Vggg
input.

IBUFG placement restrictions require any differential ampli-
fier input signals within a bank be of the same standard.
The LOC property can specify a location for the IBUFG.

As an added convenience, the BUFGP can be used to
instantiate a high fanout clock input. The BUFGP symbol
represents a combination of the LVTTL IBUFG and BUFG
symbols, such that the output of the BUFGP can connect
directly to the clock pins throughout the design.

Unlike previous architectures, the Virtex-E BUFGP symbol
can only be placed in a global clock pad location. The LOC
property can specify a location for the BUFGP.

OBUF

An OBUF must drive outputs through an external output
port. The generic output buffer (OBUF) symbol appears in
Figure 44.

OBUF

O

x133_04_111699

Figure 44: Virtex-E Output Buffer (OBUF) Symbol

The extension to the base name defines which I/O standard
the OBUF uses. With no extension specified for the generic
OBUF symbol, the assumed standard is slew rate limited
LVTTL with 12 mA drive strength.

The LVTTL OBUF additionally can support one of two slew
rate modes to minimize bus transients. By default, the slew
rate for each output buffer is reduced to minimize power
bus transients when switching non-critical signals.

LVTTL output buffers have selectable drive strengths.
The format for LVTTL OBUF symbol names is as follows.
OBUF_<slew_rate>_<drive_strength>

<slew_rate> is either F (Fast), or S (Slow) and
<drive_strength> is specified in milliamps (2, 4, 6, 8, 12, 16,
or 24).

The following list details variations of the OBUF symbol.

« OBUF_S_
« OBUF F. 2

« OBUF_F 4

« OBUF_F 6

« OBUF F_8

« OBUF_F_12

« OBUF_F_16

« OBUF_F 24

« OBUF_LVCMOS?2
« OBUF_PCI33_3
« OBUF_PCI66_3
« OBUF_GTL

« OBUF_GTLP

« OBUF_HSTL_|
« OBUF_HSTL_IIl
« OBUF_HSTL_IV
« OBUF_SSTL3_|
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« OBUF_SSTL3 Il
« OBUF_SSTL2_|
« OBUF_SSTL2_II
« OBUF CTT

- OBUF_AGP

« OBUF_LVCMOS18
« OBUF_LVDS

« OBUF_LVPECL

The Virtex-E series supports eight banks for the HQ and
PQ packages. The CS packages support four Vo banks.

OBUF placement restrictions require that within a given
Vcco bank each OBUF share the same output source drive
voltage. Input buffers of any type and output buffers that do
not require Voo can be placed within any Voo bank.
Table 24 summarizes the Virtex-E output compatibility
requirements. The LOC property can specify a location for
the OBUF.

Table 24: Output Standards Compatibility
Requirements

Rule 1 |Only outputs with standards which share compat-
ible Vcco may be used within the same bank.

Rule 2 |There are no placement restrictions for outputs
with standards that do not require a Veco.

Vceo |Compatible Standards

3.3  |LVTTL, SSTL3_I, SSTL3_II, CTT, AGP, GTL,
GTL+, PCI33_3, PCI66_3

2.5 SSTL2_I, SSTL2_Il, LVCMOS2, GTL, GTL+
15 HSTL_I, HSTL_IIl, HSTL_IV, GTL, GTL+

OBUFT

The generic 3-state output buffer OBUFT, shown in
Figure 45, typically implements 3-state outputs or bidirec-
tional I1/0O.

The extension to the base name defines which 1/O standard
OBUFT uses. With no extension specified for the generic
OBUFT symbol, the assumed standard is slew rate limited
LVTTL with 12 mA drive strength.

The LVTTL OBUFT additionally can support one of two
slew rate modes to minimize bus transients. By default, the
slew rate for each output buffer is reduced to minimize
power bus transients when switching non-critical signals.

LVTTL 3-state output buffers have selectable drive
strengths.

The format for LVTTL OBUFT symbol names is as follows.

OBUFT_<slew_rate>_<drive_strength>

<slew_rate> can be either F (Fast), or S (Slow) and
<drive_strength> is specified in milliamps (2, 4, 6, 8, 12, 16,
or 24).

OBUFT

O

x133_05_111699

Figure 45: 3-State Output Buffer Symbol (OBUFT)

The following list details variations of the OBUFT symbol.

« OBUFT_F_12

« OBUFT_F_16

« OBUFT_F 24

« OBUFT_LVCMOS2
« OBUFT_PCI33_3
« OBUFT_PCI66_3
« OBUFT GTL

« OBUFT_GTLP

« OBUFT_HSTL |
« OBUFT_HSTL_III
« OBUFT_HSTL_IV
+ OBUFT_SSTL3 |
« OBUFT_SSTL3_II
« OBUFT_SSTL2_|
« OBUFT_SSTL2_II
« OBUFT CTT

« OBUFT_AGP

+ OBUFT_LVCMOS18
« OBUFT_LVDS

« OBUFT_LVPECL

The Virtex-E series supports eight banks for the HQ and
PQ packages. The CS package supports four Vg banks.

The Selectl/O OBUFT placement restrictions require that
within a given Veco bank each OBUFT share the same
output source drive voltage. Input buffers of any type and
output buffers that do not require Voco can be placed
within the same V¢ bank.
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The LOC property can specify a location for the OBUFT.

3-state output buffers and bidirectional buffers can have
either a weak pull-up resistor, a weak pull-down resistor, or
a weak “keeper” circuit. Control this feature by adding the
appropriate symbol to the output net of the OBUFT (PUL-
LUP, PULLDOWN, or KEEPER).

The weak “keeper” circuit requires the input buffer within
the IOB to sample the I/O signal. So, OBUFTs programmed
for an 1/O standard that requires a Vgrgp have automatic
placement of a Vggg in the bank with an OBUFT configured
with a weak “keeper” circuit. This restriction does not affect
most circuit design as applications using an OBUFT config-
ured with a weak “keeper” typically implement a bidirec-
tional I/O. In this case the IBUF (and the corresponding
Vgrep) are explicitly placed.

The LOC property can specify a location for the OBUFT.
IOBUF

Use the IOBUF symbol for bidirectional signals that require
both an input buffer and a 3-state output buffer with an
active high 3-state pin. The generic input/output buffer
IOBUF appears in Figure 46.

The extension to the base name defines which I/O standard
the IOBUF uses. With no extension specified for the
generic IOBUF symbol, the assumed standard is LVTTL
input buffer and slew rate limited LVTTL with 12 mA drive
strength for the output buffer.

The LVTTL IOBUF additionally can support one of two slew
rate modes to minimize bus transients. By default, the slew
rate for each output buffer is reduced to minimize power
bus transients when switching non-critical signals.

LVTTL bidirectional buffers have selectable output drive
strengths.

The format for LVTTL IOBUF symbol names is as follows.
IOBUF_<slew_rate>_<drive_strength>

<slew_rate> can be either F (Fast), or S (Slow) and
<drive_strength> is specified in milliamps (2, 4, 6, 8, 12, 16,
or 24).

IOBUF
T

| 10

x133_06_111699

Figure 46: Input/Output Buffer Symbol (IOBUF)
The following list details variations of the IOBUF symbol.
« IOBUF

« IOBUF S 2
+ IOBUF_S 4
- IOBUF S 6
+ IOBUF_S 8
« IOBUF_S 12
.+ IOBUF_S 16
+ IOBUF_S 24
« IOBUF F 2
- IOBUF F_ 4
- IOBUF F 6
« IOBUF_F_8

« IOBUF_F_12

- IOBUF F_16

.« I0BUF_F_24

« I0BUF_LVCMOS2
+ IOBUF_PCI33_3
.+ I0BUF_PCI66_3
.+ IOBUF GTL

+ IOBUF_GTLP

+ IOBUF_HSTL_|
+ 1OBUF_HSTL_III
« I0BUF_HSTL_IV
+ IOBUF_SSTL3 |
+ IOBUF_SSTL3 Il
+ I0BUF_SSTL2_|
+ IOBUF_SSTL2_II
« I0BUF_CTT

+ IOBUF_AGP
 I0BUF_LVCMOS18
. I0BUF_LVDS

+ I0BUF_LVPECL

When the IOBUF symbol used supports an I/O standard
that requires a differential amplifier input, the IOBUF auto-
matically configures with a differential amplifier input buffer.
The low-voltage 1/0 standards with a differential amplifier
input require an external reference voltage input Vggge

The voltage reference signal is “banked” within the Virtex-E
device on a half-edge basis such that for all packages there
are eight independent Vggg banks internally. See Figure 42
on page 55 for a representation of the Virtex-E 1/0 banks.
Within each bank approximately one of every six I/O pins is
automatically configured as a Vrgp input. After placing a
differential amplifier input signal within a given Vggg bank,
the same external source must drive all I/O pins configured
as a VRrgg input.

IOBUF placement restrictions require any differential ampli-
fier input signals within a bank be of the same standard.

The Virtex-E series supports eight banks for the HQ and
PQ packages. The CS package supports four Vg banks.

Additional restrictions on the Virtex-E Selectl/O I0BUF
placement require that within a given Voco bank each
IOBUF must share the same output source drive voltage.
Input buffers of any type and output buffers that do not
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require Vcco can be placed within the same Vcco bank.
The LOC property can specify a location for the IOBUF.

An optional delay element is associated with the input path
in each IOBUF. When the IOBUF drives an input flip-flop
within the IOB, the delay element activates by default to
ensure a zero hold-time requirement. Override this default
with the NODELAY=TRUE property.

In the case when the IOBUF does not drive an input flip-flop
within the 10B, the delay element de-activates by default to
provide higher performance. To delay the input signal, acti-
vate the delay element with the DELAY=TRUE property.

3-state output buffers and bidirectional buffers can have
either a weak pull-up resistor, a weak pull-down resistor, or
a weak “keeper” circuit. Control this feature by adding the
appropriate symbol to the output net of the IOBUF (PUL-
LUP, PULLDOWN, or KEEPER).

Select I/O Properties

Access to some of the Selectl/O features (for example,
location constraints, input delay, output drive strength, and
slew rate) is available through properties associated with
these features.

Input Delay Properties

An optional delay element is associated with each IBUF.
When the IBUF drives a flip-flop within the 10B, the delay
element activates by default to ensure a zero hold-time
requirement. Use the NODELAY=TRUE property to over-
ride this default.

In the case when the IBUF does not drive a flip-flop within
the 10B, the delay element by default de-activates to pro-
vide higher performance. To delay the input signal, activate
the delay element with the DELAY=TRUE property.

IOB Flip-Flop/Latch Property

The Virtex-E series 10 Block (I0OB) includes an optional
register on the input path, an optional register on the output
path, and an optional register on the 3-state control pin.
The design implementation software automatically takes
advantage of these registers when the following option for
the Map program is specified.

map -pr b <filename>

Alternatively, the IOB = TRUE property can be placed on a
register to force the mapper to place the register in an IOB.

Location Constraints

Specify the location of each Selectl/O symbol with the loca-
tion constraint LOC attached to the Selectl/O symbol. The
external port identifier indicates the value of the location
constrain. The format of the port identifier depends on the
package chosen for the specific design.

The LOC properties use the following form.

LOC=A42
LOC=P37

Output Slew Rate Property

As mentioned above, a variety of symbol names provide
the option of choosing the desired slew rate for the output
buffers. In the case of the LVTTL output buffers (OBUF,
OBUFT, and IOBUF), slew rate control can be alternatively
programed with the SLEW= property. By default, the slew
rate for each output buffer is reduced to minimize power
bus transients when switching non-critical signals. The
SLEWS= property has one of the two following values.

SLEW=SLOW
SLEW=FAST

Output Drive Strength Property

The desired output drive strength can be additionally spec-
ified by choosing the appropriate library symbol. The Xilinx
library also provides an alternative method for specifying
this feature. For the LVTTL output buffers (OBUF, OBUFT,
and IOBUF, the desired drive strength can be specified with
the DRIVE= property. This property could have one of the
following seven values.

DRIVE=2
DRIVE=4

DRIVE=6

DRIVE=8
DRIVE=12 (Default)
DRIVE=16
DRIVE=24

Design Considerations

Reference Voltage (Vrep) Pins

Low-voltage I/O standards with a differential amplifier input
buffer require an input reference voltage (Vrgg). Provide
the Vreg as an external signal to the device.

The voltage reference signal is “banked” within the device
on a half-edge basis such that for all packages there are
eight independent Vrgg banks internally. See Figure 42 on
page 55 for a representation of the Virtex-E 1/O banks.
Within each bank approximately one of every six I/O pins is
automatically configured as a Vrgp input. After placing a
differential amplifier input signal within a given Vggg bank,
the same external source must drive all I/O pins configured
as a VRrgg input.

Within each Vgyge bank, any input buffers that require a
VRree Signal must be of the same type. Output buffers of any
type and input buffers can be placed without requiring a ref-
erence voltage within the same Vgrgg bank.
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Output Drive Source Voltage (Vcco) Pins

Many of the low voltage I/O standards supported by
Selectl/O devices require a different output drive source
voltage (Vcco)- As a result each device can often have to
support multiple output drive source voltages.

The Virtex-E series supports eight banks for the HQ and
PQ packages. The CS package supports four Voo banks.

Output buffers within a given Voco bank must share the
same output drive source voltage. Input buffers for LVTTL,
LVCMOS2, LVCMOS18, PCI33_3, and PCl 66_3 use the
Vcco Voltage for Input Vo voltage.

Transmission Line Effects

The delay of an electrical signal along a wire is dominated
by the rise and fall times when the signal travels a short dis-
tance. Transmission line delays vary with inductance and
capacitance, but a well-designed board can experience
delays of approximately 180 ps per inch.

Transmission line effects, or reflections, typically start at
1.5" for fast (1.5 ns) rise and fall times. Poor (or non-exis-
tent) termination or changes in the transmission line imped-
ance cause these reflections and can cause additional
delay in longer traces. As system speeds continue to
increase, the effect of I/O delays can become a limiting fac-
tor and therefore transmission line termination becomes
increasingly more important.

Termination Techniques

A variety of termination technigues reduce the impact of
transmission line effects.

The following lists output termination techniques.

None

Series

Parallel (Shunt)

Series and Parallel (Series-Shunt)

Input termination techniques include the following.

None
Parallel (Shunt)

These termination techniques can be applied in any combi-
nation. A generic example of each combination of termina-
tion methods appears in Figure 47.

Unterminated

Double Parallel Terminated

Unterminated Output Driving
a Parallel Terminated Input

Series Terminated Output Driving
a Parallel Terminated Input
\%

T

Series-Parallel Terminated Output
Driving a Parallel Terminated Input

Series Terminated Output

VREF

X133_07_111699

Figure 47: Overview of Standard Input and Output
Termination Methods

Simultaneous Switching Guidelines

Ground bounce can occur with high-speed digital ICs when
multiple outputs change states simultaneously, causing
undesired transient behavior on an output, or in the internal
logic. This problem is also referred to as the Simultaneous
Switching Output (SSO) problem.

Ground bounce is primarily due to current changes in the
combined inductance of ground pins, bond wires, and
ground metallization. The IC internal ground level deviates
from the external system ground level for a short duration (a
few nanoseconds) after multiple outputs change state
simultaneously.

Ground bounce affects stable Low outputs and all inputs
because they interpret the incoming signal by comparing it
to the internal ground. If the ground bounce amplitude
exceeds the actual instantaneous noise margin, then a
non-changing input can be interpreted as a short pulse with
a polarity opposite to the ground bounce.

Table 25 provides the guidelines for the maximum number
of simultaneously switching outputs allowed per output
power/ground pair to avoid the effects of ground bounce.
Refer to Table 26 for the number of effective output
power/ground pairs for each Virtex-E device and package
combination.

Table 25: Guidelines for Maximum Number of Simultaneously Switching Outputs per Power/Ground Pair

Package
Standard BGA, CS, FGA HQ PQ, TQ
LVTTL Slow Slew Rate, 2 mA drive 68 49 36
LVTTL Slow Slew Rate, 4 mA drive 41 31 20
LVTTL Slow Slew Rate, 6 mA drive 29 22 15
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Table 25: Guidelines for Maximum Number of Simultaneously Switching Outputs per Power/Ground Pair

Package
Standard BGA, CS, FGA HQ PQ, TQ
LVTTL Slow Slew Rate, 8 mA drive 22 17 12
LVTTL Slow Slew Rate, 12 mA drive 17 12 9
LVTTL Slow Slew Rate, 16 mA drive 14 10 7
LVTTL Slow Slew Rate, 24 mA drive 9 7 5
LVTTL Fast Slew Rate, 2 mA drive 40 29 21
LVTTL Fast Slew Rate, 4 mA drive 24 18 12
LVTTL Fast Slew Rate, 6 mA drive 17 13 9
LVTTL Fast Slew Rate, 8 mA drive 13 10 7
LVTTL Fast Slew Rate, 12 mA drive 10 7 5
LVTTL Fast Slew Rate, 16 mA drive 8 6 4
LVTTL Fast Slew Rate, 24 mA drive 5 4 3
LVCMOS2 10 7 5
PCI 8 6 4
GTL 4 4 4
GTL+ 4 4 4
HSTL Class | 18 13 9
HSTL Class llI 9 7 5
HSTL Class IV 5 4 3
SSTL2 Class | 15 11 8
SSTL2 Class Il 10 7 5
SSTL3 Class | 11 8 6
SSTL3 Class 7 5 4
CTT 14 10 7
AGP 9 7 5
Note: This analysis assumes a 35 pF load for each output.
Table 26: Virtex-E Equivalent Power/Ground Pairs
Pkg/Part v100e v200e v300e v400e v600e v1000e v1600e v2000e
CS144 12 12
PQ240 20 20 20 20
HQ240 20 20
BG432 32 40 40
BG560 56 58 60
FG256(0) 20 24 24
FG456 40 40
FG676 54 56
FG680) 46 56 56 56
FG860 58 60 64
FG900
FG1156 96 104 120
Notes:
1: Virtex-E devices in FG256 packages have more Vg than Virtex series devices.
2: FG680 numbers are preliminary.
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Application Examples

Creating a design with the Selectl/O features requires the
instantiation of the desired library symbol within the design
code. At the board level, designers need to know the termi-
nation techniques required for each 1/0O standard.

This section describes some common application exam-
ples illustrating the termination techniques recommended
by each of the standards supported by the Selectl/O fea-
tures.

Termination Examples

Circuit examples involving typical termination techniques
for each of the Selectl/O standards follow. For a full range
of accepted values for the DC voltage specifications for
each standard, refer to the table associated with each fig-
ure.

The resistors used in each termination technique example
and the transmission lines depicted represent board level
components and are not meant to represent components
on the device.

GTL

A sample circuit illustrating a valid termination technique for
GTL is shown in Figure 48. Table 27 lists DC voltage spec-
ifications.

GTL
Vir=1.2V V= 1.2V
500
Veco=NA™ 3
_'E ViRer = 0.8V

x133_08_111699

Figure 48: Terminated GTL

Table 27: GTL Voltage Specifications

Parameter Min Typ Max
Veeo - N/A -
Vger = N x Vot 0.74 0.8 0.86
Vit 1.14 1.2 1.26
V|4 = VRreg + 0.05 0.79 0.85 -
V)= Vgrer — 0.05 - 0.75 0.81
Von 3 - 3
VoL - 0.2 0.4
lon at Vou(mA) - - -
lgLat Vg (mA) at 0.4V 32 - -
loLat Vo (mA) at 0.2V - - 40

Note 1: N must be greater than or equal to 0.653 and less
than or equal to 0.68.

GTL+

A sample circuit illustrating a valid termination technique for
GTL+ appears in Figure 49. DC voltage specifications
appear in Table 28.

GTL+
VTT: 1.5V VTT: 1.5V

x133_09_012400

Figure 49: Terminated GTL+

Table 28: GTL+ Voltage Specifications

Parameter Min Typ Max
Vceo - - -
Vrer = N x Vot 0.88 1.0 1.12
Vit 1.35 15 1.65
Viu = Vrer + 0.1 0.98 1.1 -
ViL=Vger - 0.1 - 0.9 1.02
Von - - -
VoL 0.3 0.45 0.6
lon at Vo (MA) - - -
loLat Vo, (MA) at 0.6V 36 - -
loLat Vo, (MA) at 0.3V - - 48

Note 1: N must be greater than or equal to 0.653 and less than
or equal to 0.68.

HSTL

A sample circuit illustrating a valid termination technique for
HSTL_I appears in Figure 50. A sample circuit illustrating a
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valid termination technique for HSTL_llIl appears in A sample circuit illustrating a valid termination technique for
Figure 51. HSTL_IV appears in Figure 52.

HSTL Class IV
HSTL Class |

_ V= 1.5V Vyp= 1.5V
Veeo =15V VIT T
50Q
L

B Vper = 0.9V

x133_12_111699

Figure 52: Terminated HSTL Class IV

x133_10_111699

Figure 50: Terminated HSTL Class | Table 31: HSTL Class IV Voltage Specification
Parameter Min Typ Max
Table 29: HSTL Class | Voltage Specification Veeo 1.40 1.50 1.60
g V - . -
Parameter Min Typ Max REF 0.90
Veeo 140 150 .60 Vit - Veco -
Vrer 0.68 0.75 0.90 ViH Vrer + 0.1 - -
VTT - VCCO x 0.5 - V|L - - VREF -0.1
ViH Vrer + 0.1 - - VoH Veco— 0.4 - -
Vie - - Vrer— 0.1 VoL - - 0.4
VOH Vcco— 0.4 - - IOH at VOH (mA) -8 - -
VoL 0.4 loLat Vo (mA) 48 - -
lon at Von (MA) -8 N - Note: Per EIA/JJESD8-6, “The value of Vggr is to be selected
lgLat Vo (MmA) 8 - - by the user to provide optimum noise margin in

the use conditions specified by the user.

HSTL Class Ill SSTL3_
A sample circuit illustrating a valid termination technique for
SSTL3_I appears in Figure 53. DC voltage specifications
appear in Table 32.

SSTL3 Class |

V= 1.5V
Veeo = 3.3V i

x133_11_111699

Figure 51: Terminated HSTL Class llI

Table 30: HSTL Class lll Voltage Specification

X133_13_111699

Figure 53: Terminated SSTL3 Class |

Parameter Min Typ Max o
Veeo 1.40 150 160 Table 32: SSTL3_| Voltage Specifications
Vrer - 0.90 - Parameter Min Typ |Max
VTT - VCCO - VCCO 3.0 3.3 3.6
ViH Vgee + 0.1 - - VReg = 0.45 X Veeo 1.3 15 1.7
VL - - Vreg— 0.1 V11 = VREE 1.3 15 1.7
Vou Veeo- 0.4 - - Vin = Vrer + 0.2 15 | 1.7 | 3.9M
VoL - - 0.4 VL =Vgeg—0.2 -0.3%¥ ] 1.3 1.5
lon at Vou (MA) -8 - - Von = VRer *+ 0.6 1.9 - -
loLat Vo, (MA) 24 - - VoL = Vrer— 0.6 - - 11
Note: Per EIA/JESD8-6, “The value of Vgg is to be selected lon at Vou (MA) -8 B B
by the user to provide optimum noise margin in lgLat Vo (MA) 8 - -
the use conditions specified by the user.” Notes

1 V|H maximum is VCCO +0.3
2: V)L minimum does not conform to the formula

DS022 (v1.3) February 28, 2000 - Advance Product Specification 3-63



Virtex-E 1.8V Field Programmable Gate Arrays

SXILINX®

SSTL3_I

A sample circuit illustrating a valid termination technique for
SSTL3_Il appears in Figure 54. DC voltage specifications
appear in Table 33.

SSTL3 Class I
Vir= 15V Vy= 1.5V
Veco =33V 1T >V Vi 1S
50Q
_|

x133_14_111699

Figure 54: Terminated SSTL3 Class |l

Table 33: SSTL3_Il Voltage Specifications

Table 34: SSTL2_| Voltage Specifications

Parameter Min Typ | Max
Veeo 3.0 3.3 3.6
Vger = 0.45 x Veeo 13 | 15 | 17
V11 = VReR 1.3 | 15 | 17
Vi = VReg + 0.2 15 | 1.7 | 3.9D
V.= Vgeg - 0.2 -03@] 13 | 15
Von = Vgrer + 0.8 2.1 - -
Vo= Vreg—-0.8 - - 0.9
lon at Vo (MA) -16 - -
lgLat Vo (MmA) 16 - -
Notes

1: Viy maximum is Ve + 0.3
2: V). minimum does not conform to the formula

SSTL2_|

A sample circuit illustrating a valid termination technique for
SSTL2_| appears in Figure 55. DC voltage specifications
appear in Table 34.

SSTL2 Class |

V

xap133_15_011000

Figure 55: Terminated SSTL2 Class |

Parameter Min Typ Max
Veeo 2.3 25 2.7
Vger = 0.5 X Veeo 1.15 1.25 1.35
V17 = Vrer + NOD 111 | 1.25 | 1.39
Vi = Vrer +0.18 1.33 | 1.43 |3.0@
V. = Vger — 0.18 -03®] 1.07 | 117
Von = Vgreg + 0.61 1.76 - -
VoL= Vgrer — 0.61 - - 0.74
lon at Vop (MA) -7.6 - -
lgLat Vo (MmA) 7.6 - -
Notes
1: N must be greater than or equal to -0.04 and less than or

equal to 0.04.

2: Vi maximum is Vo + 0.3.
3: V| minimum does not conform to the formula.

SSTL2_ I

A sample circuit illustrating a valid termination technique for
SSTL2_Il appears in Figure 56. DC voltage specifications
appear in Table 35.

SSTL2 Class |l

Vir=1.25V Vo= 1.25V
Veeo =25V 1T i

Vi = 1.25V

x133_16_111699

Figure 56: Terminated SSTL2 Class Il

Table 35: SSTL2_ll Voltage Specifications

Parameter Min Typ Max
Veeo 2.3 25 2.7
Vgrer = 0.5 X Veeo 1.15 1.25 1.35
V17 = Vrer + N 1.11 1.25 1.39
Vin = Vrer +0.18 1.33 1.43 3.00
VL = Vger —0.18 -03® | 107 1.17
Von = Vgeg + 0.8 1.95 - -
VoL = Vger - 0.8 - - 0.55
lon at Vop (MA) -15.2 - -
lgLat Vo (mA) 15.2 - -
Notes:
1. N must be greater than or equal to -0.04 and less than or

equal to 0.04.

2.V |y maximum is Voo + 0.3.
3.V, minimum does not conform to the formula.
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CTT

A sample circuit illustrating a valid termination technique for
CTT appear in Figure 57. DC voltage specifications appear
in Table 36.

CTT

_ V=15V
Veeo = 3.3V T

L Vpge= 15V —

x133_17_111699

Figure 57: Terminated CTT

Table 36: CTT Voltage Specifications

Parameter Min Typ Max
Veeo 2.05% | 33 3.6
VRer 1.35 1.5 1.65
Vot 1.35 1.5 1.65
Vi = Vgrgr + 0.2 1.55 1.7 -
V| = Vggg - 0.2 - 1.3 1.45
Vou = Vger + 0.4 1.75 1.9 -
VoL= Vrer - 0.4 - 1.1 1.25
lon at Vop (MA) -8 - -
lgLat Vo (MmA) 8 - -
Notes:

1: Timing delays are calculated based on Vcg min of 3.0V.

PCI33_3 & PCI66_3

PCI33_3 or PCI66_3 require no termination. DC voltage
specifications appear in Table 37.

Table 37: PCI33_3 and PCI66_3 Voltage Specifications

Parameter Min Typ Max
Veeo 3.0 3.3 3.6
VRer - - -
V17 - - -
Vi = 0.5 x Veeo 15 | 1.65 |Vceo+ 0.5
V. =0.3x Vceo -0.5 | 0.99 1.08
Von = 0.9 x Veeo 2.7 - -
Vor=0.1xVeeo - - 0.36
lon at Vop (MA) Note 1| - -
loLat VoL (MmA) Note 1| - -

Note 1: Tested according to the relevant specification.

LVTTL

LVTTL requires no termination. DC voltage specifications
appears in Table 38.

Table 38: LVTTL Voltage Specifications

Parameter Min Typ Max
Veeo 3.0 3.3 3.6
VREF - - -
V1T - - -
\m 2.0 - 3.6
Vi -0.5 - 0.8
VoH 2.4 - -
VoL - - 0.4
lon at Vop (MA) —24 - -
loLat VoL (MmA) 24 - -

Note: Vg and Vg for lower drive currents sample tested.

LVCMOS2

LVCMOS2 requires no termination. DC voltage specifica-
tions appear in Table 39.

Table 39: LVCMOS2 Voltage Specifications

Parameter Min Typ Max
Veeo 2.3 25 2.7
VREF - - -
V17 - - -
Vig 1.7 - 3.6
VL -0.5 - 0.7
Vou 1.9 - -
VoL - - 0.4
lon at Vop (MA) -12 - -
loLat VoL (MA) 12 - -
LVCMOS18

LVCMOS18 does not require termination. Table 40 lists DC
voltage specifications.

Table 40: LVCMOS18 Voltage Specifications

Parameter Min Typ Max
Vceeo 1.70 1.80 1.90
VREF - - -
V1T - - -
ViH 0.7 X Vceo - 1.95
Vi -05 - 10.2xVeeo
VoH Veco—-04 | - -
Vou - - 0.4
lon at Vou (MA) -8 - -
loLat Vo (mA) 8 - -
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AGP-2X

The specification for the AGP-2X standard does not docu-
ment a recommended termination technique. DC voltage
specifications appear in Table 41.

Table 41: AGP-2X Voltage Specifications

Parameter Min | Typ Max
Vceo 3.0 3.3 3.6
Virer = N x Veeo® 117 | 1.32 | 1.48
VT - - -
ViH=Vgep+0.2 1.37 | 1.52 -
VL =Vgge—0.2 - 1.12 1.28
Vou = 0.9 X Veeo 2.7 3.0 -
VoL =0.1XVceo - 0.33 0.36
lon at Vop (MA) Note 2| - -
lgLat Vg (MmA) Note 2| - -
Notes:
1: N must be greater than or equal to 0.39 and less than or
equal to 0.41.
2: Tested according to the relevant specification.
LVDS

Depending on whether the device is transmitting an LVDS
signal or receiving an LVDS signal, there are two different
circuits used for LVDS termination. A sample circuit illus-
trating a valid termination technique for transmitting LVDS
signals appears in Figure 58. A sample circuit illustrating a
valid termination for receiving LVDS signals appears in
Figure 59. Table 42 lists DC voltage specifications. Further
information on the specific termination resistor packs

shown can be found on Table 44.
D — 1/4 of Bourns

Virtex-E Part Number
FPGA - _CAT16-LVAF12 .
0! Rs ! Z0=50Q
25V —W ‘ to LVDS Receiver
- 165 |
| I
DATA ' RDIV}
Transmit | R 140
P ! Z0=50Q _
— vWA @—» to LVDS Receiver
Q | 165 ! T
| i
Veeo = 2.5V
LVDS
Output

X133_19_122799

Figure 58: Transmitting LVDS Signal Circuit

VIRTEX-E
Q Z0=50Q vps_IN FPGA
from -
LVDS DATA
Driver | Receive
Q T LVDS_IN
x133_29 122799
Figure 59: Receiving LVDS Signal Circuit

Table 42: LVDS Voltage Specifications

Parameter Min Typ Max
Veeo 2.375 2.5 2.625
Vien®@ 0.2 1.25 2.2
Voeu™® 1.125 1.25 1.375
Vioiee P 0.1 0.35 -
Vopier @ 0.25 0.35 0.45
Vou® 1.25 - -
VoL@ - - 1.25
Notes:

1: Measured with a 100 Q resistor across Q and Q.
2: Measured with a differential input voltage = +/— 350 mV.

LVPECL

Depending on whether the device is transmitting or receiv-
ing an LVPECL signal, two different circuits are used for
LVPECL termination. A sample circuit illustrating a valid ter-
mination technique for transmitting LVPECL signals
appears in Figure 60. A sample circuit illustrating a valid
termination for receiving LVPECL signals appears in
Figure 61. Table 43 lists DC voltage specifications. Further
information on the specific termination resistor packs
shown can be found on Table 44.

1/4 of Bourns
Part Number

Virtex-E
FPGA (CATIERCARLZ

L Rs | 20=50Q ypECL_OUT
3.3V ! %\6 e E— to LVPECL Receiver
| '
DATA ! Rpiv}
|
Transmit "L IR 187 |
1 Rs | Zo=500
F=——TvWA s —" to LVPECL Receiver
Q 1 100 | T LVPECL_OUT

x133_20_122799

Figure 60: Transmitting LVPECL Signal Circuit

VIRTEX-E

_ FPGA
Q 20=50Q \ypecL IN
|

from R ™

LVPECL DS DATA
Driver $ 100Q Receive

j»

= LVPECL_IN

20=50Q

Ql

x133_21_122799

Figure 61: Receiving LVPECL Signal Circuit

Table 43: LVPECL Voltage Specifications

Parameter Min Typ Max
Veeo 3.0 3.3 3.6
VREF - - -
V17 - - -
ViH 1.49 - 2.72
Vi 0.86 - 2.125
VoH 1.8 - -
VoL - - 1.57

Note: For more detailed information, see page 25
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Termination Resistor Packs

Resistor packs are available with the values and the config-
uration required for LVDS and LVPECL termination from
Bourns, Inc., as listed in Table. For pricing and availability,
please contact Bourns directly at www.bourns.com.

Table 44: Bourns LVDS/LVPECL Resistor Packs

Term.

Pairs/

Part Number I/0 Standard Pins
for: Pack

CAT16-LV2F6 |[LVDS Driver 2 8
CAT16-LV4F12 |[LVDS Driver 4 16
CAT16-PC2F6 |LVPECL Driver 2 8
CAT16-PC4F12 |LVPECL Driver 4 16
CAT16-PT2F2 |LVDS/LVPECL |Receiver| 2 8
CAT16-PT4F4 |LVDS/LVPECL |Receiver| 4 16

LVDS Design Guide

The Selectl/O library elements have been expanded for Vir-
tex-E devices to include new LVDS variants. At this time all
of the cells may not be included in the Synthesis libraries.
The 2.1i-Service Pack 2 update for Alliance and Foundation
software includes these cells in the VHDL and Verilog
libraries. It is necessary to combine these cells to create
the P-side (positive) and N-side (negative) as described in
the input, output, 3-state and bidirectional sections.

IBUF_LVDS

OBUF_LVDS

IBUFG_LVDS

OBUFT_LVDS

IOBUF_LVDS

T

Figure 62: LVDS elements

X133_22_122299

Creating an LVDS Global Clock Input Buffer

The global clock input buffer may be combined with the
adjacent IOB to form an LVDS clock input buffer. The P-side
resides in the GCLKPAD location and the N-side resides in
the adjacent 10_LVDS_DLL site.

Table 45: Global Clock Input Buffer Locations

Package GCLK GCLK | GCLK | GCLK
PAD3 PAD2 PAD1 | PADO
CS144 C6 B7 M6 N8
PQ240 P215 P209 P87 P93
BG432 C17 B16 AL17 | AH15
BG560 C18 E17 AM18 | AM17
FG256 A7 A8 T8 N9
FG456 B11 D11 AAll Uiz
FG676 B13 F14 AF13 | AC14
FG680 Cc22 A19 AT22 | AT21
FG860 A22 D22 AW21 | AW20
FG900 Al5 E16 AH16 | AF16
FG1156 C17 J18 AL17 | AM18

HDL Instantiation

Only one global clock input buffer is required to be instanti-
ated in the design and placed on the correct GCLKPAD
location. The N-side of the buffer will be reserved and no
other IOB will be allowed to be placed on this location.

In the physical device a configuration option is enabled that
routes the pad wire to the differential input buffer located in
the GCLKIOB. The output of this buffer then drives the out-
put of the GCLKIOB cell. In EPIC it will appear that the sec-
ond buffer is unused. Any attempt to use this location for
another purpose will cause a DRC error from the software.

VHDL Instantiation

gclkO p IBUFG_LVDS port map

(I=>clk external, O=>clk_internal) ;

Verilog instantiation

IBUFG_LVDS gclkO p (.I(clk _external),
.O(clk_internal)) ;

Location constraints

All LvDS buffers must be explicitly placed on a device. For
the global clock input buffers this may be done with the fol-
lowing constraint in the .ucf or .ncf file.

NET clk external LOC = GCLKPAD3;

GCLKPAD3 may also be replaced with the package pin
name such as D17 for the BG432 package.

Optional N-side

Some designers may prefer to also instantiate the N-side
buffer for the global clock buffer. This will allow the top-level
net list to include both net connections for PCB layout and
system level integration. In this case the output P-side
IBUFG connection is the only one to have a net connected
to it. Since the N-side IBUFG does not have a connection in
the EDIF net list it will be trimmed from the design in MAP.

VHDL instantiation

gclkO p IBUFG_LVDS port map
(I=>clk p external, O=>clk internal);

gclkO0_n : IBUFG_LVDS port map
(I=>clk n external, O=>clk internal);

Verilog instantiation

IBUFG_LVDS gclkO p (.I(clk _p extermal),
.O(clk _internal)) ;

IBUFG_LVDS gclkO n (.I(clk n external),
.O(clk_internal)) ;

DS022 (v1.3) February 28, 2000 - Advance Product Specification

3-67




Virtex-E 1.8V Field Programmable Gate Arrays

SXILINX®

Location constraints

All LVDS buffers must be explicitly placed on a device. For
the global clock input buffers this may be done with the fol-
lowing constraint in the .ucf or .ncf file.

NET clk p external LOC = GCLKPAD3;

NET clk n external LOC C17;

GCLKPAD3 may also be replaced with the package pin
name such as D17 for the BG432 package.

Creating an LVDS Input Buffer

An LVDS input buffer may be placed in a wide number of
IOB locations. The exact location is dependent on the pack-
age that is used. The Virtex-E package information lists the
possible locations as |0_L#P for the P-side and IO_L#N for
the N-side where # is the pair number.

HDL Instantiation

Only one input buffer is required to be instantiated in the
design and placed on the correct 10_L#P location. The
N-side of the buffer will be reserved and no other 10B will
be allowed to be placed on this location. In the physical
device, a configuration option is enabled that routes the pad
wire from the 10_L#N 10B to the differential input buffer
located in the 10_L#P IOB. The output of this buffer then
drives the output of the 10_L#P cell or the input register in
the 10_L#P I0B. In EPIC it will appear that the second
buffer is unused. Any attempt to use this location for
another purpose will cause a DRC error from the software.

VHDL instantiation

data0O_p IBUF_LVDS port map
(I=>data(0), O=>data int(0));

Verilog instantiation

IBUF_LVDS data0O p (.I(datal0]),
.0(data_int [0])) ;

Location constraints

All LVDS buffers must be explicitly placed on a device. For
the input buffers this may be done with the following con-
straint in the .ucf or .ncf file.

NET data<O> LOC = D28; # IO_LOP

Optional N-side

Some designers may prefer to also instantiate the N-side
buffer for the input buffer. This will allow the top-level net list
to include both net connections for PCB layout and system
level integration. In this case the output P-side IBUF con-
nection is the only one to have a net connected to it. Since

the N-side IBUF does not have a connection in the EDIF
net list it will be trimmed from the design in MAP.

VHDL instantiation

data0_p IBUF_LVDS port map
(I=>data_p(0), O=>data_int(0)) ;

data0 n : IBUF _LVDS port map
(I=>data_n(0), O=>open);

Verilog instantiation

IBUF_LVDS dataO_p (.I(data_p[0]),
.O(data_int [0])) ;

IBUF _LVDS data0 n (.I(data n[0]),
.00));

Location constraints

All LvDS buffers must be explicitly placed on a device. For
the global clock input buffers this may be done with the fol-
lowing constraint in the .ucf or .ncf file.

NET data p<O> LOC = D28; # IO LOP
NET data n<0> LOC = B29; # IO LON

Adding an Input Register

All LVDS buffers may have an input register in the IOB. The
input register will be in the P-side 10B only. All the normal
IOB register options are available (FD, FDE, FDC, FDCE,
FDP, FDPE, FDR, FDRE, FDS, FDSE, LD, LDE, LDC,
LDCE, LDP, LDPE). The register elements may be inferred
or explicitly instantiated in the HDL code.

The register elements may be packed in the 10B using the
I0B property to TRUE on the register or by using the “map
-pr [i|o|b]” where “i" is inputs only, “0” is outputs only and “b”
is both inputs and outputs.

To improve design coding times VHDL and Verilog synthe-
sis macro libraries available to explicitly create these struc-
tures. The input library macros are listed in Table 46. The |
and IB inputs to the macros are the external net connec-
tions.

Table 46: Input Library Macros

Name Inputs Outputs
IBUFDS_FD_LVDS I, 1B, C Q
IBUFDS_FDE_LVDS 1, 1B, CE, C Q
IBUFDS_FDC_LVDS I, 1B, C, CLR Q
IBUFDS_FDCE_LVDS I, IB, CE, C, CLR Q
IBUFDS_FDP_LVDS I, 1B, C, PRE Q
IBUFDS_FDPE_LVDS I, IB, CE, C, PRE Q
IBUFDS_FDR_LVDS I,1B,C, R Q
IBUFDS_FDRE_LVDS I, 1B, CE, C, R Q
IBUFDS_FDS_LVDS I,IB,C, S Q
IBUFDS_FDSE_LVDS I,1B,CE,C, S Q
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Table 46: Input Library Macros

Name Inputs Outputs
IBUFDS_LD_LVDS 1, 1B, G Q
IBUFDS_LDE_LVDS I, 1B, GE, G Q
IBUFDS_LDC_LVDS I, 1B, G, CLR Q
IBUFDS_LDCE_LVDS I, IB, GE, G, CLR Q
IBUFDS_LDP_LVDS I, 1B, G, PRE Q
IBUFDS_LDPE_LVDS I, 1B, GE, G, PRE Q

Creating a LVDS Output Buffer

LVDS output buffer may be placed in wide number of IOB
locations. The exact location are dependent on the pack-
age that is used. The Virtex-E package information lists the
possible locations as |I0_L#P for the P-side and IO_L#N for
the N-side where # is the pair number.

HDL Instantiation

Both output buffer are required to be instantiated in the
design and placed on the correct IO_L#P and 10_L#N loca-
tions. The IOB must have the same net source the following
pins, clock (C), set/reset (SR), output (O), output clock
enable (OCE). In addition, the output (O) pins must be
inverted with respect to each other and if output registers
are used the INIT states must be opposite values (one
HIGH and one LOW). Failure to follow these rules will lead
to DRC errors in software.

VHDL instantiation

data0O_p OBUF_LVDS port map

(I=>data_int (0), O=>data_p(0));

dataO_inv: INV
(I=>data_int (0),

port map
O=>data n_int(0));

data0_n OBUF_LVDS port map
(I=>data n_int (0), O=>data n(0));

Verilog instantiation

OBUF_LVDS data0_p
.0(data_pl01));

(.I(data_int[0]),

INV data0O_inv (.I(data_int[0],
.O(data_n_int[0]) ;

OBUF_LVDS data0_n
.0(data_n[01)) ;

(.I(data_n_int[0]),

Location constraints

All LVDS buffers must be explicitly placed on a device. For
the output buffers this may be done with the following con-
straint in the .ucf or .ncf file.

NET data p<0> LOC

D28; # IO _LOP

NET data n<0> LOC = B29; # IO LON

Synchronous vs. Asynchronous Outputs

If the outputs are synchronous (registered in the IOB) then
any |O_L#P|N pair may be used. If the output are asynchro-
nous (no output register) then they must use one of pairs
that part of the same IOB group at the end of a ROW or
COLUMN in the device.

The LVDS pairs that may be used as asynchronous outputs
are listed in the Virtex-E pinout tables. Some pairs are
marked as asynchronous capable for all devices in that
package and others are marked as only available for that
device in the package. If the device size may be changed at
some point in the product lifetime then only the common
pairs for all packages should be used.

Adding an Output Register

All LVDS buffers may have an output register in the IOB.
The output registers must be in both the P-side and N-side
I0OBs. All the normal 10B register options are available (FD,
FDE, FDC, FDCE, FDP, FDPE, FDR, FDRE, FDS, FDSE,
LD, LDE, LDC, LDCE, LDP, LDPE). The register elements
may be inferred or explicitly instantiated in the HDL code.

Special care must be taken to insure that the D pins of the
registers are inverted and that the INIT states of the regis-
ters are opposite. The clock pin (C), clock enable (CE) and
set/reset (CLR/PRE or S/R) pins must connect to the same
source. Failure to do this will lead to a DRC error in the soft-
ware.

The register elements may be packed in the I0OB using the
I0B property to TRUE on the register or by using the “map
-pr [ilo|b]” where “i" is inputs only, “0” is outputs only and “b”
is both inputs and outputs.

To improve design coding times VHDL and Verilog synthe-
sis macro libraries have been developed to explicitly create
these structures. The output library macros are listed in
Table 47. The O and OB inputs to the macros are the exter-
nal net connections.

Table 47: Output Library Macros

Name Inputs Outputs
OBUFDS_FD_LVDS D, C O, OB
OBUFDS_FDE_LVDS DD, CE, C O, OB
OBUFDS_FDC_LVDS D, C, CLR O, OB
OBUFDS_FDCE_LVDS D, CE, C, CLR O, OB
OBUFDS_FDP_LVDS D, C, PRE 0O, OB
OBUFDS_FDPE_LVDS D, CE, C, PRE O, OB
OBUFDS_FDR_LVDS D,C,R O, OB
OBUFDS_FDRE_LVDS D,CE,C,R O, OB
OBUFDS_FDS_LVDS D,C,S O, OB
OBUFDS_FDSE_LVDS D,CE,C,S O, 0B
OBUFDS_LD_LVDS D, G O, OB
OBUFDS_LDE_LVDS D, GE, G O, OB
OBUFDS_LDC_LVDS D, G, CLR O, 0B
OBUFDS_LDCE_LVDS D, GE, G, CLR O, OB
OBUFDS_LDP_LVDS D, G, PRE O, OB
OBUFDS_LDPE_LVDS D, GE, G, PRE O, OB
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Creating an LVDS Output 3-State Buffer

LVDS output 3-state buffer may be placed in wide number
of IOB locations. The exact location are dependent on the
package that is used. The Virtex-E package information
lists the possible locations as 10_L#P for the P-side and
IO_L#N for the N-side where # is the pair number.

HDL Instantiation

Both output 3-state buffer are required to be instantiated in
the design and placed on the correct |IO_L#P and 10_L#N
locations. The 10B must have the same net source the fol-
lowing pins, clock (C), set/reset (SR), 3-state (T), 3-state
clock enable (TCE), output (O), output clock enable (OCE).
In addition, the output (O) pins must be inverted with
respect to each other and if output registers are used the
INIT states must be opposite values (one High and one
Low). If 3-state registers are used the must be initialized to
the same state. Failure to follow these rules will lead to
DRC errors in the software.

VHDL instantiation

data0 _p: OBUFT_LVDS port map
(I=>data_int (0), T=>data_ tri,
O=>data_p(0));

dataO_inv: INV port map
(I=>data_int (0), O=>data n int(0));

data0_n: OBUFT_LVDS port map
(I=>data n_int (0), T=>data_tri,
O=>data n(0)) ;

Verilog instantiation

OBUFT_LVDS data0O p (.I(data_int[0]),
.T(data_tri), .O(data pl0]));

INV data0O_inv (.I(data_int[0],
.0(data_n_int[0]) ;

OBUFT_LVDS data0 n (.I(data n int[0]),
.T(data_tri), .O(data n[0]1));

Location constraints

All LVDS buffers must be explicitly placed on a device. For
the output buffers this may be done with the following con-
straint in the .ucf or .ncf file.

NET data p<0> LOC = D28; # IO LOP

NET data n<0O> LOC = B29; # IO_LON

Synchronous vs. Asynchronous 3-State Outputs

If the outputs are synchronous (registered in the 10B) then
any 10_L#P|N pair may be used. If the outputs are asyn-
chronous (no output register) then they must use one of
pairs that part of the same IOB group at the end of a ROW

or COLUMN in the device. This applies for either the 3-state
pin or the data out pin.

The LVDS pairs that may be used as asynchronous outputs
are listed in the Virtex-E pinout tables. Some pairs are
marked as asynchronous capable for all devices in that
package and others are marked as only available for that
device in the package. If the device size may be changed at
some point in the product lifetime then only the common
pairs for all packages should be used.

Adding Output and 3-state Registers

All LVDS buffers may have an output register in the I0OB.
The output registers must be in both the P-side and N-side
I0Bs. All the normal 10B register options are available (FD,
FDE, FDC, FDCE, FDP, FDPE, FDR, FDRE, FDS, FDSE,
LD, LDE, LDC, LDCE, LDP, LDPE). The register elements
may be inferred or explicitly instantiated in the HDL code.

Special care must be taken to insure that the D pins of the
registers are inverted and that the INIT states of the regis-
ters are opposite. The 3-state (T), 3-state clock enable
(CE), clock pin (C), output clock enable (CE) and set/reset
(CLR/PRE or S/R) pins must connect to the same source.
Failure to do this will lead to a DRC error in the software.

The register elements may be packed in the 10B using the
I0B property to TRUE on the register or by using the “map
-pr [ilo|b]” where “i" is inputs only, “0” is outputs only and “b”
is both inputs and outputs.

To improve design coding times VHDL and Verilog synthe-
sis macro libraries have been developed to explicitly create
these structures. The input library macros are listed below.
The 3-state is configured to be 3-stated at GSR and when
the PRE,CLR,S or R is asserted and shares it's clock
enable with the output register. If this is not desirable then
the library may be updated be the user for the desired func-
tionality. The O and OB inputs to the macros are the exter-
nal net connections.

Creating a LVDS Bidirectional Buffer

LVDS bidirectional buffer may be placed in wide number of
IOB locations. The exact location are dependent on the
package that is used. The Virtex-E package information
lists the possible locations as 10_L#P for the P-side and
I0_L#N for the N-side where # is the pair number.

HDL Instantiation

Both bidirectional buffer are required to be instantiated in
the design and placed on the correct IO_L#P and 10_L#N
locations. The IOB must have the same net source the fol-
lowing pins, clock (C), set/reset (SR), 3-state (T), 3-state
clock enable (TCE), output (O), output clock enable (OCE).
In addition, the output (O) pins must be inverted with
respect to each other and if output registers are used the
INIT states must be opposite values (one HIGH and one
LOW). If 3-state registers are used the must be initialized to
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the same state. Failure to follow these rules will lead to
DRC errors in the software.

VHDL instantiation

data0_p: IOBUF_LVDS port map
(I=>data_out (0), T=>data_tri,
IO=>data p(0), O=>data_ int (0));

data0_inv: INV
(I=>data_out (0),

port map
O=>data n out(0));
data0_n IOBUF_LVDS port map
(I=>data n _out(0), T=>data tri,
IO=>data n(0), O=>open);

Verilog instantiation

IOBUF_LVDS data0O_p(.I(data out[0]),
.T(data_tri), .IO(data _pl0l),
.0(data_int [0]);

INV data0O_inv (.I(data_out[0],
.0(data_n out[0]);

IOBUF_LVDS
data0_n(.I(data n out[0]),.T(data_tri),
data_n[0]).0());

LIO(

Location constraints

All LVDS buffers must be explicitly placed on a
device. For the output buffers this may be done
with the following constraint in the .ucf or .ncf
file.

NET data_p<0> LOC = D28; #
I0_LOP
NET data n<O0> LOC = B29; #

I0 LON
Synchronous vs. Asynchronous Bidirectional
Buffers

If the output side of the bidirectional buffers are synchro-
nous (registered in the 10B) then any IO_L#P|N pair may

Table 48: Bidirectional I/O Library Macros

be used. If the output side of the bidirectional buffers are
asynchronous (no output register) then they must use one
of pairs that part of the same IOB group at the end of a
ROW or COLUMN in the device. This applies for either the
3-state pin or the data out pin.

The LVDS pairs that may be used as asynchronous bidirec-
tional buffers are listed in the Virtex-E pinout tables. Some
pairs are marked as asynchronous capable for all devices
in that package and others are marked as only available for
that device in the package. If the device size may be
changed at some point in the product lifetime then only the
common pairs for all packages should be used.

Adding Output and 3-state Registers

All LVDS buffers may have an output and input registers in
the IOB. The output registers must be in both the P-side
and N-side 10Bs, the input register is only in the P-side. All
the normal IOB register options are available (FD, FDE,
FDC, FDCE, FDP, FDPE, FDR, FDRE, FDS, FDSE, LD,
LDE, LDC, LDCE, LDP, LDPE). The register elements may
be inferred or explicitly instantiated in the HDL code. Spe-
cial care must be taken to insure that the D pins of the reg-
isters are inverted and that the INIT states of the registers
are opposite. The 3-state (T), 3-state clock enable (CE),
clock pin (C), output clock enable (CE) and set/reset
(CLR/PRE or

S/R) pins must connect to the same source. Failure to do
this will lead to a DRC error in the software.

The register elements may be packed in the I0OB using the
I0B property to TRUE on the register or by using the “map
-pr [i|lo|b]” where “i" is inputs only, “0” is outputs only and “b”
is both inputs and outputs. To improve design coding times
VHDL and Verilog synthesis macro libraries have been
developed to explicitly create these structures. The bidirec-
tional I/O library macros are listed in Table 48. The 3-state
is configured to be 3-stated at GSR and when the
PRE,CLR,S or R is asserted and shares it's clock enable
with the output and input register. If this is not desirable
then the library may be updated be the user for the desired
functionality. The IO and IOB inputs to the macros are the
external net connections.

Name Inputs Bidirectional Outputs
IOBUFDS_FD_LVDS D, T,C 10, IOB Q
IOBUFDS_FDE_LVDS D, T,CE,C 10, I0B Q
IOBUFDS_FDC_LVDS D, T,C,CLR 10, I0B Q
IOBUFDS_FDCE_LVDS D, T, CE, C,CLR 10, I0B Q
IOBUFDS_FDP_LVDS D, T,C, PRE 10, 10B Q
IOBUFDS_FDPE_LVDS D, T, CE, C, PRE 10, I0B Q
IOBUFDS_FDR_LVDS D, T,C,R 10, IOB Q
IOBUFDS_FDRE_LVDS D, T,CE,C R 10, IOB Q
IOBUFDS_FDS_LVDS D, T,C,S 10, IOB Q
IOBUFDS_FDSE_LVDS D, T,CEC,S 10, I0B Q
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Table 48: Bidirectional I/O Library Macros

Name Inputs Bidirectional Outputs
IOBUFDS_LD_LVDS D, T,G 10, IOB Q
IOBUFDS_LDE_LVDS D, T,GE, G 10, 10B Q
IOBUFDS_LDC_LVDS D, T,G,CLR 10, 10B Q
IOBUFDS_LDCE_LVDS D, T, GE, G, CLR 10, I0B Q
IOBUFDS_LDP_LVDS D, T, G, PRE 10, 10B Q
IOBUFDS_LDPE_LVDS D, T, GE, G, PRE 10, 10B Q
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Virtex-E Pin Definitions

Pin Name Dedicated Pin Direction Description

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

GCK2, GCK3 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: it is an input for SelectMAP 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/DOUT No Output In SelectMAP mode, BUSY controls the rate at which configuration
data is loaded. The pin becomes a user I/O after configuration
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 or In SelectMAP mode, DO-7 are configuration data pins. These pins

D1, D2, Output become user I/Os after configuration unless the SelectMAP port is

D3, D4, retained.

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

D7 a user I/O after configuration.

WRITE No Input In SelectMAP mode, the active-low Write Enable signal. The pin
becomes a user I/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 IEEE1149.1.

TMS, TCK

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

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

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

VREF No Input Input threshold voltage pins. Become user 1/0Os when an external
threshold voltage is not needed (subject to banking rules).

GND Yes Input Ground

For a complete Virtex-E data sheet including package pinouts,
go to the CD-ROM or Xilinx web site:

www.xilinx.com/partinfo/databook.htm
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Virtex-E Ordering Information

Example: XCV300E -6 PQ 240 C

Device Type Temperature Range
C = Commercial (T; = 0°C to +85°C)
| = Industrial (T; = -40°C to +100°C)

Speed Grade

-6
-7 L Number of Pins

-8

Package Type

BG = Ball Grid Array

CS = Chip-scale Package

FG = Fine-pitch Ball Grid Array
HQ = High Heat Dissipation QFP
PQ = Plastic Quad Flat Pack

Revision History

Version Description
1.0 (12/7/1999) Initial Release of comprehensive data sheet with electrical specifications and packaging information.

1.1 (1/10/2000) Re-rleased with spd.txt v. 1.18, FG860/900/1156 package information, and additional DLL, Select
RAM and Select I/Oinformation.

1.2 (1/20/2000) Updated Figures 54 & 55, text explaining Table 5, corrected Table 44 and buffered Hex Line info, p. 8.
1.3 (2/28/2000) Updated Figure 20, Absolute Max Ratings: Vcc = 50 ms.

© 2000, Xilinx, Inc. All rights reserved. All Xilinx trademarks, registered trademarks, patents, and disclaimers are as listed at
http://www.xilinx.com/legal.htm. All other trademarks and registered trademarks are the property of their respective owners.
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Preliminary 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 local clock 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
- |EEE 1149.1 boundary-scan logic
- Die-temperature sensor diode

¢ 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 re-programmability
- Four programming modes
e 0.22 um 5-layer metal process
¢ 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 FPGASs, 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 System Gates CLB Array Logic Cells A\'\/Aaa;r;m:rpo BIochitI:AM Sele(':\f;);\igrm Bits
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 15,552 512 98,304 221,184
XCV800 888,439 56x84 21,168 512 114,688 301,056
XCV1000 1,124,022 64x96 27,648 512 131,072 393,216
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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™  slave serial, and JTAG 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/O. Virtex
inputs and outputs comply fully with PCI specifications, and
interfaces 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 7.2 ns
. - 8x8 5.1ns
Pipelined Multiplier 16 x 16 6.0 ns
16 4.4 ns
Address Decoder 64 6.4 ns
16:1 Multiplexer 5.4 ns
9 4.1 ns
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
(I0Bs).

« 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

e 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 I0Bs DLL
VersaRing
2 @ ) (%) @)
m o
8 2 é CLBs 3§> 2 @
- o | o » =
> «Q
VersaRing
I10Bs
DLL DLL

vao_b.eps

Figure 1. Virtex Architecture Overview

3-76 DS003 (v1.9) January 28, 2000 - Preliminary Product Specification



®
XX"‘INX Virtex 2.5V Field Programmable Gate Arrays

|nput/Output Block mits 5 V compliance, and one that does not. For 5V com-
pliance, a Zener-like structure connected to ground turns
on when the output rises to approximately 6.5 V. When PCI
3.3 V compliance is required, a conventional clamp diode is
connected to the output supply voltage, Vcco.

The Virtex I0B, Figure 2, features SelectlO™ inputs and
outputs that support a wide variety of 1/0O signalling stan-
dards, see Table 3.

The three 10B storage elements function either as
edge-triggered D-type flip-flops or as level sensitive
latches. Each IOB has a clock signal (CLK) shared by the
three flip-flops and independent clock enable signals for
each flip-flop.

Optional pull-up and pull-down resistors and an optional
weak-keeper circuit are attached to each pad. Prior to con-
figuration, all pins 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
In addition to the CLK and CE control signals, the three optionally be pulled up.

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 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
The output buffer and all of the IOB control signals have must be provided on pins required to be at a well-defined
independent polarity controls. logic level prior to configuration.

All pads are protected against damage from electrostatic All Virtex 10Bs support IEEE 1149.1-compatible boundary
discharge (ESD) and from over-voltage transients. Two scan testing.
forms of over-voltage protection are provided, one that per-

—

D Q )

CE >— CE
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SR
]
ﬁ l\ *~—¢ PAD

o o | ] |
CE CE OBUFT

SR

0—'
|
Q Q D Programmable
CE Delay
IBUF
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SR
R
LK
CE ds022_02_121099

Figure 2: Virtex Input/Output Block (IOB)
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Table 3: Supported Select I/O Standards

Input Reference Output Source Board Termination
I/O Standard Vzltage (Vaee) VoItde (Voco) Voltage (V1) 5V Tolerant
LVTTL 2 - 24 mA N/A 3.3 N/A Yes
LVCMOS2 N/A 2.5 N/A Yes
PCI,5V N/A 3.3 N/A Yes
PCI, 3.3V N/A 3.3 N/A No
GTL 0.8 N/A 1.2 No
GTL+ 1.0 N/A 1.5 No
HSTL Class | 0.75 1.5 0.75 No
HSTL Class llI 0.9 1.5 1.5 No
HSTL Class IV 0.9 1.5 1.5 No
SSTL3 Class | &ll 1.5 3.3 1.5 No
SSTL2 Class | & Il 1.25 2.5 1.25 No
CTT 1.5 3.3 1.5 No
AGP 1.32 3.3 N/A No
Input Path to supply Vccp imposes constraints on which standards

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, Vggr The need to supply Vggr imposes
constraints on which standards can used in close proximity
to each other. See “I/O Banking” on page 78.

There are optional pull-up and pull-down resistors at each
input for use after configuration. Their value is in the range
50 — 100 k.

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 0B 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.

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 V¢ voltage. The need

can be used in close proximity to each other. See “l/O
Banking” on page 78.

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 Vygg 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 Veco
and/or Vreg voltages. These voltages externally and con-
nected to device pins that serve groups of 10Bs, called
banks. Consequently, restrictions exist about which 1/O
standards can be combined within a given bank.

Eight I/O banks result from separating each edge of the
FPGA into two banks, as shown in Figure 3. Each bank has
multiple Vo 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 Vcco. Compatible standards are shown in
Table 4. GTL and GTL+ appear under all voltages because
their open-drain outputs do not depend on Veco.
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Figure 3: Virtex I/O Banks
Table 4: Compatible Output Standards

Veeo Compatible Standards

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

2.5V |SSTL2 1, SSTL2 II, LVCMOS2, GTL, GTL+

1.5V |HSTL I, HSTL lll, HSTL IV, GTL, GTL+

Some input standards require a user-supplied threshold
voltage, Vrer In this case, certain user-1/0 pins are auto-
matically configured as inputs for the Vrgg voltage. Approx-
imately one in six of the 1/O pins in the bank assume this
role.

The Vgrgg pins within a bank are interconnected internally
and consequently only one Vggg Vvoltage can be used
within each bank. All Vggg 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 Vrgg voltage may be
used within a bank. Input buffers that use Vggg are not 5 V
tolerant. LVTTL, LVCMOS2, and PCI 33 MHz 5V, are 5V
tolerant.

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

Within a given package, the number of Vggg and Vo pins
can vary depending on the size of device. In larger devices,
more I/O pins convert to Vg pins. Since these are always
a superset of the Vi pins used for smaller devices, it is
possible to design a PCB that permits migration to a larger
device if necessary. All the Vggg pins for the largest device
anticipated must be connected to the Vg voltage, and not
used for 1/O.

In smaller devices, some V¢ 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 V¢ voltage to permit migration to a larger
device if necessary.

In TQ144 and PQ/HQ240 packages, all Voco pins are
bonded together internally, and consequently the same
Vcco Voltage must be connected to all of them. In the
CS144 package, bank pairs that share a side are intercon-
nected internally, permitting four choices for VCCO. In both
cases, the Vrgg 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 (LUTSs). 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
state. Alternatively, these signals may be configured to
operate asynchronously. All of the control signals are inde-
pendently invertible, and are shared by the two flip-flops
within the slice.
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Figure 4. 2-Slice Virtex CLB
Additional Logic BUFTs

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.

Each Virtex CLB contains two 3-state drivers (BUFTSs) that
can drive on-chip busses. See “Dedicated Routing” on
page 83. Each Virtex BUFT has an independent 3-state
control pin and an independent input pin.

Block SelectRAM

Virtex FPGAs incorporate several large Block SelectRAM
memories. These complement the distributed LUT Selec-
tRAMs that provide shallow RAM structures implemented
in CLBs.

Block SelectRAM 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 contains
16 memory blocks per column, and a total of 32 blocks.
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Figure 5: Detailed View of Virtex Slice

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

RAMB4_S#_S#

Table 5: Virtex Block SelectRAM Amounts — WEA
Total Block | ENA
_ _ otal Bloc RSTA DOA[#:0]  —
Virtex Device | # of Blocks SelectRAM Bits — cika
XCV50 8 32,768 ADDRA[#:0]
XCV100 10 40,960 DIA[#:0]
XCV150 12 49,152 E
XCV200 14 57,344 WEB
XCV300 16 65,536 ENB
XCV400 20 81,920 ——— RSTB DOB[#:0]  [—
XCV600 24 98,304 —PD CLKB
XCV800 28 114,688 : ADDRB[#:0]
XCV1000 32 131,072 DIB[#:0]
xcv_ds_006

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

two ports can be configured independently, providing

built-in bus-width conversion.

Figure 6: Dual-Port Block SelectRAM
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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 SelectRAM also includes dedicated rout-
ing to provide an efficient interface with both CLBs and
other Block SelectRAMSs.

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 LUTS, 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.

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

e 72 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.

« 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/O 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.
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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 .

» 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

Direct Connection
~€—>» To Adjacent
CLB

CLB

referred to as primary global and secondary local clock
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, I0OB, and
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 local clock 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.

— B | — B - 5 Tri-State
E——— X @ T—I—ﬁ% — X —" e Lines
FI Fl l Fi FJ; [ FI ;L ‘ i F‘L h
CLB CLB CLB CLB
buft_c.eps
Figure 8: BUFT Connections to Dedicated Horizontal Bus Lines
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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 .

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. Clock edges reach internal flip-flops one to four clock
periods after they arrive at the input. This closed-loop sys-

tem effectively eliminates clock-distribution delay by ensur-
ing 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.

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 de-skew 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.

See “DLL Timing Parameters” on page 113 for frequency
range information.

GCLKPAD3 ?; GCLKPAD2
Global Clock Rows GCLKBUF3 GCLKBUF2 Global Clock Column
»
<HD> <> <HP>
<> <HT> <>
<HD> <HD> <HD>
<HD> <HD> <>
<HD> <HD> <HP>
é’; <> é'; é’; | Global Clock Spine
<> <> <>
<Hi> <Hp> <Hi>
<> <> <H{>
<H{> <H> <>
<HD> <HD> <HD>
GCLKBUF1 GCLKBUFO
GCLKPAD1 GCLKPADO

Figure 9: Global Clock Distribution Network

gclkbu_2.eps

3-84

DS003 (v1.9) January 28, 2000 - Preliminary Product Specification



SOXILINX®

Virtex 2.5V Field Programmable Gate Arrays

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, INTEST, SAMPLE/PRELOAD,
BYPASS, IDCODE, USERCODE, and HIGHZ instructions.
The TAP also supports two internal scan chains and config-
uration/readback of the device.

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

Boundary-scan operation is independent of individual 10B
configurations, and unaffected by package type. All IOBs,
including un-bonded 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 un-bonded or unused
IOBs. They may also be connected to the unused outputs
of I0Bs defined as unidirectional input pins.

Before the device is configured, all instructions except
USER1 and USER2 are available. After configuration, all
instructions are available. During configuration, it is recom-
mended that those operations using the boundary-scan
register (SAMPLE/PRELOAD, INTEST, EXTEST) not be
performed.

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.

Figure 10 is a diagram of the Virtex Series boundary scan
logic. It includes three bits of Data Register per 10B, the
IEEE 1149.1 Test Access Port controller, and the Instruc-
tion Register with decodes.

Instruction Set

The Virtex Series boundary scan instruction set also
includes instructions to configure the device and read back
configuration data (CFG_IN, CFG_OUT, and JSTART). The
complete instruction set is coded as shown in Table 7.

Data Registers

The primary data register is the boundary scan register. For
each 0B 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 if input-only or out-

put-only. Each EXTEST CAPTURED-OR state captures all
In, Out, and 3-state pins.

Table 7: Boundary Scan Instructions

Boundary-Scan Binary Description
Command Code(4:0)
EXTEST 00000 Enables boundary-scan
EXTEST operation
SAMPLE/PRE- 00001 Enables boundary-scan
LOAD SAMPLE/PRELOAD
operation

USER 1 00010 Access user-defined
register 1

USER 2 00011 Access user-defined
register 2

CFG_OuT 00100 Access the configura-
tion bus for read opera-
tions.

CFG_IN 00101 Access the configura-
tion bus for write opera-
tions.

INTEST 00111 Enables boundary-scan
INTEST operation

USERCODE 01000 Enables shifting out
USER code

IDCODE 01001 Enables shifting out of

ID Code

HIGHZ 01010 Tri-states output pins
while enabling the By-
pass Register

JSTART 01100 Clock the start-up se-
qguence when Startup-
Clkis TCK

BYPASS 11111 Enables BYPASS

RESERVED |All other codes|Xilinx reserved instruc-
tions

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 supports up to two additional internal scan
chains that can be specified using the BSCAN macro. The
macro provides two user pins (SEL1 and SEL2) which are
decodes of the USER1 and USER?2 instructions respec-
tively. For these instructions, two corresponding pins
(TDO1 and TDOZ2) allow user scan data to be shifted out of
TDO.

Likewise, there are individual clock pins (DRCK1 and
DRCK2) for each user register. There is a common input
pin (TDI) and shared output pins that represent the state of
the TAP controller (RESET, SHIFT, and UPDATE)
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Figure 10: Virtex Series Boundary Scan Logic

Bit Sequence

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

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 11.

BSDL (Boundary Scan Description Language) files for Vir-
tex Series devices are available on the Xilinx web site in the
File Download area.

DATA IN

sd

}J

LE

sd

f ‘
I
I

O'—‘l o

LE

sd

LE

sd

LE

sd

{ .
I
I
o»—\l S o P
O
o]
o
o]
~ o

LE

DATAOUT

CLOCK DATA
REGISTER

UPDATE EXTEST

SHIFT/

X9016

Bit 0 ( TDO end)
Bit 1
Bit 2

—

Right half of Top-edge 10Bs (Right-to-Left)

GCLK2
GCLK3

{ Left half of Top-edge I10Bs (Right-to-Left)
{ Left-edge 10Bs (Top-to-Bottom)
M1
MO
M2
{ Left half of Bottom-edge I0Bs (Left-to-Right)

GCLK1
GCLKO

{ Right half of Bottom-edge I0Bs (Left-to-Right)

DONE
PROG

{ Right-edge I0Bs (Bottom -to-Top)

(TDI end) CCLK

990602001

Figure 11: Boundary Scan Bit Sequence
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Identification Registers

The IDCODE register is supported. By using the IDCODE,
the device connected to the JTAG port can be determined.

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

v = the die version number

f = the family code (03h for Virtex family)

a = the number of CLB rows (ranges from 010h for XCV50
to 040h for XCV1000)

¢ = the company code (49h for Xilinx)

The USERCODE register is supported. By using the
USERCODE, a user-programmable identification code can
be loaded and shifted out for examination. The identifica-
tion code is embedded in the bitstream during bitstream
generation and is valid only after configuration.

Table 8: IDCODEs Assigned to Virtex FPGAs

FPGA IDCODE
XCV50 v0610093h
XCV100 v0614093h
XCV150 v0618093h
XCV200 v061C093h
XCV300 v0620093h
XCV400 v0628093h
XCV600 v0630093h
XCV800 v0638093h
XCV1000 v0640093h

Including Boundary Scan in a Design

Since the boundary scan pins are dedicated, no special
element needs to be added to the design unless an internal
data register (USER1 or USER?2) is desired.

If an internal data register is used, insert the boundary scan
symbol and connect the necessary pins as appropriate.

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.

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 develop-
ment system provides interfaces to the following synthesis
design environments.

¢ Synopsys (FPGA Compiler, FPGA Express)

« Exemplar (Spectrum)

¢ 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 II)
¢ 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, I/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.
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Design Implementation

The place-and-route tools (PAR) automatically provide the
implementation flow described in this section. The parti-
tioner takes the EDIF net list for the design and maps the
logic into the architectural resources of the FPGA (CLBs
and I0Bs, 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 implementation
of most designs. For demanding applications, however, the
user can exercise various degrees of control over the pro-
cess. User partitioning, placement, and routing information
is optionally specified during the design-entry process. The
implementation of highly structured designs can benefit
greatly from basic floor planning.

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 requirements and accommodate
them.

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 net list 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

Table 9: Configuration Codes

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 INIT 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 may act as outputs. For
correct operation, these pins may require a Ve of 3.3V
to permit LVTTL operation. All the pins affected fall in banks
2o0r3.

After Virtex devices are configured, unused IOBs function
as tri-state OBUFTs with weak pull downs.

For a more detailed description than that given below, see
the XAPP138, Virtex Configuration and Readback.

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
having the 10B pins either pulled up or left floating prior to
configuration. The selection codes are listed in Table 9.

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.

Configuration Mode | M2 | M1 | MO | CCLK Direction | Data Width | Serial Dg Configuration Pull-ups
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
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Configuration Mode | M2 | M1 | MO | CCLK Direction | Data Width | Serial Dy Configuration Pull-ups
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 change of DOUT on the rising edge of CCLK differs
from previous families, but will not cause a problem for

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

Figure 12 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> or <011>
to the mode pins (M2, M1, M0). A weak pull-up on the
mode pins makes slave serial the default mode if the pins
are left unconnected. Figure 13 shows slave-serial configu-
ration timing.

Table 10 provides more detail about the characteristics
shown in Figure 13. Configuration must be delayed until the
INIT pins of all daisy-chained FPGAs are High.

Table 10: Master/Slave Serial Mode Programming Switching

Description Symbol Units
DIN setup/hold, slave mode 1/2 Toce/Teep 5.0/0 ns, min
DIN setup/hold, master mode 1/2 Tosck/Tsckp 5.0/0 ns, min
DOUT 3 Teco 12.0 ns, max
CCLK High t.ime 4 Teen 5.0 ns, m?n
Low time 5 Teel 5.0 ns, min
Maximum Frequency Fec 66 MHz, max
Frequency Tolerance, master mode with +45%
respect to nominal -30%
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Optional Pull-up

Resistor on Done1T

AN

— A/ v\!— —

PROG RA_MI

3.3v Vee
L
MO M1 47K
M2
DOUT
VIRTEX >
MASTER XC1701L
SERIAL
CCLK P» CLK
DIN DATA
PROGRAM —>»{ CE CEO [-
DONE INIT [ > »| RESET/OE —

(Low Reset Option Used)

MO M1
M2

DIN DOUT

CCLK

VIRTEX,
XC4000XL,
SLAVE

PROGRAM
DONE INIT

Y

Note 1: If none of the Virtex FPGAs have been selected to drive DONE, an external pull-up resistor of 330 Q should be added to the common DONE line.

Figure 12: Master/Slave Serial Mode Circuit Diagram

xcv_12_091499

DIN
‘_@TDCC > @ Tcep I — @TCCL
/ \
LK
ce / \
I — @ Tcch—>
<—@ Tcco
DOUT
(Output)

Figure 13: 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 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 4 MHz.

Figure 12 shows a full master/slave system. In this system,
the left-most device operates in master-serial mode. The
remaining devices operate in slave-serial mode. The
SPROM RESET pin is driven by INIT, and the CE input is
driven by DONE. There is the potential for contention 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 14.

Figure 15 shows the timing of master-serial configuration.
Master serial mode is selected by a <000> or <100> on the
mode pins (M2, M1, MO). Table 10 shows the timing infor-
mation for Figure 15.

At power-up, Vcc must rise from 1.0 V to Vcc min in less
than 50 ms, otherwise delay configuration by pulling PRO-
GRAM Low until Vcc is valid.

SelectMAP Mode

The SelectMAP mode is the fastest configuration option.
Byte-wide 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.

In the SelectMAP mode, multiple Virtex devices may be
chained in parallel. DATA pins (D7:D0), CCLK, WRITE,
BUSY, PROG, DONE, and INIT may be connected in paral-
lel between all the FPGAs. Note that the data is organized
with the MSB of each byte on pin DO and the LSB of each
byte on D7. The CS pins are kept separate, insuring that
each FPGA can be selected individually. WRITE should be
Low before loading the first bitstream and returned High
after the last device has been programmed. Use CS to
select the appropriate FPGA for loading the bitstream and
sending the configuration data. at the end of the bitstream,
deselect the loaded device and select the next target FPGA
by setting its CS pin High. A free-running oscillator or other
externally generated signal can be used for CCLK. The
BUSY signal may be ignored for frequencies below 50
MHz. For details about frequencies above 50 MHz, see
XAPP138, Virtex Configuration and Readback. Once all the
devices have been programmed, the DONE pin goes High.
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Apply Power

’ Set PROGRAM = High ‘

FPGA startsto clear —— 3
configuration memory.

FPGA makes afinal —— 3 %
clearing pass and releases
INIT when finished. ’ Release INIT gounsfieg(]jutr(;tcijc?:lay
INIT? >-EoW
High
<

Load a Configuration Bit

Once per bitstream, —— 3
FPGA checks data using CRC
and pulls INIT Low on error.

End of
Bitstream?

No

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

Configuration Completed

ds003_154_111799

igure 14: Serial Configuration Flowchart

CCLK
(Output)

@T DS

@ Tosck
Serial Data In \ X

Serial DOUT
(Output)

Figure 15: 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.

Table 11: SelectMAP Write Timing Characteristics

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. See Table 11 for SelectMAP Write Timing
Characteristics.

Description Symbol Units
Dg.7 Setup/Hold 1/2 Tsmpcc!/ Tsmeeb 5.0/0 ns, min
CS Setup/Hold 3/4 Tsmesce/Tsmeces | 7.0/0 | ns, min
CCLK WRITE Setup/Hold 5/6 Tsmeew/Tsmwee 7.0/0 ns, min
BUSY Propagation Delay 7 TsMmckBY 12.0 ns, max
Maximum Frequency Fce 66 MHz, max
Maximum Frequency with no handshake FcennH 50 MHz, max
Write WRITE is High. Similarly, while WRITE is High, no more

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 16.

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

8. Drive data onto D[7:0]. Note that to avoid contention, the
data source should not be enabled while CS is Low and

that one CS should be asserted.

9. 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 accepted. Acceptance will instead
occur on the first clock after BUSY goes Low, and the
data must be held until this has happened.

10.Repeat steps 2 and 3 until all the data has been sent.
11.De-assert CS and WRITE.

CS _*<—®—>: : : *:@F
WRITE _*<—®—»I | I > ®
i o< i
DATA[7:0] | | I | )-
: i > @<
B Y ! | | |
=Y o : /o [T
Write Write No Write Write

Figure 16: Write Operations

ds003_16_102199
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A flowchart for the write operation appears in Figure 17.
Note that if CCLK is slower than focyp, the FPGA will never
assert BUSY, In this case, the above handshake is unnec-

FPGA starts t0 Clear g
configuration memory.

FPGA makes a final s
clearing pass and releases
INIT when finished.

essary, and data can simply be entered into the FPGA
every CCLK cycle.

Apply Power

Y

Set PROGRAM = High

v

If used to delay

Release INIT configuration

High

Set WRITE = Low

v

Enter Data Source

Sequence A

Once per bitstream, st

FPGA checks data using CRC
and pulls INIT Low on error.

1f NO €rrors, g

first FPGAs enter start-up phase
releasing DONE.

Set CS = Low On first FPGA

Apply Configuration Byte

)

End of Data?

Yes

Set CS = High On first FPGA

1f NO €rrors, m—

later FPGAs enter start-up phase
releasing DONE.

When all DONE PiNS sy

are released, DONE goes High
and start-up sequences complete.

Figure 17: SelectMAP Flowchart for Write Operation

Abort

During a given assertion of CS, the user cannot switch from
a write to a read, or vice-versa. This action causes the cur-
rent packet command to be aborted. The device will remain

Repeat Sequence A | For any other FPGAs

v

Disable Data Source

v

Set WRITE = High |

| Configuration Completed |

ds003 17 111799

BUSY until the aborted operation has completed. Following
an abort, data is assumed to be unaligned to word bound-
aries, and the FPGA requires a new synchronization word
prior to accepting any new packets.
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To initiate an abort during a write operation, de-assert
WRITE. At the rising edge of CCLK, an abort is initiated, as
shown in Figure 18.

cak o _F o _F
cs [
WRITE /
DATA[7:0] X X X Y o
BUSY /
Abort

X8797_c

Figure 18: 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 CFG_IN instruc-
tion. This instruction allows data input on TDI to be con-
verted into data packets for the internal configuration bus.

The following steps are required to configure the FPGA
through the boundary-scan port (when using TCK as a
start-up clock).

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

Enter the Shift-DR (SDR) state

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

Load the JSTART instruction into IR
Enter the SDR state

Clock TCK through the startup sequence

© N o g bk w N

Return to RTI

Configuration and readback via the TAP is always available.
The boundary-scan mode is selected by a <101> or 001>
on the mode pins (M2, M1, MO).

Configuration Sequence

The configuration of Virtex devices is a three-phase pro-
cess. First, the configuration memory is cleared. Next, con-
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 DONE going High.

The power-up timing of configuration signals is shown in
Figure 19. The corresponding timing characteristics are
listed in Table 12.

——
Vee TPOR
_/

PROGRAM

INIT

— TicCK [¢—
CCLK OUTPUT or INPUT / \
MO, M1, M2
ALID
(Required)

98122302

Figure 19: Power-up Timing Configuration Signals

Table 12: Power-up Timing Characteristics

Description Symbol | Value Units
Power-on Reset Tror 2.0 ms, max
Program Latency TpL 100.0 | us, max
CCLK (output) Delay Ticck 0.5 Us, min

4.0 Us, max
Program Pulse Width Tprogram | 300 ns, min

Delaying Configuration

INIT can be held Low using an open-drain driver. An
open-drain is required since INIT is a bidirectional
open-drain pin that is held Low by the FPGA while the con-
figuration memory is being cleared. Extending the time that
the pin is Low causes the configuration sequencer to wait.
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.
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Data Stream Format

Virtex devices are configured by sequentially loading
frames of data. Table 13 lists the total number of bits
required to configure each device. For more detailed infor-
mation, see application note XAPP151 “Virtex Configura-
tion Architecture Advanced Users Guide”.

Table 13: Virtex Bit-stream Lengths

Device # of Configuration Bits

XCV50 559,200
XCV100 781,216
XCV150 1,040,096
XCV200 1,335,840
XCV300 1,751,808
XCV400 2,546,048
XCV600 3,607,968
XCV800 4,715,616
XCV1000 6,127,744

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 alll
flip-flops/latches, LUTRAMSs, and block RAMs. This capa-
bility is used for real-time debugging.

For more detailed information, see application note
XAPP138 “Virtex FPGA Series Configuration and Read-
back”.
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Virtex Electrical 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 DC Characteristics

Absolute Maximum Ratings

Symbol Description Units
Veaint | Supply voltage relative to GND -0.51t0 3.0 \%
Veeo Supply voltage relative to GND -0.5t04.0 \%
VREF Input Reference Voltage -0.51t0 3.6 \Y
Vv Input voltage relative to GND Using VRer -0.5t0 3.6 \%
IN Internal threshold -0.5t05.5 Vv
V1s Voltage applied to 3-state output -0.5t05.5 \%
Vee Longest Supply Voltage Rise Time from 1V-2.375V 50 ms
Tste Storage temperature (ambient) -65 to +150 °C
TsoL Maximum soldering temp. (10s @ 1/16 in. = 1.5 mm) +260 °C
T, Junction temperature |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 V¢ by more than 3.6 V.

Recommended Operating Conditions

Symbol Description Min Max Units

v Input Supply voltage relative to GND, T; =0 °C to +85°C |Commercial 25-5% | 25+5% Y
CCINT Input Supply voltage relative to GND, T; = -40°C to +100°C|Industrial 25-5% | 25+5% Y

v . |Supply voltage relative to GND, T; =0 °C to +85°C Commercial 1.4 3.6 \Y
cco Supply voltage relative to GND, T =-40°C to +100°C Industrial 1.4 3.6 Y
TIN Input signal transition time 250 ns

Notes: Correct operation is guaranteed with a minimum Vegnt 0f 2.375 V (Nominal Veeoyt -5%). Below the minimum value, 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, delay parameters do increase. Please refer to the TRCE
report.
Input and output measurement threshold is ~50% of V.
* Note that Min and Max values for Vg are 1/O Standard dependant.
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DC Characteristics Over Recommended Operating Conditions

Symbol Description Device Min Max | Units
v Data Retention V¢ |yt Voltage All 2.0 \%
DRINT | (below which configuration data may be lost)
Y Data Retention V¢ Voltage All 1.2 \Y,
DRIO | (below which configuration data may be lost)

lccintg | Quiescent Vecynt supply current (Notes 1 and 3) XCV50 50 mA

XCV100 50 mA

XCV150 50 mA

XCV200 75 mA

XCV300 75 mA

XCV400 75 mA

XCV600 100 mA

XCV800 100 mA

XCV1000 100 mA

lccog | Quiescent Vcco supply current (Note 1) XCV50 2 mA

XCV100 2 mA

XCV150 2 mA

XCV200 2 mA

XCV300 2 mA

XCV400 2 mA

XCV600 2 mA

XCV800 2 mA

XCV1000 2 mA

IREF VREE current per VReg pin All 20 LA
I Input or output leakage current All -10 +10 A
CiN Input capacitance (sample tested) | BGA, PQ, HQ, packages All 8 pF

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

IrPD Pad pull-down (when selected) @ Vj, = 3.6 V (sample tested) Note 2 | 0.15 mA

Notes: 1. With no output current loads, no active input pull-up resistors, all I/O pins Tri-stated and floating.

2. Internal pull-up and pull-down resistors guarantee valid logic levels at unconnected input pins. These pull-up and
pull-down resistors do not guarantee valid logic levels when input pins are connected to other circuits.
3. Multiply IccinTg limit by two for industrial grade.

Power-On Power Supply Requirements

Xilinx FPGAs require a certain amount of supply current during power-on to insure proper device operation. The actual
current consumed depends on the power-on ramp rate of the power supply. This is the time required to reach the nominal
power supply voltage of the device® from 0 V. The current is highest at the fastest suggested ramp rate (0 V to nominal
voltage in 2 ms) and is lowest at the slowest allowed ramp rate (0 V to nominal voltage in 50 ms).

Product Description? Current Requirement®
Virtex Family, Commercial Grade Minimum required current supply 500 mA
Virtex Family, Industrial Grade Minimum required current supply 2A

Notes: 1. Ramp rate used for this specification is from 0 - 2.7 V dc. Peak current occurs on or near the internal power-on reset
threshold and lasts for less than 3 ms.
2. Devices are guaranteed to initialize properly with the minimum current available from the power supply as noted above.
3. Larger currents may result if ramp rates are forced to be faster.

3-98 DS003 (v1.9) January 28, 2000 - Preliminary Product Specification



®
XX"‘INX Virtex 2.5V Field Programmable Gate Arrays

DC Input and Output levels

Values for V,_ and V|y are recommended input voltages. Values for I and lgy are guaranteed output currents over the
recommended operating conditions at the Vo, and Vg test points. Only selected standards are tested. These are chosen
to ensure that all standards meet their specifications. The selected standards are tested at minimum V¢ for each standard

with the respective Vo and Vg voltage levels shown. Other standards are sample tested.

Input/Output Vi Vil VoL VoH loL low
Standard V, min V, max V, min V, max V, Max V, Min mA mA

LVTTL (Note 1) -05 0.8 20 5.5 0.4 2.4 24 -24
LVCMOS2 -05 g 1.7 5.5 0.4 1.9 12 -12
PCI, 3.3V -0.5 | 44% Vieent | 60% Veeint | Veco + 0.5 10% Voo | 90% Veco Note 2 Note 2
PCI, 5.0V -05 0.8 20 5.5 0.55 2.4 Note 2 Note 2
GTL -05 VReg - 0.05 | Vgge + 0.05 3.6 0.4 n/a 40 n/a
GTL+ -05 Vgee - 0.1 Vgeg + 0.1 3.6 0.6 n/a 36 n/a
HSTL | -05 Vgee - 0.1 Vgee + 0.1 3.6 0.4 Veeo - 0.4 8 -8
HSTL I -05 Vgee - 0.1 Vgee + 0.1 3.6 0.4 Veeo - 0.4 24 -8
HSTL IV -05 Vgee - 0.1 Vgee + 0.1 3.6 0.4 Veeo - 0.4 48 -8
SSTL3 | -05 VReg - 0.2 Vgee + 0.2 3.6 VReg - 0.6 | VRege + 0.6 8 -8
SSTL3 1 -05 VReg - 0.2 Vgee + 0.2 3.6 VReg - 0.8 | VgRege + 0.8 16 -16
SSTL2 | -05 VReg - 0.2 Vgee + 0.2 3.6 VReg - 0.61| Vgege + 0.61 7.6 -7.6
SSTL2 1 -0.5 VReg - 0.2 Vgee + 0.2 3.6 VRee - 0.80| Vreg + 0.80 15.2 -15.2
CTT -05 Vgeg - 0.2 Vreg + 0.2 3.6 Veee-0.4 | VRegp+ 0.4 8 -8
AGP -05 Vgeg - 0.2 Vreg + 0.2 3.6 10% Veeo | 90% Veco Note 2 Note 2
Note 1: Vg 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 net list. All timing
parameters assume worst-case operating conditions (supply voltage and junction temperature). Values apply to all Virtex
devices unless otherwise noted.

IOB Input Switching Characteristics

Input delays associated with the pad are specified for LVTTL levels. For other standards, adjust the delays with the values
shown in “IOB Input Switching Characteristics Standard Adjustments” on page 101.

Speed Grade All -6 -5 -4 Units
Description Device Symbol Min

Propagation Delays

Pad to | output, no delay All Tiop 0.39 0.8 0.9 1.0 ns, max

Pad to | output, with delay XCV50 TioPID 0.8 15 1.7 1.9 ns, max
XCV100 0.8 15 1.7 1.9 ns, max
XCV150 0.8 15 17 1.9 ns, max
XCV200 0.8 15 1.7 1.9 ns, max
XCV300 0.8 15 1.7 1.9 ns, max
XCV400 0.9 1.8 2.0 2.3 ns, max
XCV600 0.9 1.8 2.0 2.3 ns, max
XCV800 11 2.1 2.4 2.7 ns, max
XCV1000 11 2.1 2.4 2.7 ns, max

Pad to output 1Q via transparent latch, All TiopL 0.8 1.6 18 2.0 ns, max

no delay

Pad to output 1Q via transparent latch, XCV50 TioPLID 1.9 3.7 4.2 4.8 ns, max

with delay XCV100 1.9 3.7 4.2 4.8 | ns, max
XCV150 2.0 3.9 4.3 4.9 ns, max
XCV200 2.0 4.0 4.4 5.1 ns, max
XCV300 2.0 4.0 4.4 5.1 ns, max
XCV400 2.1 4.1 4.6 5.3 ns, max
XCV600 2.1 4.2 4.7 5.4 ns, max
XCV800 2.2 4.4 4.9 5.6 ns, max
XCV1000 2.3 4.5 5.1 5.8 ns, max
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IOB Input Switching Characteristics (Continued)

Speed Grade | All 6 | 5 | -4 Unit
Description Device | Symbol Min nies

Sequential Delays

Clock CLK to output 1Q Al | Tiockio 0.2 07 | 07 | 08 |[ns, max

Setup and Hold Times with respect to Clock CLK at IOB input reg- Setup Time / Hold Time

ister

Pad, no delay All Tiopick/Tioickp | 0.8/0 | 1.6/0 | 1.8/0 | 20/0 | ns, min

Pad, with delay XCV50 | Tiopickp/Tioickep | 1.9/0 | 3.7/0 | 41/0 | 47/0 |ns, max
XCV100 19/0 | 3.7/0 | 41/0 | 47/0 |ns, max
XCV150 19/0 | 3.8/0 | 43/0 | 49/0 |ns, max
XCV200 20/0 | 39/0 | 44/0 | 50/0 |ns, max
XCV300 20/0 | 39/0 | 44/0 | 50/0 |ns, max
XCV400 21/0 | 41/0 | 46/0 | 53/0 |ns, max
XCV600 21/0 | 42/0 | 47/0 | 54/0 |ns, max
XCV800 22/0 | 44/0 | 49/0 | 56/0 |ns, max
XCV1000 23/0 | 45/0 | 50/0 | 58/0 |ns, max

ICE input All Tioiceck/Tiockice | 0.37/0 | 0.8/0 | 0.9/0 | 1.0/0 | ns, min

Set/Reset Delays

SR input (IFF, synchronous) All Tiosrekl 0.49 1.0 11 13 ns, min

SR input to IQ (asynchronous) All TiosRrIQ 0.70 14 1.6 1.8 ns, max

GSR to output IQ All Tesro 4.9 9.7 10.9 12,5 | ns, max

Note: A Zero “0” Hold Time listing indicates no hold time or a negative hold time. Negative values can not be guaranteed “best-case”,
but if a “0” is listed, there is no positive hold time.
Note: Input timing for LVTTL is measured at 1.4 V. For other 1/O standards, see Table 16.

IOB Input Switching Characteristics Standard Adjustments

Speed Grade | All 6 | 5 | -4 Units
Description Symbol | Standard Min Adjustments
Data Input Delay Adjustments
Standard-specific data input delay adjust- | T,.ytr. |[LVTTL 0 0 0 0 ns
ments T\Lvemos2 | LYCMOS2 -0.02 | -0.04 | -0.04 | -0.05 ns

T|pc|33_3 PC', 33 MHz, 3.3V -0.05 -0.11 -0.12 -0.14 ns
T|pc|33_5 PC', 33 MHz, 50V 0.13 0.25 0.28 0.33 ns
T|PC|66_3 PC', 66 MHz, 3.3V -0.05 -0.11 -0.12 -0.14 ns

Ter.  |GTL 010 | 020 | 023 | 026 | ns
Tiorp | GTL¥ 006 | 011 | 012 | 014 | ns
TmstL | HSTL 002 | 003 | 003 | 004 | ns
Tisstio | SSTL2 -0.04 | -0.08 | -009 | -0.10 | ns
Tisstis | SSTL3 -0.02 | -0.04 | -0.05 | -0.06 | ns

Tt |CTT 001 | 002 | 002 | 002 | ns

Tacp | AGP -0.03 | -0.06 | -0.07 | -0.08 | ns

Note: Input timing for LVTTL is measured at 1.4 V. For other I/O standards, see Table 16.
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IOB Output Switching Characteristics

Output delays terminating at a pad are specified for LVTTL with 12 mA drive and fast slew rate. For other standards, adjust

the delays with the values shown in “IOB Output Switching Characteristics Standard Adjustments” on page 103.

Speed Grade All -6 -5 -4 Units

Description Symbol Min
Propagation Delays
O input to Pad Tioop 1.2 2.9 3.2 3.5 ns, max
O input to Pad via transparent latch TiooLp 14 3.4 3.7 4.0 ns, max
3-State Delays
T input to Pad high-impedance (Note 1) TioTHZ 1.0 2.0 2.2 2.4 ns, max
T input to valid data on Pad TioTon 14 3.1 3.3 3.7 ns, max
T input to Pad high-impedance via trans- T\ioTLPHZ 1.2 2.4 2.6 3.0 ns, max
parent latch (Note 1)
T input to valid data on Pad via transparent TioTLPON 1.6 3.5 3.8 4.2 ns, max
latch
GTS to Pad high impedance (Note 1) TeTs 2.5 4.9 55 6.3 ns, max
Sequential Delays
Clock CLK to Pad Tiockp 1.0 2.9 3.2 35 ns, max
Clock CLK to Pad high-impedance (syn- TiocKHZ 11 2.3 25 2.9 ns, max
chronous) (Note 1)
Clock CLK to valid data on Pad (synchro- TiockonN 15 3.4 3.7 4.1 ns, max
nous)
Setup and Hold Times before/after Clock CLK Setup Time / Hold Time
O input Tioock/Tiocko 0.51/0 11/0 1.2/0 1.3/0 | ns, min
OCE input Tiooceck/Tiockoce | 0.37/0 0.8/0 0.9/0 1.0/0 | ns, min
SR input (OFF) Tiosrcko/Tiockosr | 0.52/0 11/0 1.2/0 1.4/0 | ns, min
3-State Setup Times, T input Tiotexk/TiockT 0.34/0 0.7/0 0.8/0 09/0 ns, min
3-State Setup Times, TCE input Tiotceck/Tiocktce | 0.41/0 09/0 09/0 11/0 ns, min
3-State Setup Times, SR input (TFF) TiosrekT/ Tiocktsr | 04970 1.0/0 1.1/0 1.3/0 ns, min
Set/Reset Delays
SR input to Pad (asynchronous) Tiosrp 1.6 3.8 4.1 4.6 ns, max
SR input to Pad high-impedance (asyn- Ti0SRHZ 1.6 3.1 3.4 3.9 ns, max
chronous) (Note 1)
SR input to valid data on Pad (asynchro- TiosrRON 2.0 4.2 4.6 51 ns, max
nous)
GSR to Pad TioGSRQ 4.9 9.7 10.9 125 ns, max

Notes: A Zero “0” Hold Time listing indicates no hold time or a negative hold time. Negative values can not be guaranteed “best-case”,

but if a “0” is listed, there is no positive hold time.
Tri-state turn-off delays should not be adjusted.
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IOB Output Switching Characteristics Standard Adjustments

Output delays terminating at a pad are specified for LVTTL with 12 mA drive and fast slew rate. For other standards, adjust

the delays by the values shown.

Speed Grade | All -6 | 5 | -4 Units
Description Symbol Standard Min Adjustments
Output Delay Adjustments
Standard-specific adjustments foroutput | Tyt s2 |LVTTL, Slow,2mA | 4.2 14.7 15.8 17.0 ns
delays terminating at pads (based on TOLVTTL s4 4 mA 25 75 8.0 8.6 ns
standard capacitive load, Csl) TOLVTTL_SG 6 mA 18 18 51 56 v
TOLVTTL_SS 8 mA 1.2 3.0 3.3 3.5 ns
ToLVTTL Si2 2mA | 1.0 19 2.1 2.2 ns
ToLvTTL Si6 16mA | 09 17 1.9 2.0 ns
ToLVTTL S24 24mA | 08 1.3 1.4 16 ns
ToLvirL F2 |LVTTL, Fast2mA | 1.9 | 131 | 140 | 151 | ns
ToLVTTL F4 4mA | 07 | 53 | 57 | 61 | ns
ToLVTTL F6 6mA | 02 | 31 | 33 | 36 | ns
ToLVTTL F8 8mA | 0.1 1.0 11 12 ns
TOLVITL F12 12 mA 0 0 0 0 ns
ToLVTTL Fi6 16mA | -0.10 | -0.05 | 005 | 005 | ns
ToLVTTL F24 24mA | 010 | -0.20 | 021 | 023 | ns
ToLvemos2 | LVCMOS2 010 | 010 | 011 | 012 | ns
Topcizs 3 | PCl, 33MHz, 33V | 050 | 23 25 2.7 ns
Topciza 5 | PCl, 33MHz, 50V | 040 | 28 3.0 33 ns
Topcies 3 | PCl, 66 MHz, 3.3V| 0.10 | -0.40 | -042 | -0.46 | ns
ToerL | GTL 06 | 050 | 054 | 06 ns
TootLp | GTL¥ 0.7 0.8 0.9 1.0 ns
TonstL | |HSTLI 0.10 | -050 | 053 | 05 | ns
TonstL m_ | HSTL I 010 | 09 | 09 | 10 | ns
TonstL v | HSTL IV 020 | 10 | 10 | 11 | ns
Tosstiz | | SSTL21 010 | -050 | -053 | -05 | ns
Tossitz 1| SSTL2 1l 020 | 09 | 09 | -10 | ns
Tosstiz | | SSTL3 | 020 | -050 | -053 | -05 | ns
TossTia 1| SSTL3 I 030 | -1.0 | -1.0 | 11 ns
Tocrr  |CTT 0 06 | 06 | 06 | ns
Toacp AGP 0 -0.9 -0.9 -1.0 ns

Output timing is measured at 1.4 V with 35 pF external capacitive load for LVTTL. For other I/O standards and different loads, see Table 14

and Table 16.
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Calculation of Tj,,, as a Function of Capacitance

Tioop IS the propagation delay from the O Input of the IOB to
the pad. The values for Ty, were based on the standard
capacitive load (Csl) for each 10 standard as listed in

Table 15: Delay Measurement Methodology

Table 14. Standard v, L Vi Megs. VRE,:2

For other capacitive loads, use the formulas below to calcu- Point_| (Typ)

late the corresponding Tigop. LVTTL 0 3 1.4 -
Tioop = Tioop * Topadjust * (Cioad - Cs)) * fl ;\(/:?3'\2(_)582 0 Bor PC?.gpec 1.125 -

Where: PCI33_3 Per PCI Spec -
Topadjust is reported above in the Output Delay Adjust- PCIi66_3 Per PCI Spec -
ment section. GTL Vger -0.2 | VReg +0.2 | VRrege | 0.80
Cioad is the capacitive load for the design. GTL+ Vgrer -0.2 | VReg +0.2 | VRger 1.0

Table 14: Constants for Calculating Tigop HSTL Class | | VRer-0.5 | Vggr +0.5 | Vggr | 0.75

Standard CsT (oF) [l (ns/pF) HSTL Class Il | Vgeg -0.5 | Vregr +0.5 | Vgee | 0.90

LVTTL Fast Slew Rate, 2mA drive 35 0.41 HSTL Class IV| VRgp -0.5 | VRgp 0.5 | Vggr | 0.90

LVTTL Fast Slew Rate, 4mA drive 35 0.20 SSTL31&Il | VRep-1.0 | VRgr +1.0 | Vpee | 15

LVTTL Fast Slew Rate, 6mA drive 35 0.13 SSTL2 1& 1l | Vger -0.75 |Vrer #0.75] Vegr | 1.25

LVTTL Fast Slew Rate, 8mA drive 35 0.079 cTT v 02 v 02 Vv 15

LVTTL Fast Slew Rate, 12mA drive | 35 0.044 REF ™ REF ™ REF '

LVTTL Fast Slew Rate, 16mA drive | 35 0.043 AGP VREF - VrRer+ | Vger | Per

LVTTL Fast Slew Rate, 24mA drive | 35 0.033 (0.2xVceo) |(0.2xVeeo) AGP

LVTTL Slow Slew Rate, 2mA drive | 35 0.41 Spec

LVTTL Slow Slew Rate, 4mA drive 35 0.20 Note 1: Input waveform switches between V and V. '

LVTTL Slow Slew Rate, 6mA drive | 35 | 0.100 O i, Worat.case valuos ors reported.

LVTTL Slow Slew Rate, 8mA drive 35 0.086 Note 3: 10 parameter measurements are made with the

LVTTL Slow Slew Rate, 12mA drive 35 0.058 capa_lcita_lnce values shown in Table 14._ See Xilinx

LVTTL Siow Slew Rate, 16mA drive| 35 | 0.050 application note XAPP133 for appropriate

LVTTL Slow Slew Rate, 24mA drive 35 0.048 Note 4: 10 standard measurements are reflected in the IBIS

LVCMOS2 35 0.041 model information except where the IBIS format

PCI 33MHz 5V 50 0.050 precludes it.

PCI 33MHZ 3.3V 10 0.050

PCl 66 MHz 3.3 V 10 0.033

GTL 0 0.014

GTL+ 0 0.017

HSTL Class | 20 0.022

HSTL Class lll 20 0.016

HSTL Class IV 20 0.014

SSTL2 Class | 30 0.028

SSTL2 Class Il 30 0.016

SSTL3 Class | 30 0.029

SSTL3 Class Il 30 0.016

CTT 20 0.035

AGP 10 0.037

Note 1: 10 parameter measurements are made with the
capacitance values shown above. See Xilinx
application note XAPP133 for appropriate
terminations.

Note 2: 10 standard measurements are reflected in the IBIS
model information except where the IBIS format
precludes it.

3-104 DS003 (v1.9) January 28, 2000 - Preliminary Product Specification



SOXILINX®

Virtex 2.5V Field Programmable Gate Arrays

Clock Distribution Guidelines

Speed Grade

— - Units
Description Device Symbol 6 | 5 | -4

Global Clock Skew

Global Clock Skew between 10B Flip-flops XCV50 TeskewioB 0.10 0.12 0.14 ns, max
XCV100 0.12 0.13 0.15 ns, max
XCV150 0.12 0.13 0.15 ns, max
XCV200 0.13 0.14 0.16 ns, max
XCV300 0.14 0.16 0.18 ns, max
XCV400 0.13 0.13 0.14 ns, max
XCV600 0.14 0.15 0.17 ns, max
XCV800 0.16 0.17 0.20 ns, max
XCV1000 0.20 0.23 0.25 ns, max

Note:  These clock-skew delays are provided for guidance only. They reflect the delays encountered in a typical design under

worst-case conditions. Precise values for a particular design are provided by the timing analyzer.
Clock Distribution Switching Characteristics
Speed Grade | All 6 | 5 | -4 ,
Description Symbol Min units

GCLK I0B and Buffer

Global Clock PAD to output. Tepio 0.33 0.7 0.8 0.9 ns, max

Global Clock Buffer I input to O output Teio 0.34 0.7 0.8 0.9 ns, max
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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 All -6 -5 -4 Units

Description Symbol Min
Combinatorial Delays
4-input function: F/G inputs to X/Y outputs Tio 0.29 0.6 0.7 0.8 ns, max
5-input function: F/G inputs to F5 output Tirs 0.32 0.7 0.8 0.9 ns, max
5-input function: F/G inputs to X output TiFsx 0.36 0.8 0.8 1.0 ns, max
6-input function: F/G inputs to Y output via F6 MUX Tirey 0.44 0.9 1.0 1.2 ns, max
6-input function: F5IN input to Y output Tesiny 0.17 0.32 0.36 0.42 | ns, max
Incremental delay routing through transparent latch to TiENCTL 0.31 0.7 0.7 0.8 ns, max
XQ/YQ outputs
BY input to YB output TeyYB 0.27 0.53 0.6 0.7 ns, max
Sequential Delays
FF Clock CLK to XQ/YQ outputs Tcko 0.54 11 1.2 14 ns, max
Latch Clock CLK to XQ/YQ outputs TekLo 0.6 1.2 1.4 1.6 ns, max
Setup and Hold Times before/after Clock CLK Setup Time / Hold Time
4-input function: F/G Inputs Tick/Tek 06/0 | 1.2/0 | 1.4/0 | 1.5/0 | ns, min
5-input function: F/G inputs Tiesck/Tekies | 0.7/0 | 1.3/0 | 1.5/0 | 1.7/0 | ns, min
6-input function: F5IN input Tesinek/Tekesin | 046/0| 1.0/0 | 1.1/0 | 1.2/0 | ns, min
6-input function: F/G inputs via F6 MUX Tireck/Tckies | 0.8/0 | 1.5/0 | 1.7/0 | 1.9/0 | ns, min
BX/BY inputs Toick/Tekp 0.30/0| 06/0 | 0.7/0 | 0.8/0 | ns, min
CE input Tceek/Tekce | 0.37/0( 0.8/0 | 0.9/0 | 1.0/0 | ns, min
SR/BY inputs (synchronous) TrekTekr 0.33/0| 0.7/0 | 0.8/0 | 0.9/0 | ns, min
Clock CLK
Minimum Pulse Width, High TcH 0.8 1.5 1.7 2.0 ns, min
Minimum Pulse Width, Low TeL 0.8 15 1.7 2.0 ns, min
Set/Reset
Minimum Pulse Width, SR/BY inputs Trpw 1.3 25 2.8 3.3 ns, min
Delay from SR/BY inputs to XQ/YQ outputs (asyn- TrQ 0.54 1.1 1.3 1.4 ns, max
chronous)
Delay from GSR to XQ/YQ outputs TiogsrRQ 4.9 9.7 10.9 12.5 | ns, max
Toggle Frequency (MHz) (for export control) Frog (MHz) 625 333 294 250 MHz

Note: A Zero “0” Hold Time listing indicates no hold time or a negative hold time. Negative values can not be guaranteed “best-case”,

but if a “0” is listed, there is no positive hold time.
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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 All -6 -5 -4 Units

Description Symbol Min
Combinatorial Delays
F operand inputs to X via XOR Topx 0.37 0.8 0.9 1.0 ns, max
F operand input to XB output Topxe 0.54 11 1.3 14 ns, max
F operand input to Y via XOR Topy 0.8 15 1.7 2.0 ns, max
F operand input to YB output Topye 0.8 15 17 2.0 ns, max
F operand input to COUT output TopcyE 0.6 1.2 1.3 15 ns, max
G operand inputs to Y via XOR Topgy 0.46 1.0 11 1.2 ns, max
G operand input to YB output TopcyB 0.8 1.6 1.8 2.1 ns, max
G operand input to COUT output Topcys 0.7 13 14 1.6 ns, max
BX initialization input to COUT Texcy 0.41 0.9 1.0 11 ns, max
CIN input to X output via XOR Teinx 0.21 0.41 0.46 0.53 ns, max
CIN input to XB TcInxB 0.02 0.04 0.05 0.06 ns, max
CIN input to Y via XOR Teiny 0.23 0.46 0.52 0.6 ns, max
CIN input to YB TcinyB 0.23 0.45 0.51 0.6 ns, max
CIN input to COUT output Teyp 0.05 0.09 0.10 0.11 ns, max
Multiplier Operation
F1/2 operand inputs to XB output via AND TEANDXB 0.18 0.36 0.40 0.46 ns, max
F1/2 operand inputs to YB output via AND TEANDYB 0.40 0.8 0.9 11 ns, max
F1/2 operand inputs to COUT output via AND TeEANDCY 0.22 0.43 0.48 0.6 ns, max
G1/2 operand inputs to YB output via AND TGANDYB 0.25 0.50 0.6 0.7 ns, max
G1/2 operand inputs to COUT output via AND TeaNDCY 0.07 0.13 0.15 0.17 ns, max
Setup and Hold Times before/after Clock CLK Setup Time / Hold Time
CIN input to FFX Teckx/Tekex | 0.50/0 | 1.0/0 12/0 1.3/0 ns, min
CIN input to FFY Teeky/Tekey | 0.53/0 | 1.1/0 1.2/0 1.47/0 ns, min

Note: A Zero “0” Hold Time listing indicates no hold time or a negative hold time. Negative values can not be guaranteed “best-case”,
but if a “0” is listed, there is no positive hold time.
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CLB SelectRAM Switching Characteristi

CS

Speed Grade All -6 -5 -4 Units

Description Symbol Min
Sequential Delays
Clock CLK to X/Y outputs (WE active) TsHceko 1.2 2.3 2.6 3.0 ns, max
Shift-Register Mode
Clock CLK to X/Y outputs 1.2 2.3 2.6 3.0 ns, max
Setup and Hold Times before/after Clock CLK Setup Time / Hold Time
F/G address inputs Tas/Tan 0.25/0 | 05/0 06/0 0.7/0 | ns, min
BX/BY data inputs (DIN) Tps/Tpy | 0.34/0 | 0.7/0 08/0 0.9/0 | ns, min
CE input (WE) Tws/Twy | 0.38/0 | 0.8/0 0.9/0 1.0/0 | ns, min
Shift-Register Mode
BX/BY data inputs (DIN) TsHDICK 0.34 0.7 0.8 0.9 ns, min
CE input (WS) TsHcECK 0.38 0.8 0.9 1.0 ns, min
Clock CLK
Minimum Pulse Width, High TweH 1.2 2.4 2.7 3.1 ns, min
Minimum Pulse Width, Low TweL 1.2 2.4 2.7 3.1 ns, min
Minimum clock period to meet address write cycle Twe 2.4 4.8 5.4 6.2 ns, min
time
Shift-Register Mode
Minimum Pulse Width, High TsrpPH 1.2 2.4 2.7 3.1 ns, min
Minimum Pulse Width, Low TsrpL 1.2 2.4 2.7 3.1 ns, min

Note: A Zero “0” Hold Time listing indicates no hold time or a negative hold time. Negative values can not be guaranteed “best-case”,

but if a “0” is listed, there is no positive hold time.

Block RAM Switching Characteristics

Speed Grade | All 6 | 5 -4 ,
— - Units
Description Symbol Min
Sequential Delays
Clock CLK to DOUT output Tecko 1.7 34 | 38 43 | ns, max
Setup and Hold Times before/after Clock CLK Setup Time / Hold Time
ADDR inputs Teack/Tecka | 0.6/0 | 1.2/0 | 1.3/0 | 1.5/0 | ns, min
DIN inputs Tepck/Teckp | 0.6/0 | 1.2/0 | 1.3/0 | 1.5/0 | ns, min
EN input Teeck/Tecke | 1.3/0 | 26/0 | 3.0/0 | 3.4/0 | ns, min
RST input Terek/Teekr | 1.3/0 | 25/0 | 27/0 | 3.2/0 | ns, min
WEN input Tewek/Teckw | 1.2/0 | 23/0 | 26/0 | 3.0/0 | ns, min
Clock CLK
Minimum Pulse Width, High TepwH 0.8 15 1.7 2.0 ns, min
Minimum Pulse Width, Low TepwL 0.8 15 1.7 2.0 ns, min
CLKA -> CLKB setup time for different ports Tsces 3.0 3.5 4.0 ns, min

Note: A Zero “0” Hold Time listing indicates no hold time or a negative hold time. Negative values can not be guaranteed “best-case”,

but if a “0” is listed, there is no positive hold time.
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TBUF Switching Characteristics
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Speed Grade | All 6 | 5 -4
Description Symbol Min Units
Combinatorial Delays
IN input to OUT output Tio 0 0 0 0 ns, max
TRI input to OUT output high-impedance Torre 0.05 0.09 0.10 0.11 ns, max
TRI input to valid data on OUT output Ton 0.05 0.09 0.10 0.11 ns, max
JTAG 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 TrckTAP 2.0 2.0 2.0 ns, min
Output delay from clock TCK to output TDO TtckTDo 11.0 11.0 11.0 ns, max
Maximum TCK clock frequency Frck 33 33 33 MHz, max
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Virtex 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% func-
tionally tested. Listed below are representative values for typical pin locations and normal clock loading. Values are
expressed in nanoseconds unless otherwise noted.

Global Clock Input to Output Delay for LVTTL, 12 mA, Fast Slew Rate, with DLL

Speed Grade | All -6 | -5 | -4 ,
— - - Units
Description Symbol Device Min
LVTTL Global Clock Input to Output Delay using Out- | T\ckorprL | XCV50 1.0 3.1 3.3 3.6 | ns, max
put Flip-flop, 12 mA, Fast Slew Rate, with DLL. For XCV100 10 31 33 3.6 |ns. max

data output with different standards, adjust delays

with the values shown in Output Delay Adjustments. XCV150 10 sl 33 8.6 |ns, max

XCV200 1.0 3.1 3.3 3.6 | ns, max
XCV300 1.0 3.1 3.3 3.6 | ns, max
XCV400 1.0 3.1 3.3 3.6 | ns, max
XCV600 1.0 3.1 3.3 3.6 | ns, max
XCV800 1.0 3.1 3.3 3.6 | ns, max
XCV1i000| 1.0 3.1 3.3 3.6 | ns, max

Notes: 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.
Output timing is measured at 1.4 V with 35 pF external capacitive load for LVTTL. For other I/O standards and different loads,
see Table 14 and Table 16.
DLL output jitter is already included in the timing calculation.

Global Clock Input to Output Delay for LVTTL, 12 mA, Fast Slew Rate, without DLL

Speed Grade | All -6 | 5 | -4 .
— - - Units
Description Symbol Device Min
LVTTL Global Clock Input to Output Delay using Out- | T\ckor XCV50 15 4.6 5.1 5.7 | ns, max
put Flip-flop, 12 mA, Fast Slew Rate, without DLL. For XCV100 15 4.6 51 57 | ns. max

data output with different standards, adjust delays

with the values shown in Output Delay Adjustments. XCV150 15 4.7 52 58 | ns, max

XCV200 15 4.7 5.2 5.8 ns, max
XCV300 15 4.7 5.2 5.9 ns, max
XCV400 15 4.8 5.3 6.0 | ns, max
XCV600 1.6 4.9 54 6.0 | ns, max
XCV800 1.6 4.9 5.5 6.2 | ns, max
XCV1000 1.7 5.0 5.6 6.3 | ns, max

Notes: 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.
Output timing is measured at 1.4 V with 35 pF external capacitive load for LVTTL. For other I/O standards and different loads,
see Table 14 and Table 16.
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Minimum Clock to Out for Virtex Devices

With DLL Without DLL
I/O Standard | All Devices | V50 V100 V150 V200 V300 V600 V800 | V1000 Units
*LVTTL_S2 5.2 6.0 6.0 6.0 6.0 6.1 6.1 6.1 6.1 ns
*LVTTL_S4 3.5 4.3 4.3 4.3 4.3 4.4 4.4 4.4 4.4 ns
*LVTTL_S6 2.8 3.6 3.6 3.6 3.6 3.7 3.7 3.7 3.7 ns
*LVTTL_S8 2.2 3.1 3.1 3.1 3.1 3.1 3.2 3.2 3.2 ns
*LVTTL_S12 2.0 2.9 29 29 29 29 3.0 3.0 3.0 ns
*LVTTL_S16 1.9 2.8 2.8 2.8 2.8 2.8 2.9 2.9 29 ns
*LVTTL_S24 1.8 2.6 2.6 2.7 2.7 2.7 2.7 2.7 2.8 ns
*LVTTL_F2 2.9 3.8 3.8 3.8 3.8 3.8 3.9 3.9 3.9 ns
*LVTTL_F4 1.7 2.6 2.6 2.6 2.6 2.6 2.7 2.7 2.7 ns
*LVTTL_F6 1.2 2.0 2.0 2.0 2.1 2.1 2.1 2.1 2.2 ns
*LVTTL_F8 11 1.9 1.9 1.9 1.9 2.0 2.0 2.0 2.0 ns
*LVTTL_F12 1.0 1.8 1.8 1.8 1.8 1.9 1.9 1.9 1.9 ns
*LVTTL_F16 0.9 1.7 1.8 1.8 1.8 1.8 1.8 1.9 1.9 ns
*LVTTL_F24 0.9 1.7 1.7 1.7 1.8 1.8 1.8 1.8 1.9 ns
LVCMOS2 11 1.9 1.9 1.9 2.0 2.0 2.0 2.0 21 ns
PCI33_3 15 2.4 2.4 2.4 2.4 2.4 2.5 2.5 2.5 ns
PCI33_5 14 2.2 2.2 2.3 2.3 2.3 2.3 2.3 2.4 ns
PCI66_3 11 1.9 1.9 2.0 2.0 2.0 2.0 2.1 2.1 ns
GTL 1.6 2.5 2.5 2.5 2.5 2.5 2.6 2.6 2.6 ns
GTL+ 17 2.5 2.5 2.6 2.6 2.6 2.6 2.6 2.7 ns
HSTL | 11 1.9 1.9 1.9 1.9 2.0 2.0 2.0 2.0 ns
HSTL 1l 0.9 1.7 1.7 1.8 1.8 1.8 1.8 1.8 1.9 ns
HSTL IV 0.8 1.6 1.6 1.6 1.7 1.7 1.7 1.7 1.8 ns
SSTL2 | 0.9 1.7 1.7 1.7 1.7 1.8 1.8 1.8 1.8 ns
SSTL2 1l 0.8 1.6 1.6 1.6 1.6 1.7 1.7 1.7 1.7 ns
SSTL3 | 0.8 1.6 1.7 1.7 1.7 1.7 1.7 1.8 1.8 ns
SSTL3 I 0.7 15 15 1.6 1.6 1.6 1.6 1.6 1.7 ns
CTT 1.0 1.8 1.8 1.8 1.9 1.9 1.9 1.9 2.0 ns
AGP 1.0 1.8 1.8 1.9 1.9 1.9 1.9 1.9 2.0 ns

*S = Slow Slew Rate, F = Fast Slew Rate
Notes: 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.
Input and output timing is measured at 1.4 V for LVTTL. For other I/O standards, see Table 16. In all cases, an 8 pF external
capacitive load is used.
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Virtex 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. Listed below are representative values for typical pin locations and normal clock loading. Values are
expressed in nanoseconds unless otherwise noted

Global Clock Set-Up and Hold for LVTTL Standard, with DLL

Speed Grade All -6 -5 -4 .
Description | Symbol | Device Min Units
Input Setup and Hold Time Relative to Global Clock Input Signal for LVTTL Standard. For data input with different
standards, adjust the setup time delay by the values shown in Input Delay Adjustments.
No Delay TespL/TPHDLL XCV50 0.40/0 17/0 18/0 21/0 |ns, min
Global Clock and IFF, with DLL XCV100 | 0.40/0 | 1.7/0 1.9/0 2.1/0 |ns, min

XCV150 0.40/0 17/0 19/0 21/0 |ns, min

XCV200 0.40/0 1.7/0 19/0 21/0 |ns, min

XCV300 0.40/0 1.7/0 19/0 21/0 |ns, min

XCVv400 0.40/0 1.7/0 19/0 21/0 |ns, min

XCV600 0.40/0 1.7/0 19/0 2.1/0 |ns, min

XCV800 0.40/0 1.7/0 19/0 21/0 |ns, min

XCV1000 0.40/0 1.7/0 19/0 21/0 |ns, min

IFF = Input Flip-Flop or Latch
Notes: Setup time is measured relative to the Global Clock input signal with the fastest route and the lightest load. Hold time is
measured relative to the Global Clock input signal with the slowest route and heaviest load.
DLL output jitter is already included in the timing calculation.
A Zero “0” Hold Time listing indicates no hold time or a negative hold time. Negative values can not be guaranteed “best-case”,
but if a “0” is listed, there is no positive hold time.

Global Clock Set-Up and Hold for LVTTL Standard, without DLL

Speed Grade All 6 | 5 -4
Description | Symbol | Device Min

Input Setup and Hold Time Relative to Global Clock Input Signal for LVTTL Standard. For data input with different
standards, adjust the setup time delay by the values shown in Input Delay Adjustments.

Units

Full Delay TPSFD/TPHFD XCV50 0.6/0 23/0 26/0 29/0 ns, min
Global Clock and IFF, without XCV100 06/0 2.3/0 2.6/0 3.0/0 |ns, min
DLL XCV150 0.6/0 2410 2710 3.1/0 |ns, min

XCV200 0.7/0 25/0 2.8/0 3.2/0 |ns, min
XCV300 0.7/0 25/0 2.8/0 3.2/0 |ns, min
XCV400 0.7/0 2.6/0 29/0 3.3/0 |ns, min
XCV600 0.7/0 2.6/0 29/0 3.3/0 |ns, min
XCV800 0.7/0 2710 3.1/0 3.5/0 |ns, min
XCV1000 0.7/0 2.8/0 3.1/0 3.6/0 |ns, min

IFF = Input Flip-Flop or Latch
Notes: Setup time is measured relative to the Global Clock input signal with the fastest route and the lightest load. Hold time is
measured relative to the Global Clock input signal with the slowest route and heaviest load.
A Zero “0” Hold Time listing indicates no hold time or a negative hold time. Negative values can not be guaranteed “best-case”,
but if a “0” is listed, there is no positive hold time.

3-112 DS003 (v1.9) January 28, 2000 - Preliminary Product Specification



®
XX"‘INX Virtex 2.5V Field Programmable Gate Arrays

DLL Timing Parameters

Switching parameters testing is modeled after testing methods specified by MIL-M-38510/605; all devices are 100 percent
functionally tested. Because of the difficulty in directly measuring many internal timing parameters, those parameters are
derived from benchmark timing patterns. The following guidelines reflect worst-case values across the recommended
operating conditions.

Speed Grade -4 -5 -6

Description Symbol Min Max Min Max Min Max Units
Input Clock Frequency (CLKDLLHF) FCLKINHE 60 180 60 180 60 200 MHz
Input Clock Frequency (CLKDLL) FeLKINLE 25 90 25 90 25 100 MHz
Input Clock Pulse Width (CLKDLLHF) TDLLPWHE 2.4 - 2.4 - 2.0 - ns
Input Clock Pulse Width (CLKDLL) ToLLPWLE 3.0 - 3.0 25 - ns
Note: All specifications correspond to Commercial Operating Temperatures (0°C to + 85°C).
DLL Clock Tolerance, Jitter, and Phase Information

All DLL output jitter and phase specifications determined through statistical measurement at the package pins using a clock
mirror configuration and matched drivers.

CLKDLLHF | CLKDLL
Description Symbol Feolkin Min | Max | Min | Max | Units
Input Clock Period Tolerance TipTOL - 1.0 - 1.0 ns
Input Clock Jitter Tolerance (Cycle to Cycle) Tiaree - |£150| - |[+£300| ps
Time Required for DLL to Acquire Lock TLock | > 60 MHz - 20 - 20 us
50 - 60 MHz| - - - 25 us
40 - 50 MHz| - - - 50 us
30 - 40 MHz| - - - 90 us
25-30 MHz| - - - 120 us
Output Jitter (cycle-to-cycle) for any DLL Clock Output! Tourrce +60 +60 | ps
Phase Offset between CLKIN and CLKO? TpHiO +100 +100| ps
Phase Offset between Clock Outputs on the DLL? TpHOO +140 +140| ps
Maximum Phase Difference between CLKIN and CLKO* TpHIOM +160 +160| ps
Maximum Phase Difference between Clock Outputs on the DLL® | Tppoom +200 +200| ps

Note 1: Output Jitter is cycle-to-cycle jitter measured on the DLL output clock, excluding input clock jitter.

Note 2: Phase Offset between CLKIN and CLKO is the worst-case fixed time difference between rising edges of CLKIN and CLKO,
excluding Output Jitter and input clock jitter.

Note 3: Phase Offset between Clock Outputs on the DLL is the worst-case fixed time difference between rising edges of any two DLL
outputs, excluding Output Jitter and input clock jitter.

Note 4: Maximum Phase Difference between CLKIN an CLKO is the sum of Output Jitter and Phase Offset between CLKIN and
CLKO, or the greatest difference between CLKIN and CLKO rising edges due to DLL alone (excluding input clock jitter).

Note 5: Maximum Phase Dlfference between Clock Outputs on the DLL is the sum of Output Jltter and Phase Offset between any
DLL clock outputs, or the greatest difference between any two DLL output rising edges sue to DLL alone (excluding input
clock jitter).

Note 6: All specifications correspond to Commercial Operating Temperatures (0°C to +85°C).
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Period Tolerance: the allowed input clock period change in nanoseconds.

— — —

TeLkIN Tewkin £TipToOL

Output Jitter: the difference between an ideal Phase Offset and Maximum Phase Difference
reference clock edge and the actual design.
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Figure 20: Frequency Tolerance and Clock Jitter
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Virtex Pin Definitions

Table 16: Special Purpose Pins

Dedicated

Pin Name Pin 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: it is an input for SelectMAP and

Output slave-serial modes, and output in master-serial mode. After con-

figuration, it is input only, logic level = "Don’t Care".

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 1/O after configura-

tion unless the SelectMAP port is retained.

In bit-serial modes, DOUT provides header information to down-
stream devices in a daisy-chain. The pin becomes a user 1/O af-
ter configuration.

DO/DIN, No Input or In SelectMAP mode, DO-7 are configuration data pins. These
D1, D2, Output pins become user I/Os after configuration unless the SelectMAP
D3, D4, 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 I/O after configuration unless the SelectMAP
port is retained.

CSs 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)

VeeInT 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 I/Os when an exter-
nal threshold voltage is not needed (subject to banking rules).

GND Yes Input Ground

For a complete Virtex data sheet including package pinouts,
go to the CD-ROM or Xilinx web site:

www.xilinx.com/partinfo/databook.htm
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Virtex Device/Package Combinations and Maximum 1/O

Maximum User I/O (excluding dedicated clock pins)

Package VB0 | XCV100 | XCVI50 | XCV200 | XCV300 | XCV400 | XCV600 | XCV800 | XCVI000
CS144 94 94

TQ144 98 98

PQ240 166 166 166 166 166

HQ240 166 166 166

BG256 180 180 180 180

BG352 260 260 260

BGA432 316 316 316 316

BG560 404 404 404 404
FG256 176 176 176 176

FG456 260 284 312

FG676 404 444 444

FG680 512 512 512

Virtex Ordering Information

Example:

Device Type

Speed Grade

-4
-5
-6

XCV300 -6 PQ 240 C

Temperature Range

C = Commercial (T = 0°C to +85°C)
| = Industrial (T; = -40°C to +100°C)

L Number of Pins

Package Type

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
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Introduction

The Spartan™-II family is the second generation high-vol-
ume production FPGA solution, based on the highly suc-
cessful Virtex™ family architecture. The family delivers all
the key requirements for ASIC replacement with up to
150,000 gates and 200 MHz system performance at 2.5V
logic supply. These requirements include high perfor-
mance, 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-1l family is the result of more than fifteen years
of FPGA design experience and feedback from thousands
of customers. By streamlining the Virtex family feature set,
leveraging advanced hybrid process technologies and
focusing on total cost management, the Spartan-Il family
delivers the key features required by ASIC and other high
volume logic users while avoiding the initial cost, long
development cycles and inherent risk of conventional
ASICs. The Spartan-Il family currently has five members,
as shown in Table 1.

Features

* Second generation ASIC replacement technology
- On-chip RAM (block and distributed)
- Power down mode (Icco = 100 pA)
- Density up to 3,888 logic cells or 150,000 system
gates
- Hot-swappable for Compact PCI
- Advanced 0.22/0.18 um 6-layer metal process
- Streamlined feature set based on Virtex architecture
- Unlimited reprogrammability
- Very Low cost

¢ System level features
- Two types of On-chip SelectRAM™ memory;,
distributed and block
- Fully PCI compliant
- Low power segmented routing architecture
- Full readback capability for program verification and
internal node observability
- 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
- Four dedicated delay-locked loops (DLLs) for
advanced clock control
- Four primary low-skew global clock distribution nets,
plus 24 secondary global nets
- |EEE 1149.1-compatible boundary scan logic
« Versatile I/O and packaging
- Low cost packages available in all densities
- Family footprint compatibility in common packages
- 16 high-performance interface standards
- Zero input register hold time simplifies system timing
¢ Fully supported by powerful Xilinx development system
- Foundation series: Integrated, shrink-wrap software
- Alliance series: Over 100 PC and workstation thrid
party development systems supported
- Fully automatic mapping, placement and routing
- Interactive design editor for design optimization

Table 1: Spartan-Il Field-Programmable Gate Array Family Members.

. Logic Typical System CLB Total Max!mum Total Total
Device Cells Gate Range Arra CLBs Available BlockRam BlockRAM Bits
(Logic and RAM) y User 1/0 Blocks
XC2S15 432 6,000 - 15,000 8x12 96 86 4 16,384
XC2S30 972 13,000 - 30,000 12x18 216 132 6 24,576
XC2S50 1,728 23,000 - 50,000 16x24 384 176 8 32,768
XC2S100 2,700 37,000 - 100,000 20x30 600 196 10 40,960
XC2S150 3,888 52,000 - 150,000 24x36 864 260 12 49,152
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General Overview

Spartan-1l family of FPGAs is implemented with a regular,
flexible, programmable architecture of Configurable Logic
Blocks (CLBs), surrounded by a perimeter of programma-
ble Input/Output Blocks (IOBs), interconnected by a power-
ful hierarchy of versatile routing resources (routing
channels) also providing advanced functions such as Block
RAM and DLL clock control blocks. (see Figure 1.)

The devices are customized by loading configuration data
into internal static memory cells. Unlimited Re-program-
ming cycles are possible with this approach. The values
stored in these memory cells determine the logic functions
and interconnections implemented in the FPGA. The FPGA
can be programmed in one of three modes. The traditional
Master Serial mode, Slave Serial mode, or Slave Parallel
mode.

Spartan-ll family FPGAs are typically used in high volume,
applications where the versatilely of a fast programmable

solution will add benefits. Spartan-11 family FPGAs are ideal
for shortening design and development cycles, and at the
same time offer a cost-effective solution where product pro-
duction volumes require 50,000 to well over 1,000,000
devices per year.

Spartan-1l family devices achieve high-performance, low
cost operation through the use of an advanced architecture
and semiconductor technology. Spartan-1l devices provide
system clock rates exceeding 200 MHz and internal perfor-
mance in excess of 350 MHz. In contrast to other FPGA
devices, Spartan-ll FPGAs offer the most cost effective
solution while maintaining leading edge performance. In
addition to the conventional benefit of high volume pro-
grammable logic solutions Spartan FPGAs also offer
on-chip edge-triggered single-port and dual-port RAM,
block RAM, DLL clock drivers programmable set and reset
on all flip-flops, fast carry logic, and many other features.
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Figure 1: Basic Spartan-Il Family FPGA Block
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Architectural Description
Spartan-Il Array

The Spartan-1l user-programmable gate array, shown in
Figure 1, is composed of five major configurable elements:

« |OBs provide the interface between the package pins
and the internal logic

» CLBs provide the functional elements for constructing
most logic

* Dedicated block RAM memories of 4096 bits each

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

* \Versital Multi-Level Interconnect structure

As you can see in the figure, the CLBs form the central logic
structure with easy access to all support and routing stru-
cures. The I0Bs are located around all the logic and mem-
ory elements for easy and quick routing of signals on and
off the chip.

Values stored in static memory cells control all 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.

Each of these elements will be desicussed in detail in the
following discussions.

Input/Output Block

The Spartan-Il 10B, as seen in Figure 2, features inputs
and outputs that support a wide variety of I/O signalling
standards. These high-speed inputs and outputs are capa-
ble of supporting various state of the art memory and buss
interfaces. Table 2 lists several of the standards which are
supported along with the required refrence, output & termi-
nation voltages needed to meet the standard.

The three 10B registers function either as edge-triggered
D-type flip-flops or as level sensitive latches. Each IOB has
a clock signal (CLK) shared by the three registers and inde-
pendent clock enable signals for each registers.

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

A feature not shown in the block diagram, but controllable
by the software is polarity control. The input and output
buffers and all of the IOB control signals have independent
polarity controls.

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

T I \
L SR VCCO
D Q /'Package
Pi
CLK —T®—CK w
TCE EC vee /0
OE
Programmable ﬂ
i ESD Network
L[ ER
© D Q Programmable
® CK Output Buffer
Internal
OCE EC Refrence

Programmable
Delay

1Q
s |
| — T @D Q

CK

ICE EC

Figure 2: Spartan-Il Input/Output Block (I0OB)
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into their high-impedance state. The pull-down resistors
and the weak-keeper circuits are inactive, but inputs may
optionally be pulled up.

Table 2: Supported I/O Standards

Input Output Board
Reference Source Termination
VO Standard Voltage Voltage Voltage
(VREF) (Veco) (V1)
LVTTL N/A 3.3 N/A
210 24 mA
LVCMOS2 N/A 2.5 N/A
PCI N/A 3.3 N/A
GTL 0.8 N/A 1.2
GTL+ 1.0 N/A 1.5
HSTL Class | 0.75 1.5 1.5
HSTL Class 0.75 1.5 15
1
HSTL Class 0.75 1.5 1.5
\Y
SSTL3 Class 1.5 3.3 15
land Il
SSTL2 Class 1.25 2.5 1.25
land Il
CTT 1.5 3.3 1.5
AGP 1.32 3.3 N/A

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 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 5V compliance, and one that does not. For 5V compli-
ance, a zener-like structure connected to ground turns on
when the output rises to approximately 6.5V. When 5V
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.

All Spartan-ll IOBs support IEEE 1149.1-compatible
boundary scan testing.

Input Path

A buffer In the Spartan-Il 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 Vggg imposes
constraints on which standards can used in close proximity
to each other. See “I/O Banking” on page 9.

There are optional pull-up and pull-down resistors at each
input for use after configuration. Their value is in the range
50 to 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 10B 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.

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 48 mA.
Drive strength and slew rate controls minimize bus tran-
sients.

In most signalling standards, the output High voltage
depends on an externally supplied Vg voltage. The need
to supply Veco imposes constraints on which standards
can be used in close proximity to each other. See “I/O
Banking” on page 9.

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 helps eliminate bus chatter.

Because the weak-keeper circuit uses the IOB input buffer
to monitor the input level, an appropriate Vygg voltage must
be provided if the signalling standard requires one. The
provision of this voltage must comply with the 1/0 banking
rules.
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Figure 3: Spartan-Il /O Banks

I/O Banking

Some of the 1/O standards described above require Voo
and/or Vreg voltages. These voltages externally and con-
nected to device pins that serve groups of 10Bs, called
banks. Consequently, restrictions exist about which /O
standards can be combined within a given bank.

Eight 1/O banks result from separating each edge of the
FPGA into two banks, as shown in Figure 3. Each bank has
multiple Vo 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 Vcco. Compatible standards are shown in
Table 3. GTL and GTL+ appear under all voltages because
their open-drain outputs do not depend on V.

Table 3: Compatible Output Standards

Veeo Compatible Standards

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

2.5V |SSTL21, SSTL2 Il, LVCMOS2, GTL, GTL+
1.5V |HSTL I, HSTL IlIl, HSTL IV, GTL, GTL+

Some input standards require a user-supplied threshold
voltage, Vrer In this case, certain user-1/0O 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 VRygg pins within a bank are interconnected internally
and consequently only one Vggr 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 Vg voltage may be
used within a bank. Input buffers that use Vrgr are not
5V-tolerant. LVTTL, LVCMOS2, and PCI are 5V-tolerant.

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

Within a given package, the number of Vggg and Vg pins
can vary depending on the size of device. In larger devices,
more 1/O pins convert to Vreg 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 Vg pins for the largest device
anticipated must be connected to the Vygg voltage, and not
used for 1/O.

In smaller devices, some Vg 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 V¢ voltage to permit migration to a larger
device if necessary.

In TQ144 and PQ208 packages, all Vo pins are bonded
together internally, and consequently the same Vo Vvolt-
age must be connected to all of them. In the CS144 pack-
age, bank pairs that share a side are interconnected
internally, pemitting four choices for VCCO. In both cases,
the Vreg pins remain internally connected as eight banks,
and may be used as described previously.

Configurable Logic Block

The basic building block of the Spartan-Il 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 Spartan-Il CLB contains four
LCs, organized in two similar slices, a single slice is shown
in Figure 4.

In addition to the four basic LCs, the Spartan-1l CLB con-
tains logic that combines function generators to provide
functions of five or six inputs. Consequently, when estimat-
ing the number of system gates provided by a given device,
each CLB counts as 4.5 LCs.

Look-Up Tables

Spartan-1l function generators are implemented as 4-input
look-up tables (LUTSs). 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 16 x 1-bit dual-port synchronous RAM.

The Spartan-1l 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 Spartan-Il slice can be config-
ured either as edge-triggered D-type flip-flops or as
level-sensitive latches. The D inputs can be driven either by
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Figure 4. Spartan-ll CLB Slice (two identical slices in each CLB)

the function 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
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.

4-10
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Arithmetic Logic

Dedicated carry logic provides fast arithmetic carry capabil-
ity for high-speed arithmetic functions. The Spartan-11 CLB
supports 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 Spartan-11 CLB contains two 3-state drivers (BUFTS)
that can drive on-chip busses. See “Dedicated Routing” on
page 12. Each Spartan-ll BUFT has an independent
3-state control pin and an independent input pin.

Block RAM

Spartan-Il FPGAs incorporate several large BlockSelec-
tRAM+ memories. These complement the distributed
SelectRAM+ LUTRAMSs that provide shallow RAM struc-
tures implemented in CLBs.

BlockSelectRAM+ memory blocks are organized in col-
umns. All Spartan-Il 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 Spartan-1l device eight CLBs
high will contain two memory blocks per column, and a total
of four blocks..

Table 4: Spartan-Il Block SelectRAM+ Amounts

Table 5: 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>

Spartan-I| Total Block
FI:))evice # of Blocks SelectRAM+ Bits
XC2S15 4 16,384
XC2S30 6 24,576
XC2S50 8 32,768

XC2S100 10 40,960

XC2S150 12 49,152

The Spartan-1l block RAM also includes dedicated routing
to provide an efficient interface with both CLBs and other
block RAMSs.

Programmable Routing Matrix

It is the longest delay path that limits the speed of any
worst-case design. Consequently, the Spartan-Il routing
architecture and its place-and-route software were defined
in a single optimization process. This joint optimization min-
imizes 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 6, 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.

RAMB4_S#_S#

WEA
ENA

Each Block SelectRAM+ cell, as illustrated in Figure 5, is a
fully synchronous dual-ported 4096-bit RAM with indepen-
dent control signals for each port. The data widths of the
two ports can be configured independently, providing
built-in bus-width conversion.

.Table 5 shows the depth and width aspect ratios for the
Block SelectRAM+
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Figure 5: Dual-Port Block SelectRam+
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Figure 6: Spartan-Il Local Routing

General Purpose Routing

Most Spartan-II signals are routed on the general purpose
routing, 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.

« 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
Spartan-ll devices have additional routing resources

around their periphery that form an interface between the
CLB array and the I0OBs. This additional routing, called the
VersaRing, 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.

Dedicated Routing

Some classes of signal require dedicated routing resources
to maximize performance. In the Spartan-1l architecture,
dedicated routing resources are provided for two classes of
signal.

¢ 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 7.

« 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. Spartan-I|
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, IOB, and
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

| \ \ | s Tri-State
—— JI‘—‘—BTF 5 i‘_‘—'ﬁ?ﬁ 5 JI‘_I—J% ? Jl‘_ri Lines
CLB CLB CLB CLB
buft_c.eps

Figure 7: BUFT Connections to Dedicated Horizontal Bus Lines
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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

Spartan-1l provides high-speed, low-skew clock distribution
through the primary global routing resources described
above. A typical clock distribution net is shown in Figure 8.

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,

GCLKPAD3 ;E; GCLKPAD2
Global Clock Rows GCLKBUF3 % GCLKBUF2 Global Clock Column
<> <H> <>
<Hi> <Ht> <Hi>
<HD> <H{> <HD>
<Hi> <Hp> <H>
<Hp>- <HD>- <HD>-
@ <> R b - Global Clock Spine
v ¥
<H{> <H> <Hi>
<H{> <HD> <Hi>
<H{> <H{> <>
<D <D <H D>
<H>> <H> <H>

GCLKBUF1 g g GCLKBUFO
GCLKPAD1 GCLKPADO

Figure 8: Global Clock Distribution Network

gelkbu_2.eps

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
Spartan-1l 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.

Boundary Scan

Spartan-1l devices support all the mandatory bound-
ary-scan instructions specified in the I|IEEE standard
1149.1. A Test Access Port (TAP) and registers are pro-
vided that implement 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 3.3V. Otherwise, TDO switches
rail-to-rail between ground and Veco.

Boundary-scan operation is independent of individual |0OB
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 6 lists the boundary-scan instructions supported in
Spartan-l1l 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.

Figure 9 is a diagram of the Spartan-Il Series boundary
scan logic. It includes three bits of Data Register per OB,
the IEEE 1149.1 Test Access Port controller, and the
Instruction Register with decodes.
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Figure 9: Spartan-ll Series Boundary Scan Logic
Bit Sequence

The bit sequence within each I0B is: In, Out, 3-State. The
input-only pins contribute only the In bit to the boundary

TDO.T
TDO.O

Bit 0 ( TDO end)
Bit 1

Bit 2 {

{ Left-edge 10Bs (Top to Bottom)

Top-edge I0Bs (Right to Left)

MODE.I

{ Bottom-edge I0Bs (Left to Right)

{ Right-edge I0Bs (Bottom to Top)

(TDI end) BSCANT.UPD

S6075_02

Figure 10: Boundary Scan Bit Sequence

}J

|
[ 1]
|
|
|
|
|
|
|
ul
|
|
|

SHIFT/
CAPTURE

DATAOUT
CLOCK DATA
REGISTER

UPDATE EXTEST

X9016

scan /O data register, while the output-only pins contrib-
utes all three bits.

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 10.

BSDL (Boundary Scan Description Language) files for
Spartan-1l Series devices are available on the Xilinx web
site in the File Download area.

Development System

Spartan-1l FPGAs are supported by the Xilinx Foundation
and Alliance CAE tools. The basic methodology for Spar-
tan-Il design consists of three interrelated steps: design
entry, implementation, and verification. Industry-standard
tools are used for design entry and simulation (for example,
Synopsys 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.

4-14

DS001 (v0.9) March 3, 2000 - Advance Product Specification



S XILINX®

Spartan-1l 2.5V Family Field Programmable Gate Arrays

Table 6: 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-
ter1
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
JSTART 01100 [Clock the start-up se-
guence when StartupCIk 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 Spartan-I|
design. RPMs, for example, are schematic-based macros
with relative location constraints to guide their placement.
They help ensure optimal implementation of common func-
tions.

For HDL design entry, the Xilinx FPGA Foundation develop-
ment system provides interfaces to the following synthesis
design environments.

» Synopsys (FPGA Compiler, FPGA Express)

« Exemplar (Spectrum)

» 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 II)
* 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.

Spartan-1l FPGAs supported by a unified library of stan-
dard 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, I/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 IOBs, 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 implementation
of most designs. For demanding applications, however, the
user can exercise various degrees of control over the pro-
cess. User partitioning, placement, and routing information
is optionally specified during the design-entry process. The
implementation of highly structured designs can benefit
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 requirements and accommodate
them.
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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

Configuration is the process by which the bit-stream of a
design, as generated by the Xilinx development software, is
loaded into the internal configuration memory of the FPGA.
Spartan-1l devices support both serial configuration, using
the master/slave serial and JTAG modes, as well as
byte-wide configuration employing the Slave Parallel mode.

Table 8: Configuration Codes

Table 7: Spartan-Il Configuration File Size

Device Configuration File Size (Bits)
XC2S15 197,728
XC2S30 336,800
XC2S50 559,232
XC2S100 781,248
XC2S5150 1,040,128

The Configuration File

Spartan-1l devices are configured by sequentially loading
frames of data that have been concatenated into a configu-
ration file. Table 7 shows how much nonvolatile storage
space is needed for Spartan-Il devices.

It is important to note that, while a PROM is commonly
used to store configuration data before loading them into
the FPGA, it is by no means required. Any of a number of
different kinds of under populated nonvolatile storage
already available either on or off the board (i.e., hard drives,
FLASH cards, etc.) can be used. For more information on
configuration without a PROM, refer to XAPP098 ‘The
Low-Cost, Efficient Serial Configuration of Spartan FPGAs.

Modes

Spartan-1l supports the following four configuration modes.

¢ Slave-serial mode

¢ Master-serial mode

¢ Slave Parallel mode

* Boundary-scan mode

The Configuration mode pins (M2, M1, MO) select among
these configuration modes with the option in each case of
having the 10B pins either pulled up or left floating prior to
configuration. The selection codes are listed in Table 8.

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

4-16
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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.

Signals

There are two kinds of pins that are used to configure Spar-
tan-Il devices: Dedicated pins perform only specific config-
uration-related functions. The other pins can serve as
general purpose I/Os once user operation has begun.

The dedicated pins comprise the mode pins (M2, M1, M0),
the configuration clock pin (CCLK), the PROGRAM pin, the
DONE pin and the boundary-scan pins (TDI, TDO, TMS,
TCK). Depending on the selected configuration mode,
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 can act as outputs. For
correct operation, these pins require a Veco of 3.3V to
drive an LVTTL signal. All the relevant pins fall in banks 2 or
3.

For a more detailed description than that given below, see
Pin Definitions and XAPP176, "Spartan-ll FPGA Series
Configuration and Readback".

The Process

The sequence of steps necessary to configure Spartan-I|
devices are shown in Figure 11. The overall flow can be
divided into three different phases.

* Initiating Configuration

« Configuration memory clear
» Loading data frames

e Start-up

The memory clearing and start-up phases are the same for
all configuration modes; however, the steps for the loading
of data frames are different. Thus, the details for data frame
loading are described separately in the sections devoted to
each mode.

Initiating Configuration

There are two different ways to initiate the configuration
process: applying power to the device or asserting the
PROGRAM input.

Configuration on power-up occurs automatically unless it is
delayed by the user, as described in a separate section
below. The waveform for configuration on power-up is
shown Figure 12 on page 18 Before configuration can
begin, Ve for bank 2 must be greater than 1.0V. Further-
more, all Vccnt POWer pins must be connected to a 2.5V
supply. At power-up, Vcc must rise from 2.0V to Ve min in
less than 25 ms, otherwise delay configuration by pulling

Configuration Configuration Durin
at Power-up

User Operation

)

PROGRAM

UserPulls

Low

FPGA
Drives INIT
and DONE Low

——

Clear
Configuration
Memory

l

User Holding Yes
PROGRAM
Low?

NO [@——-«
Delay
Configuration
Yes
No

FPGA
Samples
Mode Pins

l

Load
Configuration
Data Frames

'

Yes

Start-up Sequence
FPGA Drives DONE High,
Activates 1/Os,
Releases GSRnet

User Operation

Delay
Configuration

FPGA Drives
INIT Low
Abort Start-up

ds001_03_112299

Figure 11: Configuration Flow Diagram
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I
Vce < TPOR >
_/
PROGRAM )
TrI >
NI /
/
— Ticck
CCLK OUTPUT or INPUT / \
MO, M1, /
(Required) >\ VALID X
98122302
Description Symbol Units
Power-on Reset Tpror 2 ms, max
Program Latency TpL 100 Us, max
CCLK (output) delay Ticck 0.5 Us, min
4 us, max

Figure 12: Configuration Timing on Power-Up

PROGRAM Low until Vcc is valid. For more information on
delaying configuration, see the next section.

Once in user operation, the device can be re-configured
simply by pulling the PROGRAM pin Low. The device
acknowledges the beginning of the configuration process
by driving DONE Low, then enters the memory-clearing
phase. .

Clearing Configuration Memory

The device indicates that clearing the configuration mem-
ory is in progress by driving INIT Low. At this time, the user
can delay configuration by holding either PROGRAM or
INIT Low, which causes the device to remain in the memory
clearing phase. Note that the bidirectional INIT line is driv-
ing a Low logic level during memory clearing. Thus, to avoid
contention, use an open-drain driver to keep INIT Low.

With no delay in force, the device indicates that the memory
is completely clear by driving INIT High. The FPGA sam-
ples its mode pins on this Low-to-High transition.

Loading Configuration Data.

Once INIT is High, the user can begin loading configuration
data frames into the device. The details of loading the con-
figuration data are discussed in the sections treating the
configuration modes individually. The sequence of opera-

tions necessary to load configuration data using the serial
modes is shown in Figure 14 Loading data using the Slave
Parallel mode is shown in Figure 19 on page 23.

CRC Error Checking

During the loading of configuration data, a CRC value
embedded in the configuration file is checked against a
CRC value calculated within the FPGA. If the CRC values
do not match, the FPGA drives INIT Low to indicate that a
frame error has occurred and configuration is aborted.

To reconfigure the device, the PROGRAM pin should be
asserted to reset the configuration logic. Recycling power
also resets the FPGA for configuration. See “Initiating Con-
figuration” on page 17

Start-up

The start-up sequence oversees the transition of the FPGA
from the configuration state to full user operation. A match
of CRC values, indicating a successful loading of the con-
figuration data, initiates the sequence.

During start-up, the device performs four operations:

1. The assertion of DONE. The failure of DONE to go High
may indicate the unsuccessful loading of configuration
data.

4-18
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Gen, part of the Xilinx Development Software. The heavy
Default Cycles lines show the defaults settings.

Start-upCLK | | | | | | | | | | | | | | | | | | The bottom half of Figure 13 shows another commonly
used version of the start-up timing known as
Sync-to-DONE. This version makes the GTS, GSR, and

Phase 0 Eaﬂ 7 GWE events conditional upon the DONE pin going High.

This timing is important for a daisy chain of multiple FPGAs
in serial mode, since it ensures that all FPGAs go through

DONE start-up together, after all their DONE pins have gone High.
Sync-to-DONE timing is selected by setting the GTS, GSR,
GTS and GWE cycles to a value of DONE in the BitGen configu-

ration options. This causes these signals to transition one
clock cycle after DONE externally transitions High.

The Serial Modes

GWE There are two serial configuration modes: In Master Serial
mode, the FPGA controls the configuration process by driv-
ing CCLK as an output. In Slave Serial mode, the FPGA
passively receives CCLK as an input from an external
Sync to DONE agent (e.g., a microprocessor, CPLD, or second FPGA in

the master mode) that is controlling the configuration pro-

Start-upCLK | | | | | | | | | | | | | | | | | | cess. In both modes, the FPGA is configured by loading

one bit per CCLK cycle. The MSB of each configuration
data byte is always written to the Dy pin first.

Phase 0} 1 X2X3K4X5A6A7 . .
The sequence of operations necessary to load data into the
Spartan-l1l FPGA serially appears in Figure 14. This is an

DONE High expansion of the "Load Configuration Data Frames" block
_¢ in Figure 11 on page 17.

GSR

|
DONE |
|
I —
GTS | After INIT
i Goes High
GSR | I |
| : ' |
WE | I User Load One |
G L | Configuration I
| Bit on Next |
X138_01_082599 isi
Figure 13: Start-Up Waveforms : CCLK lelng Edge :
2. The release of the Global Three State. This activates all : :
the I/Os. I End of No I
3. Negates Global Set Reset (GSR). This allows all I Conflgurarion [
flip-flops to change state. : I
|
4. The assertion of Global Write Enable (GWE). This allows | I
all RAMs and flip-flops to change state. S a
By default, these operations are synchronized to CCLK.
The entire start-up sequence lasts eight cycles, called To CRC Check

CO0-C7, after which the loaded design is fully functional. The
default timing for start-up is shown in the top half of ds001_01_112299
Figure 13 on page 19. The four operations can be selected

to switch on any CCLK cycle C1-C6 through settings in Bit- Figure 14: Loading Config. Data for the Serial Modes
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MASTER XC1701L Spartan-Il,
SERIAL Spartan-XL,
CCLK » CLK SLAVE
DIN [«& DATA
| PROGRAM » CE CEO |- »{ PROGRAM
DONE INIT [€—> »| RESET/OE — DONE INIT |[€—>

(Low Reset Option Used)

PROGRAM

X9025_S

Figure 15: Master/Slave Serial Configuration Circuit Diagram

Slave Serial Mode

In Slave Serial mode, the FPGA’s CCLK pin is driven by an
external source. This mode allows for FPGAs to be config-
ured from other logic devices, such as microprocessors, or
in a daisy-chain configuration. Figure 15 on page 20 shows
the connections for a Master Serial FPGA configuring a
Slave Serial FPGA from an SPROM. A Spartan-1l device in

slave serial mode should be connected as shown for the
third device from the left. Master serial mode is selected by
a <111> on the mode pins (MO, M1, M2).

Figure 16 on page 20 shows the timing for Slave Serial con-
figuration. The serial bitstream must be setup at the DIN
input pin a short time before each rising edge of an exter-
nally generated CCLK.

DIN
‘—@ Tocc < @TCCD D — @ TeeL
CCLK [ \
/ \
<—QDTCCH - >
<—@)cho
DOUT
(Output)
X5379_a
Description Symbol Units
DIN setup 1 Tpbce 5 ns, min
DIN hold 2 Teen 0 ns, min
DOUT 3 T 12 ns, max
CCLK — cco :
High time 4 TechH 5 ns, min
Low time 5 TeeL 5 ns, min
Maximum Frequency Fce 66 MHz, max

Figure 16: Slave Serial Mode Timing
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CCLK
(Output)

@T DS

@ Tosck

Serial Data In \

X

Serial DOUT
(Output)
X3223 a
Description Symbol Units
DIN setup 1 Tpbsck 5.0 ns, min
CCLK DIN hold 2 Tckps 0.0 ns, min
Frequency Tolerance with +45%
respect to nominal -30%

Figure 17: Master Serial Mode Timing

Multiple FPGAs in slave serial mode 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 rising edge of CCLK. Configuration must
be delayed until the INIT pins of all daisy-chained FPGAs
are High. For more information, see “Start-up” on page 18.

Master Serial Mode

In master serial mode, the CCLK output of the FPGA drives
a Xilinx Serial PROM which feeds a serial stream of config-
uration data to the FPGAs DIN input. Figure 15 shows a
Master Serial FPGA configuring a Slave Serial FPGA from
an SPROM. A Spartan-ll device in master serial mode
should be connected as shown for the device on the left
side. Master serial mode is selected by a <000> on the
mode pins (MO, M1, M2). The SPROM RESET pin is driven
by INIT, and CE input is driven by DONE.The interface is
identical to the slave serial mode except that an oscillator
internal to the FPGA is used to generate the configuration
clock (CCLK). Any of a number of different frequencies
ranging from 4 to 60 MHz can be set using the ConfigRate
option in BitGen, part of the Xilinx development software.
On power-up, while the first 60 bytes of the configuration
data are being loaded, the CCLK frequency is always
2.5 MHz. This frequency is used until the ConfigRate bits,
part of the configuration file, have been loaded into the
FPGA, at which point, the frequency changes to the
selected ConfigRate. Unless a different frequency is speci-
fied in the design, the default ConfigRate is 4 MHz. The

period of the CCLK signal created by the internal oscillator
has a variance of +45%/-30% from the specified value.

Figure 17 shows the timing for Master Serial configuration.
The FPGA accepts one bit of configuration 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.

Slave Parallel Mode

The Slave Parallel mode is the fastest configuration option.
Byte-wide data is written into the FPGA. A BUSY flag is
provided for controlling the flow of data at clock frequencies
above 50 MHz.

Figure 18 on page 22 shows the connections for two Spar-
tan-1l devices using the Slave Parallel mode. Slave Parallel
mode is selected by a <011> on the mode pins (MO, M1,
M2).

The agent controlling configuration is not shown. Typically,
a processor, a microcontroller, or CPLD controls the Slave
Parallel interface. The controlling agent provides byte-wide
configuration data, 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.

After configuration, the pins of the Slave Parallel port
(D0O-D7) can be used as additional user I/O. Alternatively,
the port may be retained to permit high-speed 8-bit read-
back. Then data can be read by de-asserting WRITE. See
“Readback” on page 23.
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Figure 18: Slave Parallel Configuration Circuit Diagram

Multiple Spartan-Il FPGAs can be configured using the
Slave Parallel mode, and be made to start-up simulta-
neously. 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 sepa-
rately by asserting the CS pin of each device in turn and
writing the appropriate data. Sync-to-DONE start-up timing
is used to ensure that the start-up sequence does not begin
until all the FPGAs have been loaded. See “Start-up” on
page 18.

Write

When using the Slave Parallel Mode, write operations send
packets of byte-wide configuration data into the FPGA.
Figure 19 on page 23 shows a flowchart of the write
sequence used to load data into the Spartan-1l FPGA. This
is an expansion of the "Load Configuration Data Frames"
block in Figure 11 on page 17. The timing for write opera-
tions is shown in Figure 20 on page 24.

For the present example, the user holds WRITE and CS
Low throughout the sequence of write operations. Note that

when CS is asserted on successive CCLKs, WRITE must
remain either asserted or de-asserted. Otherwise an abort
will be initiated, as in the next section.

9. Drive data onto DO-D7. 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 than one device’s CS should be asserted.

10.0n 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 accepted. Acceptance will instead
occur on the first clock after BUSY goes Low, and the
data must be held until this happens.

11.Repeat steps 2 and 3 until all the data has been sent.
12.De-assert CS and WRITE.

If CCLK is slower than foeny, the FPGA will never assert
BUSY. In this case, the above handshake is unnecessary,
and data can simply be entered into the FPGA every CCLK
cycle.
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Figure 19: Loading Configuration Data for the Slave
Parallel Mode

A configuration packet does not have to be written in one
continuous stretch, rather it can be split into many write
sequences. Each sequence would involve assertion of CS.

ds001_02_112299

In applications where multiple clock cycles may be required
to access the configuration data before each byte can be
loaded into the Slave Parallel interface, a new byte of data
may not be ready for each consecutive CCLK edge. In such
a case the CS signal may be de-asserted until the next byte

is valid on DO-D7. While CS is High, the Slave Parallel inter-
face does not expect any data and ignores all CCLK transi-
tions. However, to avoid aborting configuration, WRITE
must continue to be asserted while CS is asserted.

Abort

To abort configuration during a write sequence, de-assert
WRITE while holding CS Low. The abort operation is initi-
ated at the rising edge of CCLK, as shown in Figure 21 on
page 24. The device will remain BUSY until the aborted
operation is complete. After aborting configuration, data is
assumed to be unaligned to word boundaries and the
FPGA requires a new synchronization word prior to accept-
ing any new packets.

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 o b~ N

Clock TCK through the sequence (the length is pro-
grammable)

8. Return to RTI

Configuration and readback via the TAP is always available.
The boundary-scan mode simply locks out the other
modes. The boundary-scan mode is selected by a <101>
on the mode pins (MO, M1, M2).

Readback

The configuration data stored in the Spartan-II configura-
tion memory can be readback for verification. Along with
the configuration data it is possible to readback the con-
tents of all flip-flops/latches, LUTRAMSs, and block RAMs.
This capability is used for real-time debugging.

For more detailed information see XAPP176 "Spartan-I|
FPGA Series Configuration and Readback"
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DATA[7:0] | | | A
i (7) 3 | 3
BUSY | | | |
No Write Write No Write Write
X8796_b
Description Symbol Units
D0_7 Setup/HOld 1 TSMDCC 5 ns, min
D0_7 Hold 2 TSMCCD 0 ns, min
E Setup 3 TSMCSCC 7 ns, min
E Hold 4 TSMCCCS 0 ns, min
CCLK WRITE Setup 5 TSMCCW 7 ns, m?n
WRITE Hold 6 TSMWCC 0 ns, min
BUSY Propagation Delay 7 TsMmckBY 12 ns, max
Maximum Frequency Fce 66 MHz, max
Maximum Frequency with FcenH 50 MHz, max
no handshake
Figure 20: Slave Parallel Write Timing
/ / /
cax T\ o\ o\
cs /
WRITE /
DATA[7:0] X X X X X
BUSY / \

Figure 21: Slave Parallel Write Abort Waveforms

Abort

X8797 b
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Design Considerations

This section contains more detailed design information on
the following features.

» Delay-Locked Loop . . . see page 25
e BlockRAM . .. see page 30
e Versatile I/O . . . see page 36

Using Delay-Locked Loop

The Spartan-1l FPGA family provides up to four fully digital
dedicated on-chip Delay-Locked Loop (DLL) circuits which
provide zero propagation delay, low clock skew between
output clock signals distributed throughout the device, and
advanced clock domain control. These dedicated DLLs can
be used to implement several circuits which improve and
simplify system level design.

Introduction

As FPGAs grow in size, quality on-chip clock distribution
becomes increasingly important. Clock skew and clock
delay impact device performance and the task of managing
clock skew and clock delay with conventional clock trees
becomes more difficult in large devices. The Spartan-Ii
family of devices resolve this potential problem by providing
up to eight fully digital dedicated on-chip Delay-Locked
Loop (DLL) circuits which provide zero propagation delay
and low clock skew between output clock signals distrib-
uted throughout the device.

Each DLL can drive up to two global clock routing networks
within the device. The global clock distribution network min-
imizes clock skews due to loading differences. By monitor-
ing a sample of the DLL output clock, the DLL can
compensate for the delay on the routing network, effectively
eliminating the delay from the external input port to the indi-
vidual clock loads within the device.

In addition to providing zero delay with respect to a user
source clock, the DLL can provide multiple phases of the
source clock. The DLL can also act as a clock doubler or it
can divide the user source clock by up to 16.

Clock multiplication gives the designer a number of design
alternatives. For instance, a 50 MHz source clock doubled
by the DLL can drive an FPGA design operating at
100 MHz. This techniqgue can simplify board design
because the clock path on the board no longer distributes
such a high-speed signal. A multiplied clock also provides
designers the option of time-domain-multiplexing, using
one circuit twice per clock cycle, consuming less area than
two copies of the same circuit. Two DLLs in can be con-
nected in series to increase the effective clock multiplica-
tion factor to four.

The DLL can also act as a clock mirror. By driving the DLL
output off-chip and then back in again, the DLL can be used
to de-skew a board level clock between multiple devices.

In order to guarantee the system clock establishes prior to
the device "waking up,” the DLL can delay the completion
of the device configuration process until after the DLL
achieves lock.

By taking advantage of the DLL to remove on-chip clock
delay, the designer can greatly simplify and improve system
level design involving high-fanout, high-performance
clocks.

Library DLL Symbols

Figure 22 shows the simplified Xilinx library DLL macro
symbol, BUFGDLL. This macro delivers a quick and effi-
cient way to provide a system clock with zero propagation
delay throughout the device. Figure 23 and Figure 24 show
the two library DLL primitives. These symbols provide
access to the complete set of DLL features when imple-
menting more complex applications.

— Ons

ds022_25 121099

Figure 22: Simplified DLL Macro Symbol BUFGDLL

CLKDLL

— CLKIN CLKO —
CLK90 —
CLK180 [—
CLK270 [—

—1 CLKFB

CLK2X —

CLKDV |—

— RST LOCKED |—

ds022_26_121099

Figure 23: Standard DLL Symbol CLKDLL

CLKDLLHF
— CLKIN CLKO —
— CLKFB CLK180 |—
CLKDV [—
— RST LOCKED |—

ds022_027_121099

Figure 24: High Frequency DLL Symbol CLKDLLHF
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BUFGDLL Pin Descriptions

Use the BUFGDLL macro as the simplest way to provide
zero propagation delay for a high-fanout on-chip clock from
an external input. This macro uses the IBUFG, CLKDLL
and BUFG primitives to implement the most basic DLL
application as shown in Figure 25.

IBUFG BUFG

CLKDLL
| o 1[0
CLKIN CLKO
CLK90 — |

CLKFB CLK180 [—
CLK270 |—

CLK2X —

CLKDV  |—

LOCKED |—

f RST

ds022_28_121099

Figure 25: BUFGDLL Schematic

This symbol does not provide access to the advanced clock
domain controls or to the clock multiplication or clock divi-
sion features of the DLL. This symbol also does not provide
access to the RST, or LOCKED pins of the DLL. For access
to these features, a designer must use the library DLL prim-
itives described in the following sections.

Source Clock Input — |

The | pin provides the user source clock, the clock signal on
which the DLL operates, to the BUFGDLL. For the BUF-
GDLL macro the source clock frequency must fall in the low
frequency range as specified in the data sheet. The BUF-
GDLL requires an external signal source clock. Therefore,
only an external input port can source the signal that drives
the BUFGDLL I pin.

Clock Output— O

The clock output pin O represents a delay-compensated
version of the source clock (1) signal. This signal, sourced
by a global clock buffer BUFG symbol, takes advantage of
the dedicated global clock routing resources of the device.

The output clock has a 50-50 duty cycle unless you deacti-
vate the duty cycle correction property.

CLKDLL Primitive Pin Descriptions

The library CLKDLL primitives provide access to the com-
plete set of DLL features needed when implementing more
complex applications with the DLL.

Source Clock Input — CLKIN

The CLKIN pin provides the user source clock (the clock
signal on which the DLL operates) to the DLL. The CLKIN
frequency must fall in the ranges specified in the data
sheet. A global clock buffer (BUFG) driven from another

CLKDLL or one of the global clock input buffers (IBUFG)
must source this clock signal.

Feedback Clock Input — CLKFB

The DLL requires a reference or feedback signal to provide
the delay-compensated output. Connect only the CLKO or
CLK2X DLL outputs to the feedback clock input (CLKFB)
pin to provide the necessary feedback to the DLL. The
feedback clock input can also be provided through one of
the following pin.

IBUFG - Global Clock Input Pad

If an IBUFG sources the CLKFB pin, the following special
rules apply.

1. An external input port must source the signal that drives
the IBUFG I pin.

2. The CLK2X output must feedback to the device if both
the CLKO and CLK2X outputs are driving off chip
devices.

3. That signal must directly drive only OBUFs and nothing
else.

These rules enable the software determine which DLL
clock output sources the CLKFB pin.

Reset Input — RST

When the reset pin RST activates the LOCKED signal
deactivates within four source clock cycles. The RST pin,
active High, must either connect to a dynamic signal or tied
to ground. As the DLL delay taps reset to zero, glitches can
occur on the DLL clock output pins. Activation of the RST
pin can also severely affect the duty cycle of the clock out-
put pins. Furthermore, the DLL output clocks no longer
de-skew with respect to one another. For these reasons,
rarely use the reset pin unless re-configuring the device or
changing the input frequency.

2x Clock Output — CLK2X

The output pin CLK2X provides a frequency-doubled clock
with an automatic 50/50 duty-cycle correction. Until the
CLKDLL has achieved lock, the CLK2X output appears as
a 1x version of the input clock with a 25/75 duty cycle. This
behavior allows the DLL to lock on the correct edge with
respect to source clock. This pin is not available on the
CLKDLLHF primitive.

Clock Divide Output — CLKDV

The clock divide output pin CLKDV provides a lower fre-
quency version of the source clock. The CLKDV_DIVIDE
property controls CLKDV such that the source clock is
divided by N where N is either 1.5, 2, 2.5, 3, 4, 5, 8, or 16.

This feature provides automatic duty cycle correction such
that the CLKDV output pin always has a 50/50 duty cycle.
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1x Clock Outputs — CLK]0|90|180|270]

The 1x clock output pin CLKO represents a delay-compen-
sated version of the source clock (CLKIN) signal. The
CLKDLL primitive provides three phase-shifted versions of
the CLKO signal while CLKDLLHF provides only the 180
phase-shifted version. The relationship between phase
shift and the corresponding period shift appears in Table 9.

Table 9: Relationship of Phase-Shifted Output Clock to
Period Shift

Phase (degrees) Period Shift (percent)
0 0%
90 25%
180 50%
270 75%

The timing diagrams in Figure 26 illustrate the DLL clock
output characteristics.

90 180 270 0

!_ﬁ!.

CLKDV_DIVIDE=2

90 180 270

CLKIN

CLK2X

CLKDV

DUTY_CYCLE_CORRECTION=FALSE

CLKO | |

CLK90 | |

CLK180 | |

CLK270 | | L

DUTY_CYCLE_CORRECTION=TRUE

CLKO

CLK90

CLK180

CLK270

ds022_29_121099

Figure 26: DLL Output Characteristics

The DLL provides duty cycle correction on all 1x clock out-
puts such that all 1x clock outputs by default have a 50/50
duty cycle. The DUTY_CYCLE_CORRECTION property
(TRUE by default), controls this feature. In order to deacti-
vate the DLL duty cycle correction, attach the
DUTY_CYCLE_CORRECTION=FALSE property to the

DLL symbol. When duty cycle correction deactivates, the
output clock has the same duty cycle as the source clock.

The DLL clock outputs can drive an OBUF, a BUFG, or they
can route directly to destination clock pins. The DLL clock
outputs can only drive the BUFGs that reside on the same
edge (top or bottom).

Locked Output — LOCKED

In order to achieve lock, the DLL may need to sample sev-
eral thousand clock cycles. After the DLL achieves lock the
LOCKED signal activates. The DLL timing parameter sec-
tion of the data sheet provides estimates for locking times.

In order to guarantee that the system clock is established
prior to the device "waking up," the DLL can delay the com-
pletion of the device configuration process until after the
DLL locks. The STARTUP_WAIT property activates this
feature.

Until the LOCKED signal activates, the DLL output clocks
are not valid and can exhibit glitches, spikes, or other spu-
rious movement. In particular the CLK2X output will appear
as a 1x clock with a 25/75 duty cycle.

DLL Properties

Properties provide access to some of the Spartan-1l family
DLL features, (for example, clock division and duty cycle
correction).

Duty Cycle Correction Property

The 1x clock outputs, CLKO, CLK90, CLK180, and
CLK270, use the duty-cycle corrected default, exhibiting a
50/50 duty cycle. The DUTY_CYCLE_CORRECTION
property (by default TRUE) controls this feature. To deacti-
vate the DLL duty-cycle correction for the 1x clock outputs,
attach the DUTY_CYCLE_CORRECTION=FALSE prop-
erty to the DLL symbol. When duty-cycle correction deacti-
vates, the output clock has the same duty cycle as the
source clock.

Clock Divide Property

The CLKDV_DIVIDE property specifies how the signal on
the CLKDV pin is frequency divided with respect to the
CLKO pin. The values allowed for this property are 1.5, 2,
2.5, 3,4,5, 8, or 16; the default value is 2.

Startup Delay Property

This property, STARTUP_WAIT, takes on a value of TRUE
or FALSE (the default value). When TRUE the device con-
figuration DONE signal waits until the DLL locks before
going to High.

DLL Location Constraints

The DLLs are distributed such that there is one DLL in each
corner of the device. The location constraint LOC, attached
to the DLL symbol with the numeric identifier O, 1, 2, or 3,
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controls DLL location. The orientation of the four DLLs and
their corresponding clock resources appears in Figure 27.

The LOC property uses the following form.
LOC =DLL2

GCLKPAD3 GCLKPAD2

X X
DLL3 [ 1 pbLL2
\Y4 V

GCLKBUF3 GCLKBUF2

GCLKPAD1 A /A GCLKPADO
pLLr [ ] [ 1 DLLO
GCLKBUF1 @ & GCLKBUFO

x132_08_012400

Figure 27: Orientation of DLLs

Design Factors

Use the following design considerations to avoid pitfalls and
improve success designing with Xilinx devices.

Input Clock

The output clock signal of a DLL, essentially a delayed ver-
sion of the input clock signal, reflects any instability on the
input clock in the output waveform. For this reason the qual-
ity of the DLL input clock relates directly to the quality of the
output clock waveforms generated by the DLL. The DLL
input clock requirements are specified in the data sheet.

In most systems a crystal oscillator generates the system
clock. The DLL can be used with any commercially avail-
able quartz crystal oscillator. For example, most crystal
oscillators produce an output waveform with a frequency
tolerance of 100 PPM, meaning 0.01 percent change in the
clock period. The DLL operates reliably on an input wave-
form with a frequency drift of up to 1 ns — orders of magni-
tude in excess of that needed to support any crystal
oscillator in the industry. However, the cycle-to-cycle jitter
must be kept to less than 300 ps in the low frequencies and
150 ps for the high frequencies.

Input Clock Changes

Changing the period of the input clock beyond the maxi-
mum drift amount requires a manual reset of the CLKDLL.
Failure to reset the DLL will produce an unreliable lock sig-
nal and output clock.

It is possible to stop the input clock with little impact to the
DLL. Stopping the clock should be limited to less than
100 us to keep device cooling to a minimum. The clock
should be stopped during a Low phase, and when restored
the full High period should be seen. During this time
LOCKED will stay High and remain High when the clock is
restored.

When the clock is stopped, one to four more clocks will still
be observed as the delay line is flushed. When the clock is
restarted, the output clocks will not be observed for one to
four clocks as the delay line is filled. The most common
case will be two or three clocks.

In a similar manner, a phase shift of the input clock is also
possible. The phase shift will propagate to the output one to
four clocks after the original shift, with no disruption to the
CLKDLL control.

Output Clocks

As mentioned earlier in the DLL pin descriptions, some
restrictions apply regarding the connectivity of the output
pins. The DLL clock outputs can drive an OBUF, a global
clock buffer BUFG, or they can route directly to destination
clock pins. The only BUFGs that the DLL clock outputs can
drive are the two on the same edge of the device (top or
bottom). In addition, the CLK2X output of the secondary
DLL can connect directly to the CLKIN of the primary DLL
in the same quadrant.

Do not use the DLL output clock signals until after activa-
tion of the LOCKED signal. Prior to the activation of the
LOCKED signal, the DLL output clocks are not valid and
can exhibit glitches, spikes, or other spurious movement.

Useful Application Examples

The Spartan-1l DLL can be used in a variety of creative and
useful applications. The following examples show some of
the more common applications.

Standard Usage

The circuit shown in Figure 28 resembles the BUFGDLL
macro implemented to provide access to the RST and
LOCKED pins of the CLKDLL.

IBUFG CLKDLL BUFG
CLKIN CLKO
clKoo  |— L
— cLkFB CLK180 |—
CLK270  |—
CLK2X  —
CLKDV  |—
IBUF OBUF
I RST LOCKED N
% %

ds022_028_121099

Figure 28: Standard DLL Implementation

4-28

DS001 (v0.9) March 3, 2000 - Advance Product Specification



S XILINX®

Spartan-1l 2.5V Family Field Programmable Gate Arrays

Board Level De-skew of Multiple Non-Spartan-II
Devices

The circuit shown in Figure 29 can be used to de-skew a
system clock between a Spartan-ll chip and other
non-Spartan-1l chips on the same board. This application is
commonly used when the Spartan-Il device is used in con-
junction with other standard products such as SRAM or
DRAM devices. While designing the board level route,
ensure that the return net delay to the source equals the
delay to the other chips involved.

Board-level de-skew is not required for low-fanout clock
networks. It is recommended for systems that have fanout
limitations on the clock network, or if the clock distribution
chip cannot handle the load.

Do not use the DLL output clock signals until after activa-
tion of the LOCKED signal. Prior to the activation of the
LOCKED signal, the DLL output clocks are not valid and
can exhibit glitches, spikes, or other spurious movement.

Spartan-1l Device

could alternatively be implemented using similar connec-
tions.

CLKDLL

CLKO
CLK90
CLK180
CLK270

IBUFG BUFG

CLKIN

CLKFB

BUFG

CLK2X

CLKDV
OBUF

RST LOCKED

ds022_030_121099

Figure 30: DLL De-skew of Clock and 2x Multiple

Because any single DLL can only access at most two
BUFGs, any additional output clock signals must be routed
from the DLL in this example on the high speed backbone
routing.

Generating a 4x Clock

By connecting two DLL circuits each implementing a 2x
clock multiplier in series as shown in Figure 31, a 4x clock
multiply can be implemented with zero ns skew between
registers in the same device.

If other clock output is needed, the clock could access a
BUFG only if the DLLs are constrained to exist on opposite
edges (Top or Bottom) of the device.

When using this circuit it is vital to use the SRL16 cell to
reset the second DLL after the initial chip reset. If this is not
done, the second DLL may not recognize the change of fre-
quencies from when the input changes from a 1x (25/75)
waveform to a 2x (50/50) waveform.

IBUFG CLKDLL OBUF
>— CLKIN CLKO 'l>
N CLK90 |—
P CLKFB CLK180 |—
IBUFG CLK270 |—
CLK2X |—
CLKDV |—
R RST LOCKED |—
CLKDLL BUFG
CLKIN CLKO 4>—
CLK90 |—
CLKFB CLK180 |—
CLK270 |—
CLK2X |—
CLKDV |—
I RST LOCKED |—
¢———> Non-Spartan-II Chip

L——> Non-Spartan-Il Chip

L]
e Other Non_Spartan-Il Chips

]
ds001_29_030100

Figure 29: DLL De-skew of Board Level Clock

De-skew of Clock and Its 2x Multiple

The circuit shown in Figure 30 implements a 2x clock multi-
plier and also uses the CLKO clock output with zero ns skew
between registers on the same chip. A clock divider circuit

IBUFG

CLKDLL

>—%

CLKIN

CLKFB

RST

CLKO
CLK90
CLK180
CLK270

BUFG
CLK2X

CLKDV[—

INV

LOCKED

|

CLKDLL

CLKIN

CLKFB

RST

CLKO
CLK90
CLK180
CLK270

CLK2X 4%

CLKDV |—

LOCKED 4[>~a

Figure 31: DLL Generation of 4x Clock

x132_13_100499
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Using Block SelectRAM+ Features

The Spartan-1l FPGA family provides dedicated blocks of
on-chip, true dual-read/write port synchronous RAM, with
4096 memory cells. Each port of the Block SelectRAM+
memory can be independently configured as a read/write
port, a read port, a write port, and can be configured to a
specific data width. The Block SelectRAM+ memory offers
new capabilities allowing the FPGA designer to simplify
designs.

Operating Modes
Block SelectRAM+ memory supports two operating modes.

* Read Through
e Write Back

Read Through (one clock edge)

The read address is registered on the read port clock edge
and data appears on the output after the RAM access time.
Some memories may place the latch/register at the outputs
depending on the desire to have a faster clock-to-out ver-
sus set-up time. This is generally considered to be an infe-
rior solution since it changes the read operation to an
asynchronous function with the possibility of missing an
address/control line transition during the generation of the
read pulse clock.

Write Back (one clock edge)

The write address is registered on the write port clock edge
and the data input is written to the memory and mirrored on
the write port input.

Block SelectRAM+ Characteristics

1. All inputs are registered with the port clock and have a
set-up to clock timing specification.

2. All outputs have a read through or write back function
depending on the state of the port WE pin. The outputs
relative to the port clock are available after the
clock-to-out timing specification.

3. The Block SelectRAMs are true SRAM memories and
do not have a combinatorial path from the address to the
output. The LUT SelectRAM+ cells in the CLBs are still
available with this function.

4. The ports are completely independent from each other
(i.e., clocking, control, address, read/write function, and
data width) without arbitration.

5. A write operation requires only one clock edge.
6. A read operation requires only one clock edge.

The output ports are latched with a self timed circuit to
guarantee a glitch free read. The state of the output port will
not change until the port executes another read or write
operation.

Library Primitives

Figure 32 and Figure 33 show the two generic library Block
SelectRAM+ primitives. Table 10 describes all of the avail-
able primitives for synthesis and simulation.

RAMB4_S# S#

WEA
ENA

RSTA

> CLKA
ADDRA[#:0]
DIA[#:0]

| L

WEB
ENB

RSTB

> CLKB
ADDRB[#:0]
DIBJ[#:0]

DOA[#:0]  m—

DOB[#:0] j—

ds022_032_121399

Figure 32: Dual-Port Block SelectRAM+ Memory

RAMB4_S#

—] WE
—] EN
—] RST DO[#:0]
—P>CLK
m— ADDRI[#:0]
i DI[#:0]

ds022_033_121399
Figure 33: Single-Port Block SelectRAM+ Memory

Table 10: Available Library Primitives

Primitive Port A Width Port B Width
RAMB4_S1 N/A
RAMB4_S1_S1 1
RAMB4_S1_S2 1 2
RAMB4_S1_S4 4
RAMB4_S1 S8 8
RAMB4_S1_S16 16
RAMB4_S2 N/A
RAMB4_S2_S2 2
RAMB4_S2_S4 2 4
RAMB4_S2 S8 8
RAMB4_S2_S16 16
RAMB4_S4 N/A
RAMB4_S4_S4 4 4
RAMB4_S4 S8 8
RAMB4_S4 S16 16
RAMB4_S8 N/A
RAMB4_S8 S8 8 8
RAMB4_S8 S16 16
RAMB4_S16 16 N/A
RAMB4_S16_S16 16
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Port Signals

Each Block SelectRAM+ port operates independently of
the others while accessing the same set of 4096 memory
cells.

Table 11 describes the depth and width aspect ratios for the
Block SelectRAM+ memory.

Table 11: Block SelectRAM+ Port Aspect Ratios

Width Depth ADDR Bus Data Bus
1 4096 |ADDR<11:0> |DATA<O0>
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>

Clock—CLK[A|B]

Each port is fully synchronous with independent clock pins.
All port input pins have setup time referenced to the port
CLK pin. The data output bus has a clock-to-out time refer-
enced to the CLK pin.

Enable—EN[A|B]

The enable pin affects the read, write and reset functional-
ity of the port. Ports with an inactive enable pin keep the
output pins in the previous state and do not write data to the
memory cells.

Write Enable—WEJ[A|B]

Activating the write enable pin allows the port to write to the
memory cells. When active, the contents of the data input
bus are written to the RAM at the address pointed to by the
address bus, and the new data also reflects on the data out
bus. When inactive, a read operation occurs and the con-
tents of the memory cells referenced by the address bus
reflect on the data out bus.

Reset—RST[A|B]

The reset pin forces the data output bus latches to zero
synchronously. This does not affect the memory cells of the
RAM and does not disturb a write operation on the other
port.

Address Bus—ADDR[A|B]<#:0>

The address bus selects the memory cells for read or write.
The width of the port determines the required width of this
bus as shown in Table 11.

Data In Bus—DI[A|B]<#:0>

The data in bus provides the new data value to be written
into the RAM. This bus and the port have the same width,
as shown in Table 11.

Data Output Bus—DO[A|B]<#:0>

The data out bus reflects the contents of the memory cells
referenced by the address bus at the last active clock edge.
During a write operation, the data out bus reflects the data
in bus. The width of this bus equals the width of the port.
The allowed widths appear in Table 11.

Inverting Control Pins

The four control pins (CLK, EN, WE and RST) for each port
have independent inversion control as a configuration
option.

Address Mapping

Each port accesses the same set of 4096 memory cells
using an addressing scheme dependent on the width of the
port. The physical RAM location addressed for a particular
width are described in the following formula (of interest only
when the two ports use different aspect ratios).

Start = ((ADDR oyt +1) * Widthpor) -1

End = ADDRyqrt * Widthpoy

Table 12 shows low order address mapping for each port
width.

Table 12: Port Address Mapping

Port Port
Width Addresses
1{1/1/1/1/12/0/0|0|0/0|0|0|0|0O]|O

! 4095"'5432109876543210
2 2047.../ 07 | 06 | 05 | 04 | 03 | 02 | 01 | 00
4 1023... 03 02 01 00
8 511... 01 00

16 255... 00

Creating Larger RAM Structures

The Block SelectRAM+ columns have specialized routing
to allow cascading blocks together with minimal routing
delays. This achieves wider or deeper RAM structures with
a smaller timing penalty than when using normal routing
channels.

Location Constraints

Block SelectRAM+ instances can have LOC properties
attached to them to constrain the placement. The Block
SelectRAM+ placement locations are separate from the
CLB location naming convention, allowing the LOC
properties to transfer easily from array to array.

The LOC properties use the following form.
LOC = RAMB4_R#C#
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RAMB4_RO0CO is the upper left RAMB4 location on the
device.

Conflict Resolution

The Block SelectRAM+ memory is a true dual-read/write
port RAM that allows simultaneous access of the same
memory cell from both ports. When one port writes to a
given memory cell, the other port must not address that
memory cell (for a write or a read) within the clock-to-clock
setup window. The following lists specifics of port and
memory cell write conflict resolution.

 If both ports write to the same memory cell
simultaneously, violating the clock-to-clock setup
requirement, consider the data stored as invalid.

» If one port attempts a read of the same memory cell the
other simultaneously writes, violating the clock-to-clock
setup requirement, the following occurs.

- The write succeeds

- The data out on the writing port accurately reflects
the data written.

- The data out on the reading port is invalid.

Conflicts do not cause any physical damage.

Single Port Timing

Figure 34 shows a timing diagram for a single port of a
Block SelectRAM+ memory. The Block SelectRAM+ AC
switching characteristics are specified in the data sheet.
The Block SelectRAM+ memory is initially disabled.

At the first rising edge of the CLK pin, the ADDR, DI, EN,
WE, and RST pins are sampled. The EN pin is High and the
WE pin is Low indicating a read operation. The DO bus
contains the contents of the memory location, 0x00, as indi-
cated by the ADDR bus.

At the second rising edge of the CLK pin, the ADDR, DI,
EN, WR, and RST pins are sampled again. The EN and
WE pins are High indicating a write operation. The DO bus
mirrors the DI bus. The DI bus is written to the memory
location OxOF.

At the third rising edge of the CLK pin, the ADDR, DI, EN,
WR, and RST pins are sampled again. The EN pin is High

and the WE pin is Low indicating a read operation. The DO
bus contains the contents of the memory location OX7E as
indicated by the ADDR bus.

At the fourth rising edge of the CLK pin, the ADDR, DI, EN,
WR, and RST pins are sampled again. The EN pin is Low
indicating that the Block SelectRAM+ memory is now dis-
abled. The DO bus retains the last value.

Dual Port Timing

Figure 35 shows a timing diagram for a true dual-port
read/write Block SelectRAM+ memory. The clock on port A
has a longer period than the clock on Port B. The timing
parameter Tgccs, (clock-to-clock set-up) is shown on this
diagram. The parameter, Tgccs is violated once in the dia-
gram. All other timing parameters are identical to the single
port version shown in Figure 34.

Tgccs is only of importance when the address of both ports
are the same and at least one port is performing a write
operation. When the clock-to-clock set-up parameter is vio-
lated for a WRITE-WRITE condition, the contents of the
memory at that location will be invalid. When the
clock-to-clock set-up parameter is violated for a
WRITE-READ condition, the contents of the memory will
be correct, but the read port will have invalid data. At the
first rising edge of the CLKA, memory location 0x00 is to be
written with the value OXAAAA and is mirrored on the DOA
bus. The last operation of Port B was a read to the same
memory location 0x00. The DOB bus of Port B does not
change with the new value on Port A, and retains the last
read value. A short time later, Port B executes another read
to memory location 0x00, and the DOB bus now reflects the
new memory value written by Port A.

At the second rising edge of CLKA, memory location Ox7E
is written with the value 0x9999 and is mirrored on the DOA
bus. Port B then executes a read operation to the same
memory location without violating the Tgccg parameter
and the DOB reflects the new memory values written by
Port A.
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Figure 34: Timing Diagram for Single Port Block SelectRAM+ Memory
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Figure 35: Timing Diagram for a True Dual-port Read/Write Block SelectRAM+ Memory

ds022_035_121399
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At the third rising edge of CLKA, the Tgccg parameter is
violated with two writes to memory location OxXOF. The DOA
and DOB busses reflect the contents of the DIA and DIB
busses, but the stored value at Ox7E is invalid.

At the fourth rising edge of CLKA, a read operation is per-
formed at memory location OxOF and invalid data is present
on the DOA bus. Port B also executes a read operation to
memory location OXOF and also reads invalid data.

At the fifth rising edge of CLKA a read operation is per-
formed that does not violate the Tgccg parameter to the
previous write of 0x7E by Port B. THe DOA bus reflects the
recently written value by Port B.

Initialization

The Block SelectRAM+ memory can initialize during the
device configuration sequence. The 16 initialization proper-
ties of 64 hex values each (a total of 4096 bits) set the ini-
tialization of each RAM. These properties appear in
Table 13. Any initialization properties not explicitly set con-
figure as zeros. Partial initialization strings pad with zeros.
Initialization strings greater than 64 hex values generate an
error. The RAMSs can be simulated with the initialization val-
ues using generics in VHDL simulators and parameters in
Verilog simulators.

Initialization in VHDL and Synopsys

The Block SelectRAM+ structures may be initialized in
VHDL for both simulation and synthesis for inclusion in the
EDIF output file. The simulation of the VHDL code uses a
generic to pass the initialization. Synopsys FPGA compiler
does not presently support generics. The initialization val-
ues instead attach as attributes to the RAM by a built-in
Synopsys dc_script. The translate_off statement stops syn-
thesis translation of the generic statements. The following
code illustrates a module that employs these techniques.

Table 13: RAM Initialization Properties

Property Memory Cells
INIT_00 255t00
INIT_01 511 to 256
INIT_02 767 to 512
INIT_03 1023 to 768
INIT_04 1279 t0 1024
INIT_05 1535 to 1280
INIT_06 1791 to 2047
INIT_O7 2047 to 1792
INIT_08 2303 to 2048
INIT_09 2559 to 2304
INIT_Oa 2815 to 2560
INIT_Ob 3071 to 2816
INIT_Oc 3327 to 3072
INIT_Od 3583 to 3328
INIT_Oe 3839 to 3584
INIT_Of 4095 to 3840

Initialization in Verilog and Synopsys

The Block SelectRAM+ structures may be initialized in Ver-
ilog for both simulation and synthesis for inclusion in the
EDIF output file. The simulation of the Verilog code uses a
defparam to pass the initialization. The Synopsys FPGA
compiler does not presently support defparam. The initial-
ization values instead attach as attributes to the RAM by a
built-in Synopsys dc_script. The translate_off statement
stops synthesis translation of the defparam statements.
The following code illustrates a module that employs these
techniques.

Design Examples
Creating a 32-bit Single-Port RAM

The true dual-read/write port functionality of the Block
SelectRAM+ memory allows a single port, 128 deep by
32-bit wide RAM to be created using a single Block
SelectRAM+ cell as shown in Table 36.

Interleaving the memory space, setting the LSB of the
address bus of Port A to 1 (Vcc), and the LSB of the
address bus of Port B to 0 (GND), allows a 32-bit wide sin-
gle port RAM to be created.

RAMB4_S16_S16

WE —— WEA
EN —ENA
RST — RSTA DOA[15:0] = DO[31:16]

CLK —>CLKA
ADDRI6:0], V(. wmmm ADDRA[7:0]
DI[31:16] =i DIA[3:0]

] C
WE —| WEB
EN —| ENB
RST — RSTB DOB[15:0] jmemm DO[15:0]
CLK —> CLKB

ADDR[6:0], GND mmms ADDRB[7:0]
DI[15:0] === DIB[15:0]

ds022_036_121399

Figure 36: Single Port 128 x 32 RAM

Creating Two Single-Port RAMs

The true dual-read/write port functionality of the Block
SelectRAM+ memory allows a single RAM to be split into
two single port memories of 2K bits each as shown in
Figure 37.

RAMB4_S4_S16

WEA
ENA
RST1 RSTA DOA[3:0] |memmmm DO1[3:0]
CLK1 I> CLKA
Ve, ADDRL[8:0] mummmn ADDRA[9:0]
DI1[3:0] s DIA[3:0]

WE1
EN1

WE2 — WEB

EN2 — | ENB

RST2 — | RSTB DOB[15:0] DO2[15:0]
CLK2 ——> CLKB

GND, ADDR2[6:0] mummmms{ ADDRB[7:0]
DI2[15:0] s DIB[15:0]

ds022_037_121399

Figure 37: 512 x 4 RAM and 128 x 16 RAM
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In this example, a 512K x 4 RAM (Port A) and a 128 x 16 Block Memory Generation
RAM (Port B) are created out of a single Block Selec- The CoreG .
tRAM+. The address space for the RAM is split by fixing the e CoreGen program generates memory structures using

MSB of Port Ato 1 (V) for the upper 2K bits and the MSB i?SDEkaVS?IleCtRAMIJr .featurgs. Th'sl progra(rjn ouépgré
of Port B to 0 (GND) for the lower 2K bits. or Verilog simulation code templates and an

file for inclusion in a design.

VHDL Initialization Example

library IEEE;
use IEEE.std logic 1164.all;

entity MYMEM is

port (CLK, WE:in std logic;

ADDR: in std logic_vector (8 downto 0);
DIN: in std logic_vector (7 downto 0);
DOUT: out std logic vector (7 downto 0));
end MYMEM;

architecture BEHAVE of MYMEM is
signal logicO, logicl: std _logic;

component RAMB4 S8

--synopsys translate off

generic( INIT_00,INIT 01, INIT 02, INIT 03, INIT 04, INIT 05, INIT 06, INIT 07,
INIT 08, INIT 09, INIT Oa, INIT Ob, INIT Oc, INIT 0d, INIT Oe, INIT Of : BIT VECTOR(255
downto 0)

:= X"0000000000000000000000000000000000000000000000000000000000000000") ;
--synopsys translate on

port (WE, EN, RST, CLK: in STD LOGIC;

ADDR: in STD LOGIC_VECTOR (8 downto 0);

DI: in STD LOGIC VECTOR(7 downto 0) ;

DO: out STD LOGIC VECTOR(7 downto 0));

end component;

--synopsys dc_script begin

--set_attribute ram0 INIT 00
"0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF" -type string
--set_attribute ram0 INIT_ 01
"FEDCBA9876543210FEDCBA9876543210FEDCBA9876543210FEDCBA9876543210" -type string
--synopsys dc_script end

begin

logic0 <='0";
logicl <='1";
ramO: RAMB4 S8

--synopsys translate off
generic map (

INIT 00 => X"0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF",
INIT 01 => X"FEDCBA9876543210FEDCBA9876543210FEDCBA9876543210FEDCBAS876543210")
--synopsys translate on

port map (WE=>WE, EN=>logicl, RST=>logic0O, CLK=>CLK,ADDR=>ADDR, DI=>DIN, DO=>DOUT) ;

end BEHAVE;
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Verilog Initialization Example

module MYMEM (CLK, WE, ADDR, DIN, DOUT) ;
input CLK, WE;

input [8:0] ADDR;

input [7:0] DIN;

output [7:0] DOUT;

wire logicO, logicl;

//synopsys dc_script begin
//set_attribute ram0 INIT 00

"0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF" -type string

//set_attribute ram0 INIT 01

"FEDCBA9876543210FEDCBA9876543210FEDCBA9876543210FEDCBA9876543210" -type string

//synopsys dc_script end

assign logic0 = 1'b0;
assign logicl = 1'bil;

RAMB4 S8 ramO (.WE(WE),

.DO (DOUT) ) ;

//synopsys translate off
defparam ramO.INIT 00 =

.EN(logicl), .RST(logic0), .CLK(CLK), .ADDR(ADDR),

.DI (DIN),

256h’0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF0123456789ABCDEF;

defparam ramO.INIT 01 =

256h’ FEDCBA9876543210FEDCBA9876543210FEDCBA9876543210FEDCBA9876543210;

//synopsys translate on
endmodule

Using Versatile 1/0

The Spartan-Il FPGA family includes a highly configurable,
high-performance 1/O resource, called Versatile 1/0 to pro-
vide support for a wide variety of I/O standards. The Versa-
tile 1/0 resource is a robust set of features including
programmable control of output drive strength, slew rate,
and input delay and hold time. Taking advantage of the flex-
ibility and Versatile I/O features and the design consider-
ations described in this document can improve and simplify
system level design.

Introduction

As FPGAs continue to grow in size and capacity, the larger
and more complex systems designed for them demand an
increased variety of I/O standards. Furthermore, as system
clock speeds continue to increase, the need for high perfor-
mance /0O becomes more important. While chip-to-chip
delays have an increasingly substantial impact on overall
system speed, the task of achieving the desired system
performance becomes more difficult with the proliferation of
low-voltage I/0O standards. Versatile I/O, the revolutionary
input/output resources of Spartan-Il devices, has resolved
this potential problem by providing a highly configurable,
high-performance alternative to the I/O resources of more
conventional programmable devices. The Spartan-1l Versa-
tile I/O features combine the flexibility and time-to-market
advantages of programmable logic with the high perfor-

mance previously available only with ASICs and custom
ICs.

Each Versatile 1/0 block can support up to 20 I/O stan-
dards. Supporting such a variety of I/O standards allows
the support of a wide variety of applications, from general
purpose standard applications to high-speed low-voltage
memory busses.

Versatile 1/0 blocks also provide selectable output drive
strengths and programmable slew rates for the LVTTL out-
put buffers, as well as an optional, programmable weak
pull-up, weak pull-down, or weak "keeper" circuit ideal for
use in external bussing applications.

Each Input/Output Block (IOB) includes three registers, one
each for the input, output, and 3-state signals within the
IOB. These registers are optionally configurable as either a
D-type flip-flop or as a level sensitive latch.

The input buffer has an optional delay element used to
guarantee a zero hold time requirement for input signals
registered within the 10B.

The Versatile 1/0O features also provide dedicated resources
for input reference voltage (Vrgg) and output source volt-
age (Vcco), along with a convenient banking system that
simplifies board design.

By taking advantage of the built-in features and wide variety
of I/O standards supported by the Versatile 1/0 features,
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system-level design and board design can be greatly sim-
plified and improved.

Fundamentals

Modern bus applications, pioneered by the largest and
most influential companies in the digital electronics indus-
try, are commonly introduced with a new I/O standard tai-
lored specifically to the needs of that application. The bus
I/O standards provide specifications to other vendors who
create products designed to interface with these applica-
tions. Each standard often has its own specifications for
current, voltage, 1/0 buffering, and termination techniques.

The ability to provide the flexibility and time-to-market
advantages of programmable logic is increasingly depen-
dent on the capability of the programmable logic device to
support an ever increasing variety of I/O standards

The Versatile I/O resources feature highly configurable
input and output buffers which provide support for a wide
variety of I/O standards. As shown in Table 14, each buffer
type can support a variety of voltage requirements.

Table 14: Supported I/O Standards

I/0 Output| Input | Input Bqard_
Standard Veco | Voo | Veer Termination
Voltage (V1)
LVTTL 3.3 3.3 N/A N/A
LVCMOS2 2.5 2.5 N/A N/A
SSTL3 1 &l 3.3 N/A 1.50 1.50
SSTL2 1 &l 2.5 N/A 1.25 1.25
GTL N/A N/A 0.80 1.20
GTL+ N/A N/A 1.0 1.50
HSTL | 1.5 N/A 0.75 0.75
HSTL Il & IV 15 N/A 0.90 1.50
CTT 3.3 N/A 1.50 1.50
AGP-2X 3.3 N/A 1.32 N/A
PCI33_3 3.3 3.3 N/A N/A
PCI33_5 3.3 3.3 N/A N/A
PCI66_3 3.3 3.3 N/A N/A

Overview of Supported I/O Standards

This section provides a brief overview of the 1/O standards
supported by all Spartan-1l devices.

While most I/O standards specify a range of allowed volt-
ages, this document records typical voltage values only.
Detailed information on each specification may be found on
the Electronic Industry Alliance Jedec website at:
http://www.jedec.org

LVTTL — Low-Voltage TTL

The Low-Voltage TTL, or LVTTL standard is a general pur-
pose EIA/JJESDSA standard for 3.3V applications that uses
an LVTTL input buffer and a Push-Pull output buffer. This
standard requires a 3.3V output source voltage (Vccp), but
does not require the use of a reference voltage (Vggg) or a
termination voltage (V7).

LVCMOS2 — Low-Voltage CMOS for 2.5V

The Low-Voltage CMOS for 2.5V or lower, or LVCMOS2
standard is an extension of the LVCMOS standard (JESD
8.5) used for general purpose 2.5V applications. This stan-
dard requires a 2.5V output source voltage (Vccp). but
does not require the use of a reference voltage (Vggg) or a
board termination voltage (V7).

PCl — Peripheral Component Interface

The Peripheral Component Interface, or PCl standard
specifies support for both 33 MHz and 66 MHz PCI bus
applications. It uses a LVTTL input buffer and a Push-Pull
output buffer. This standard does not require the use of a
reference voltage (Vrgp) Or a board termination voltage
(V7). however, it does require a 3.3V output source volt-
age (Vcco)- I/0s configured for the PCI, 33 MHz, 5V stan-
dard are also 5V-tolerant.

GTL — Gunning Transceiver Logic Terminated

The Gunning Transceiver Logic, or GTL standard is a
high-speed bus standard (JESD8.3) invented by Xerox. Xil-
inx has implemented the terminated variation for this stan-
dard. This standard requires a differential amplifier input
buffer and a Open Drain output buffer.

GTL+ — Gunning Transceiver Logic Plus

The Gunning Transceiver Logic Plus, or GTL+ standard is a
high-speed bus standard (JESD8.3) first used by the Pen-
tium Pro processor.

HSTL — High-Speed Transceiver Logic

The High-Speed Transceiver Logic, or HSTL standard is a
general purpose high-speed, 1.5V bus standard sponsored
by IBM (EIA/JJESD 8-6). This standard has four variations
or classes. Versatile I/O devices support Class |, Ill, and IV.
This standard requires a Differential Amplifier input buffer
and a Push-Pull output buffer.

SSTL3 — Stub Series Terminated Logic for 3.3V

The Stub Series Terminated Logic for 3.3V, or SSTL3 stan-
dard is a general purpose 3.3V memory bus standard also
sponsored by Hitachi and IBM (JESD8-8). This standard
has two classes, | and Il. Versatile I/O devices support both
classes for the SSTL3 standard. This standard requires a
Differential Amplifier input buffer and an Push-Pull output
buffer.
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SSTL2 — Stub Series Terminated Logic for 2.5V

The Stub Series Terminated Logic for 2.5V, or SSTL2 stan-
dard is a general purpose 2.5V memory bus standard
sponsored by Hitachi and IBM (JESD8-9). This standard
has two classes, | and Il. Versatile I/O devices support both
classes for the SSTL2 standard. This standard requires a
Differential Amplifier input buffer and an Push-Pull output
buffer.

CTT — Center Tap Terminated

The Center Tap Terminated, or CTT standard is a 3.3V
memory bus standard sponsored by Fujitsu (JESD8-4).
This standard requires a Differential Amplifier input buffer
and a Push-Pull output buffer.

AGP-2X — Advanced Graphics Port

The Intel AGP standard is a 3.3V Advanced Graphics
Port-2X bus standard used with the Pentium Il processor
for graphics applications. This standard requires a
Push-Pull output buffer and a Differential Amplifier input
buffer.

Library Symbols

The Xilinx library includes an extensive list of symbols
designed to provide support for the variety of Versatile 1/0
features. Most of these symbols represent variations of the
five generic Versatile I/O symbols.

e IBUF (input buffer)

« IBUFG (global clock input buffer)
«  OBUF (output buffer)

* OBUFT (3-state output buffer)

* |OBUF (input/output buffer)

IBUF

Signals used as inputs to the Spartan-1l device must source
an input buffer (IBUF) via an external input port. The
generic IBUF symbol appears in Figure 38. The extension
to the base name defines which I/O standard the IBUF
uses. The assumed standard is LVTTL when the generic

+ IBUF_GTLP
« IBUF_HSTL_|
« IBUF_HSTL_III

« IBUF_HSTL_IV
 IBUF_SSTL3 |
« IBUF_SSTL3_II
« IBUF_SSTL2 |
« IBUF_SSTL2 Il
« IBUF_CTT

+ IBUF_AGP

When the IBUF symbol supports an I/O standard such as
LVTTL, LVCMOS, or PCI33_5, the IBUF automatically con-
figures as a 5V-tolerant input buffer unless the Vg for the
bank is less than 2V. If the single-ended IBUF is placed in a
bank with an HSTL standard (Vcco < 2V), the input buffer
is not 5V-tolerant.

The voltage reference signal is "banked" within the
Spartan-1l device on a half-edge basis such that for all
packages there are eight independent Vggg banks inter-
nally. See Figure 39 for a representation of the 1/0 banks.
Within each bank approximately one of every six I/O pins is
automatically configured as a Vygg input.

IBUF placement restrictions require that any differential
amplifier input signals within a bank be of the same stan-
dard. How to specify a specific location for the IBUF via the
LOC property is described below. Table 15 summarizes the
input standards compatibility requirements.

An optional delay element is associated with each IBUF.
When the IBUF drives a flip-flop within the 10B, the delay
element by default activates to ensure a zero hold-time
requirement. The NODELAY=TRUE property overrides this
default.

When the IBUF does not drive a flip-flop within the 10B, the
delay element de-activates by default to provide higher per-
formance. To delay the input signal, activate the delay ele-
ment with the DELAY=TRUE property.

IBUF has no specified extension.
Bank 0 V V Bank 1
IBUF ~ N
E GCLK3 GCLK2 E
O m )
Spartan-II
x133_01_111699 Device
Figure 38: Input Buffer (IBUF) Symbols © -
= =
The following list details the variations of the IBUF symbol: 3 GCLK1  GCLKO 3
* IBUF Bank 5 A A Bank 4
* IBUF_LVCMOS2
+ IBUF_PCI33_ 3
* IBUF_PCI33_5 DS001_39_030100
« IBUF_PCI66_3 .
. IBUF_GTL Figure 39: 1/0O Banks
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Table 15: Xilinx Input Standards Compatibility
Requirements

Rule 1 |All differential amplifier input signals within a

bank are required to be of the same standard.
There are no placement restrictions for inputs
with standards that require a single-ended input
buffer.

Rule 2

IBUFG

Signals used as high fanout clock inputs to the
Spartan-1l device should drive a global clock input buffer
(IBUFG) via an external input port in order to take advan-
tage of one of the four dedicated global clock distribution
networks. The output of the IBUFG symbol can only drive a
CLKDLL, CLKDLLHF, or a BUFG symbol. The generic
IBUFG symbol appears in Figure 40.

IBUFG

@)

x133_03_111699

Figure 40: Global Clock Input Buffer (IBUFG) Symbol

The extension to the base name determines which I/O
standard is used by the IBUFG. With no extension specified
for the generic IBUFG symbol, the assumed standard is
LVTTL.

The following list details variations of the IBUFG symbol.

. IBUFG

« IBUFG_LVCMOS2
 IBUFG_PCI33 3
+ IBUFG_PCI33_5
. IBUFG_PCI66_3
.+ IBUFG_GTL

. IBUFG_GTLP

+ IBUFG_HSTL_|
« IBUFG_HSTL_III
« IBUFG_HSTL_IV
+ IBUFG_SSTL3 |
« IBUFG_SSTL3_II
« IBUFG_SSTL2_|
« IBUFG_SSTL2_lI
« IBUFG_CTT

+ IBUFG_AGP

The voltage reference signal is "banked" within the
Spartan-1l device on a half-edge basis such that for all
packages there are eight independent Vrgg banks inter-
nally. See Figure 39 for a representation of the 1/0O banks.
Within each bank approximately one of every six I/O pins is
automatically configured as a Vrgg input.

IBUFG placement restrictions require any differential ampli-
fier input signals within a bank be of the same standard.
The LOC property can specify a location for the IBUFG.

As an added convenience, the BUFGP can be used to
instantiate a high fanout clock input. The BUFGP symbol
represents a combination of the LVTTL IBUFG and BUFG
symbols, such that the output of the BUFGP can connect
directly to the clock pins throughout the design.

The Spartan-Il BUFGP symbol can only be placed in a glo-
bal clock pad location. The LOC property can specify a
location for the BUFGP.

OBUF

An OBUF must drive outputs through an external output
port. The generic output buffer (OBUF) symbol appears in
Figure 41.

OBUF

O

x133_04_111699

Figure 41: Output Buffer (OBUF) Symbol

The extension to the base name defines which I/O standard
the OBUF uses. With no extension specified for the generic
OBUF symbol, the assumed standard is slew rate limited
LVTTL with 12 mA drive strength.

The LVTTL OBUF additionally can support one of two slew
rate modes to minimize bus transients. By default, the slew
rate for each output buffer is reduced to minimize power
bus transients when switching non-critical signals.

LVTTL output buffers have selectable drive strengths.
The format for LVTTL OBUF symbol names is as follows.
OBUF_<slew_rate>_<drive_strength>

<slew_rate> is either F (Fast), or S (Slow) and
<drive_strength> is specified in milliamps (2, 4, 6, 8, 12, 16,
or 24).

The following list details variations of the OBUF symbol.

S 24
« OBUF_F 2
« OBUF_F 4
« OBUF F 6
« OBUF_F 8
« OBUF_F 12
« OBUF_F 16
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- OBUF_F 24
« OBUF_LVCMOS2
« OBUF_PCI33_3
« OBUF_PCI33 5
- OBUF_PCI66_3
« OBUF_GTL

« OBUF_GTLP

« OBUF_HSTL_|
« OBUF_HSTL_III
« OBUF_HSTL_IV
« OBUF_SSTL3_|
« OBUF_SSTL3 Il
« OBUF_SSTL2 |
« OBUF_SSTL2_II
« OBUF_CTT

- OBUF_AGP

OBUF placement restrictions require that within a given
Vceo bank each OBUF share the same output source drive
voltage. Input buffers of any type and output buffers that do
not require Voo can be placed within any Voo bank.
Table 16 summarizes the output compatibility require-
ments. The LOC property can specify a location for the
OBUF.

Table 16: Output Standards Compatibility
Requirements

Rule 1 |Only outputs with standards which share compat-
ible Vcco may be used within the same bank.

Rule 2 |There are no placement restrictions for outputs
with standards that do not require a Vecg.

Veco |Compatible Standards

3.3 |LVTTL, SSTL3_I, SSTL3_II, CTT, AGP, GTL,
GTL+, PCI33_3, PCI66_3

2.5 SSTL2_I, SSTL2_II, LVCMOS2, GTL, GTL+
15 HSTL_I, HSTL_III, HSTL_IV, GTL, GTL+

OBUFT

The generic 3-state output buffer OBUFT, shown in
Figure 42, typically implements 3-state outputs or bidirec-
tional 1/0.

The extension to the base name defines which I/O standard
OBUFT uses. With no extension specified for the generic
OBUFT symbol, the assumed standard is slew rate limited
LVTTL with 12 mA drive strength.

The LVTTL OBUFT additionally can support one of two
slew rate modes to minimize bus transients. By default, the
slew rate for each output buffer is reduced to minimize
power bus transients when switching non-critical signals.

LVTTL 3-state output buffers have selectable drive
strengths.

The format for LVTTL OBUFT symbol names is as follows.
OBUFT_<slew_rate>_<drive_strength>

<slew_rate> can be either F (Fast), or S (Slow) and
<drive_strength> is specified in milliamps (2, 4, 6, 8, 12, 16,
or 24).

OBUFT

O

x133_05_111699

Figure 42: 3-State Output Buffer Symbol (OBUFT)

The following list details variations of the OBUFT symbol.

« OBUFT_F_12

« OBUFT_F_16

« OBUFT_F_24

« OBUFT_LVCMOS2
« OBUFT_PCI33_3
« OBUFT_PCI33 5
« OBUFT_PCI66_3
« OBUFT_GTL

« OBUFT_GTLP

« OBUFT_HSTL_I
« OBUFT_HSTL_III
« OBUFT_HSTL_IV
« OBUFT_SSTL3_|
« OBUFT_SSTL3_lI
« OBUFT_SSTL2_|
« OBUFT_SSTL2_lI
« OBUFT_CTT

« OBUFT_AGP

The Versatile I/O OBUFT placement restrictions require
that within a given Vg bank each OBUFT share the same
output source drive voltage. Input buffers of any type and
output buffers that do not require Vcco can be placed
within the same V¢ bank.

The LOC property can specify a location for the OBUFT.

3-state output buffers and bidirectional buffers can have
either a weak pull-up resistor, a weak pull-down resistor, or
a weak "keeper" circuit. Control this feature by adding the
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appropriate symbol to the output net of the OBUFT
(PULLUP, PULLDOWN, or KEEPER).

The weak "keeper" circuit requires the input buffer within
the IOB to sample the I/O signal. So, OBUFTs programmed
for an 1/O standard that requires a Vgrgp have automatic
placement of a Vggg in the bank with an OBUFT configured
with a weak "keeper" circuit. This restriction does not affect
most circuit design as applications using an OBUFT config-
ured with a weak "keeper" typically implement a bidirec-
tional I/O. In this case the IBUF (and the corresponding
Vgrep) are explicitly placed.

The LOC property can specify a location for the OBUFT.

IOBUF

Use the IOBUF symbol for bidirectional signals that require
both an input buffer and a 3-state output buffer with an
active high 3-state pin. The generic input/output buffer
IOBUF appears in Figure 43.

The extension to the base name defines which I/O standard
the IOBUF uses. With no extension specified for the
generic IOBUF symbol, the assumed standard is LVTTL
input buffer and slew rate limited LVTTL with 12 mA drive
strength for the output buffer.

The LVTTL IOBUF additionally can support one of two slew
rate modes to minimize bus transients. By default, the slew
rate for each output buffer is reduced to minimize power
bus transients when switching non-critical signals.

LVTTL bidirectional buffers have selectable output drive
strengths.

The format for LVTTL IOBUF symbol names is as follows.
IOBUF_<slew_rate>_<drive_strength>

<slew_rate> can be either F (Fast), or S (Slow) and
<drive_strength> is specified in milliamps (2, 4, 6, 8, 12, 16,
or 24).

IOBUF

x133_06_111699

Figure 43: Input/Output Buffer Symbol (IOBUF)

The following list details variations of the IOBUF symbol.

. I0BUF

« IOBUF_S 2
- IOBUF S 4
- IOBUF S 6
- IOBUF S 8
« IOBUF_S 12
. IOBUF_S_16

« IOBUF_S 24
« IOBUF_F 2
- IOBUF F 4
« IOBUF_F_6
- IOBUF F 8

« IOBUF_F_12
- IOBUF F_16

.« I0BUF F 24

+ IOBUF_LVCMOS2
.+ I0BUF_PCI33_3
+ IOBUF_PCI33_5
-+ I0BUF_PCI66_3
+ IOBUF_GTL

+ IOBUF_GTLP

+ IOBUF_HSTL_I
+ IOBUF_HSTL_III
« I0BUF_HSTL_IV
+ IOBUF_SSTL3 |
« I0BUF_SSTL3_II
+ I0BUF_SSTL2_|
+ IOBUF_SSTL2_II
« I0BUF_CTT

« IOBUF_AGP

When the IOBUF symbol supports an I/O standard such as
LVTTL, LVCMOS, or PCI33_5, the IBUF automatically con-
figures as a 5V-tolerant input buffer unless the Vg for the
bank is less than 2V. If the single-ended IBUF is placed in a
bank with an HSTL standard (Ve < 2V), the input buffer
is not 5V-tolerant.

The voltage reference signal is "banked" within the Spar-
tan-11 device on a half-edge basis such that for all packages
there are eight independent Vggg banks internally. See
Figure 39 on page 38 for a representation of the Spartan-II
1/0 banks. Within each bank approximately one of every six
I/O pins is automatically configured as a Vggg input.

Additional restrictions on the Versatile I/O IOBUF place-
ment require that within a given Vcco bank each IOBUF
must share the same output source drive voltage. Input
buffers of any type and output buffers that do not require
Vcco can be placed within the same Vo bank. The LOC
property can specify a location for the IOBUF.

An optional delay element is associated with the input path
in each IOBUF. When the IOBUF drives an input flip-flop
within the IOB, the delay element activates by default to
ensure a zero hold-time requirement. Override this default
with the NODELAY=TRUE property.

In the case when the IOBUF does not drive an input flip-flop
within the 10B, the delay element de-activates by default to
provide higher performance. To delay the input signal, acti-
vate the delay element with the DELAY=TRUE property.

3-state output buffers and bidirectional buffers can have
either a weak pull-up resistor, a weak pull-down resistor, or
a weak "keeper" circuit. Control this feature by adding the
appropriate symbol to the output net of the IOBUF
(PULLUP, PULLDOWN, or KEEPER).
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Versatile I/O Properties

Access to some of the Versatile 1/O features (for example,
location constraints, input delay, output drive strength, and
slew rate) is available through properties associated with
these features.

Input Delay Properties

An optional delay element is associated with each IBUF.
When the IBUF drives a flip-flop within the 10B, the delay
element activates by default to ensure a zero hold-time
requirement. Use the NODELAY=TRUE property to over-
ride this default.

In the case when the IBUF does not drive a flip-flop within
the 10B, the delay element by default de-activates to pro-
vide higher performance. To delay the input signal, activate
the delay element with the DELAY=TRUE property.

IOB Flip-Flop/Latch Property

The 1/0O Block (I0B) includes an optional register on the
input path, an optional register on the output path, and an
optional register on the 3-state control pin. The design
implementation software automatically takes advantage of
these registers when the following option for the Map pro-
gram is specified.

map -pr b <filename>

Alternatively, the IOB = TRUE property can be placed on a
register to force the mapper to place the register in an IOB.

Location Constraints

Specify the location of each Versatile 1/O symbol with the
location constraint LOC attached to the Versatile 1/0 sym-
bol. The external port identifier indicates the value of the
location constrain. The format of the port identifier depends
on the package chosen for the specific design.

The LOC properties use the following form.
LOC=A42
LOC=P37

Output Slew Rate Property

As mentioned above, a variety of symbol names provide
the option of choosing the desired slew rate for the output
buffers. In the case of the LVTTL output buffers (OBUF,
OBUFT, and IOBUF), slew rate control can be alternatively
programed with the SLEW= property. By default, the slew
rate for each output buffer is reduced to minimize power
bus transients when switching non-critical signals. The
SLEW= property has one of the two following values.

SLEW=SLOW
SLEW=FAST

Output Drive Strength Property

The desired output drive strength can be additionally spec-
ified by choosing the appropriate library symbol. The Xilinx
library also provides an alternative method for specifying
this feature. For the LVTTL output buffers (OBUF, OBUFT,
and IOBUF, the desired drive strength can be specified with
the DRIVE= property. This property could have one of the
following seven values.

DRIVE=2

DRIVE=4

DRIVE=6

DRIVE=8
DRIVE=12 (Default)
DRIVE=16
DRIVE=24

Design Considerations

Reference Voltage (Vreg) Pins

Low-voltage I/O standards with a differential amplifier input
buffer require an input reference voltage (Vggg). Provide
the Vreg as an external signal to the device.

The voltage reference signal is "banked" within the device
on a half-edge basis such that for all packages there are
eight independent Vg banks internally. See Figure 39 on
page 38 for a representation of the I/O banks. Within each
bank approximately one of every six /O pins is automati-
cally configured as a Vrgg input.

Within each Vgygg bank, any input buffers that require a
Vree Sighal must be of the same type. Output buffers of any
type and input buffers can be placed without requiring a ref-
erence voltage within the same Vrgg bank.

Output Drive Source Voltage (Vcco) Pins

Many of the low voltage I/O standards supported by Versa-
tile 1/0s require a different output drive source voltage
(Vcco)- As a result each device can often have to support
multiple output drive source voltages.

The Vcco supplies are internally tied together for some
packages. The VQ100 and the PQ208 provide one com-
bined Vo supply. The TQ144 and the CS144 packages
provide four independent Vcco supplies. The FG256 and
the FG456 provide eight independent V¢ supplies.

Output buffers within a given Voco bank must share the
same output drive source voltage. Input buffers for LVTTL,
LVCMOS2, PCI33_3, and PCI 66_3 use the V¢ voltage
for Input V¢ voltage.

Transmission Line Effects

The delay of an electrical signal along a wire is dominated
by the rise and fall times when the signal travels a short dis-
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Double Parallel Terminated

Unterminated

Oz

> >

Unterminated Output Driving
a Parallel Terminated Input

Series Terminated Output Driving
a Parallel Terminated Input
VTT

Series-Parallel Terminated Output
Driving a Parallel Terminated Input
VTT VTT

Series Terminated Output

> 0= >
VREF
X133_07_111699

Figure 44: Overview of Standard Input and Output
Termination Methods

tance. Transmission line delays vary with inductance and
capacitance, but a well-designed board can experience
delays of approximately 180 ps per inch.

Transmission line effects, or reflections, typically start at
1.5" for fast (1.5 ns) rise and fall times. Poor (or non-exis-
tent) termination or changes in the transmission line imped-
ance cause these reflections and can cause additional
delay in longer traces. As system speeds continue to
increase, the effect of I/O delays can become a limiting fac-
tor and therefore transmission line termination becomes
increasingly more important.

Termination Techniques

A variety of termination technigues reduce the impact of
transmission line effects.

The following lists output termination techniques.

None

Series

Parallel (Shunt)

Series and Parallel (Series-Shunt)

Input termination techniques include the following.

None
Parallel (Shunt)

These termination techniques can be applied in any combi-
nation. A generic example of each combination of termina-
tion methods appears in Figure 44.

Simultaneous Switching Guidelines

Ground bounce can occur with high-speed digital ICs when
multiple outputs change states simultaneously, causing
undesired transient behavior on an output, or in the internal
logic. This problem is also referred to as the Simultaneous
Switching Output (SSO) problem.

Ground bounce is primarily due to current changes in the
combined inductance of ground pins, bond wires, and

ground metallization. The IC internal ground level deviates
from the external system ground level for a short duration (a
few nanoseconds) after multiple outputs change state
simultaneously.

Ground bounce affects stable Low outputs and all inputs
because they interpret the incoming signal by comparing it
to the internal ground. If the ground bounce amplitude
exceeds the actual instantaneous noise margin, then a
non-changing input can be interpreted as a short pulse with
a polarity opposite to the ground bounce.

Table 17 provides the guidelines for the maximum number
of simultaneously switching outputs allowed per output
power/ground pair to avoid the effects of ground bounce.
Refer to Table 18 for the number of effective output
power/ground pairs for each Spartan-Il device and package
combination..

Table 17: Guidelines for Max. Number of Simulta-
neously Switching Outputs per Power/Ground Pair

Package
PQ, TQ,
Standard CS, FG QVQQ

LVTTL Slow Slew Rate, 2 mA drive 68 36
LVTTL Slow Slew Rate, 4 mA drive 41 20
LVTTL Slow Slew Rate, 6 mA drive 29 15
LVTTL Slow Slew Rate, 8 mA drive 22 12
LVTTL Slow Slew Rate, 12 mA drive 17 9
LVTTL Slow Slew Rate, 16 mA drive 14 7
LVTTL Slow Slew Rate, 24 mA drive 9

LVTTL Fast Slew Rate, 2 mA drive 40 21
LVTTL Fast Slew Rate, 4 mA drive 24 12
LVTTL Fast Slew Rate, 6 mA drive 17 9
LVTTL Fast Slew Rate, 8 mA drive 13 7
LVTTL Fast Slew Rate, 12 mA drive 10 5
LVTTL Fast Slew Rate, 16 mA drive 8 4
LVTTL Fast Slew Rate, 24 mA drive 5 3
LVCMOS2 10 5
PCI 8 4
GTL 4 4
GTL+ 4 4
HSTL Class | 18 9
HSTL Class llI 9 5
HSTL Class IV 5 3
SSTL2 Class | 15 8
SSTL2 Class I 10 5
SSTL3 Class | 11 6
SSTL3 Class Il 7 4
CTT 14 7
AGP 9 5

Note: This analysis assumes a 35 pF load for each output.
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Table 18: Effective Output Power/Ground Pairs for Spartan-1l Devices

Spartan-Il Devices

Package XC2S15 XC2S30 XC2S50 XC2S100 XC2S150
VQ100 8 8 - - -
CS144 12 12 - - -
TQl144 12 12 12 12 -
PQ208 - 16 16 16 16
FG256 - - 16 16 16
FG456 - - - 48 48
Application Examples Table 19: GTL Voltage Specifications
Creating a design with the Versatile I/O features requires Parameter Min Typ Max
the instantiation of the desired library symbol within the Y; _ N/A _

. . cco
design code. At the board level, designers need to know the v N 1

N . . . REE = X VTT 0.74 0.8 0.86
termination techniques required for each I/O standard.

_ . _ o Vit 1.14 1.2 1.26
This _sect|on_ describes some common application exam- Vi = Vegr + 0.05 0.79 0.85 -
ples illustrating the termination techniques recommended —
by each of the standards supported by the Versatile 1/0 fea- | ViL= VRer —0.05 - 075 | 081
tures. Vou - - -

S V - 0.2 0.4
Termination Examples oL
lon at Vou(mA) - - -
Circuit examples invol\{ing typical termination techniques loLat Vo (MA) at 0.4V 32 a i
for each of the Versatile 1/0 standards follow. For a full TN ) 2t 0.2V 20
range of accepted values for the DC voltage specifications oLat Vo (mA) at 0. 3 3

for each standard, refer to the table associated with each
figure.

The resistors used in each termination technique example
and the transmission lines depicted represent board level
components and are not meant to represent components
on the device.

GTL

A sample circuit illustrating a valid termination technique for
GTL is shown in Figure 45. Table 19 lists DC voltage spec-
ifications.

GTL

VTT =1.2Vv VTT =1.2Vv

x133_08_111699

Figure 45: Terminated GTL

Note 1: N must be greater than or equal to 0.653 and less
than or equal to 0.68.

GTL+

A sample circuit illustrating a valid termination technique for
GTL+ appears in Figure 46. DC voltage specifications
appear in Table 20.

GTL+
Vir=15V Vyr=1.5V

50Q2 SOQ%

Vceo = N/A
_| VREF =1.0V—

x133_09_012400

Z =50,

Figure 46: Terminated GTL+
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Table 20: GTL+ Voltage Specifications

Parameter Min Typ Max
Veco - - -
Vrer = N x Vot 0.88 1.0 1.12
VT 1.35 15 1.65
Viy = Vrer + 0.1 0.98 1.1 -
Vi = Vrgr - 0.1 - 0.9 1.02
VoH - - -
VoL 0.3 0.45 0.6
lon at Vo (MA) - - -
loLat Vo (MmA) at 0.6V 36 - -
loLat Vo (MmA) at 0.3V - - 48

Note 1: N must be greater than or equal to 0.653 and less than
or equal to 0.68.

HSTL

A sample circuit illustrating a valid termination technique for
HSTL_I| appears in Figure 47. A sample circuit illustrating a
valid termination technique for HSTL_IIl appears in
Figure 48.

HSTL Class |

x133_10_111699

Figure 47: Terminated HSTL Class |

Table 21: HSTL Class | Voltage Specification

HSTL Class Il

x133_11_111699

Figure 48: Terminated HSTL Class Il

Table 22: HSTL Class Ill Voltage Specification

Parameter Min Typ Max
Veco 1.0 150 1.60
Veer - 0.90 -

V1T - Veeo -

Vin Vrer + 0.1 - -

Vi - - Vrer—0.1
Von Veco- 04 - -

VoL - - 0.4
lon at Vop (MA) -8 - -
loLat Vo, (MA) 24 - -

Note: Per EIA/JESDS8-6, "The value of Vygg is to be selected
by the user to provide optimum noise margin in
the use conditions specified by the user."

A sample circuit illustrating a valid termination technique for
HSTL_IV appears in Figure 49.

HSTL Class IV

_ Vo= 1.5V Vip= 15V
Veeo =15V VT TT
50Q
[

— -

x133_12_111699

Parameter Min Typ Max Figure 49: Terminated HSTL Class IV
Veeo 1.40 1.50 1.60 e
Table 23: HSTL Class IV Voltage Specification
Veer 0.68 0.75 0.90 ge=p
Vi - Vecox 0.5 - Parameter Min Typ Max
Vin Vrer + 0.1 - - Veeo 1.40 1.50 1.60
Vie - - Vrer — 0.1 VREF - 0.90 -
V V -04 - -
OH CCo Vot - Veeo -
VoL 0.4 v Vreg + 0.1
IH REF T V. - -
IOH at VOH (mA) -8 - -
V|L - - VREF -0.1
|o|_at VOL (mA) 8 - -
Von Veco— 0.4 - -
VoL - - 0.4
IOH at VOH (mA) -8 - -
|o|_at VOL (mA) 48 - -

Note: Per EIA/JESD8-6, "The value of Vygr is to be selected
by the user to provide optimum noise margin in
the use conditions specified by the user.
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SSTL3_|

A sample circuit illustrating a valid termination technique for
SSTL3_I appears in Figure 50. DC voltage specifications
appear in Table 24.

SSTL3 Class |

x133_13_111699

Figure 50: Terminated SSTL3 Class |

Table 24: SSTL3_| Voltage Specifications

Parameter Min Typ |[Max
Veeo 30 | 33 | 36
VRer = 0.45 x Voo 13 | 15 | 1.7
V1t = VRer 13 | 15 | 1.7
Vin = VReg + 0.2 15 | 1.7 | 39M
V||_ = VREF -0.2 -0.3¢ 1.3 1.5
Von = VRer *+ 0.6 1.9 - -
VOL:VREF_O'G - - 1.1
IOH at VOH (mA) -8 - -
lgLat Vo (MmA) 8 - -
Notes

1: V|H maximum is VCCO +0.3
2: V). minimum does not conform to the formula

SSTL3_II

A sample circuit illustrating a valid termination technique for
SSTL3_II appears in Figure 51. DC voltage specifications
appear in Table 25.

SSTL3 Class Il

V= 15V Vy= 1.5V

Veeo = 3.3V

x133_14_111699

Figure 51: Terminated SSTL3 Class Il

Table 25: SSTL3_Il Voltage Specifications

Parameter Min Typ | Max
Veeo 30 | 33 | 36
VRer = 0.45 X Veeo 13 | 15 | 17
V1T = VREF 13 | 15 | 17
Viy = Vgeg + 0.2 15 | 1.7 | 3.9W
V.= Vrer - 0.2 -03@] 13 | 15
Vou = Vrer + 0.8 21 - -
Vo= Vrer — 0.8 - - 0.9
lon at Vou (MA) -16 - -
loLat VoL (MmA) 16 - -
Notes

1: V|H maximum is Vcco +0.3
2: V). minimum does not conform to the formula

SSTL2_|

A sample circuit illustrating a valid termination technique for
SSTL2_| appears in Figure 52. DC voltage specifications
appear in Table 26.

SSTL2 Class |

VTT: 1.25v

xap133_15_011000

Figure 52: Terminated SSTL2 Class |

Table 26: SSTL2_| Voltage Specifications

Parameter Min Typ Max
Veeo 2.3 2.5 2.7
VRer = 0.5 %X Veeo 1.15 1.25 1.35
V17 = Vrer + ND 111 | 125 | 1.39
Vi = VRer +0.18 133 | 143 |3.0@
V. = Vger — 0.18 -03®] 1.07 | 117
Von = Vger + 0.61 1.76 - -
Vo= Vreg — 0.61 - - 0.74
lon at Vop (MA) -7.6 - -
lgLat Vo (mA) 7.6 - -
Notes
1: N must be greater than or equal to -0.04 and less than or

equal to 0.04.

2: Vi maximumis Vo + 0.3.
3: V)L minimum does not conform to the formula.
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SSTL2_1I

A sample circuit illustrating a valid termination technique for
SSTL2_Il appears in Figure 53. DC voltage specifications
appear in Table 27.

SSTL2 Class I
Ve = 2.5y VTT=1:25V Vr= 125V
50Q
_|

VRer = 1.25V

X133_16_111699

Figure 53: Terminated SSTL2 Class Il

Table 27: SSTL2_ll Voltage Specifications

Parameter Min Typ Max
Veeo 2.3 25 2.7
Vger = 0.5 % Veeo 1.15 1.25 1.35
V17 = Vrer + NO 1.11 1.25 1.39
Viy = Vger +0.18 1.33 1.43 3.0
VL = Vger —0.18 -0.3® | 107 1.17
Von = Vrer + 0.8 1.95 - -
VoL = Vrer - 0.8 - - 0.55
lon at Vou (MA) -15.2 - -
loLat Vo, (MA) 15.2 - -
Notes:
1. N must be greater than or equal to -0.04 and less than or

equal to 0.04.
2'V|H maximum is Vcco +0.3.
3.V minimum does not conform to the formula.

CTT

A sample circuit illustrating a valid termination technique for
CTT appear in Figure 54. DC voltage specifications appear
in Table 28.

Table 28: CTT Voltage Specifications

Parameter Min Typ Max
Veeo 2050 | 33 3.6
VREE 1.35 15 1.65
Vit 1.35 15 1.65
Viy=VRer +0.2 1.55 1.7 -
V)  =Vgege—0.2 - 1.3 1.45
Von = VReg + 0.4 1.75 1.9 -
Vo= VRreg - 0.4 - 11 1.25
lon at Vou (MA) -8 - -
loLat VoL (MmA) 8 - -

Notes:
1: Timing delays are calculated based on V¢ min of 3.0V.

PCI33_3 and PCI66_3

PCI33_3 or PCI66_3 require no termination. DC voltage
specifications appear in Table 29.

Table 29: PCI33_3 and PCI66_3 Voltage Specifications

Parameter Min Typ Max
Veeo 3.0 3.3 3.6
VREF - - -
V1T - - -
Viy = 0.5 % Veeo 15 | 1.65 |Veeot 0.5
VL =0.3%xVceo -0.5 | 0.99 1.08
Von = 0.9 X Veeo 2.7 - -
Vo= 0.1 x Vo - - 0.36
lon at Vop (MA) Note1| - -
lgLat Vo (mA) Note 1| - -

Note 1: Tested according to the relevant specification.

PCI33_5

PCI33_5 requires no termination. DC voltage specifications
appear in Table 30.

Table 30: PCI33_5 Voltage Specifications

CTT Parameter Min Typ Max
Veeo 3.0 3.3 3.6
VRer - - -
\ans - - -
ViH 1425| 1.5 5.5
VL -0.5 1.0 1.05
VoH 2.4 - -
x133_17_111699 VoL - - 0.55
Figure 54: Terminated CTT lon at Vo (MA) Note 1 - -
lgLat Vo (mA) Note 1| - -
Note 1: Tested according to the relevant specification.
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LVTTL

LVTTL requires no termination. DC voltage specifications
appears in Table 31.

Table 31: LVTTL Voltage Specifications

LVCMOS2

LVCMOS?2 requires no termination. DC voltage specifica-
tions appear in Table 32.

Table 32: LVCMOS2 Voltage Specifications

Parameter Min Typ Max Parameter Min Typ Max
Veco 3.0 3.3 3.6 Vceo 2.3 2.5 2.7
VRer - - - VRerF - - -
V17 - - - V1T - - -
ViH 2.0 - 3.6 ViH 17 - 3.6
Vi -0.5 - 0.8 VL -0.5 - 0.7
VoH 2.4 - - VoH 1.9 - -
VoL - - 0.4 VoL - - 0.4
lon at Vop (MA) -24 - - lon at Vop (MA) -12 - -
loLat VoL (mA) 24 - - loLat VoL (mA) 12 - -
Note: Vg and Vgy for lower drive currents sample tested.

AGP-2X

The specification for the AGP-2X standard does not docu-
ment a recommended termination technigue. DC voltage
specifications appear in Table 33.

Table 33: AGP-2X Voltage Specifications

Parameter Min | Typ Max
Veeco 3.0 3.3 3.6
Vrer = N x Veeo 1.17 | 1.32 | 1.48
Vrr - - -
ViH=Vger + 0.2 1.37 | 1.52 -
ViL=Vgeg—0.2 - 1.12 1.28
Von = 0.9 %X Veeo 2.7 3.0 -
VoL =0.1XxVeeo - 0.33 | 0.36
lon at Vop (MA) Note 2| - -
loLat Vo (mA) Note 2| - -
Notes:
1: N must be greater than or equal to 0.39 and less than or

equal to 0.41.
2: Tested according to the relevant specification.
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Spartan-ll DC 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-ll Absolute Maximum Ratings

Symbol Description Value Units -

VeeInT Supply voltage relative to GND -0.510 3.0 \%
Veeo Supply voltage relative to GND -0.51t04.0 \%
VREE Input Reference Voltage -0.51t0 3.6 \Y

Vin Input voltage relative to GND Using Vgeg -0.51t0 3.6 \Y

Internal threshold -0.5t05.5 \Y

Vrs Voltage applied to 3-state output -0.51t05.5 \%
Vee Longest Supply Voltage Rise Time from 1V to 2.375V 50 ms
Tste Storage temperature (ambient) —65 to +150 °C
TsoL Maximum soldering temp. (10s @ 1/16 in. = 1.5 mm) +260 °C
T; Junction temperature +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 extended periods (e.g., longer than a day), V| should not exceed Vcq by more that 3.6V.

Spartan-ll Recommended Operating Conditions

Symbol Description Min Max Units
Supply voltage relative to GND, T; =0 °C to +85°C Commercial 25-5% 25+5% \%
Veer Supply voltage relative to GND, T, = —40°C to +100°C | Industrial 25— 5% 25+5% v
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 \Y
TN Input signal transition time 250 ns

Notes: Correct operation is guaranteed with a minimum Ve yt Of 2.25V (Nominal Vgint —10%). Below the minimum value stated
above, all delay parameters increase by 3% for each 50 mV reduction in Vo iyt 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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Spartan-1l DC Characteristics Over Operating Conditions

Symbol Description Min Max Units
VDRINT Data Retention V¢ iyt Voltage (below which configuration data may be lost) 2.0 \%
VbRrio Data Retention V¢ Voltage (below which configuration data may be lost) 1.2 \%
lccintg | Quiescent Vet supply current (Note 1) mA
lccog Quiescent Vo supply current (Note 1) mA
IREF VREer current per Vgeg pin 20 A
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) @ V| = 0V, Vo = 3.3V (sample tested) Note 2 0.25 mA
IrpPD Pad pull-down (when selected) @ V,\ = 3.6V (sample tested) Note 2 0.15 mA
Note 1: With no output current loads, no active input pull-up resistors, all I/O pins 3-stated and floating.
Note 2: Internal pull-up and pull-down resistors guarantee valid logic levels at unconnected input pins. These pull-up and pull-down

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

Spartan-1l DC Input and Output levels

Values for V, and V|4 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 Vcco with the respective Ig, and Igy currents
shown. Other standards are sample tested.

Input/Output Vi Vi VoL Von loL loH
Standard V, min V, max V, min V, max V, Max V, Min mA mA
LVTTL (Note 1) -0.5 0.8 2.0 55 0.4 2.4 24 24
LVCMOS2 -0.5 0.7 1.7 55 0.4 1.9 12 =12
PCI, 3.3 V —0.5 | 44% Vot | 60% Veet | Veco + 0.5 | 10% Veeo | 90% Veeo | Note 2 Note 2
PCI, 5.0V -0.5 0.8 2.0 55 0.55 2.4 Note 2 Note 2
GTL 05 | Vggr—0.05 | Vger +0.05 3.6 0.4 n/a 40 n/a
GTL+ 05 Vrer - 0.1 | Vger +0.1 36 0.6 n/a 36 nla
HSTL | ~05 Veer - 0.1 | Vger + 0.1 36 0.4 Veco — 0.4 8 -8
HSTL Il -05 VRer— 0.1 | Vggr +0.1 3.6 0.4 Veeo — 0.4 24 -8
HSTL IV 05 Vier - 0.1 | Vgep +0.1 36 0.4 Veco — 0.4 48 -8
SSTL3 | ~05 Vrer —0.2 | Vger + 0.2 36 Vigr —0.6 | Vagr + 0.6 8 8
SSTL3 II -05 VRer— 0.2 | Vggr +0.2 3.6 VRer —0.8 | Vger + 0.8 16 -16
SSTL21 -05 Vrer - 0.2 | Vgep + 0.2 36 Vger — 0.50 | Vger + 0.50 7.6 76
SSTL2 1I ~05 Veer — 0.2 | Vgep + 0.2 36 Vrer — 050 | Vper +0.50 | 15.2 _15.2
CTT -05 VRer— 0.2 | Vggr +0.2 3.6 Vier—0.4 | Vggr + 0.4 8 -8
AGP -0.5 Vgeg— 0.2 | Vggg +0.2 3.6 10% Veeo | 90% Veeo 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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Spartan-Il 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

Spartan-1l devices unless otherwise noted.

Spartan-Il 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 | -5 Units

Propagation Delays

Pad to | output, no delay All Tiopl 1.0 ns, max

Pad to | output, with delay XC2s15 TioPID 17 ns, max
XC2S30 1.7 ns, max
XC2S50 1.7 ns, max
XC2S100 1.8 ns, max
XC2S150 1.8 ns, max

Pad to output IQ via transparent latch, no delay All TiopLi 2.2 ns, max

Pad to output IQ via transparent latch, with delay XC2s15 TioPLID 4.0 ns, max
XC2S30 4.0 ns, max
XC2S50 4.2 ns, max
XC2S100 4.3 ns, max
XC2S5150 4.3 ns, max

Sequential Delays

Clock CLK to output 1Q TiockiQ 14 ns, max

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

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

Pad, with delay (NOte l) T|OP|CKD/T|O|CKPD 4.7-0.5 ns, min

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

SR input (”:F, synchronous) TIOSRCKI/T|OCK|SR 1.1/0.0 ns, min

Set/Reset Delays

SR input to 1Q (asynchronous) TiosRrIQ 1.6 ns, max

GSR to output 1Q Tesro 13.0 ns, max

Note 1: With delay, the IOB hold time is negative. This reduces or eliminates pad-to-pad hold time.
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Spartan-1l 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 Units
Propagation Delays
O input to Pad Tioop 6.1 ns, max
O input to Pad via transparent latch TiooLp 6.4 ns, max
3-State Delays
T input to Pad high-impedance TioTHZ 15 ns, max
T input to valid data on Pad TioTon 6.6 ns, max
T input to Pad high-impedance via transparent latch T\oTLPHZ 2.2 ns, max
T input to valid data on Pad via transparent latch TioTLPON 6.6 ns, max
GTS to Pad high impedance TeTs 6.7 ns, max
Sequential Delays
Clock CLK to Pad Tiockp 7.7 ns, max
Clock CLK to Pad high-impedance (synchronous) TioCKHZ 2.8 ns, max
Clock CLK to valid data on Pad (synchronous) Tiockon 7.7 ns, max
Setup Times before Clock CLK
(e} il’lput T|OOCK 0.6 ns, min
OCE input T|OOCECK 1.0 ns, min
SR input (OFF) T|OSRCKO 1.1 ns, min
3-State Setup Times
TCE input T|OTCECK 1.0 ns, min
T input TioTck 0.3 ns, min
SR input (TFF) T|OSRCKT 1.1 ns, min
Hold Times after Clock CLK
All Hold Times 0.0 0.0 ns, min
Set/Reset Delays
SR input to Pad (asynchronous) Tiosrp 6.6 ns, max
SR input to Pad high-impedance (asynchronous) TI0SRHZ 3.0 ns, max
SR input to valid data on Pad (asynchronous) TiosrRON 7.9 ns, max
GSR to Pad TGsrQ 13.0 ns, max
Output Delay Adjustments
Standard-specific increments for delays terminating at pads (based on LVTTL, Slow,2 mA 175 ns
standard capacitive load, Csl) 4 mA 7.6 ns
6 mA 4.0 ns
8 mA 1.6 ns
12 mA 0.0 ns
16 mA -0.3 ns
24 mA -0.8 ns
LVTTL, Fast,2 mA 15.3 ns
4 mA 4.7 ns
6 mA 1.7 ns
8 mA -1.2 ns
12 mA -2.5 ns
16 mA 2.7 ns
24 mA -3.0 ns
LVCMOS2 -2.7 ns
PCI, 33 MHz, 3.3V 0.4 ns
PCl, 33 MHz, 5.0V -1.2 ns
PCl, 66 MHz, 3.3V -3.6 ns
GTL -3.5 ns
GTL+ -2.5 ns
HSTL | -3.7 ns
HSTL Il -3.7 ns
HSTL IV -3.9 ns
SSTL3 | -3.3 ns
SSTL3 I -3.9 ns
SSTL2 | -3.2 ns
SSTL2 1l -3.7 ns
CTT -3.4 ns
AGP -3.8 ns
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Calculation of T,
Capacitance

pasa Function of

The values for Ty, were based on the standard capacitive
load (Csl) for each |0 standard as listed in Table 34.

For other capacitive loads, use the formulas below to calcu-

late the corresponding Tgp:
Top = Topsl * (Cioad — Cs)) * fl
Where:

Topsi Is the Ty, reported above in the Output Delay

Adjustment section.

Cioad is the capacitive load for the design.

Table 34: Constants for Use in Calculation of Ty,

Table 34: Constants for Use in Calculation of Ty,

Standard Csl (pF) | fl (ns/pF)

LVTTL Slow Slew Rate, 4 mA drive 35 0.20
LVTTL Slow Slew Rate, 6 mA drive 35 0.14
LVTTL Slow Slew Rate, 8 mA drive 35 0.086
LVTTL Slow Slew Rate, 12 mA 35 0.058
drive

LVTTL Slow Slew Rate, 16 mA 35 0.053
drive

LVTTL Slow Slew Rate, 24 mA 35 0.44
drive

HSTL Class | 20 0.022
HSTL Class Il 20 0.016
HSTL Class IV 20 0.014
SSTL2 Class | 30 0.028
SSTL2 Class 30 0.016
SSTL3 Class | 30 0.029
SSTL3 Class 30 0.016
CTT 20 0.035
AGP 10 0.037
GTL 0 0.014
GTL+ 0 0.017
PCI 33MHz, 5V 50 0.050
PCI 33MHZ, 3V 10 0.050
PCI 66 MHz, 3V 10 0.033

Standard Csl (pF) | fl (ns/pF)

LVCMOS2 35 0.041
LVTTL Fast Slew Rate, 2 mA drive 35 0.41
LVTTL Fast Slew Rate, 4 mA drive 35 0.20
LVTTL Fast Slew Rate, 6 mA drive 35 0.13
LVTTL Fast Slew Rate, 8 mA drive 35 0.079
LVTTL Fast Slew Rate, 12 mA 35 0.048
drive

LVTTL Fast Slew Rate, 16 mA 35 0.043
drive

LVTTL Fast Slew Rate, 24 mA 35 0.033
drive

LVTTL Slow Slew Rate, 2 mA drive 35 0.41

Spartan-1l 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 Spartan-11 IOB Output
Switching Characteristics table on page 52.

Speed Grade
Description Symbol -6 | 5 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 | Note 1 ns, max

Note 1: These dfelays may be calculated by adding the Clock-to-Pad delay from the Spartan-Il IOB Input Switching Characteristics
table on page 51 to the GCLK-pad-to-flip-flop delay shown in the Spartan-Il Clock Distribution Guidelines table on page 54.
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Spartan-Il Clock Distribution Guidelines

Speed Grade

Description Symbol -6 -5 Units
GCLK Distribution
From GCLK pad to any flip-flop XC2S15 ns, max
XC2S30 ns, max
Note: These clock-distribution delays are provided XC2S50 ns, max
for guidance only. They reflect the delays encoun- XC2S100 ns, max
. . . . XC2S150 ns, max
tered in a typical design under worst-case condi- ns. max
tions. Precise values for a particular design are ns: max
provided by the timing analyzer. ns, max
ns, max
Spartan-Il Clock Distribution Switching Characteristics
Speed Grade
Description Symbol -6 -5 Units
GCLK IOB and Buffer
Global Clock PAD to output. TeriD 1.3 ns, max
IN input to OUT output Teio 12 ns, max

Spartan-1l 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 Units

Combinatorial Delays
4-input function: F/G inputs to X/Y outputs Tio 0.8 ns, max
5-input function: F/G inputs to F5 output Ties 12 ns, max
5-input function: F/G inputs to X output TiEsx 13 ns, max
6-input function: F/G inputs to Y output via F6 MUX Tirey 1.6 ns, max
6-input function: F5IN input to Y output Tesiny 0.6 ns, max
Incremental delay routing through transparent latch to XQ/YQ outputs TiENCTL 0.6 ns, max
BY input to YB output

TBYYB 0.7 ns, max
Sequential Delays
FF Clock CLK to XQ/YQ outputs Tcko 14 ns, max
Latch Clock CLK to XQ/YQ outputs TckLo 0.9 ns, max
Setup Times before Clock CLK
4-input function: F/G Inputs Tick 1.2 ns, min
5-input function: F/G inputs TiEsck 1.8 ns, min
6-input function: F5IN input TesineK 1.0 ns, min
6-input function: F/G inputs via F6 MUX TiFscK 2.0 ns, min
BX/BY inputs Tpick 2.0 ns, min
CE input Tceck 1.0 ns, min
SR/BY inputs (synchronous) Trek 1.7 ns, min
Hold Times after Clock CLK
All Hold Times | | 0.0 ns, min
Clock CLK
Minimum Pulse Width, High Tch 2.0 ns, min
Minimum Pulse Width, Low TeoL 2.0 ns, min
Set/Reset
Minimum Pulse Width, SR/BY inputs Trpw 3.9 ns, min
Delay from SR/BY inputs to XQ/YQ outputs (asynchronous) Tro 2.2 ns, max
Delay from GSR to XQ/YQ outputs TGsro 13.0 ns, max
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Spartan-1l 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 Units
Combinatorial Delays
F operand inputs to X via XOR Topx 1.0 ns, max
F operand input to XB output Topxs 16 ns, max
F operand input to Y via XOR Topy 2.2 ns, max
F operand input to YB output Topve 17 ns, max
F operand input to COUT output TopcvE 1.7 ns, max
G operand inputs to Y via XOR Topcy 13 ns, max
G operand input to YB output Topcys 1.9 ns, max
G operand input to COUT output Topcve 18 ns, max
BX initialization input to COUT Texcy 1.0 ns, max
CIN input to X output via XOR Teinx 0.6 ns, max
CIN input to XB Tcinxs 0.1 ns, max
CIN input to Y via XOR Teiny 0.7 ns, max
CIN input to YB Teinys 0.2 ns, max
CIN input to COUT output
Multiplier Operation Teyp 0.2 ns, max
F1/2 operand inputs to XB output via AND TEANDXB 0.6 ns, max
F1/2 operand inputs to YB output via AND TEANDYB 0.6 ns, max
F1/2 operand inputs to COUT output via AND TeaNDCY 0.6 ns, max
G1/2 operand inputs to YB output via AND TeANDYB 05 ns, max
G1/2 operand inputs to COUT output via AND TeaNDCY 0.5 ns, max
Setup Times before Clock CLK
CIN input to FFX Teekx 11 ns, min
CIN input to FFY Teeky 11 ns, min
Setup Time Adjustment ns
Hold Times after Clock CLK
All Hold Times | | 0.0 ns, min

Spartan-ll CLB SelectRAM Switching Characteristics

Speed Grade

Description Symbol -6 -5 Units
Sequential Delays
Clock CLK to X/Y outputs (WE active) TsHcko 3.0 ns, max
Shift-Register Mode
Clock CLK to X/Y outputs 3.0 ns, max
Setup Times before Clock CLK
F/G address inputs Tas/Tan 0.8 ns, min
BX/BY data inputs (DIN) Tps/ToH 1.3 ns, min
CE input (WE) Tws/TwH 0.7 ns, min
Shift-Register Mode
BX/BY data inputs (DIN) TsHDpICK 0.9 ns, min
CE input (WS) TsHcECK 1.0 ns, min
Hold Times after Clock CLK
All Hold Times | | 0.0 | ns, min
Clock CLK
Minimum Pulse Width, High TweH 3.1 ns, min
Minimum Pulse Width, Low TwpL 3.1 ns, min
Minimum clock period to meet address write cycle time Twe 7.7 ns, min
Shift-Register Mode
Minimum Pulse Width, High TsrPH 3.1 ns, min
Minimum Pulse Width, Low TsrpL 3.1 ns, min

DS001 (v0.9) March 3, 2000 - Advance Product Specification 4-55



Spartan-1l 2.5V Family Field Programmable Gate Arrays

SXILINX®

Spartan-l1l BLOCKRAM Switching Characteristics

Speed Grade

Description Symbol -6 | -5 Units
Sequential Delays
Clock CLK to DOUT output Tacko | | 44 ns, max
Setup Times before Clock CLK
ADDR inputs Teack 1.6 ns, min
DIN inputs Tepck 1.6 ns, min
EN input TeECK 3.6 ns, min
RST input Terek 3.3 ns, min
WEN input Tewck 3.2 ns, min
Hold Times after Clock CLK
All Hold Times | | 00 ns, min
Clock CLK
Minimum Pulse Width, High TepwH 2.0 ns, min
Minimum Pulse Width, Low TepwL 2.0 ns, min
CLKA -> CLKB setup time for different ports Teces 4.0 ns, min

Spartan-ll TBUF Switching Characteristics

Speed Grade

Description Symbol -6 -5 Units
Combinatorial Delays
IN input to OUT output Tio 0.2 ns, max
TRI input to OUT output high-impedance Torr 0.2 ns, max
Tri input to valid data on OUT output Ton 0.2 ns, max

Spartan-1l Test Access Port Switching Characteristics

Speed Grade

Description Symbol -6 -5 Units
TMS and TDI Setup times before TCK TraPTCK 4.0 ns, min
TMS and TDI Hold times after TCK TrekTAP 2.0 ns, min
Output delay from clock TCK to output TDO TtckTDO 11.0 ns, max
Maximum TCK clock frequency Frck 33 MHz, max

For a complete Spartan and Spartan-XL data sheet including
package pinouts, go to the CD-ROM or Xilinx web site:

www.Xilinx.com/partinfo/databook.htm
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Pin Definitions

Table 35: Special Purpose Pins

Pin Name Ded;icr?ted Direction Description

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

GCK2, GCK3 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: it is 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 Slave Parallel mode, BUSY controls the rate at which config-

DOUT uration data is loaded. The pin becomes a user I/O after config-
uration unless the Slave Parallel port is retained. In serial modes,
DOUT provides configuration data to downstream devices in a
daisy-chain. The pin becomes a user I/O after configuration.

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

D1, D2, These pins become user 1/Os after configuration unless the

D3, D4, Slave Parallel port is retained. In serial modes, DIN is the single

D5, D6, data input. This pin becomes a user I/O after configuration.

D7

WRITE No Input In Slave Parallel mode, the active-low Write Enable signal. The
pin becomes a user I/O after configuration unless the Slave Par-
allel port is retained.

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

TDI, TDO, TMS, TCK Yes Mixed Boundary-scan Test-Access-Port pins (IEEE 1149.1).

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

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

VREE No Input Input threshold voltage pins. Become user I/Os when an external
threshold voltage is not needed (subject to banking rules).

GND Yes Input Ground

PWDN Yes Input The pin is held High during normal operation and pulled Low for
power down mode.

STATUS Yes Output The pin goes Low when the part is in power down mode and is

released High when part is ready to resume normal operation.

DS001 (v0.9) March 3, 2000 - Advance Product Specification

4-57



Spartan-1l 2.5V Family Field Programmable Gate Arrays 2:X||_|NX®

Spartan-Il Product Availability

Table 36 shows the package and speed grades available for Spartan-Il family devices. Table 37 shows the maximum user
I/Os available on the device and the number of user I/Os available for each device/package combination.

Table 36: Spartan-Il Package and Speed Grade Availability

Pins 100 144 144 208 256 456
Chip Scale Fine Pitch Fine Pitch
Type | Plast. VQFP | Plast. TQFP BGA Plast. PQFP BGA BGA
Device Code VQ100 TQ144 CS144 PQ208 FG256 FG456
XC2S15 > c c © - - -
-6 ©) (©) ©) - - -
XC2S30 > c c © c - -
-6 ©) (©) (©) ©) - -
XC2S50 > - c - c c -
-6 - (©) - ©) (©) -
XC2S100 > - c - c c c
-6 - (©) - ©) (©) (©)
XC2S150 > - - - c c c
-6 - - - (C) (C) (C)
9/28/99 RAM
C = Commercial T;=0°to +85°C () Parentheses indicate future product plans
| = Industrial T; = -40°C to +100°C
Table 37: Spartan-Il Maximum User 1/O Availability
Max 1/0 Package Type
Device SW* | Pkg.* VQ100 TQ144 CS144 PQ208 FG256 FG456
XC2S15 96 86 60 86 86 - - -
XC2S30 144 132 60 92 92 132 - -
XC2S50 192 176 - 92 - 140 176 -
XC2S100 240 | 196 - 92 - 140 176 196
XC2S150 288 | 260 - - - 140 176 260

11/18/99 RAM

*"SW" indicates the max number of IOs on Die including buried 10s, "PKG" indicates the max number of 10s available to the user in the largest packages.
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Ordering Code Format

Example: XC2S50 -6 PQ 208 C

Device Type Temperature Range
C = Commercial (T = 0°C to +85°C)
| = Industrial (T; = —40°C to +100°C)

Speed Grade

2 L Number of Pins
Package Type
CS = Chip-scale Package
FG = Fine-pitch Ball Grid Array
PQ = Plastic Quad Flat Pack
TQ = Thin Quad Flat Pack
VQ = Very Thin Quad Flat Pack
Version No. Date Who Description
0.1 6/29/99 RAM Initial Review Version
0.2 712199 RAM Corrected I/O Count Errors, Misc. Errors
0.3 8/15/99 RAM Corrected CLB count & BGA legend
0.4 9/28/99 RAM Major Update - Speed, packages, architecture, etc.
0.5 10/15/99 | RAM Added Proposed TQ144 pinouts & minor corrections
0.6 11/8/99 RAM Corrections to TQ144 and other tables
0.7 11/30/99 | RAM Update Arch Section, misc fixes
0.8 1/17/00 KEG No. of RAM blocks/device, Vcq bank assignments on XC2S50 and XC2S100, misc.
0.9 3/3/00 KEG Added bank assoications to pinout tables, changed XC2S15 VQ100 pin 33 from I/O to
Vceint- Added Delay-Locked Loop, BlockRAM, and Versatile 1/O Design Consider-
ations section.
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Spartan and Spartan-XL Families
Field Programmable Gate Arrays
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Introduction

The Spartan™ 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 14 years of
FPGA design experience and feedback from thousands of
customers. By streamlining the Spartan series feature set,
leveraging advanced hybrid process technologies and
focusing on total cost management, the Spartan series
delivers the key features required by ASIC and other high-
volume logic users while avoiding the initial cost, long
development cycles and inherent risk of conventional
ASICs. The Spartan and Spartan-XL families in the
Spartan series have ten members, as shown in Table 38.

Spartan and Spartan-XL Features

Note: The Spartan series devices described in this data
sheet include the 5V Spartan family and the 3.3V
Spartan-XL family. See the separate data sheet for the
2.5V Spartan-Il family.

» First ASIC replacement FPGA for high-volume
production with on-chip RAM

* Advanced process technology

» Density up to 1862 logic cells or 40,000 system gates

» Streamlined feature set based on XC4000 architecture

» System performance beyond 80 MHz

» Broad set of AllianceCORE™ and LogiCORE™
predefined solutions available

« Unlimited reprogrammability

e Low cost

¢ System level features
- Available in both 5V and 3.3V 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
- Internal 3-state bus capability
- Eight global low-skew clock or signal networks
- |EEE 1149.1-compatible Boundary Scan logic
¢ \Versatile /0 and packaging
- Low cost plastic packages available in all densities
- Footprint compatibility in common packages
- Individually programmable output slew-rate control
maximizes performance and reduces noise
- Zero input register hold time simplifies system timing
¢ Fully supported by powerful Xilinx development system
- Foundation Series: Integrated, shrink-wrap software
- Alliance Series: Dozens of PC and workstation third
party development systems supported
- Fully automatic mapping, placement and routing

Additional Spartan-XL Features

e 3.3V supply for low power with 5V tolerant I/Os
¢ Power down input

¢ Higher performance

¢ Faster carry logic

¢ More flexible high-speed clock network

¢ Latch capability in Configurable Logic Blocks

* Input fast capture latch

¢ Optional mux or 2-input function generator on outputs
¢ 12 mA or 24 mA output drive

¢ 5V and 3.3V PCI compatible

¢ Enhanced Boundary Scan

* Express Mode configuration

¢ Chip scale packaging

Table 38: Spartan and Spartan-XL 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
XCS05 & XCS05XL 238 5,000 2,000 - 5,000 10x 10 100 360 77
XCS10 & XCS10XL 466 10,000 3,000 - 10,000 14 x 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 2,016 224
* Max values of Typical Gate Range include 20-30% of CLBs used as RAM.
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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 series 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 architecture and
semiconductor technology. Spartan and Spartan-XL
devices provide system clock rates exceeding 80 MHz and
internal performance in excess of 150 MHz. In contrast to
other FPGA devices, the Spartan series offers the most
cost-effective solution while maintaining leading-edge per-
formance. In addition to the conventional benefit of high vol-
ume programmable logic solutions, Spartan series 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/XL families leverage the highly successful
XC4000 architecture with many of that family’s features and
benefits. Technology advancements have been derived
from the XC4000XLA process developments.

B- osc
— :
»‘f» ->‘f-> ->‘f-> »‘f»
e[l [Jesl[] [esl[] [Jes[]
v ¢ v ¢t v ¢t v ¢
vy 1 vy t vyt vyt
e[l [eel[] [Jeos[] [Jeosl[]
vy ¢ v ¢ v ¢ v ¢

Routing Channels

v 1 v { v ¢ v 1
X g U N e R N W N e
<_CLB<_ <_CLB<_ ‘_CLB« <_CLB<_
v ¢ v v t v t
11 [} 1 1 1 1
] > > > > > > >
CLB CLB CLB CLB
j<— | - <] <~ < e
v ¢ v ¢ v ¢ v ¢t

=pElE
;

|€—i

RDBK

EE

t

START

VersaRing Routing Channel

Rev 2.0

Figure 1: Basic FPGA Block Diagram
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Logic Functional Description

The Spartan series uses a standard FPGA structure as
shown in Figure 1 on page 62. 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 (I0OBs) 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 IOBs.

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 72.

Function Generators

Two 16 x 1 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 o
G4 —G4 SR
. D QF—YQ
Logic
G3 G3 Function
of ] CK
G2 —G2 G1-G4
N EC
61 ——{G1 H-LUT
oL i
SR Logic v
Function :
H1 I I of /
F.G,H1
DIN Qr F @ N\
|
F4 —F4 SR
- A D Ql— xQ
Logic L J
F3 F3 Function ®
of : ® CK
F2 —F2 Fi1-F4 /
@®—|EC
F1 —F1 N
F-LUT X
Multiplexer Controlled /
K | by Configuration Program L J
EC Rev 1.0
Figure 2: Spartan/XL 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 63). 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 78.

Latches (Spartan-XL only)

The Spartan-XL 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 39.

Table 39: CLB Storage Element Functionality

Mode CK EC SR D Q
Power-Up or
GSR X X X X SR
lin-Fl X X 1 X SR
Flip-Flop 1 | o D D
Operation —
0 X 0* X Q
Latch Operation 1 1* o* X Q
(Spartan-XL) 0 1* o* D D
Both X 0 o* X Q
Legend:
X Don't care
| 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)

r |
| |
| |
| |
| GSR |
| |
| sb |
D D Q — Q
| |
CK |
| =D |
EC |
| Vce |
Lo Rev1.1l_ |

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.
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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 63) 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:

» 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
C1l @
Cc2 @
SR
C3 @
®
c4 @—
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 10B controls one package pin and can be con-
figured for input, output, or bidirectional signals. Figure 5 on
page 66 shows a simplified functional block diagram of the
Spartan/XL |OB.

IOB Input Signal Path

The input signal to the IOB can be configured to either go
directly to the routing channels (via 11 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 40,
and a simplified block diagram of the register can be seen
in Figure 6.

Table 40: Input Register Functionality

Mode CK EC D Q
Power-Up or X X X SR
GSR
Flip-Flop | 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
! 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)
r— - - — — — — — — T
I I
| GSR |
I I
I I
| = |
D D Q — Q
I I
CK |
I RD I
EC |
| Vce I— |
L - - - - _— __— Rev1l_|

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 I0B data input path has a one-tap delay ele-
ment: either the delay is inserted (default), or it is not. The
Spartan-XL IOB 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 global clock buffers.
(See “Global Nets and Buffers” on page 71 for a description
of the global clock buffers in the Spartan/XL families.) 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 (1.2V) 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 3.3V device, if the Spartan inputs are in TTL mode.
Spartan-XL inputs are TTL compatible and 3.3V CMOS
compatible.

Supported sources for Spartan/XL device inputs are shown
in Table 41.

Spartan-XL 1/Os are fully 5V tolerant even though the V¢
is 3.3V. This allows 5V signals to directly connect to the
Spartan-XL inputs without damage, as shown in Table 41.
In addition, the 3.3V V¢ can be applied before or after 5V
signals are applied to the 1/0s. This makes the Spartan-XL
devices immune to power supply sequencing problems.

|— GTS —|
N
T _£
) o o
Ve OUTPUT DRIVER
Ii CK Programmable Slew Rate
OK Programmable TTL/CMOS Drive
EC
/ ® Package
Pad
11
\j (I INPUT BUFFER
12 Kl» Delay
N
D Q
Programmable
Pull-Up/ ||
K cK Pull-Down
Network

EC @ EC D Multiplexer Controlled

L

by Configuration Program

Rev 1.Q

Figure 5: Simplified Spartan/XL IOB Block Diagram
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Table 41: Supported Sources for Spartan/XL Inputs

Spartan Spartan-XL
Inputs Inputs
Source 5V, 5V, 3.3V

TTL |CMOS CMOS
Any device, Ve = 3.3V, N N
CMOS outputs .
Spartan family, Vec =5V, | U‘:t:f;'_ J
TTL outputs Data
Any device, Vo =5V, N N
TTL outputs (Von < 3.7V)
Any device, Ve =5V, J J V (default
CMOS outputs mode)

Table 42: 1/0 Standards Supported by Spartan-XL FPGAs

Spartan-XL V¢ Clamping

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

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

Spartan-XL devices are compatible with TTL, LVTTL, PCI
3V, PCI 5V and LVCMOS signalling. The various standards
are illustrated in Table 42.

Signaling VCC
Standard Clamping |Output Drive| ViH mMAX ViH MIN ViL Max VoH MIN VoL max
TTL Not allowed 12/24 mA 5.5 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 5.5 2.0 0.8 2.4 0.4
PCI3V Required 12 mA 3.6 50% of Ve | 30% of Ve | 90% of Ve | 10% of Ve
LVCMOS 3V OK 12/24 mA 36 50% of Voo | 30% of Vee | 90% of Vee | 10% of Ve

Additional Fast Capture Input Latch (Spartan-XL only)

The Spartan-XL 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 IOB
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 |OB.

IOB 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 43.

Table 43: Output Flip-Flop Functionality

Clock
Mode Clock Enable T D Q
Power-Up X X 0* X SR
or GSR
X 0 0o* X Q
Flip-Flop ! 1 o* D D
X X 1 X A
0 X 0* X Q
Legend:
X Don't care
! 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
(Spartan-XL only)

The output path in the Spartan-XL IOB 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.
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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 IOB 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
labeled "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 7.

OMUX2

—F DO
— o
D1
OAND2 Zeson M

Figure 7: AND & MUX Symbols in Spartan-XL 10B

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 /0. 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 IOB (see Figure 5 on page 66). An output can be con-
figured as open-drain (open-collector) by tying the 3-state
pin (T) to the output signal, and the input pin (I) to Ground.

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 Ve, This
option, applied using the bitstream generation software,
applies to all outputs on the device. Itis not individually pro-
grammable.

All Spartan-XL device outputs are configured as CMOS
drivers, therefore driving rail-to-rail. The Spartan-XL out-
puts are individually programmable for 12 mA or 24 mA out-
put drive.

Any 5V Spartan device with its outputs configured in TTL
mode can drive the inputs of any typical 3.3V device. Sup-
ported destinations for Spartan/XL device outputs are
shown in Table 44.

Three-State Register (Spartan-XL Only)

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

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.

Spartan/XL devices have a feature called "Soft Start-up,"”
designed to reduce ground bounce when all outputs are
turned on simultaneously at the end of configuration.
When the configuration process is finished and the device
starts up, the first activation of the outputs is automatically
slew-rate limited. Immediately following the initial activation
of the 1/O, the slew rate of the individual outputs is deter-
mined by the individual configuration option for each I0B.

Pull-up and Pull-down Network

Programmable pull-up and pull-down resistors are used for
tying unused pins to V¢ or Ground to minimize power con-
sumption and reduce noise sensitivity. The configurable
pull-up resistor is a p-channel transistor that pulls to V¢c.
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 96.). This high value
makes them unsuitable as wired-AND pull-up resistors.

Table 44: Supported Destinations for Spartan/XL
Outputs

Spartan-XL Spartan
Outputs Outputs
Destination 3.3V, 5V, 5y,
CMOS TTL | CMOS
Any device, V¢ = 3.3V, N V| Somel
CMOS-threshold inputs
Any device, V¢ = 5V, V \/ \/
TTL-threshold inputs
Any device, Ve = 5V, Unreliable N
CMOS-threshold inputs Data
1. Only if destination device has 5V tolerant inputs
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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.

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-con-
trolled set/reset signal is available to the 1/O flip-flops
(Figure 6). The choice of set or reset applies to both the ini-
tial 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 OB are independent.

Common Clock Enables

The input and output flip-flops in each 10B 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/XL CLB. It cannot
be inverted within the IOB.

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/XL devices. Figure 8 shows a general block dia-
gram 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 FPGA 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.

¢ |OB routing channels which form a ring (called a
VersaRing) around the outside of the CLB array. It
connects the I/O 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.

H X X T
gg PSM PSM PSM gg} 8 Singles
1 X X ::} 2 Doubles
%Y } 3 Longs
CLB CLB
X X X X X
S S } 3 Longs
1 X X __} 2 Doubles
H PSM PSM PSM £
- X X T
gt N o N ~ Rev12
2 Doubles 3 Longs 8 Singles 3 Longs 2 Doubles

Figure 8: Spartan/XL 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 four 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

—F4
4—C4
4— G4
—» YQ

CIN—P L v
COUT € 4—G3
G1—Pp
<4—cC3
c1—» CLB
K —p
4—F3
F1—P
X 4_ Rev 1.1

XQ €
F2—P
c2—p
G2—P

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 con-
nectivity 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/XL device longline has a programmable split-

ter switch at its center. This switch can separate the line

into two independent routing channels, each running half
BUFGS

the width or height of the array.
10B 10B
PGCK1 w

SGCK1
4
BUFGP
4 locals
. locals
10B

: locals
BUFGS é
PGCK2

SGCK2 ‘

locals

locals

} Any BUFGS % X4

YAEIN

One BUFGP
per Global Line

locals

BUFGP

locals

Figure 11: 5V Spartan Family Global Net Distribution
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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 77.

I/0 Routing

Spartan/XL devices have additional routing around the I0B
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/XL devices have dedicated global networks.
These networks are designed to distribute clocks and other
high fanout control signals throughout the devices with min-
imal 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
Spartan-XL 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 interconnect.

W
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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 Spartan-XL devices combine short delay,
negligible 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-
tan-XL 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 (Spartan-XL 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 summarized in
Table 45. Any of these possibilities can be individually pro-
grammed into a Spartan/XL 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.

» 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.

¢ 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 45: CLB Memory Configurations

Mode 16x1 (16x1)x 2 32x1
Single-Port N N N
Dual-Port \/

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 63) from which they are originally derived are
shown in Table 46.

Table 46: Single-Port RAM Signals

RAM Signal Function CLB Signal
D Data In DIN or H;
A[3:0] Address Fi-F40r G1-G4
A4 (32 x 1 only) | Address Hy
WE Write Enable SR
WCLK Clock K
SPO Single Port Out Fout or Gout

(Data Out)
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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=4forthe 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 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 T\yos, 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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igure 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 47.

Table 47: Dual-Port RAM Signals

RAM Signal Function C.:LB
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 Fout
(addressed by A[3:0])
DPO Dual Port Out Gourt
(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 through-
put of a single-port RAM alternating read and write opera-
tions.

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.
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Initializing RAM at FPGA Configuration

Both RAM and ROM implementations in the Spartan/XL
families are initialized during device configuration. The ini-
tial 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 Spartan-XL families.

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 normal
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 and Spartan-XL families, speeding up arithmetic
and counting functions.

CLB |---# CLB }-++ CLB |---»/ CLB

Iy E 4 E 4 E Iy

CLB | i CLB | i»| CLB | i| CLB

A i A i A i 4

CLB | -+ CLB | -+ CLB | i+ CLB

A i 4 i 4 i Iy

CLB | i-a| CLB | .4l CLB | 4 CLB

: 7 : 7 : 7
X6610 o ; L ; L ;
Figure 15: Available Spartan/XL Carry Propagation

Paths

The carry chain in 5V 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 Spartan-XL
devices can only run up the column, providing even higher
speed.

Figure 16 on page 76 shows a Spartan/XL CLB with dedi-
cated fast carry logic. The carry logic shares operand and
control inputs with the function generators. The carry out-
puts connect to the function generators, where they are
combined with the operands to form the sums.

Figure 17 on page 77 shows the details of the Spartan/XL
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/XL CLB
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Figure 17: Detail of Spartan/XL 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 48.

~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 48.

Table 48: Three-State Buffer Functionality

IN T ouT

X 1 Z

IN 0 IN
A-K+DB-§+DC-6+DN-N

BUFT

"Weak Keeper"

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

Spartan/XL 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, V¢, 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 OSC4
library element in a schematic or in HDL code. The oscilla-
tor is automatically disabled after configuration if the OSC4
symbol 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 64 for the CLB and Figure 6 on page 65 for the IOB,
sets or clears each flip-flop during power-up, reconfigura-
tion, 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 Q21—
IBUF —GTS Q31—

Q104 —

— 5 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 66 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
embed a standard test logic structure in their device to
achieve high fault coverage for I/O and internal logic. This
structure is easily implemented with a four-pin interface on
any boundary scan compatible device. IEEE 1149.1-com-
patible devices may be serial daisy-chained together, con-
nected in parallel, or a combination of the two.

The Spartan and Spartan-XL families implement |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 dedicated inputs for these functions. Another
user output pin becomes the dedicated boundary scan out-
put. The details of how to enable this circuitry are covered
later in this section.

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 the Spartan/XL 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."
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Figure 20 is a diagram of the Spartan/XL boundary scan
logic. It includes three bits of Data Register per 10B, the
IEEE 1149.1 Test Access Port controller, and the Instruc-
tion Register with decodes.

Spartan/XL devices can also be configured through the
boundary scan logic. See “Configuration Through the
Boundary Scan Pins” on page 91.

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 108 | 108 | 108 | 108 | 108 ‘l
[ o8 08 ]
[ o8B o8 HJ
[H o8 o8 HJ
10B.1
[ o8 o8 H]
[H o8 0B ]
[ 108 08 ]
[H 108 BYPASS o8 H] 10B.Q
REGISTER
L_ 10B.T
M |TDO
oI INSTRUCTION REGISTER u ‘
X

10B.1

Figure 20: Spartan/XL 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.SEL?2) 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/XL 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 49.

DATA IN

L
1 sd 1
—]D D
o Q Q

bL
sd

Dl
0
0
! d
—D Q DSQ )
1
0

sd

SHIFT/
CAPTURE

DATAOUT

CLOCK DATA
REGISTER

UPDATE EXTEST

X9016
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Table 49: Boundary Scan Instructions

Instruction Test I/O Data
12 11|10 | Selected TDO Source Source
0/ 0|0 EXTEST DR DR
0| 0| 1| SAMPLE/ DR Pin/Logic
PRELOAD
0|10 USER 1 BSCAN. User Logic
TDO1
011 USER 2 BSCAN. User Logic
TDO2
1 | 0 | O | READBACK | Readback Data | Pin/Logic
1| 0| 1 |CONFIGURE DOUT Disabled
1,110 IDCODE IDCODE —
(Spartan-XL Register
only)
1101 BYPASS |Bypass Register —

Bit Sequence

The bit sequence within each I0B 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 1/0O 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 the FPGA
Editor), starting 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/XL
devices include the boundary scan locations for each 10B

pin.

Bit 0 ( TDO end) TDO.T
Bit 1 TDO.O
Bit 2
{ Top-edge I10Bs (Right to Left)

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

{ Bottom-edge IOBs (Left to Right)

{ Right-edge 10Bs (Bottom to Top)

(TDI end) BSCANT.UPD

S6075_02

Figure 21: Boundary Scan Bit Sequence

BSDL (Boundary Scan Description Language) files for
Spartan/XL devices are available on the Xilinx website in
the File Download area. Note that the 5V Spartan devices
and 3V Spartan-XL 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 I/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
¢ 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 I\ To User
[ Logic
IBUF
BSCAN
[ToI oI DO TDO
T™MS T™S DRCK [—
TCK TCK IDLE [—
To User
From — TDO1 SEL1 [— Logic
User Logic — TDO2 SEL2 [—
X2675

Figure 22: Boundary Scan Schematic Example
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Boundary Scan Enhancements (Spartan-XL
only)

Spartan-XL devices have improved boundary scan func-
tionality and performance in the following areas:

IDCODE: The IDCODE register is 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:cccecc: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 Spartan-XL family)
v = the die version number (currently Oh)
Table 50: IDCODEs Assigned to Spartan-XL FPGAsS

FPGA IDCODE
XCS05XL 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 IOB is modified to provide
DRCLOCK only during BYPASS for the bypass flip-flop,
and during EXTEST or SAMPLE/PRELOAD for the IOB
register.

Power Down (Spartan-XL Only)

All Spartan/XL devices use a combination of efficient seg-
mented routing and advanced process technology to pro-
vide low power consumption under all conditions. The 3.3V
Spartan-XL 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 No Connect locations on the 5V Spartan device.
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.

V¢ 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 (Figure 23).
On entering the Power-down state, the inputs will be dis-
abled 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 flip-flops. 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 inter-
nal oscillations, or create permanent bus contention by acti-
vating 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 restart 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.

—_— ‘ Trwow ’
PWRDWN
50ns | 50ns-»|

{«——Power Down Mode ——»{

Outputs

Description Symbol Min Max

Power Down Time T pwD 50ns

Power Down Pulse Width | T pywpw 50ns

xap124_1

Figure 23: PWRDWN Pulse Timing
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Note that the PWRDWN pin is not part of the Boundary
Scan chain. Therefore, the Spartan-XL family has a sepa-
rate set of BSDL files than the 5V Spartan family. Boundary
scan logic is not usable during Power Down.

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. Spar-
tan/XL 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 devices have two configuration modes.

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

3V Spartan-XL devices have three configuration modes.

e M1/MO = 11 sets Slave Serial mode
« M1/MO = 10 sets Master Serial mode
e M1/MO = 0OX 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 91.).

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 1/O pins are used tempo-
rarily for the configuration process. All pins used during
configuration are shown in Table 51 and Table 52.

Table 51: Pin Functions During Configuration (Spartan

family only)
CONFIGURATION MODE
<MODE Pin>
SLAVE MASTER USER
SERIAL SERIAL
<High> <L ow> OPERATION
MODE (1) MODE (1) MODE
HDC (HIGH) HDC (HIGH) 110
LDC (LOW) LDC (LOW) 110
INIT INIT 110
DONE DONE DONE
PROGRAM (I) | PROGRAM (1) PROGRAM
CCLK (1) CCLK (O) CCLK (1)
DIN (1) DIN (1) 1/0
DOUT DOUT SGCK4-1/0
TDI TDI TDI-I/O
TCK TCK TCK-I/0
TMS TMS TMS-I/O
TDO TDO TDO-(0)
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 52: Pin Functions During Configuration
(Spartan-XL family only)

CONFIGURATION MODE <M1:M0>

SLAVE MASTER USER
SERIAL SERIAL EXPRESS | OPERATION
<1:1> <1:0> <0:X>
ML(HIGH) (I) | ML(HIGH) (1) | M1(LOW) () M1
MO(HIGH) (I) | MO(LOW) (1) MO (1) MO
HDC (HIGH) HDC (HIGH) HDC (HIGH) I/0
LDC (LOW) LDC (LOW) LDC (LOW) 1/0
INIT INIT INIT 1/O
DONE DONE DONE DONE
PROGRAM () | PROGRAM (I) | PROGRAM (I) | PROGRAM
CCLK (1) CCLK (O) CCLK (1) CCLK (1)
DATA 7 (I) 110
DATA 6 (1) 110
DATA 5 (1) 110
DATA 4 (1) 110
DATA 3 (1) 110
DATA 2 (1) 110
DATA 1 () 110
DIN (I) DIN (1) DATA 0 () 110
DOUT DOUT DOUT GCK®6-1/0
TDI TDI TDI TDI-I/O
TCK TCK TCK TCK-1/O
TMS TMS TMS TMS-I/O
TDO TDO TDO TDO-(O)
Cs1 1/0
ALL OTHERS
Notes 1. A shaded table cell represents the internal pull-up

used before and during configuration.
2. () 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-
quency 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)

@ Tekps

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 24.

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 1/0, 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 25 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

Seriiloli(t?’ldg n_3 X ne2 he 1\_>X n x
X3223
Description Symbol Min Max Units
DIN setu 1 T 20 ns
CCLK p DSCK
DIN hold Tekps 0 ns

Notes:
Low until V¢ is valid.

2. Master Serial mode timing is based on testing in slave mode.

1. At power-up, Ve must rise from 2.0V to V¢ min in less than 25 ms, otherwise delay configuration by pulling PROGRAM

Figure 24: 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 25 shows a full master/slave system. A Spartan/XL
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 25. 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 out-
puts a High on DOUT until it has received its required num-
ber 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 1/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 V¢ if not used as I/0

[ e N/C —— MODE
= pouT > DIN pout >{oIN pouT |—
Spartan vee »| ccLk > CCLK
MASTER XC17S00 +5V Spartan EPGA
SERIAL 33K T SLAVE SLAVE
ceLk >{cik VPP
DIN DATA
> PROGRAM oc > CE CEO[—— —>| PROGRAM —>| RESET
DONE NT > > RESET/OE —| pone INT > —] o NIT >
(Low Reset Option Used)
PROGRAM S9025_02

Figure 25: Master/Slave Serial Mode Circuit Diagram
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DIN % Bit n * Bitn+1
<O Tocc =@ Tcep— ®Tea ‘
CCLK ][ \\ #
@ T ———~—@Tcco
(O?]?pﬂg Bitn-1 Bitn
X5379
Description Symbol Min Max Units
DIN setup 1 Tboee 20 ns
DIN hold 2 Teep 0 ns
DIN to DOUT 3 T 30 ns
CCLK o ceo
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 26: Slave Serial Mode Programming Switching Characteristics

Express Mode (Spartan-XL 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 27). 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 devel-
opment system. The Express mode bitstream is not com-
patible with the other configuration modes (see Table 53 on
page 88.) Express mode is selected by a <OX> on the
Mode pins (M1, MO).

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 28).

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 pull-up). 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 development system
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 Spartan-XL 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 development system options.)
Since the DONE pin is open-drain and does not drive a
High value, tying the DONE pins of all devices together pre-
vents 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 config-
ured. Because only Spartan-XL, 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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DATA BUS

PROGRAM

INIT

CCLK

vcc
Mo M1 Mo M1
Cs1 DOUT > CS1 DOUT
8
DO-D7 > DO-D7
Optional
VvCC Daisy-Chained
Spartan-XL Spartan-XL
3.3K
PROGRAM >| PROGRAM
< INIT DONE ~<—> INIT DONE
CCLK CCLK
4 A

Figure 27: Express Mode Circuit Diagram

}

To Additional
Optional
Daisy-Chained
Devices

To Additional
Optional
Daisy-Chained
Devices

X6611_b
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Description Symbol Min Max Units
INIT (High) setup time 1 5 us
DO - D7 setup time 2 Toc 20 ns
DO - D7 hold time 3 Tep 0 ns
CCLK —
CCLK High time TecH 45 ns
CCLK Low time TeeL 45 ns
CCLK Frequency Fcc 10 MHz
ML
R
B S
_ b)) )
INIT v v
|<—TCD ©)
@1pc—
- /BYTE x BYTEX ’ BYTE
DO-D7 \ 0 : 6 ‘ /
DOUT
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 28: 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/XL devices.
In fast CCLK mode, the frequency ranges from 4 MHz to
10 MHz for Spartan/XL devices. The frequency 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 Spartan-XL
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 53. 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 Spartan-XL
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 54). 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 start-up bytes are "don’t cares".
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Table 53: Spartan/XL Data Stream Formats

. Express Mode
Data Type Serl(agOMo)d es Io(DO-D7)
(Spartan-XL 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(n-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 Spartan-XL
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 53. 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.
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Table 54: Spartan/XL 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)
IOBs 80 112 160 192 224
Part Number XCS05 | XCSO05XL | XCS10 |XCSI10XL| 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 79,064 128,480 221,048 298,688 387,848
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

Spartan-XL device)

Number of Frames = (36 x number of columns) + 26 for the left edge + 41 for the right edge + 1 (+ 1 for Spartan-XL 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 "1" 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, + 24 additional bits.

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 29. The checksum consists of the 11 most signifi-
cant 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/XL power-up
configuration sequence.

« Configuration Memory Clear
 Initialization

« Configuration

o Start-up

The full process is illustrated in Figure 30.
Configuration Memory Clear

When power is first applied or is reapplied to an FPGA, an
internal circuit forces initialization of the configuration logic.

When V¢ 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 Vc. 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
OhH ) ) EEEGBIELOHEGE ) )i
SERIAL DATA IN

Polynomial: X16 + X15 + X2 + 1

¥
e 112101 15[1413]12]11]10[9[ 8] 7[6]5]

LAST DATA FRAME —»| @ |[«—— CRC — CHECKSUM ——>

Readback Data Stream xares

Figure 29: Circuit for Generating CRC-16
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Boundary Scan
Instructions
Available:

Test MODE, Generate
One Time-Out Pulse
of 16 or 64 ms

Keep Clearing
Configuration Memory

Completely Clear
Configuration Memory
Once More

EXTEST*

SAMPLE/PRELOAD
BYPASS

CONFIGURE*

(* if PROGRAM = High)

INIT
High? if
Master

Sample
Mode Line

Master CCLK

PROGRAM
= Low

~1.3 us per Frame

Master Delays Before
Sampling Mode Line

Goes Active v

Load One
Configuration
Data Frame

SAMPLE/PRELOAD
BYPASS

Pull INIT Low
and Stop

=H

L, HDC Output

LDC Output

Pass
Configuration
Data to DOUT

CCLK
Count Equals
Length
Count

Start-Up
Sequence

Operational
EXTEST

SAMPLE PRELOAD
BYPASS

USER 1

USER 2
CONFIGURE
READBACK

If Boundary Scan
is Selected

Figure 30: Power-up Configuration Sequence

1/0 Active

$6076_01

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
frames are consecutively initialized, using the internal oscil-
lator.

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.

Initialization

During initialization and configuration, user pins HDC, LDC,
INIT and DONE provide status outputs for the system inter-
face. The outputs LDC, INIT and DONE are held Low and
HDC is held High starting at the initial application of power.

The open drain INIT pin is released after the final initializa-
tion pass through the frame addresses. There is a deliber-
ate delay before a Master-mode device recognizes an
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.

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-
tan-XL Express mode, the length count bits are ignored,
and DOUT is held Low, to disable the next device in the
pseudo daisy chain.

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 configura-
tion clock is selected by the bitstream, the slower clock rate
is used until this configuration bit is detected.

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
by pulling the open-drain INIT pin Low. After all configura-
tion frames have been loaded into an FPGA using a serial
mode, DOUT again follows the input data so that the
remaining data is passed on to the next device. In
Spartan-XL Express mode, when the first device is fully
programmed, DOUT goes High to enable the next device in
the chain.
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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 30 on page 90.)

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 Spar-
tan/XL PROGRAM pin has a permanent weak pull-up.
Avoid holding PROGRAM Low for more than 500 ps.

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 externally,
the device determines its configuration mode by capturing
the state of the Mode pins, and is ready to start the config-
uration process. A master device waits up to an additional

300 us to make sure that any slaves in the optional daisy
chain have seen that INIT is High.

Configuration Through the Boundary Scan
Pins

Spartan/XL devices can be configured through the bound-
ary scan pins. The basic procedure is as follows:

+ Power up the FPGA with INIT held Low (or drive the
PROGRAM pin Low for more than 300 ns followed by a
High while holding INIT Low). Holding INIT Low allows
enough time to issue the CONFIG command to the
FPGA. The pin can be used as 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 Spartan-XL devices.
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IF UNCONNECTED,
DEFAULT IS CCLK

D READ_TRIGGER TRIG

DATA READ_DATA
> o D

READBACK OBUF

RIP

IBUF

Figure 31: 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 RAMSs.

Readback of Spartan-XL Express mode bitstreams results
in data that does not resemble the original bitstream,
because the bitstream format differs from other modes.

Spartan/XL 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, instantiate the
READBACK library symbol and attach the appropriate pad
symbols, as shown in Figure 31.

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 \ data
stream includes sampled values of CLB and I0B signals.
The rising edge of RDBK.TRIG latches the inverted values
of the four CLB outputs, the IOB output flip-flops and the

51786_01

input signals 11 and 12. Note that while the bits describing
configuration (interconnect, function generators, and RAM
content) are not inverted, the CLB and IOB 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
Readback 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
indicated 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 con-
trol 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 53 and Table 54.

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.

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 /

@ TRTRC :TRCRTj\@

rdclk.| W
@TRCL TRCH @

5 ;
N/
@TRTRC» TRCRT»‘ @

{ C
) T
rdbk.RIP @
> TRCRR

( {

T )
rdbk DATA )[ DUMMYX DUMMY X VALIDX VALID /

(

T

TRCRD@

Spartan and Spartan-XL Readback

X1790

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 TRcrD - 250 ns
rdbk.RIP delay 6 TRCRR - 250 ns
High time 5 TrcH 250 500 ns
Low time 4 TreL 250 500 ns
Note 1: Timing parameters apply to all speed grades.
Note 2: If rdbk.TRIG is High prior to Finished, Finished will trigger the first Readback.
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Configuration Switching Characteristics

Vcee /V‘ Tror
PROGRAM
Te
INIT

CCLK OUTPUT or INPUT

Mode Pins
(Required)
x1532_01

Master Mode

Ticek

-/

VALID X

¢

<— Tcewk

DONE RESPONSE

110

RE-PROGRAM

—> <+— >300ns
 Ie—

—» |[€¢— <300ns

|-

—» |4— <300 ns

Description Symbol Min Max Units
Power-on Reset Tror 40 130 ms
Program Latency Tp 30 200 us per
CLB column
CCLK (output) Delay Ticck 40 250 us
CCLK (output) Period, slow Teelk 640 2000 ns
CCLK (output) Period, fast Teelk 80 250 ns
Slave Mode
Description Symbol Min Max Units
Power-on Reset Tpor 10 33 ms
Program Latency Tp| 30 200 us per
CLB column
CCLK (input) Delay (required) Ticck 4 us
CCLK (input) Period (required) Teelk 80 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 AC 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 V¢ +0.5 \Y
V1s Voltage applied to 3-state output (Note 2, 3) -0.5t0 V¢ +0.5 \%
Tsto Storage temperature (ambient) —65 to +150 °C
TsoL Maximum soldering temperature (10s @ 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 0.5V or 10 mA, whichever is
easier to achieve.

3: Maximum AC (during transitions) conditions are as follows; the device pins may undershoot to —2.0V or overshoot to + 7.0V,
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
TiN 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: 1.5V for TTL and 2.5V for CMOS.
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Spartan DC Characteristics Over Operating Conditions

Symbol Description Min Max Units
VoH High-level output voltage @ Igy = —4.0 MA, Ve min TTL outputs 2.4 \%
High-level output voltage @ Igy = —1.0 mA, Ve min CMOS outputs Vee - 0.5 \Y
VoL Low-level output voltage @ I, = 12.0 mA, Ve min TTL outputs 0.4 \
(Note 1) CMOS outputs 0.4 v
lcco Quiescent FPGA supply current (Note 2) Commercial 3.0 mA
Industrial 6.0 mA
I Input or output leakage current -10 +10 UA
CiN Input capacitance (sample tested) 10 pF
IrPU Pad pull-up (when selected) @ V,y = 0V (sample tested) 0.02 0.25 mA
IrRPD Pad pull-down (when selected) @ V,y = 5V (sample tested) 0.02 mA

Note 1: With 50% of the outputs simultaneously sinking 12 mA, up to a maximum of 64 pins.
Note 2: With no output current loads, no active input pull-up resistors, all package pins at V¢ 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 IOB 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 guaran-
teed 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 guide-
line, 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 Unit
nits
Description Symbol Device Max Max

From pad through Primary buffer, to any clock K Teg XCS05 2.0 4.0 ns
XCS10 2.4 4.3 ns

XCS20 2.8 5.4 ns

XCS30 3.2 5.8 ns

XCS40 3.5 6.4 ns

From pad through Secondary buffer, to any clock K Tse XCS05 25 4.4 ns
XCS10 2.9 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 Units

Description Symbol Min Max Min | Max
Clocks
Clock High time Tch 3.0 4.0 ns
Clock Low time TeoL 3.0 4.0 ns
Combinatorial Delays
F/G inputs to X/Y outputs TiLo 1.2 1.6 ns
F/G inputs via H to X/Y outputs TiHo 2.0 2.7 ns
C inputs via H1 via H to X/Y outputs ThH10 1.7 2.2 ns
CLB Fast Carry Logic
Operand inputs (F1, F2, G1, G4) to Coyt Topcy 1.7 2.1 ns
Add/Subtract input (F3) to Coyt Tascy 2.8 3.7 ns
Initialization inputs (F1, F3) to Coyt Tiney 1.2 14 ns
Cn through function generators to X/Y outputs | Tgym 2.0 2.6 ns
Cin to Cour, bypass function generators Teyp 0.5 0.6 ns
Sequential Delays
Clock K to Flip-Flop outputs Q Tcko 21 2.8 ns
Setup Time before Clock K
F/G inputs Tick 18 2.4 ns
F/G inputs via H TiHck 29 3.9 ns
C inputs via H1 through H THH1CK 2.3 3.3 ns
C inputs via DIN Tpick 13 2.0 ns
C inputs via EC Tecek 2.0 2.6 ns
C inputs via S/R, going Low (inactive) Treck 2.5 4.0 ns
Hold Time after Clock K
All Hold times, all devices 0.0 0.0 ns
Set/Reset Direct
Width (High) Trpw 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 TuvrwW 11.5 13.5 ns
Delay from GSR input to any Q TMRO See page 102 for Ty, values per device.
Toggle Frequency (MHz) Frog 166 125 MHz
(for export control purposes)
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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 | Twcs 8.0 11.6 ns
32x1 TWCTS 8.0 11.6 ns

Clock K pulse width (active edge) 16x2 | Twes 4.0 5.8 ns
32x1 TWPTS 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 TAHTS 0.0 0.0 ns

DIN setup time before clock K 16x2 | Tpss 15 2.7 ns
32x1 | TpsTs 1.5 1.7 ns

DIN hold time after clock K 16x2 | Tpphs 0.0 0.0 ns
32x1 | Tpurs 0.0 0.0 ns

WE setup time before clock K 16x2 | Twss 15 1.6 ns
32x1 | Twsts 1.5 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 | Tre 2.6 2.6 ns
32x1 TRCT 3.8 3.8 ns

Data Valid after address change (no Write 16x2 |To 12 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 T|HCK 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 | Tweps 4.0 5.8 ns
Address setup time before clock K 16x1 | Tasps 15 21 ns
Address hold time after clock K 16x1 | TaHDs 0.0 0.0 ns
DIN setup time before clock K 16x1 | Tpsps 15 1.6 ns
DIN hold time after clock K 16x1 | TpHps 0.0 0.0 ns
WE setup time before clock K 16x1 | Twsps 15 1.6 ns
WE hold time after clock K 16x1 | TwHps 0.0 0.0 ns
Data valid after clock K 16x1 | Twobs 6.5 7.0 ns

Note 1: Read Operation timing for 16 x 1 dual-port RAM option is identical to 16 x 2 single-port RAM timing.

Spartan CLB RAM Synchronous (Edge-Triggered) Write Timing

WCLK (K)

WE

DATA IN

ASS T

ADDRESS

ILO T

DATA OUT OLD L NEW

Single Port

X6461

DATA IN

ADDRESS

DATA OUT

Dual Port

X6474
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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 TickoF XCS05 5.3 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 9.0 115 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 TicksoF 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 I0B 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 32.

Capacitive Load Factor Figure 32: Delay Factor at Various Capacitive Loads

Figure 32 shows the relationship between I/O output delay 3 ‘ N

\
and load capacitance. It allows a user to adjust the speci- 2
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 0O 20 40 60 80 100 120 140

the output slew rate control. Capacitance (pF)

1

Delta Delay (ns)

4-100 DS060 (v1.5) February 16, 2000 - Product Specification



SIX"JNX® Spartan and Spartan-XL Families Field Programmable Gate Arrays

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 TPSUF/TPHF XCSO05 1.2/1.7 1.8/25 ns
XCS10 1.0/23 15/3.4 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 TPSU/TPH XCSO05 43/0.0 6.0/0.0 ns
XCS10 4.3/0.0 6.0/0.0 ns
XCS20 4.3/0.0 6.0/0.0 ns
XCS30 43/0.0 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 Tssur/Tspe | XCS05 09/22 15/3.0 ns
XCsS10 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 40/0.5 5.7/05 ns
XCS30 4.0/05 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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SXILINX®

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 Tecik | 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)

Pad to I1, 12 Tpip | All devices 15 2.0 ns

Pad to 11, 12 via transparent input latch, no delay Tpy All devices 2.8 3.6 ns

Clock (IK) to 11, 12 (flip-flop) Tikrl | All devices 2.7 2.8 ns

Clock (IK) to 11, 12 (latch enable, active Low) Tiky | 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 = Teick + Toelay XCS10 3.7 4.1 ns

Tepui = Teui * Toelay XCS20 3.8 4.2 ns
XCS30 45 5.0 ns
XCS40 55 55 ns

Global Set/Reset

Minimum GSR pulse width Tumrw | 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.

4-102

DS060 (v1.5) February 16, 2000 - Product Specification




S XILINX®

Spartan and Spartan-XL Families Field Programmable Gate Arrays

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 TchH 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 Tokpor 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) TTsHz 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 | Trsons All devices 9.6 9.8 ns
Setup and Hold Times
Output (O) to clock (OK) setup time Took All devices 2.5 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 TuvrRW All devices | 11.5 13.5 ns
Delay from GSR input to any Pad Trpo XCS05 12.0 15.0 ns
XCS10 12.5 15.7 ns
XCS20 13.0 16.2 ns
XCS30 13.5 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 rise/fall 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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Spartan-XL 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 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.

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 AC 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-XL Absolute Maximum Ratings:

Symbol Description Value Units
Vee Supply voltage relative to GND -0.51t04.0 \%
v Input voltage relative to GND (Note 2, 3,4, | 5V Tolerant I/O Checked? 3 -0.5105.5 Vv

N 5) Not 5V Tolerant I/0s% 5 —05t0Vee+05 | V

v Voltage applied to 3-state output (Note 2, | 5V Tolerant I/O Checked? 3 -0.5t05.5 \%
TS 3,4,5) Not 5V Tolerant /0s* 05t0Vec+05 |V
Vet Longest supply voltage rise time from 1V 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 ‘ 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 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 1/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.

Spartan-XL Recommended Operating Conditions

Symbol Description Min Max Units
Supply voltage relative to GND, T; = 0°C to +85°C | Commercial 3.0 3.6 \Y
Vee | Supply voltage relative to GND, T; = —40°C to Industrial 3.0 3.6 v
+100°C
ViH High-level input voltage 50% of V¢ 55 \
Vi Low-level input voltage 0 30% of Ve \
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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Spartan-XL DC Characteristics Over Operating Conditions

Symbol Description Min Typ. Max Units
High-level output voltage @ lgy = —4.0 mA, Vcc min (LVTTL) 2.4 \%
Vor High-level output voltage @ oy = —500 {A, (LVCMOS) 90% Ve Vv
Low-level output voltage @ lo, = 12.0 mA, Ve min (LVTTL) 0.4 \Y
(Note 1)
Vou Low-level output voltage @ I = 24.0 mA, Ve min (LVTTL) 0.4 v
(Note 2)
Low-level output voltage @ I, = 1500 pA, (LVCMOS) 10% Ve \Y
Vor Data retention supply voltage (below which configuration data 2.5 \%
may be lost)
lcco Quiescent FPGA supply current (Notes 3,4) 100 5 mA
lccpp Power Down FPGA supply current (Notes 3,5) 100 5 mA
I Input or output leakage current -10 +10 UA
Cin Input capacitance (sample tested) 10 pF
IrPU Pad pull-up (when selected) @ V,y = 0V (sample tested) 0.02 0.25 mA
IrRPD Pad pull-down (when selected) @ V,y = 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 24 mA (with 24 mA option selected).

Note 3: With 5V tolerance not selected, no internal oscillators, and the FPGA configured with the Tie option.
Note 4: With no output current loads, no active input resistors, and all package pins at V¢ or GND.

Note 5: With PWRDWN active.

Power-on Power Supply Requirements

Xilinx FPGAs require a certain amount of supply current during power-on to insure proper device operation. The actual

current co

nsumed depends on the power-on ramp rate of the power supply. This is the time required to reach the required

power supply voltage of the device from OV. The current is highest at the fastest suggested ramp rate (2 ms) and is lowest
at the slowest allowed ramp rate (50 ms).

Ramp-up Time
Product Description Fast (2 ms) Slow (50 ms)
Spartan-XL Family |Minimum required current supply 100 mA 100 mA
Note 1: Devices are guaranteed to initialize properly with the minimum current listed above. A larger capacity power supply may

Note 2:

Note 3:

result in larger initialization current.

This specification applies to Commercial and Industrial grade products only. Advance information based on initial
characterization.

Ramp-up Time is measured at OV to 3.0V. Peak current required lasts less than 3 ms and occurs near the internal power-on
reset threshold voltage.
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Spartan-XL 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 -5 -4 Unit
nits
Description Symbol Device Max Max

From pad through buffer, to any clock K ToLs XCSO05XL 14 15 ns
XCS10XL 17 1.8 ns

XCS20XL 2.0 2.1 ns

XCS30XL 2.3 25 ns

XCS40XL 2.6 2.8 ns
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Spartan-XL 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-XL devices and expressed in hanoseconds unless otherwise noted.

Speed Grade -5 -4 Units

Description Symbol Min Max Min Max
Clocks
Clock High time Tch 2.0 2.3 ns
Clock Low time TeL 2.0 2.3 ns
Combinatorial Delays
F/G inputs to X/Y outputs TiLo 1.0 11 ns
F/G inputs via H to X/Y outputs TiHo 1.7 2.0 ns
F/G inputs via transparent latch to Q outputs Tiro 15 1.8 ns
C inputs via H1 via H to X/Y outputs ThHH10 15 18 ns
Sequential Delays
Clock K to Flip-Flop or latch outputs Q Tcko 1.2 14 ns
Setup Time before Clock K
F/G inputs Tick 0.6 0.7 ns
F/G inputs via H TiHCcK 13 1.6 ns
Hold Time after Clock K
All Hold times, all devices 0.0 0.0 ns
Set/Reset Direct
Width (High) Trpw 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 11.5 ns
Delay from GSR input to any Q Tvro See page 111 for Trg, values per device.
Toggle Frequency (MHz) Froc 250 217 MHz
(for export control purposes)
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Spartan-XL 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-XL 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 | Twcs 7.7 8.4 ns
32x1 TWCTS 7.7 8.4 ns

Clock K pulse width (active edge) 16x2 | Twps 3.1 3.6 ns
32x1 TWPTS 3.1 3.6 ns

Address setup time before clock K 16x2 | Tass 1.3 15 ns
32x1 | Tasts 1.5 1.7 ns

DIN setup time before clock K 16x2 | Tpss 15 1.7 ns
32x1 TDSTS 1.8 2.1 ns

WE setup time before clock K 16x2 | Twss 14 1.6 ns
32x1 TWSTS 1.3 15 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 TWOTS 54 6.3 ns

Read Operation

Address read cycle time 16x2 |[Tre 2.6 3.1 ns
32x1 | Tret 3.8 5.5 ns

Data Valid after address change (no Write 16x2 |[Tio 1.0 11 ns

Enable) 32x1 | THo 17 2.0 ns

Address setup time before clock K 16x2 | Tick 0.6 0.7 ns
32x1 | Tigek 1.3 1.6 ns

Note 1: Timing for 16 x 1 RAM option is identical to 16 x 2 RAM timing.
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Spartan-XL 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
Spartan-XL 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 | Tweps 3.1 3.6 ns
Address setup time before clock K 16x1 | Tasps 13 15 ns
DIN setup time before clock K 16x1 | Tpsps 1.7 2.0 ns
WE setup time before clock K 16x1 | Twsps 14 1.6 ns
All hold times after clock K 16x1 0.0 0.0 ns
Data valid after clock K 16x1 | Twobs 5.2 6.1 ns

Note 1: Read Operation Timing for 16x1 dual-port RAM option is identical to 16x2 single-port RAM timing.

Spartan-XL CLB RAM Synchronous (Edge-Triggered) Write Timing

WCLK (K)

DATA IN * DATA IN * *

T
ASS AHS Tasps Tarps
ADDRESS ADDRESS
T
Tio T Tio Tio Lo
oS Twobs
DATA OUT OoLD L NEW DATA OUT OLD NEW
X6461 X6474
Single Port Dual Port
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Spartan-XL 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.

Spartan-XL Output Flip-Flop, Clock-to-Out

Speed Grade -5 -4 Unit
nits
Description Symbol Device Max Max
Global Clock to Output using OFF
Fast T\ckoF XCSO05XL 4.6 5.2 ns
XCS10XL 4.9 5.5 ns
XCS20XL 5.2 5.8 ns
XCS30XL 55 6.2 ns
XCS40XL 5.8 6.5 ns
Slew Rate Adjustment
For Output SLOW option add TsLow All Devices 1.5 1.7 ns

OFF = Output Flip Flop

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 I0B 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.

Spartan-XL 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-XL Setup and Hold

Speed Grade -5 -4 Unit
Description Symbol | Device Min Min nis
Input Setup/Hold Times Using Global Clock and IFF
No Delay TSUF/THF 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

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

3
Figure 33 shows the relationship between I/O output delay l .
and load capacitance. It allows a user to adjust the speci- o 2
fied output delay if the load capacitance is different than = 1
50 pF. For example, if the actual load capacitance is B -
120 pF, add 2.5 ns to the specified delay. If the load capac- 8o &
itance is 20 pF, subtract 0.8 ns from the specified output % P
delay. Figure 33 is usable over the specified operating con- ol
ditions of voltage and temperature and is independent of 2

the output slew rate control. 0 20 40 60 80 100 120 140
Capacitance (pF)

X8257

Figure 33: Delay Factor at Various Capacitive Loads

Spartan-XL 10B 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) Tecik | 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 I1, 12 Tpp | All devices 0.9 11 ns

Pad to I1, |12 via transparent input latch, no delay Tpy | All devices 2.1 2.5 ns

Clock (IK) to 11, 12 (flip-flop) Tikrl | All devices 1.0 1.1 ns

Clock (IK) to I1, 12 (latch enable, active Low) Tiku | All devices 11 1.2 ns

Delay Adder for Input with Full Delay Option

Tpickp = Teick + Toelay Tpelay | XCSO5XL | 4.0 4.7 ns

Teow = Teu * 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 XCS05XL 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

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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Spartan-XL I0B 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
Propagation Delays
Clock (OK) to Pad, fast Tokpor All devices 3.2 3.7 ns
Output (O) to Pad, fast Tope All devices 25 29 ns
3-state to Pad hi-Z (slew-rate independent) TTsHz 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 Torpr All devices 3.7 4.4 ns
Select (OK) to Pad via Output Mux, fast TokrpPE 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 0.2 ns
Global Set/Reset
Minimum GSR pulse width TMRW All devices | 10.5 11.5 ns
Delay from GSR input to any Pad TrPo XCS05XL 11.9 14.0 ns
XCS10XL 12.4 14.5 ns
XCS20XL 12.9 15.0 ns
XCS30XL 13.9 16.0 ns
XCS40XL 14.9 17.0 ns

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.

Pin Descriptions unused it is configured as an input with the 1/0O pull-up

o _ resistor network remaining activated.
There are three types of pins in the Spartan/XL devices: ) ]
Any user I/O can be configured to drive the Global

* Permanently dedicated pins _ Set/Reset net GSR or the global three-state net GTS. See
* User I/O pins that can have special functions “Global Signals: GSR and GTS” on page 78 for more infor-
« Unrestricted user-programmable 1/O pins. mation.

Before and during configuration, all outputs not used for the Device pins for Spartan/XL devices are described in

configuration process are 3-stated with the 1/O pull-up Table 55.
resistor network activated. After configuration, if an 10B is

For a complete Spartan and Spartan-XL data sheet including
package pinouts, go to the CD-ROM or Xilinx web site:

www.xilinx.com/partinfo/databook.htm
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Table 55: Pin Descriptions

I/O I/O
During | After
Pin Name | Config. | Config. Pin Description

Permanently Dedicated Pins

Eight or more (depending on package) connections to the nominal +5V supply voltage
VCC X X (+3.3V for Spartan-XL devices). All must be connected, and each must be decoupled
with a 0.01 —-0.1 uF capacitor to Ground.

Eight or more (depending on package type) connections to Ground. All must be con-

GND X X
nected.
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
CCLK Lor O | selected as the Readback Clock. There is no CCLK High or Low time restriction on

Spartan/XL devices, except during Readback. See “Violating the Maximum High and
Low Time Specification for the Readback Clock” on page 92 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 I/0 (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 program that creates the con-
figuration 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

PROGRAM I I 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.
MODE The Mode input(s) are sampled after INIT goes High to determine the configuration
(Spartan) moo_le to be_used._ _ _
MO, M1 | X 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 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 /0 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.

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.

(Spartan-XL)

PWRDWN | |

TDO O O
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SXILINX®

Table 55: Pin Descriptions (Continued)

Pin Name

11O
During
Config.

110
After
Config.

Pin Description

TDI, TCK,
T™MS

110
orl
JTAG)

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
can also be used as inputs to the CLB logic after configuration is completed.

If the BSCAN symbol is not placed in the design, all boundary scan functions are inhib-
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.

HDC

I/0

High During Configuration (HDC) is driven High until the 1/0 go active. It is available as
a control output indicating that configuration is not yet completed. After configuration,
HDC is a user-programmable I/O pin.

LDC

I/0

Low During Configuration (LDC) is driven Low until the 1/0 go active. It is available as a
control output indicating that configuration is not yet completed. After configuration, LDC
is a user-programmable 1/O pin.

INIT

I/0

I/0

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/0 go active, INIT is a user-programmable I/0 pin.

PGCK1 -
PGCK4
(Spartan)

Weak
Pull-up

lorl/O

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-
grammable 1/O.

The PGCK1-PGCKA4 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.

SGCK1 -
SGCK4
(Spartan)

Weak
Pull-up

|l or /O

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
not used to drive a global net, any of these pins is a user-programmable /O pin.

The SGCK1-SGCK4 pins provide the shortest path to the four Secondary Global Buff-
ers. Any input pad symbol connected directly to the input of a BUFGS symbol is auto-
matically placed on one of these pins.

GCK1-GCK8
(Spartan-XL)

Weak
Pull-up

|l or1/O

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
to drive a global net, any of these pins is a user-programmable 1/O pin.

The GCK1-GCKS8 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
(Spartan-XL)

I/0

During Express configuration, CS1 is used as a serial-enable signal for daisy-chaining.

DO-D7
(Spartan-XL)

I/0

During Express configuration, these eight input pins receive configuration data. After
configuration, they are user-programmable 1/O pins.

DIN

I/0

During Slave Serial or Master Serial configuration, DIN is the serial configuration data
input receiving data on the rising edge of CCLK. After configuration, DIN is a user-pro-
grammable I/O pin.

4-114

DS060 (v1.5) February 16, 2000 - Product Specification




SIX"JNX® Spartan and Spartan-XL Families Field Programmable Gate Arrays

Table 55: Pin Descriptions (Continued)

11O I/0
During | After
Pin Name | Config. | Config. Pin Description

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 Spartan-XL 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-Programmable I/O Pins
These pins can be configured to be input and/or output after configuration is completed.
Weak ) S : . . .
I/O Pull-up I/O  |Before configuration is completed, these pins have an internal high-value pull-up resis-
tor network that defines the logic level as High.
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Product Availability

Table 56 shows the packages and speed grades for Spartan/XL devices. Table 57 shows the number of user I/Os available
for each device/package combination.

Table 56: Component Availability Chart for Spartan/XL FPGAs

PINS 84 100 144 144 208 240 256 280
TYPE Plastic Plastic Chip Plastic Plastic Plastic Plastic Chip
PLCC VQFP Scale TQFP PQFP PQFP BGA Scale
Device CODE PC84 VQ100 CS144 TQl44 PQ208 PQ240 BG256 CS280
XCS05 3 c c!
-4 C C
XCS10 3 c c! c
-4 C C C
XCS20 -3 C C, I C, I
-4 C C C
-3 C C, I C, I C C
XCS30
-4 C C C C C
- |
XCS40 3 C, C C
-4 (@ C C
-4 [
XCSO05XL c C.
-5 Cc Cc
-4 [
XCS10XL c C. c c
-5 C Cc Cc Cc
-4 | |
XCS20XL c c c c
-5 C Cc Cc c
-4 | |
XCS30XL C C, C, C Cc C
-5 C C c C Cc Cc
-4 |
XCS40XL C, c c c
-5 C C C C
5/19/99
C = Commercial T;=0°to +85°C S

| = Industrial Ty =—-40°C to +100°C

Table 57: User I/O Chart for Spartan/XL FPGAs

Max Package Type
Device 110 PC84 VQ100 Cs144 TQ144 PQ208 PQ240 BG256 CS280
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 77 112 112
XCS20XL 160 77 113 113 160
XCS30XL 192 77 113 169 192 192 192
XCS40XL 224 169 192 205 224

5/19/99
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Ordering Information

Example:
Device Type
Speed Grade

XCS20XL-4 PQ208C

Temperature Range
C = Commercial (T; = 0 to +85°C)
| = Industrial (T; = —40°C to +100°C)

-3
-4
-5 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 CS = Chip Scale
Date Version Description
11/20/98 13 Added Spartan-XL specs and Power Down
1/6/99 1.4 All Spartan-XL -4 specs designated Preliminary with no changes
2/16/00 15 Added CS package, updated Spartan-XL specs to Final
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XC18V00 Series of In-System
Programmable Configuration
PROMs

DS026 (v2.2) March 3, 2000

Preliminary Product Specification

Features

* In-system programmable 3.3V PROMs for configuration
of Xilinx FPGAs
- Endurance of 10,000 program/erase cycles
- Program/erase over full commercial/industrial

voltage and temperature range

e |EEE Std 1149.1 boundary-scan (JTAG) support

» Simple interface to the FPGA; could be configured to
use only one user I/O pin

» Cascadable for storing longer or multiple bitstreams

» Dual configuration modes
- Serial Slow/Fast configuration (up to 15 MHz).
- Parallel

* Low-power advanced CMOS FLASH process

* 5V tolerant I/O pins accept 5V, 3.3V and 2.5V signals.

e 3.3V or 2.5V output capability

* Available in PC20, SO20, PC44 and VQ44 packages.

» Design support using the Xilinx Alliance and
Foundation series software packages.

e JTAG command initiation of standard FPGA
configuration.

Description

Xilinx introduces the XC18V0O0 series of in-system pro-
grammable configuration PROMSs. Initial devices in this
3.3V family are a 4-megabit, a 2-megabit, a 1-megabit, a
512-Kbit, a 256-Kbit, and a 128-Kbit PROM that provide an
easy-to-use, cost-effective method for re-programming and
storing large Xilinx FPGA or CPLD configuration bit-
streams.

When the FPGA is in Master Serial mode, it generates a
configuration clock that drives the PROM. A short access
time after the rising CCLK, data is available on the PROM
DATA (DO) pin that is connected to the FPGA DIN pin. The
FPGA generates the appropriate number of clock pulses to
complete the configuration. When the FPGA is in Slave
Serial mode, the PROM and the FPGA are clocked by an
external clock.

When the FPGA is in Express or SelectMAP Mode, an
external oscillator will generate the configuration clock that
drives the PROM and the FPGA. After the rising CCLK
edge, data are available on the PROM’s DATA (D0-D7)
pins. The data will be clocked into the FPGA on the follow-
ing rising edge of the CCLK. Neither Express nor Select-
MAP utilize a Length Count, so a free-running oscillator
may be used. See Figure 6.

Multiple devices can be concatenated by using the CEO
output to drive the CE input of the following device. The
clock inputs and the DATA outputs of all PROMs in this
chain are interconnected. All devices are compatible and
can be cascaded with other members of the family or with
the XC1700L one-time programmable Serial PROM family.

| Control Data

and
JTAG

Memory
Address

Data

Interface

OE/Reset
|
|
|
|
I -

Serial | > CEO
or | DO DATA
Parallel (Serial or Parallel
Interface 7 [Express/SelectMAP] Mode)
T D[1.7]

| Express Mode and

SelectMAP Interface

Figure 1: XC18V00 Series Block Diagram
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Pinout and Pin Description

Table 1: Pin Names and Descriptions (pins not listed are “no connect”)

. Boundary . . .
Pin . . — 44-pin 44-pin 20-pin
Name Scan Function Pin Description VOFP PLCC | SOIC & PLCC
Order
DO 4 DATA OUT |DO is the DATA output pin to provide data for 40 2 1
3 OUTPUT configuring an FPGA in serial mode.
ENABLE
D1 6 DATA OUT |D0-D7 are the output pins to provide parallel 29 35 16
5 OUTPUT gzﬁzgg\r/l;onrgggzng a Xilinx FPGA in Express/
ENABLE P :
D2 2 DATA OUT 42 4 2
1 OUTPUT
ENABLE
D3 8 DATA OUT 27 33 15
7 OUTPUT
ENABLE
D4 24 DATA OUT 9 15 7*
23 OUTPUT
ENABLE
D5 10 DATA OUT 25 31 14
9 OUTPUT
ENABLE
D6 17 DATA OUT 14 20 9
16 OUTPUT
ENABLE
D7 14 DATA OUT 19 25 12
13 OUTPUT
ENABLE
CLK 0 DATA IN |Each rising edge on the CLK input increments 43 5 3
the internal address counter if both CE is Low
and OE/RESET is High.
20 DATA IN |When Low, this input holds the address
OE/ 19 DATA OUT _counter reset a_nd_ the l_DA_\TA _output is at ngh
RESET impedance. This is a bidirectional open-drain 13 19 8
18 OUTPUT |pin that is held Low while the PROM is reset.
ENABLE |Polarity is NOT programmable.
CE 15 DATAIN |When CE is High, this pin puts the device into 15 21 10
standby mode and resets the address counter.
The DATA output pin is at High impedance,
and the device is in low power standby mode.
CF 22 DATA OUT |Allows JTAG CONFIG instruction to initiate 10 16 7*
21 OUTPUT FPGA coqflgurat|on W|thou.t powering doyvn
ENABLE FPGA. This is an open-drain output that is
pulsed Low by the JTAG CONFIG command.
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Boundary
Scan Function Pin Description
Order

CEO 13 DATA OUT |Chip Enable Output (CEO) is connected to the 21 27 13

CE input of the next PROM in the chain. This
14 EIL\JJZELLJ; output is Low when CE is Low and OE/RESET
input is High, AND the internal address counter
has been incremented beyond its Terminal
Count (TC) value. When OE/RESET goes
Low, CEO stays High until the PROM is
brought out of reset by bringing OE/RESET
High.

GND GND is the ground connection. 6, 18,28 | 3,12,24 11
& 41 &34

T™MS MODE The state of TMS on the rising edge of TCK de- 5 11 5
SELECT |termines the state transitions at the Test Ac-
cess Port (TAP) controller. TMS has an internal
50K ohm resistive pull-up on it to provide a log-
ic "1" to the device if the pin is not driven.

Pin
Name

44-pin 44-pin 20-pin
VQFP PLCC | SOIC & PLCC

TCK CLOCK |This pin is the JTAG test clock. It sequences 7 13 6
the TAP controller and all the JTAG test and
programming electronics.

TDI DATAIN |This pin is the serial input to all JTAG instruc- 3 9 4
tion and data registers. TDI has an internal 50K
ohm resistive pull-up on it to provide a logic "1"
to the system if the pin is not driven.

TDO DATA OUT |This pin is the serial output for all JTAG instruc- 31 37 17
tion and data registers. TDO has an internal
50K ohm resistive pull-up on it to provide a log-
ic "1" to the system if the pin is not driven.

Vee Positive 3.3V supply voltage for internal logic | 17,35 & | 23,41 & 18 & 20
and input buffers. 38 44

Veeo Positive 3.3V or 2.5V supply voltage connected | 8, 16, 26 |14, 22, 32 19
to the output voltage drivers. & 36 & 42

*Pin 7 is CF in Serial Mode, D4 in Express Mode for 20-pin packages.
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Xilinx FPGAs and Compatible Capacity
PROMSs
Device Configuration Bits PROM Devices Configuration Bits
XC4003E 53,084 XC18V128 XC18V04 4,194,304
XC4005E 95,008 XC18V128 XC18V02 2,097,152
XC4006E 119,840 XC18V128 XC18v01 1,048,576
XC4008E 147,552 XC18V256 XC18V512 524,288
XC4010E 178,144 XC18V256 XC18V256 262,144
XC4013E 247,968 XC18V256 XC18v128 131,072
XC4020E 329,312 XC18V512
XC4025E 422,176 XC18V512
XC4002XL 61,104 XC18V128
XC4005XL 151,960 XC18V256
XC4010XL 283,424 XC18V512
XC4013XL/XLA 393,632 XC18V512
XC4020XL/XLA 521,880 XC18V512
XC4028XL/XLA/EX 668,184 XC18V01
XC4036XL/XLA/EX 832,528 XC18V01
XCA044XL/IXLA 1,014,928 XC18V01
XC4052XL/XLA 1,215,368 XC18V02
XC4062XL/XLA 1,433,864 XC18V02
XC4085XL/XLA 1,924,992 XC18V02
XC40110XV 2,686,136 XC18V04
XC40150XV 3,373,448 XC18V04
XC40200XV 4,551,056 XC18V04 +
XC18V512
XC40250XV 5,433,888 XC18V04 +
XC18V02
XCV50 559,200 XC18V01
XCV100 781,216 XC18V01
XCV150 1,040,096 XC18V01
XCV200 1,335,840 XC18V02
XCV300 1,751,808 XC18V02
XCV400 2,546,048 XC18V04
XCV600 3,607,968 XC18V04
XCV800 4,715,616 XC18V04 +
XC18V512
XCV1000 6,127,744 XC18V04 +
XC18V02
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In-System Programming

One or more in-system programmable PROMs can be
daisy chained together and programmed in-system via the
standard 4-pin JTAG protocol as shown in Figure 2. In-sys-
tem programming offers quick and efficient design itera-
tions and eliminates unnecessary package handling or
socketing of devices. The Xilinx development system pro-
vides the programming data sequence using either Xilinx
JTAG Programmer software and a download cable, a third-
party JTAG development system, a JTAG-compatible board
tester, or a simple microprocessor interface that emulates
the JTAG instruction sequence. The JTAG Programmer
software also outputs serial vector format (SVF) files for
use with any tools that accept SVF format and with auto-
matic test euipment.

All outputs are 3-stated or held at clamp levels during in-
system programming.

External Programming

Xilinx reprogrammable PROMs can also be programmed
by the Xilinx HW-130 device programmer. This provides the
added flexibility of using pre-programmed devices in board
design and boundary-scan manufacturing tools, with an in-
system programmable option for future enhancements and
design changes.

Figure 2:

Reliability and Endurance

Xilinx in-system programmable products provide a guaran-
teed endurance level of 10,000 in-system program/erase
cycles and a minimum data retention of ten years. Each
device meets all functional, performance, and data reten-
tion specifications within this endurance limit.

Design Security

The Xilinx in-system programmable PROM devices incor-
porate advanced data security features to fully protect the
programming data against unauthorized reading. Table 2
shows the security setting available.

The read security bit can be set by the user to prevent the
internal programming pattern from being read or copied via
JTAG. When set, it allows device erase. Erasing the entire
device is the only way to reset the read security bit.

Table 2: Data Security Options

Default = Reset Set

Read Allowed Read Inhibited via JTAG
Program/Erase Allowed Erase Allowed

‘ & XILINX

(b) DS026_02_011100

In-System Programming Operation (a) Solder Device to PCB and (b) Program Using Download Cable

DS026 (v2.2) March 3, 2000

5-5




XC18VO00 Series of In-System Programmable Configuration PROMs

SXILINX®

IEEE 1149.1 Boundary-Scan (JTAG)

The XC18VO00 family is fully compliant with the IEEE Std.
1149.1 Boundary-Scan, also known as JTAG. A Test
Access Port (TAP) and registers are provided to support all
required boundary scan instructions, as well as many of the
optional instructions specified by IEEE Std. 1149.1. In addi-
tion, the JTAG interface is used to implement in-system pro-
gramming (ISP) to facilitate configuration, erasure, and
verification operations on the XC18V00 device.

Table 3 lists the required and optional boundary-scan
instructions supported in the XC18V00. Refer to the IEEE
Std. 1149.1 specification for a complete description of
boundary-scan architecture and the required and optional
instructions.

Table 3: Boundary Scan Instructions

Boundary- |Binary Code Description
Scan (7:0)
Command
Required Instructions
BYPASS 11111111 |Enables BYPASS
SAMPLE/ 00000001 |Enables boundary-scan
PRELOAD SAMPLE/PRELOAD
operation
EXTEST 00000000 |Enables boundary-scan
EXTEST operation

Optional Instructions

CLAMP 11111010 |Enables boundary-scan
CLAMP operation
HIGHZ 11111100 |3-states all outputs
simultaneously
IDCODE 11111110 |Enables shifting out
32-bit IDCODE
USERCODE | 11111101 |Enables shifting out

32-bit USERCODE
XC18V00 Specific Instructions

CONFIG 11101110 |Initiates FPGA
configuration by pulsing
CF pin Low

Instruction Register

The Instruction Register (IR) for the XC18V0O is eight bits
wide and is connected between TDI and TDO during an
instruction scan sequence. In preparation for an instruction
scan sequence, the instruction register is parallel loaded
with a fixed instruction capture pattern. This pattern is
shifted out onto TDO (LSB first), while an instruction is
shifted into the instruction register from TDI. The detailed
composition of the instruction capture pattern is illustrated
in Figure 3.

The ISP Status field, IR(4), contains logic "1" if the device is
currently in ISP mode; otherwise, it will contain "0". The
Security field, IR(3), will contain logic "1" if the device has
been programmed with the security option turned on; other-
wise, it will contain "0".

IR(7:5)| IR(4) | IRMB) | IR(2) | IR(1:0)
ISP .
TDI-> | 000 Status Security| 0 01 |->TDO

Note: IR(1:0) = 01 is specified by IEEE Std. 1149.1

Figure 3: Instruction Register Values Loaded into IR
as Part of an Instruction Scan Sequence

Boundary Scan Register

The boundary-scan register is used to control and observe
the state of the device pins during the EXTEST, SAMPLE/
PRELOAD, and CLAMP instructions. Each output pin on
the XC18V00 has two register stages that contribute to the
boundary-scan register, while each input pin only has one
register stage.

For each output pin, the register stage nearest to TDI con-
trols and observes the output state, and the second stage
closest to TDO controls and observes the 3-state enable
state of the pin.

For each input pin, the register stage controls and observes
the input state of the pin.

Identification Registers

The IDCODE is a fixed, vendor-assigned value that is used
to electrically identify the manufacturer and type of the
device being addressed. The IDCODE register is 32-bits
wide. The IDCODE register can be shifted out for examina-
tion by using the IDCODE instruction. The IDCODE is avail-
able to any other system component via JTAG.

The IDCODE register has the following binary format:
vvvv:Efff:ffff:aaaa:aaaa:cccc:cccc:cecl
where

v = the die version number

f = the family code (50h for XC18V00 family)

a = the ISP PROM product ID (06h for the XC18V04)
¢ = the company code (49h for Xilinx)

Note: The LSB of the IDCODE register is always read as logic 1 as
defined by IEEE Std. 1149.1

Table 4 lists the IDCODE register values for the XC18V00
devices.

Table 4: IDCODES Assigned to XC18V00 Devices

ISP-PROM IDCODE
XC18V01 05004093h
XC18V04 05006093h

5-6
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The USERCODE instruction gives access to a 32-bit user
programmable scratch pad typically used to supply infor-
mation about the device's programmed contents. By using
the USERCODE instruction, a user-programmable identifi-

single 4-wire Test Access Port (TAP). This simplifies sys-
tem designs and allows standard Automatic Test Equip-
ment to perform both functions. The AC characteristics of
the XC18V0O0 TAP are described as follows.

cation code can be shifted out for examination. This code is
loaded into the USERCODE register during programming
of the XC18V00 device. If the device is blank or was not
loaded during programming, the USERCODE register will
contain FFFFFFFFh.

XC18V00 TAP Characteristics

The XC18V00 family performs both in-system program-
ming and IEEE 1149.1 boundary-scan (JTAG) testing via a

TAP Timing

Figure 4 shows the timing relationships of the TAP signals.
These TAP timing characteristics are identical for both
boundary-scan and ISP operations.

[ TCKMIN
Tmss TMSH
T™MS % ;
Tois TDIH
TDI ;L

TDO

a

>_

DS026_04_020300

Figure 4. Test Access Port Timing

TAP AC Parameters

Table 5 shows the timing parameters for the TAP wave-
forms shown in Figure 4

Table 5: Test Access Port Timing Parameters

Symbol Parameter Min | Max | Units
Tekmint | TCK Minimum Clock Period 100 - ns
Tekminz | TCK Minimum Clock Period, 50 - ns

Bypass Mode
Tmss TMS Setup Time 10 - ns
TmsH TMS Hold Time 25 - ns
Tois TDI Setup Time 10 - ns
ToH TDI Hold Time 25 - ns
Tbhov TDO Valid Delay - 25 ns
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Connecting Configuration PROMs

Connecting the FPGA device with the configuration PROM
(see Figure 6).

» The DATA output(s) of the of the PROM(s) drives the
DIN input of the lead FPGA device.

e The Master FPGA CCLK output drives the CLK input(s)
of the PROM(s).

+ The CEO output of a PROM drives the CE input of the
next PROM in a daisy chain (if any).

» The OE/RESET input of all PROMs is best driven by the
INIT output of the lead FPGA device. This connection
assures that the PROM address counter is reset before
the start of any (re)configuration, even when a
reconfiguration is initiated by a V¢ glitch.

« The PROM CE input can be driven from the DONE pin.
The CE input of the first (or only) PROM can be driven
by the DONE output of the first FPGA device, provided
that DONE is not permanently grounded. CE can also
be permanently tied Low, but this keeps the DATA
output active and causes an unnecessary supply
current of 10 mA maximum.

» Express/SelectMap mode is similar to slave serial
mode. The DATA is clocked out of the PROM one byte
per CCLK instead of one bit per CCLK cycle. See
FPGA data sheets for special configuration
requirements.

Initiating FPGA Configuration

The XC18V00 devices incorporate a pin named CF that is
controllable through the JTAG CONFIG instruction. Execut-
ing the CONFIG instruction through JTAG pulses the CF
low for 300-500 ns, which resets the FPGA and initiates
configuration.

The CF pin must be connected to the PROGRAM pin on
the FPGAC(Ss) to use this feature.

The JTAG Programmer software can also issue a JTAG
CONFIG command to initiate FPGA configuration through
the "Load FPGA" setting.

Selecting Configuration Modes

The XC18V00 accommodates serial and parallel methods
of configuration. The configuration modes are selectable
through a user control register in the XC18V00 device. This
control register is accessible through JTAG, and is set
using the "Parallel mode" setting on the Xilinx JTAG Pro-
grammer software. Master Serial is the default program-
ming mode.

FPGA Configuration Mode
Summary

The 1/0O and logic functions of the Configurable Logic Block
(CLB) and their associated interconnections are estab-
lished by a configuration program. The program is loaded
either automatically upon power up, or on command,
depending on the state of the three FPGA mode pins. In
Master Serial mode, the FPGA automatically loads the con-
figuration program from an external memory. Xilinx PROMs
are designed for compatibility with the Master Serial mode.

Upon power-up or reconfiguration, an FPGA enters the
Master Serial mode whenever all three of the FPGA mode-
select pins are Low (M0=0, M1=0, M2=0). Data is read from
the PROM sequentially on a single data line. Synchroniza-
tion is provided by the rising edge of the temporary signal
CCLK, which is generated during configuration.

Master Serial Mode provides a simple configuration inter-
face. Only a serial data line, a clock line, and two control
lines are required to configure an FPGA. Data from the
PROM is read sequentially, accessed via the internal
address and bit counters which are incremented on every
valid rising edge of CCLK. If the user-programmable, dual-
function DIN pin on the FPGA is used only for configuration,
it must still be held at a defined level during normal opera-
tion. The Xilinx FPGA families take care of this automati-
cally with an on-chip pull-up resistor.

Cascading Configuration PROMs

For multiple FPGAs configured as a daisy-chain, or for
FPGAs requiring larger configuration memories, cascaded
PROMs provide additional memory (Figure 5). Multiple
XC18V00 devices can be concatenated by using the CEO
output to drive the CE input of the following device. The
clock inputs and the data outputs of all XC18V00 devices in
the chain are interconnected. After the last bit from the first
PROM is read, the next clock signal to the PROM asserts
its CEO output Low and 3-states its DATA line. The second
PROM recognizes the Low level on its CE input and
enables its DATA output. See Figure 6.

After configuration is complete, the address counters of all
cascaded PROMs are reset if the PROM OE/RESET pin
goes Low.
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“Lvee

Vcco Vce Vcco Vce <
>
47K <
< MODE PINS Vece MODE PINS

vee 1 1
DIN DOUT DIN
vee po vee po Xilinx Xilinx
veeo veeo FPGA FPGA
XC18V00 XC18V00 Vee
Master Slave
Cascaded First Serial Serial
PROM PROM o
J1l
o | o> TDI CLK TDI CLK CCLK CCLK
™s | O 2 ™S CE ™S CE DONE DONE
TCK | O TCK CEO |— — TcK CEO
0 | O OE/RESET |— OE/RESET INIT INIT
CF |— CF PROGRAM PROGRAM
GND TDO GND TDO TDI TDI
—— T™s ™S
TCK TDO TCK TDO
Virtex, Virtex-E is 300 ohms, all others are 4.7K. DS026_08_021000

Figure 5: JTAG Chain for Configuring Devices in Master Serial Mode
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DOUT » OPTIONAL
Daisy-chained
FPGAs with
™ different
configurations
FPGA OPTIONAL
vce —
—E Slave FPGAs
$4.7K — - wnh_udenu_cal
— Modes configurations
V_CC Vce Vcco
:[**
<
V_c[c
347K Vce Veco
DIN |- DATA DATA
First Cascaded
CCLK CLK PrOM ___ CLK PROM
DONE CE CEO CE
INIT OE/RESET OE/RESET
PROGRAM [<— — — + — — - | CF CF
(Low Resets the Address Pointer)
*CS and WRITE must be pulled down to be used as I/O. One option is shown.
**\/irtex, Virtex-E is 300 ohms, all others are 4.7K.
Master Serial Mode
1/0*
— 1/10* Vce  Veco
Ccs [
—1 Modes
WRITE -3 1K External Osc
$1K
VIRTEX 9 = 3.3V
Select MAP | L 7 oo » Vee  Veco Vee
- 247K
NC —] Busy EE** 3 XC18VxX 7K
CCLK 5 »| CLK ’
»| PROGRAM D[0:7]]|~= D[0:7] CEO|—
DONE »| CE —
INIT »| OE/RESET
*CS and WRITE must be pulled down to be used as I/O. One option is shown.
**\/irtex, Virtex-E is 300 ohms, all others are 4.7K.
Virtex Select MAP Mode
|
: To Additional
Vee | ] l [ 1 Optional
I Daisy-chained
Vee MO M1 MO M1 : Devices
Vce Vcc  Vcco v cs1 H
47K3 =¢ DOUT »| Cs1 DOUT '
4.7K I Spartan-XL, Optional ———
Vee  Veco 3 47K XC4000 Daisy-chained
8 Spartan-XL,
D[0:7] »| D[0:7] XC4000
—] CEO L »| D[0:7]
XC18VxX TF[— += = — ¢~ — — | PROGRAM DONE [— |——> PROGRAM DONE
_ l — INIT
- »1 INIT
O(:E( EESET | CcCLK | CCLK i’
- —— -1 | To Additional
1 Optional
| Daisy-chained
CCLK

Figure 6:

Spartan-XL Express Mode

optional connection)

1 Devices
1

DS026_05_030300

(a) Master Serial Mode (b) Virtex Select MAP Mode (c) Spartan-XL Express Mode (dotted lines indicates
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5V Tolerant I/Os

The 1/Os on each re-programmable PROM are fully 5V tol-
erant even through the core power supply is 3.3V. This
allows 5V CMOS signals to connect directly to the PROM
inputs without damage. In addition, the 3.3V V¢ power
supply can be applied before or after 5V signals are applied
to the I/Os. In mixed 5V/3.3V/2.5V systems, the user pins,
the core power supply (Vcc), and the output power supply
(Vcco) may have power applied in any order. This makes
the PROM devices immune to power supply sequencing
issues.

Reset Activation

On power up, OE/RESET is held low until the XC18VO00 is
active (1 ms) and able to supply data after receiving a
CCLK pulse from the FPGA. OE/RESET is connected to an
external resistor to pull OE/RESET HIGH releasing the
FPGA INIT and allowing configuration to begin. OE/RESET
is held low until the XC18V00 voltage reaches the operat-

Table 6: Truth Table for PROM Control Inputs

ing voltage range. If the power drops below 2.0V, the PROM
will reset. OE/RESET polarity is NOT programmable.

Standby Mode

The PROM enters a low-power standby mode whenever
CE is asserted High. The output remains in a high imped-
ance state regardless of the state of the OE input. JTAG
pins TMS, TDI and TDO can be 3-state or High. The lower
power standby modes available on some XC18V00 devices
are set by the user in the programming software.

Customer Control Pins

The XC18V00 PROMs have various control bits accessible
by the customer. These can be set after the array has been
programmed using "Skip User Array" in Xilinx JTAG Pro-
grammer Software.

Control Inputs Outputs
— Internal Address
OE/RESET CE DATA CEO lcc

High Low If address < TC: increment Active High Active

If address > TC: don’t change 3-state Low Reduced
Low Low Held reset 3-state High Active
High High Held reset 3-state High Standby
Low High Held reset 3-state High Standby

Note: TC = Terminal Count = highest address value. TC+1 = address O.

DS026 (v2.2) March 3, 2000
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Absolute Maximum Ratings

Symbol Description Value Units

Vee Supply voltage relative to GND -0.5t0 +4.0 \%
VN Input voltage with respect to GND -0.5t0 +5.5 \%
Vrs Voltage applied to 3-state output -0.5t0 +5.5 \%
Tsto Storage temperature (ambient) —65 to +150 °C
TsoL Maximum soldering temperature (10 s @ 1/16 in.) +260 °C
T; Junction Temperature +150 °C

Notes

1: Maximum DC undershoot below GND must be limited to either 0.5V or 10 mA, whichever is easier to achieve. During

transitions, the device pins may undershoot to —2.0V or overshoot to +7.0V, provided this over- or undershoot lasts less then
10 ns and with the forcing current being limited to 200 mA.

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 Operating Conditions

Symbol Parameter Min Max Units
VeeINT Commercial Internal Voltage supply (T, = 0°C to +70°C) 3.0 3.6
Industrial Internal Voltage supply (T5 = —40°C to +85°C) 3.0 3.6 \Y,
Veeo Supply voltage for output drivers for 3.3V operation 3.0 3.6 Y,
Supply voltage for output drivers for 2.5V operation 2.3 2.7 Y,
Vi Low-level input voltage 0 0.8 \
ViH High-level input voltage 2.0 55 Vv
Vo Output voltage 0 Veeo \

Quality and Reliability Characteristics

Symbol Description Min Max Units
bR Data Retention 10 - Years
Npe Program/Erase Cycles (Endurance) 10,000 - Cycles
VEsp Electrostatic Discharge (ESD) 2,000 - Volts
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DC Characteristics Over Operating Conditions

Symbol Parameter Test Conditions Min Max Units
VoH High-level output voltage for 3.3V outputs lop = —4 mA 2.4 \Y
High-level output voltage for 2.5V outputs loy = -500 pA 90% Vcco \%
VoL Low-level output voltage for 3.3V outputs loL =8 MA 0.4 \%
Low-level output voltage for 2.5V outputs loL = 500 pA 0.4 \%
lcc Supply current, active mode 25 MHz 25 mA
lccst Supply current, standby mode 1 (default) TBD mA
lccsox Supply current, standby mode 2 TBD HA
lccsae Supply current, standby mode 3 TBD A
liLg JTAG pins TMS, TDI, and TDO Vee = MAX -100 HA
V|N = GND
I Input leakage current Ve = Max -10 10 A
V|N = GND or VCC
IH Input and Output High-Z leakage current Ve = Max -10 10 pA
V|N = GND or VCC
C\nand Input and Output Capacitance VN = GND 10 pF
COUT f=1.0 MHz
*18Vv01/18Vv512/18V256/18V128 only, cascadable.
**18Vv01/18V512/18V256/18V128 only, non-cascadable, no brown-out protection.
DS026 (v2.2) March 3, 2000 5-13
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AC Characteristics Over Operating Conditions

CE 5

OE/RESET /

CLK
—=1 Toe Tcac = —| TOH [+ —]
~— TCg —» y \
DATA { X X );
I ' TOH —» |-—
DS026_06_012000
Symbol Description Min Max Units

Toe OE/RESET to Data Delay 10 ns
Tce CE to Data Delay 20 ns
Tcac CLK to Data Delay 20 ns
Ton Data Hold From CE, OE/RESET, or CLK 0 ns
Tor CE or OE/RESET to Data Float Delay® 20 ns
Teye Clock Periods 40 ns
Tic CLK Low Time® 10 ns
The CLK High Time® 10 ns
Thee CE Hold Time to CLK (to guarantee proper counting) 2 us
THoE OE/RESET Hold Time (guarantees counters are reset) 25 ns

Notes: 1. AC test load = 50 pF
2. Float delays are measured with 5 pF AC loads. Transition is measured at 200 mV from steady state active levels.
3. Guaranteed by design, not tested.
4. All AC parameters are measured with v, = 0.0V and V| = 3.0V.
5. If THCE H|gh <2 us, TCE =2 us.
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AC Characteristics Over Operating Condition When Cascading

OE/RESET X /
07E \

CLK / \ 7Z
TcDF — —-— — -— TocE
. {
DATA X Last Bit \ First Bit
Tock — — ~—TooE
CEO 7Z
DS026_07_020300
Symbol Description Min Max Units
Tcor CLK to Data Float Delay®®®) 20 ns
Tock CLK to CEO Delay® 20 ns
Toce CE to CEO Delay® 20 ns
Tooe OE/RESET to CEO Delay® 20 ns

Notes: 1. AC test load =50 pF

2. Float delays are measured with 5 pF AC loads. Transition is measured at 200 mV from steady state active levels.
3. Characterized but not 100% tested.
4. All AC parameters are measured with V| = 0.0V and V| = 3.0V.
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Ordering Information

XC1804 VQ44 C
Device Number
XC18V04
igig&gi Package Type
XC18V512 VQ44f 44-P_in Plast_ic Qu_ad Flat_ Package
XC18V256 PC44 = 44-Pin Plastic Chip Carrier
XC18V128 S020 = 20-Pin Small-Outline Package

PC20 = 20-Pin Plastic Leaded Chip Carrier

Valid Ordering Combinations

Operating Range/Processing
C = Commercial (Tp =0° to +70°C)

Industrial (T, = —40° to +85°C)

XC18v04VvVQ44C | XC18Vv02VQ44C | XC18VvV01VvQ44C | XC18Vv512vQ44C | XC18VvV256vVQ44C | XC18Vv128vQ44C
XC18V04PC44C | XC18V02PC44C | XC18V01PC20C | XC18V512PC20C | XC18V256PC20C | XC18Vv128PC20C
XC18V01S020C | XC18V512S020C | XC18Vv256S020C | XC18Vv128S020C
XC18Vv04VvQ44l XC18Vv02vQ44l XC18Vv01vQ44l XC18V512vQ44] | XC18V256VvVQ44l XC18Vv128vQ4l
XC18V04PC44l XC18V02PC44l XC18V01PC20I XC18V512PC20I | XC18V256PC20I | XC18Vv128PC20I
XC18Vv01S0201 | XC18V512S020I | XC18Vv256S020!1 | XC18Vv128S020I
Marking Information
44-Pin Package XC1804 vQ44 C
Device Number Operating Range/Processing
XC18V04 C = Commercial (T, = 0° to +70°C)
XC18V02 Package Type | = Industrial (T, = —40° to +85°C)
XxC18v01 VQ44=44-Pin Plastic Quad Flat Package
XC18V512 PC44=44-Pin Plastic, Leaded Chip Carrier*
XC18V256
XC18v128

*XC18V02 and XC18V04 Only.

20-Pin Package 18V01

i

Device Number

Package Type

XC18Vv01

XC18V512

XC18V256 S=20-Pin Small-Outline Package
XC18v128

J=20-Pin Plastic Leaded Chip Carrier

Operating Range/Processing
C = Commercial (T, = 0° to +70°C)

Industrial (T, = —40° to +85°C)
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XC18VO00 Series of In-System Programmable Configuration PROMs

Revision Control

Date Version Revision
2/9/99 1.0 First publication of this early access specification
8/23/99 1.1 Edited text, changed marking, added CF and parallel load
9/1/99 1.2 Corrected JTAG order, Security and Endurance data.
9/16/99 1.3 Corrected SelectMAP diagram, control inputs, reset polarity. Added JTAG and CF
description, 256 Kbit and 128 Kbit devices.
01/20/00 2.0 Added Q44 Package, changed XC18xx to XC18Vxx
02/18/00 2.1 Updated JTAG configuration, AC and DC characteristics
03/03/00 2.2 Removed stand alone resistor on INIT pin in Figure 5.
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2 XILINX"

Spartan Family of PROMs

DS030 (v1.4) February 18, 2000

Product Specification

Introduction

The Spartan™ family of PROMs provide an easy-to-use,
cost-effective method for storing Spartan device configura-
tion bitstreams.

When the Spartan device is in Master Serial mode, it gen-
erates a configuration clock that drives the Spartan PROM.
A short access time after the rising clock edge, data
appears on the PROM DATA output pin that is connected to
the Spartan device DIN pin. The Spartan device generates
the appropriate number of clock pulses to complete the
configuration. Once configured, it disables the PROM.
When a Spartan device is in Slave Serial mode, the PROM
and the Spartan device must both be clocked by an incom-
ing signal.

For device programming, either the Xilinx Alliance or the
Foundation series development systems compiles the
Spartan device design file into a standard HEX format
which is then transferred to most commercial PROM pro-
grammers.

Spartan PROM Features

Configuration one-time programmable (OTP) read-only
memory designed to store configuration bitstreams for
Spartan, Spartan-XL, and Spartan-1l FPGA devices
Simple interface to the Spartan device requires only
one user I/O pin

Programmable reset polarity (active High or active Low)
Low-power CMOS floating gate process

Available in 5V and 3.3V versions

Available in compact plastic 8-pin DIP, 8-pin VOIC, or
20-pin SOIC (XC17S40 only) packages.

Programming support by leading programmer

manufacturers. 5
Design support using the Xilinx Alliance and

Foundation series software packages.

Spartan FPGA Configuration Bits Compatible Spartan PROM
XCS05 53,984 XC17S05
XCSO05XL 54,544 XC17S05XL
XCSs10 95,008 XC17S10
XCS10XL 95,752 XC17S10XL
XC2S15 197,728 XC17S15XL
XCS20 178,144 XC17S20
XCS20XL 179,160 XC17S20XL
XCS30 247,968 XC17S30
XCS30XL 249,168 XC17S30XL
XC2S30 336,768 XC17S30XL
XCS40 329,312 XC17540
XCS40XL 330,696 XC17S40XL
XC2S50 559,232 XC17S50XL
XC2S100 781,248 XC17S100XL
XC2S150 1,040,128 XC17S150XL

DSO030 (v1.4) February 18, 2000
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Pin Description
Table 1: Spartan PROM Pinouts

8-pin 20-pin

Pin Name PDIP & VOIC| SOIC

Pin Description

DATA 1 1

Data output, 3-stated when either CE or OE are inactive. During pro-
gramming, the DATA pin is I/0. Note that OE can be programmed to
be either active High or active Low.

CLK 2 3

Each rising edge on the CLK input increments the internal address
counter, if both CE and OE are active.

RESET/OE
(OE/RESET)

When High, this input holds the address counter reset and 3-states
the DATA output. The polarity of this input pin is programmable as ei-
ther RESET/OE or OE/RESET. To avoid confusion, this document
describes the pin as RESET/OE, although the opposite polarity is
possible on all devices. When RESET is active, the address counter
is held at zero, and the DATA output is 3-stated. The polarity of this
input is programmable. The default is active High RESET, but the
preferred option is active Low RESET, because it can be driven by
the FPGAs INIT pin.

The polarity of this pin is controlled in the programmer interface. This
input pin is easily inverted using the Xilinx HW-130 programmer soft-
ware. Third-party programmers have different methods to invert this

pin.

When High, this pin disables the internal address counter, 3-states
the DATA output, and forces the device into low-I-¢ standby mode.

GND is the ground connection.

Vee 7,8 18, 20

The V¢ pins are to be connected to the positive voltage supply.

5-20
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Spartan Family of PROMs

Controlling PROMs

Connecting the Spartan device with the PROM:

» The DATA output of the PROM drives the DIN input of
the lead Spartan device.

» The Master Spartan device CCLK output drives the
CLK input of the PROM.

+ The RESET/OE input of the PROM is driven by the INIT
output of the Spartan device. This connection assures
that the PROM address counter is reset before the start
of any (re)configuration, even when a reconfiguration is
initiated by a V¢ glitch. Other methods — such as

driving RESET/OE from LDC or system reset — assume
that the PROM internal power-on-reset is always in step
with the FPGA's internal power-on-reset, which may not
be a safe assumption.

+ The CE input of the PROM is driven by the DONE
output of the Spartan device, provided that DONE is not
permanently grounded. Otherwise, LDC can be used to
drive CE, but must then be unconditionally High during
user operation. CE can also be permanently tied Low,
but this keeps the DATA output active and causes an
unnecessary supply current of 10 mA maximum.

FPGA Master Serial Mode Summary

The 1/0 and logic functions of the Configurable Logic Block
(CLB) and their associated interconnections are estab-
lished by a configuration program. The program is loaded
either automatically upon power up, or on command,
depending on the state of the Spartan device MODE pin. In
Master Serial mode, the Spartan device automatically
loads the configuration program from an external memory.
The Spartan PROM has been designed for compatibility
with the Master Serial mode.

Upon power-up or reconfiguration, the Spartan device
enters the Master Serial mode when the MODE pin is Low.
Data is read from the PROM sequentially on a single data
line. Synchronization is provided by the rising edge of the
temporary signal CCLK, which is generated during configu-
ration.

Master Serial mode provides a simple configuration inter-
face. Only a serial data line and two control lines are
required to configure the Spartan device. Data from the
PROM is read sequentially, accessed via the internal
address and bit counters which are incremented on every
valid rising edge of CCLK.

If the user-programmable, dual-function DIN pin on the
Spartan device is used only for configuration, it must still be
held at a defined level during normal operation. The Spar-
tan family takes care of this automatically with an on-chip
default pull-up resistor.

Programming the FPGA With Counters
Unchanged Upon Completion

When multiple-configurations for a single Spartan device
are stored in a PROM, the OE pin should be tied Low. Upon
power-up, the internal address counters are reset and con-
figuration begins with the first program stored in memory.
Since the OE pin is held Low, the address counters are left
unchanged after configuration is complete. Therefore, to
reprogram the FPGA with another program, the DONE line
is pulled Low and configuration begins at the last value of
the address counters.

This method fails if a user applies RESET during the Spar-
tan device configuration process. The Spartan device
aborts the configuration and then restarts a new configura-
tion, as intended, but the PROM does not reset its address
counter, since it never saw a High level on its OE input. The
new configuration, therefore, reads the remaining data in
the PROM and interprets it as preamble, length count etc.
Since the Spartan device is the Master, it issues the neces-
sary number of CCLK pulses, up to 16 million (22%) and
DONE goes High. However, the Spartan device configura-
tion will be completely wrong, with potential contentions
inside the Spartan device and on its output pins. This
method must, therefore, never be used when there is any
chance of external reset during configuration.

DS030 (v1.4) February 18, 2000
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SPARTAN
FPGA 33V
[ MODE g
- $a7K
DIN|= DATA
CCLK ~|CLK  spartan
DONE -| cCE PROM
INIT f« ~| OE/RESET

(Low Resets the Address Pointer)

CCLK
(Output)
DIN (X
\
DOUT
(Output)

DS030_01_030300

Figure 1: Master Serial Mode. The one-time-programmable Spartan PROM supports automatic loading of configuration
programs. An early DONE inhibits the PROM data output one CCLK cycle before the Spartan FPGA 1/Os become active.

5-22 DS030 (v1.4) February 18, 2000



SIX"JNX® Spartan Family of PROMs

Standby Mode Programming the Spartan Family
The PROM enters a low-power standby mode whenever PROMs

CE is asserted High. The output remains in a high imped- e gevices can be programmed on programmers supplied
ance state regardless of the state of the OE input. by Xilinx or qualified third-party vendors. The user must

ensure that the appropriate programming algorithm and the
latest version of the programmer software are used. The
wrong choice can permanently damage the device.

RESET/ J— X |

== £ |
or — \

OF/ = |
RESET : :
| |
| | |
CLK > Address Counter TC |
| Q |
| |
! EPROM :
| OE I

| Cell Output DATA
I Matrix |
| |
e e e e e e J

DS030_02_011300

Figure 2: Simplified Block Diagram (does not show programming circuit)

Important: Always tie the two V¢ pins together in your application.
Table 2: Truth Table for XC17S00 Control Inputs

Control Inputs Outputs
Internal Address

RESET CE DATA lec

Inactive Low If address < TC: increment Active Active
If address > TC: don’t change 3-state | Reduced

Active Low Held reset 3-state Active

Inactive High Not changing 3-state Standby

Active High Held reset 3-state | Standby

Notes: 1. The XC17S00 RESET input has programmable polarity
2. TC = Terminal Count = highest address value. TC+1 = address 0.
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XC17S05, XC17510, XC17520, XC17S30, XC17540

Absolute Maximum Ratings

Symbol Description Value Units

Vee Supply voltage relative to GND -0.51t0 +7.0 v

Vin Input voltage relative to GND —0.5t0 V¢c +0.5 v

V1s Voltage applied to 3-state output —0.5t0 Ve +0.5 v

TstG Storage temperature (ambient) —65 to +150 °C

TsoL Maximum soldering temperature (10 s @ 1/16 in.) +260 °C
Note: Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are

stress ratings only, and functional operation of the device at these or any other conditions beyond those listed under

Operating Conditions is not implied. Exposure to Absolute Maximum Ratings conditions for extended periods of time may

affect device reliability.

Operating Conditions

Symbol Description Min Max Units
Vee Commercial Supply voltage relative to GND (T = 0°C to +70°C) 4.75 5.25 Y
Industrial Supply voltage relative to GND (T = —40°C to +85°C) 4.50 5.50 Vv
Note: During normal read operation both V¢ pins must be connected together.
DC Characteristics Over Operating Condition
Symbol Description Min Max Units
A\ High-level input voltage 2.0 Vee
Vi Low-level input voltage 0 0.8 \%
VoH High-level output voltage (Ioq =—4 mA) | Commercial 3.86 \%
VoL Low-level output voltage (g, = +4 mA) 0.32 \%
VoH High-level output voltage (Ioy =—4 mA) | Industrial 3.76 \%
VoL Low-level output voltage (g, = +4 mA) 0.37 \Y
lcca Supply current, active mode (at maximum frequency) 10.0 mA
lccs Supply current, standby mode XC17S05, XC17S10, 50.0 YA
XC17S20, XC17S30
XC17S40 100.0 HA
I Input or output leakage current -10.0 10.0 LA
Cin Input Capacitance (V,y = GND, f = 1.0 MHz) 10.0 pF
Cout Output Capacitance (V| = GND, f = 1.0 MHz) 10.0 pF
5-24 DS030 (v1.4) February 18, 2000
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XC17S05XL, XC17S10XL, XC17S15XL, XC17S20XL, XC17S30XL,

XC17S40XL, XC17S50XL, XC17S100XL, XC17S150XL
Absolute Maximum Ratings

Symbol Description Value Units
Vee Supply voltage relative to GND -0.5t0 +4.0 \V,
VN Input voltage with respect to GND —0.5t0 V¢ +0.5 V]
Vrs Voltage applied to 3-state output —0.5t0 V¢ +0.5 V]
Tsto Storage temperature (ambient) —65 to +150 e
TsoL Maximum soldering temperature (10 s @ 1/16 in.) +260 °oC

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

Operating Conditions

Symbol Description Min Max Units
Vee Commercial Supply voltage relative to GND (T, = 0°C to +70°C) 3.0 3.6 \Y,
Industrial Supply voltage relative to GND (T, = —40°C to +85°C) 3.0 3.6 Vv
Note: During normal read operation both V¢ pins must be connected together.
DC Characteristics Over Operating Condition
Symbol Description Min Max Units
Vi High-level input voltage 2.0 Vee \Y
\in Low-level input voltage 0 0.8 \Y
VoH High-level output voltage (Igy = -3 mA) 2.4 \%
VoL Low-level output voltage (Ig. = +3 mA) 0.4 \Y
lcca Supply current, active mode (at maximum frequency) 5.0 mA
lccs Supply current, standby mode 50.0 YA
I Input or output leakage current -10.0 10.0 LA
CiNn Input Capacitance (V,y = GND, f = 1.0 MHz) 10.0 pF
Cout Output Capacitance (V| = GND, f = 1.0 MHz) 10.0 pF
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AC Characteristics Over Operating Condition

CE \ / }
¢ Tscg —— Tsce —<—>‘ THCE
RESET/OE / \i f
THOE

CLK

~+—TCE—>p N
DATA { X X ):

DS0306_03_011300

Symbol Description Min Max Units
Toe RESET/OE to Data Delay 45 ns
Tee CE to Data Delay 60 ns
Teac CLK to Data Delay 80 ns
Ton Data Hold From CE, RESET/OE, or CLK®) 0 ns
Tor CE or RESET/OE to Data Float Delay®?? 50 ns
Teye Clock Periods 100 ns
Tic CLK Low Time® 50 ns
The CLK High Time® 50 ns
Tsce CE Setup Time to CLK (to guarantee proper counting) 25 ns
Thce CE Hold Time to CLK (to guarantee proper counting) 0 ns
Thoe RESET/OE Hold Time (guarantees counters are reset) 25 ns

Notes: 1. AC test load = 50 pF
2. Guaranteed by design, not tested.
3. Float delays are measured with 5 pF AC loads. Transition is measured at +200 mV from steady state active levels.
4. All AC parameters are measured with V| = 0.0V and V|, = 3.0V.
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Ordering Information

Device Number

XC17S05
XC17S05XL
XC17S10
XC17S10XL
XC17S15XL
XC17S20
XC17S20XL
XC17S30
XC17S30XL
XC17S40
XC17S40XL
XC17S50XL
XC17S100XL
XC17S150XL

XC17S20XL VO8 C

8-pin Plastic Small-Outline Thin Package

Package Type

PD8 = 8-pin Plastic DIP
Vo8 =

S020 =

20-pin Plastic Small-Outline Package

Valid Ordering Combinations

Operating Range/Processing
C = Commercial (Tp = 0°C to +70°C)
| = Industrial (Tp =—40°C to +85°C)

Spartan 5V Spartan 5V Spartan 3.3V Spartan 3.3V Spartan3.3V
XC17S05PD8C XC17S20PD8C || XC17S05XLPD8C | XC17S20XLPD8C XC17S50XLPD8C
XC17S05vV08C XC17S20VO8C || XC17S05XLVO8C | XC17S20XLVO8C XC17S50XLS020C
XC17S05PDS8I XC17S20PDS8I XC17S05XLPDS8I XC17S20XLPDS8I XC17S50XLPD8I
XC17S05Vv08I XC17S20V08I XC17S05XLVO8I | XC17S20XLVO8I XC17S50XLS020I
XC17S10PD8C XC17S30PD8C || XC17S10XLPD8C | XC17S30XLPD8C XC17S100XLPD8C
XC17S10v08C XC17S30VO8C || XC17S10XLVO8C | XC17S30XLVO8C XC17S100XLS020C
XC17S10PDs8I XC17S30PD8I XC17S10XLPD8I XC17S30XLPD8I XC17S100XLPD8I
XC17S10vOs8| XC17S30VvO08I XC17S10XLVOsI XC17S30XLVO8I XC17S100XLS020I
XC17S40PD8C || XC17S15XLPD8C | XC17S40XLPD8C XC17S150XLPD8C
XC17S40S020C || XC17S15XLVO8C | XC17S40XLS0O20C XC17S150XLS020C
XC17S40PD8I XC17S15XLPD8I XC17S40XLVO8C XC17S150XLPD8I
XC17S40S020! || XC17S15XLVO8I XC17S40XLPDS8I XC17S150XLS020I
XC17S40XLS020I
XC17S40XLVOS8I

DS030 (v1.4) February 18, 2000
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Marking Information

Due to the small size of the PROM package, the complete ordering part number cannot be marked on the package. The XC
prefix is deleted and the package code is simplified. Device marking is as follows.

17S20L V. C

Device Number —M ——| T Operating Range/Processing

XC17S05
XC17S05L
XC17S10
XC17S10L
XC17S15L
XC17S20
XC17S20L
XC17S30
XC17S30L
XC17S40
XC17S40L
XC17S50L

XC17S100L
XC17S150L

C = Commercial (Tp = 0°C to +70°C)
Package Type I Industrial (Tp = —40°C to +85°C)
P 8-pin Plastic DIP
\% 8-pin Plastic Small-Outline Thin Package
S 20-pin Plastic Small-Outline Package

Note: When marking the device number on the XL parts, an L is used in place of an XL.

Revision Control

Date Revision
7/14/98 Cosmetic edits for pages 19, 20, 21 & 22.
9/8/98 Clarified the SPARTAN FPGA and PROM interface by removing references to CEO pin. Removed the
ESD notation in Absolute Maximum table since it is now included in Xilinx’s Reliability Monitor Report.
01/20/00 Added additional Spartan-XL parts, changed SPROM to PROM.
02/18/00 Changed device ordering numbers.
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Advance Product Specification

Features

Fast Zero Power (FZP™) design technique provides
ultra-low power and very high speed

Innovative XPLA3 architecture combines high speed
with extreme flexibility

Based on industry's first TotalCMOS™ PLD - both
CMOS design and process technologies

Advanced 0.35u five metal layer E2CMOS process

- 1,000 erase/program cycles guaranteed

- 20 years data retention guaranteed

3V, In-System Programmable (ISP) using JTAG IEEE

1149.1 interface

- Full Boundary Scan Test (IEEE 1149.1)

Ultra-low static power of less than 100 pA

Simple deterministic timing model

Support for complex asynchronous clocking

- 16 product term clocks and four local control term
clocks per logic block

- Four global clocks and one universal control term
clock per device

Excellent pin retention during design changes

5V tolerant I/O pins

Input register set up time of 1.7 ns

Logic expandable to 48 product terms

High-speed pin-to-pin delays of 5.0 ns

Slew rate control per macrocell

100% routable

Security bit prevents unauthorized access

Supports hot-plugging capability

Design entry/verification using Xilinx or industry

standard CAE tools

Innovative Control Term structure provides:

- Asynchronous macrocell clocking

- Asynchronous macrocell register preset/reset

- Clock enable control per macrocell

Four output enable controls per logic block

Foldback NAND for synthesis optimization

Global 3-state which facilitates "bed of nails" testing

Available in Chip-scale BGA, and QFP packages

Commercial and extended voltage industrial grades

Pin compatible with existing CoolRunner low-power

family devices

Family Overview

The CoolRunner XPLA3 (eXtended Programmable Logic
Array) family of CPLDs is targeted for low power systems
that include portable, handheld, and power sensitive appli-
cations. Each member of the XPLA3 family includes Fast
Zero Power (FZP) design technology that combines low
power and high speed. With this design technique, the
XPLAS family offers true pin-to-pin speeds of 5.0 ns, while
simultaneously delivering power that is less than 100 pA at
standby without the need for "turbo bits" or other power
down schemes. By replacing conventional sense amplifier
methods for implementing product terms (a technique that
has been used in PLDs since the bipolar era) with a cas-
caded chain of pure CMOS gates, the dynamic power is
also substantially lower than any competing CPLD. Cool-
Runner devices are the only TotalCMOS PLDs, as they use
both a CMOS process technology and the patented full
CMOS FZP design technique.

To the original XPLA architecture, XPLA3 adds a direct
input register path, multiple clocks (both dedicated and
product term generated), and both reset and preset for
each macrocell, with a full PLA structure. These enhance-
ments deliver high speed coupled with very flexible logic
allocation which results in the ability to make design
changes without changing pinout. The XPLA3 logic block
includes a pool of 48 product terms that can be allocated to
any macrocell in the logic block. Logic that is common to
multiple macrocells can be placed on a single PLA product
term and shared, effectively increasing design density.

XPLA3 CPLDs are supported by WebPACK from Xilinx and
industry standard CAE tools (Cadence/OrCAD, Exemplar
Logic, Mentor, Synopsys, Viewlogic, andd Synplicity), using
text (ABEL, VHDL, Verilog) and schematic capture design
entry. Design verification uses industry standard simulators
for functional and timing simulation. Development is sup-
ported on personal computer, Sparc, and HP platforms.
Device fitting uses Xilinx developed tools including
WebFITTER.

The XPLAS3 family features also include industry-standard,
IEEE 1149.1, JTAG interface through which In-System Pro-
gramming (ISP) and reprogramming of the device can

DS012 (v1.1) March 3, 2000
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occur. The XPLA3 CPLD is electrically reprogrammable
using industry standard device programmers from vendors
such as Data I/O, BP Microsystems, and SMS.

XPLA3 Architecture

Figure 1 shows a high-level block diagram of a 128 macro-
cell device implementing the XPLA3 architecture. The
XPLA3 architecture consists of logic blocks that are inter-
connected by a Zero-power Interconnect Array (ZIA). The
ZIA is a virtual crosspoint switch. Each logic block has 36
inputs from the ZIA and 16 macrocells.

From this point of view, this architecture looks like many
other CPLD architectures. What makes the XPLA3 family
unique is logic allocation inside each logic block and the
design technique used to implement these logic blocks.

Logic Block Architecture

Figure 2 illustrates the logic block architecture. Each logic
block contains a PLA array that generates control terms,

clock terms, and logic cells. There are 36 pairs of true and
complement inputs from the ZIA that feed the 48 product
terms in the array. Within the 48 P-terms there are eight
local control terms (LCT[0:7]) available as control inputs to
each macrocell for use as asynchronous clocks, resets,
presets and output enables. The other P-terms serve as
additional single inputs into each macrocell.

There are eight foldback NAND P-terms that are available
for ease of fitting and pin locking. Sixteen product terms are
coupled with the associated programmable OR gate into
the VFM (Variable Function Multiplexer). The VFM
increases logic optimization by implementing any two input
logic funtion before entering the macrocell (see Figure 3).

Each macrocell can support combinatorial or registered
inputs, preset and reset on a per macrocell basis and con-
figurable D, T registers, or latch function. If a macrocell
needs more product terms, it simply gets the additional
product terms from the PLA array.

- MCO MCO >
- MC1 LOGIC B 36 36 . LOGIC MC1 -
Vo |, : BLOCK [ "| BLOCK : .| 1O
- MC15 MC15 >
| 16, 16 |
16, 16
- MCO MCO >
- MC1 LOGIC  |_ 36 36 | Locic MC1 |—»
Vo | : BLOCK [ "| BLOCK : | 1O
- MC15 MC15 |—»
| 16, 16 |
6, @ 16
- MCO MCO >
- MC1 LOGIC  |_ 36 36 | Locic MCl [—
o | : BLOCK [ "| BLOCK : - 1O
o) MC15 MC15 |—
| 16, 16 |
16, 16
- MCO MCO >
- MC1 LoGIC | 36 36 | LoGIC MC1 [—=
Vo | : BLOCK [* "I BLOCK : .| /O
- MC15 MC15 |—
| 16, 16 |
16, 16
ds012_01_121399
Figure 1. Xilinx XPLA3 CPLD Architecture
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‘—OQ—S Foldback NAND
(P1[8:15])

To Universal Control Term (UCT) Mux

1 — To Local Control Term (LCTO)
ZIA Product | (p;0) DO | .
Term .
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1 — To Local Control Term (LCT7)
36 x 48
(P17) L[>o—_

36

(Pt[32:47])
P P-term Clocks

2
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5 g Do
VFM D Q
>

48
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[\
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1/015
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Figure 2: Xilinx XPLA3 Logic Block Architecture
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From P-term

/

—— To Combinatorial Path

\V4 %7 LJ Y

From PLA OR Term

and Register Input

Figure 3: Variable Function Multiplexer

FoldBack NANDs

XPLAS utilizes FoldBack NANDs to increase the effective
product term width of a programmable logic device. These
structures effectively provide an inverted product term to be
used as a logic input by all of the local product terms. Refer
to Figure 4 for an example of this technique. .

+—Pr1

To MC

| ) D
P14
HD—
Lo

IA&B&!IC

ds012_04_123099

Figure 4. Basic FoldBack NAND Structure

As seen in Figure 4, the output signal is determined by the
following equation:

MC logic = PT1 # PT2 # PT3 # (PT4) &A # B # C)

vy

/

ds012_03_121699

Macrocell Architecture

Figure 5 shows the architecture of the macrocell used in
the CoolRunner XPLA3. Any macrocell can be reset or pre-
set on power-up. Each macrocell register can be config-
ured as a D-, T, or Latch-type flip-flop, or combinatorial
logic function. Each of these flip-flops can be clocked from
any one of eight sources. There are two global synchro-
nous clocks that are derived from the four external clock
pins. There is one universal clock signal. The clock input
signals CT[4:7] (Local Control Terms) can be individually
configured as either a PRODUCT term or SUM term equa-
tion created from the 36 signals available inside the logic
block..

There are two feedback paths to the ZIA: one from the mac-
rocell, and one from the I/O pin. When the I/O pin is used as
an output, the output buffer is enabled, and the macrocell
feedback path can be used to feed back the logic imple-
mented in the macrocell. When an 1/O pin is used as an
input, the output buffer will be 3-stated and the input signal
will be fed into the ZIA via the 1/O feedback path. The logic
implemented in the buried macrocell can be fed back to the
ZIA via the macrocell feedback path.

If the macrocell is configured as an input, there is a path to
the register to provide a fast input setup time.

6-8 www.Xilinx.com
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Universal PST

CT [0:5] To ZIA
PAD
To ZIA
From PT Array
I_A_\
1 0\
VFM L
T\ 48, TN
— PST
) | /) To I/O
— D/T/L Q
PLA OR Term CT4
CLKEnN
P-term
P> RST
Global CLK
Global CLK Universal RST
Universal CLK ] ’ I—
P-term CLK CTI0:3]
CT [4:7]
Note: Global CLK signals come from pins.
ds012_05_122299
Figure 5: XPLA3 Macrocell Architecture
I/0O Cell
The OE (Output Enable) multiplexer has eight possible v
modes (Figure 6), including a programmable weak pull-up &
(WPU) eliminating the need for external termination on @El\gga‘_k;“”'uf’
unused 1/Os. h
. . . To Macrocell / ZIA
The I/O Cell is 5V tolerant, and has a single-bit slew-rate
control for reducing EMI generation. From Macrocell X [Jvorpin
Outputs are 3.3V PCI electrical specification compatible \Slew
(no internal clamp diode). Control
GND
T —4%— OE | 1O Pin
X Decode | State
Universal OE 0 3.State
VCC 1 Function CTO
2 Function CT1
GND (Weak P.U.) 3 Function CT2
4 Function CT6
3 5 Universal OE
6 Enable
OE [2:0] 7 Weak P.U.
ds012_06_121699
Figure 6: /O Cell
DS012 (v1.1) March 3, 2000 www.Xilinx.com 6-9

1-800-255-7778


http://www.xilinx.com

CoolRunner™ XPLA3 CPLD

SXILINX®

Simple Timing Model

Figure 7 shows the XPLA3 timing model which has three
main timing parameters, including Tpp, Tgy, and Tee. In
other architectures, the user may be able to fit the design
into the CPLD, but may not be sure whether system timing
requirements can be met until after the design has been fit
into the device. This is because the timing models of other
architectures are very complex and include such things as
timing dependencies on the number of parallel expanders
borrowed, sharable expanders, varying number of X and Y
routing channels used, etc. In the XPLA3 architecture, the

user knows up front whether the design will meet system
timing requirements. This is due to the simplicity of the tim-
ing model.

Slew Rate Control

XPLA3 devices have slew rate control for each macrocell
output pin. The user has the option to enable the slew rate
control to reduce EMI. The nominal delay for using this
option is 2.0 ns.

T
Using Combinatorial Logic: Input Pin [} PD [] output Pin
Using Register Logic: Input Pin D Tsu Tco D Output Pin
g Reg 91 or Feedback D Q utput Fi
in O T
Clock Pin - F Feedback to ZIA
. . , Tsur TF
Using Macrocell Register Input Pin [_] D Q [] Feedback to ZIA
as Input Register:
puteg Clock Pin O———]
DS012_07_030300
Figure 7: XPLA3 Timing Model
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JTAG Testing Capability

JTAG is the commonly used acronym for the Boundary
Scan Test (BST) feature defined for integrated circuits by
IEEE Standard 1149.1. This standard defines input/output
pins, logic control functions, and commands that facilitate
both board and device level testing without the use of spe-
cialized test equipment. XPLA3 devices use the JTAG Inter-
face for In-System Programming/Reprogramming. The full
JTAG command set is implemented (see Table 1), including
the use of a port enable signal.

As implemented in XPLA3, the JTAG Port includes four of
the five pins (refer to Table 2) described in the JTAG speci-
fication: TCK, TMS, TDI, and TDO. The fifth signal defined
by the JTAG specification is TRST (Test Reset). TRST is
considered an optional signal, since it is not actually
required to perform BST or ISP. The XPLA3 saves an |/O
pin for general purpose use by not implementing the
optional TRST signal in the JTAG interface. Instead, the
XPLA3 supports the test reset functionality through the use
of its power-up reset circuit, which is included in all Cool-
Runner CPLDs. It should be noted that the pins associated
with the JTAG Port should connect to an external pull-up

Table 1: XPLA3 Low-level JTAG Boundary-scan Commands

resistor (typical 10K) to keep the JTAG signals from floating
when they are not being used.

The Port Enable pin is used to reclaim TMS, TDO, TDI, and
TCK for JTAG ISP programming if the user has defined
these pins as general purpose I/O during device program-
ming. For ease of use, XPLA3 devices are shipped with the
JTAG port pins enabled. Please note that the Port Enable
pin must be low logic level during the power-up sequence
for the device to operate properly.

During device programming, the JTAG ISP pins can be left
as is or reconfigured as user specific 1/0 pins. If the JTAG
ISP pins have been used for I/O pins, simply applying high
logic level to the Port Enable pin converts the JTAG ISP
pins back to their respective programming function and the
device can be reprogrammed. After completing the desired
JTAG ISP programming function, simply return Port Enable
to Ground. This will re-establish the JTAG ISP pins to their
respective 1/0 function. Note that reconfiguring the JTAG
port pins as 1/Os makes these pins non-JTAG ISP func-
tional.

The XPLA3 family allows the macrocells associated with
these pins to be used as buried logic when the JTAG/ISP
function is enabled.

Instruction
(Instruction Code)
Register Used

Description

Sample/Preload
(00010)
Boundary-scan Register

The mandatory Sample/Preload instruction allows a snapshot of the normal operation
of the component to be taken and examined. It also allows data values to be loaded
into the latched parallel outputs of the Boundary-scan Shift Register prior to selection
of the other boundary-scan test instructions.

Extest
(00000)
Boundary-scan Register

The mandatory Extest instruction allows testing of off-chip circuitry and board level
interconnections. Data would typically be loaded onto the latched parallel outputs of
Boundary-scan Shift Register using the Sample/Preload instruction prior to selection
of the Extest instruction.

Bypass
(111112)
Bypass Register

Places the 1-bit bypass register between the TDI and TDO pins, which allows the BST
data to pass synchronously through the selected device to adjacent devices during
normal device operation. The Bypass instruction can be entered by holding TDI at a
constant high value and completing an Instruction-scan cycle.

Idcode
(00001)
Boundary-scan Register

Selects the Idcode register and places it between TDI and TDO, allowing the Idcode
to be serially shifted out of TDO. The Idcode instruction permits blind interrogation of
the components assembled onto a printed circuit board. Thus, in circumstances where
the component population may vary, it is possible to determine what components exist
in a product.

High-Z
(00101)
Bypass Register

The High-Z instruction places the component in a state which all of its system logic
outputs are placed in an inactive drive state (e.g., high impedance). In this state, an
in-circuit test system may drive signals onto the connections normally driven by a
component output without incurring the risk of damage to the component. The High-Z
instruction also forces the Bypass Register between TDI and TDO

Intest
(00011)
Boundary-scan Register

The Intest instruction selects the boundary scan register preparatory to applying tests
to the logic core of the device. This permits testing of on-chip system logic while the
component is already on the board

DS012 (v1.1) March 3, 2000
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Table 2: JTAG Pin Description

Pin Name Description

TCK Test Clock Input Clock pin to shift the serial data and instructions in and out of the
TDI and TDO pins, respectively.

TMS Test Mode Select Serial input pin selects the JTAG instruction mode. TMS should be
driven high during user mode operation.

TDI Test Data Input Serial input pin for instructions and test data. Data is shifted in on
the rising edge of TCK.

TDO Test Data Output Serial output pin for instructions and test data. Data is shifted out on
the falling edge of TCK. The signal is 3-stated if data is not being
shifted out of the device.

3V, In-System Programming (ISP)

ISP is the ability to reconfigure the logic and functionality of
a device, printed circuit board, or complete electronic sys-
tem before, during, and after its manufacture and shipment
to the end customer. ISP provides substantial benefits in

each of the following areas:

« Design
- Faster time-to-market

- Debug partitioning and simplified prototyping

- Printed circuit board reconfiguration during debug

- Better device and board level testing

* Manufacturing
- Multi-functional hardware
- Reconfigurability for Test

Table 3: Low -level ISP Commands

- Eliminates handling of "fine lead-pitch" components
for programming
¢ Field Support
- Easy remote upgrades and repair
- Support for field configuration, reconfiguration, and
customization

XPLA3 allows for 3V, in-system programming/reprogram-
ming of its EEPROM cells via a JTAG interface. An on-chip
charge pump eliminates the need for externally provided
super-voltages. This allows programming on the circuit
board using only the 3V supply required by the device for
normal operation. The ISP commands implemented in
XPLAS are specified in Table 3.

(ISP Shift Register)

(R:agsi;rtlj;tijosr:ed) Instruction Code Description

Enable 01001 Enables the Erase, Program, and Verify commands. Using the

(ISP Shift Register) Enable instruction before the Erase, Program, and Verify
instructions allows the user to specify the outputs of the device
using the JTAG Boundary-Scan Sample/Preload command.

Erase 01010 Erases the entire EEPROM array. User can define the outputs

(ISP Shift Register) during this operation by using the JTAG Sample/Preload
command.

Program 01011 Programs the data in the ISP Shift Register into the addressed

(ISP Shift Register) EEPROM row. The outputs can be defined by using the JTAG
Sample/Preload command.

Disable 10000 Disable instruction allows the user to leave ISP mode. It selects

(ISP Shift Register) the ISP register to be directly connected between TDO and TDI.

Verify 01100 Transfers the data from the addressed row to the ISP Shift

Register. The data can then be shifted out and compared with
the JEDEC file. The user can define the outputs during this
operation.
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Terminations

The CoolRunner XPLA3 CPLDs are TotalCMOS devices.
As with other CMOS devices, it is important to consider
how to properly terminate unused inputs and I/O pins when
fabricating a PC board. Allowing unused inputs and I/O pins
to float can cause the voltage to be in the linear region of
the CMOS input structures, which can increase the power
consumption of the device. The XPLA3 CPLDs have pro-
grammable on-chip weak pull-up resistors on each /O pin.
These resistors are automatically activated by fitter soft-
ware for all unused 1/O pins. Note that an 1/O macrocell
used as buried logic that does not have the 1/0 pin used for
input is considered to be unused, and the weak pull-up
resistors will be turned on. It is recommended that any
unused I/O pins on the XPLA3 family of CPLDs be left
unconnected. As with all CMOS devices, do not allow
inputs to float.

Table 4: Programming Specifications

JTAG and ISP Interfacing

A number of industry-established methods exist for
JTAG/ISP interfacing with CPLDs and other integrated
circuits. The XPLAS family supports the following methods:

¢ Xilinx HW 130

* PC Parallel Port

* Workstation or PC Serial Port
« Embedded Processor

¢ Automated Test Equipment

¢ Third Party Programmers

¢ Xilinx ISP Programming Tools

For more details on JTAG and ISP, refer to the related appli-
cation note: JTAG and ISP in Xilinx CPLDs. see also
Table 4 below:

Symbol | Parameter | Min. | Max. Unit
DC Parameters
Veep Ve supply program/verify 3.0 (com) 36 Vv

2.7 (ind)

lccp Icc limit program/verify 80 mA
ViH Input voltage (High) 2.0 \%
VL Input voltage (Low) 0.8 \%
VoL Output voltage (Low) 0.4 \%
VoH Output voltage (High) 2.4 \%
AC Parameters
Fmax TCK maximum frequency 10 MHz
Pwe Pulse width erase 100 ms
Pwp Pulse width program 10 ms
Pwv Pulse width verify 10 us
TiNT Initialization time 50 us
Tms su | TMS setup time before TCK T 10 ns
Tor su__|TDI setup time before TCK T 10 ns
Tws 1| TMS hold time after TCK T 20 ns
Tor 4 |TDI hold time after TCK T 20 ns
TDO__CO TDO valid after TCK | 30 ns
DS012 (v1.1) March 3, 2000 www.Xilinx.com 6-13
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Absolute Maximum Ratings(l)

Symbol Parameter Min. Max. Unit
Vee Supply voltage'® relative to GND -0.5 3.6 Vv
V, Input voltage® relative to GND -0.5 5.5 Y
louT Output current -100 100 mA
T, Maximum junction temperature -40 150 °C
Tstr Storage temperature —65 150 °C
Notes:

1. Stresses above those listed may cause malfunction or permanent damage to the device. This is a stress rating only. Functional operation
at these or any other condition above those indicated in the operational and programming specification is not implied.

2. The chip supply voltage must rise monotonically.

3. Maximum DC undershoot below GND must be limited to either 0.5V or 10 mA, whichever is easier to achieve. During transitions, the
device pins may undershoot to —2.0V or overshoot to 7.0V, provided this over- or undershoot lasts less than 10 ns and with the forcing cur-
rent being limited to 200 mA.

4. External I/O voltage may not be applied for more than 100 milliseconds without the presence of V.

Recommended Operation Conditions

Symbol Parameter Test Conditions Min. Max. Unit

Vee Supply voltage f Commercial Ty = 0°C to 70°C 3.0 3.6 \%

Industrial Tp = —40°C to +85°C 2.7 3.6 \%
Vi Low-level input voltage 0 0.8 \Y
ViH High-level input voltage 2.0 5.5 \%
Vo Output voltage 0 Vee \Y,
Tr Input rise time 20 ns
Te Input fall time 20 ns

Quality and Reliability Characteristics

Symbol Parameter Min Max Units
Tpor Data retention 20 - Years
Npg Program/Erase Cycles (Endurance) 1,000 - Cycles
VEsp Electrostatic Discharge (ESD) 2,000 - Volts

Device Families

Parameter XCR3032XL XCR3064XL XCR3128XL XCR3256XL XCR3384XL
Macrocells 32 64 128 256 384
Usable gates 750 1,500 3,000 6,000 9,000
Registers 32 64 128 256 384
I/0s 32 64 104 160 216
Tpp (NS) 5.0 6.0 6.0 7.5 7.5
Tsue (ns) TBD TBD TBD 2.0 TBD
Tco (nS) 4.0 4.0 45 45 5.0
Fsystem (MHZ) 200 167 167 140 TBD

Preliminary Information
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Available Packages

Package Type XCR3032XL XCR3064XL XCR3128XL XCR3256XL XCR3384XL
CS280 160 I/0 216 1/0
PQ208 160 /0
TQ144 104 I1/0 116 I/O0
Cs144 104 1/0
VQ100 64 1/0 80 1/0
CP56 44 1/0
Cs48 321/0 32 1100
VQ44 321/0 321/0

Preliminary Information

Note:
1. Future package.

Revision Table

Date Version # Revision
01/20/2000 1.0 Initial Xilinx release.
03/03/00 1.1 Minor update.

© 2000 Xilinx, Inc. All rights reserved. All Xilinx trademarks, registered trademarks, patents, and disclaimers are as listed at
http://www.xilinx.com/legal.htm. All other trademarks and registered trademarks are the property of their respective owners.
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2 XILINX

XCR3384XL: 384 Macrocell CPLD

DS014 (v1.0) February 7, 2000

Advance Product Specification

Features

7.5 ns pin-to-pin logic delays

System frequencies up to 120 MHz

384 macrocells with 9,000 usable gates

Available in small footprint packages

- 280-pin CS BGA (216 user 1/O)

Optimized for 3.3V systems

- Ultra low power operation

- 5V tolerant I/O pins with 3.3V core supply

- Advanced 0.35 micron five metal layer
re-programmable process

- FZP™ CMOS design technology

Advanced system features

- In-system programming

- Input registers

- Predictable timing model

- Up to 23 clocks available per logic block

- Excellent pin retention during design changes

- Full IEEE Standard 1149.1 boundary-scan (JTAG)

- Four global clocks

- Eight product term control terms per logic block

Fast ISP programming times

Port Enable pin for additional I/O

2.7V to 3.6V industrial grade voltage range

Programmable slew rate control per output

Security bit prevents unauthorized access

Refer to family data sheet for architecture description

Description

The XCR3384XL is a 3.3V, 384 macrocell CPLD targeted at
power sensitive designs that require leading edge program-
mable logic solutions. A total of 16 logic blocks provide
9,000 usable gates. Pin-to-pin propagation delays are
7.5 ns with a maximum system frequency of 120 MHz.

Total CMOS™ Design Technique for
Fast Zero Power

Xilinx offers a TotalCMOS™ CPLD, both in process tech-
nology and design technique. Xilinx employs a cascade of
CMOS gates to implement its Sum of Products instead of
the traditional sense amp approach. This CMOS gate
implementation allows Xilinx to offer CPLDs that are both
high performance and low power, breaking the paradigm
that to have low power, you must have low performance.
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2 XILINX

XCR3256XL: 256 Macrocell CPLD

DS013 (v1.0) February 7, 2000

Preliminary Product Specification

Features

7.5 ns pin-to-pin logic delays

System frequencies up to 140 MHz

256 macrocells with 6,000 usable gates

Available in small footprint packages

- 144-pin TQFP (116 user I/O pins)

- 208-pin PQFP (160 user 1/0)

- 280-pin CS BGA (160 user 1/O)

Optimized for 3.3V systems

- Ultra low power operation

- 5V tolerant I/O pins with 3.3V core supply

- Advanced 0.35 micron five metal layer
re-programmable process

- FZP™ CMOS design technology

Advanced system features

- In-system programming

- Input registers

- Predictable timing model

- Up to 23 clocks available per logic block

- Excellent pin retention during design changes

- Full IEEE Standard 1149.1 boundary-scan (JTAG)

- Four global clocks

- Eight product term control terms per logic block

Fast ISP programming times

Port Enable pin for additional I/O

2.7V to 3.6V industrial grade voltage range

Programmable slew rate control per output

Security bit prevents unauthorized access

Refer to family data sheet for architecture description

Description

The XCR3256XL is a 3.3V, 256 macrocell CPLD targeted at
power sensitive designs that require leading edge program-
mable logic solutions. A total of 16 logic blocks provide
6,000 usable gates. Pin-to-pin propagation delays are
7.5 ns with a maximum system frequency of 140 MHz.

Total CMOS™ Design Technique for
Fast Zero Power

Xilinx offers a TotalCMOS™ CPLD, both in process tech-
nology and design technique. Xilinx employs a cascade of
CMOS gates to implement its Sum of Products instead of
the traditional sense amp approach. This CMOS gate
implementation allows Xilinx to offer CPLDs that are both
high performance and low power, breaking the paradigm
that to have low power, you must have low performance.

DS013 (v1.0) February 7, 2000
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2 XILINX

XCR3128XL 128 Macrocell CPLD

DS016 (v1.0) January 21, 2000

Advance Product Specification

Features

6.0 ns pin-to-pin logic delays

System frequencies up to 167 MHz

128 macrocells with 3,000 usable gates

Available in small footprint packages

- 144-pin TQFP (104 user I/O pins)

- 144-pin CS BGA (104 user 1/0O)

- 100-pin VQFP (80 user 1/0O)

Optimized for 3.3V systems

- Ultra low power operation

- 5V tolerant I/O pins with 3.3V core supply

- Advanced 0.35 micron five metal layer
re-programmable process

- FZP CMOS design technology

Advanced system features

- In-system programming

- Input registers

- Predictable timing model

- Up to 23 clocks available per logic block

- Excellent pin retention during design changes

- Full IEEE Standard 1149.1 boundary-scan (JTAG)

- Four global clocks

- Eight product term control terms per logic block

Fast ISP programming times

Port Enable pin for additional I/O

2.7V to 3.6V industrial grade voltage range

Programmable slew rate control per macrocell

Security bit prevents unauthorized access

Refer to family data sheet for architecture description

Description

The XCR3128XL is a 3.3V 128 macrocell CPLD targeted at
power sensitive designs that require leading edge program-
mable logic solutions. A total of 16 logic blocks provide
3,000 usable gates. Pin-to-pin propagation delays are
6.0 ns with a maximum system frequency of 167 MHz.

Total CMOS™ Design Technique for
Fast Zero Power

Xilinx offers a TotalCMOS™ CPLD, both in process tech-
nology and design technique. Xilinx employs a cascade of
CMOS gates to implement its Sum of Products instead of
the traditional sense amp approach. This CMOS gate
implementation allows Xilinx to offer CPLDs that are both
high performance and low power, breaking the paradigm
that to have low power, you must have low performance.
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2 XILINX

XCR3064XL: 64 Macrocell CPLD

DS017 (v1.0) February 7, 2000

Advance Product Specification

Features

6.0 ns pin-to-pin logic delays

System frequencies up t0167 MHz

64 macrocells with 1,500 usable gates

Available in small footprint packages

- 100-pin TQFP (64 user 1/O pins)

- 44-pin VQFP (32 user 1/0)

- 48-ball CS (32 user I/O)

- 56-ball CS (44 user I/O)

Optimized for 3.3V systems

- Ultra low power operation

- 5V tolerant I/O pins with supply with 3.3V core
supply

- Advanced 0.35 micron five metal layer EE process

- FZP™ CMOS design technology

Advanced system features

- In-system programming

- Input registers

- Predictable timing model

- Up to 23 available clocks per logic block

- Excellent pin retention during design changes

- Full IEEE Standard 1149.1 boundary-scan (JTAG)

- Four global clocks

- 16 product term control terms per logic block

Fast ISP programming times

Port Enable pin for additional I/O

2.7V to 3.6V industrial grade voltage range

Programmable slew rate control per output

Security bit prevents unauthorized access

Refer to family data sheet for architecture description

Description

The XCR3064XL is a 3.3V, 64 macrocell CPLD targeted at
power sensitive designs that require leading edge program-
mable logic solutions. A total of 16 logic blocks provide
1,500 usable gates. Pin-to-pin propagation delays are
6.0 ns with a maximum system frequency of 167 MHz.

Total CMOS™ Design Technique for
Fast Zero Power

Xilinx offers a TotalCMO™ CPLD, both in process technol-
ogy and design technique. Xilinx employs a cascade of
CMOS gates to implement its Sum of Products instead of
the traditional sense amp approach. This CMOS gate
implementation allows Xilinx to offer CPLDs that are both
high performance and low power, breaking the paradigm
that to have low power, you must have low performance.
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2 XILINX

XCR3032XL: 32 Macrocell CPLD

DS015 (v1.0) February 7, 2000

Advance Product Specification

Features

5.0 ns pin-to-pin logic delays

System frequencies up to 200 MHz

32 macrocells with 750 usable gates

Available in small footprint packages

- 44-pin VQFP (32 user I/0)

- 48-ball CS BGA (32 user 1/0O)

Optimized for 3.3V systems

- Ultra low power operation

- 5V tolerant I/O pins with 3.3V core supply

- Advanced 0.35 micron five metal layer
re-programmable process

- FZP™ CMOS design technology

Advanced system features

- In-system programming

- Input registers

- Predictable timing model

- Up to 23 clocks available per logic block

- Excellent pin retention during design changes
- Full IEEE Standard 1149.1 boundary-scan (JTAG)

- Four global clocks

- Eight product term control terms per logic block

Fast ISP programming times

Port Enable pin for additional I/O

2.7V to 3.6V industrial grade voltage range
Programmable slew rate control per output
Security bit prevents unauthorized access

Refer to family data sheet for architecture description

Description

The XCR3032XL is a 3.3V, 32 macrocell CPLD targeted at
power sensitive designs that require leading edge program-
mable logic solutions. A total of 16 logic blocks provide 750
usable gates. Pin-to-pin propagation delays are 5.0 ns with
a maximum system frequency of 200 MHz.

Total CMOS™ Design Technique for
Fast Zero Power

Xilinx offers a TotalCMOS™ CPLD, both in process tech-
nology and design technique. Xilinx employs a cascade of
CMOS gates to implement its Sum of Products instead of
the traditional sense amp approach. This CMOS gate
implementation allows Xilinx to offer CPLDs that are both
high performance and low power, breaking the paradigm
that to have low power, you must have low performance.
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2 XILINX"

FastFLASH™ XC9500XV
High-Performance, Low-Power
CPLD Family

DS049 (v1.1) February 1, 2000

Advance Product Information

Features

« Optimized for high-performance 2.5V systems
- Small footprint packages including VQFPs, TQFPs
and CSPs (Chip Scale Package)
- Lower power operation
- Multi-voltage operation
- FastFLASH technology
* Advanced system features
- In-system programmable
- Output banking
- 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 three 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
« 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 3.3V core XC9500XL family in
common package footprints
» Hot Plugging capability

Family Overview

The FastFLASH XC9500XV family is a 2.5V 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 XC9500XV 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 XC9500XV
family is designed to work closely with the Xilinx Spar-
tan-XL and Virtex FPGA families, allowing system design-
ers to partition logic optimally between fast interface

circuitry and high-density general purpose logic. As shown
in Table 1, logic density of the XC9500XV devices ranges
from 800 to 6400 usable gates with 36 to 288 registers,
respectively. Multiple package options and associated 1/0
capacity are shown in Table 2. The XC9500XV family mem-
bers are fully pin-compatible, allowing easy design migra-
tion across multiple density options in a given package
footprint.

The XC9500XV 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 3.3V, 2.5V, 1.8V,
and 1.5V inputs, and the outputs may be configured for
3.3V, 2.5V, or 1.8V operation. The XC9500XV device exhib-
its symmetric full 2.5V output voltage swing to allow bal-
anced rise and fall times.

Architecture Description

Each XC9500XV device is a subsystem consisting of multi-
ple Function Blocks (FBs) and I/O 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.
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Figure 1. XC9500XV Architecture
Note: Function block outputs (indicated by the bold lines) drive the 1/0 blocks directly.
Table 1: XC9500XV Device Family
XC9536XV XC9572XV XC95144XV XC95288XV
Macrocells 36 72 144 288
Usable Gates 800 1,600 3,200 6,400
Registers 36 72 144 288
tpp (NS) 4 5 5 6
tsy (nS) 3 3.7 3.7 4.1
tco (NS) 3 3.5 3.5 4.3
fsystem (MHZ) 200 178 178 151
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Table 2: XC9500XV Packages and User I/O Pins (not including four dedicated JTAG pins

XC9536XV XC9572XV XCO5144XV XC95288XV

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

256-Pin BGA 192
256-Pin FBGA 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
Il switch matrix. These 18 outputs and their corresponding
output enable signals also drive the IOB.

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.

Product
Term
Allocators

Programmable
AND-Array

> —s—
s

From
FastCONNECT Il
Switch Matrix

Figure 2: XC9500XV Function Block

Macrocell 1
18 To FastCONNECT Il
Switch Matrix
18 ouT
To I/O Blocks
18 PTOE
Macrocell 18
Global Global
Set/Reset Clocks X5878_01
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Macrocell

Each XC9500XV 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)

00

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

o

Product
Terms
(from other
macrocells)

0 0

Figure 3: XC9500XV Macrocell Within Function Block
Note: See Figure 8 for additional clock enable details.

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
S p—>  FastCONNECTII
D_ oT 0 Switch Matrix
D— Product EC
Term
Allocator Product Term Clock Enable| R
Product Term Clock
D Product Term Reset
ouT
—
[ o
Product Term OE N pTOE ( !/O Blocks
l/
Additional

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
[T\ Product Term Set
L/
L
)
[T\ Product Term Clock EDg
L/
R
[T\ Product Term Reset ]
L
/OIGSR Global Set/Reset
I/0/GCK1 [ Global Clock 1
I/I0IGCK2 [ Global Clock 2
/O/GCK3 [ Global Clock 3
X5880_01

Figure 4. Macrocell Clock and Set/Reset Capability
Product Term Allocator

The product term allocator controls how the five direct prod-
uct terms are assigned to each macrocell. For example, all
five direct terms can drive the OR function as shown in
Figure 5.

Product Term

Allocator

)

L/

L/

\ \:‘—\ Macrocell

du r

l ) E(';Z o ct Term
)

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 tpya as shown in Figure 6.
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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

E X5895

Figure 6: Product Term Allocation With 15 Product
Terms

The product term allocator can re-assign product terms
from any macrocell within the FB by combining partial sums
of products over several macrocells, as shown in Figure 7.
In this example, the incremental delay is only 2*tpya. All 90

product terms are available to any macrocell, with a maxi-
mum incremental delay of 8*tpya.

Product Term
Allocator

Macrocell Logic
::D~ With 2
Product Terms

66@?

Product Term
Allocator

Product Term
Allocator

Macrocell Logic
With 18

Product Terms

oy P S

Product Term
Allocator

X5896

Figure 7: Product Term Allocation Over Several

Macrocells

The internal logic of the product term allocator is shown in

Figure 8.
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Figure 8: Product Term Allocator Logic
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FastCONNECT Il Switch Matrix

The FastCONNECT II 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

7 :7 FastCONNECT Il

Switch Matrix

Function Block

—

(54) :

i—

{X DIT Q

i—

FastCONNECT II matrix. Any of these (up to a fan-in limit of
54) may be selected to drive each FB with a uniform delay.

1/0 Block

Function Block

i—

(54) :

—

D— DT Q

AZ}

D —

o

1/0 Block

Figure 9: FastCONNECT Il Switch Matrix

o

X5882_01
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I/0O Block

The 1/0 Block (IOB) interfaces between the internal logic and user programmable ground control. See Figure 10 for
and the device user I/O pins. Each I0B includes an input details.
buffer, output driver, output enable selection multiplexer,

To other
Macrocells
AAAA
1/0 Block
To FastCONNECT - <II
Switch Matrix <€————
Macrocell Bus-Hold
110
— DD > =

(Inversion in
AND-array) 1 User-

[\ ProductTermOE N PTOE 7 Programmable

l / | Ground

= T
0
Slew Rate
Control

I/I0IGTS1 Global OE 1
3—>

I/0/GTS2 [ Global OE 2

Available in XC95144XV
1/0/GTS3 Global OE 3 and XC95288XV

S SN

'/(S/CGTES“_D Global OE 4

98121700

Figure 10: 1/0O Block and Output Enable Capability

The input buffer is compatible with 3.3V CMOS, 2.5V (50 mV typical) to help reduce system noise for input sig-
CMOS, and 1.8V CMOS signals. The input buffer uses the nals with slow rise or fall edges.
internal 2.5V voltage supply (Vceint) to ensure that the Each output driver is designed to provide fast switching with

input thresholds are.constant and dp no.t vary with the minimal power noise. All output drivers in the device may
Vecio Voltage. Each input buffer provides input hysteresis be configured for driving either 3.3V, 2.5V, or 1.8V CMOS
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levels by connecting the device output voltage supply
(Vccio) to a 3.3V, 2.5V, or 1.8V voltage supply. Figure 11
shows how the XC9500XV device can be used in 2.5V only.

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 gw) 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 IOB provides user programmable ground pin capabil-
ity. This allows device 1/0 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 eliminates
the need to tie unused pins either high or low by holding the
last known state of the input until the next input signal is

2.5V

1

3.3V_CMOS or Veent  Vecio
33V
X 2.5V CMOS
ov
| xcosooxv | 25V x
2.5V CMOS CPLD
ov

WX
ov

GND

@

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¢ g to
prevent overdriving signals when interfacing to 2.5V com-
ponents.

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.

Output Banking

XC9500XYV parts are designed with a split-rail I/O structure.
This permits the utilization of two separate output drive lev-
els for systems able to operate best in that environment.
The output partitioning is by function blocks (FB) where all
even numbered FBs are attached to one VCCO rail and the
odd ones attached to the other one. With this arrangement,
designers can have one set of outputs driving to 2.5V and
another set to 1.8V. Naturally, it is possible to tie both rails
to a single output voltage and get all outputs driving to that
level. Should designs be migrated from one density to
another in the same package, care should be taken to
remember the voltage assignments chosen at the outset to
assure consistency.

3.3V 1.8v 2.5V

Veeint Vecoo Vecoe

3.3VCMOS or 1.8V CMOS

3.3V 1.8v
x OUT Odd |— x
ov ov

|y Xcesooxv
2.5V CMOS_or CPLD

2.5V CMOS
x OUT Even |— x
GND
1.8V CMOS l

1.8v
w X o

DS049_11_012800

Figure 11: XC9500XV Devices in (a) 2.5V only and (b) Mixed 3.3V/2.5V/1.8V Systems
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Mixed Voltage

The 1/0Os on each XC9500XV device are fully 3.3V tolerant
even though the core power supply is 2.5 volts. This allows
3.3V CMOS signals to connect directly to the XC9500XV
inputs without damage. In addition, the 2.5V V¢ nt power
supply can be applied before or after 2.5V signals are
applied to the 1/0s. In mixed 3.3V/2.5V/1.8V systems, the
user pins, the core power supply (Vcent): @nd the output
power supply (Vccio) may have power applied in any order.
This makes the XC9500XV devices immune to power sup-
ply sequencing problems.

Xilinx proprietary ESD circuitry and high impedance initial
state permit hit plugging cards using XC9500XV CPLDs.
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 XC9500XV

Output
Voltage
A
Vccio rd
Standard L7
7
,
/s
7 Slew-Rate Limited
tSLEW e
12v | &> ;s
7
7
v
v
v
P ~
= » Time
0 i
(a)

devices incorporate architectural features that enhance the
ability to accept design changes while maintaining the
same pinout.

The XC9500XV 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-
tures address design changes that require adding or
changing internal routing, including additional signals into
existing equations, or increasing equation complexity,
respectively.

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

DS049_12_012800

Figure 12: Output Slew-Rate Control For (a) Rising and (b) Falling Outputs
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Setto PIN

during valid user

operation Drive to
[ Vccio level

I/O

K 3

DS049_13_012800

Figure 13: Bus-Hold Logic

In-System Programming

One or more XC9500XV 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

IEEE 1149.1 Boundary-Scan (JTAG)

XC9500XV 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

XC9500XV 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.

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.

Table 3: Data Security Options

interface that emulates the JTAG instruction sequence.
. . Read Security
All I/Os are 3-stated and pulled high by the bus-hold cir-
cuitry during in-system programming. If a particular signal Default i
must remain low during this time, then a pulldown resistor Read Allowed Read Inhibited
may be added to the pin. =y
3 Default erlogra(rin/Erase Program Inhibit

. . owe Erase Allowed
Reliability and Endurance @
All XC9500XV CPLDs provide a minimum endurance level s Read Allowed Read Inhibited
of 10,000 ir_l-system program/erase cyc_les and a minimum Set Program/Erase Program/Erase
data retention of 20 years. Each device meets all func- Allowed Inhibited
tional, performance, and data retention specifications
within this endurance limit.
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(b) X5902

Figure 14: In-System Programming Operation (a) Solder Device to PCB and (b) Program Using Download Cable

Low Power Mode

All XC9500XV 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.

Timing Model

The uniformity of the XC9500XV architecture allows a sim-
plified timing model for the entire device. The basic timing

model, shown in Figure 15, is valid for macrocell functions ﬂ

that use the direct product terms only, with standard power
setting, and standard slew rate setting. Table 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.

Detailed timing information may be derived from the full tim-
ing model shown in Figure 16. The values and explanations
for each parameter are given in the individual device data
sheets.
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Figure 15: Basic Timing Model

(©

Table 4: Timing Model Parameters

-
' o

DIT Q

Internal System Cycle Time = tgysTeMm

(d)

Description Parameter Product Tegm Macrocell _ Output SIeyv-Limited

Allocator Low-Power Setting Setting

Propagation Delay tpp +tpra* S +ip + 15 ew

Global Clock Setup Time tsu +tpTa* S +ip -

Global Clock-to-output tco - - + s Ew

Product Term Clock Setup tpsu +tpra* S +ip -

Time

Product Term Clock-to-output tpco - - + s EW

Internal System Cycle Period tsysSTEM +tptpa* S +1ip -

Note:

1. S =the logic span of the function, as defined in the text.
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Figure 16: Detailed Timing Model

Power-Up Characteristics

The XC9500XV devices are well behaved under all operat-
ing conditions. During power-up each XC9500XV device
employs internal circuitry which keeps the device in the qui-
escent state until the Voo iyt Supply voltage is at a safe
level (approximately 1.9V). 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 .
When the supply voltage reaches a safe level, all user reg-
isters become initialized (typically within 300 us), 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 XC9500XV 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 system
containing schematic entry, HDL (VHDL, Verilog, and

ABEL), and simulation capabilities. It supports the
XC9500XV 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 CMOS Flash process is used to fabricate all
XC9500XV devices. The FastFLASH process provides high
performance logic capability, fast programming times, and
superior reliability and endurance ratings.

Veeint
Loy / b_\
(Typ) =7~ ~7777 (i
ov
No Quiescent . Quiescent No
Power State User Operation State Power

Initialization of User Registers

DS049_17_012800

Figure 17: Device Behavior During Power-up
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Table 5: XC9500XV Device Characteristics

Device Quiescent Erased Device Valid User
Circuitry State Operation Operation
I0B 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
Revision History
Date Revision No. Description
1/19/99 1.0 Initial Xilinx release. Advance information specification.
2/1/00 1.1 Updated 3.3V information, added Output Banking, added DS049 number.
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2 XILINX®

XC95288XV Low-power,
High-performance CPLD

DS050 (v1.3) February 1, 2000

Advance Product Specification

Features

« 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 1/O pins)
- 256-pin BGA (192 user /O pins)
- 280-pin CSP (192 user I/O pins)
- 256-pin FBGA (192 user 1/O pins)
» Optimized for high-performance 2.5V systems
- Low power operation
- Multi-voltage operation
» Advanced system features
- In-system programmable
- Four separate output banks
- 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 three 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
« 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 2,000V

Description

The XC95288XV is a 2.5V CPLD targeted for high-perfor-
mance, low-voltage applications in leading-edge communi-
cations and computing systems. It is comprised of 16
54V18 Function Blocks, providing 6,400 usable gates with
propagation delays of 6 ns.

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 XC9500XV 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 ﬂ

be used:

Icc (MA) = MCp(0.5) + MC| p(0.3) + MC(0.0045 mA/MHz)
Where:

MCpp = 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 I¢ value varies
with the design application and should be verified during
normal system operation.
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2 XILINX®

XC95144XV Low-power,
High-performance CPLD

DSO051 (v1.1) February 1, 2000

Advance Product Specification

Features

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 1/O pins)
« Optimized for high-performance 2.5V systems
- Low power operation
- Multi-voltage operation
e Advanced system features
- In-system programmable
- Two separate output banks
- 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 three 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
» 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 2,000V

Description

The XC95144XV is a 2.5V 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.

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 XC9500XV 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:

lcc (MA) = MCy4p(0.5) + MC_ p(0.3) + MC(0.0045 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 I¢ 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 Icc vs. Frequency for XC95144XV
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2 XILINX®

XC9572XV Low-power,
High-performance CPLD

DS052 (v1.1) February 1, 2000

Advance Product Specification

Features

e 72 macrocells with 1,600 usable gates
* Available in small footprint packages
- 44-pin PLCC (34 user I/O pins)
- 44-pin VQFP (34 user I/O pins)
- 48-pin CSP (38 user I/O pins)
- 64-pin VQFP (52 user I/O pins)
- 100-pin TQFP (72-user I/O pins)
» Optimized for high-performance 2.5V systems
- Low power operation
- Multi-voltage operation
» Advanced system features
- In-system programmable
- Two separate output banks
- 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 three 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
« 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 2,000V

Description

The XC95144XV is a 2.5V 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 5 ns.

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 XC9500XV 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) = MCp(0.5) + MC| p(0.3) + MC(0.0045 mA/MHz)
Where:

MCpp = 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 I¢ value varies
with the design application and should be verified during
normal system operation.
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2 XILINX®

XC9536XV Low-power,
High-performance CPLD

DS053 (v1.1) February 1, 2000

Advance Product Specification

Features

« 36 macrocells with 800 usable gates
* Available in small footprint packages
- 44-pin PLCC (34 user I/O pins)
- 44-pin VQFP (34 user I/O pins)
- 48-pin CSP (36 user I/O pins)
- 64-pin VQFP (36 user I/O pins)
» Optimized for high-performance 2.5V systems
- Low power operation
- Multi-voltage operation
* Advanced system features
- In-system programmable
- Two separate output banks
- 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 three 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
» 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 2,000V

Description

The XC9536XV is a 2.5V 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.

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 XC9500XV 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) = MCp(0.5) + MC| p(0.3) + MC(0.0045 mA/MHz)
Where:

MCpp = 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 I¢ value varies
with the design application and should be verified during
normal system operation.
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2 XILINX"

Family

FastFLASH™ XC9500XL
High-performance CPLD

DS054 (v1.6) February 1, 2000

Product Specification

Features

« Optimized for high-performance 3.3V systems
- 5ns pin-to-pin logic delays, with internal system
frequency up to 178 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

Table 1: XC9500XL Device Family

- Local clock inversion with three 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

- Supports hot-plugging capability

- 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

Slew rate control on individual outputs

Enhanced data security features

Excellent quality and reliability

- 10,000 program/erase cycles endurance rating ﬂ

- 20 year data retention

Pin-compatible with 5V core XC9500 family in common

package footprints

XC9536XL XC9572XL XC95144XL XC95288XL
Macrocells 36 72 144 288
Usable Gates 800 1,600 3,200 6,400
Registers 36 72 144 288
tpp (NS) 5 5 5 7
tsy (nS) 3.7 3.7 3.7 4.8
tco (NS) 35 35 35 4.5
fsysteEm (MHZ) 178 178 178 125
Table 2;: XC9500XL Packages and User I/O Pins (not including 4 dedicated JTAG pins)

XC9536XL XC9572XL XC95144XL XC95288XL

44-pin PLCC 34 34
44-pin VQFP 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
280-pin CSP 192
256-pin BGA 192
256-pin FBGA 192
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Figure 1. XC9500XL Architecture

X5877_01

Note: Function block outputs (indicated by the bold lines) drive the 1/0 blocks directly.

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 Virtex,
Spartan-XL and XC4000XL FPGA families, allowing sys-
tem designers to partition logic optimally between fast inter-
face 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 regis-
ters, respectively. Multiple package options and associated
I/O capacity are shown in Table 2. The XC9500XL family
members are fully pin-compatible, allowing easy design
migration across multiple density options in a given pack-
age 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.
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Architecture Description

Each XC9500XL device is a subsystem consisting of multi-
ple Function Blocks (FBs) and I/0O Blocks (IOBs) fully inter-
connected by the FastCONNECT Il switch matrix. The IOB
provides buffering for device inputs and outputs. Each FB
provides programmable logic capability with extra wide
54inputs 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 pack-
age pin-count) and associated output enable signals drive
directly to the 10Bs. See Figure 1

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 IOB.

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 Ii ﬁ——[\}:

Switch Matrix

Figure 2: XC9500XL Function Block

Macrocell 1
18 . To FastCONNECT Il
Switch Matrix
18 OuUT
To I/0 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)

J 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

Product
Term
Allocator

-

Product Term Clock Enable

Product Term Clock

Product Term Reset

YYYYY

Product Term OE

To
S p—>»  FastCONNECTII
DT Q Switch Matrix
EC
R
ouT
—>

To

-

Additional
Product
Terms
(from other
macrocells)

sjls

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

[ PTOE 1/0 Blocks

99033101

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
T\
) h
) S
—\ Product Term Clock 8g
R
N\ Product Term Reset
) h
I/O/IGSR Global Set/Reset
I/0/GCK1 N Global Clock 1
R T l/
I/O/GCK2 N Global Clock 2
R T l/
VoIGCKs | Global Clock 3 ootz
R T l/
Figure 4. Macrocell Clock and Set/Reset Capability
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Product Term Allocator

The product term allocator controls how the five direct prod-
uct terms are assigned to each macrocell. For example, all
five direct terms can drive the OR function as shown in
Figure 5.

Product Term

Allocator

)

L/

L/

/\ \:(—\ Macrocell

l ) E(r)c;(idéjct Term
)

L/

)

L/

X5894

Figure 5: Macrocell Logic Using Direct

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 tpys 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

_Di
_Di
D
_Di
D
_Qi
_Di
_Di

X5895

Figure 6: Product Term Allocation With 15 Product
Terms
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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

)
L/
)
L/
)
L/
l ] Macrocell Logic
ith 2
) ’\i>; \Igf'ltt)duct Terms
Product Term
Allocator
)
L/
)
L/
™ \éD_\
L/
)
L/
)
L/
Product Term
Allocator
)
L/
)
% \l\//lv?tﬁrigell Logic
L/ Product Terms
)
L/
)
L/
Product Term
Allocator
)
L/
)
L/
L/
)
L/
)
L/

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

(=D D

Product Term Set

Global Set/Reset

. ) — ="

AD,_
4&
& Global Clocks ]
D_
4&

| Product Term Clock

Product Term Reset
Global Set/Reset —
N
| P

|
=

Product Term OE

A
From Lower To Lower
Macracell Macrocell X5881_01

Figure 8: Product Term Allocator Logic
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FastCONNECT Il Switch Matrix

The FastCONNECT II 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

:7 :7 FastCONNECT Il

Switch Matrix

Function Block

D i—

54 .

i—

D — DIT Q

D i—

1/O Block

Function Block

D i—

(54)

Di—

s DT Q

Aé&

D i—

1/O Block

Figure 9: FastCONNECT Il Switch Matrix

o

o

X5882_01

FastCONNECT II matrix. Any of these (up to a fan-in limit of
54) may be selected to drive each FB with a uniform delay.
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I/0O Block

The 1/0 Block (IOB) interfaces between the internal logic
and the device user 1/O pins. Each IOB 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
Veaint Vecio
To FastCONNECT e <II %
Switch MatriX <€———
Macrocell = Pul[-up .
Resistor
110
— DD | Y |
(Inversion in
AND-array) 1 N User-
[\ Product TemOE N PTOE ] Programmable
| J | Ground
e £
Ol -
Slew Rate
Control
1/10/GTS1
Q_D * \ * Pull-up resistors are used to prevent
T Global OE 1 floating pins during programming
* and other times. They are disabled
P during normal operations.
o~ They may be enabled/disabled in
* ™\ block software selectable.
I/OIGTS2 *
D_l>__' Global OE 2
T
L4 /
— ™
Available in
1/OIGTS3 C Global OE 3 XC95216
Q—[> T and XC95288
L J /
™
1/10/GTS4
Q_D T Global OE 4
pa—
L J /

Figure 10: 1/0O 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 (Vccint) tO ensure that the
input thresholds are constant and do not vary with the
Vccio Voltage. Each input buffer provides input hysteresis
(50 mV typical) to help reduce system noise for input sig-
nals with slow rise or fall edges.

X5899_01

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
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-

6-50 www.Xilinx.com

DS054 (v1.6) February 1, 2000

1-800-255-7778


http://www.xilinx.com

S XILINX®

FastFLASH™ XC9500XL High-performance CPLD Family

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 0B provides user programmable ground pin capabil-
ity. This allows device I/0O 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

5V CMOS 33V
X
ov Veent  Vecio

5VTTL O 3.3VCMOS,5VTTL

macrocell logic is unaffected by the programmable ground
pin capability.

Each 10B also provides for bus-hold circuitry (also called a
“keeper”)that is active during valid user operation. The
bus-hold feature eliminates the need to tie unused pins
either high or low by holding the last known state of the
input until the next input signal is present. The bus-hold cir-
cuit drives back the same state via a nominal resistance
(Rgn) of 50k ohms. See Figure 13. Note the bus-hold out-
put 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

||

Veent  Vecio

36V 33V
> < XCO500XL > <
—IN cpLD OVUT [—
ov ov

XC9500XL
—IN cpLD OVUT [—

5VTTL OF 25V CMOS
25V :X:
3 C ov

oV

3.3V CMOS or
33v :><: GND
ov L

25V CMOS =
25V @

ov

3.3VCMOs or

33V

oV

GND

(b) xs60_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 I/Os

The 1/0s 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¢ iyt power
supply can be applied before or after 5V signals are applied
to the 1/Os. In mixed 5V/3.3V/2.5V systems, the user pins,
the core power supply (Vccin). @and the output power sup-
ply (Vccio) may have power applied in any order. This
makes the XC9500XL devices immune to power supply
sequencing problems.

Xilinx proprietary ESD circuitry and high impedance initial
state permit hot plugging cards using these devices.

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-
tures address design changes that require adding or
changing internal routing, including additional signals into
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existing equations, or increasing equation complexity,
respectively.

For extensive design changes requiring higher logic capac-
ity than is available in the initially chosen device, the new

Output
Voltage
A
Vccio
Standard Pid
7’
7’
7
, “ Slew-Rate Limited
s EW 7
15V 4 ————f——— = e —
7
7
7
”
”
~
O Time
0 >
@

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

X5900_01

Figure 12: Output Slew-Rate Control For (a) Rising and (b) Falling Outputs

Setto PIN

during valid user

operation Drive to
it Vccio level

RBH

/10

K 3

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.

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
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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.

@)

Table 3: Data Security Options

Read Security

Default Set
o Read Allowed Read Inhibited
S Default Program/Erase Program Inhibit
% Allowed Erase Allowed
i)
b Read Allowed Read Inhibited
Set Program/Erase Program/Erase
Allowed Inhibited

S XILINX

(b) X5902

Figure 14: In-System Programming Operation (a) Solder Device to PCB and (b) Program Using Download Cable

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.

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.
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Detailed timing information may be derived from the full tim-
ing model shown in Figure 16. The values and explanations

D—»

Combinatorial
Logic

— L]

for each parameter are given in the individual device data

sheets.
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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 Voo nT 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 .
When the supply voltage reaches a safe level, all user reg-
isters become initialized (typically within 200 us), 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 system
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
oy / b_\
(Typ) 9=~ ~~~~7 (I
ov
No Quiescent . Quiescent No
Power State User Operation State Power

\— Initialization of User Registers X5904

Figure 17: Device Behavior During Power-up

Description Parameter Product Tegm Macrocell _ Output SIeyv-Limited
Allocator Low-Power Setting Setting
Propagation Delay tpp +tpta* S +1ip + s Ew
Global Clock Setup Time tsu +tpTa* S +ip -
Global Clock-to-output tco - + s EwW
Product Term Clock Setup tpsu +tpra* S +ip -
Time
Product Term Clock-to-output tpco - + 15 ew
Internal System Cycle Period tsysSTEM +tpta* S +1ip -
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
10B 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
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Date Revision |Revision
9/28/98 1.0 Initial Xilinx release
10/2/98 1.1 Figure 1 correction
2/3/99 1.2 Included hot socket reference; revised layout;
BGA package change for XC95288XL
4/2/99 1.3 Minor typesetting corrections.
6/7/99 1.4 Minor typesetting corrections.
6/7/99 15 Added CS280 package
2/1/00 1.6 Update Family Device Table 1, added DS054.
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2 XILINX®

XC95288XL High-performance
CPLD

DS055 (v1.3) February 1, 2000

Product Specification

Features

e 7 ns pin-to-pin logic delays
» System frequency up to 125 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 1/O pins)
- 256-pin BGA (192 user /O pins)
- 256-pin FA (192 user I/O pins)
- 280-pin CSP (192 user 1/O pins)
» Optimized for high-performance 3.3V systems
- Low 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 three 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
» 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 2,000V
* Pin-compatible with 5V-core XC95288 device in the
208-pin HQFP package

Description

The XC95288XL is a 3.3V CPLD targeted for high-perfor-
mance, low-voltage applications in leading-edge communi-
cations and computing systems. It is comprised of 16
54V18 Function Blocks, providing 6,400 usable gates with
propagation delays of 7 ns.

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 I¢, the following equation may
be used:

lcc (MA) = MCy4p(0.5) + MC_ p(0.3) + MC(0.0045 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 I¢ 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 lsc vs. Frequency for XC95288XL
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2 XILINX"

XC95144XL High Performance
CPLD

DSO056 (v1.3) February 1, 2000

Product Specification

Features

* 5 ns pin-to-pin logic delays
» 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 1/O pins)
» Optimized for high-performance 3.3V systems
- Low 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 three 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
» 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 2,000V
* Pin-compatible with 5V-core XC95144 device in the
100-pin TQFP package

Description

The XC95144XL is a 3.3V 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.

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 Ic¢, the following equation may
be used:

Icc (MA) = MCyp(0.5) + MC| p(0.3) + MC(0.0045 mA/MHz) f
Where:

MCyp = 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 I¢ 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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2 XILINX”

XC9572XL High-performance
CPLD

DS057 (v1.1) February 1, 2000

Product Specification

Features

* 5 ns pin-to-pin logic delays
» 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)
- 44-pin VQFP (34 user I/O pins)
- 48-pin CSP (38 user I/O pins)
- 64-pin VQFP (52 user I/O pins)
- 100-Pin TQFP (72 user I/O pins)
» Optimized for high-performance 3.3V systems
- Low 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 three 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
» 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 2,000V
* Pin-compatible with 5V-core XC9572 device in the
44-pin PLCC package and the 100-pin TQFP package

Description

The XC9572XL is a 3.3V 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.

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 I¢, the following equation may
be used:

lcc (MA) = MCy4p(0.5) + MC_ p(0.3) + MC(0.0045 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 I¢ 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 Ic vs. Frequency for XC9572XL
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XILINX"

XC9536XL High-performance
CPLD

DSO058 (v1.1) February 1, 2000

Product Specification

Features

* 5 ns pin-to-pin logic delays
» System frequency up to 178 MHz
» 36 macrocells with 800 usable gates
* Available in small footprint packages
- 44-pin PLCC (34 user I/O pins)
- 44-pin VQFP (34 user I/O pins)
- 48-pin CSP (36 user I/O pins)
- 64-pin VQFP (36 user I/O pins)
» Optimized for high-performance 3.3V systems
- Low 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 three 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
» 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 2,000V
» Pin-compatible with 5V-core XC9536 device in the
44-pin PLCC package and the 48-pin CSP package

Description

The XC9536XL is a 3.3V 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 5 ns.

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 defau