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

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

The Aerospace and Defense CD-ROM contains the complete Aerospace and Defense data
book in PDF format (AD_databook.pdf) as well as the complete Data Book 2000 PDF version
(databook.pdf). The Aerospace and Defense data book contains the complete versions of all
QPRO data sheets. Double click on the AD_databook.pdf in the root directory and it will open
to the Table of Contents.

Registration Advantage

Please take a moment to complete 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. 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
« Using Windows Explorer, open the CD and select from any of the following:
- AD_databook.pdf (opens the Aerospace and Defense data book in Adobe Acrobat
Reader).

- AD_databook.htm (opens the Aerospace and Defense data book with your browser;
either Netscape or Internet Explorer). With this selection, you can browse the CD in
html format. If you are working online, you can select the "Xilinx Home" button and be
connected directly to the Xilinx website, Aerospace and Defense section.

- databook.pdf (opens the current version of the Xilinx Data Book 2000 in Adobe
Acrobat Reader).

- databook.htm (opens the Xilinx Data Book 2000 with your browser; either Netscape
or Internet Explorer). With this selection, you can browse the CD in html format. If you
are working online, you can select the "Xilinx Home" button and be connected directly
to the Xilinx website, Data Book 2000 section.

For the most current information, always refer to the Xilinx website:

www.Xxilinx.com/partinfo/databook.htm
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EIXILNX® | XC2064, NeoCAD PRISM, XILINX (Block Letters), XC-DS501, NeoROUTE,
XC3090, FPGA Architect, XC4005, FPGA Foundry, XC5210, Timing Wizard, NeoCAD,
TRACE, NeoCAD EPIC, XACT are registered trademarks of Xilinx, Inc.

X, all XC-prefix product designations, AllianceCore, Alliance Series, BITA,, CLC, Configurable
Logic Cell, CoolRunner, Dual Block, EZTag, Fast CLK, FastCONNECT, Fast FLASH, FastMap,
Foundation, FZP, HardWire, LCA, LogiBLOX, LogiCORE, Logic Cell, Logic Professor,
MicroVia, PowerGuide, PowerMaze, PLUSASM, QPRO, Selectl/O, SelectRAM+, SelectRAM,
Shadow X Design, Smartguide, SmartSearch, Smartspec, SMARTswitch, Spartan,
TotalCMOS, TrueMap, UIM, VectorMaze, VersaBlock, VersaRing, Virtex, WebFITTER,
WebLINX, XABEL, XACT-Floorplanner, XACT-Performance, XACTstep, XACTstep Advanced,
XACTstep Foundry, XAM, XAPP, X-BLOX, X-BLOX plus, XChecker, XDM, XDS, XEPLD, Xilinx
Foundation Series, XPLA, XPLA3, XPP, XSI, ZERO+ are trademarks of Xilinx, Inc.

The Programmable Logic Company and The Programmable Gate Array Company are service
marks of Xilinx, Inc.

All other trademarks are the property of their respective owners.

Xilinx does not assume any liability arising out of the application or use of any product
described or shown herein; nor does it convey any license under its patents, copyrights, or
maskwork rights or any rights of others. Xilinx reserves the right to make changes, at any time,
in order to improve reliability, function or design and to supply the best product possible. Xilinx
will not assume responsibility for the use of any circuitry described herein other than circuitry
entirely embodied in its products. Xilinx devices and products are protected under one or more
of the following U.S. Patents: 4,642,487; 4,695,740; 4,706,216; 4,713,557, 4,746,822;
4,750,155; 4,758,985; 4,820,937; 4,821,233; 4,835,418; 4,853,626; 4,855,619; 4,855,669;
4,902,910; 4,940,909; 4,967,107; 5,012,135; 5,023,606; 5,028,821; 5,047,710; 5,068,603;
5,140,193; 5,148,390; 5,155,432; 5,166,858; 5,224,056; 5,243,238; 5,245,277, 5,267,187;
5,291,079; 5,295,090; 5,302,866; 5,319,252; 5,319,254; 5,321,704, 5,329,174, 5,329,181,
5,331,220; 5,331,226; 5,332,929; 5,337,255; 5,343,406; 5,349,248; 5,349,249; 5,349,250;
5,349,691, 5,357,153; 5,360,747; 5,361,229; 5,362,999; 5,365,125; 5,367,207; 5,386,154;
5,394,104; 5,399,924; 5,399,925; 5,410,189; 5,410,194; 5,414,377, 5,422,833; 5,426,378;
5,426,379; 5,430,687; 5,432,719; 5,448,181, 5,448,493; 5,450,021; 5,450,022; 5,453,706;
5,466,117; 5,469,003; 5,475,253; 5,477,414, 5,481,206; 5,483,478; 5,486,707, 5,486,776;
5,488,316; 5,489,858; 5,489,866; 5,491,353; 5,495,196; 5,498,979; 5,498,989; 5,499,192;
5,500,608; 5,500,609; 5,502,000; 5,502,440; RE 34,363, RE 34,444, and RE 34,808. Other
U.S. and foreign patents pending. Xilinx, Inc. does not represent that devices shown or
products described herein are free from patent infringement or from any other third party right.
Xilinx assumes no obligation to correct any errors contained herein or to advise any user of this
text of any correction if such be made. Xilinx will not assume any liability for the accuracy or
correctness of any engineering or software support or assistance provided to a user.

Xilinx products are not intended for use in life support appliances, devices, or systems. Use of
a Xilinx product in such applications without the written consent of the appropriate Xilinx officer
is prohibited.
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The High-
Reliability
Programmable
Logic Leader

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 applications such as

electronic warfare, missile guidance and targeting, RADAR, SONAR, communications, signal
processing, avionics and satellites. The Xilinx QPRO™ family of ceramic and plastic QML

products (Qualified Manufacturers 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 satellite and other

space applications.

The Xilinx QPRO family addresses the issues that are critical to the aerospace and defense
market:

. QML/Best commercial practices. Commercial manufacturing strengths result in more
efficient process flows.

«  Performance-based solutions, including cost-effective plastic packages.

. Reliability of supply. Controlled mask sets and processes insure the same quality devices,
every time, without variation, 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 1: High-Density High-Performance and Radiation-Hardened Products

Family Devices Features
XC/XQ4000/E/EX | XC4005/E |* 5,000-28,000+ gates
XC4010/E |« Up to 256 user-definable 1/Os
XCA4013/E |,  Exensive system features include on-chip user
XC4025E RAM, built-in 1149.1 test support and fast carry
XQ4028EX logi
gic
XQ4000XL XQ4013XL |* Upto 180,000 system gates
XQ4036XL |« 3.3V, 5V-compatible I/0
XQ4062XL
XQ4085XL
XQR4000XL XQR4013XL |* Up to 130,000 system gates
Radiation XQR4036XL |» 60K-Rads total dose, latchup immune
Hardened XQR4062XL
Virtex XQV100 * Upto 1,000,000 system gates, 2.5V
XQV300
XQV600
XQV1000
Virtex XQVR300 |* 100K-Rads total dose, latchup immune
Radiation XQVR600
Hardened XQVR1000

© 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. All specifications are subject to change without notice.

June 15, 2000 (v2.1)

www.Xilinx.com
1-800-255-7778

1-1


http://www.xilinx.com
http:www.xilinx.com/legal.htm
http://www.xilinx.com/legal.htm
http://www.xilinx.com/legal.htm

S XILINX®

QPRO High-Reliability QML Certified and Radiation Hardened Products for Aerospace and Defense

Unmatched
Product
Offering

Products for
Space
Applications

QML
Certification
Part of Overall
Quality Platform

Commitment to
the Aerospace
and Defense
Market

Software and
Core Support
for Xilinx QPRO
High-Reliability
Products

The QPRO family provides a wide variety of devices, delivering the industry’s fastest and
biggest devices. The Virtex members of the QPRO family offers FPGAs with densities greater
than 1,000,000 system gates, and even larger devices planned for the future. This broad range
of devices is available in a wide variety of speed and package options. Both military
temperature and full QML/SMD versions are available as standard off-the-shelf products.
Select software cores, such as complete PowerPC peripherals, is also available.

Xilinx offers the industry’s only radiation hardened reconfigurable FPGAs for satellite and
space. These devices are manufactured using an epitaxial wafer process, and have
guaranteed total dose, latch up immunity, and low soft upset rates. These products allow for the
ultimate in design and mission flexibility in a cost-effective manner.

Being certified to MIL-PRF-38535 QML complemented by ISO-9000 certification results in an
overall product quality platform that makes Xilinx a world-class supplier of programmable logic
devices. Designers can confidently design with Xilinx for High-Reliability systems with the
knowledge they are getting unsurpassed quality and reliability, and long-term commitment to
the aerospace and defense market.

Xilinx understands that our customers need to be able to count on their suppliers to be around
for the long-term. Xilinx is committed to the long-term support of the aerospace and defense
market, and we are continually expanding our product portfolio. Because our focus is in the
form of a vertical market concept, we are able to provide emphasis on all of our customer’s
product requirements.

Component Selection

The Alliance™ and Foundation™ Series Xilinx core implementation software tool suites do not
differentiate between Commercial, Industrial, and Military grade components. From the
perspective of the implementation tools these are identical devices with identical architectures
and available programming features. Therefore, there is no designation for QPRO or Radiation-
Hardened devices in the available device selection menus. However, the High-Reliability
product offering does typically include extended package selections to include available
ceramic packages.

To select a Hi-Rel device for implementation the user should specify the commercial equivalent
along with the specific package selection. Table 2 shows an example of Hi-Rel components
and the corresponding device selections that should be specified in the software.

Table 2: Hi-Rel Device Selections

Target Device Device Selection
XQVR1000 CG560-4
XQV300 CB228-4M

XQ4085XL HQ240-1N(®)

XCV1000 CG560-4

XCV300 CB228-4
XC4085XLA HQ240-1

XC4062XL CB228-3

XQR4062XL CB228-3

Notes:

1. The XQ4085XL is the only XQ4000XL series device that
uses an XLA rather than XL designation.
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Standard
Microcircuit
Drawing (SMD)

Speed Grades

When making a device selection in the implementation tools, always select a speed grade that
corresponds to the specific target device. In other words, a “-4” speed grade is still a “-4”
regardless of whether it is a Commercial, Industrial, or Military grade part.

The AC characteristics and guaranteed timing specifications for a given device are specified
per a specific speed grade. However, these parameters do not vary per product grade (i.e.,
Commercial, Industrial, Military, or other). Therefore, a Commercial grade device (C) of a
particular speed grade will have identical guaranteed worst case timing specifications as the
Industrial or Military version (I, M, B, or N) of the same part and same speed grade. However,
this is not the case for best case or minimum delay timing specifications.

Xilinx devices are assigned a speed grade based on the whether or not the device can pass all
the guaranteed worst case timing (maximum delays) for that speed grade. A device that does
not pass all AC parametric tests for the fastest speed grade classification may test successfully
for a slower speed grade classification and subsequently be assigned that grade. Therefore, a
faster device may be categorized to a slower speed grade as long as there aren’t any
associated guaranteed minimum timing delay specifications, or the part successfully meets

such specifications.

Industrial and Military grade devices are tested at a greater junction temperature range than
Commercial grade devices. The commercial range for junction temperature is 0°C to +85°C.
The industrial temperature range —40°C to +100°C, and the military range is -55°C to +125°C.
The military version of a specific device must meet the same timing specifications at +125°C as
the corresponding commercial version at +85°C (for a specific speed grade). For example, a
device that meets all timing specifications for a -6 speed grade at +85°C may only meet the
timing specifications for a -4 speed grade when tested at +125°C. Therefore, the commercial
grade devices will typically have an extended speed grade offering over the availability of

devices tested at extended temperature ranges.

Core and IP Support

Cores and IP modules developed for Commercial grade Xilinx devices may also be
implemented in Industrial and Military grade as well as Radiation Hardened devices. Device
architectures do vary across product grades. However, some cores may have been
characterized for speed grades that are unavailable in the extended temperature ranges.
Additionally, some cores, such as the Xilinx PCI Core Solution, have been characterized for
required minimum timing specifications. In such a case if the Core or IP module has not been
specifically characterized for the extended temperature range then it may not be guaranteed to
operate over the full temperature range of the device. However, such a core would operate
successfully within the temperature range for which it was characterized.

XC1700 Products (Serial PROMS)

XC1700 Products

Cross SMD Number (Serial PROMS) Speed Package Mark Loc
5962-9471701MPA XC1765DDD8B DD8 TOP
Reference
5962-9561701MPA XC17256DDD8B DD8 TOP
5962-9951401QXA XQ1701LS020N S020 TOP
5962-9951401QYA XQ1701LCC44B CC44 TOP
June 15, 2000 (v2.1) www.xilinx.com 1-3
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XC3000 Products(1.2)

SMD Number Equivalent “B” Grade P/N Speed Package Mark Loc
5962-8994803MXC XC3020-100PG84B -100 PG84 TOP
5962-8994803MNC XC3020-100CB100B -100 CB100 BASE
5962-8994803MMC XC3020-100CB100B -100 CB100 LID
5962-8971303MXC XC3042-100PG84B -100 PG84 TOP
5962-8971303MzC XC3042-100PG132B -100 PG132 TOP
5962-8971303M9C XC3042-100CB100B -100 CB100 BASE
5962-8971303MMC XC3042-100CB100B -100 CB100 LID
5962-8982303MXC XC3090-100PG175B -100 PG175 TOP
5962-8982303MzC XC3090-100CB164B -100 CB164 BASE
5962-8982303MTC XC3090-100CB164B -100 CB164 LID

Notes:

1. All devices listed also available as military temperature only.
2. Do not use for new designs.

XC4000 Products(®:2)

SMD Number Equivalent “B” Grade P/N Speed Package | Mark Loc
5962-9225203MXC XC4005-5PG156B -5 PG156 TOP
5962-9225203MYC XC4005-5CB164B -5 CB164 LID
5962-9225203MZC XC4005-5CB164B -5 CB164 BASE
5962-9230503MXC XC4010-5PG191B -5 PG191 TOP
5962-9230503MYC XC4010-5CB196B -5 CB196 BASE
5962-9230503MZC XC4010-5CB196B -5 CB196 LID
5962-9473002MYC XC4013-6CB228B: -6 CB228 BASE
5962-9473002MZC XC4013-6CB228B -6 CB228 LID
5962-9473002MXC XC4013-6PG223B -6 PG223 TOP

Notes:

1.
2.

All devices listed also available as military temperature only.
Do not use for new designs.
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XC4000E Products(12)

SMD Number Equivalent “B” Grade P/N Speed Package |Mark Loc
5962-9752201QXC XC4005E-4PG156B -4 PG156 TOP
5962-9752201QYC XC4005E-4CB164B -4 CB164 BASE
5962-9752201QzC XC4005E-4CB164B -4 CB164 LID
5962-9752301QXC XC4010E-4PG191B -4 PG191 TOP
5962-9752301QYC XC4010E-4CB164B -4 CB196 BASE
5962-9752301QzC XC4010E-4CB164B -4 CB196 LID
5962-9752401QXC XC4013E-4PG223B -4 PG223 TOP
5962-9752401QYC XC4013E-4CB228B -4 CB228 BASE
5962-9752401QzC XC4013E-4CB228B -4 CB228 LID
5962-9752501QXC XC4025E-4PG299B -4 PG299 TOP
5962-9752501QYC XC4025E-4CB228B -4 CB228 BASE
5962-9752501QZC XC4025E-4CB228B -4 CB228 LID

Notes:

1. All devices listed also available as military temperature only as "XQ" products.

2. XC4010E/XC4013E are also available in plastic as "XQ" products, to -3 speed grade.
XQ4000EX Products@)

SMD Number Equivalent “B” Grade P/N Speed Package |Mark Loc
5962-985901NTB XQ4028EX-4HQ240N(?) -4 HG240 TOP
5962-985901NUA XQ4028EX-4BG352N(2) -4 BG352 TOP
5962-985901QXC XQ4028EX-4PG299B -4 PG299 TOP
5962-985901QYC XQ4028EX-4CB228B -4 CB228 BASE
5962-985901QzC XQ4028EX-4CB228B -4 CB228 LID

Notes:
1. All devices listed also available as military temperature only.
2. Plastic package.
June 15, 2000 (v2.1) www.xilinx.com 1-5
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XQ4000XL 1)

SMD Number Equivalent “B” Grade P/N Speed Package | Mark Loc
5962-9851301NTB XQ4013XL-3PQ240N®) -3 PG240 TOP
5962-9851301NUA XQ4013XL-3BG256B(2) -3 BG256 TOP
5962-9851301QXC XQ4013XL-3PG223B -3 PG223 TOP
5962-9851301QYC XQ4013XL-3CB228B -3 CB228 BASE
5962-9851301QZC XQ4013XL-3CB228B -3 CB288 LID
5962-9851001NTB XQ4036XL-3HQ240N(2) -3 HQ240 TOP
5962-9851001NUA XQ4036XL-3BG352N®) -3 BG352 TOP
5962-9851001QXC XQ4036XL-3PG411B -3 PG411 TOP
5962-9851001QYC XQ4036XL-3CB228B -3 PG228 BASE
5962-9851001QZC XQ4036XL-3CB228B -3 CB228 LID
5962-9851101NTB XQ4062XL-3HQ240N(2) -3 HQ240 TOP
5962-9851101NUA XQ4062XL-3BG432N®) -3 BG432 TOP
5962-9851101QXC XQ4062XL-3PG475B -3 PG475 TOP
5962-9851101QYC XQ4062XL-3CB228B -3 CB228 BASE
5962-9851101QZC XQ4062XL-3CB228B -3 CB228 LID

Notes:

1. All devices listed also available as military temperature only.
2. Plastic Package

Revision The following table shows the revision history for this document.
Control : —
Date Version Description
01/01/98 1.1 High-Reliability and QML Military Products, correct erroneous

information page 2 “XC3000 Products”, delete last page, table -
“Mil-PRF-3853 QML, Xilinx M Grade and Plastic Commercial Flows”

11/01/98 1.2 Added new products, corrected XC3000, XC4000 products.
02/02/00 2.0 Updated Introduction and product listing.
06/15/00 2.1 Updated product listing and added "Software and Core Support for

Xilinx QPRO High-Reliability Products".
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High-Reliability FPGAs

DS002 (v1.0) June 1, 2000

Preliminary Product Specification

Features

Certified to MIL-PRF-38535 (Qualified Manufacturer

Listing)

Guaranteed over the full military temperature range

(-55°C to +125°C)

Ceramic and Plastic Packages

Fast, high-density Field-Programmable Gate Arrays

- Densities from 100K to 1M system gates

- System performance up to 200 MHz

- Hot-swappable for Compact PCI

Multi-standard Selectl/O™ interfaces

- 16 high-performance interface standards

- Connects directly to ZBTRAM devices

Built-in clock-management circuitry

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

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

Hierarchical memory system

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

- Configurable synchronous dual-ported 4K-bit
RAMs

- Fast interfaces to external high-performance RAMs

Flexible architecture that balances speed and density
- Dedicated carry logic for high-speed arithmetic

- Dedicated multiplier support

- Cascade chain for wide-input functions

- Abundant registers/latches with clock enable, and

dual synchronous/asynchronous set and reset
- Internal 3-state bussing
- |EEE 1149.1 boundary-scan logic

- Die-temperature sensing device

e Supported by FPGA Foundation™ and Alliance
Development Systems

- Complete support for Unified Libraries, Relationally
Placed Macros, and Design Manager

- Wide selection of PC and workstation platforms

« SRAM-based in-system configuration

- Unlimited reprogrammability
- Four programming modes

e 0.22 um 5-layer metal process

e 100% factory tested

Description

The QPRO™ Virtex™ FPGA family delivers high-perfor-
mance, high-capacity programmable logic solutions. Dra-
matic increases in silicon efficiency result from optimizing
the new architecture for place-and-route efficiency and
exploiting an aggressive 5-layer-metal 0.22 um CMOS pro-
cess. These advances make QPRO Virtex FPGAs powerful
and flexible alternatives to mask-programmed gate arrays.
The Virtex family comprises the four members shown in

Table 1.

Building on experience gained from previous generations of
FPGAs, the Virtex family represents a revolutionary step
forward in programmable logic design. Combining a wide
variety of programmable system features, a rich hierarchy of
fast, flexible interconnect resources, and advanced process
technology, the QPRO Virtex family delivers a high-speed

and high-capacity programmable

logic solution

that

enhances design flexibility while reducing time-to-market.
Refer to the “Virtex™ 2.5V Field Programmable Gate

”

Arrays

device architecture and timing specifications.

commercial data sheet for more information on

Table 1: QPRO Virtex Field-Programmable Gate Array Family Members
Maximum Max Select
Device System Gates | CLB Array | Logic Cells Available I/O Block RAM Bits RAM Bits
XQV100 108,904 20 x 30 2,700 180 40,960 38,400
XQV300 322,970 32x48 6,912 316 65,536 98,304
XQV600 661,111 48 x 72 15,552 316 98,304 221,184
XQV1000 1,124,022 64 x 96 27,648 404 131,072 393,216

© 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. All specifications are subject to change without notice.

DS002 (v1.0) June 1, 2000

Preliminary Product Specification

www.Xilinx.com
1-800-255-7778

2-1


/partinfo/virtex.pdf
/partinfo/virtex.pdf
http://www.xilinx.com
http:www.xilinx.com/legal.htm
http://www.xilinx.com/legal.htm
http://www.xilinx.com/legal.htm

QPRO Virtex 2.5V QML High-Reliability FPGAs

S XILINX®

Virtex Electrical Characteristics

Virtex DC Characteristics

Absolute Maximum Ratings

Symbol Description Min/Max Units
Veent | Supply voltage relative to GND -0.5t03.0 \Y,
Veeo Supply voltage relative to GND -0.5t04.0 \%
VREE Input reference Voltage -0.5t03.6 \Y,
VN Input voltage relative to GND Using VRer -0.5t03.6 \Y,
Internal threshold -0.5t05.5 \Y,
Vrs Voltage applied to 3-state output -0.5t05.5 \%
Vee Longest supply voltage rise time from 1V to 2.375V 50 ms
TstG Storage temperature (ambient) —65 to +150 °C
TsoL Maximum soldering temp. (10s at 1/16 in. = 1.5 mm) +260 °C
T; Junction temperature Ceramic packages +150 °C
Plastic packages +125 °C

Notes:

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. Power supplies may turn on in any order.
3. For protracted periods (e.g., longer than a day), Vy should not exceed V¢ by more that 3.6V.

Recommended Operating Conditions

Symbol Description Min Max Units
Veent | Supply voltage relative to GND, T = —55°C to +125°C | Ceramic packages | 2.5-5% | 2.5+5% \Y
Supply voltage relative to GND, T; = -55°C to +125°C | Plastic packages 25-5% | 2.5+5% \%
Vceco | Supply voltage relative to GND, T = -55°C to +125°C | Ceramic packages 1.2 3.6 \%
Supply voltage relative to GND, T; = -55°C to +125°C | Plastic packages 1.2 3.6 \%
TIN Input signal transition time - 250 ns
Notes:

1. Correct operation is guaranteed with a minimum Ve iyt Of 2.25V (Nominal Vegint — 10%). Below the minimum value stated above,
all delay parameters increase by 3% for each 50 mV reduction in V¢t below the specified range.

2. At junction temperatures above those listed as Operating Conditions, all delay parameters increase by 0.35% per °C.
3. Input and output measurement threshold is ~50% of Vc.
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QPRO Virtex 2.5V QML High-Reliability FPGAs

DC Characteristics Over Recommended Operating Conditions

Symbol Description Device Min Max | Units
VprinT | Data retention Ve iyt VOltage All 2.0 - \Y,
(below which configuration data may be lost)
Vprio | Data retention Vg voltage All 1.2 - \Y,
(below which configuration data may be lost)
lccinto | Quiescent Vet supply current(® XQV100 - 50 mA
XQV300 - 75 mA
XQV600 - 100 mA
XQV1000 - 100 mA
lccoqg | Quiescent Vgt supply current(d) XQV100 - 2 mA
XQV300 - 2 mA
XQV600 - 2 mA
XQV1000 - 2 mA
IREF VREgg current per Vggg pin - - 20 LA
I Input or output leakage current - -10 +10 A
Cin Input capacitance (sample tested) - - 8 pF
lrpy | Pad pull-up (when selected) at Vi = 0V, Ve = 3.3V (sample tested) - ©) 025 | mA
lrpp | Pad pull-down (when selected) at Vy = 3.6V (sample tested) - @ 015 | mA
Notes:

1. With no output current loads, no active input pull-up resistors, all I/O pins in a High-Z state 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.

DS002 (v1.0) June 1, 2000 www.xilinx.com
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DC Input and Output Levels

Values for V,_and V,y are recommended input voltages.
Values for I, and Igy are guaranteed output currents over
the recommended operating conditions at the Vo, and Vgy
test points. Only selected standards are tested. These are

chosen to ensure that all standards meet their specifica-
tions. The selected standards are tested at minimum Vecq
with the respective Vo, and Vg voltage levels shown.
Other standards are sample tested.

Vo

loL

Input/Output Vi ViH VoL

Standard V, min V, max V, min V, max V, Max V, Min mA mA
LVTTLD -0.5 0.8 2.0 5.5 0.4 2.4 24 24
LVCMOS2 -0.5 0.7 1.7 5.5 0.4 1.9 12 -12
PCI, 3.3V —-0.5 | 44% Vet | 60% Veeint | Veco + 0.5 | 10% Veeo | 90% Veco @ @
PCI, 5.0V -0.5 0.8 2.0 5.5 0.55 2.4 @ @
GTL —-0.5 | Vggr —0.05 | VRer + 0.05 3.6 0.4 n/a 40 n/a
GTL+ -05 | Vrgr—0.1 | Vggr+0.1 3.6 0.6 n/a 36 n/a
HSTL | -05 | Vrgr—0.1 | Vggr+0.1 3.6 0.4 Veeo — 0.4 8 -8
HSTL Il -05 | Vrgr—0.1 | Vggr+0.1 3.6 0.4 Veeo — 0.4 24 -8
HSTL IV -05 | Vrgp—0.1 | Vggr+0.1 3.6 0.4 Veeo — 0.4 48 -8
SSTL3 | -05 | Vrgr—0.2 | Vggp+0.2 3.6 Vreg — 0.6 | VRer + 0.6 8 -8
SSTL3 I -05 | Vrgp—0.2 | Vggp+0.2 3.6 Vreg — 0.8 | Vger + 0.8 16 -16
SSTL2 | -05 | Vrgr—0.2 | Vggp+0.2 3.6 Vgrer —0.65 | Vgeg + 0.65 7.6 -7.6
SSTL2 I -05 | Vrgr—0.2 | Vggp+0.2 3.6 Vgrer —0.80 | VReg + 0.80 15.2 -15.2
CTT -05 | Vrgr—0.2 | Vggp+0.2 3.6 Vreg — 0.4 | Vgep + 0.4 8 -8
AGP —05 | Vrgp—0.2 | Vggp+0.2 3.6 10% Veeo | 90% Veco @ @
Notes:

1. VgL and Vgy for lower drive currents are sample tested.
2. Tested according to the relevant specifications.
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QPRO Virtex 2.5V QML High-Reliability FPGAs

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

IOB Input Switching Characteristics

Input delays associated with the pad are specified for
LVTTL levels. For other standards, adjust the delays with

by the static timing analyzer (TRCE in the Xilinx Develop-
ment System) and back-annotated to the simulation netlist.
All timing parameters assume worst-case operating condi-
tions (supply voltage and junction temperature). Values
apply to all Virtex devices unless otherwise noted.

the values shown in "IOB Input Switching Characteristics
Standard Adjustments” on page 6.

Speed
Grade
Symbol Description Device -4 Units
Propagation Delays
Tiop| Pad to | output, no delay All 1.0 ns, max
TioPD Pad to | output, with delay XQV100 1.9 ns, max
XQV300 1.9 ns, max
XQV600 2.3 ns, max
XQV1000 2.7 ns, max
TiopLI Pad to output 1Q via transparent latch, no delay All 2.0 ns, max
TioPLID Pad to output IQ via transparent latch, with delay XQV100 4.8 ns, max
XQV300 5.1 ns, max
XQV600 55 ns, max
XQV1000 5.9 ns, max
Sequential Delays
TiockiQ Clock CLK to output 1Q All 0.8 ns, max
Setup and Hold Times with Respect to Clock CLK Setup Time / Hold Time
Tiopick ! Tioickp Pad, no delay All 20/0 ns, min
Tiopickp! Tioickep | Pad, with delay All 5.0/0 ns, min
Tioiceck ! Tiockice | ICE input All 1.0/0 ns, min
Tiosrcki! Tiockisr | SR input (IFF, synchronous) All 1.3/0 ns, min
Set/Reset Delays
TioSRIQ SR input to 1Q (asynchronous) All 1.8 ns, max
TesrQ GSR to output 1Q All 12.5 ns, max

Notes:

1. 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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IOB Input Switching Characteristics Standard Adjustments

Speed Grade
Symbol Description Standard -4 Units
Data Input Delay Adjustments
TivTTL Standard-specific data input delay adjustments LVTTL 0.0 ns
TiLvemos2 LVCMOS2 -0.05 ns
Tipciz3 3 PCI, 33 MHz, 3.3V -0.14 ns
Tipciz3 5 PCI, 33 MHz, 5.0V 0.33 ns
TieTL GTL 0.26 ns
TigTLp GTL+ 0.14 ns
TiHsTL HSTL 0.04 ns
TissTL2 SSTL2 -0.10 ns
TissTL3 SSTL3 -0.06 ns
Ticrr CTT 0.02 ns
Tiacp AGP -0.08 ns
2-6 www.xilinx.com DS002 (v1.0) June 1, 2000
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QPRO Virtex 2.5V QML High-Reliability FPGAs

IOB Output Switching Characteristics

Output delays terminating at a pad are specified for LVTTL  Switching Characteristics Standard Adjustments” on
with 12 mA drive and fast slew rate. For other standards, page 8.
adjust the delays with the values shown in "IOB Output
Speed Grade
Symbol Description ) Units
Propagation Delays
Tioop O input to pad 3.5 ns, max
TiooLp O input to pad via transparent latch 4.0 ns, max
3-State Delays
T\oTHZ T input to pad high-impedance(®) 2.4 ns, max
TioToN T input to valid data on pad 3.7 ns, max
TIOTLPHZ T input to pad high-impedance via transparent latch() 3.0 ns, max
TioTLPON T input to valid data on pad via transparent latch 4.2 ns, max
Tats GTS to pad high impedance®) 6.3 ns, max
Sequential Delays
Tiockp Clock CLK to pad 35 ns, max
TiocKHZ Clock CLK to pad high-impedance (synchronous)@) 29 ns, max
TiockoN Clock CLK to valid data on pad (synchronous) 4.1 ns, max
Setup and Hold Times before/after Clock CLK Setup Time /
Hold Time(®
Tioock/Tiocko O input 1.3/0 ns, min
Tiooceck/Tiockoce | OCE input 1.0/0 ns, min
Tiosrcko/Tiockosr | SR input (OFF) 1.4/0 ns, min
Tiotek/TiockT 3-state setup times, T input 09/0 ns, min
Tiotceck!/TiockTce | 3-state setup times, TCE input 1.1/0 ns, min
TiosrekT/TiockTsr | 3-State setup times, SR input (TFF) 1.3/0 ns, min
Set/Reset Delays
TiosrpP SR input to pad (asynchronous) 4.6 ns, max
TI0SRHZ SR input to pad high-impedance (asynchronous)®) 3.9 ns, max
TiosRON SR input to valid data on pad (asynchronous) 5.1 ns, max

Notes:

1. High-impedance turn-off delays should not be adjusted.

2. 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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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
Symbol Description Standard -4 Units
Output Delay Adjustments
TowvTTL s2 | Standard-specific adjustments for output delays LVTTL, slow | 2 mA 17.0 ns
TovTTL 54 rg;rglrgitll)ng at pads (based on standard capacitive 2 mA 86 e
ToLvTTL_s6 - 6 mA 5.6 ns
ToLvTTL_s8 8 mA 35 ns
TowvTTL s12 12 mA 2.2 ns
TowvTTL s16 16 mA 2.0 ns
TowvTTL s24 24 mA 1.6 ns
ToLvTTL F2 LVTTL, fast 2 mA 15.1 ns
TowvTTL F4 4 mA 6.1 ns
TowvTTL F6 6 mA 3.6 ns
TowvTTL F8 8 mA 1.2 ns
TowTTL F12 12 mA 0.0 ns
TowvTTL F16 16 mA -0.05 ns
TowvTTL_F24 24 mA -0.23 ns
ToLvemos? LVCMOS2 0.12 ns
Topcias 3 PCI, 33 MHz, 3.3V 2.7 ns
Topcizs s PCl, 33 MHz, 5.0V 3.3 ns
ToeTL GTL 0.6 ns
TogTLp GTL+ 1.0 ns
TOHSTL_I HSTL | -0.5 ns
TOHSTL_III HSTL 1l -1.0 ns
TOHSTL_IV HSTL IV -1.1 ns
TossTL2 | SSTL2 | -0.5 ns
TossTL2 11 SSTL2 1l -1.0 ns
TossTL3 | SSTL3 1 -0.5 ns
TossTL3 i SSTL3 I -1.1 ns
Toctr CTT 0.6 ns
Toacp AGP -1.0 ns
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Calculation of Tjep as a Function of Capacitance

The values for Tj,,, Were based on the standard capacitive
load (Csl) for each I/O standard as listed in Table 2.

(Continued)

Table 2: Constants for Use in Calculation of Ty,

For other capacitive loads, use the formulas below to calcu- Standard Cq (pF) fl (ns/pF)
late the corresponding Tigop: LVCMOS2 35 0.041
Tioop = Tioopl * Topadjust * (Cioad - Cs1) * fl PCI 33 MHz 5V 50 0.050
Where: PCI 33 MHZ 3.3V 10 0.050
Topadjust IS reported above in the Output Delay GTL 0 0.014
AdjusFment sectio_n_. | S 0 0.017
Coad is the capacitive load for the design.
Table 2: Constants for Use in Calculation of T, HSTL Class | 20 0.022
HSTL Class Il 20 0.016
Standard Cs (PF) fl (ns/pF) HSTL Class IV 20 0.014
LVTTL slow | 2 mA drive 35 0.41 SSTL2 Class | 30 0.028
slew rate 4 mA drive 35 0.20 SSTL2 Class |l 30 0.016
6 MA drive 35 0.100 SSTL3 Class 1 30 0.029
8 mA drive 35 0.086 SSTL3 Class |l 30 0.016
12mAdrive | 35 0.058 CTT 20 0.035
16mA drive 35 0.050 AGP 10 0.037
24 mA drive 35 0.048
LVTTL fast | 2 mA drive 35 0.41
slew rate 4 mA drive 35 0.20
6 MA drive 35 0.13
8 mA drive 35 0.079
12 mA drive 35 0.044
16mA drive 35 0.043
24 mA drive 35 0.033
Clock Distribution Guidelines
Speed Grade
Symbol Description Device -4 Units
Global Clock Skew
Teskewior | Global clock skew between IOB flip-flops XQV100 0.15 ns, max
XQV300 0.18 ns, max
XQV600 0.17 ns, max
XQV1000 0.25 ns, max
Notes:

1. These clock-distribution 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

Symbol Description -4 Units
GCLK 10B and Buffer
Tepio Global clock pAD to output 0.9 ns, max
DS002 (v1.0) June 1, 2000 www.xilinx.com 2-9

Preliminary Product Specification

1-800-255-7778


http://www.xilinx.com

QPRO Virtex 2.5V QML High-Reliability FPGAs

S XILINX®

Speed Grade

Symbol Description -4 Units
Taio Global clock buffer I input to O output 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
Symbol Description -4 Units
Combinatorial Delays
Tio 4-input function: F/G inputs to X/Y outputs 0.8 ns, max
Tirs 5-input function: F/G inputs to F5 output 0.9 ns, max
TiEsx 5-input function: F/G inputs to X output 1.0 ns, max
Tirey 6-input function: F/G inputs to Y output via F6 MUX 1.2 ns, max
Tesiny 6-input function: F5IN input to Y output 0.5 ns, max
TiENCTL Incremental delay routing through transparent latch to XQ/YQ outputs 0.8 ns, max
Teyvs BY input to YB output 0.7 ns, max
Sequential Delays
Tcko FF clock CLK to XQ/YQ outputs 14 ns, max
TckLo Latch clock CLK to XQ/YQ outputs 1.6 ns, max
Setup and Hold Times before/after Clock CLK Setup Time /
Hold Time
Tick/Tek 4-input function: F/G Inputs 15/0 ns, min
Tiesck/TekiEs 5-input function: F/G inputs 1.7/0 ns, min
Tesinek/Tekesin | 6-input function: F5IN input 12/0 ns, min
Tieeck/TckiEs 6-input function: F/G inputs via F6 MUX 19/0 ns, min
Toick/Tekpi BX/BY inputs 0.8/0 ns, min
Teeck!/TckcE CE input 1.0/0 ns, min
TrekTekRr SR/BY inputs (synchronous) 0.9/0 ns, min
Clock CLK
Tch Minimum pulse width, High 2.0 ns, min
TeL Minimum pulse width, Low 2.0 ns, min
Set/Reset
TrRpw Minimum pulse width, SR/BY inputs 3.3 ns, min
Tro Delay from SR/BY inputs to XQ/YQ outputs (asynchronous) 1.4 ns, max
TioGSRQ Delay from GSR to XQ/YQ outputs 12.5 ns, max

Notes:

1. 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

Symbol Description -4 Units
Combinatorial Delays
Topx F operand inputs to X via XOR 1.0 ns, max
Topxg F operand input to XB output 14 ns, max
Topy F operand input to Y via XOR 2.0 ns, max
Topvr F operand input to YB output 2.0 ns, max
TopcyE F operand input to COUT output 15 ns, max
Topgy G operand inputs to Y via XOR 1.2 ns, max
TopgyB G operand input to YB output 2.1 ns, max
Topcyg G operand input to COUT output 1.6 ns, max
Texcy BX initialization input to COUT 11 ns, max
Teinx CIN input to X output via XOR 0.6 ns, max
Tcoinxs CIN input to XB 0.1 ns, max
Teiny CIN input to Y via XOR 0.6 ns, max
Tcoinve CIN input to YB 0.6 ns, max
Teyp CIN input to COUT output 0.2 ns, max
Multiplier Operation
TEANDXB F1/2 operand inputs to XB output via AND 0.5 ns, max
TEANDYB F1/2 operand inputs to YB output via AND 11 ns, max
TEaNDCY F1/2 operand inputs to COUT output via AND 0.6 ns, max
TGANDYB G1/2 operand inputs to YB output via AND 0.7 ns, max
TcANDCY G1/2 operand inputs to COUT output via AND 0.2 ns, max
Setup and Hold Times before/after Clock CLK Setup Time / Hold Time
Teekx!/Tekex CIN input to FFX 13/0 ns, min
Teeky/Tekey CIN input to FFY 14/0 ns, min
Notes:

1. 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 Characteristics

Speed Grade

Symbol Description -4 Units
Sequential Delays
TsHcko ‘ Clock CLK to X/Y outputs (WE active) 3.0 ns, max
Shift-Register Mode
TsHcko ‘ Clock CLK to X/Y outputs 3.0 ns, max
Setup Times before Clock CLK Setup Time /
Hold Time
Tas/Tan FI/G address inputs 0.7/0 ns, min
Tos/ToH BX/BY data inputs (DIN) 0.9/0 ns, min
Tws/Twh CE input (WE) 1.0/0 ns, min
Shift-Register Mode
TsHDICK BX/BY data inputs (DIN) 0.9 ns, min
TsHCECK CE input (WS) 1.0 ns, min
Clock CLK
TweH Minimum pulse width, High 3.1 ns, min
TweL Minimum pulse width, Low 3.1 ns, min
Twe Minimum clock period to meet address write cycle time 6.2 ns, min
Shift-Register Mode
TsrPH Minimum pulse width, High 3.1 ns, min
TsrpL Minimum pulse width, Low 3.1 ns, min
Notes:

1. 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.

BLOCKRAM Switching Characteristics

Speed Grade

Symbol Description -4 Units
Sequential Delays
Tecko Clock CLK to DOUT output 4.1 ns, max
Setup Times Before Clock Clk
Teack/Tecka ADDR inputs 15/0 ns, min
Tepck/TeckD DIN inputs 15/0
Teeck/TeCKE EN input 34/0 ns, min
Terek/TBCKR RST input 3.2/0 ns, min
Tewek/Teckw | WEN input 3.0/0 ns, min
Clock CLK
TePWH Minimum pulse width, High 2.0 ns, min
TepwL Minimum pulse width, Low 2.0 ns, min
Teces CLKA -> CLKB setup time for different ports 4.0 ns, min
Notes:

1. 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

Speed Grade

Symbol Description -4 Units
Combinatorial Delays
Tio IN input to OUT output 0.0 ns, max
Torr TRI input to OUT output high-impedance 0.2 ns, max
Ton Tri input to valid data on OUT output 0.2 ns, max

JTAG Test Access Port Switching Characteristics

Speed Grade
Symbol Description -4 Units
T1apTck | TMS and TDI setup times before TCK 4.0 ns, min
TTcKTAP TMS and TDI hold times after TCK 2.0 ns, min
Trcktpo | Output delay from clock TCK to output TDO 11.0 ns, max
Frck Maximum TCK clock frequency 33 MHz, max

Virtex Pin-to-Pin Output Parameter Guidelines

Testing of switching parameters is modeled after testing  values for typical pin locations and normal clock loading.
methods specified by MIL-M-38510/605. All devices are  Values are expressed in nanoseconds unless otherwise
100% functionally tested. Listed below are representative noted.

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

Speed Grade
Symbol Description Device -4 Units
LVTTL Global Clock Input to Output Delay using Output Flip-flop, XQV100 3.6 ns, max
12 mA, Fast Slew Rate, with DLL. For data output with different XQV300 36 ns. max
standards, adjust the delays with the values shown in "IOB Output :
Switching Characteristics Standard Adjustments” on page 8. XQV600 3.6 ns, max
XQV1000 3.6 ns, max
Notes:

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.

2. Output timing is measured at 50% V¢ threshold with 35 pF external capacitive load. For different loads, see Table 2.
3. 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
Symbol Description Device -4 Units
LVTTL Global Clock Input to Output Delay using Output Flip-flop, XQV100 5.7 ns, max
12 mA, Fast Slew Rate, without DLL. For data output with different XQV300 59 ns. max
standards, adjust the delays with the values shown in "IOB Output :
Switching Characteristics Standard Adjustments” on page 8. XQV600 6.0 ns, max
XQV1000 6.3 ns, max

Notes:

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.

2. Output timing is measured at 50% V¢ threshold with 35 pF external capacitive load. For different loads, see Table 2.
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Minimum Clock to Out for Virtex Devices

With DLL Without DLL

I/O Standard All Devices V100 V300 V600 V1000 Units
LVTTL_S2(1) 5.2 6.0 6.1 6.1 6.1 ns
LVTTL_S4(®) 35 4.3 4.4 4.4 4.4 ns
LVTTL_S6(1) 2.8 3.6 3.7 3.7 3.7 ns
LVTTL_S8(®) 2.2 3.1 3.1 3.2 3.2 ns
LVTTL_S12(1) 2.0 2.9 2.9 3.0 3.0 ns
LVTTL_S16(1) 1.9 2.8 2.8 2.9 2.9 ns
LVTTL_S24(1) 1.8 2.6 2.7 2.7 2.8 ns
LVTTL_F2(®) 2.9 3.8 3.8 3.9 3.9 ns
LVTTL_F4(®) 1.7 2.6 2.6 2.7 2.7 ns
LVTTL_F6(®) 1.2 2.0 2.1 2.1 2.2 ns
LVTTL_F8(®) 1.1 1.9 2.0 2.0 2.0 ns
LVTTL_F12() 1.0 1.8 1.9 1.9 1.9 ns
LVTTL_F16(®) 0.9 1.8 1.8 1.8 1.9 ns
LVTTL_F241) 0.9 1.7 1.8 1.8 1.9 ns
LVCMOS2 1.1 1.9 2.0 2.0 2.1 ns
PCI33_3 1.5 2.4 2.4 25 25 ns
PCI33_5 1.4 2.2 2.3 2.3 2.4 ns
GTL 1.6 25 25 2.6 2.6 ns
GTL+ 1.7 2.5 2.6 2.6 2.7 ns
HSTL | 1.1 1.9 2.0 2.0 2.0 ns
HSTL Il 0.9 1.7 1.8 1.8 1.9 ns
HSTL IV 0.8 1.6 1.7 1.7 1.8 ns
SSTL2 | 0.9 1.7 1.8 1.8 1.8 ns
SSTL2 I 0.8 1.6 1.7 1.7 1.7 ns
SSTL3 | 0.8 1.7 1.7 1.7 1.8 ns
SSTL3 I 0.7 1.5 1.6 1.6 1.7 ns
CTT 1.0 1.8 1.9 1.9 2.0 ns
AGP 1.0 1.8 1.9 1.9 2.0 ns
Notes:

1. S =Slow Slew Rate, F = Fast Slew Rate
2. 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.

3. Output timing is measured at 50% V¢ threshold with 8 pF external capacitive load.
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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 noted

Global Clock Setup and Hold for LVTTL Standard, with DLL

values for typical pin locations and normal clock loading.
Values are expressed in nanoseconds unless otherwise

Device

Symbol

Description

Speed Grade

-4

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.

TpspLL/TPHDLL No Delay XQV100 21/-0.4 ns, min
Global clock and IFF, with DLL XQV300 21/-04 ns, min
XQV600 21/-04 ns, min
XQV1000 21/-04 ns, min
Notes:

1. IFF = Input Flip-Flop or Latch

2. 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.
3. DLL output jitter is already included in the timing calculation.

Global Clock Setup and Hold for LVTTL Standard, without DLL

Symbol Description Device

Speed Grade

-4

Units

standards, adjust the setup time delay by the values shown in Input Delay Adjustments.

Input Setup and Hold Time Relative to Global Clock Input Signal for LVTTL Standard. For data input with different

Tpsen/TrPHED Full Delay XQV100 3.0/0.0 ns, min
Global clock and IFF, without DLL XQV300 3.1/0.0 ns, min
XQV600 3.3/0.0 ns, min
XQV1000 3.6/0.0 ns, min
Notes:

1. IFF = Input Flip-Flop or Latch

2. 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.

3. 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 meth-
ods specified by MIL-M-38510/605; all devices are 100 per-
cent functionally tested. Because of the difficulty in directly
measuring many internal timing parameters, those parame-

ters are derived from benchmark timing patterns. The fol-
lowing guidelines reflect worst-case values across the

recommended operating conditions.

Speed Grade -4
Symbol Description Min Max Units
FcLKINHE Input clock frequency (CLKDLLHF) 60 180 MHz
FcLkINLE Inputclock frequency (CLKDLL) 25 90 MHz
TDLLPWHE Input clock pulse width (CLKDLLHF) 2.4 - ns
ToLLPWLE Input clock pulse width (CLKDLL) 3.0 - ns
Notes:
1. All specifications correspond to Commercial Operating Temperatures (0°C to +100°C).
CLKDLLHF CLKDLL
Symbol Description Min Max Min Max Units
TiptoL | Input clock period tolerance - 1.0 - 1.0 ns
Tiarec | Input clock jitter cycle to cycle - +150 - +300 ps
TiLock | Time required for DLL to acquire Lock
FcLkin > 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
Tskew | DLL output skew (between any DLL output) - +150 - +150 ps
Topnase | DLL output long term phase differential - +100 - +100 ps
Tojtcc | DLL output ditter cycle to cycle +60 +60 ps
Notes:
1. All specifications correspond to Commercial Operating Temperatures (0°C to +100°C).
Period Tolerance: the allowed input clock period change in nanoseconds.
TCLKIN ToLkin £ TiPTOL
Clock Jitter: the difference between an ideal reference clock edgfe and the actual design.
B
Togitce DS002.01-060100
Figure 1: Frequency Tolerance and Clock Jitter
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QPRO Virtex Pinouts

Pinout Tables
See the Xilinx WebLINX web site (http://www.xil-

inx.com/partinfo/databook.htm) for updates or additional

pinout information. For convenience, Table 3, Table 4 and

Table 3: Virtex QFP Package Pinout Information

Table 5 list the locations of special-purpose and power-sup-
ply pins. Pins not listed are user 1/Os.

Pin Name Device PQ/HQ240

GCKO All 92

GCK1 All 89

GCK2 All 210

GCK3 All 213

MO All 60

M1 All 58

M2 All 62

CCLK All 179

PROGRAM All 122

DONE All 120

INIT All 123

BUSY/DOUT All 178

DO/DIN All 177

D1 All 167

D2 All 163

D3 All 156

D4 All 145

D5 All 138

D6 All 134

D7 All 124

WRITE All 185

CSs All 184

TDI All 183

TDO All 181

T™MS All 2

TCK All 239

VeeInT All 16, 32, 43, 77, 88, 104,
137, 148, 164, 198, 214,

225

Veeo All No I/0O Banks in this

package: 15, 30, 44, 61,
76, 90, 105, 121, 136,
150, 165, 180, 197, 212,
226, 240
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Table 3: Virtex QFP Package Pinout Information (Continued)

package.)

Within each bank, if input reference voltage is not required, all Vggg
pins are general 1/0.

Pin Name Device PQ/HQ240
VREF’ Bank 0 XQV100 ..+ 229
(Vreg pins are listed incrementally. Connect all pins listed for both XQV300 .. +236
the required device and all smaller devices listed in the same XQV600 1230
package.)
Within each bank, if input reference voltage is not required, all Vggg
pins are general I/O.
Vgrep Bank 1 XQV100 .. +194
(Vreg pins are listed incrementally. Connect all pins listed for both XQV300 ..+ 187
the required device and all smaller devices listed in the same XQV600 1103
package.)
Within each bank, if input reference voltage is not required, all Vggg
pins are general I/O.
Vrer Bank 2 XQV100 ..+ 168
(Vreg pins are listed incrementally. Connect all pins listed for both XQV300 ..+ 175
the required device and all smaller devices listed in the same XQV600 1+ 169
package.)
Within each bank, if input reference voltage is not required, all Vggg
pins are general 1/O.
Vgrep Bank 3 XQV100 ..+133
(Vreg pins are listed incrementally. Connect all pins listed for both XQV300 ..+ 126
the required device and all smaller devices listed in the same XQV600 132
package.)
Within each bank, if input reference voltage is not required, all Vggg
pins are general I/O.
Vgrep Bank 4 XQV100 ..+108
(VrEer pins are listed incrementally. Connect all pins listed for both XQV300 ..+ 115
the required device and all smaller devices listed in the same XQV600 T+ 109
package.)
Within each bank, if input reference voltage is not required, all Vggg
pins are general 1/0.
VREF' Bank 5 XQV100 .+ 73
(Vreg pins are listed incrementally. Connect all pins listed for both XQV300 ..+ 66
the required device and all smaller devices listed in the same XQV600 172
package.)
Within each bank, if input reference voltage is not required, all Vggg
pins are general 1/0.
VREF’ Bank 6 XQV100 .+ 47
(Vreg pins are listed incrementally. Connect all pins listed for both XQV300 ..+54
the required device and all smaller devices listed in the same XQV600 148
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Table 3: Virtex QFP Package Pinout Information (Continued)

Device PQ/HQ240
Vrer Bank 7 (Vgeg pins are listed incrementally. Connect all pins XQV100 et 12
listed for both the required device and all smaller devices listed in the XQV300 +5
same package.)
Within each bank, if input reference voltage is not required, all Vggg XQV600 1l
pins are general 1/0.
GND All 1,8,14,22,29,37,45,51,

59, 69, 75, 83, 91, 98,
106, 112, 119, 129, 135,
143, 151, 158, 166, 172,
182, 190, 196, 204, 211,

219, 227, 233
Table 4: Virtex Plastic Ball Grid and Ceramic Column Grid Pinout Information
Pin Name Device BG256 BG352 BG432 BG560/CG560
GCKO All Y11 AE13 AL16 AL17
GCK1 All Y10 AF14 AK16 AJ17
GCK2 All A10 B14 Al16 D17
GCK3 All B10 D14 D17 Al7
MO All Y1 AD24 AH28 AJ29
M1 All U3 AB23 AH29 AK30
M2 All W2 AC23 AJ28 AN32
CCLK All B19 C3 D4 C4
PROGRAM All Y20 AC4 AH3 AM1
DONE All w19 AD3 AH4 AJ5
INIT All uis AD2 AJ2 AH5
BUSY/DOUT All D18 E4 D3 D4
DO/DIN All C19 D3 Cc2 E4
D1 All E20 Gl K4 K3
D2 All G19 J3 K2 L4
D3 All J19 M3 P4 P3
D4 All M19 R3 V4 w4
D5 All P19 u4 AB1 AB5
D6 All T20 V3 AB3 AC4
D7 All V19 AC3 AG4 AJ4
WRITE All A19 D5 B4 D6
CSs All B18 C4 D5 A2
TDI All C17 B3 B3 D5
TDO All A20 D4 C4 E6
T™MS All D3 D23 D29 B33
TCK All Al Cc24 D28 E29
DXN All w3 AD23 AH27 AK29
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Table 4: Virtex Plastic Ball Grid and Ceramic Column Grid Pinout Information (Continued)

QPRO Virtex 2.5V QML High-Reliability FPGAs

Pin Name Device BG256 BG352 BG432 BG560/CG560
DXP All V4 AE24 AK29 AJ28
VeeInT XQV100 | C10,D6,D15,
(VceinT Pins are listed incrementally. F4,F17, 13,
Connect all pins listed for both the L18, R4, R17,
required device and all smaller U6, Uls, V10
devices listed in the same package.) | XQV300 A20, B16, Al10,A17,B23,
C14, D10, C14, C19, K3,
D12,J24,K4, | K29, N2, N29,
L1, L25, P2, T1, T29, W2,
P25, R23, T1, W31, AB2,
V24, W2, AB30, AJ10,
AC10, AE14, AJ16, AK13,
AE19, AF11, AK19, AK22
AF16,
XQV600 ... + B26, C7,
F1, F30, AE29,
AF1, AH8,
AH24
XQV1000 A21, B12, B14,
B18, B28, C22,
C24,E9,E12,F2,
H30,J1, K32, M3,
N1, N29, N33,
U5, U30, Y2,
Y31, AB2, AB32,
AD2, AD32, AG3,
AG31, AJ13,
AKS8, AK11,
AK17, AK20,
AL14, AL22,
AL27, AN25
Vceo, Bank 0 All D7, D8 Al7, B25, A21,C29,D21 | A22, A26, A30,
D19 B19, B32
Veeo, Bank 1 All D13, D14 A10, D7,D13 | A1, All, D11 A10, Al6, B13,
C3,E5
Vceo, Bank 2 All G17, H17 B2, H4, K1 C3,L1, L4 B2, D1, H1, M1,
R2
Vceo, Bank 3 All N17, P17 P4, U1, Y4 | AALl, AA4, AJ3 | V1, AA2, AD1,
AK1, AL2
Vceo, Bank 4 All Ul13, u14 ACS8, AE2, AH11, AL1L, AM2, AM15,
AF10 AL11 AN4, AN8, AN12
Vceo, Bank 5 All U7, us AC14, AC20, AH21, AJ29, AL31, AM21,
AF17 AL21 AN18, AN24,
AN30
Vceo, Bank 6 All N4, P4 u26, W23, AA28, AA31, W32, AB33,
AE25 AL31 AF33, AK33,
AM32
Vceo, Bank 7 All G4, H4 G23, K26, A31,L28,L31 | C32, D33, K33,
N23 N32, T33
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Table 4: Virtex Plastic Ball Grid and Ceramic Column Grid Pinout Information (Continued)

Pin Name Device BG256 BG352 BG432 BG560/CG560
Vrep Bank 0 XQV100 A4, A8, B4
(VREF pins are listed incrementally. XQV300 Al6, C19, B19, D22, D24,
Connect all pins listed for both the C21, D21 D26
required device and all smaller
devices listed in the same package.) XQVe0o - +C18,C24
Within each bank, if input reference XQV1000 g;g g;g Egg
voltage is not required, all Vrgg pins E’24 E’27 ’
are general /0. ' '
Vgrer Bank 1 XQV100 Al7, B12,
(VREF pins are listed incrementally. B15
Connect all pins listed for both the XQV300 B6, C9, C12, Al13, B7, C6,
required device and all smaller D6 C10
devices listed in the same package.) XQV600 ..+ B15, D10
Within each bank, if input reference
voltage is not required, all Vgrgg pins XQV1000 A6, D7, DIO,
are general /0. D11, D13, D16,
E7, E15
Vgrep Bank 2 XQV100 | C20, F19,J18
(Vreg pins are listed incrementally. XQV300 D2, E2, H2, | E2, G3,J2,N1
Connect all pins listed for both the M4
required device and all smaller
devices listed in the same package.) XQV600 - +HL,R3
Within each bank, if input reference XQVv1000 ?_g (l?lg ';j E:SL
voltage is not required, all Vgrgg pins R
are general /0.
Vgrep Bank 3 XQV100 M18, R19,
(VREr pins are listed incrementally. V20
Connect all pins listed for both the XQV300 R4,V4,Y3, | V2, AB4, AD4,
required device and all smaller AC2 AF3
devices listed in the same package.) XQV600 .+ U2 AC3
Within each bank, if input reference
voltage is not required, all Vrgg pins XQV1000 V4, W5, AAd,
are general /0. AD3, AES, AF1,
AH4, AK2
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QPRO Virtex 2.5V QML High-Reliability FPGAs

Table 4: Virtex Plastic Ball Grid and Ceramic Column Grid Pinout Information (Continued)

Pin Name Device BG256 BG352 BG432 BG560/CG560

Vgrep Bank 4 XQV100 V12, W15,

(Vreg pins are listed incrementally. Y18

Connect all pins listed for both the XQV300 AC12, AE4, | AJ7, AL4, ALS,

required device and all smaller AES5, AES AL13

devices listed in the same package.) XQV600 . + AKS, AK15

Within each bank, if input reference

voltage is not required, all Vrgg pins XQV1000 AK13, AL7, ALS,

are general /0. AL10, AL16,

AM4, AM14,AN3

Vgep Bank 5 XQV100 V9, W6, Y3

(Vreg pins are listed incrementally. XQV300 AC15, AC18, AJ18, AJ25,

Connect all pins listed for both the AD20, AE23 AK23, AK27

reqylred QeV|c§ and all smaller XQV600 4 AJLT

devices listed in the same package.) AL24

Within each bank, if input reference

voltage is not required, all Vgrgg pins XQV1000 AJ;E, A‘]ZZ%’

are general /0. AK28, AL20,
AL24, AL29,
AM26, AN23

Vrep Bank 6 XQV100 M2, R3, T1

(VREr pins are listed incrementally. XQV300 R24, Y26, V28, AB28,

Connect all pins listed for both the AA25, AD26 AE30, AF28

required device and all smaller

devices listed in the same package.) XQVe0o -+ U28, AC28

Within each bank, if input reference XQV1000 AX%% ngl

voltage is not required, all Vrgg pins ’ '

are general /0. AE29, AK32,
AE31, AH30

Vrep Bank 7 XQV100 D1, G3, H1

(Vreg pins are listed incrementally. XQV300 D26, E24, F28, F31, J30,

Connect all pins listed for both the G26, L26 N30

required device and all smaller

devices listed in the same package.) XQVe0o - +J28,R31

Within each bank, if input reference XQV1000 az; igi ggi

voltage is not required, all Vkgg pins ' T31’ ’

are general /0.

DS002 (v1.0) June 1, 2000 www.xilinx.com 2-23

Preliminary Product Specification

1-800-255-7778


http://www.xilinx.com

QPRO Virtex 2.5V QML High-Reliability FPGAs ST XILINX®

Table 4: Virtex Plastic Ball Grid and Ceramic Column Grid Pinout Information (Continued)

Pin Name Device BG256 BG352 BG432 BG560/CG560
GND All C3, C18, D4, Al, A2, A5, | A2,A3,A7,A9, | Al,A7,A12,A14,
D5, D9, D10, | A8,A14,A19, | Al4, Al18, A23, Al8, A20, A24,
D11, D12, A22, A25, A25, A29, A30, A29, A32, A33,
D16,D17.E4, | A26,B1, B26, B1, B2, B30, B1, B6, B9, B15,
E17,J4,J17, | E1, E26,H1, | B31, C1, C31, B23, B27, B31,
K4, K17, L4, | H26,N1,P26, | D16, G1, G31, | C2, E1, F32, G2,
L17, M4, M9, W1, W26, J1, J31, P1, G33,J32,K1, L2,
M10, M17, AB1, AB26, P31, T4, T28, M33, P1, P33,
T4, T17, U4, AE1, AE26, V1, V31, AC1, R32, T1, V33,
U5, U9, U10, AF1, AF2, AC31, AEL, W2, Y1, Y33,
U111, U1z, AF5, AFS8, AE31, AH16, AB1, AC32,
U16,U17,V3, | AF13, AF19, AJl, AJ31, AD33, AE2, AG1,
V18 AF22, AF25, AK1, AK2, AG32, AH2,
AF26 AK30, AK31, AJ33, AL32,
AL2, AL3, AL7, AM3, AM7,
ALY, AL14, AM11, AM19,
AL18, AL23, AM25, AM28,
AL25, AL29, AM33, AN1, AN2,
AL30 AN5, AN10,
AN14, AN16,
ANZ20, AN22,
AN27, AN33
GND(®) Al J9, J10, J11,
J12, K9, K10,
K11,K12,L9,
L10, L11,
L12, M9,
M10,
M11,M12
No Connect C31, AC2, AK4,
AL3
Notes:
1. 16 extra balls (grounded) at package center.
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Ceramic Quad Flat Package (CB228) Pinout

Information
Table 5: CQFP Package (CB228)

Table 5: CQFP Package (CB228) (Continued)

Function Pin No.
GND 1
T™MS 2

10 3
10 4
IO_VREF_7 5
10 6
10 7
GND 8
ollo 9
10 10
10 11
IO_VREF_7 12
10 13
GND 14
VCCINT 15
10 16
10 17
VCCO 18
10 19
10 20
IO_VREF_7 21
10 22
10 23
10 24
10 25

IO_IRDY 26

GND 27

VCCO 28
IO_TRDY 29
VCCINT 30
10 31

10 32

10 33
IO_VREF_6 34
10 35

10 36
VCCO 37
10 38

Function Pin No.
OoP 39
10 40
VCCINT 41
GND 42
10 43
IO_VREF_6 44
10 45
10 46
IO_VREF_6 47
GND 48
10 49
10 50
IO_VREF_6 51
10 52
10 53
10 54
M1 55
GND 56
MO 57
VCCO 58
M2 59
10 60
10 61
10 62
IO_VREF 5 63
10 64
10 65
GND 66
IO_VREF 5 67
10 68
10 69
IO_VREF5 70
10 71
GND 72
VCCINT 73
10 74
10 75
VCCO 76
10 77
10 78
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Table 5: CQFP Package (CB228) (Continued)

Table 5: CQFP Package (CB228) (Continued)

Function Pin No. Function Pin No.
IO_VREF 5 79 IO_VREF_3 120
10 80 10 121
10 81 10 122
10 82 GND 123
VCCINT 83 IO_VREF_3 124
GCK1 84 10 125
VCCO 85 10 126
GND 86 IO_VREF_3 127
GCKO 87 I0_D6 128
10 89 GND 129
10 90 VCCINT 130
o) 91 I0_D5 131
IO_VREF_4 92 10 132
10 93 VCCO 133
o) 94 10 134
VCCO 95 10 135
10 96 IO_VREF_3 136
10 97 I0_D4 137
10 98 10 138
VCCINT 99 10 139
GND 100 VCCINT 140
10 101 IO_TRDY 141
IO_VREF_4 102 VCCO 142
10 103 GND 143
10 104 I0_IRDY 144
IO_VREF_4 105 10 145
GND 106 10 146
10 107 10 147
10 108 I0_D3 148
IO_VREF_4 109 IO_VREF_2 149
10 110 10 150
10 111 10 151
o) 112 VCCO 152
GND 113 10 153
DONE 114 10 154
VCCO 115 I0_D2 155
PROGRAM 116 VCCINT 156
IO_INIT 117 GND 157
I0_D7 118 I0_D1 158
10 119 IO_VREF_2 159
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Table 5: CQFP Package (CB228) (Continued)

Table 5: CQFP Package (CB228) (Continued)

Function Pin No. Function Pin No.
10 160 GND 200
10 161 VCCO 201
IO_VREF_2 162 GCK3 202
GND 163 VCCINT 203
10 164 10 204
10 165 10 205
IO_VREF_2 166 10 206
10 167 IO_VREF_0 207
I0_DIN_DO 168 10 208
IO_DOUT_BUSY 169 10 209
CCLK 170 VCCO 210
VCCO 171 10 211
TDO 172 10 212
GND 173 10 213
DI 174 VCCINT 214
I0_CS 175 GND 215
IO_WRITE 176 10 216
10 177 IO_VREF_0 217
IO_VREF_1 178 10 218
10 179 10 219
GND 180 IO_VREF_0 220
IO_VREF_1 181 GND 221
10 182 10 222
10 183 10 223
IO_VREF_1 184 IO_VREF_0 224
10 185 10 225
GND 186 10 226
VCCINT 187 TCK 227
10 188 VCCO 228
10 189 GND* 1,8, 14, 27, 42, 48,
o 190 56, 66, 72, 86, 100,
106, 113, 123, 129,
VCCO 191 143, 157, 163, 173,
10 192 180, 186, 200, 215,
10 193 221
10 VREE 1 104 VCCINT* 15, 30, 41, 73, 83, 99,
- = 130, 140, 156, 187,
10 195 203, 214
10 196 VCCO 18, 28, 37, 58, 76, 85,
10 197 95, 115, 133, 142,
0 198 152, 171, 191, 201,
GCK2 199 210, 228
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Package Drawing CG560 Ceramic Column Grid
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CG560 Ceramic Column Grid Package
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Device/Package Combinations and Maximum I/O

Package

Maximum User 1/O (Excluding dedicated clock pins.)

XQV100

XQV300

XQV600

XQV1000

PQ240

166

166

HQ240

166

BG256

180

BG352

BG432

316

316

BG560

CB228

162

162

162

CG560

404

Ordering Information

Example:
Device Type

Speed Grade

XQV300 -4 CB228 M

Temperature Range

M = Military Ceramic (T¢ = -55°C to +125°C)
N = Military Plastic (T; = -55°C to +125°C)

Number of Pins

Package Type

PQ = Plastic Quad Flat Pack

HQ = High Heat Dissipation QFP (Plastic)

BG = Plastic Ball Grid Array
CB = Ceramic Quad Flat Pack

CG = Ceramic Grid Column Array (Surface Mount)

Revision History

The following table shows the revision history for this document

Date Version Revision
10/04/99 1.0 Initial Xilinx release.
06/01/00 1.1 Upated format.
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Features

0.22 um 5-layer epitaxial process
QML certified

Radiation hardened FPGAs for space and satellite
applications

Guaranteed total ionizing dose to 100K Rad(si)
Latch-up immune to LET = 125 MeV cmz2/mg

SEU immunity achievable with recommended
redundancy implementation

Guaranteed over the full military temperature range

(-55°C to +125°C)

Fast, high-density Field-Programmable Gate Arrays

- Densities from 100k to 1M system gates

- System performance up to 200 MHz

- Hot-swappable for Compact PCI

Multi-standard Selectl/O™ interfaces

- 16 high-performance interface standards

- Connects directly to ZBTRAM devices

Built-in clock-management circuitry

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

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

Hierarchical memory system

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

- Configurable synchronous dual-ported 4k-bit
RAMs

- Fast interfaces to external high-performance RAMs
Flexible architecture that balances speed and density

- Dedicated carry logic for high-speed arithmetic
- Dedicated multiplier support
- Cascade chain for wide-input functions

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

- Internal 3-state bussing
- |EEE 1149.1 boundary-scan logic
- Die-temperature sensing device

e Supported by FPGA Foundation™ and Alliance
Development Systems

- Complete support for Unified Libraries, Relationally
Placed Macros, and Design Manager

- Wide selection of PC and workstation platforms
* SRAM-based in-system configuration

- Unlimited reprogrammability

- Four programming modes

Description

The QPRO 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 exploiting an
aggressive 5-layer-metal 0.22 um CMOS process. These
advances make QPRO Virtex FPGAs powerful and flexible
alternatives to mask-programmed gate arrays. The Virtex
radiation hardened family comprises the three members
shown in Table 1.

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

Refer to the “Virtex™ 2.5V Field Programmable Gate
Arrays” commercial data sheet for more information on
device architecture and timing specifications.

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

Maximum Max Select

Device System Gates | CLB Array | Logic Cells Available I/O Block RAM Bits RAM Bits
XQVR300 322,970 32x48 6,912 316 65,536 98,304
XQVR600 661,111 48x72 15,552 316 98,304 221,184
XQVR1000 1,124,022 64x96 27,648 404 131,072 393,216

© 2000 Xilinx, Inc. All rights reserved. All Xilinx trademarks, registered trademarks, patents, and disclaimers are as listed at
http://Iwww.xilinx.com/legal.htm. All other trademarks and registered trademarks are the property of their respective owners.
All specifications are subject to change without notice.
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Radiation Specifications(l)

Symbol Description Min Max Units
TID Total lonizing Dose 100K RAD(SI)
Method 1019, Dose Rate ~9.0 rads(Si)/sec
SEL Single Event Latch-up Immunity 0 (cm2/Device)
Heavy lon Saturation Cross Section
LET > 125 MeV cm2/mg
SEUpy Single Event Upset CLB Flip-flop 6.5E — 8 (cm?/Bit)
Heavy lon Saturation Cross Section
SEUcH Single Event Upset Configuration Latch 8.0E -8 (cm?2/Bit)
Heavy lon Saturation Cross Section
SEUcp Single Event Upset Configuration Latch 22E-14 (cm?2/Bit)
Proton (63MeV) Saturation Cross Section
SEUgH Single Event Upset BRAM Bit 16E-7 (cm?2/Bit)
Heavy lon Saturation Cross Section
Notes:

1. For more information, refer to "Radiation Test Results of the Virtex FPGA for Space Based Reconfigurable Computing” and "SEU
Mitigation Techniques for Virtex FPGAs in Space Applications" at http://www.xilinx.com/products/hirel_gml.htm.
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QPRO™ Virtex™ 2.5V Radiation Hardened FPGAs

Virtex Electrical Characteristics

The specifications in this advance information data sheet
are initial estimates based on simulation and/or extrapola-
tion from other speed grades, devices, or families. Values
are subject to change. Use as estimates, not for production.

Virtex DC Characteristics

Absolute Maximum Ratings

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

Symbol Description Min/Max Units
Veent | Supply voltage relative to GND -0.5t03.0 \Y
Veeo Supply voltage relative to GND -0.5t04.0 \%
VREE Input reference voltage -0.5t03.6 \Y,
VN Input voltage relative to GND Using Vrer -0.5t03.6 \Y,
Internal threshold -0.51t05.5 \Y,
Vrs Voltage applied to 3-state output -0.5t05.5 \%
Vee Longest supply voltage rise time from 1V to 2.375V 50 ms
Tstg Storage temperature (ambient) —65 to +150 °C
TsoL Maximum soldering temperature (10s at 1/16 in. = 1.5 mm) +260 °C
T; Junction temperature +150 °C

Notes:

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. Power supplies may turn on in any order.

3. For protracted periods (e.g., longer than a day), V\ should not exceed V¢ by more that 3.6V.
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Recommended Operating Conditions

Symbol Description Device Min Max Units
Veeint | Supply voltage relative to GND, T = -55°C to +125°C 25-5% | 25+ 5% \Y,
Vceeco | Supply voltage relative to GND, T = -55°C to +125°C 1.2 3.6 \Y
TN Input signal transition time 250 ns
ICC\\To | Quiescent Vet supply current XQVR300 150 mA
XQVR600 200 mA
XQVR1000 200 mA
ICCccoq | Quiescent Vo supply current XQVR300 4.0 mA
XQVR600 4.0 mA
XQVR1000 4.0 mA
Notes:

1. Correct operation is guaranteed with a minimum Ve yt Of 2.25V (Nominal Ve nt — 10%). Below the minimum value stated above,
all delay parameters increase by 3% for each 50 mV reduction in Ve Nt below %e specified range.

2. Atjunction temperatures above those listed as Operating Conditions, all delay parameters increase by 0.35% per °C.
3. Input and output measurement threshold is ~50% of Vc.

QPRO Virtex Pin Outs

Pinout Tables

Table 2: Virtex Ceramic Column Grid (CG560) Pinout
(Continued)

See the Xilinx WebLINX web site (http://www.xil-
inx.com/partinfo/databook.htm) for updates or additional
pinout information. For convenience, Table 2 and Table 3 list

. : . Pin Name Device CG560
the locations of special-purpose and power-supply pins.
Pins not listed are user 1/Os. D1 XQVR1000 K3
Table 2: Virtex Ceramic Column Grid (CG560) Pinout D2 L4
D3 P3
Pin Name Device CG560
D4 w4
GCKO XQVR1000 AL17
D5 AB5
GCK1 AJ17
D6 AC4
GCK2 D17
D7 AJ4
GCK3 Al7
WRITE D6
MO AJ29
CSs A2
M1 AK30
TDI D5
M2 AN32
TDO E6
CCLK C4
TMS B33
PROGRAM AM1
TCK E29
DONE AJ5
DXN AK29
INIT AH5
DXP AJ28
BUSY/DOUT D4
DO/DIN E4

2-32

www.xilinx.com

1-800-255-7778

DS028 (v1.0) April 25, 2000
Advance Product Specification



http://www.xilinx.com
/partinfo/databook.htm
/partinfo/databook.htm

S XILINX®

QPRO™ Virtex™ 2.5V Radiation Hardened FPGAs

Table 2: Virtex Ceramic Column Grid (CG560) Pinout

(Continued)

Table 2: Virtex Ceramic Column Grid (CG560) Pinout

(Continued)

Pin Name Device CG560 Pin Name Device CG560
VeanT XQVR1000 A21, B12, VRrer Bank 0 XQVR1000 A19, D20,
(VceinT pins are listed B14, B18, (VREeEg pins are listed D26, D29,
incrgmentally. Connect B28, C22, incrgmentally. Connect E21, E23,
all pins listed for both the all pins listed for both the
required device and all C24, E9, required device and all E24, E27,
smaller devices listed in E12, F2, smaller devices listed in
the same package.) H30. J1 the same package.)

K32, M3, Within each bank, i_f input
reference voltage is not
N1, N29, required, all Vggg pins
N33, U5, are general /0.
U30, Y2, Vrep Bank 1 XQVR1000 A6, D7,
Y31, AB2, (VRrer pins are listed D10, D11,
all pins listed for bo e
AD32, AG3, . )
required device and all E7,E15
AG31, AJ13, smaller devices listed in
AKS8, AK11, the same package.)
AK17, AK20, Within each bank; if input
AL14, AL22, refer_ence voltage is not
required, all Vggg pins
AL27, AN25 are general /0.
Vcco, Bank 0 A22, A26, VRrer Bank 2 XQVR1000 B3, G5,
A30, B19, B32 (VReEg pins are listed H4, K5,
Veeo, Bank 1 A10, A16, mcrgmentally. Connect L5, N5,
all pins listed for both the
B13, C3, ES required device and all P4, R1
Veco, Bank 2 B2, D1, smaller devices listed in
H1 ML R2 th(.a s.ame package..).
Within each bank, if input
Veco, Bank 3 V1, AA2, reference voltage is not
AD1, AK1, AL2 required, all Vkeg pins
are general /0.
Vceo, Bank 4 AM2, AM15,
AN4, ANS, Vgrep Bank 3 XQVR1000 V4, W5,
AN12 (VREeE pins are listed AA4, AD3,
incrementally. Connect AES. AF1
Vcco: Bank 5 AL31, AM21, all pins listed for both the o
AN18, AN24, required device and all AH4, AK2
AN30 smaller devices listed in
the same package.)
Vceo, Bank 6 XQVR1000 W32, AB33, o o
Within each bank; if input
AF33, AK33, reference voltage is not
AM32 required, all Vggg pins
Vceo, Bank 7 XQVR1000 | €32, D33, are general 1/O.
K33, N32, T33
DS028 (v1.0) April 25, 2000 www.xilinx.com 2-33

Advance Product Specification

1-800-255-7778


http://www.xilinx.com

QPRO™ Virtex™ 2.5V Radiation Hardened FPGAs

S XILINX®

Table 2: Virtex Ceramic Column Grid (CG560) Pinout

(Continued)

Table 2: Virtex Ceramic Column Grid (CG560) Pinout

(Continued)

Within each bank, if input
reference voltage is not
required, all Vgrgg pins
are general /0.

Pin Name Device CG560 Pin Name Device CG560
Vgrep Bank 4 XQVR1000 AK13, AL7, GND XQVR1000 Al, A7,
(VREeg pins are listed AL9, AL10, Al2, Al4,
incrgmentally. Connect AL16, AMA4, A18. A20,
all pins listed for both the
required device and all AM14,AN3 A24, A29,
smaller devices listed in A32, A33,
the same package.) B1, B,
Within each bank, @f input B9, B15,
reference voltage is not
required, all Vgeg pins B23, B27,
are general /0. B31, C2,
Vrer Bank 5 XQVR1000 | AJ18, AJ25, El, F32,
(Vger pins are listed AK28, AL20, G2, G33,
incrementally. Connect AL24. AL29 J32, K1,
all pins listed for both the ' '
L2, M33,
required device and all AM26, AN23
smaller devices listed in P1, P33,
the same package.) R32, T1,
Within each bank, if input V33, W2,
refer_ence voltage is not Y1, Y33,
required, all Vgrgg pins
are general /0. ABL, AC32,
Vrep Bank 6 XQVR1000 V29, Y32, AD33, AE2,
(VREeg pins are listed AA30,AD31, AGL, AG32,
incrementally. Connect AE29. AK32 AH2, AJ33,
all pins listed for both the ' ' AL32, AM3.
required device and all AE31, AH30
) . . AM7, AM11,
smaller devices listed in
the same package.) AM19, AM25,
Within each bank, if input AM28, AM33,
reference voltage is not AN1, AN2,
required, all Vkeg pins AN5. AN10,
are general /0.
Vrer Bank 7 XQVR1000 | D31, E31 AN, ANLE,
an 1 1
(VREF [ listed : G31, H32 AN20, AN22,
REF Pins are liste , ,
incrementally. Connect K31. P31 ANZ7, AN33
all pins listed for both the o GND* All
required device and all T31
smaller devices listed in No Connect C31, AC2,
the same package.) AK4, AL3

* 16 extra balls (grounded) at package center.
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Table 3: CQFP Package (CB228)

Table 3: CQFP Package (CB228) (Continued)

Function Pin # Bank # Function Pin # Bank #
GND 1 7 Veco 28 6
T™MS 2 IO_TRDY 29

10 4 10 31
IO_VREF 7 5 10 32
10 6 10 33

[e] 7 IO_VREF_6 34
GND 8 10 35

10 9 10 36

10 10 Veeo 37

10 11 10 38
IO_VREF 7 12 10 39
[e) 13 10 40
GND 14 Veeint 41
Veeint 15 GND 42
10 16 10 43

10 17 IO_VREF_6 44
Veeo 18 10 45

10 19 10 46

10 20 IO_VREF_6 47
IO_VREF_7 21 GND 48
10 22 10 49

10 23 10 50

10 24 IO_VREF_6 51

10 25 10 52

IO_IRDY 26 10 53

GND 27 10 54
M1 55
GND 56
MO 57
DS028 (v1.0) April 25, 2000 www.xilinx.com 2-35

Advance Product Specification

1-800-255-7778


http://www.xilinx.com

QPRO™ Virtex™ 2.5V Radiation Hardened FPGAs ST XILINX®

Table 3: CQFP Package (CB228) (Continued) Table 3: CQFP Package (CB228) (Continued)
Function Pin # Bank # Function Pin # Bank #
Veeo 58 5 10 93 4
M2 59 10 94
10 60 Veeo 95
[e] 61 10 96
[e] 62 10 97
|IO_VREF_5 63 10 98
10 64 VeaInT 99
10 65 GND 100
GND 66 10 101
|IO_VREF_5 67 |IO_VREF_4 102
10 68 10 103
10 69 10 104
I0_VREF5 70 IO_VREF_4 105
10 71 GND 106
GND 72 10 107
VcaInT 73 10 108
10 74 |IO_VREF_4 109
10 75 10 110
Veeo 76 10 111
10 77 10 112
10 78 GND 113
IO_VREF_5 79 DONE 114
10 80 Veeo 115
10 81
10 82
Veeint 83 4
GCK1 84
VCCO 85
GND 86
GCKO 87
10 89
10 90
10 91
|IO_VREF_4 92
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Table 3: CQFP Package (CB228) (Continued) Table 3: CQFP Package (CB228) (Continued)
Function Pin # Bank # Function Pin # Bank #
PROGRAM 116 3 GND 143 2
IO_INIT 117 I0_IRDY 144
I0_D7 118 10 145
10 119 10 146
|IO_VREF_3 120 10 147
10 121 10_D3 148
10 122 IO_VREF_2 149
GND 123 10 150
|IO_VREF_3 124 10 151
10 125 Veeo 152
10 126 10 153
IO_VREF_3 127 10 154
I0_D6 128 I0_D2 155
GND 129 VeainT 156
VeeINT 130 GND 157
I0_D5 131 |10_D1 158
10 132 |IO_VREF_2 159
Veeo 133 10 160
10 134 10 161
10 135 IO_VREF_2 162
|IO_VREF_3 136 GND 163
I0_D4 137 10 164
[e] 138 10 165
10 139 IO_VREF_2 166
VeeINT 140 10 167
IO_TRDY 141 IO_DIN_DO 168
Veeo 142 I0_DOUT_BUSY 169
CCLK 170
Veeo 171
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Table 3: CQFP Package (CB228) (Continued) Table 3: CQFP Package (CB228) (Continued)
Function Pin # Bank # Function Pin # Bank #
TDO 172 1 GCK3 202 0

GND 173 VeainT 203

TDI 174 10 204

I0_CS 175 10 205

IO_WRITE 176 10 206

10 177 IO_VREF_0 207

IO_VREF_1 178 10 208

10 179 10 209

GND 180 Veeo 210

|IO_VREF_1 181 10 211

10 182 10 212

10 183 10 213

IO_VREF_1 184 VeanT 214

10 185 GND 215

GND 186 10 216

VeaINT 187 |IO_VREF_0 217

10 188 10 218

10 189 10 219

10 190 IO_VREF_0O 220

Veeo 191 GND 221

10 192 10 222

10 193 10 223

|I0_VREF_1 194 IO_VREF_0 224

10 195 10 225

10 196 10 226

10 197 TCK 227

10 198 Veeo 228
GCK2 199
GND 200
Veeo 201
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Table 3: CQFP Package (CB228) (Continued) Pinout Diagrams
Function Pin # Bank # The following diagrams illustrate the locations of spe-
GND* 18 14 cial-purpose pins on Virtex FPGAs. Table 4 lists the sym-
T bols used in these diagrams. The diagrams also show
27,42, 48, I/O-bank boundaries.
56, 66, 72, Table 4: Pinout Diagram Symbols
86, 100, 106, . .
Symbol Pin Function
113, 123, 129,
143, 157, 163, S General 110
173, 180, 186, d Device-dependent general I/O, n/c on
200, 215, 221 smaller devices
Y Y
Voot 15, 30, 41, CCINT
73 83 99 % Device-dependent Vot N/ on smaller
B devices
130, 140, 156,
187, 203, 214 o Veco
Veeo 18, 28, 37, R VRer
58, 76, 85, r Device-dependent Vrer remains 1/0 on
95, 115, 133, smaller devices
142, 152, 171, G Ground
191, 201, 210, @,1,2,3 | Global Clocks
228
0,00 MO, M1, M2
©, ®, @, ®, | DO/DIN, D1, D2, D3, D4, D5, D6, D7
@,0,6 0
B DOUT/BUSY
D DONE
P PROGRAM
I INIT
K CCLK
w WRITE
S CS
T Boundary-scan test aAccess port
+ Temperature diode, anode
- Temperature diode, cathode
n No connect
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CG560 Pin Function Diagram
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Package Drawing CG560 Ceramic Column Grid
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Device/Package Combinations and Maximum I/O

Maximum User 1/O (excluding dedicated clock pins)

Package XQVR300 XQVR600 XQVR1000
CB228 162 162
CG560 404

Ordering Information

Example:
Device Type

XQVR300
XQVR500
XQVR1000

Speed Grade

XQVR1000 -4 CG560 M

Temperature Range
M = Military Ceramic (T = —55°C to +125°C)

L Number of Pins

Package Type

CB = Ceramic Quad Flat Pack
CG = Ceramic Grid Column Array (Surface Mount)

Revision History

The following table shows the revision history for this document.

Date

Version

Revision

04/25/00

1.0

Initial Xilinx release.
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QML High-Reliability FPGAs

DS021 (v2.2) June 25, 2000

Product Specification

Product Features
¢ Certified to MIL-PRF-38535, appendix A QML
(Qualified Manufacturers Listing)

¢ Also available under the following Standard Microcircuit
Drawings (SMD)

- XC4005E 5962-97522
- XC4010E 5962-97523
- XC4013E 5962-97524
- XC4025E 5962-97525
- XC4028EX  5962-98509

« For more information contact the Defense Supply
Center Columbus (DSCC)
http://www.dscc.dla.mis/v/iva/smd/smdsrch.html

e System featured Field-Programmable Gate Arrays

- Select-RAM™ memory: on-chip ultra-fast RAM with
Synchronous write option
Dual-port RAM option

- Abundant flip-flops
- Flexible function generators
- Dedicated high-speed carry logic
- Wide edge decoders on each edge
- Hierarchy of interconnect lines
- Internal 3-state bus capability
- Eight global low-skew clock or signal distribution
networks
e System Performance beyond 60 MHz
¢ Flexible Array Architecture
¢ Low Power Segmented Routing Architecture
e Systems-Oriented Features
- |EEE 1149.1-compatible boundary scan logic
support
- Individually programmable output slew rate
- Programmable input pull-up or pull-down resistors
- 12 mA sink current per XQ4000E/EX output

e Configured by Loading Binary File
- Unlimited reprogrammability
* Readback Capability
- Program verification
- Internal node observability
e Backward Compatible with XC4000 Devices
« Development System runs on most common computer
platforms
- Interfaces to popular design environments
- Fully automatic mapping, placement and routing
- Interactive design editor for design optimization
e Available Speed Grades:

- XQ4000E -3 for plastic packages only
- -4 for ceramic packages only
- XQ4028EX -4 for all packages

More Information

For more information refer to Xilinx XC4000E and XC4000X
series Field Programmable Gate Arrays product specifica-
tion. This data sheet contains pinout tables for XQ4010E
only. Refer to Xilinx web site for pinout tables for other
devices. (Pinouts for XQ4000E/EX are identical to
XC4000E/EX.)
(http://Iwww.xilinx.com/partinfo/databook.htm)

© 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. All specifications are subject to change without notice.
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Table 1: XQ4000E/EX Field Programmable Gate Arrays

Max. Max. Typical Max.
Logic RAM Bits | Gate Range Number Decode | Max.
Gates (No (Logic and CLB Total of Inputs User
Device (No RAM) | Logic) RAM)®) Matrix | CLBs | Flip-Flops | per Side I/0 Packages
XQ4005E 5,000 6,272 3,000-9,000 | 14x14 | 196 616 42 112 PG156,
CB164
XQ4010E 10,000 12,800 | 7,000 - 20,000 | 20x20 | 400 1,120 60 160 PG191,
CB196,
HQ208
XQ4013E 13,000 18,432 |10,000-30,000 | 24 x24 | 576 1,536 72 192 PG223,
CB228,
HQ240
XQ4025E 25,000 32,768 |15,000-45,000| 32x32 | 1,024 2,560 96 256 PG299,
CB228
XQ4028EX | 28,000 32,768 |18,000-50,000 | 32x32 | 1,024 2,560 96 256 PG299,
CB228,
HQ240,
BG352
Notes:
1. Max values of Typical Gate Range include 20-30% of CLBs used as RAM.
XQ4000E Switching Characteristics
XQ4000E Absolute Maximum Ratings(1)
Symbol Description Units
Vee Supply voltage relative to GND -0.5t0 +7.0 \%
VN Input voltage relative to GND(2) —-0.5t0 Ve + 0.5 v
V1s Voltage applied to High-Z output(?) —-0.5t0 Vgc + 0.5 Y,
Tsto Storage temperature (ambient) —65 to +150 °C
TsoL Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) +260 °C
T; Junction temperature Ceramic package +150 °C
Plastic package +125 °C
Notes:

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 excursion above V¢ or below Ground 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 V¢ + 2.0V, provided this over or undershoot lasts less than
10 ns and with the forcing current being limited to 200 mA.
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XQ4000E Recommended Operating Conditions(1.2)

Symbol Description Min Max Units
Vee Supply voltage relative to GND, T; = -55°C to +125°C | Plastic 4.5 55 \%
Supply voltage relative to GND, T = -55°C to +125°C | Ceramic 4.5 55 \%
ViH High-Level Input Voltage TTL inputs 2.0 Vee \Y
CMOS inputs 70% 100% Vee
VL Low-Level Input Voltage TTL inputs 0 0.8 \%
CMOS inputs 0 20% Vee
TN Input signal transition time - 250 ns
Notes:

1. At junction temperatures above those listed as Operating Conditions, all delay parameters increase by 0.35% per °C.
2. Input and output measurement threshold are 1.5V for TTL and 2.5V for CMOS.

XQ4000E DC Characteristics Over Recommended Operating Conditions

Symbol Description Min Max Units
Von High-level output voltage @ loy = —4.0 mA, Ve min TTL outputs 2.4 - \Y,
High-level output voltage @ oy = —1.0 mA, Ve min CMOS outputs Vee—0.5 - \Y,
VoL | Low-level output voltage @ lg, = 12.0 mA, Ve min) | TTL outputs - 0.4 \Y
CMOS outputs - 0.4 \%
lcco | Quiescent FPGA supply current(@) - 50 mA
I Input or output leakage current -10 +10 A
Cin Input capacitance (sample tested) - 16 pF
IRIN Pad pull-up (when selected) at V| = 0V (sample tested)(®) -0.02 -0.25 mA
lRLL Horizontal longline pull-up (when selected) at logic Low(®) 0.2 2.5 mA
Notes:

1. With 50% of the outputs simultaneously sinking 12 mA, up to a maximum of 64 pins.

2. With no output current loads, no active input or Longline pull-up resistors, all package pins at V¢ or GND, and the FPGA configured
with the development system Tie option.

3. Characterized Only.
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XQ4000E 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 dis-
tribution 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).

Note: -3 Speed Grade only applies to XQ4010E and
XQA4013E Plastic Package options only. -4 Speed Grade
applies to all XQ devices and is only available in
Ceramic Packages only.

XQ4000E Global Buffer Switching Characteristics

-3 | 4@
Symbol Description Device Max | Max | Units
Tpg From pad through primary buffer, to any clock K XQ4005E - 7.0 ns
XQ4010E 6.3 11.0 ns
XQ4013E 6.8 11.5 ns
XQ4025E - 12.5 ns
Tse From pad through secondary buffer, to any clock K XQ4005E - 7.5 ns
XQ4010E 6.8 11.5 ns
XQ4013E 7.3 12.0 ns
XQ4025E - 13.0 ns
Notes:

1. For plastic package options only.
2. For ceramic package options only.
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SXILINX®

QPRO XQ4000E/EX QML High-Reliability FPGAs

XQ4000E Horizontal Longline 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 Develop-
ment 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 (sup-
ply voltage and junction temperature). Values apply to all
XQ4000E devices unless otherwise noted.

The following guidelines reflect worst-case values over the
recommended operating conditions.

-3 -4
Symbol Description Device Max | Max | Units
TBUF Driving a Horizontal Longline (LL):
Tio1 | going High or Low to LL going High or Low, while T is Low. XQ4005E - 5.0 ns
Buffer is constantly active.(1) XQA4010E 6.4 8.0 s
XQ4013E 7.2 9.0 ns
XQ4025E - 11.0 ns
Tio2 | going Low to LL going from resistive pull-up High to active Low. XQ4005E - 6.0 ns
TBUF configured as open-drain.(1) XQ4010E 69 | 105 ns
XQ4013E 7.7 11.0 ns
XQ4025E - 12.0 ns
Ton T going Low to LL going from resistive pull-up or floating High to XQ4005E - 7.0 ns
i'iztil\_/(e)zv\ll_?l\;v. TBUF configured as open-drain or active buffer with XQ4010E 73 85 ns
XQ4013E 7.5 8.7 ns
XQ4025E - 11.0 ns
Torr T going High to TBUF going inactive, not driving LL. XQ4005E - 1.8 ns
XQ4010E 15 1.8 ns
XQ4013E 15 1.8 ns
XQ4025E - 1.8 ns
Tpus T going High to LL going from Low to High, pulled up by a single XQ4005E - 23.0 ns
resistor.(t XQ4010E | 22.0 | 29.0 | ns
XQ4013E 26.0 | 32.0 ns
XQ4025E - 42.0 ns
Tpur T going High to LL going from Low to High, pulled up by two XQ4005E - 10.0 ns
resistors.(! XQ4010E | 11.0 | 135 | ns
XQ4013E 13.0 | 15.0 ns
XQ4025E - 18.0 ns
Notes:
1. These values include a minimum load. Use the static timing analyzer to determine the delay for each destination.
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QPRO XQ4000E/EX QML High-Reliability FPGAs

SXILINX®

XQ4000E Wide Decoder 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 Develop-
ment 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 (sup-
ply voltage and junction temperature). Values apply to all
XQ4000E devices unless otherwise noted.

The following guidelines reflect worst-case values over the
recommended operating conditions.

-3 -4
Symbol Description(1.2) Device Max | Max | Units
TwAE Full length, both pull-ups, inputs from 10B I-pins XQ4005E - 9.5 ns
XQ4010E 9.0 15.0 ns
XQ4013E 11.0 | 16.0 ns
XQ4025E - 18.0 ns
TwarL | Full length, both pull-ups, inputs from internal logic XQ4005E - 125 ns
XQ4010E 11.0 | 18.0 ns
XQ4013E 13.0 | 19.0 ns
XQ4025E - 21.0 ns
Twao Half length, one pull-up, inputs from 10B I-pins XQ4005E - 10.5 ns
XQ4010E 10.0 | 16.0 ns
XQ4013E 12.0 | 17.0 ns
XQ4025E - 19.0 ns
TwaoL | Half length, one pull-up, inputs from internal logic XQ4005E - 12.5 ns
XQ4010E 12.0 | 18.0 ns
XQ4013E 140 | 19.0 ns
XQ4025E - 21.0 ns
Notes:

1. These delays are specified from the decoder input to the decoder output.

2. Fewer than the specified number of pull-up resistors can be used, if desired. Using fewer pull-ups reduces power consumption but
increases delays. Use the static timing analyzer to determine delays if fewer pull-ups are used.
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SXILINX®

QPRO XQ4000E/EX QML High-Reliability FPGAs

XQ4000E 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 Develop-
ment 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 (sup-
ply voltage and junction temperature). Values apply to all
XQ4000E devices unless otherwise noted.

-3 -4
Symbol Description Min Max Min Max Units
Combinatorial Delays
Tilo F/G inputs to X/Y outputs - 2.01 - 2.7 ns
TiHo F/G inputs via H to X/Y outputs - 4.3 - 4.7 ns
THHoO C inputs via SR through H to X/Y outputs - 3.3 - 4.1 ns
ThHH10 C inputs via H to X/Y outputs - 3.6 - 3.7 ns
THH20 C inputs via Dy through H to X/Y outputs - 3.6 - 4.5 ns
CLB Fast Carry Logic
Topcy Operand inputs (F1, F2, G1, G4) to Coyt - 2.6 - 3.2 ns
Tascy Add/Subtract input (F3) to Coyt - 4.4 - 55 ns
Tincy Initialization inputs (F1, F3) to Coyt - 1.7 - 17 ns
Tsum C,n through function generators to X/Y outputs - 3.3 - 3.8 ns
Teyp Cin to CouTs bypass function generators - 0.7 - 1.0 ns
Sequential Delays
Tcko Clock K to outputs Q - 2.8 - 3.7 ns
Setup Time before Clock K
Tick F/G inputs 3.0 - 4.0 - ns
TiHCK F/G inputs viaH 4.6 - 6.1 - ns
ThHock | Cinputs via HO through H 3.6 - 4.5 - ns
Thhick | Cinputs via H1 through H 4.1 - 5.0 - ns
Thhock | Cinputs via H2 through H 3.8 - 4.8 - ns
Tpick C inputs via D)y 2.4 - 3.0 - ns
TEcck C inputs via EC 3.0 - 4.0 - ns
Trck C inputs via S/R, going Low (inactive) 4.0 - 4.2 - ns
Teck Cn input via F/IG 2.1 - 25 - ns
TcHck Cn input via F/G and H 35 - 4.2 - ns
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QPRO XQ4000E/EX QML High-Reliability FPGAs S XILINX®

XQ4000E CLB Switching Characteristic Guidelines (continued)

-3 -4
Symbol Description Min Max Min Max Units
Hold Time after Clock K
Tek F/G inputs 0 - 0 - ns
TekiH F/G inputs viaH 0 - 0 - ns
Tcknno | Cinputs via HO through H 0 - 0 - ns
Tcknn1 | Cinputs via H1 through H 0 - 0 - ns
Tcknnz | Cinputs via H2 through H 0 - 0 - ns
Tckpi C inputs via DIN/H2 0 - 0 - ns
Tckec C inputs via EC 0 - 0 - ns
TckRr C inputs via SR, going Low (inactive) 0 - 0 - ns
Clock
Tch Clock High time 4.0 - 4.5 - ns
TeoL Clock Low time 4.0 - 4.5 - ns
Set/Reset Direct
Trpw Width (High) 4.0 - 55 - ns
TriO Delay from C inputs via S/R, going High to Q - 4.0 - 6.5 ns
Master Set/Reset®
TvRW Width (High or Low) 11.5 - 13.0 - ns
TMRQ Delay from Global Set/Reset net to Q - 18.7 - 23.0 ns
TmRrK Global Set/Reset inactive to first active clock K edge - 18.7 - 23.0 ns
Froc Toggle Frequency(® - 125 - 111 MHz
Notes:
1. Timing is based on the XC4005E. For other devices see the static timing analyzer.
2. Export Control Max. flip-flop toggle rate.
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SXILINX®

QPRO XQ4000E/EX QML High-Reliability FPGAs

XQ4000E CLB Edge-Triggered (Synchronous) RAM 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 Develop-
ment System) and back-annotated to the simulation netlist.
All timing parameters assume worst-case operating condi-
tions (supply voltage and junction temperature). Values
apply to all XQ4000E/EX devices unless otherwise noted.

Single-Port RAM Synchronous (Edge-Triggered) Write Operation Characteristics

-3 -4
Symbol Write Operation Description Size Min | Max | Min | Max Units
Twes Address write cycle time (clock K period) 16x2 | 14.4 - 15.0 - ns
TweTs 32x1 | 144 - 15.0 - ns
Twps Clock K pulse width (active edge) 16x2 72 |1ms | 75 | 1ms ns
TweTs 32x1 72 |1ms | 75 | 1ms ns
Tass Address setup time before clock K 16x2 2.4 - 2.8 - ns
TasTs 32x1 2.4 - 2.8 - ns
TaHs Address hold time after clock K 16x2 0 - 0 - ns
TaHTS 32x1 0 - 0 - ns
Tpss D,y setup time before clock K 16x2 3.2 - 35 - ns
TpsTs 32x1 1.9 - 25 - ns
TbHs D,y hold time after clock K 16x2 0 - 0 - ns
TbuTs 32x1 0 - 0 - ns
Twss WE setup time before clock K 16x2 2.0 - 2.2 - ns
TwsTs 32x1 20 - 2.2 - ns
TwHs WE hold time after clock K 16x2 0 - 0 - ns
TwHTS 32x1 0 - 0 - ns
Twos Data valid after clock K 16x2 8.8 - - 10.3 ns
TwoTs 32x1 | 10.3 - - 11.6 ns
Notes:

1. Timing for the 16x1 RAM option is identical to 16x2 RAM timing.

2. Applicable Read timing specifications are identical to Level-Sensitive Read timing.

Dual-Port RAM Synchronous (Edge-Triggered) Write Operation Characteristics

-3 -4
Symbol Write Operation Description Size@® | Min | Max | Min | Max | Units
Twcbs Address write cycle time (clock K period) 16x1 14.4 15.0 ns
Twebs Clock K pulse width (active edge) 16x1 72 |1ms| 75 | 1ms ns
TasDs Address setup time before clock K 16x1 25 - 2.8 - ns
TAHDS Address hold time after clock K 16x1 0 - 0 - ns
Tbsbs D,y setup time before clock K 16x1 25 - 2.2 - ns
TbHDs D,y hold time after clock K 16x1 0 - 0 - ns
Twsbs WE setup time before clock K 16x1 18 - 2.2 - ns
TwHDs WE hold time after clock K 16x1 0 - 0.3 - ns
Twobs Data valid after clock K 16x1 - 7.8 - 10.0 ns
Notes:
1. Applicable Read timing specifications are identical to Level-Sensitive Read timing.
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XQ4000E CLB RAM Synchronous (Edge-Triggered) Write Timing Waveform
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XQ4000E CLB Dual-Port RAM Synchronous (Edge-Triggered) Write Timing Waveform
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SXILINX®

QPRO XQ4000E/EX QML High-Reliability FPGAs

XQ4000E CLB Level-Sensitive RAM 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

are representative values. For more specific, more precise,

measuring internal test patterns. Listed below

and worst-case guaranteed data, use the values reported

by the static timing analyzer (TRCE in the Xilinx Develop-
ment System) and back-annotated to the simulation netlist.
All timing parameters assume worst-case operating condi-
tions (supply voltage and junction temperature). Values
apply to all XQ4000E devices unless otherwise noted.

-3 -4
Symbol Single Port RAM Size Min | Max | Min | Max Units
Write Operation
Twe Address write cycle time 16x2 8.0 - 8.0 - ns
TweT 32x1 8.0 - 8.0 - ns
Twp Write Enable pulse width (High) 16x2 4.0 - 4.0 - ns
TweT 32x1 4.0 - 4.0 - ns
Tas Address setup time before WE 16x2 2.0 - 2.0 - ns
TasT 32x1 2.0 - 2.0 - ns
TaH Address hold time after end of WE 16x2 2.0 - 25 - ns
TAHT 32x1 2.0 - 2.0 - ns
Tps D,y setup time before end of WE 16x2 2.2 - 4.0 - ns
TosT 32x1 22 - 5.0 - ns
ToH D,y hold time after end of WE 16x2 2.0 - 2.0 - ns
ToHT 32x1 2.0 - 2.0 - ns
Read Operation
Tre Address read cycle time 16x2 3.1 - 4.5 - ns
TreT 32x1 55 - 6.5 - ns
TiLo Data valid after address change (no Write Enable) 16x2 - 1.8 - 2.7 ns
TiHO 32x1 - 3.2 - 4.7 ns
Read Operation, Clocking Data into Flip-Flop
Tick Address setup time before clock K 16x2 3.0 - 4.0 - ns
TiHck 32x1 4.6 - 6.1 - ns
Read During Write
Two Data valid after WE goes active (D, stable before WE) 16x2 - 6.0 - 10.0 ns
Twort 32x1 - 7.3 - 12.0 ns
Too Data valid after D,y (DN changes during WE) 16x2 - 6.6 - 9.0 ns
Toot 32x1 - 7.6 - 11.0 ns
Read During Write, Clocking Data into Flip-Flop
Twek WE setup time before clock K 16x2 6.0 - 8.0 - ns
TwekT 32x1 6.8 - 9.6 - ns
Tbck Data setup time before clock K 16x2 5.2 - 7.0 - ns
Tbock 32x1 6.2 - 8.0 - ns
Notes:
1. Timing for the 16x1 RAM option is identical to 16x2 RAM timing.
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SXILINX®

XQ4000E CLB Level-Sensitive RAM Timing Characteristics
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SXILINX®

QPRO XQ4000E/EX QML High-Reliability FPGAs

XQ4000E Guaranteed Input and Output Parameters (Pin-to-Pin, TTL 1/O)

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 ana-
lyzer (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. Values apply to all XQ4000E devices
unless otherwise noted.

Symbol Description Device -3 -4 Units
Tickoe | Global clock to output (fast) using OFF XQ4005E - 14.0 ns
(Max) — XQ4010E 10.9 16.0 ns
Tra OFF XQ4013E 11.0 16.5 ns
= [> XQ4025E - 17.0 ns
Global Clock-to-Output Delay o
DS021_04_060100
Ticko Global clock to output (slew-limited) using OFF XQ4005E - 18.0 ns
(Max) — XQ4010E 14.9 20.0 ns
Tpa OFF XQ4013E 15.0 20.5 ns
> [> XQ4025E - 21.0 ns
Global Clock-to-Output Delay _
DS021_04_060100
Tpsur Input setup time, using IFF (no delay) XQ4005E - 2.0 ns
(Min) 0 XQ4010E 0.2 1.0 ns
D
Input XQ4013E 0 0.5 ns
Setup Tea IFF Q
and Hold XQ4025E - 0 ns
Time D—D—
DS021_05_060100
TpHE Input hold time, using IFF (no delay) XQ4005E - 4.6 ns
(Min) 0 XQ4010E 5.5 6.0 ns
D
bt XQ4013E 6.5 7.0 ns
etup Tra IFF
and Hold XQ4025E - 8.0 ns
Time D—D—
DS021_05_060100
Tpsu Input setup time, using IFF (with delay) XQ4005E - 8.5 ns
(Min) 0 XQ4010E 7.0 8.5 ns
D
bt XQ4013E 7.0 8.5 ns
clup Tra IFF
and Hold XQ4025E - 9.5 ns
Time D—D—
DS021_05_060100
TpH Input hold time, using IFF (with delay) XQ4005E - 0 ns
(Min) 5 XQ4010E 0 0 ns
D
Input XQ4013E 0 0 ns
Setup Tea IFF Q
and Hold XQ4025E - 0 ns
Time D—D—
DS021_05_060100
Notes:
1. OFF = Output Flip-Flop
2. IFF = Input Flip-Flop or Latch
DS021 (v2.2) June 25, 2000 www.xilinx.com 2-55

Product Specification

1-800-255-7778


http://www.xilinx.com

QPRO XQ4000E/EX QML High-Reliability FPGAs

SXILINX®

XQ4000E I0B Input Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing
methods specified by MIL-M-38510/605. All devices are
100% functionally tested. 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 ana-
lyzer (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. Values apply to all XQ4000E devices
unless otherwise noted.

-3 -4
Symbol Description Device Min Max Min Max | Units
Propagation Delays (TTL Inputs)@®
TeiD Pad to I1, 12 All devices - 25 - 3.0 ns
Tpy Pad to 11, 12 via transparent input latch, no delay All devices - 3.6 - 4.8 ns
Tppy | Padto I1, 12 via transparent FCL and input latch, XQ4005E - - - 10.8 ns
with delay XQ4010E - 108 - 110 | ns
XQA4013E - 11.2 - 11.4 ns
XQ4025E - - - 13.8 ns
Propagation Delays (CMOS Inputs)®)
Tppc | Padtoll, 12 All devices - 4.1 - 55 ns
Tpuc | Padto I1, 12 via transparent input latch, no delay All devices - 8.8 - 6.8 ns
TppLic | PadtoI1, 12 via transparent FCL and input latch, XQ4005E - - - 16.5 ns
with delay XQ4010E = - | 140 | - | 175 | ns
XQA4013E - 14.4 - 18.0 ns
XQ4025E - - - 20.8 ns
Propagation Delays (TTL Inputs)
Tikr | Clock (IK) to 11, 12 (flip-flop) All devices - 2.8 - 5.6 ns
Tiku | Clock (IK) to 11, 12 (latch enable, active Low) All devices - 4.0 - 6.2 ns
Hold Times®
Tikpr | Pad to clock (IK), no delay All devices 0 - 0 - ns
Tikpip | Pad to clock (IK), with delay All devices 0 - 0 - ns
Tikec | Clock enable (EC) to clock (K), no delay All devices 15 - 15 - ns
Tikecp | Clock enable (EC) to clock (K), with delay All devices 0 - 0 - ns
Notes:

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 pin, see the pin-to-pin parameters in the Guaranteed Input and Output Parameters table.

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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ST XILINX® QPRO XQ4000E/EX QML High-Reliability FPGAs

XQ4000E IOB Input Switching Characteristic Guidelines (continued)

-3 -4
Symbol Description Device Min Max Min Max | Units
Setup Times (TTL Inputs)(€.2)
Tpick | Pad to clock (IK), no delay All devices 2.6 - 4.0 - ns
Tpickp | Pad to clock (IK), with delay XQ4005E - - 10.9 - ns
XQ4010E 9.8 - 11.3 - ns
XQ4013E | 10.2 - 11.8 - ns
XQ4025E - - 14.0 - ns
Setup Times (CMOS Inputs)1.2)
Tpicke | Pad to clock (IK), no delay All devices 3.3 - 6.0 - ns
Tpickpe | Pad to clock (IK), with delay XQ4005E - - 12.0 - ns
XQ4010E | 10.5 - 13.0 - ns
XQ4013E | 10.9 - 135 - ns
XQ4025E - - 16.0 - ns
(TTL or CMOS)
Tecik | Clock enable (EC) to clock (IK), no delay All devices 2.5 - 3.5 - ns
Tecikp | Clock enable (EC) to clock (IK), with delay XQ4005E - - 10.4 - ns
XQ4010E 9.7 - 10.7 - ns
XQ4013E | 10.1 - 111 - ns
XQ4025E - - 14.0 - ns
Global Set/Reset®
TrRI Delay from GSR net through Q to I1, 12 All devices - 7.8 - 12.0 ns
Tuvrw | GSR width All devices | 11.5 - 13.0 - ns
Tur | GSR inactive to first active clock (IK) edge All devices | 11.5 - 13.0 - ns

Notes:

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 pin, see the pin-to-pin parameters in the Guaranteed Input and Output Parameters table.

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.

3. Timing is based on the XC4005E. For other devices see the XACT timing calculator.
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SXILINX®

XQ4000E 10B Output Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing
methods specified by MIL-M-38510/605. All devices are
100% functionally tested. Internal timing parameters are
derived from measuring internal test patterns. Listed below
are representative values. For more specific, more precise,
and worst-case guaranteed data, use the values reported
by the static timing analyzer (TRCE in the Xilinx Develop-

ment 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 (sup-
ply voltage and junction temperature). For Propagation
Delays, slew-rate = fast unless otherwise noted. Values
apply to all XQ4000E devices unless otherwise noted.

-3 -4
Symbol Description Min ‘ Max Min Max Units
Propagation Delays (TTL Output Levels)
Tokpor | Clock (OK) to pad, fast - 6.5 - 7.5 ns
Tokpos | Clock (OK) to pad, slew-rate limited - 9.5 - 11.5 ns
Topr Output (O) to pad, fast - 55 - 8.0 ns
Tops Output (O) to pad, slew-rate limited - 8.6 - 12.0 ns
Ttsnz | 3-state to pad High-Z, slew-rate independent - 4.2 - 10.0 ns
Trsone | 3-state to pad active and valid, fast - 8.1 - 10.0 ns
Trsons | 3-state to pad active and valid, slew-rate limited - 11.1 - 13.7 ns
Propagation Delays (CMOS Output Levels)
Tokporc | Clock (OK) to pad, fast - 7.8 - 9.5 ns
Tokposc | Clock (OK) to pad, slew-rate limited - 11.6 - 13.5 ns
Toprc | Output (O) to pad, fast - 9.7 - 10.0 ns
Topsc | Output (O) to pad, slew-rate limited - 134 - 14.0 ns
Trshze | 3-state to pad High-Z, slew-rate independent - 43 - 5.2 ns
Trsonec | 3-state to pad active and valid, fast - 7.6 - 9.1 ns
Trsonsc | 3-State to pad active and valid, slew-rate limited - 11.4 - 13.1 ns
Setup and Hold Times
Took Output (O) to clock (OK) setup time 4.6 - 5.0 - ns
Toko Output (O) to clock (OK) hold time 0 - 0 - ns
Tecok | Clock enable (EC) to clock (OK) setup 3.5 - 4.8 - ns
Tokec | Clock enable (EC) to clock (OK) hold 1.2 - 1.2 - ns
Clock
TcH Clock High 4.0 - 4.5 - ns
TeoL Clock Low 4.0 - 4.5 - ns
Global Set/Reset(®)
TrrO Delay from GSR net to pad - 11.8 - 15.0 ns
Turw | GSR width 11.5 - 13.0 - ns
Tuwro | GSR inactive to first active clock (OK) edge 11.5 - 13.0 - ns
Notes:

1. Output timing is measured at pin threshold, with 50 pF external capacitive loads (incl. test fixture). Slew-rate limited output rise/fall
times are approximately two times longer than fast output rise/fall times. For the effect of capacitive loads on ground bounce, see the
“Additional XC4000 Data” section on the Xilinx web site, www.xilinx.com/partinfo/databook.htm.

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.

3. Timing is based on the XC4005E. For other devices see the XACT timing calculator.
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XC4000E Boundary Scan (JTAG) 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. For more detailed, more precise,
and more up-to-date information, use the values provided
by the XACT timing calculator and used in the simulator.

These values can be printed in tabular format by running
LCA2XNF-S.

The following guidelines reflect worst-case values over the
recommended operating conditions. They are expressed in
units of nanoseconds and apply to all XC4000E devices
unless otherwise noted.

-3 -4
Symbol Description Min Max Min Max Units
Setup Times
TTDITCK Input (TDI) to clock (TCK) 30.0 30.0 ns
TTMsTCK Input (TMS) to clock (TCK) 15.0 15.0 ns
Hold Times
TrckTDI Input (TDI) to clock (TCK) ns
TrckTMs Input (TMS) to clock (TCK) ns
Propagation Delay
TrckPo Clock (TCK) to pad (TDO) \ \ 30.0 \ \ 30.0 \ ns
Clock
TtckH Clock (TCK) High 5.0 5.0 ns
TrckL Clock (TCK) Low 5.0 5.0 ns
Fmax Frequency 15.0 15.0 MHz
Notes:

1. Input setup and hold times and clock-to-pad times are specified with respect to external signal pins.

2. Output timing is measured at pin threshold, with 50pF external capacitive loads (incl. test fixture). Slew-rate limited output rise/fall
times are approximately two times longer than fast output rise/fall times. For the effect of capacitive loads on ground bounce, see the
“Additional XC4000 Data” section of the Programmable Logic Data Book.

3. Voltage levels of unused pads, bonded or unbonded, must be valid logic levels. Each can be configured with the internal pull-up
(default) or pull-down resistor, or configured as a driven output, or can be driven from an external source.
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XQ4028EX Switching Characteristics

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.

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.

All specifications subject to change without notice.

XQ4028EX Absolute Maximum Ratings()

Symbol Description Units

Vee Supply voltage relative to GND -0.5t0 +7.0 \%

Vin Input voltage relative to GND(2) —-0.5t0 Ve + 0.5 v
V1s Voltage applied to High-Z output(?) —-0.5t0 Vgc + 0.5 Y,
Veet Longest supply voltage rise time from 1V to 4V 50 ms
Tsto Storage temperature (ambient) —65 to +150 °C
TsoL Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) +260 °C

T; Junction temperature Ceramic package +150 °C
Plastic package +125 °C

Notes:

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 excursion above V¢ or below Ground must be limited to either 0.5V or 10 mA, whichever is easier to achieve.
Maximum total combined current on all dedicated inputs and Tri-state outputs must not exceed 200 mA. During transitions, the
device pins may undershoot to —2.0V or overshoot toV¢ +2.0V, provided this over or undershoot lasts less than 10 ns and with the
forcing current being limited to 200 mA.
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XQ4028EX Recommended Operating Conditions()

Symbol Descriptiont Min Max Units
Vee Supply voltage relative to GND, T; = -55°C to +125°C | Plastic 4.5 5.5 \%
Supply voltage relative to GND, T = -55°C to +125°C | Ceramic 4.5 5.5 \%
Vig High-level input voltage(2) TTL inputs 2.0 Vee v
CMOS inputs 70% 100% Vee
VL Low-level input voltage TTL inputs 0 0.8 \%
CMOS inputs 0 20% Vee
TN Input signal transition time - 250 ns
Notes:

1. At junction temperatures above those listed as Operating Conditions, all delay parameters increase by 0.35% per °C.
2. Input and output measurement threshold are 1.5V for TTL and 2.5V for CMOS.

XQ4028EX DC Characteristics Over Recommended Operating Conditions

Symbol Description Min Max Units
Von High-level output voltage at o = =4 MA, Ve min TTL outputs 2.4 - \Y,
High-level output voltage at o = —1 mA CMOS outputs Vee—-0.5 - \Y,
VoL | Low-level output voltage at I, = 12 mA, Ve min() TTL outputs - 0.4 \Y
CMOS outputs - 0.4 \%
Vpr Data retention supply voltage (below which configuration data may be lost) 3.0 - \%
lcco | Quiescent FPGA supply current(@) - 25 mA
I Input or output leakage current -10 10 A
Cin Input capacitance (sample tested) Plastic packages - 10 \%
Ceramic packages - 16 \%
IrpU Pad pull-up (when selected) at V| = OV (sample tested) 0.02 0.25 mA
IrPD Pad pull-down (when selected) at V| = 5.5V (sample tested) 0.02 0.25 mA
IRLL Horizontal longline pull-up (when selected) at logic Low(3) 0.3 2.0 mA
Notes:

1. With up to 64 pins simultaneously sinking 12 mA.
2. With no output current loads, no active input or Longline pull-up resistors, all package pins at V¢ or GND.
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XQ4028EX 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 dis-
tribution is faster; when multiple clock lines per column are

Global Buffer Switching Characteristics.

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)

-4
Symbol Description Max Units
TeLs From pad through Global Low Skew buffer, to any clock K 9.2 ns
Tee From pad through Global Early buffer, to any clock K in same quadrant 5.7 ns
XQ4028EX Horizontal Longline Switching Characteristic Guidelines
-4
Symbol Description Max | Units
TBUF Driving a Horizontal Longline
Tio1 I going High or Low to horizontal longline going High or Low, while T is Low. Buffer is 13.7 ns
constantly active.
Ton T going Low to horizontal longline going from resistive pull-up or floating High to active Low. | 14.7 ns
TBUF configured as open-drain or active buffer with | = Low.
TBUF Driving Half a Horizontal Longline
Thio1 | going High or Low to half of a horizontal longline going High or Low, while T is Low. Buffer 6.3 ns
is constantly active.
THoN T going Low to half of a horizontal longline going from resistive pull-up or floating High to 7.2 ns
active Low. TBUF configured as open-drain or active buffer with | = Low.
Notes:

1. These values include a minimum load of one output, spaced as far as possible from the activated pull-up(s). Use the static timing

analyzer to determine the delay for each destination.
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XQ4028EX 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

CLB Switching Characteristics

by the static timing analyzer (TRCE in the Xilinx Develop-
ment System) and back-annotated to the simulation netlist.
All timing parameters assume worst-case operating condi-
tions (supply voltage and junction temperature). Values
apply to all XQ4000EX devices unless otherwise noted.

-4
Symbol Description Min Max Units
Combinatorial Delays
Tio F/G inputs to X/Y outputs - 2.2 ns
TiHO F/G inputs via H’ to X/Y outputs - 3.8 ns
Tito F/G inputs via transparent latch to Q outputs - 3.2 ns
THHoO C inputs via SR/HO via H to X/Y outputs - 3.6 ns
THH10 C inputs via H1 via H to X/Y outputs - 3.0 ns
THH20 C inputs via DIN/H2 via H to X/Y outputs - 3.6 ns
Tcryp C inputs via EC, DIN/H2 to YQ, XQ output (bypass) - 2.0 ns
CLB Fast Carry Logic
Topcy Operand inputs (F1, F2, G1, G4) to CoyT - 25 ns
Tascy Add/Subtract input (F3) to Coyt - 4.1 ns
Tincy Initialization inputs (F1, F3) to Coyt - 1.9 ns
Tsum Cn through function generators to X/Y outputs - 3.0 ns
Teyp Cin to CouT: bypass function generators - 0.60 ns
TNET Carry net selay, Coytto C\ - 0.18 ns
Sequential Delays
Tcko Clock K to flip-flop outputs Q - 2.2 ns
TckLo Clock K to latch outputs Q - 2.2 ns
Setup Time before Clock K
Tick F/G inputs 1.3 - ns
TiHCK F/G inputs via H 3.0 - ns
THHoCK C inputs via HO through H 2.8 - ns
THH1CK C inputs via H1 through H 2.2 - ns
THH2CK C inputs via H2 through H 2.8 - ns
Tpick C inputs via DIN 1.2 - ns
Tecck C inputs via EC 1.2 - ns
Trck C inputs via S/R, going Low (inactive) 0.8 - ns
Teck CIN input via F/G 2.2 - ns
Tchek CIN input via F/G and H 3.9 - ns
Hold Time after Clock K
Tek F/G inputs 0 - ns
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CLB Switching Characteristics (Continued)

-4
Symbol Description Min Max Units
TekiH F/G inputs viaH 0 - ns
TcKHHO C inputs via SR/HO through H 0 - ns
TCKHH1L C inputs via H1 through H 0 - ns
TckHH2 C inputs via DIN/H2 through H 0 - ns
Tckpl C inputs via DIN/H2 0 - ns
Tckec C inputs via EC 0 - ns
Tckr C inputs via SR, going Low (inactive) 0 - ns
Clock
TcH Clock High time 35 - ns
TeoL Clock Low time 3.5 - ns
Set/Reset Direct
TrPw Width (High) 3.5 - ns
TriO Delay from C inputs via S/R, going High to Q - 4.5 ns
Global Set/Reset
TMRW Minimum GSR pulse width - 13.0 ns
TMRQ Delay from GSR input to any Q - 22.8
Froc Toggle frequency (MHz) (for export control) - 143 MHz
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XQ4028EX 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 Develop-
ment System) and back-annotated to the simulation netlist.
All timing parameters assume worst-case operating condi-
tions (supply voltage and junction temperature). Values
apply to all XQ4000EX devices unless otherwise noted.

-4
Symbol Single Port RAM Size Min Max Units
Write Operation
Twes Address write cycle time (clock K period) 16x2 11.0 - ns
TweTs 32x1 11.0 - ns
Twes Clock K pulse width (active edge) 16x2 5.5 - ns
TweTs 32x1 55 - ns
Tass Address setup time before clock K 16x2 2.7 - ns
TasTs 32x1 2.6 - ns
TaHS Address hold time after clock K 16x2 0 - ns
TaAHTS 32x1 0 - ns
Tpss DIN setup time before clock K 16x2 2.4 - ns
TpbsTs 32x1 2.9 - ns
TbHs DIN hold time after clock K 16x2 0 - ns
TbHTs 32x1 0 - ns
Twss WE setup time before clock K 16x2 2.3 - ns
TwsTs 32x1 2.1 - ns
TwHs WE hold time after clock K 16x2 0 - ns
TwHTS 32x1 0 - ns
Twos Data valid after clock K 16x2 - 8.2 ns
TwoTs 32x1 - 10.1 ns
Notes:
1. Applicable Read timing specifications are identical to Level-Sensitive Read timing.
Dual-Port RAM Synchronous (Edge-Triggered) Write Operation Characteristics
-4
Symbol Dual Port RAM Size(® Min | Max | Units
Write Operation
Twebps Address write cycle time (clock K period) 16x1 11.0 ns
Twebs Clock K pulse width (active edge) 16x1 55 - ns
Tasps Address setup time before clock K 16x1 3.1 - ns
TAHDS Address hold time after clock K 16x1 0 - ns
Tbsps DIN setup time before clock K 16x1 2.9 - ns
TbHDS DIN hold time after clock K 16x1 0 - ns
Twsbs WE setup time before clock K 16x1 21 - ns
TwHDs WE hold time after clock K 16x1 0 - ns
Twobs Data valid after clock K 16x1 - 9.4 ns
Notes:
1. Timing for the 16x1 RAM option is identical to 16x2 RAM timing.
2. Applicable Read timing specifications are identical to Level-Sensitive Read timing.
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XQ4028EX CLB RAM Synchronous (Edge-Triggered) Write Timing Waveform
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XQ4028EX CLB Dual-Port RAM Synchronous (Edge-Triggered) Write Timing Waveform
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XQ4028EX CLB RAM Asynchronous (Level-Sensitive) Write and Read 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 Develop-
ment System) and back-annotated to the simulation netlist.
All timing parameters assume worst-case operating condi-
tions (supply voltage and junction temperature). Values
apply to all XQ4000EX devices unless otherwise noted.

-4
Symbol Single Port RAM Size Min Max Units
Write Operation
Twe Address write cycle time 16x2 10.6 - ns
Twet 32x1 10.6 - ns
Twp Write Enable pulse width (High) 16x2 5.3 - ns
Twet 32x1 5.3 - ns
Tas Address setup time before WE 16x2 2.8 - ns
TasT 32x1 2.8 - ns
TaH Address hold time after end of WE 16x2 1.7 - ns
TAHT 32x1 1.7 - ns
Tps DIN setup time before end of WE 16x2 11 - ns
TposT 32x1 11 - ns
ToH DIN hold time after end of WE 16x2 6.6 - ns
ToHT 32x1 6.6 - ns
Read Operation
Tre Address read cycle time 16x2 4.5 - ns
TreT 32x1 6.5 - ns
Tio Data valid after address change (no Write Enable) 16x2 - 2.2 ns
TiHO 32x1 - 3.8 ns
Read Operation, Clocking Data into Flip-Flop
Tick Address setup time before clock K 16x2 15 - ns
TiHck 32x1 3.2 - ns
Read During Write
Two Data valid after WE goes active (DIN stable before WE) 16x2 - 6.5 ns
TwoT 32x1 - 7.4 ns
Tho Data valid after DIN (DIN changes during WE) 16x2 - 7.7 ns
Thot 32x1 - 8.2 ns
Read During Write, Clocking Data into Flip-Flop
Twek WE setup time before clock K 16x2 7.1 - ns
TwekT 32x1 9.2 - ns
Tbck Data setup time before clock K 16x2 5.9 - ns
Thock 32x1 8.4 - ns
Notes:
1. Timing for the 16x1 RAM option is identical to 16x2 RAM timing.
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XQ4028EX CLB Level-Sensitive RAM Timing Waveforms
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XQ4028EX 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

XQ4028EX Output Flip-Flop, Clock to Out(®:2)

worst-case guaranteed data, reflecting the actual routing
structure, use the values provided by the static timing ana-
lyzer (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. Values apply to all XQ4000EX
devices unless otherwise noted.

4
Symbol Description Max Units
Tickor Global low skew clock to output using OFF(®) 16.6 ns
TICKEOF Global early clock to output using OFF(®3) 13.1 ns
Notes:

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.

2. Output timing is measured at TTL threshold with 50 pF external capacitive load.

3.  OFF = Output Flip-Flop

XQ4028EX Output Mux, Clock to Out(1.2)

-4
Symbol Description Max Units
Terpe Global low skew clock to TTL output (fast) using OMUX3) 15.9 ns
TrErPE Global early clock to TTL output (fast) using OMUXF®) 12.4 ns
Notes:

1. Listed above are representative values where one global clock input drives one vertical clock line in each accessible column, and
where all accessible IOB and CLB flip-flops are clocked by the global clock net.

2. Output timing is measured at ~50% V¢ threshold with 50 pF external capacitive load. For different loads, see graph below.

3. OMUX = Output MUX

XQ4028EX Output Level and Slew Rate Adjustments

The following table must be used to adjust output parameters and output switching characteristics.

-4
Symbol Description Max Units
TTTLOE For TTL output FAST add 0 ns
T1TL0 For TTL output SLOW add 2.9 ns
Temosor For CMOS FAST output add 1.0 ns
Tcemoso For CMOS SLOW output add 3.6 ns
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XQ4028EX 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. For more specific, more precise, and

worst-case guaranteed data, reflecting the actual routing
structure, use the values provided by the static timing ana-
lyzer (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. Values apply to all XQ4000EX
devices unless otherwise noted

XQ4028EX Global Low Skew Clock, Setup and Hold

-4
Symbol Description Min Units
Tpsp Input setup time, using Global Low Skew clock and IFF (full delay) 8.0 ns
TrHD Input hold time, using Global Low Skew clock and IFF (full delay) 0 ns
Notes:
1. IFF =Flip-Flop or Latch
XQ4028EX Global Early Clock, Setup and Hold for IFF
-4
Symbol Description Min(2) Units
Tpsep Input setup time, using Global Early clock and IFF (full delay) 6.5 ns
TpHEP Input hold time, using Global Early clock and IFF (full delay) 0 ns
Notes:
1. IFF = Flip-Flop or Latch
2. Setup parameters are for BUFGE #s 3, 4, 7 and 8. Add 1.6 ns for BUFGE #s 1, 2, 5 and 6.
XQ4028EX Global Early Clock, Setup and Hold for FCL
-4
Symbol Description Min(2) Units
Tprsep Input setup time, using Global Early clock and FCL (partial delay) 3.4 ns
TPEHEP Input hold time, using Global Early clock and FCL (partial delay) 0 ns
Notes:

1. FCL = Fast Capture Latch

2. For CMOS input levels, see the XQ4028EX Input Threshold Adjustments.
3. Setup time is measured with the fastest route and the lightest load. Use the static timing analyzer to determine the setup time under

given design conditions.

4. Hold time is measured using the farthest distance and a reference load of one clock pin per two IOBs. Use the static timing analyzer
to determine the setup and hold times under given design conditions.

5. Setup parameters are for BUFGE #s 3, 4, 7 and 8. Add 1.2 ns for BUFGE #s 1, 2, 5 and 6.

XQ4028EX Input Threshold Adjustments

The following table must be used to adjust input parameters and input switching characteristics.

-4
Symbol Description Max Units
T17L For TTL input add 0 ns
Temosi For CMOS input add 0.3 ns
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XQ4028EX 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 Develop-

ment 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 (sup-
ply voltage and junction temperature). Values apply to all
XQ4000EX devices unless otherwise noted.

-4
Symbol Description Min Units
Clocks
Tokik Delay from FCL enable (OK) active to IFF clock (IK) active edge 3.2 ns
Propagation Delays
TeiD Pad to I1, 12 2.2 ns
Tpy Pad to I1, 12 via transparent input latch, no delay 3.8 ns
TepL Pad to 11, 12 via transparent input latch, partial delay 13.3 ns
TepL Pad to 11, 12 via transparent input latch, full delay 18.2 ns
TerL Pad to I1, 12 via transparent FCL and input latch, no delay 5.3 ns
TepELI Pad to I1, 12 via transparent FCL and input latch, partial delay 13.6 ns
Propagation Delays (TTL Inputs)
TIKRI Clock (IK) to 11, 12 (flip-flop) 3.0 ns
TikLI Clock (IK) to 11, 12 (latch enable, active Low) 3.2 ns
TokL FCL enable (OK) active edge to 11, 12 (via transparent standard input latch) 6.2 ns
Global Set/Reset
Tvrw Minimum GSR pulse width 13.0 ns
TRRI Delay from GSR input to any Q 22.8 ns
Notes:

1. FCL = Fast Capture Latch, IFF = Input Flip-Flop or Latch

2. For CMOS input levels, see the "XQ4028EX Input Threshold Adjustments” on page 70.
3. For setup and hold times with respect to the clock input pin, see the Global Low Skew Clock and Global Early Clock Setup and Hold

tables on page 70.
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XQ4028EX IOB Input Switching Characteristic Guidelines (Continued)

-4
Symbol Description Min Units
Setup Times
Tpick Pad to Clock (IK), no delay 25 ns
Tpickp Pad to Clock (IK), partial delay 10.8 ns
TpickD Pad to Clock (IK), full delay 15.7 ns
TpickE Pad to Clock (IK), via transparent Fast Capture Latch, no delay 3.9 ns
TpickEP Pad to Clock (IK), via transparent Fast Capture Latch, partial delay 12.3 ns
Tpock Pad to Fast Capture Latch Enable (OK), no delay 0.8 ns
Tpockp | Pad to Fast Capture Latch Enable (OK), partial delay 9.1 ns
Setup Times (TTL or CMOS Inputs)
Tecik Clock Enable (EC) to Clock (IK) 0.3 ns
Hold Times
Tikpl Pad to Clock (IK), no delay 0 ns
Tikpip Pad to Clock (IK), partial delay 0 ns
TikPID Pad to Clock (IK), full delay 0 ns
TikpIE Pad to Clock (IK) via transparent Fast Capture Latch, no delay 0 ns
TikepiP Pad to Clock (IK) via transparent Fast Capture Latch, partial delay 0 ns
T\KEPID Pad to Clock (IK) via transparent Fast Capture Latch, full delay 0 ns
Tikec Clock Enable (EC) to Clock (IK), no delay 0 ns
TikECP Clock Enable (EC) to Clock (IK), partial delay 0 ns
TikECD Clock Enable (EC) to Clock (IK), full delay 0 ns
Tokpl Pad to Fast Capture Latch Enable (OK), no delay 0 ns
Tokpip Pad to Fast Capture Latch Enable (OK), partial delay 0 ns

Notes:
1. For CMOS input levels, see the "XQ4028EX Input Threshold Adjustments" on page 70.

2. For setup and hold times with respect to the clock input pin, see the Global Low Skew Clock and Global Early Clock Setup and Hold
tables on page 70.
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FXQ4028EX I0OB 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 Develop-

ment 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 (sup-
ply voltage and junction temperature). For Propagation
Delays, slew-rate = fast unless otherwise noted. Values
apply to all XQ4000EX devices unless otherwise noted.

-4
Symbol Description Min Max Units
Propagation Delays (TTL Output Levels)

Tokpor | Clock (OK) to pad, fast - 7.4 ns
Torr Output (O) to pad, fast - 6.2 ns
TrsHz 3-state to pad High-Z, slew-rate independent - 4.9 ns

TrsonE 3-state to pad active and valid, fast - 6.2 ns

TokepPE Output MUX select (OK) to pad - 6.7 ns

TcEFPE Fast path output MUX input (EC) to pad - 6.2
Torpr Slowest path output MUX input (EC) to pad - 7.3

Setup and Hold Times
Took Output (O) to clock (OK) setup time 0.6 - ns
Toko Output (O) to clock (OK) hold time - ns
TeEcok Clock enable (EC) to clock (OK) setup - ns
Tokec Clock enable (EC) to clock (OK) hold - ns
Clocks
Tch Clock High 35 - ns
TeoL Clock Low 35 - ns
Global Set/Reset
TMRW Minimum GSR pulse width 13.0 - ns
TrRI Delay from GSR input to any pad 30.2 - ns
Notes:
1. Output timing is measured at TTL threshold, with 35 pF external capacitive loads.
2. For CMOS output levels, see the "XQ4028EX Output Level and Slew Rate Adjustments” on page 69.
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CB191/196 Package for XQ4010E Bound
Pin Description PG191 | CB196 | Scan
Pin Description PG191 | CB196 Bsocuannd /o B12 P34 206
GND Da 51 - /0 A13 P35 209
PGCK1_(A16*1/0) C3 P2 122 GND C12 P36 -
/0_(A17) C4 P3 125 /o B13 | P37 212
1/0 B3 P4 128 o Al4 | P38 | 215
- i} p5(1) _ I/0 Al15 P39 218
/0 C5 P6 131 /0 C13 P40 221
I/O_(TDI) A2 P7 134 Vo Bl4 pal 224
I/0_(TCK) B4 P8 137 I/0 Al6 P42 227
IIo Ccé P9 140 o B15 | P43 | 230
/0 A3 P10 | 143 /o Cl4 | P44 | 233
II0 B5 P11 | 146 /o Al7 | P45 | 236
/0 B6 P12 149 SCGK2_(I/0) B16 P46 239
GND C7 P13 - M1 C15 P47 242
110 A4 P14 152 GND D15 P48 .
110 A5 P15 155 MO A18 P49 | 245()
I/0_(TMS) 57 P16 158 vce D16 P50 -
110 A6 P17 161 M2 C16 P51 | 246(2
/0 cs P13 64 PGCK2_(I/O) B17 P52 247
e} A7 P19 167 I/0_(HDC) E16 P53 250
/0 B8 P20 | 170 ) - P54(1) -
/o A8 P21 | 173 o Cl7 | P55 | 253
/o B9 P22 | 176 /0 D17 | P56 | 256
/o Cco P23 | 179 o B18 | P57 | 259
GND D9 P24 - /O_(LDC) E17 P58 262
VCC D10 P25 _ I/O F16 P59 265
/0 c10 P26 182 /0 c18 P60 268
/0 B10 P27 185 /0 D18 P61 271
/0 A9 P78 - /0 F17 P62 274
/0 A10 P29 191 GND G16 P63 -
110 All | P30 | 194 Vo E18 | P64 | 277
/0 c11 P31 197 /0 F18 P65 280
10 B1l1 | P32 | 200 Vo Gl7 | P66 | 283
e Al2 | P33 203 o G18 | P67 286

Notes:
Indicates unconnected package pins.

1.

Notes:

1. Indicates unconnected package pins.
2. Contributes only one bit (.1) to the boundary scan register.

2. Contributes only one bit (.I) to the boundary scan register. Boundary Scan Bit 0 = TDO.T
Eoungary gcan E': 2 = ¥ng Bounda& Scan Bit 1 = TD0.0
oundary Scan Bit 1 = . ; -
Boundary Scan Bit 487 = BSCAN.UPD Boundary Scan Bit 487 = BSCAN.UPD
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Bound Bound
Pin Description PG191 CB196 | Scan Pin Description PG191 | CB196 | Scan
I/O H16 P68 286 PGCK3_(I/O) ule P102 370
110 H17 P69 201 - - P103M) -
I/O H18 P70 295 11O T14 P104 376
I/O J18 P71 298 11O uils P105 376
I/O J17 P72 301 I/0_(D6) V17 P106 379
I/O_(/ERR_/INIT) J16 P73 304 I/0 V16 P107 382
VCC J15 P74 - I/O T13 P108 385
GND K15 P75 - I/O ul4 P109 388
I/O K16 P76 307 11O V15 P110 391
I/O K17 P77 310 11O V14 P111 394
I/O K18 P78 313 GND T12 P112 -
I/O L18 P79 316 11O uil3 P113 397
I/O L17 P80 319 I/O V13 P114 400
I/O L16 P81 322 I/O_(D5) U1z P115 403
I/O M18 P82 325 I/0_(/CSO) V12 P116 406
I/O M17 P83 328 11O T11 P117 409
I/O N18 P84 331 110 ull P118 412
I/O P18 P85 334 11O V11 P119 415
GND M16 P86 - I/0 V1 P120 418
I/O N17 P87 337 I/O_(D4) u10 P121 421
I/O R18 P88 340 I/0 T10 P122 424
I/O T18 P89 343 VCC R10 P123 -
I/O P17 P90 349 GND R9 P124 -
I/O N16 P91 349 I/0_(D3) T9 P125 427
I/O T17 P92 352 I/0_(/IRS) U9 P126 430
I/O R17 P93 355 I/0 V9 P127 433
I/O P16 P94 358 I/0 V8 P128 436
I/O uls P95 361 11O us P129 439
SGCK3_(1/0) T16 P96 364 11O T8 P130 442
GND R16 P97 - I/0_(D2) V7 P131 445
DONE ul7 P98 - I/0 u7 P132 448
VCC R15 P99 - I/0 V6 P133 451
/PROG V18 P100 - I/0 U6 P134 454
1/0_(D7) T15 P101 367 GND T7 P135 -
Notes: Notes:
1. Indicates unconnected package pins. 1. Indicates unconnected package pins.
2. Contributes only one bit (.I) to the boundary scan register. 2. Contributes only one bit (.1) to the boundary scan register.
Boundary Scan Bit 0 = TDO.T Boundary Scan Bit 0 = TDO.T
Boundary Scan Bit 1 = TD0.0 Boundary Scan Bit 1 = TDO0.0
Boundary Scan Bit 487 = BSCAN.UPD Boundary Scan Bit 487 = BSCAN.UPD
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Bound Bound
Pin Description PG191  CB196 | Scan Pin Description PG191 | CB196 | Scan
I/O V5 P136 457 I/0 K1 P169 53
I/O V4 P137 460 I/O_(AB) K2 P170 56
I/O U5 P138 463 I/0_(A7) K3 P171 59
I/O T6 T139 446 GND K4 P172 -
I/0_(D1) V3 P140 469 VCC J4 P173 -
I/O_(RCLK-/BUSY/RDY) V2 P141 472 I/O_(A8) J3 P174 62
I/O U4 P142 475 I/0_(A9) J2 P175 65
I/O T5 P143 478 I/0 J1 P176 68
I/O_(DO*_DIN) U3 P144 481 11O H1 P177 71
SGCK4_(DOUT*_l/O) T4 P145 484 11O H2 P178 74
CCLK V1 P146 - 11O H3 P179 77
VCC R4 P147 - I/0_(A10) G1 P180 80
TDO u2 P148 - I/0_(Al11) G2 P181 83
GND R3 P149 - I/0 F1 P182 86
I/O_(A0*_WS) T3 P150 2 I/0 El P183 89
PGCK4_(1/0*_A1) Ul P151 5 GND G3 P184 -
- - P152(1) - 110 F2 P185 92
I/O P3 P153 8 11O D1 P186 96
I/O R2 P154 11 I/O C1 P187 98
I/O_(CS1*_A2) T2 P155 14 I/O E2 P188 101
I/O_(A3) N3 P156 17 I/0_(A12) F3 P189 104
I/O P2 P157 20 I/0_(A13 D2 P190 107
110 T1 P158 23 - - P192(1) -
I/O R1 P159 26 11O E3 P193 113
I/O N2 P160 29 I/0O_(Al14) C2 P194 116
GND M3 P161 - SGCK1(A15*I/0) B2 P195 119
I/O P1 P162 32 VCC D3 P196 -
I/O N1 P163 35 Notes:
I0_(A4) M2 P164 38 ; ggéiﬁgeui;sng?\?yngﬁteegif ziz)ktil)gﬁls IE(s).undary scan register.
/0_(AS) ML | P165 | 41 Boundary Scan Bit 1 = TD0.0
/0 L3 P166 44 Boundary Scan Bit 487 = BSCAN.UPD
/o L2 P167 47 Additional XQ4010E Package Pins
I/O L1 P168 50
Notes: CcB1%
1. Indicates unconnected package pins. No Connect Pins
2. (é‘,gmlr(ljtgjr;egggrl]ylsoipg t:)lt_l_(DI%)t_lg the boundary scan register. P5 P54 P103 P152
Boundary Scan Bit 1 = TDO.0 P192 R R R
Boundary Scan Bit 487 = BSCAN.UPD
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Ordering Information

XQ 4010

IN
pe)
=

91

M
E Temperature Range
MIL-PRF-38535 M = Ceramic (T¢ = -55°C to +125°C)
(QML) Processing N = Plastic (T; = -55°C to +125°C)

Device Type —

XQ4005E Number of Pins

XQ4010E

XQ4013E

XQ4025E —— Package Type

XQ4028EX CB = Top Brazed Ceramic Quad Flat Pack
Speed Grade PG = Ceramic Pin Grid Array

HQ = Plastic Quad Flat Pack
i BG = Plastic Ball Grid Array

Revision History

The following table shows the revision history for this document

Date Version Description
05/19/98 2.1 Updates.
06/25/00 2.2 Updated timing specifications to match with commercial data sheet. Updated format.
DS021 (v2.2) June 25, 2000 www.xilinx.com
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DS029 (v1.3) June 25, 2000

Product Specification

XQ4000X Series Features

e Certified to MIL-PRF-38535 Appendix A QML
(Qualified Manufacturer Listing)
» Ceramic and plastic packages
» Also available under the following standard microcircuit
drawings (SMD)
- XQ4013XL 5962-98513
- XQ4036XL 5962-98510
- XQ4062XL 5962-98511
- XQ4085XL 5962-99575
¢ For more information contact the Defense Supply
Center Columbus (DSCC)
http://www.dscc.dla.mis/v/va/smd/smdsrch.html
¢ Available in -3 speed
» System featured Field-Programmable Gate Arrays
- SelectRAM™ memory: on-chip ultra-fast RAM with
synchronous write option
dual-port RAM option
- Abundant flip-flops
- Flexible function generators
- Dedicated high-speed carry logic
- Wide edge decoders on each edge
- Hierarchy of interconnect lines
- Internal 3-state bus capability
- Eight global low-skew clock or signal distribution
networks
e System performance beyond 50 MHz
* Flexible array architecture
» Low power segmented routing architecture
e Systems-oriented features
- |EEE 1149.1-compatible boundary scan logic
support
- Individually programmable output slew rate
- Programmable input pull-up or pull-down resistors
- 12 mA sink current per XQ4000XL output
e Configured by loading binary file
- Unlimited reprogrammability
» Readback capability
- Program verification
- Internal node observability

» Development system runs on most common computer
platforms
- Interfaces to popular design environments
- Fully automatic mapping, placement and routing
- Interactive design editor for design optimization

* Highest capacity—over 180,000 usable gates

e Additional routing over XQ4000E
- Almost twice the routing capacity for high-density

designs

« Buffered Interconnect for maximum speed

« New latch capability in configurable logic blocks

* Improved VersaRing™ 1/O interconnect for better Fixed
pinout flexibility
- Virtually unlimited number of clock signals

e Optional multiplexer or 2-input function generator on
device outputs

* 5V tolerant 1/0Os

¢ 0.35um SRAM process

Introduction

The QPRO™ XQ4000XL Series high-performance,
high-capacity Field Programmable Gate Arrays (FPGAS)
provide the benefits of custom CMOS VLSI, while avoiding
the initial cost, long development cycle, and inherent risk of
a conventional masked gate array.

The result of thirteen years of FPGA design experience and
feedback from thousands of customers, these FPGAs com-
bine architectural versatility, on-chip Select-RAM memory
with edge-triggered and dual-port modes, increased speed,
abundant routing resources, and new, sophisticated
soft-ware to achieve fully automated implementation of
complex, high-density, high-performance designs.

Refer to the complete Commercial XC4000XL Series Field
Programmable Gate Arrays Data Sheet for more informa-
tion on device architecture and timing, and the latest Xilinx
databook for package pinouts other than the CB228
(included in this data sheet). (Pinouts for XQ4000XL device
are identical to XC4000XL.)

© 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. All specifications are subject to change without notice.
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Table 1: XQ4000XL Series High Reliability Field Progammable Gate Arrays

Max
Logic Max. Typical Gate
Gates RAM Range Number | Max.
Logic (No Bits (No (Logic and CLB Total of User
Device Cells | RAM)®) | Logic) RAM)®) Matrix | CLBs | Flip-Flops | /O Packages
XQ4013XL | 2432 | 13,000 | 18,432 10,000-30,000 | 24x24 576 1,536 192 | PG223, CB228,

PQ240, BG256
XQ4036XL | 3078 | 36,000 | 41,472 22,000-65,000 | 36x36 | 1,296 3,168 288 | PGA411, CB228,
HQ240, BG352
XQ4062XL | 5472 | 62,000 | 73,728 | 40,000-130,000 | 48x48 | 2,304 5,376 384 | PGA4T75, CB228,
HQ240, BG432
XQ4085XL | 7448 | 85,000 | 100,352 | 55,000-180,000 | 56x56 | 3,136 7,168 448 | PG4T75, CB228,
HQ240, BG432

Notes:
1. Maximum values of typical gate range includes 20% to 30% of CLBs used as RAM.
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XQ4000XL Switching Characteristics
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
devicefamilies. 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.

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.

All specifications subject to change without notice.

Additional Specifications

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 speci-
fications are representative of worst-case supply voltage
and junction temperature conditions. The parameters
included are common to popular designs and typical appli-

Absolute Maximum Ratings(®)

cations. For design considerations requiring more detailed
timing information, see the appropriate family AC supple-
ments available on the Xilinx web site at:

http://www.xilinx.com/partinfo/databook.htm.

Symbol Description Units

Vee Supply voltage relative to GND -0.5t04.0 \%

Vin Input voltage relative to GND(2) -0.5t05.5 v
V1s Voltage applied to High-Z output(? -0.5t05.5 Y,
Vet Longest supply voltage rise time from 1V to 3V 50 ms
Tsto Storage temperature (ambient) —65 to +150 °C
TsoL Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) +260 °C

T; Junction temperature Ceramic package +150 °C
Plastic package +125 °C

Notes:

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 or undershoot above V¢ or 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 —2.0 V or overshoot to V¢ + 2.0V, provided this over- or undershoot
lasts less than 10 ns and with the forcing current being limited to 200 mA.

Recommended Operating Conditions(1)

Symbol Description Min Max Units
Vee Supply voltage relative to GND, T; = -55°C to +125°C | Plastic 3.0 3.6 \%
Supply voltage relative to GND, T = -55°C to +125°C | Ceramic 3.0 3.6 \%
Viy High-level input voltage(?) 50% of Ve 5.5 \Y
VL Low-level input voltage 0 30% of V¢ \Y,
TN Input signal transition time - 250 ns
Notes:

1. At junction temperatures above those listed as Operating Conditions, all delay parameters increase by 0.35% per °C.

2. Input and output measurement threshold is ~50% of V¢c.
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XQ4000XL DC Characteristics Over Recommended Operating Conditions

Symbol Description Min Max Units
Von High-level output voltage at o = —4 MA, Ve min (LVTTL) 2.4 - \Y,
High-level output voltage at Ioy = —500 pA, (LVCMOS) 90% V¢ - \%
VoL | Low-level output voltage at I, = 12 mA, Ve min (LVTTL)®) - 0.4 v
Low-level output voltage at 1o, = 1500 pA, (LVCMOS) - 10% Ve \%
VpRr Data retention supply voltage (below which configuration data may be lost) 2.5 - \%
lcco | Quiescent FPGA supply current(® - 5 mA
I Input or output leakage current -10 +10 A
Cin Input capacitance (sample tested) BGA, PQ, HQ, packages - 10 pF
PGA packages - 16 pF
IrpU Pad pull-up (when selected) at V| = OV (sample tested) 0.02 0.25 mA
IrPD Pad pull-down (when selected) at V| = 3.6V (sample tested) 0.02 0.15 mA
IRLL Horizontal longline pull-up (when selected) at logic Low 0.3 2.0 mA
Notes:

1. With up to 64 pins simultaneously sinking 12 mA.
2. With no output current loads, no active input or Longline pull-up resistors, all I/O pins in a High-Z state and floating.

Power-On Power Supply Requirements

Xilinx FPGAs require a minimum rated power supply current
capacity to insure proper initialization, and the power supply
ramp-up time does affect the current required. A fast
ramp-up time requires more current than a slow ramp-up
time. The slowest ramp-up time is 50 ms. Current capacity
is not specified for a ramp-up time faster than 2 ms. The cur-

rent capacity varies linealy with ramp-up time, e.g., an
XQ4036XL with a ramp-up time of 25 ms would require a
capacity predicted by the point on the straight line drawn
from 1A at 120 us to 500 mA at 50 ms at the 25 ms time
mark. This point is approximately 750 mA .

Ramp-up Time
Product Description Fast (120 us) Slow (50 ms)
XQ4013 - 36XL Minimum required current supply 1A 500 mA
XC4062XL Minimum required current supply 2A 500 mA
XC4085XL1D) Minimum required current supply 2AM) 500 mA
Notes:

1. The XC4085XL fast ramp-up time is 5 ms.

2. Devices are guaranteed to initialize properly with the minimum current listed above. A larger capacity power supply may result in a

larger initialization current.

3. This specification applies to Commercial and Industrial grade products only.

4. Ramp-up Time is measured from OVp to 3.6Vpc. Peak current required lasts less than 3 ms, and occurs near the internal power
on reset threshold voltage. After initialization and before configuration, Icc max is less than 10 mA.
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XQ4000XL AC Switching Characteristic

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 dis-
tribution is faster; when multiple clock lines per column are

Global Buffer Switching Characteristics

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)

a3 2
Symbol Description Device Min Max | Max | Units
TeLs Delay from pad through Global Low Skew buffer, to any XQ4013XL 0.6 3.6 - ns
clock K XQ4036XL | 11 | 48 | - ns
XQ4062XL 14 6.3 - ns
XQ4085XL 1.6 - 5.7 ns
Global Early BUFGEs 1, 2, 5, and 6 to IOB Clock Characteristics
an |3t
Symbol Description Device Min Max | Max | Units
Tce Delay from pad through Global Early buffer, to any I0OB XQ4013XL 0.4 2.4 - ns
clock. Values are for BUFGEs 1, 2, 5 and 6. XQ4036XL 0.3 31 _ ns
XQ4062XL 0.3 4.9 - ns
XQ4085XL 0.4 - 4.7 ns
Global Early BUFGEs 3, 4, 7, and 8 to IOB Clock Characteristics
a3 2
Symbol Description Device Min Max | Max | Units
Tee Delay from pad through Global Early buffer, to any 10B XQ4013XL 0.7 2.4 - ns
clock. Values are for BUFGEs 3, 4, 7 and 8. XQA4036XL 0.9 4.7 i ns
XQ4062XL 1.2 5.9 - ns
XQ4085XL 1.3 - 5.5 ns
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XQ4000XL 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

CLB Switching Characteristics

by the static timing analyzer (TRCE in the Xilinx Develop-
ment System) and back-annotated to the simulation netlist.
All timing parameters assume worst-case operating condi-
tions (supply voltage and junction temperature). Values
apply to all XQ4000XL devices and expressed in nanosec-
onds unless otherwise noted.

-3 -1
Symbol Description Min Max Min Max Units
Combinatorial Delays
Tio F/G inputs to X/Y outputs - 1.6 - 1.3 ns
TiHo F/G inputs via H’ to X/Y outputs - 2.7 - 2.2 ns
Tito F/G inputs via transparent latch to Q outputs - 2.9 - 2.2 ns
THHoO C inputs via SR/HO via H to X/Y outputs - 25 - 2.0 ns
THH1O C inputs via H1 via H to X/Y outputs - 2.4 - 1.9 ns
THH20 C inputs via D|y/H2 via H to X/Y outputs - 25 - 2.0 ns
Teryp C inputs via EC, D;\/H2 to YQ, XQ output (bypass) - 15 - 11 ns
CLB Fast Carry Logic
Topcy Operand inputs (F1, F2, G1, G4) to Coyt - 2.7 - 2.0 ns
Tascy Add/subtract input (F3) to Cqyt - 3.3 - 25 ns
Tincy Initialization inputs (F1, F3) to Coyt - 2.0 - 15 ns
Tsum C,n through function generators to X/Y outputs - 2.8 - 2.4 ns
Teyp Cn to CouT: bypass function generators - 0.26 - 0.20 ns
TNET Carry net delay, Coytto Ciy - 0.32 - 0.25 ns
Sequential Delays
Tcko Clock K to flip-flop outputs Q - 21 - 1.6 ns
TckLo Clock K to latch outputs Q - 21 - 1.6 ns
Setup Time Before Clock K
Tick F/G inputs 11 - 0.9 - ns
TiHCK F/G inputs viaH 2.2 - 1.7 - ns
Thhock | C inputs via HO through H 2.0 - 1.6 - ns
Thhick | Cinputs via H1 through H 1.9 - 1.4 - ns
ThH2ck | Cinputs via H2 through H 2.0 - 1.6 - ns
Tpick C inputs via D)y 0.9 - 0.7 - ns
Tecck C inputs via EC 1.0 - 0.8 - ns
Trck C inputs via S/R, going Low (inactive) 0.6 - 0.5 - ns
Teck Cn input via F/IG 2.3 - 1.9 - ns
TcHck Cn input via F/G and H 3.4 - 2.7 - ns
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CLB Switching Characteristics (Continued)

-3 -1
Symbol Description Min Max Min Max Units
Hold Time After Clock K
Tek F/G inputs 0 - 0 - ns
TekiH F/G inputs viaH 0 - 0 - ns
Tcknho | Cinputs via SR/HO through H 0 - 0 - ns
Tcknn1 | Cinputs via H1 through H 0 - 0 - ns
Tcknnz | Cinputs via Dy/H2 through H 0 - 0 - ns
Tckpl C inputs via D|y/H2 0 - 0 - ns
Tckec C inputs via EC 0 - 0 - ns
TckRr C inputs via SR, going Low (inactive) 0 - 0 - ns
Clock
Tch Clock High time 3.0 - 25 - ns
TeL Clock Low time 3.0 - 25 - ns
Set/Reset Direct
TrPw Width (High) 3.0 - 25 - ns
TriO Delay from C inputs via S/R, going High to Q - 3.7 - 2.8 ns
Global Set/Reset
Tvrw Minimum GSR pulse width - ‘ 19.8 ‘ - ‘ 15.0 ns
TMRQ Delay from GSR input to any Q See page 95 for Trg, values per device.
Froc Toggle frequency (MHz) (for export control) - ‘ 166 ‘ - ‘ 200 MHz
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XQ4000XL 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 Develop-
ment System) and back-annotated to the simulation netlist.
All timing parameters assume worst-case operating condi-
tions (supply voltage and junction temperature). Values
apply to all XQ4000XL devices and are expressed in hano-
seconds unless otherwise noted.

Single-Port RAM Synchronous (Edge-Triggered) Write Operation Characteristics

-3 -1
Symbol Single Port RAM Size Min | Max | Min | Max Units
Write Operation
Twes Address write cycle time (clock K period) 16x2 9.0 - 7.7 - ns
TweTs 32x1 9.0 - 7.7 - ns
Twes Clock K pulse width (active edge) 16x2 4.5 - 3.9 - ns
TweTs 32x1 4.5 - 3.9 - ns
Tass Address setup time before clock K 16x2 2.2 - 1.7 - ns
TasTs 32x1 2.2 - 1.7 - ns
TaHs Address hold time after clock K 16x2 0 - 0 - ns
TAHTS 32x1 0 - 0 - ns
Tpss D,y setup time before clock K 16x2 2.0 - 1.7 - ns
TpsTs 32x1 25 - 21 - ns
TbHs D,y hold time after clock K 16x2 0 - 0 - ns
TbHTS 32x1 0 - 0 - ns
Twss WE setup time before clock K 16x2 2.0 - 1.6 - ns
TwsTs 32x1 1.8 - 15 - ns
TwHs WE hold time after clock K 16x2 0 - 0 - ns
TwHTS 32x1 0 - 0 - ns
Twos Data valid after clock K 16x2 - 6.8 - 5.8 ns
TwoTs 32x1 - 8.1 - 6.9 ns
Read Operation
Tre Address read cycle time 16x2 45 - 2.6 - ns
TreT 32x1 6.5 - 3.8 - ns
Tilo Data valid after address change (no Write Enable) 16x2 - 1.6 - 1.3 ns
TiHo 32x1 - 2.7 - 22 ns
Tick Address setup time before clock K 16x2 1.1 - 0.9 - ns
TiHCK 32x1 2.2 - 1.7 - ns
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Dual-Port RAM Synchronous (Edge-Triggered) Write Operation Characteristics

-3 -1
Symbol Dual Port RAM Size@ | Min | Max | Min | Max | Units
Write Operation
Twebs Address write cycle time (clock K period) 16x1 9.0 7.7 ns
Twebs Clock K pulse width (active edge) 16x1 4.5 - 3.9 - ns
TasDs Address setup time before clock K 16x1 25 - 1.7 - ns
TaHDS Address hold time after clock K 16x1 0 - 0 - ns
Tbsps D,y setup time before clock K 16x1 25 - 2.0 - ns
TbHDs D,y hold time after clock K 16x1 0 - 0 - ns
TwsDs WE setup time before clock K 16x1 1.8 - 1.6 - ns
TwHDS WE hold time after clock K 16x1 0 - 0 - ns
Twobs Data valid after clock K 16x1 - 7.8 - 6.7 ns
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XQ4000XL CLB Single-Port RAM Synchronous (Edge-Triggered) Write Timing
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XQ4000XL CLB Dual-Port RAM Synchronous (Edge-Triggered) Write Timing
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XQ4000XL 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

Output Flip-Flop, Clock to Out(®.2.3)

worst-case guaranteed data, reflecting the actual routing
structure, use the values provided by the static timing ana-
lyzer (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. Values are expressed in nanosec-
onds unless otherwise noted.

Al 3 1
Symbol Description Device Min Max Max Units
Tickor | Global low skew clock to output using OFF(4) XQ4013XL 1.5 8.6 - ns
XQ4036XL 2.0 9.8 - ns
XQ4062XL 2.3 11.3 - ns
XQ4085XL 25 - 9.5 ns
Tsiow | For output SLOW option add All Devices 3.0 3.0 3.0 ns
Notes:

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.

2. Clock-to-out minimum delay is measured with the fastest route and the lightest load, Clock-to-out maximum delay is measured using
the farthest distance and a reference load of one clock pin (IK or OK) per IOB as well as driving all accessible CLB flip-flops. For
designs with a smaller number of clock loads, the pad-to-IOB clock pin delay as determined by the static timing analyzer (TRCE) can
be added to the AC parameter Tokpof and used as a worst-case pin-to-pin clock-to-out delay for clocked outputs for FAST mode

configurations.

3. Output timing is measured at ~50% V¢ threshold with 50 pF external capacitive load.

4. OFF = Output Flip-Flop

Output Flip-Flop, Clock to Out, BUFGEs 1, 2, 5, and 6

Al 3 1
Symbol Description Device Min Max Max Units
Tickeor | Global early clock to output using OFF XQ4013XL 1.3 7.4 - ns
Values are for BUFGEs 1, 2, 5, and 6. XQ4036XL 1.2 8.1 - ns
XQ4062XL 1.2 9.9 - ns
XQ4085XL 1.3 - 8.5 ns
Notes:

1. Clock-to-out minimum delay is measured with the fastest route and the lightest load, Clock-to-out maximum delay is measured using
the farthest distance and a reference load of one clock pin (IK or OK) per IOB as well as driving all accessible CLB flip-flops. For
designs with a smaller number of clock loads, the pad-to-IOB clock pin delay as determined by the static timing analyzer (TRCE) can
be added to the AC parameter Tokpof and used as a worst-case pin-to-pin clock-to-out delay for clocked outputs for FAST mode

configurations.

2. Output timing is measured at ~50% V¢ threshold with 50 pF external capacitive load.
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Output Flip-Flop, Clock to Out, BUFGEs 3, 4, 7, and 8

Al 3 1
Symbol Description Device Min Max Max Units
Tickeor | Global early clock to output using OFF XQ4013XL 1.8 8.8 - ns
Values are for BUFGEs 3, 4, 7, and 8. XQ4036XL 1.8 9.7 - ns
XQ4062XL 2.0 10.9 - ns
XQ4085XL 2.2 - 9.3 ns
Notes:

1. Clock-to-out minimum delay is measured with the fastest route and the lightest load, Clock-to-out maximum delay is measured using
the farthest distance and a reference load of one clock pin (IK or OK) per IOB as well as driving all accessible CLB flip-flops. For
designs with a smaller number of clock loads, the pad-to-IOB clock pin delay as determined by the static timing analyzer (TRCE) can
be added to the AC parameter Tokpof and used as a worst-case pin-to-pin clock-to-out delay for clocked outputs for FAST mode
configurations.

2. Output timing is measured at ~50% V¢ threshold with 50 pF external capacitive load.

Capacitive Load Factor
Figure 1 shows the relationship between 1/O output delay

and load capacitance. It allows a user to adjust the specified 3
output delay if the load capacitance is different than 50 pF. o
For example, if the actual load capacitance is 120 pF, add 2

2.5 ns to the specified delay. If the load capacitance is
20 pF, subtract 0.8 ns from the specified output delay.

Figure 1 is usable over the specified operating conditions of
voltage and temperature and is independent of the output
slew rate control.

Delta Delay (ns)

0 20 40 60 80 100 120 140

Capacitance (pF)
DS029_03_011300

Figure 1: Delay Factor at Various Capacitive Loads
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XQ4000XL 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. For more specific, more precise, and

worst-case guaranteed data, reflecting the actual routing
structure, use the values provided by the static timing ana-
lyzer (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. Values are expressed in nanosec-
onds unless otherwise noted.

Global Low Skew Clock, Input Setup and Hold Times(1.2)

-3 -1
Symbol Description Device() Min Min Units
No Delay
Tpsn/Tpun | Global early clock and IFF®) XQ4013XL 1.2/3.2 - ns
Global early clock and FCL®*) XQ4036XL 1.2/5.5 - ns
XQ4062XL 1.2/7.0 - ns
XQ4085XL - 09/7.1 ns
Partial Delay
Tpsp/Tpup | Global early clock and IFF(3) XQ4013XL 6.1/0.0 - ns
Global early clock and FCL®*) XQ4036XL 6.4/1.0 - ns
XQ4062XL 6.7/1.2 - ns
XQ4085XL - 9.8/1.2 ns
Full Delay
Tpso/Tpup | Global early clock and IFF®) XQ4013XL 6.4/0.0 - ns
XQ4036XL 6.6/0.0 - ns
XQ4062XL 6.8/0.0 - ns
XQ4085XL - 9.6/0.0 ns
Notes:

1. The XQ4013XL, XQ4036XL, and XQ4062XL have significantly faster partial and full delay setup times than other devices.

2. Input setup time is measured with the fastest route and the lightest load. Input hold time is measured using the furthest distance and
a reference load of one clock pin per IOB as well as driving all accessible CLB flip-flops. For designs with a smaller number of clock
loads, the pad-to-1OB clock pin delay as determined by the static timing analyzer (TRCE) can be used as a worst-case pin-to-pin

no-delay input hold specification.
3. IFF = Input Flip-Flop or Latch
4. FCL = Fast Capture Latch
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Global Early Clock BUFEs 1, 2, 5, and 6 Setup and Hold for IFF and FCL(%.2)

-3 -1
Symbol Description Device Min Min
No Delay
Tpsen/Tpuen | Global early clock and IFF() XQ4013XL 1.2/4.7 -
Teesen/Tprnen | Global early clock and FCL(4) XQ4036XL 12/6.7 -
XQ4062XL 1.2/84 -
XQ4085XL - 09/6.6
Partial Delay
Tpsepn/Tpuep | Global early clock and IFF®) XQ4013XL 6.4/0.0 -
Teesep/Tpeuep | Global early clock and FCL(#) XQ4036XL 7.0/0.8 -
XQ4062XL 9.0/0.8 -
XQ4085XL - 11.0/0.0
Full Delay
Tpsepo/Tpuep | Global early clock and IFF®) XQ4013XL 12.0/0.0 -
XQ4036XL 13.8/0.0 -
XQ4062XL 13.1/0.0 -
XQ4085XL - 13.6/0.0
Notes:

1. The XQ4013XL, XQ4036XL, and XQ4062XL have significantly faster partial and full delay setup times than other devices.

2. Input setup time is measured with the fastest route and the lightest load. Input hold time is measured using the furthest distance and
a reference load of one clock pin per IOB as well as driving all accessible CLB flip-flops. For designs with a smaller number of clock
loads, the pad-to-1OB clock pin delay as determined by the static timing analyzer (TRCE) can be used as a worst-case pin-to-pin
no-delay input hold specification.

3. IFF = Input Flip-Flop or Latch

4. FCL = Fast Capture Latch
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Global Early Clock BUFEs 3, 4, 7, and 8 Setup and Hold for IFF and FCL(1.2)

-3 -1
Symbol Description Device Min Min
No Delay
Tpsen/Tpuen | Global early clock and IFF() XQ4013XL 1.2/4.7 -
Teesen/Tprnen | Global early clock and FCL(4) XQ4036XL 12/6.7 -
XQ4062XL 1.2/84 -
XQ4085XL - 09/6.6
Partial Delay
Tpsepn/Tpuep | Global early clock and IFF®) XQ4013XL 5.4/0.0 -
Teesep/Tpeuep | Global early clock and FCL(#) XQ4036XL 6.4/0.8 -
XQ4062XL 84/15 -
XQ4085XL - 11.0/0.0
Full Delay
Tpsepo/Tpuep | Global early clock and IFF®) XQ4013XL 10.0/0.0 -
XQ4036XL 12.2/0.0 -
XQ4062XL 13.1/0.0 -
XQ4085XL - 13.6/0.0
Notes:

1. The XQ4013XL, XQ4036XL, and XQ4062XL have significantly faster partial and full delay setup times than other devices.
2. Input setup time is measured with the fastest route and the lightest load. Input hold time is measured using the furthest distance and
a reference load of one clock pin per IOB as well as driving all accessible CLB flip-flops. For designs with a smaller number of clock
loads, the pad-to-1OB clock pin delay as determined by the static timing analyzer (TRCE) can be used as a worst-case pin-to-pin
no-delay input hold specification.
3. IFF = Input Flip-Flop or Latch

4. FCL = Fast Capture Latch
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XQ4000XL 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 Develop-
ment 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 (sup-
ply voltage and junction temperature).

-3 -1
Symbol Description Device Min Max Min Max | Units
Clocks
Tecik | Clock enable (EC) to clock (IK) All devices 0.1 - 0.1 - ns
Tokik | Delay from FCL enable (OK) active edge to IFF All devices 2.2 - 1.6 - ns
clock (IK) active edge
Setup Times
Tpick | Pad to clock (IK), no delay All devices 1.7 - 13 - ns
Tpicke | Pad to clock (IK), via transparent fast capture latch, | All devices 2.3 - 1.8 - ns
no delay
Tpock | Pad to fast capture latch enable (OK), no delay All devices 1.2 - 0.9 - ns
Hold Times
All Hold Times All devices ‘ 0 ‘ - ‘ 0 ‘ - ‘ ns
Global Set/Reset
Tmrw | Minimum GSR pulse width All devices - 19.8 - 15.0 ns
Trri | Delay from GSR input to any Q) XQ4013XL - 15.9 - - ns
XQ4036XL - 22.5 - - ns
XQ4062XL - 29.1 - - ns
XQ4085XL - - - 26.0 ns
Propagation Delays
TeiD Pad to I1, 12 All devices - 1.6 - 1.7 ns
Tpy Pad to 11, 12 via transparent input latch, no delay All devices - 31 - 2.4 ns
Tpry | Padto 11, 12 via transparent FCL and input latch, no | All devices - 3.7 - 2.8 ns
delay
Tikr | Clock (IK) to 11, 12 (flip-flop) All devices - 1.7 - 1.3 ns
Tiku | Clock (IK) to 11, 12 (latch enable, active Low) All devices - 1.8 - 14 ns
Tokur | FCL enable (OK) active edge to 11, 12 All devices - 3.6 - 2.7 ns
(via transparent standard input latch)
Notes:

1. IFF = Input Flip-Flop or Latch, FCL = Fast Capture Latch
2. Indicates Minimum Amount of Time to Assure Valid Data.
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XQ4000XL 10B Output Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing
methods specified by MIL-M-38510/605. All devices are
100% functionally tested. Internal timing parameters are
derived from measuring internal test patterns. Listed below
are representative values. For more specific, more precise,
and worst-case guaranteed data, use the values reported
by the static timing analyzer (TRCE in the Xilinx Develop-

ment 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 (sup-
ply voltage and junction temperature). For Propagation
Delays, slew-rate = fast unless otherwise noted. Values are
expressed in nanoseconds unless otherwise noted.

-3 -1
Symbol Description Min Max Min Max Units
Clocks
TcH Clock High 3.0 - 25 - ns
TeoL Clock Low 3.0 - 25 - ns
Propagation Delays
Tokpor | Clock (OK) to pad - 5.0 - 3.8 ns
Topr Output (O) to pad - 4.1 - 3.1 ns
Ttsnz | High-Z to pad High-Z (slew-rate independent) - 4.4 - 3.0 ns
Trsone | High-Z to pad active and valid - 4.1 - 3.3 ns
Torpr | Output (O) to pad via fast output MUX - 5.5 - 4.2 ns
Tokepe | Select (OK) to pad via fast MUX - 5.1 - 3.9 ns
Setup and Hold Times
Took Output (O) to clock (OK) setup time 0.5 - 0.3 - ns
Toko Output (O) to clock (OK) hold time - - ns
Tecok | Clock Enable (EC) to clock (OK) setup time - 0 - ns
Tokec | Clock Enable (EC) to clock (OK) hold time 0.3 - 0.1 - ns
Global Set/Reset
Tmrw | Minimum GSR pulse width ‘ 19.8 ‘ - ‘ 15.0 ‘ - ‘ ns
Trpo | Delay from GSR input to any pad(®
XQ4013XL - 20.5 - - ns
XQ4036XL - 271 - - ns
XQ4062XL - 33.7 - - ns
XQ4085XL - - 29.5 ns
Slew Rate Adjustment
TsLow | For output SLOW option add ‘ - ‘ 3.0 ‘ - ‘ 2.0 ‘ ns
Notes:
1. Output timing is measured at ~50% V¢ threshold, with 50 pF external capacitive loads.
2. Indicates Minimum Amount of Time to Assure Valid Data.
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CB228 Pinouts

Table 2: CB228 Package Pinouts (Continued)

Pin Name CB228
Table 2: CB228 Package Pinouts To) 539
Pin Name CcB228 To P40
viT I0_FCLK2 P41
GND PL GND P42
BUFGP_TL_A16_GCK1_IO P2 o 543
Al7_IO P3 o b4z
10 P4 0 P45
10 PS5 0 P46
TDI_IO P6 o a7
TCK_IO P7 o 548
10 P8 10 P49
10 P9 10 P50
Te P10 o pE1
10 P11 o pEo
10 P12 o pE3
10 P13 BUFGS_BL_GCK2_I0 P54
GND P14 ML bEE
|IO_FCLK1 P15 GND pEG
Te P16 MO P57
TMS_IO P17 Ve bEg
10 P18 M2 pEg
10 P19 BUFGP_BL_GCK3_IO P60
10 P20 HDC_10 P61
10 P21 o P62
Te P22 o 63
10 P23 o 64
10 P24 LDC_IO P65
10 P25 o 66
10 P26 o p67
GND P27 o 68
Vee P28 10 P69
10 P29 o 570
10 P30 o 571
10 P3l GND p72
10 P32 o 573
10 P33 o 572
10 P34 o p7E
10 P35 o 576
10 P36 o 577
Vee P37 10 P78
10 P38
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Table 2: CB228 Package Pinouts (Continued)

Table 2: CB228 Package Pinouts (Continued)

Pin Name CB228 Pin Name CB228
10 P79 10 P119
10 P80 10 P120
10 P81 10 P121
10 P82 10 P122
10 P83 D6_IO P123
/ERR_INIT_IO P84 10 P124
Vee P85 10 P125
GND P86 10 P126
10 P87 10 P127
10 P88 10 P128
10 P89 GND P129
10 P90 10 P130
10 P91 10 P131
10 P92 I0_FCLK3 P132
10 P93 10 P133
10 P94 D5_10 P134
Vee P95 /CSO0_10 P135
10 P96 10 P136
10 P97 10 P137
10 P98 10 P138
10 P99 10 P139
GND P100 D4_10 P140
10 P101 10 P141
10 P102 Vee P142
10 P103 GND P143
10 P104 D3 10 P144
10 P105 /RS_IO P145
10 P106 10 P146
10 P107 10 P147
10 P108 10 P148
10 P109 10 P149
10 P110 D2_10 P150
10 P111 10 P151
BUFGS_BR_GCK4_10 P112 Vee P152
GND P113 10 P153
DONE P114 I0_FCLK4 P154
Vee P115 10 P155
/PROGRAM P116 10 P156
D7_l10 P117 GND P157
BUFGP_BR_GCK5_I10 P118 10 P158
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Table 2: CB228 Package Pinouts (Continued)

Table 2: CB228 Package Pinouts (Continued)

Pin Name CB228 Pin Name CB228
10 P159 A7_10 P199
10 P160 GND P200
10 P161 Vee P201
10 P162 A8_1O P202
10 P163 A9 10 P203
D1 10 P164 Al19 10 P204
BUSY_/RDY_RCLK 10 P165 Al18_10 P205
10 P166 10 P206
10 P167 10 P207
DO_DIN_IO P168 Al10_IO P208
BUFGS_TR_GCK6_DOUT_IO P169 All 10 P209
CCLK P170 Vee P210
Vee P171 10 P211
TDO P172 10 pP212
GND P173 10 P213
AO0_/WS_IO P174 10 P214
BUFGP_TR_GCK7_Al_1O P175 GND P215
10 P176 10 P216
10 P177 10 pP217
CSI_A2_IO P178 10 P218
A3_IO P179 10 P219
10 P180 Al12_10 P220
10 P181 Al3_10 P221
10 P182 10 pP222
10 P183 10 P223
10 P184 10 pP224
10 P185 10 P225
GND P186 Al4 10 P226
10 P187 BUFGS_TL_GCK8_A15_ 10 p227
10 P188 Vee P228
10 P189
10 P190
Vee P191
A4_1O P192
A5 10 P193
10 P194
10 P195
A21 10 P196
A20_IO P197
A6_IO P198
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ST XILINX® QPRO XQ4000XL Series QML High-Reliability FPGAs

Ordering Information

Example for QPRO™ miilitary temperature part:

XP 4062XL -3 PG 475 M
Mil-PRF-38535
(QML) Processed Temperature Range
M = Military Ceramic (T¢ = -55°C to +125 °C)
Device Type N = Military Plastic (T; = -55°C to +125°C)
XQ4085XL )
XQ4062XL L Number of Pins
XQ4036XL
XQ4013XL Speed Grade L Package Type
-3 CB = Top Brazed Ceramic Quad Flat Pack
-1 (XQ4085XL only) PG = Ceramic Pin Grid Array

PQ/HQ = Plastic Quad Flat Back
BG = Plastic Ball Grid Array

Example for SMD part:

59’62 9851101 Q X C

Generic Standard i

Microcircuit Drawing (SMD) I(':ej(ég:glw

Prefix B = Solder

Device Type

XQ4013XL =098513 - Package Type

XQ4036XL = 98510 X = Pin Grid

XQ4062XL = 98511 Y = Ceramic Quad Flat Pack (Base Mark)

XQ4085XL = 99575 Z = Ceramic Quad Flat Pack (Lid Mark)
T = Plastic Quad Flat Pack

Speed Grade U = Plastic Ball Grid

01 = -3 for XQ4103XL/4036XL/4062XL -

01 = -1 for XQ4085XL — Q= QML Certified

N = QML Plastic (N - Grade)

Revision History

The following table shows the revision history for this document

Date Version Description
05/01/98 1.0 Original document release.
01/01/99 11 Addition of new packages, clarification of parameters.
02/09/00 1.2 Addition of XQ4085XL-1 speed grade part.
06/25/00 1.3 Updated timing specifications to match with commercial data sheet. Updated format.
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Hardened FPGAS

DS071 (v1.1) June 25, 2000

Product Specification

XQR4000XL Series Features

Radiation-hardened FPGAs for space and satellite

applications

Guaranteed total ionizing dose

Latch-up immune

Low soft upset rate

Guaranteed to meet full electrical specifications over

-55°C to +125°C

Available in -3 speed

System featured FPGAs

- SelectRAM™ memory: on-chip ultra-fast RAM with
synchronous write option
dual-port RAM option

- Abundant flip-flops

- Flexible function generators

- Dedicated high-speed carry logic

- Wide edge decoders on each edge

- Hierarchy of interconnect lines

- Internal 3-state bus capability

- Eight global low-skew clock or signal distribution

networks

System performance beyond 60 MHz

Flexible array architecture

Low power segmented routing architecture

Systems-oriented features

- |EEE 1149.1-compatible boundary scan logic
support

- Individually programmable output slew rate

- Programmable input pull-up or pull-down resistors

- 12 mA sink current per output

Configured by loading binary file

- Unlimited reprogrammability

Readback capability

- Program verification

- Internal node observability

Development system runs on most common computer

platforms

- Interfaces to popular design environments

- Fully automatic mapping, placement and routing

- Interactive design editor for design optimization

Highest capacity: over 130,000 usable gates

Buffered interconnect for maximum speed

New latch capability in configurable logic blocks

Improved VersaRing™ 1/O interconnect for better fixed

pinout flexibility

- Virtually unlimited number of clock signals

Optional multiplexer or 2-input function generator on

device outputs

5V tolerant I/Os

Advanced 0.35u process

Processed on Xilinx QML line

Table 1: XQR4000XL Series Radiation Hardened Field Programmable Gate Arrays

Max. Typical
Logic Max. RAM Gate Range Number | Max.
Logic Gates Bits (Logic and CLB Total of User
Device Cells | (No RAM) | (No Logic) RAM)(D) Matrix | CLBs | Flip-Flops | 1/0 | Packages

XQR4013XL | 1,368 13,000 18,432 10,000 - 30,000 |24x24 | 576 1,536 192 CB228
XQR4036XL | 3,078 36,000 41,472 22,000 - 65,000 | 36x36 | 1,296 3,168 288 CB228
XQR4062XL | 5,472 62,000 73,728 40,000 - 130,000 | 48x48 | 2,304 5,376 384 CB228
Notes:

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

© 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. All specifications are subject to change without notice.
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Radiation Specifications

Symbol Description Min Max Units
TID Total ionizing dose - 60K RAD(SI)
SEL Single event Latch-up LET> 100 MeV CM2/mg. @ +125°C - 0
SEU Single event upset galactic p+(1) - 2.43E -8 Upsets/

Bit-Day
SEU Single event upset galactic heavy lon(1) - 9.54E -8 Upsets/
Bit-Day
SEU Single event upset trapped p+(1) - 2.50E -7 Upsets/
Bit-Day
SEU Single event upset galactic p+2 - 5.62E — 8 Upsets/
Bit-Day
SEU Single event upset galactic heavy lon(?) - 243E-7 Upsets/
Bit-Day
Notes:

1. 680 Km LEO, 98° Inclination, 100-mil Al Shielding
2. 35,000 Km GEO, 0° Inclination, 100-mil Al Shielding

3. Simulations done using Space Radiation Version 2.5 code from Severn Communication Corp.
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QPRO XQR4000XL Radiation Hardened FPGAs

XQR4000XL Switching Characteristics
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
devicefamilies. 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.

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.

All specifications subject to change without notice.

Additional Specifications

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 speci-
fications are representative of worst-case supply voltage
and junction temperature conditions. The parameters
included are common to popular designs and typical appli-

Absolute Maximum Ratings(®)

cations. For design considerations requiring more detailed
timing information, see the appropriate family AC supple-
ments available on the Xilinx web site at:

http://www.xilinx.com/partinfo/databook.htm.

Symbol Description Units

Vee Supply voltage relative to GND -0.5t04.0 \%
Vin Input voltage relative to GND(2) -0.5t05.5 v
V1s Voltage applied to High-Z output(? -0.5t05.5 Y,
Vet Longest supply voltage rise time from 1V to 3V 50 ms
Tsto Storage temperature (ambient) —65 to +150 °C
TsoL Maximum soldering temperature (10s @ 1/16 in. = 1.5 mm) +260 °C

T; Junction temperature +150 °C

Notes:

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 or undershoot above V¢ or 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 —2.0 V or overshoot to V¢ + 2.0V, provided this over- or undershoot
lasts less than 10 ns and with the forcing current being limited to 200 mA.

Recommended Operating Conditions(1)

Symbol Description Min Max Units
Vee Supply voltage relative to GND, T =—-55°C to +125°C 3.0 3.6 \%
Viy High-level input voltage(?) 50% of Ve 5.5 \Y
VL Low-level input voltage 0 30% of V¢ \Y,
TiN Input signal transition time - 250 ns

Notes:

1. At junction temperatures above those listed as Operating Conditions, all delay parameters increase by 0.35% per °C.

2. Input and output measurement threshold is ~50% of Vc.
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XQR4000XL DC Characteristics Over Recommended Operating Conditions

Symbol Description Min Max Units
Von High-level output voltage at o = —4 MA, Ve min (LVTTL) 2.4 - \Y,
High-level output voltage at Ioy = —500 pA, (LVCMOS) 90% V¢ - \%
VoL | Low-level output voltage at I, = 12 mA, Ve min (LVTTL)®) - 0.4 v
Low-level output voltage at 1o, = 1500 pA, (LVCMOS) - 10% Ve \%
VpRr Data retention supply voltage (below which configuration data may be lost) 2.5 - \%
lcco | Quiescent FPGA supply current(® - 5 mA
I Input or output leakage current -10 +10 A
Cin Input capacitance (sample tested) - 10 pF
lrpU Pad pull-up (when selected) at V| = OV (sample tested) 0.02 0.25 mA
IrPD Pad pull-down (when selected) at V| = 3.6V (sample tested) 0.02 0.15 mA
IRLL Horizontal longline pull-up (when selected) at logic Low 0.3 2.0 mA
Notes:

1. With up to 64 pins simultaneously sinking 12 mA.

2. With no output current loads, no active input or Longline pull-up resistors, all I/O pins in a High-Z state and floating.

Power-On Power Supply Requirements

Xilinx FPGAs require a minimum rated power supply current
capacity to insure proper initialization, and the power supply
ramp-up time does affect the current required. A fast
ramp-up time requires more current than a slow ramp-up
time. The slowest ramp-up time is 50 ms. Current capacity
is not specified for a ramp-up time faster than 2 ms. The cur-

rent capacity varies linealy with ramp-up time, e.g., an
XQR4036XL with a ramp-up time of 25 ms would require a
capacity predicted by the point on the straight line drawn
from 1A at 120 us to 500 mA at 50 ms at the 25 ms time
mark. This point is approximately 750 mA .

Ramp-up Time
Product Description Fast (120 us) Slow (50 ms)
XQR4013 - 36XL Minimum required current supply 1A 500 mA
XC4062XL Minimum required current supply 2A 500 mA
Notes:

1. Devices are guaranteed to initialize properly with the minimum current listed above. A larger capacity power supply may result in a

larger initialization current.

2. This specification applies to Commercial and Industrial grade products only.
3. Ramp-up Time is measured from OVp to 3.6VD8. Peak current required lasts less than 3 ms, and occurs near the internal power
nd b

on reset threshold voltage. After initialization a

efore configuration, Icc max is less than 10 mA.

2-104

www.xilinx.com
1-800-255-7778

DS071 (v1.1) June 25, 2000
Product Specification


http://www.xilinx.com

SXILINX®

QPRO XQR4000XL Radiation Hardened FPGAs

XQR4000XL AC Switching Characteristic

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 dis-
tribution is faster; when multiple clock lines per column are

Global Buffer Switching Characteristics

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)

-3
Symbol Description Device Min Max Units
TeLs Delay from pad through Global Low Skew buffer, to any XQR4013XL 0.6 3.6 ns
clock K XQRA4036XL | 11 | 48 ns
XQR4062XL 14 6.3 ns
Global Early BUFGEs 1, 2, 5, and 6 to IOB Clock Characteristics
-3
Symbol Description Device Min Max Units
Tce Delay from pad through Global Early buffer, to any 10B XQR4013XL 0.4 2.4 ns
clock. Values are for BUFGEs 1, 2, 5 and 6. XQRA036XL 0.3 31 ns
XQR4062XL 0.3 4.9 ns
Global Early BUFGEs 3, 4, 7, and 8 to IOB Clock Characteristics
-3
Symbol Description Device Min Max Units
Tce Delay from pad through Global Early buffer, to any I0OB XQR4013XL 0.7 2.4 ns
clock. Values are for BUFGEs 3, 4, 7 and 8. XQRA036XL 0.9 47 ns
XQR4062XL 1.2 5.9 ns
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XQR4000XL 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

CLB Switching Characteristics

by the static timing analyzer (TRCE in the Xilinx Develop-
ment System) and back-annotated to the simulation netlist.
All timing parameters assume worst-case operating condi-
tions (supply voltage and junction temperature). Values
apply to all XQR4000XL devices and expressed in nano-
seconds unless otherwise noted.

-3
Symbol Description Min Max Units
Combinatorial Delays
Tio F/G inputs to X/Y outputs - 1.6 ns
TiHo F/G inputs via H’ to X/Y outputs - 2.7 ns
Tito F/G inputs via transparent latch to Q outputs - 2.9 ns
THHoO C inputs via SR/HO via H to X/Y outputs - 25 ns
THH1O C inputs via H1 via H to X/Y outputs - 24 ns
THH20 C inputs via D|y/H2 via H to X/Y outputs - 25 ns
Teryp C inputs via EC, D;\/H2 to YQ, XQ output (bypass) - 15 ns
CLB Fast Carry Logic
Topcy Operand inputs (F1, F2, G1, G4) to Coyt - 2.7 ns
Tascy Add/subtract input (F3) to Cqyt - 3.3 ns
Tincy Initialization inputs (F1, F3) to Coyt - 2.0 ns
Tsum C,n through function generators to X/Y outputs - 2.8 ns
Teyp Cn to CouT: bypass function generators - 0.26 ns
TNET Carry net delay, Coytto Ciy - 0.32 ns
Sequential Delays
Tcko Clock K to flip-flop outputs Q - 2.1 ns
TckLo Clock K to latch outputs Q - 2.1 ns
Setup Time Before Clock K
Tick F/G inputs 11 - ns
TiHCK F/G inputs via H 2.2 - ns
Thhock | C inputs via HO through H 2.0 - ns
Thhick | Cinputs via H1 through H 1.9 - ns
ThH2ck | Cinputs via H2 through H 2.0 - ns
Tpick C inputs via D)y 0.9 - ns
Tecck C inputs via EC 1.0 - ns
Trck C inputs via S/R, going Low (inactive) 0.6 - ns
Teck Cn input via F/IG 2.3 - ns
TcHck Cn input via F/G and H 3.4 - ns
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CLB Switching Characteristics (Continued)

-3
Symbol Description Min Max Units
Hold Time After Clock K
Tek F/G inputs 0 - ns
TekiH F/G inputs viaH 0 - ns
Tcknho | Cinputs via SR/HO through H 0 - ns
Tcknn1 | Cinputs via H1 through H 0 - ns
Tcknnz | Cinputs via Dj/H2 through H 0 - ns
Tckpl C inputs via D|y/H2 0 - ns
Tckec C inputs via EC 0 - ns
TckRr C inputs via SR, going Low (inactive) 0 - ns
Clock
Tch Clock High time 3.0 - ns
TeL Clock Low time 3.0 - ns
Set/Reset Direct
TrPw Width (High) 3.0 - ns
TriO Delay from C inputs via S/R, going High to Q - 3.7 ns
Global Set/Reset
Tvrw Minimum GSR pulse width - ‘ 19.8 ns
TMRQ Delay from GSR input to any Q See page 116 for Trg
values per device.
Froc Toggle frequency (MHz) (for export control) - 166 MHz
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XQR4000XL 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 Develop-

ment System) and back-annotated to the simulation netlist.
All timing parameters assume worst-case operating condi-
tions (supply voltage and junction temperature). Values
apply to all XQR4000XL devices and are expressed in
nanoseconds unless otherwise noted.

Single-Port RAM Synchronous (Edge-Triggered) Write Operation Characteristics

-3
Symbol Single Port RAM Size Min | Max Units
Write Operation
Twes Address write cycle time (clock K period) 16x2 9.0 - ns
TweTs 32x1 9.0 - ns
Twps Clock K pulse width (active edge) 16x2 4.5 - ns
TweTs 32x1 4.5 - ns
Tass Address setup time before clock K 16x2 2.2 - ns
TasTs 32x1 2.2 - ns
TaHs Address hold time after clock K 16x2 0 - ns
TAHTS 32x1 0 - ns
Tpss D,y setup time before clock K 16x2 2.0 - ns
TphsTs 32x1 2.5 - ns
TbHs D,y hold time after clock K 16x2 0 - ns
TbHTS 32x1 0 - ns
Twss WE setup time before clock K 16x2 2.0 - ns
TwsTs 32x1 1.8 - ns
TwHs WE hold time after clock K 16x2 0 - ns
TwHTS 32x1 0 - ns
Twos Data valid after clock K 16x2 - 6.8 ns
TwoTs 32x1 - 8.1 ns
Read Operation
Tre Address read cycle time 16x2 4.5 - ns
TreT 32x1 6.5 - ns
Tilo Data valid after address change (no Write Enable) 16x2 - 1.6 ns
TiHO 32x1 - 2.7 ns
Tick Address setup time before clock K 16x2 11 - ns
TiHCK 32x1 2.2 - ns
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Dual-Port RAM Synchronous (Edge-Triggered) Write Operation Characteristics

-3
Symbol Dual Port RAM Size Min Max Units
Write Operation
Twebs Address write cycle time (clock K period) 16x1 9.0 ns
Twebs Clock K pulse width (active edge) 16x1 4.5 - ns
TasDs Address setup time before clock K 16x1 25 - ns
TaHDS Address hold time after clock K 16x1 0 - ns
Tbsps D,y setup time before clock K 16x1 25 - ns
TbHDs D,y hold time after clock K 16x1 0 - ns
TwsDs WE setup time before clock K 16x1 1.8 - ns
TwHDS WE hold time after clock K 16x1 0 - ns
Twobs Data valid after clock K 16x1 - 7.8 ns
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XQR4000XL CLB Single-Port RAM Synchronous (Edge-Triggered) Write Timing

WCLK (K) /

Twss TwHs
We J *_
I TDSS | TDHS
DATA IN * *
Tass TaHs
ADDRESS )( )(

TiLo —

Twos -

DATA OUT OLD L NEW

DS029_01_011300

XQR4000XL CLB Dual-Port RAM Synchronous (Edge-Triggered) Write Timing

Twpbs |
______________________ . ’-
WCLK (K) )( '
i 4
I Twss L Twhs
WE J *_
I TDSDS — TDHDS
DATA IN
~<~— Tasps TaHDS
ADDRESS X X
TiLo — TiLo
Twobs -
DATA OUT OLD NEW
DS029_02_011300
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QPRO XQR4000XL Radiation Hardened FPGAs

XQR4000XL 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

Output Flip-Flop, Clock to Out(®.2.3)

worst-case guaranteed data, reflecting the actual routing
structure, use the values provided by the static timing ana-
lyzer (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. Values are expressed in nanosec-
onds unless otherwise noted.

-3
Symbol Description Device Min Max Units
Tickor | Global low skew clock to output using OFF(4) XQR4013XL 1.5 8.6 ns
XQR4036XL 2.0 9.8 ns
XQR4062XL 2.3 11.3 ns
Tsiow | For output SLOW option add All Devices 3.0 3.0 ns
Notes:

1. Listed above are representative values where one global clock input drives one vertical clock line in each accessible
column, and where all accessible IOB and CLB flip-flops are clocked by the global clock net.

2. Clock-to-out minimum delay is measured with the fastest route and the lightest load, Clock-to-out maximum delay is
measured using the farthest distance and a reference load of one clock pin (IK or OK) per IOB as well as driving all
accessible CLB flip-flops. For designs with a smaller number of clock loads, the pad-to-IOB clock pin delay as
determined by the static timing analyzer (TRCE) can be added to the AC parameter Tokpof and used as a worst-case
pin-to-pin clock-to-out delay for clocked outputs for FAST mode configurations.

3. Output timing is measured at ~50% V¢ threshold with 50 pF external capacitive load.

4. OFF = Output Flip-Flop

Output Flip-Flop, Clock to Out, BUFGEs 1, 2, 5, and 6

-3
Symbol Description Device Min Max Units
Tickeor | Global early clock to output using OFF XQR4013XL 1.3 7.4 ns
Values are for BUFGEs 1, 2, 5, and 6. XQR4036XL 1.2 8.1 ns
XQR4062XL 1.2 9.9 ns
Notes:

1. Clock-to-out minimum delay is measured with the fastest route and the lightest load, Clock-to-out maximum delay is
measured using the farthest distance and a reference load of one clock pin (IK or OK) per I0OB as well as driving all
accessible CLB flip-flops. For designs with a smaller number of clock loads, the pad-to-IOB clock pin delay as
determined by the static timing analyzer (TRCE) can be added to the AC parameter Tokpor and used as a worst-case
pin-to-pin clock-to-out delay for clocked outputs for FAST mode configurations.

2. Output timing is measured at ~50% V¢ threshold with 50 pF external capacitive load.
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Output Flip-Flop, Clock to Out, BUFGEs 3, 4, 7, and 8

-3
Symbol Description Device Min Max Units
Tickeor | Global early clock to output using OFF XQR4013XL 1.8 8.8 ns
Values are for BUFGEs 3, 4, 7, and 8. XQR4036XL 1.8 9.7 ns
XQR4062XL 2.0 10.9 ns

Notes:

1. Clock-to-out minimum delay is measured with the fastest route and the lightest load, Clock-to-out maximum delay is
measured using the farthest distance and a reference load of one clock pin (IK or OK) per I0OB as well as driving all
accessible CLB flip-flops. For designs with a smaller number of clock loads, the pad-to-IOB clock pin delay as
determined by the static timing analyzer (TRCE) can be added to the AC parameter Tokpor and used as a worst-case
pin-to-pin clock-to-out delay for clocked outputs for FAST mode configurations.

2. Output timing is measured at ~50% V¢ threshold with 50 pF external capacitive load.

Capacitive Load Factor

Figure 1 shows the relationship between 1/O output delay
and load capacitance. It allows a user to adjust the specified
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 capacitance is
20 pF, subtract 0.8 ns from the specified output delay.

Figure 1 is usable over the specified operating conditions of
voltage and temperature and is independent of the output
slew rate control.

Delta Delay (ns)

20

40

60

80 100 120 140

Capacitance (pF)

DS029_03_011300

Figure 1: Delay Factor at Various Capacitive Loads
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XQR4000XL 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. For more specific, more precise, and

worst-case guaranteed data, reflecting the actual routing
structure, use the values provided by the static timing ana-
lyzer (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. Values are expressed in nanosec-
onds unless otherwise noted.

Global Low Skew Clock, Input Setup and Hold Times(1.2)

-3
Symbol Description Device() Min Units
No Delay
Tpsn/Tpun | Global early clock and IFF®) XQR4013XL 1.2/3.2 ns
Global early clock and FCL®# XQR4036XL 1.2/55 ns
XQR4062XL 1.2/7.0 ns
Partial Delay
Tpsp/Tpup | Global early clock and IFF®) XQR4013XL 6.1/0.0 ns
Global early clock and FCL(*) XQR4036XL 6.4/1.0 ns
XQR4062XL 6.7/1.2 ns
Full Delay
Tpso/Tpup | Global early clock and IFF®) XQR4013XL 6.4/0.0 ns
XQR4036XL 6.6/0.0 ns
XQR4062XL 6.8/0.0 ns
Notes:

1. The XQR4013XL, XQR4036XL, and XQR4062XL have significantly faster partial and full delay setup times than

other devices.

2. Input setup time is measured with the fastest route and the lightest load. Input hold time is measured using the
furthest distance and a reference load of one clock pin per IOB as well as driving all accessible CLB flip-flops. For
designs with a smaller number of clock loads, the pad-to-IOB clock pin delay as determined by the static timing
analyzer (TRCE) can be used as a worst-case pin-to-pin no-delay input hold specification.

3. IFF = Input Flip-Flop or Latch
4. FCL = Fast Capture Latch
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Global Early Clock BUFEs 1, 2, 5, and 6 Setup and Hold for IFF and FCL(%.2)

-3
Symbol Description Device Min
No Delay
Tpsen'TPHEN Global early clock and IFF(3) XQR4013XL 1.2/4.7
Tresen'TPEHEN Global early clock and FCL®*) XQR4036XL 1.2/6.7
XQR4062XL 1.2/8.4
Partial Delay
Tesepn/TPHEP Global early clock and IFF(3) XQR4013XL 6.4/0.0
Tersep/TpEHEP Global early clock and FCL®4) XQR4036XL 7.0/0.8
XQR4062XL 9.0/0.8
Full Delay
Tpsepn/TPHED Global early clock and IFF(3) XQR4013XL 12.0/0.0
XQR4036XL 13.8/0.0
XQR4062XL 13.1/0.0
Notes:
1. The XQR4013XL, XQR4036XL, and XQR4062XL have significantly faster partial and full delay setup times than other devices.
2. Input setup time is measured with the fastest route and the lightest load. Input hold time is measured using the furthest distance and
a reference load of one clock pin per I0OB as well as driving all accessible CLB flip-flops. For designs with a smaller number of clock
loads, the pad-to-IOB clock pin delay as determined by the static timing analyzer (TRCE) can be used as a worst-case pin-to-pin
no-delay input hold specification.
3. IFF = Input Flip-Flop or Latch
4. FCL = Fast Capture Latch

Global Early Clock BUFEs 3, 4, 7, and 8 Setup and Hold for IFF and FCL(%.2)

-3
Symbol Description Device Min
No Delay
Tpsen'TPHEN Global early clock and IFF(3) XQR4013XL 1.2/4.7
Tersen'TPEHEN Global early clock and FCL® XQR4036XL 1.2/6.7
XQR4062XL 1.2/8.4
Partial Delay
Tesepn/TPHEP Global early clock and IFF(3) XQR4013XL 5.41/0.0
Tersep/TpEHEP Global early clock and FCL®4) XQR4036XL 6.4/0.8
XQR4062XL 84/15
Full Delay
Tpsepn/TPHED Global early clock and IFF() XQR4013XL 10.0/0.0
XQR4036XL 12.2/0.0
XQR4062XL 13.1/0.0

Notes:

1. The XQR4013XL, XQR4036XL, and XQR4062XL have significantly faster partial and full delay setup times than other devices.

2. Input setup time is measured with the fastest route and the lightest load. Input hold time is measured using the furthest distance and
a reference load of one clock pin per I0OB as well as driving all accessible CLB flip-flops. For designs with a smaller number of clock
loads, the pad-to-IOB clock pin delay as determined by the static timing analyzer (TRCE) can be used as a worst-case pin-to-pin
no-delay input hold specification.

3. IFF = Input Flip-Flop or Latch

4. FCL = Fast Capture Latch
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XQR4000XL 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 Develop-
ment 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 (sup-
ply voltage and junction temperature).

-3
Symbol Description Device Min Max Units
Clocks
Tecik | Clock enable (EC) to clock (IK) All devices 0.1 - ns
Tokik | Delay from FCL enable (OK) active edge to IFF clock All devices 2.2 - ns
(IK) active edge
Setup Times
Tpick | Pad to clock (IK), no delay All devices 1.7 - ns
Tpicke | Pad to clock (IK), via transparent fast capture latch, no All devices 2.3 - ns
delay
Tpock | Pad to fast capture latch enable (OK), no delay All devices 1.2 - ns
Hold Times
All Hold Times All devices 0 - ns
Global Set/Reset
Tmrw | Minimum GSR pulse width All devices - 19.8 ns
Trri | Delay from GSR input to any Q@ XQR4013XL - 15.9 ns
XQR4036XL - 22.5 ns
XQR4062XL - 29.1 ns
Propagation Delays
TeiD Pad to I1, 12 All devices - 1.6 ns
TpeL Pad to 11, 12 via transparent input latch, no delay All devices - 3.1 ns
Tpr | Padto 11, 12 via transparent FCL and input latch, no All devices - 3.7 ns
delay
TIKRI Clock (IK) to 11, 12 (flip-flop) All devices - 1.7 ns
TiKLI Clock (IK) to 11, 12 (latch enable, active Low) All devices - 1.8 ns
Toku | FCL enable (OK) active edge to 11, 12 All devices - 3.6 ns
(via transparent standard input latch)
Notes:
1. IFF = Input Flip-Flop or Latch, FCL = Fast Capture Latch
2. Indicates Minimum Amount of Time to Assure Valid Data.
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XQR4000XL 10B Output Switching Characteristic Guidelines

Testing of switching parameters is modeled after testing
methods specified by MIL-M-38510/605. All devices are
100% functionally tested. Internal timing parameters are
derived from measuring internal test patterns. Listed below
are representative values. For more specific, more precise,
and worst-case guaranteed data, use the values reported
by the static timing analyzer (TRCE in the Xilinx Develop-

ment 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 (sup-
ply voltage and junction temperature). For Propagation
Delays, slew-rate = fast unless otherwise noted. Values are
expressed in nanoseconds unless otherwise noted.

-3
Symbol Description Min Max Units
Clocks
TcH Clock High 3.0 - ns
TeoL Clock Low 3.0 - ns
Propagation Delays
Tokpor | Clock (OK) to pad - 5.0 ns
Topr Output (O) to pad - 4.1 ns
Ttsnz | High-Z to pad High-Z (slew-rate independent) - 4.4 ns
Trsone | High-Z to pad active and valid - 4.1 ns
Torpr | Output (O) to pad via fast output MUX - 5.5 ns
Tokepe | Select (OK) to pad via fast MUX - 5.1 ns
Setup and Hold Times
Took Output (O) to clock (OK) setup time 0.5 - ns
Toko Output (O) to clock (OK) hold time - ns
Tecok | Clock Enable (EC) to clock (OK) setup time - ns
Tokec | Clock Enable (EC) to clock (OK) hold time 0.3 - ns
Global Set/Reset
Tmrw | Minimum GSR pulse width ‘ 19.8 ‘ - ‘ ns
Trpo | Delay from GSR input to any pad(®
XQR4013XL - 20.5 ns
XQR4036XL - 271 ns
XQR4062XL - 33.7 ns
Slew Rate Adjustment
TsLow | For output SLOW option add ‘ - ‘ 3.0 ‘ ns
Notes:

1. Output timing is measured at ~50% V¢ threshold, with 50 pF external capacitive loads.

2. Indicates Minimum Amount of Time to Assure Valid Data.
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Pinouts

CB228 Package for XQR4013XL/4036XL/4062XL
(Continued)

CB228 Package for XQR4013XL/4036XL/4062XL Pin Name CB228

| 0 P39

Pin Name CcB228 To P40

GND Pl I0_FCKL2 P41

BUFGP_TL A16_GCKL IO P2 oND 5o

A17 IO P3 o 54

10 P4 10 P44

10 PS 10 P45

TDI_IO P6 s 56

TCK_IO p7 o e

10 P8 10 P48

10 P9 10 P49

10 P10 o 550

10 P11 o Se1

10 P12 s oo

10 P13 o 5ea

GND P14 BUFGS_BL_GCK2 10 P54

I0_FCLK1 P15 - oee

10 P16 GND P56

TMS_IO P17 o o

10 P18 VCC P58

10 P19 o 550

10 P20 BUFGP_BL_GCK3_IO P60

10 P21 HDC_IO P61

10 P22 o P62

10 P23 o P63

10 P24 o P64

10 P25 LDC_IO P65

10 P26 o P66

GND P27 o P67

vCC P28 o P68

10 P29 o P69

10 P30 o P70

10 P31 o P71

10 P32 GND P72

10 P33 o P73

10 P34 10 P74

10 P35 10 P75

10 P36 10 P76

VCC P37 5 o

10 P38 10 P78
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CB228 Package for XQR4013XL/4036XL/4062XL

(Continued)

CB228 Package for XQR4013XL/4036XL/4062XL

(Continued)

Pin Name CB228 Pin Name CB228
10 P79 10 P119
10 P80 10 P120
o) P81 10 P121
10 P82 10 P122
10 P83 D6_10 P123

/ERR_INIT_IO P84 10 P124
VCC P85 10 P125
GND P86 10 P126

10 P87 10 P127
10 P88 10 P128
10 P89 GND P129
10 P90 10 P130
o) P91 10 P131
10 P92 10 P132
10 P93 10 P133
10 P94 D5_10 P134
VCC P95 /CS0_IO P135
o) P96 10 P136
10 P97 10 P137
10 P98 10 P138
10 P99 10 P139
GND P100 D4_10 P140
10 P101 10 P141
o) P102 VCC P142
10 P103 GND P143
10 P104 D3_10 P144
10 P105 /IRS_IO P145
[e) P106 10 P146
10 P107 10 P147
10 P108 10 P148
10 P109 10 P149
10 P110 D2_10 P150
10 P111 10 P151
BUFGS_BR_GCK4_IO P112 VCC P152
GND P113 10 P153
DONE P114 10 P154
VCC P115 10 P155
/IPROG P116 10 P156
D7_lO0 P117 GND P157
BUFGP_BR_GCK5_IO P118 10 P158
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CB228 Package for XQR4013XL/4036XL/4062XL

(Continued)

CB228 Package for XQR4013XL/4036XL/4062XL

(Continued)

Pin Name CB228 Pin Name CB228
10 P159 A7_10 P199
10 P160 GND P200
10 P161 VCC P201
10 P162 A8_IO P202
10 P163 A9 10 P203
D1 10 P164 Al19 IO P204
BUSY_/RDY_RCLK_10 P165 Al8_10 P205
10 P166 10 P206
10 P167 10 P207
DO_DIN_IO P168 Al10_IO P208
BUFGS_TR_GCK6_DOUT_IO P169 All 10 P209
CCLK P170 VCC P210
VCC P171 10 P211
TDO P172 10 pP212
GND P173 10 P213
AO0_/WS_IO P174 10 P214
BUFGP_TR_GCK7_A1 IO P175 GND P215
10 P176 10 P216
10 P177 10 pP217
CSI_A2_IO P178 10 P218
A3_IO P179 10 P219
10 P180 Al2_IO P220
10 P181 Al3_10 pP221
10 P182 10 pP222
10 P183 10 P223
10 P184 10 pP224
10 P185 10 P225
GND P186 Al4_ 1O P226
10 P187 BUFGS_TL_GCK8_A15_10 p227
10 P188 VCC P228
10 P189
10 P190
VCC P191
A4_1O P192
A5_10 P193
10 P194
10 P195
A21_10 P196
A20_10 P197
A6_IO P198
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Ordering Information

X?R 4062XL -3 CB 228 M
QPRO Radiation Hardened Temperature Range
M = Military Ceramic (T¢ = -55°C to +125°C)
Device Type
XQR4062XL
XQR4036XL L Number of Pins
XQR4013XL

Speed Grade

Package Type
CB = Top Brazed Ceramic Quad Flat Pack

Revision History
The following table shows the revision history for this document

Date Version Description
10/05/98 1.0 Original document release.
06/25/00 1.1 Updated format, added DS071 number. Updated timing specifications to match with
commercial data sheet.
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QPRO Series Configuration
PROMSs (XQ) including
Radiation-Hardened Series (XQR)

DS062 (v2.0) June 1, 2000

Advance Product Specification

Features

¢ Configuration one-time programmable (OTP) read-only
memory designed to store configuration bitstreams of
Xilinx FPGA devices

» Simple interface to the FPGA; requires only one user
I/O pin
e Cascadable for storing longer or multiple bitstreams

» Programmable reset polarity (active High or active
Low) for compatibility with different FPGA solutions

e Supports XQR4000XL/Virtex fast configuration mode
(15.0 MHz) (XQR1701L and XQR1704L)

»  Supports XQ4000EX/XL fast configuration mode
(15.0 MHz) (XQ1701L and XQ1704L)

¢ Fabricated on Epitaxial Silicon to improve latch
performance (parts are immune to Single Event
Latch-up) (XQR1701L and XQR1704L)

* QML certified

¢ Single Event Bit Upset immune (XQR1701L and
XQR1704L)

» Total Dose tolerance in excess of 50K rads(Si)
(XQR1701L and XQR1704L)

¢ Alllots subjected to TID Lot Qualification in accordance
with method 1019 (dose rate ~9.0 rads(Si)/sec)
(XQR1701L and XQR1704L)

* Available in 44-pin ceramic LCC (M grade) package

« Available in 44-pin plastic chip carrier package
(XQ1704L only)

* Available in 20-pin SOIC package (XQ1701L only)

¢ Programming support by leading programmer
manufacturers.

» Design support using the Xilinx Alliance and
Foundation series software packages.

Description

The QPRO™ series XQ1701L and XQ1704L are Xilinx
3.3V high-density configuration PROMs. The XQR1701L
and XQR1704L are radiation hardened. These devices are
manufactured on Xilinx QML certified manufacturing lines
utilizing epitaxial substrates and TID lot qualification (per
method 1019).

When the FPGA is in Master Serial mode, it generates a
configuration clock that drives the PROM. A short access
time after the rising clock edge, data appears on the PROM
DATA output pin that is connected to the FPGA D pin. The
FPGA generates the appropriate number of clock pulses to
complete the configuration. Once configured, it disables the
PROM. When the FPGA is in Slave Serial mode, the PROM
and the FPGA must both be clocked by an incoming signal.
Figure 1 shows a simplied block diagram.

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.

For device programming, either the Xilinx Alliance or Foun-
dation series development system compiles the FPGA
design file into a standard Hex format, which is then trans-
ferred to most commercial PROM programmers.

©2000 Xilinx, Inc. All rights reserved. All Xilinx trademarks, registered trademarks, patents, and disclaimers are as listed at http:/Mmavww.xilinx.com/legal.htm.
All other trademearks and registered trademearks are the property of their respective owners. All specifications are subject to change without notice.
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Figure 1: Simplified Block Diagram (does not show programming circuit)

Pin Description

DATA

Data output is in a high-impedance state when either CE or
OE are inactive. During programming, the DATA pin is I/O.
Note that OE can be programmed to be either active High or
active Low.

CLK

Each rising edge on the CLK input increments the internal
address counter, if both CE and OE are active.

RESET/OE

When High, this input holds the address counter reset and
puts the DATA output in a high-impedance state. The polar-
ity of this input pin is programmable as either RESET/OE or
OE/RESET. To avoid confusion, this document describes
the pin as RESET/OE, although the opposite polarity is pos-
sible on all devices. When RESET is active, the address
counter is held at "0", and puts the DATA output in a
high-impedance state. The polarity of this input is program-
mable. 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 inter-
face. This input pin is easily inverted using the Xilinx
HW-130 Programmer. Third-party programmers have differ-
ent methods to invert this pin.

CE
When High, this pin disables the internal address counter,

puts the DATA output in a high-impedance state, and forces
the device into low-lc¢ standby mode.

CEO

Chip Enable output, to be connected to the CE input of the
next PROM in the daisy chain. This output is Low when the
CE and OE inputs are both active AND the internal address
counter has been incremented beyond its Terminal Count
(TC) value. In other words: when the PROM has been read,
CEO will follow CE as long as OE is active. When OE goes
inactive, CEO stays High until the PROM is reset. Note that
OE can be programmed to be either active High or active
Low.

Vep

Programming voltage. No overshoot above the specified
max voltage is permitted on this pin. For normal read oper-
ation, this pin must be connected to V. Failure to do so
may lead to unpredictable, temperature-dependent opera-
tion and severe problems in circuit debugging. Do not leave
Vpp floating!

VCC and GND

Positive supply and ground pins.
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PROM Pinouts

Pin Name 44-Pin CLCC
DATA 2
CLK 5
RESET/OE (OE/RESET) 19
CE 21
GND 3,24
CEO 27
Vpp 41
Vee 44
Capacity
Devices Configuration Bits
XQR1704L 4,194,304
XQR1701L 1,048,576
XQ1704L 4,194,304
XQ1701L 1,048,576

Xilinx FPGAs and Compatible PROMs.

Device Configuration Bits PROM
XQR4013XL 393,632 XQ1701L
XQR4036XL 832,528 XQ1701L
XQR4062XL 1,433,864 XQ1704L
XQR4013XL 393,632 XQR1701L
XQR4036XL 832,528 XQR1701L
XQR4062XL 1,433,864 XQR1704L

XQVR300 1,751,840 XQR1704L
XQVR600 3,608,000 XQR1704L
XQVR1000 6,127,776 XQR1704L x 2

Controlling PROMs

Connecting the FPGA device with the PROM.

e The DATA output(s) of the of the PROM(s) drives the
D,y input of the lead FPGA device.

¢ 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).

e« The RESET/OE 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.

Other methods—such as driving RESET/OE from LDC
or system reset—assume the PROM internal
power-on-reset is always in step with the FPGAs
internal power-on-reset. This may not be a safe
assumption.

« The PROM CE input can be driven from either the LDC
or DONE pins. Using LDC avoids potential contention
on the Dy pin.

« The CE input of the lead (or only) PROM is driven by
the DONE output of the lead FPGA 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 established
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 configuration pro-
gram from an external memory. The Xilinx PROMs have
been 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. Syn-
chronization 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 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 Dy pin on the
FPGA is used only for configuration, it must still be held at a
defined level during normal operation. The Xilinx FPGA
families take care of this automatically with an on-chip
default pull-up resistor.
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Programming the FPGA With Counters
Unchanged Upon Completion

When multiple FPGA-configurations for a single FPGA 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 FPGA
configuration process. The FPGA aborts the configuration
and then restarts a new configuration, 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 inter-
prets it as preamble, length count etc. Since the FPGA is
the master, it issues the necessary number of CCLK pulses,
up to 16 million (224) and DONE goes High. However, the
FPGA configuration will be completely wrong, with potential

contentions inside the FPGA and on its output pins. This
method must, therefore, never be used when there is any
chance of external reset during configuration.

Cascading Configuration PROMs

For multiple FPGAs configured as a daisy-chain, or for
future FPGAs requiring larger configuration memories, cas-
caded PROMs provide additional memory. After the last bit
from the first PROM is read, the next clock signal to the
PROM asserts its CEO output Low and disables its DATA
line. The second PROM recognizes the Low level on its CE
input and enables its DATA output. See Figure 2.

After configuration is complete, the address counters of all
cascaded PROMs are reset if the FPGA RESET pin goes
Low, assuming the PROM reset polarity option has been
inverted.

To reprogram the FPGA with another program, the DONE
line goes Low and configuration begins where the address
counters had stopped. In this case, avoid contention
between DATA and the configured I/O use of D).
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Vce

DOUT

\

OPTIONAL
Daisy-chained
FPGAs with
— Different
configurations

$—— OPTIONAL
FPGA
G Slave FPGAs
— with Identical
Configurations

3.3V Vpp

I e N

< 1
Vcc  Vpp :

DIN|= DATA —: DATA Cascaded

RESET——o RESET CCLK CLK PROM L=l CLK Serial
' Memory

\

DONE o| CE CEO o—o: CE
INIT OE/RESET — OE/RESET

* For mode pin connections,
refer to the appropriate FPGA data sheet.

(Low Resets the Address Pointer)

CCLK
(Output)

‘ ‘

o ]

\

Dout \X X ><
(Output)

Figure 2: Master Serial Mode. The one-time-programmable PROM supports automatic loading of configuration programs.
Multiple devices can be cascaded to support additional FPGAs. An early DONE inhibits the PROM data output one CCLK
cycle before the FPGA 1/0Os become active.

DS027_02_060100

DS062 (v2.0) June 1, 2000 www.xilinx.com 2-125
Advance Product Specification 1-800-255-7778


http://www.xilinx.com

QPRO Series Configuration PROMs (XQ) including Radiation-Hardened Series (XQR) SIX"JNX®

Standby Mode Programming

The PROM enters a low-power standby mode whenever CE  The devices can be programmed on programmers supplied

is asserted High. The output remains in a high-impedance by Xilinx or qualified third-party vendors. The user must

state regardless of the state of the OE inpuit. ensure that the appropriate programming algorithm and the
latest version of the programmer software are used. The
wrong choice can permanently damage the device.

Table 1: Truth Table for Control Inputs

Control Inputs Outputs
RESET CE Internal Address DATA CEO lec
Inactive Low If address < TC(): increment Active High Active
If address > TC(): don’t change High-Z Low Reduced
Active Low Held reset High-Z High Active
Inactive High Not changing High-Z High Standby
Active High Held reset High-Z High Standby

Notes:
1. The XC1700 RESET input has programmable polarity
1. TC = Terminal Count = highest address value. TC + 1 = address 0.

Radiation Characteristics (XQR1701L and XQR1704L only)

Symbol Description Min Max Units
TID Total ionizing dose, Method 1019 50K rads(Si)
SEL Single event latch-up. 0 (cm?2/Device)

Heavy ion saturation cross section, LET; > 120 MeV cm2/mg

SEU Single event bit upset. 0 (cm?/Bit)
Heavy ion saturation cross section
LET > 120 MeV cm?/mg

SEFI, Single event functional interupt, 1.2e> | (cm?/Device)
Heavy ion saturation cross section,
10% saturated intercept at LET = 6.0 MeV cm2/mg

Notes:
1. Single Event Effects testing was performed with heavy ion to a maximum LET of 120 MeV-cm2/mg.

2. For more information on Single Event Effects and mitigation methods refer to Xilinx Application Note XAPP185 “Space Application
Design techniques for the XQR1700L QPRO Series Radiation Hardened Serial PROMs.”
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Absolute Maximum Ratings

Symbol Description Conditions Units
Vee Supply voltage relative to GND -0.5t0 +4.0 \%
Vpp Supply voltage relative to GND -0.5t0 +12.5 \%
VN Input voltage relative to GND —0.5t0 V¢ +0.5 \Y
Vrs Voltage applied to High-Z output —0.5t0 V¢ +0.5 \%
Tstg Storage temperature (ambient) —65 to +150 °C
TsoL Maximum soldering temperature (10s @ 1/16 in.) +260 °C
Notes:

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.

Operating Conditions

Symbol Description Min Max Units

Vee® Supply voltage relative to GND Military 3.0 3.6 \Y;
ceramic package (T¢ = -55°C to +125°C)

Notes:
1. During normal read operation Vpp MUST be connect to Ve

DC Characteristics Over Operating Condition

Symbol Description Min Max Units
ViH High-level input voltage 2 Vee \Y
VL Low-level input voltage 0 0.8 \Y
Von High-level output voltage (Ioy = —3 mA) 2.4 - \%
VoL Low-level output voltage (I = +3 mA) - 0.4 \Y
lcca Supply current, active mode (at maximum frequency) - 10 mA
lccs Supply current, standby mode (XQ1701L, XQ1704L) - 100 LA
lccs® Supply current, standby mode Pre-rad (TID) - 300 uA
(XQR1701L and XQR 1704L) Post-rad (TID) - 3 A
I Input or output leakage current -10 10 A
CiN Input capacitance (V| = GND, f = 1.0 MHz) - 10 pF
CouT Output capacitance (V;y = GND, f = 1.0 MHz) - 10 pF
Notes:
1. lccs, Standby Current is measured at +125°C for pre-radiation specifications and at room temperature for post-radiation
specifications.
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AC Characteristics Over Operating Condition

CE \ /
~*— TscE — ™
RESET/OE _\
CLK
1 Toe TCAC [=— —| ToH [+~ —= TDF |=-
~— TCE—= v
DATA <; )ﬂ; ;D( )
TOH—»| |«
DS027_03_021500
XQ1701L,
XQR1701L XQR1704L
Symbol Description Min Max Min Max Units
Toe OE to data delay - 25 - 30 ns
Tce CE to data delay - 45 - 45 ns
Teac CLK to data delay - 45 - 45 ns
Tor CE or OE to data float delay(2-3) - 50 - 50 ns
Ton Data hold from CE, OE, or CLK® 0 - 0 - ns
Teve Clock periods 67 - 67 - ns
Tic CLK Low time®) 20 - 25 - ns
Tuc CLK High time(®) 20 - 25 - ns
Tsce CE setup time to CLK (to guarantee proper counting) 20 - 25 - ns
THcE CE hold time to CLK (to guarantee proper counting) 0 - 0 - ns
ThoE OE hold time (guarantees counters are reset) 20 - 25 - ns
Notes:

1. ACtestload =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.
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AC Characteristics Over Operating Condition When Cascading

/ \

RESET/OE
CE 7Z \
CLK / \ 7l
TcOF—>| |~
e / . .
DATA X Last Bit 3a \ First Bit
Tock—» - — <«— ToOOE
CEO
TocE— - <— TocE
DS027_04_021500
Symbol Description Min Max Units
Teor CLK to data float delay(2:3) - 50 ns
Tock CLK to CEO delay® - 30 ns
Toce | CE to CEO delay® - 35 ns
Tooe RESET/OE to CEO delay® - 30 ns
Notes:

1. ACtestload =50 pF

Float delays are measured with 5 pF AC loads. Transition is measured at £200 mV from steady state active levels.

2.
3. Guaranteed by design, not tested.
4. All AC parameters are measured with V, = 0.0V and V| = 3.0V.
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Ordering Information

Device Number

XQR1701L CC44 M

Operating Range/Processing

XQ1704L Package Type B = Military(Tc =-55° to +125°C)
XQ1701L ) _ ) ) QML certified to MIL-PRF-38535
XQR1704L CC44 = 44-p!n Ceram|c Chip Car_rler M = Military (T¢ = -55° to +125°C)
XQR1701L S020 = 20-p!n Plast!c Small Out_llne Package QML certified to MIL-PRF-38535
PC44 = 44-p|n Plastic Chlp Carrier N = Mllltary Plastic (TJ =_55°to +125oc)
Valid Ordering Combinations
XQR1704LCC44M | XQR1701LCC44M | XQ1701LCC44M XQ1704LCC44M
XQ1701LCC44B XQ1704LCC44B
XQ1701LSO20N XQ1704LPC44N
Revision History
The following table shows the revision history for this document.
Date Version Revision
04/20/00 1.0 Initial Release
06/01/00 2.0 Combined XQR1700L Rad-Hard and XQ1701L devices, added XQ1704L and updated
format.
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Product Specification

Features

» Certified to MIL-PRF-38535 Appendix A QML
(Qualified Manufacturer Listing.)

» Also available under the following Standard Microcircuit
Drawings (SMD): 5962-94717 and 5962-95617.

¢ Configuration one-time programmable (OTP) read-only
memory designed to store configuration bitstreams of
Xilinx FPGA devices

« On-chip address counter, incremented by each rising
edge on the clock input

» Simple interface to the FPGA requires only one user
I/O pin

» Cascadable for storing longer or multiple bitstreams

» Programmable reset polarity (active High or active
Low) for compatibility with different FPGA solutions

¢ Low-power CMOS EPROM process

¢ Available in 5V version only

e Programming support by leading programmer
manufacturers.

» Design support using the Xilinx Alliance and
Foundation series software packages.

Vcc VPP GND

L

.

Description

The XC1700D QPRO™ family of configuration PROMSs pro-
vide an easy-to-use, cost-effective method for storing Xilinx
FPGA configuration bitstreams.

When the FPGA is in Master Serial mode, it generates a
configuration clock that drives the PROM. A short access
time after the rising clock edge, data appears on the PROM
DATA output pin that is connected to the FPGA D pin. The
FPGA generates the appropriate number of clock pulses to
complete the configuration. Once configured, it disables the
PROM. When the FPGA is in Slave Serial mode, the PROM
and the FPGA must both be clocked by an incoming signal.

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.

For device programming, either the Xilinx Alliance™ or the
Foundation™ series development systems compiles the
FPGA design file into a standard HEX format which is then
transferred to most commercial PROM programmers.

RESET/ — @ ID —
ﬁ CED i * I CEO
or |

RESET : :

I I
I I
CLK I Address Counter ?C :
I I
| s |
I I
I I
EPROM
I t OE |
| Cell Outpu NP bara
: Matrix :
I I

—_—— e o o — — — i — i — — — — — ———————

DS027_01_021500

Figure 1: Simplified Block Diagram (does not show programming circuit)
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Pin Description
DATA

Data output, 3-stated when either CE or OE are inactive.
During programming, the DATA pin is I/O. Note that OE can
be programmed to be either active High or active Low.

CLK

Each rising edge on the CLK input increments the internal
address counter, if both CE and OE are active.

RESET/OE

When High, this input holds the address counter reset and
3-states the DATA output. The polarity of this input pin is
programmable as either 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 put in a high-impedance state. 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 inter-
face. This input pin is easily inverted using the Xilinx
HW-130 programmer software. Third-party programmers
have different methods to invert this pin.

CE

When High, this pin disables the internal address counter,
3-states the DATA output, and forces the device into low-Ic¢
standby mode.

CEO

Chip Enable output, to be connected to the CE input of the
next PROM in the daisy chain. This output is Low when the
CE and OE inputs are both active AND the internal address
counter has been incremented beyond its Terminal Count
(TC) value. In other words: when the PROM has been read,
CEO will follow CE as long as OE is active. When OE goes
inactive, CEO stays High until the PROM is reset. Note that
OE can be programmed to be either active High or active
Low.

Vpp

Programming voltage. No overshoot above the specified
max voltage is permitted on this pin. For normal read oper-

ation, this pin must be connected to V. Failure to do so
may lead to unpredictable, temperature-dependent opera-
tion and severe problems in circuit debugging. Do not leave
Vpp floating!

VCC and GND
Vcc is positive supply pin and GND is ground pin.

PROM Pinouts

Pin Name 8-pin
DATA 1
CLK

RESET/OE (OE/RESET)
CE

GND

CEO

Vep

N0~ WDN

Vee

Capacity

Device Configuration Bits

XC1736D 36,288

XC1765D 65,536

XC17128D 131,072

XC17256D 262,144

Number of Configuration Bits, Including
Header for Xilinx FPGAs and Compatible
PROMs

Device Configuration Bits PROM
XC3000/A series 14,819 to 94,984 XC1765D to
XC17128D
XC4000 series 95,008 to 247,968 | XC17128Dto
XC17256D
XQ4005E 95,008 XC17128D
XQ4010E 178,144 XC17256D
XQ4013E 247,968 XC17256D
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Controlling PROMs
Connecting the FPGA device with the PROM.

e The DATA output(s) of the PROM(s) drives the Dy
input of the lead FPGA device.

¢ 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).

e The RESET/OE 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.
Other methods—such as driving RESET/OE from LDC
or system reset—assume the PROM internal
power-on-reset is always in step with the FPGA's
internal power-on-reset. This may not be a safe
assumption.

« The PROM CE input can be driven from either the LDC
or DONE pins. Using LDC avoids potential contention
on the Dy pin.

« The CE input of the lead (or only) PROM is driven by
the DONE output of the lead FPGA 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 established
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 configuration pro-
gram from an external memory. The Xilinx PROMs have
been 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. Syn-
chronization 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 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 Dy pin on the
FPGA is used only for configuration, it must still be held at a
defined level during normal operation. Xilinx FPGAs take
care of this automatically with an on-chip default pull-up
resistor.

Programming the FPGA With Counters
Unchanged Upon Completion

When multiple FPGA-configurations for a single FPGA 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 FPGA
configuration process. The FPGA aborts the configuration
and then restarts a new configuration, 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 inter-
prets it as preamble, length count etc. Since the FPGA is
the master, it issues the necessary number of CCLK pulses,
up to 16 million (224) and DONE goes High. However, the
FPGA configuration will be completely wrong, with potential
contentions inside the FPGA and on its output pins. This
method must, therefore, never be used when there is any
chance of external reset during configuration.

Cascading Configuration PROMs

For multiple FPGAs configured as a daisy-chain, or for
future FPGAs requiring larger configuration memories, cas-
caded PROMs provide additional memory. After the last bit
from the first PROM is read, the next clock signal to the
PROM asserts its CEO output Low and disables its DATA
line. The second PROM recognizes the Low level on its CE
input and enables its DATA output. See Figure 2.

After configuration is complete, the address counters of all
cascaded PROMs are reset if the FPGA RESET pin goes
Low, assuming the PROM reset polarity option has been
inverted.

To reprogram the FPGA with another program, the DONE
line goes Low and configuration begins where the address
counters had stopped. In this case, avoid contention
between DATA and the configured I/O use of D).
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Vce

DOUT

\

OPTIONAL
Daisy-chained
FPGAs with
Different
configurations

OPTIONAL
Slave FPGAs
— with Identical
Configurations

FPGA

3.3V Vpp

I

] Vec VPP
DIN|= DATA

CCLK ~| CLK

DONE o| CE

INIT OE/RESET

RESET—o| RESET PROM

CEO

* For mode pin connections,

—>: CLK

o—o:(i

refer to the appropriate FPGA data sheet.

(Low Resets the Address Pointer)

CCLK
(Output)

‘ ‘

on- |

\

DOUT
(Output)

X X X

_'I DATA Cascaded

_II OE/RESET

Serial
Memory

DS027_02_052200

Figure 2: Master Serial Mode. The one-time-programmable PROM supports automatic loading of configuration programs.
Multiple devices can be cascaded to support additional FPGAs. An early DONE inhibits the PROM data output one CCLK

cycle before the FPGA I/Os become active.
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Standby Mode

The PROM enters a low-power standby mode whenever CE
is asserted High. The output remains in a high impedance
state regardless of the state of the OE input.

Programming

The devices can be programmed on programmers supplied
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.

Table 1: Truth Table for XC1700 Control Inputs

Control Inputs Outputs
RESET CE Internal Address DATA CEO lcc
Inactive Low If address < TC: increment Active High Active
If address > TC: don't change High-Z Low reduced

Active Low Held reset High-Z High Active
Inactive High Not changing High-Z High Standby
Active High Held reset High-Z High Standby

Notes:

1. The XC1700 RESET input has programmable polarity

2. TC = Terminal Count = highest address value. TC + 1 = address 0.

Important: Always tie the Vpp pin to V¢ in your application. Never leave Vpp floating.
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XC1736D, XC1765D, XC17128D and XC17256D
Absolute Maximum Ratings

Symbol Description Units
Vee Supply voltage relative to GND -0.5t0 +7.0 \%
Vpp Supply voltage relative to GND -0.5t0 +12.5 \%
VN Input voltage relative to GND —-0.5t0 Ve + 0.5 \Y
Vrs Voltage applied to High-Z output —-0.5t0 Ve + 0.5 \%
Tstg Storage temperature (ambient) —65 to +150 °C
TsoL Maximum soldering temperature (10s @ 1/16 in.) +260 °C
Notes:

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.

Operating Conditions

Symbol Description Min Max Units
Vee Supply voltage relative to GND (T = -55°C to +125°C) Military 4.50 5.50 \%
Note: During normal read operation Vpp must be connected to Ve
DC Characteristics Over Operating Condition
Symbol Description Min Max Units
V4 High-level input voltage 2.0 Vee \Y
Vi Low-level input voltage 0 0.8 \Y
Von High-level output voltage (Igy = —4 mA) | Military 3.7 - \%
VoL Low-level output voltage (Io, = +4 mA) - 0.4 \Y
lcca Supply current, active mode (at maximum frequency) - 10 mA
lccs Supply current, standby mode XC17128D, XC17256D - 50 LA
XC1736D, XC1765D - 1.5 mA
I Input or output leakage current -10 10 A
Cin Input capacitance (V|y = GND, f = 1.0 MHz) sample tested - 10 pF
Cout Output capacitance (V= GND, f = 1.0 MHz) sample tested - 10 pF
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AC Characteristics Over Operating Condition(1.2)

CE \ /
~*— TscE — ™
RESET/OE _\
CLK
> Toe TCAC = —| ToH [ —=
~— TCE—= v
DATA <; )ﬂ; ;D( )
TOH—» |=
DS027_03_021500
XC1736D XC17128D
XC1765D XC17256D
Symbol Description Min Max Min Max Units
Toe | OE to data delay - 45 - 25 ns
Tce | CE to data delay - 60 - 45 ns
Tcac | CLK to data delay - 150 - 50 ns
Toy | Data hold from CE, OE, or CLK®) 0 - 0 - ns
Tpe | CE or OE to data float delay(3:4) - 50 - 50 ns
Tcye | Clock periods 200 - 80 - ns
T.c | CLK Low time(®) 100 - 20 - ns
Tye | CLK High time(®) 100 - 20 - ns
Tsce | CE setup time to CLK (to guarantee proper counting) 25 - 20 - ns
Tuce | CE hold time to CLK (to guarantee proper counting) 0 - 0 - ns
Tuoe | OE hold time (guarantees counters are reset) 100 - 20 - ns
Notes:

1. ACtestload =50 pF

2. Al AC parameters are measured with V; = 0.0V and V| = 3.0V.

3. Guaranteed by design, not tested.

4. Float delays are measured with 5 pF AC loads. Transition is measured at +200mV from steady state active levels.

DS070 (v2.1) June 1, 2000 www.xilinx.com 2-137
Product Specification 1-800-255-7778


http://www.xilinx.com

QPRO Family of XC1700D QML Configuration PROMs S XILINX®

AC Characteristics Over Operating Condition When Cascading(®.2)

RESET/OE / \
CE 7Z \
CLK / \ 7l
TeOF—=|  |=—
R / . .
DATA X Last Bit s \ First Bit
Tock—» - — «— TOOE
CEO
Tocg —» - — -— TOCE
DS027_04_021500
XC1736D XC17128D
XC1765D XC17256D
Symbol Description Min Max Min Max Units
Teor | CLK to data float delay(3:4) - 50 - 50 ns
Tock | CLK to CEO delay®) - 65 - 30 ns
Toce | CE to CEO delay® - 45 - 35 ns
Tooe | RESET/OE to CEO delay® - 40 - 30 ns

Notes:

1. AC testload =50 pF

2. All AC parameters are measured with V, = 0.0V and V| = 3.0V.

3. Guaranteed by design, not tested.

4. Float delays are measured with 5 pF AC loads. Transition is measured at +200mV from steady state active levels.
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Ordering Information

Device Number

XC17256D DD8 M

L Operating Range/Processing

XC1736D Package Type M = Military (T = —55° to +125°C)
XC1765D T _ B = Military (Tg = —55° to +125°C)
XC17128D DD8 = 8-pin Ceramic DIP QML certified to MIL-PRF-38535
XC17256D
Valid Ordering Combinations
XC17128DDD8M XC17256DDD8M XC1736DDD8M XC1765DDD8M
5962-9561701MPA 5962-9471701MPA

Marking Information

Due to the small size of the PROM package, the complete  The XC prefix is deleted and the package code is simplified.
ordering part number cannot be marked on the package. Device marking is as follows.

17256D DD8 M

umber — | \— Operating Range/Processing

Device N

XC1736D >ackage Type —— M = Military (T¢ = -55° to +125°C)
XC1765D JD8 = 8-pin Ceramic DIP B = Military (T.C = -55° 1o +125°C)
XC17128D QML certified to MIL-PRF-38535
XC17256D

Revision History

The following table shows the revision history for this document

Date Version Revision
02/08/99 2.0 Removed the now obsolete Commercial and Industrial Grade part numbers and design
support.
06/01/00 2.1 Updated format and assigned data sheet number (DS070).
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Application Note: Virtex Series

X X"_lNX® Virtex Series Configuration Architecture

XAPP151 (v1.4) June 15, 2000

User Guide

Summary

The Virtex™ architecture supports powerful new configuration modes, including partial
reconfiguration. These mechanisms are designed to give advanced applications access to and
manipulation of on-chip data through the configuration interfaces.

This document is an overview of the Virtex architecture, emphasizing data bit location in the
configuration bitstream. Knowing bit locations is the basis for accessing and altering on-chip
data. FPGA applications can be built that change or examine the functionality of the operating
circuit without stopping the circuit loaded in the device. A glossary is included to explain some
of the terminology used in this application note.

Introduction

CLBs, I0OBs, and Configurations

Each Virtex device contains configurable logic blocks (CLBs), input-output blocks (I0Bs), block
RAMSs, clock resources, programmable routing, and configuration circuitry (Figure 1). These
logic functions are configurable through the configuration bitstream. Configuration bitstreams
contain a mix of commands and data. Configuration bitstreams can be read and written through
one of the configuration interfaces on the device.

The Virtex, Virtex-E, and Virtex-E Extended Memory (Virtex-EM) families differ primarily in the
amount of block RAM available.

DLL | IOBs DLL

CLBs

Left IOBs
sgol Wby

Left Block SelectRAM
INVH10819S 00| b1y

DLL I0Bs DLL

x151_01_012700

Figure 1: Virtex Architecture Overview

Configuring Virtex Devices

Virtex devices can be configured through the SelectMAP™ interface, master/slave serial
interfaces, or the Boundary-Scan interface. The collection of configuration bits is called a
configuration bitstream. The bitstream is a series of configuration commands and configuration
data, as shown in Figure 2. Bitstream architecture is discussed in "Configuration Logic Basics"
on page 16.

© 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. All specifications are subject to change without notice.
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Configuration
Columns

CMD 1| data | CMD 2 |data| CMD 3 | data| CMD 1

Figure 2: Bitstream Example

Warning! This document discusses mechanisms for manipulating the configuration bits for the
Virtex devices. If portions of the bitstream other than those described here are altered, the
device may be damaged. Xilinx is not liable for any consequences of misprogramming a
device.

Writing some or all of a configuration is done by issuing configuration commands to the desired
interface followed by the configuration data.

The SelectMAP interface is an 8-bit interface on the device with data pins labeled D[7:0]. The
configuration bitstream can be written eight bits per clock cycle. Virtex devices can be
configured to retain the (D[7:0], BUSY/DOUT, INIT, WRITE, and CS) SelectMAP pins, allowing
further re-configuration via those pins. If further re-configuration is not required, those pins can
be configured as user 1/O.

When the master/slave serial or Boundary Scan interface is used for configuration or re-
onfiguration, the configuration bitstream is transmitted one bit per clock cycle.

Timing relationships for the configuration interfaces are discussed in the Virtex series data
sheets located at http://www.xilinx.com/products/virtex.htm.

Reading Configuration Bits From a Virtex Device

Configuration data can be read using the SelectMAP interface or the Boundary Scan interface.
The master/slave serial interfaces can not be used to read a configuration. Reading all or some
of a configuration is done by issuing configuration read commands to the desired interface,
then reading the data from the same interface. Configuration commands and data formats are
discussed in "Configuration Logic Basics" on page 16.

The SelectMAP interface has an 8-bit data port. To use the SelectMAP interface after
configuration, all 12 SelectMAP pins must remain as SelectMAP as opposed to user I/O (using
the BitGen option: -g Persist:Yes).

The Boundary Scan (JTAG) interface allows bit-serial access to the configuration. It is a
permanent interface that is always present.

The Virtex configuration memory can be visualized as a rectangular array of bits. The bits are
grouped into vertical frames that are one-bit wide and extend from the top of the array to the
bottom. A frame is the atomic unit of configuration - it is the smallest portion of the configuration
memory that can be written to or read from.

Frames are grouped together into larger units called columns. In Virtex, Virtex-E, and
Virtex-EM devices, there are several different types of columns:

3-2
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Configuration
Addressing

Table 1: Configuration Column Type

Column Type Fr;z\r(;fezs # per Device
Center 8 1
CLB 48 # of CLB columns
I0B 54 2
Block SelectRAM Interconnect 27 # of Block SelectRAM columns
Block SelectRAM Content 64 # of Block SelectRAM columns

Each device contains one center column that includes configuration for the four global clock

pins. Two IOB columns represent configuration for all of the I0Bs on the left and right edges of

the device. The majority of columns are CLB columns which each contain one column of CLBs

and the two 10Bs above and below those CLBs. The remaining two column types involve the
block RAM: one for content and the other for interconnect. For each RAM column, one of each 3
type is present (for values for all Virtex devices, see Table 3, “Virtex Series Devices,” on

page 6).
The columns for an sample Virtex device are shown below:

2 2 2 2 2
10B IOB | GCL | 10B IOB
S ] K ] ]
w m
- GE) Q w | c
c =0 =5 c = E|=0 |
Solxc T |EW Ew ST IE @ Ev ¥ [EC |59
ol o= |BR IS Q s2 |50 |58 S22l o= |2
Ot Jex |[e> |5 & SE|ISE |G E SE el |ox =
2E |88 |35 (3¢ 32|05 8¢ S|zt |38 |n¢
05|22 1|22 |nw Do |25 |0 me P22 |25
s2|se|ss|oT i B G2 o3 |gslse|ze
T |2 |28 |© A s R O~ |a8|ec |
- (@] = — O I
o3 m9 oy |og |
£ k=
2 2 2 2 2
10B IOB | GCL | 10B IOB
S S K S ]

Figure 3: Configuration Column Example (XCV50)

Block Type, Major Address, Minor Address

The total address space is divided into block types. There are two block types: RAM and CLB.
The RAM type contains only the block SelectRAM content columns (not interconnect). The CLB
type contains all other column types.

Both the RAM and CLB address spaces are subdivided into major and minor addresses. Each
configuration column has a unique major address within the RAM or CLB space. Each
configuration frame has a unique minor address within its column.

The numbering schemes for the block type and minor address are identical between Virtex,
Virtex-E, and Virtex-EM devices. The major address numbering scheme differs between
families and is encapsulated in Table 2. But in both families, even major addresses are on the
left half of the device while the odd major addresses are on the right half of the device.
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Table 2: Major Addressing Scheme by Family

Column Type |Block Type Virtex Virtex-E Virtex-EM
First MJA CLB 0 0 0
RAM 0 1 1
MJA Order CLB 1. Center 1. Center 1. Center
2:CLB 2: CLB/BRAM Interconnect | 2: CLB
3:10B 3:10B 3:10B
4: BRAM Interconnect 4: BRAM Interconnect
RAM BRAM Content BRAM Content BRAM Content
Virtex Major Addresses
The CLB address space begins with "0" for the center column and alternates between the right
and left halves of the device for all the CLB columns, then I0B columns, and finally block
SelectRAM interconnect columns.
The RAM address space has "0" for the left block SelectRAM content column and "1" for the
right column.
A XCV50 is shown in Figure 4. The shaded columns are in the RAM address space.
2 2 2 2 2
I0OBs IOBs | GCL | IOBs I0OBs
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m m
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EIKEIKE |e ~ c | |~ c . |KEKE |E ~
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28 o8 fe5 |08 SglRsloe SElesles | 8
Cx L2228 0w Mo B |2 ne L2 <
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M.A. 26 0 28 24 2 0 1 23 27 1 25
Figure 4: Virtex Family: Allocation of Frames to Device Resources (XCV50)
Virtex-EM Major Addresses
The Virtex-EM family has the same numbering as the Virtex family but the block SelectRAM
content columns begin with "1".
Virtex-E Major Addresses
The Virtex-E family has block SelectRAM interspersed between CLB columns. Both the CLB
and RAM major addressing have been changed to allow for this.
The CLB address space again begins with "0" for the center column and alternates between
the right and left sides of the device for CLB columns and block SelectRAM interconnect
columns and finally IOB columns. The difference is that in Virtex-E devices, the block
3-4 www.xilinx.com XAPP151 (v1.4) June 15, 2000
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SelectRAM interconnect appear in the middle of the CLB addresses while in the Virtex and
Virtex-EM families, they appear at the very end after the IOB columns. Also, note that the block
SelectRAM content columns begin with "1" (Virtex devices begin with "0").

A XCV50E is shown in Figure 5. The shaded columns are in the RAM address space.
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Content (64 frames)

Block SelectRAM

Interconnect (27 frames)

Block SelectRAM
Content (64 frames)

CLB Column
(48 frames)
CLB Column
(48 frames)
CLB Column
(48 frames)
Center Column
(8 frames)
CLB Column
(48 frames)
CLB Column
(48 frames)
CLB Column
(48 frames)
CLB Column
(48 frames)
(54 frames)

Block SelectRAM
Interconnect (27 frames)
Block SelectRAM
Content (64 frames)

Right IOB Column

I0B I0B I0B

—®

ClIOB I0B I0B 0B
K

w IOLeft
RAMO

0

BICO

C1

26

BIC1
BIC2
C19
C24
BIC3
RAM3

© N~
O O

RAM1
C12
Center
C13
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Frames

Figure 5: Virtex-E Family: Allocation of Frames to Device Resources (XCV50E)

Frames are read and written sequentially with ascending addresses for each operation.
Multiple consecutive frames can be read or written with a single configuration command. The
smallest amount of data that can be read or written with a single command is a single frame.
The entire CLB array plus the IOBs and block SelectRAM interconnect can be read or written
with a single command. Each block SelectRAM Content must be read or written separately.

Frame Sizes

Frame size depends on the number of rows in the device. The number of configuration bits in a
frame is 18 x (# CLB_rows+2) and is padded with zeroes on the right (bottom) to fit in 32-bit

words. <Link>"Frame Organization” for more details. An additional padding word is needed at
the end of each frame for pipelining. Table 3 shows the frame sizes for all Virtex devices. This
table also shows the size, in words, of the bitstream for the CLB address space and the number

of words in each RAM block.
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Table 3: Virtex Series Devices

Virtex Virtex-E
# of 32-bit Read-back # of 32-bit Read-back
Words ) Words @
Bits/ | Words/ | RAM CLB RAM RAM | RAM CLB RAM
Device Row x Col. | Frame | Frame | Cols (all) (1 cal) Cols | Space (all) (1 col)
XCV50 16 x 24 384 12 2 15,876 780 - - - -
XCV50E 16 x 24 384 12 - - - 4 6 16,524 780
XCV100 20x 30 448 14 2 22,554 910 - - - -
XCV100E 20x 30 448 14 - - - 4 12 23,310 910
XCV150 24 x 36 512 16 2 30,384 1,040 - - - -
XCV200 28 x 42 576 18 2 39,366 1,170 - - - -
XCV200E 28 x 42 576 18 - - - 4 12 40,338 1,170
XCV300 32x48 672 21 2 51,975 1,365 - - - -
XCV300E 32x48 672 21 - - - 4 12 53,109 1,365
XCV400 40 x 60 800 25 2 76,275 1,625 - - - -
XCV400E 40 x 60 800 25 - - - 4 12 77,625 1,625
XCV405E 40 x 60 800 25 - - - 14 4 84,375 1,625
XCV600 48 x 72 960 30 2 108,810 1,950 - - - -
XCV600E 48 x 72 960 30 - - - 6 12 112,050 1,950
XCV800 56 x 84 1088 34 2 142,902 2,210 - - - -
XCV812E 56 x 84 1088 34 - - - 20 4 159,426 2,210
XCV1000 64 x 96 1248 39 2 186,381 2,535 - - - -
XCV1000E 64 x 96 1248 39 - - - 6 12 190,593 2,535
XCV1600E 72 %108 1376 43 - - - 8 12 237,231 2,795
XCV2000E 80 x 120 1536 48 - - - 8 12 292,464 3,120
XCV2600E 92 x 138 1728 54 - - - 8 12 375,678 3,510
XCV3200E | 104 x 156 | 1952 61 - - - 8 12 477,081 3,965
Notes:

1. Includes pad frame in calculation.

Frame Organization

Each frame sits vertically in the device, with the “front” of the frame at the top. As shown in
Figure 6, it is convenient to consider the frame horizontally when it is viewed as part of a

bitstream. The top IOBs are shown on the left followed by the CLBs in the column and the
bottom I0Bs on the right. Bits in frames are allocated as follows.

For CLB columns, the first 18 bits control the two IOBs at the top of the column; then 18 bits are
allocated for each CLB row; finally, the next 18 bits control the two 10Bs at the bottom of the

3-6
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CLB column. The frame then contains enough “pad” bits to make it an integral multiple of
32 bits.

Top 2 I0Bs CLBR1 CLB R2 CLBRn Bottom 2 IOBs

18 18 18 18 18

X151_06_020700

Figure 6: CLB Column Frame Organization

For I0OB columns, the frame allocates 18 bits per three IOB rows, Figure 7. When reading and
writing frames, bits are grouped into 32-bit words, starting on the left (corresponding to the top

of the device). If the last word does not completely fill a 32-bit word, it is padded on the right with
zeroes.

Top 310Bs 310Bs Bottom 3 I0Bs

18 18 18

x151_07_020800
Figure 7: I0B Column Frame Organization
For block SelectRAM content columns (Figure 8), the first 18 bits are pad bits; then 72 bits are

allocated for each RAM row; finally, there are another 18 pad bits. The frame then adds enough
“pad” bits to make it an integral multiple of 32 bits.

Pad RAM RO RAM R1 RAM Rn Pad

18 72 72 72 18

x151_08_021800

Figure 8: Block SelectRAM Content Column Frame Organization

Location of LUT SelectRAM Bits

With respect to the beginning of a configuration frame, relative locations of LUT SelectRAM bits
within the bitstream are the same for every CLB slice. The bits of a LUT SelectRAM are spread
across 16 consecutive frame Minor Addresses. Each frame Minor Address contains all
instances of a single bit index for that column. These 16 frames contain all 16 bits of the LUT
SelectRAM for a column of CLB slices. You must read or write the 16 frames containing those
bits to read or write the entire LUT SelectRAM.

Note: LUT SelectRAM bits are stored inverted. Flip-Flop data are stored in their true sense.
When reading or writing LUT SelectRAM data from the bitstream, it is negated from the logic
sense of the data. For example, a 4-input AND gate has the truth table

LUT[15:0] = 1000000000000000.

This truth table is stored internally in the LUT SelectRAM as LUT[15:0] =0111111111111111.
Of course, user logic reading the data from the LUT SelectRAM would read the correct logic
value, LUT[15:0] = 12000000000000000.
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Configuration
Data Operations

Reading Configuration Data

Configuration information can be read from the Virtex devices if readback is enabled in the
current configuration. (See the description of the Control Register field SBITS on page 21.)
CLB and IOB configuration data can be read while the device is operating.

When reading data from a Virtex device, a pad frame is read before any of the data frames. This
is in addition to the pad word in each data frame. The pad frame must be included in the word
count to be read from the device.

Each frame read from the device consists of the number of words shown in Table 3.

For example, the XCV150 has 16-word frames. When reading frames, the first word of a frame
is a pad word. Including the pad frame, the XCV150 has 1,899 (30,384/16) frames. (See
Figure 9.)

Pad Frame (16 words)
Pad Word Data Frame 0 (15 words)
Pad Word Data Frame n (15 words)

Figure 9: XCV150 Frame Padding for Device Read

Writing Configuration Data

Configuration information can be written to a Virtex device while the device is running if writing
is enabled in the current configuration. (See the Control Register field SBITS in Table 23.) Re-
writing the same configuration data does not generate any transient signals.

Changing configuration data may generate transient signals, especially if LUT values or signal
routing is changed. For this case, all the logic cells and routing can be placed in a non-
contentious state by asserting the GHIGH_B signal. See the description for the "Command
Register (CMD)" on page 18,

When writing configuration data to the Virtex device, whether from the SelectMAP or JTAG
interfaces, the data frames are written to the device with each frame followed by a pad word.
After all the data frames are written, a pad frame must be written (to flush internal pipelines).
The pad words and pad frame must be included in the number of words to be written to the
device. (Table 3.)

For example, the XCV1000 has 39-word frames. When writing frames, the last word of the
frame is a pad word. Including the pad frame, the XCV1000 has 4,779 (186,381/39) frames.
See Figure 10.)

Data Frame 0 (38 words) ‘ Pad Word
Data Frame n (38 words) ‘ Pad Word
Pad Frame (39 words)

Figure 10: XCV1000 Frame Padding for Device Write

Altering Configuration Data

Virtex devices support the Read-Modify-Write (RMW) method of changing LUT SelectRAM
data. Therefore, it is possible to read or alter the contents of one or more LUT SelectRAMs
through the JTAG or SelectMAP interfaces. When writing data to one or more LUT
SelectRAMs, all the bits in the frame must have valid configuration information. This can be
assured by altering valid configurations from bitstream files or from frames read from a properly
configured Virtex device. When using the RMW method, it may be expeditious to read the data,
ignoring the pad frame and the pad word of only the first frame. This aligns the remaining

3-8
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Definitions

A

configuration data in the Device Write format. After modifying the configuration, the altered data
can be written to the Virtex device followed by a pad word and a pad frame.

It is not necessary to retain the contents of the pad frame or pad words. However, pad words
and pad frames are included in the CRC calculation.

Note: Frames span an entire column of CLB slices (or IOBs). Thus, when changing LUT
SelectRAM bit 0 for a single CLB slice (e.g., R3C4.S1), LUT SelectRAM bit O for all slices in
that column (i.e., R*C4.S1) is written with the same command. One must ensure that either all
other data in the slice is constant or changed externally through partial configurations.

LUT SelectRAMSs not configured externally should not lie in the same slice with LUTs or LUT
SelectRAMs that are re-configured externally. Such a mixture can cause the unrelated LUT
SelectRAM data to be re-configured when the frames are written to the device. Figure 11
shows what can happen if this restriction is not observed.

In this example, it is the objective to perform a Read-Modify-Write on the LUT SelectRAM in
R2C3.S1 in column 3, which is shown in the first column in the figure. Row 2 contains a LUT
containing the value AB. Row 3 contains a SelectRAM containing the value 3. Because the
Read and Write operations operate on an entire frame, the RAM in R3C3.S1 is also read and
written when R2C3.S1 is read and written. Performing the Readback operation reads all the
LUT and SelectRAM values for the column. Before the new value for the LUT is written, it is
possible for the on-chip circuitry to write a new value, such as 14, into the SelectRAM. When
the new value, BD, is written via the configuration interface into LUT R2C3.S1, the value C3 is
also written into RAM R3C3.S1. This may not always be desirable (It is design-dependent).

LUT R2C3.51 LUT R2C3.51 LUT R2C3.51
AB AB BD
RAM R3C3.S1 RAM R3C3.S1 RAM R3C3.S1
C3 14 C3
Before Before After
Readback Configuration Configuration
Write Write

x151_11_020800

Figure 11: Potential Write Conflicts

Two sets of variables are defined to determine where a desired bit is in the configuration data.
The first is a set of “independent” variables, or design attributes, namely characteristics of the
design that are known, i.e., the device size and which CLB and bit(s) within the CLB to locate,
Table 4. The second set is a set of “dependent” variables or design variables, namely values
that must be calculated to find the bit(s) of interest listed in Table 5.

Table 4: Design Attributes (Independent Variables)

Term Definition
Chip_Cols | # of CLB columns on the Virtex device
Chip_Rows | # of CLB rows on the Virtex device
Chip_Rams | # of block SelectRAM columns on the Virtex device
RAM_Space | Spacing of block SelectRAM columns (in terms of CLB columns)
FL # of 32-bit words in the frame.
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Table 4: Design Attributes (Independent Variables) (Continued)

Term Definition
RW 1 for Read, O for Write
CLB_Caol Column number of the desired CLB
CLB_Row Row number of the desired CLB
Slice Oorl
FG 0 for the F-LUT, 1 for the G-LUT
lut_bit The desired bit from the given LUT. Bits in the LUT are indexed from 0 to 15.
XY 0 for the X Flip-Flop, 1 for the Y Flip-Flop
RAM_Col Column number of the desired block SelectRAM
RAM_Row | Row number of the desired block SelectRAM
ram_bit The desired bit from the given block SelectRAM. Bits are indexed from 0 to
4095.

Table 5: Design Variables (Dependent Variables)

Term Definition
MJA Frame Major Address
MNA Frame Minor Address
fm_st wd The index of the word within a full configuration segment that corresponds
to the starting word of the desired frame. A full configuration segment is
defined as the following: 1) for CLB/IOB, all CLB, IOB, and RAM
interconnect frames beginning at MJA=0, MNA=0 and 2) for block
SelectRAM, all RAM content frames for the given RAM column. Words are
numbered starting at 0.
fm_wd The index of the 32-bit word within a frame that contains the desired bit.
Words in a frame are numbered starting at 0.
fm_wd_bit_idx | The bit index of the desired bit within frame word fm_wd. Words are
indexed in “big-endian” style, with bit 31 on the left and bit 0 on the right.
fm_bit_idx Bit index within a frame of the desired bit. Numbered starting with 0 as the
left-most (first) bit. Bit numbering within a frame continues across all the
words in the frame.

Table 6: Functi

ons used in Equations

Functions Definition
floor(x) The largest integer not larger than x. E.g., floor(3.1) = 3, because the next
largest integer, 4, is larger than 3.1, floor(3)=3.
ceiling(x) The smallest integer greater than or equal to x. For example, ceiling(3.2) = 4,

because 4 is greater than 3.2, and 3 is not, ceiling (4) = 4.

%

The modulus operation.5% 2=1,5%3=2,5%5=0.
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CLB LUT
SelectRAM
Dependent
Variables

Table 7 shows equations for the LUT SelectRAM “Dependent Variables” that were defined in
Table 5.

Table 7: Virtex Equations for LUT SelectRAM Dependent Variables

Term Definition

MJA if (CLB_Col < Chip_Cols/2),
then Chip_Cols — CLB_Col x2 + 2
else 2 x CLB_Col — Chip_Cols -1

MNA lut_bit + 32 — Slice x (2 x lut_bit + 17)
fm_bit_idx 3+ 18 x CLB_Row — FG + RW x 32
fm_st_wd FL x (8 + (MJA —1) X 48 + MNA) + RW x FL
fm_wd floor(fm_bit_idx/32)
fm_wd_bit_idx 31 + 32 xfm_wd — fm_bit_idx

Virtex-E CLB LUT SelectRAM Dependent Variables

The additional block SelectRAM columns in Virtex-E devices require an adjustment to the MJA.
The following equations calculate the adjustment necessary for each of the affected dependent
variables. For each variable, calculate the base value based upon the Virtex equations only and
then add the resulting Virtex adjustment.

Notes:

¢ Do NOT input the final results back into the original Virtex equations (e.g. do not use
MJAg4 Value to calculate fm_st_wd).

o MJIAgna = MIA + MJA_adj

* fm_st wdf,4 = fm_st_wd + fm_st_wd_adj

The left and right sides of the device are treated differently:

Table 8: CLB Location

CLB Location CLB Column
Left CLB_Caol < Chip_Cols/2
Right CLB_Col > Chip_Cols/2

Table 9: Virtex-E Families Adjustments for LUT SelectRAM Dependent Variables

Term Definition

MJA_adj Left | RAM_Bound = (Chip_Rams/2 - 1) x RAM_Space
MJA_adj = 2 x ceiling((RAM_Bound - CLB_Col + 1) / RAM_Space)

Righ | RAM_Bound = Chip_Caols - (Chip_Rams/2 - 1) x RAM_Space + 1
t MJA_adj = 2 x ceiling((CLB_Col - RAM_Bound + 1) / RAM_Space)

fm_st_wd_adj FL x (27 x MJA_ad))

LUT SelectRAM Examples

See “Examples” on page 27 for several examples of reading and evaluating configuration data.
The examples illustrate how to make use of these equations to find the desired data in a
bitstream.
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CLB Flip-Flop
Dependent
Variables

IOB Dependent

Equations for the CLB flip-flops can be found in Table 10. Their locations are calculated
similarly to the LUT SelectRAM locations. Equations for the CLB FF Dependent Variables are
defined in Table 5.

Table 10: Virtex Equations for CLB FF Dependent Variables

Term Definition

MJA if (CLB_Col < Chip_Caols/2)
then Chip_Cols — CLB_Col x2 + 2
else 2 x CLB_Col — Chip_Cols -1

MNA Slice x (12 x XY —43) — 6 x XY + 45
fm_bit_idx (18 x CLB_Row) + 1 + (32 x RW)
fm_st_wd FL x (8 + (MJA —1) x 48 + MNA) + RW x FL
fm_wd floor(fm_bit_idx/32)

fm_wd_bit_idx 31+ 32 xfm_wd — fm_bit_idx

Virtex-E CLB Flip-Flop Dependent Variables
Apply the adjustments given in Table 8 and Table 9.

Each 10B contains four values that can be captured into special registers. These values are:

Variables * | — the input flip-flop
* O — the output flip-flop
¢ T — the flip-flop for the tri-state control
¢ P — the value of the I/O pad
These values are captured by utilizing the CAPTURE_VIRTEX symbol in your design. The
Libraries Guide has more details on the use of this symbol. The following registers will be read
as part of the readback data.
Access to the I0B flip-flops is different for the top and bottom IOBs versus the left and right
IOBs.
The top and bottom I0Bs are part of the CLB column frames. There are two IOBs at the top and
bottom of each CLB column.
The left and right IOBs are in columns by themselves. There are three |IOBs per CLB row.
IOBs are numbered clockwise around the die. Pad 1 is located at the left side of the top edge,
above CLB column 1. The equations for where to find 10B flip-flops in the bitstream are based
on the pad number which is the same for a given size device, not the package pin name, which
varies from package to package. The mapping from package pin names to pad numbers can be
found in EPIC or fpga_editor.
Table 11 contains the numeric pad indices for the pads on all four edges of the device in terms
of the number of CLB columns and rows on the device.
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Table 11: 10B Pad Indices
Pad
Location Pad Index i
Top 1<i<Chip_Colsx 2
Right | Chip_Cols x 2 +1 <i < Chip_Cols x 2 + Chip_Rows x 3
Bottom | Chip_Cols x 2 + Chip_Rows x 3 + 1 <i < Chip_Cols x 4 + Chip_Rows x 3
Left Chip_Cols x 4 + Chip_Rows x 3+ 1 <i < Chip_Cols x 4 + Chip_Rows x 6

Table 12 shows the equations for the dependent variables for the 10B flip-flops. The variable i
in this table refers to the index of pad i.

Table 12: Equations for IOB Dependent Variables

Term

Definition

MJA

Top

if (i < Chip_Cols)
then Chip_Cols — ceiling(i/2) x 2 + 2
else 2 x ceiling (i/2) — Chip_Cols -1

Right

Chip_Cols +1

Bottom

if (i > 3 x (Chip_Cols + Chip_Rows))
then 2 x ceiling((i — 3 x Chip_Cols — 3 x Chip_Rows)/2)
else Chip_Cols — 2 x floor((i — 2 x Chip_Cols — 3 x Chip_Rows —1)/2) — 1

Left

Chip_Cols + 2

MNA

Top

— 25 x (i%2) + 45

— 13 x (i%2) + 39

—5x (i%2) + 35

ol H| O

— 4% (i%2) + 25

Right

t=(i— 2 x Chip_Cols) % 3; MNA =275 x t2 - 57.5xt + 32

t=(i— 2 x Chip_Cols) % 3; MNA =21.5xt2 - 51.5x t + 38

t=(i—2 x Chip_Cols) % 3; MNA = 17.5 x t2 — 47.5 x t + 42

T| 4| O

50

Bottom

25 x ((i— 2 x Chip_Caols - 3 x Chip_Rows)%?2) + 20

13 x ((i — 2 x Chip_Caols - 3 x Chip_Rows)%?2) + 26

5x ((i— 2 x Chip_Cols - 3 x Chip_Rows)%?2) + 30

ol 4| O

4 x ((i— 2 x Chip_Caols - 3 x Chip_Rows)%?2) + 21

Left

t = (i— 4 x Chip_Cols - 3 x Chip_Rows)%3; MNA = 17.5 xt2 - 475 xt + 45

t = (i— 4 x Chip_Cols - 3 x Chip_Rows)%3; MNA = 23.5 xt2 - 53.5 x t + 39

t = (i— 4 x Chip_Cols - 3 x Chip_Rows)%3; MNA = 27.5 xt2 - 57.5x t + 35

ol dH4| O

50
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Table 12: Equations for IOB Dependent Variables (Continued)

Term Definition
fm_bit_idx Top 32 x RW
I, O, &T | 18 x (1 + floor ((i — 2 x Chip_Cols — 1)/3)) + 32 x RW
Right t=(i— 2 x Chip_Cols) % 3;
P fm_bit_idx = 18 x (1 + floor ((i — 2 x Chip_Cols — 1)/3)) + 6 x t2— 17 x t + 15 + 32 x
RW
Bottom 18 x (Chip_Rows + 1)+ 32 x RW
L O &T 18 x (Chip_Rows — floor(
T (i— 4 x Chip_Cols — 3 x Chip_Rows — 1)/3)) + 32 x RW
Left t = (i — 4 x Chip_Cols — 3 x Chip_Rows)%3;
P fm_bit_idx = 18 x (Chip_Rows — floor ((i — 4 x Chip_Cols — 3 x Chip_Rows — 1)/3))
—10.5xt2+21.5xt+4+32xRW
fm_st_wd if (MJA > Chip_Cols + 1)
then FL x (54 x MJA — 46 + MNA — 6 x Chip_Cols) + RW x FL
else FL x (8 + (MJA —-1) x 48 + MNA) + RW x FL
fm_wd floor (fm_bit_idx/32)
fm_wd_bit_idx 31 + 32 xfm_wd — fm_bit_idx

Virtex-E

IOB Dependent Variables

Similar to CLB dependent variables, only the variables affected by the major address are
different in Virtex-E and Virtex-EM devices versus Virtex devices. A simple way to account for
the change is to determine the CLB column where the pad resides (only true for top and
bottom). Then, the adjustment calculated for the CLB column can be applied. The conversion to
CLB columns is found in Table 13:

Table 13: Pad -> CLB Column

Term Definition

CLB_Caol

Top ceiling(i/2)

Bottom | ceiling((4 x Chip_Cols + 3 x Chip_Rows + 1 -i)/2)

Table 14: Virtex-E Families Adjustments for IOB Dependent Variables

Term Definition

MJA_adj

Top use Table 8 and Table 9
Right | Chip_Rams

Bottom | use Table 8 and Table 9
Left Chip_Rams

fm_st_wd_ad;j FL x (27 x MJA_ad))
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Block The equations for the block SelectRAM dependent variables are given in Table 15. The
SelectRAM relationship of a particular memory cell index in the context of a given configuration is described
Dependent in XAPP130 “Using the Virtex Block SelectRAM+ Resource”.
Variables Table 15: Virtex Equations for Block SelectRAM Dependent Variables
Term Definition
if (RAM_Col < Chip_Rams/2)
MJA then 2 x (Chip_Rams/2 - 1 - RAM_Caol)
else 2 x (RAM_Caol - Chip_Rams/2) + 1
1 x floor(((ram_bit / 64) % 64)/32) + 2 x floor(((ram_bit / 64) % 32)/16)
MNA + 4 x floor(((ram_bit / 64) % 16)/8) + 8 x floor(((ram_bit / 64) % 8)/4)
+ 16 x floor(((ram_bit / 64) % 4)/2) + 32 x floor(((ram_bit / 64) % 2)/1)
equivalent to MNA = div64[0:5] where div64[5:0] = floor(ram_bit/64)
o obtain value for bitpos from Table 16
fm_bit_idx o )
fm_bit_idx = 18 + 72 x RAM_Row + bitpos
fm_st wd FL x MNA + RW x FL
fm_wd floor(fm_bit_idx/32)
fm_wd_bit_idx | 31+ 32 xfm_wd — fm_bit_idx

Table 16: Virtex Block SelectRAM Bit Position Within a Given Block SelectRAM

< < < < < < < <

(o] [{e] (o] (o] [{e] (o] [(e] [(e]

N %) X n N n N n X n N 0 X n X 0
- o - o - o - o o) o > o ) o ) o
5 &5 2 5 £ 5 2 5 2 5 2 5 2 5 g
el |le ||| ||| ||| ||| |"“
o © o o © o © ©

0 42 8 45 | 16 | 29 | 24 | 26 | 32 | 43 | 40 | 44 | 48 | 28 | 56 | 27
1 58 9 61 | 17 | 13 | 25 | 10 | 33 | 59 | 41 | 60 | 49 | 12 | 57 | 11
2 41 | 10 | 46 | 18 | 30 | 26 | 25 | 34 | 40 | 42 | 47 | 50 | 31 | 58 | 24
3 57 | 11 | 62 | 19 | 14 | 27 9 35|56 | 43 | 63 | 51 | 15 | 59 8
4 50 | 12 | 53 | 20 | 21 | 28 | 18 | 36 | b1 | 44 | 52 | 52 | 20 | 60 | 19
5 49 | 13 | 54 | 21 | 22 | 29 | 17 | 37 | 48 | 45 | b5 | 53 | 23 | 61 | 16
6 66 | 14 | 69 | 22 5 30 2 38 | 67 | 46 | 68 | 54 4 62 3
7 65 | 15 | 70 | 23 6 31 1 39 | 64 | 47 | 71 | 55 7 63 0

Virtex-E Block SelectRAM Dependent Variables

The RAM major address numbering scheme changed slightly such that the lowest MJA on the
left side is now "2" instead of "0". As in the case for the CLB equations, the adjustments below
should be applied after the Virtex equations.

Table 17: Virtex-E and Virtex-EM Adjustments for Block SelectRAM Dependent

Variables

Term

Definition

MJA_adj

if (RAM_Col < Chip_Rams/2) MJA adj =2
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Configuration
Logic Basics

Configuration Data

Configuration data is organized as 32-bit words. There are two major commands that the
configuration data can contain; Read and Write. A configuration command is executed when
the configuration command is read or written to the appropriate command register.

The OP field contains 01 for a Read operation, and 10 for a Write operation. (See Figure 12).

OoP CODE
Read 01
Write 10

Figure 12: OP Field Code

A command is organized as a packet with a header word and optional data words. The header
word is the first word written to the appropriate command register for a read or write operation.
The header word contains a type field (001), an operand field, a register address field, and a
word count field. The format for the command header is shown in Figure 13 on page 17.

The Register Address field defines the target of this command, as defined in Table 18 on page
17.

The header word count field contains an integer between 0 and 2,047 and indicates the
number of words that follow the header. Larger word counts (between 2,048 and 1,048,575
words) are achieved by setting the header word count to 0. The Extension header word has a
type field = 010, an OP field that must match the OP field in the preceding Command Header
word, and a 20-bit word count, this format is shown Figure 14 on page 17.

Configuration Flow

Virtex devices are configured by presenting configuration data to the SelectMAP or JTAG
interfaces in a specific sequence.

For Initial Configuration

Issue one or more pad words (SelectMAP only).

Issue Sync word (SelectMAP only).

Reset CRC.

Set FLR.

Set COR.

Set MASK.

Set CTL. (Set PERSIST if you want to keep SelectMAP active after this configuration.)

© N o g~ w DR

Issue a SWITCH (switch CCLK frequency) command to the CMD register. This is
necessary only in Master Serial configuration mode.

Reading Configuration

These commands can be issued to read a full configuration or for a partial configuration after
the device has been completely configured.

Issue a Sync word (SelectMAP only) if the previous configuration command was aborted.
Set the FAR to the starting address.
Issue a RCFG (read configuration) command to the CMD register.

1.
2
3
4. Write the number of words to be read to the FDRO register.
5. Flush the command pipeline with a pad word.

6

Read data frames.
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Writing Configuration

These commands can be issued either as part of an initial configuration or for a partial
configuration after the device has been configured.

Issue a Sync word (SelectMAP only) if the previous configuration command was aborted.
If the frames being written can cause contention, then assert the GHIGH_B signal.

Set the FAR to the starting address.

Issue a WCFG (write configuration) command to the CMD register.

Write the number of words to be written to the FDRI register.

Write data frames.

N o g s~ wDdh e

If the GHIGH_B signal was asserted, de-assert it by writing the LFRM (Last Frame)
command to the CMD register and write one pad frame.

Type | OP | Register Address | RSV | Word Count
31 30 29 28|27 26 25 24|23 22 21 20(19 18 17 16|15 14 13 12411 10 9 8|7 6 5 4|3
0 0 1 x|x O O O|O0O O O OfO0O O O x|x x x 00 x x XxX|x x x X

Notes:
1. Locations within fields containing a zero or one must have these values. An X in a bit field indicates that the value is variable and must
be set.

2. Heavy vertical lines are used to separate fields. Light vertical lines separate nibbles in the word.
Figure 13: Command Header Format

Type | OP | Word Count
31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16|15 14 13 12(11 10 9 8
0 1 0 x|x O 0 0|0 O O Ofx X X X|X X X X[|X X X X|[Xx X X X|x x x X

Notes:
1. Locations within fields containing a zero or one must have these values. An X in a bit field indicates that the value is variable and must
be set.

2. Heavy vertical lines are used to separate fields. Light vertical lines separate nibbles in the word.

Figure 14: Large Block Count Header Extension Format

Confi gu ration Configuration logic is accessed and controlled via a collection of 32-bit registers called the
Reg isters configuration registers (see Table 18). Registers are described in the following sections.

Table 18: Configuration Register Addresses

Register Name Mnemonic| R/W Binary Address
CRC CRC R/IW 0000
Frame Address FAR R/W 0001
Frame Data Input FDRI W 0010
Frame Data Output FDRO R 0011
Command CMD R/W 0100
Control CTL R/W 0101
Control Mask MASK R/W 0110
Status STAT R 0111
Legacy Output LOUT W 1000
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Table 18: Configuration Register Addresses (Continued)

Register Name Mnemonic| R/W Binary Address

Configuration Option COR R/W 1001
Reserved - - 1010
Frame Length FLR R/W 1011
Reserved - - 1100
Reserved - - 1101
Reserved - - 1110
Reserved - - 1111

Command Register (CMD)

The content of the Command Register (CMD) is interpreted by the configuration state machine.
Configuration commands control the operation of the configuration state machine, the Frame
Data Register (FDR), and some of the global signals. The command in the Command Register
is executed each time the FAR is loaded with a new value. The effect of each command is
defined in Table 19.

Table 19: Configuration Commands

Cmd Code Description

Rsvd 0000 | Reserved

Write Configuration Data — Used prior to writing configuration data to the FDRI. It takes the
WCFG 0001 | internal configuration state machine through a sequence of states that control the shifting of the FDR
and the writing of the configuration memory. (See "Frame Data Input Register (FDRI)" on page 24).

Rsvd 0010 | Reserved

Last Frame — This command is loaded prior to writing the last (pad) data frame if the GHIGH_B
LFRM 0011 | signal was asserted. This command is not necessary if the GHIGH_B signal was not asserted. This
allows overlap of the last frame write with the release of the GHIGH_B signal.

Read Configuration Data — Used prior to reading frame data from the FDRO. Similar to the WCFG

RCFG 0100 command in its effect on the FDR (see "Frame Data Output Register (FDRO)" on page 24).

Begin Startup Sequence — Starts the startup sequence. This command is also used to start a
START 0101 | shutdown sequence prior to partial re-configuration. The Startup Sequence begins with the next
successful CRC check (see "Cyclic Redundancy Check (CRC)" on page 22).

Reset Capture — Used when performing capture in single-shot mode. This command must be used

RCAP 0110 to reset the capture signal if single-shot capture has been selected.

RCRC 0111 | Reset CRC — Used to reset CRC register (see "Cyclic Redundancy Check (CRC)" on page 22).

Assert GHIGH_B Signal — Used prior to re-configuration to prevent contention while writing new

AGHIGH | 1000 configuration data. All CLB outputs and signals are forced to a one.

Switch CCLK Frequency — Used to change (increase) the frequency of the Master CCLK. The new

SWITCH | 1001 frequency is specified in Table 21.

Rsvd 1010 | Reserved

Rsvd 1011 | Reserved

Rsvd 1100 | Reserved
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Table 19: Configuration Commands (Continued)

Cmd Code Description
Rsvd 1101 | Reserved
Rsvd 1110 | Reserved
Rsvd 1111 | Reserved
Configuration Option Register (COR)
The Configuration Option Register (COR) is used to select configuration options that are
illustrated in Figure 15 and defined in Table 20. Entries in this table are further explained in the
following tables:.
L w L
2 —
L5 |w m X < = O o o 3 o
oA |2 % 0 = 0 e > > > >
w' | (S @ < ! = © © © ©, <
szel 8 |8 8 Rl g2 s | g ¢ |s
o % 0 | n 8 9 0) T 1)
31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16|15 14 13 12|11 10 9 8|7 6 5 4|3 1 0
0 X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
Notes:
1. Locations within fields containing a zero or one must have these values. An X in a bit field indicates that the value is variable and must
be set.
2. Heavy vertical lines are used to separate fields. Light vertical lines separate nibbles in the word.
Figure 15: COR (Configuration of Option Register) Fields
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Table 20: Configuration Option Register Fields

Bitgen
Field Bit Indices Description Default
0: No pipeline stage for DONEIN.
1: Add pipeline stage to DONEIN.
DONE_PIPE 30 FPGA waits on DONE that is delayed by one (1) cycle of the StartupClk 0
rather than the pin itself. Use this option when StartupClIk is running at high
speeds.
0: DONE pin is open drain.
DRIVE_DONE 29 L _ _ 0
1: DONE pin is actively driven high.
SINGLE 28 Readback capture is one-shot. 0
OSCFSEL 27:22 Select CCLK frequency in Master Serial configuration mode. 2
Startup sequence clock source
) 00: Cclk
SSCLKSRC 21:20 01 UserClk 0
1x: JTAGCIk
4-bit mask indicating which DLL lock signals to wait for during LCK cycle.
The 4 bits (from MSB to LSB) correspond to DLLs TL=3, TR=2, BL=1,
LOCK_WAIT 19:16 BR=0 (top-left, top-right, etc.). In Virtex-E devices where there are 8 DLLs, 0
each mask bit applies to the 2 DLLs in that quadrant of the device. The
default is not to wait for any DLL lock signals.
Indicate whether doing a startup or shutdown sequence.
SHUTDOWN 15 0: Startup 0
1: Shutdown sequence
DONE_CYCLE 14:12 Startup phase in which DONE pin is released 3
LCK_CYCLE 11:9 Stall in this startup phase until DLL locks are asserted. 7
GTS_CYCLE 8:6 Startup phase in which 1/0Os switch from tri-state to user design 4
GWE_CYCLE 5:3 Startup phase in which the global write-enable is asserted 5
GSR_CYCLE 2:0 Startup phase in which the global set/reset is negated 5

Table 21 shows the allowed values for the OSCFSEL field of the COR. Setting OSCFSEL to
one of these values will set the Master CCLK frequency to the specified value.

Table 21: OSCFSEL-Specified Master CCLK Frequencies

CCLK CCLK CCLK

(MHz) OSCFSEL (MHz) OSCFSEL (MHz) OSCFSEL
43 000010 13 001010 41 100111
5.4 010001 15 001101 45 110011
6.9 000100 20 010111 51 101010
8.1 000101 26 011010 55 110100
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Table 21: OSCFSEL-Specified Master CCLK Frequencies (Continued)

CCLK CCLK CCLK
(MHz) OSCFSEL (MHz) OSCFSEL (MHz) OSCFSEL
9.2 000110 30 011101 60 101101
10.0 000111 34 110010 — —
Notes:

1. These values are accurate to +45%, — 30%.

Table 22 shows the values of the DONE_CYCLE, LCK_CYCLE, GTS_CYCLE, GWE_CYCLE,
and GSR_CYCLE fields in COR. This table shows the step in the start-up sequence when each
of these signals becomes active.

Table 22: COR Startup Cycle Fields

GTS_CYCLE

Field | DONE_CYCLE (GTS_CFG GSR_CYCLE | GWE_CYCLE
Value | (DONE Active) Inactive) (GSR Inactive) | (GWE Active) | LCK_CYCLE

000 1 1 1 1 0

001 2 2 2 2 1

010 3 3 3 3 2

011 4 (default) 4 4 4 3

100 5 5 (default) 5 5 4

101 6 6 6 (default) 6 (default) 5

110 - Doneln’ Doneln' Doneln® 6

111 Keep State Keep State Keep State Keep State Don't Wait

(default)

Notes:

1. 1 DONE if DonePipe = No, else the delayed version of DONE.

Control Register (CTL)
The Control Register (CTL) fields are illustrated in Figure 16 on page 21 and defined in

Table 23.
mI
|_
212 i
—lwn
3|6 "
o d
Q
31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16|15 14 13 12|11 10 9 8 6 5 3 2 1 0
o o o o/0O 0O OO|O O O OO O O O|jO O O OjO O O «x x 0 0 0 0 «x
Notes:

1. Locations within fields containing a zero or one must have these values. An X in a bit field indicates that the value is variable and must

be set.

2. Heavy vertical lines are used to separate fields. Light vertical lines separate nibbles in the word.
Figure 16: Control Register Fields
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Name Bit Indices Description
SBITS 8:7 Security level:

0: Read/Write OK (default)
1: Readback disabled.
2,3: Readback disabled, Writing disabled except CRC register.

PERSIST 6 Configuration interface remains after configuration.
0: No (default)
1: Yes
GTS_USR B 0 Active-low global tristate 1/0s. Turn off pull-ups if GTS_CFG_B

is also asserted.

Table 23: Control Register Bits

Cyclic Redundancy Check (CRC)

A data input error checking mechanism is provided through the Cyclic Redundancy Check
(CRC) register. When data is written to any configuration register (except LOUT) a 16-bit CRC
value is calculated using both the register data and the address. This value is saved in the CRC
register. At the end of any series of writes a pre-calculated CRC block-check value may be
written to the CRC register. If the resulting value is non-zero, an error is indicated. The
CRC_ERROR bhit is accessible through the status register. If a CRC error is detected,
configuration logic is put in the ERROR mode. The following section is an algorithm for
computing CRC.

CRC Algorithm
/* Initialization */
bce = 0;
skip pad = true;
more words = true;
/* Check for write operation. */
do {
w = next word;
if (w[31:27] == ’00101’) {
/* A Read OP. Don’t use in CRC*/
wc = w[1l0:0];
if (we == 0) {
w = next word;
wc = w[l19:0];

}
while (wc-- > 0) {
w = next word;
}
}
elsif (w[31:27] == '00110’) {

/* A Write OP. Use in CRC. */

addr = w[l6:13];

if (addr € {0,1,2,4,5,6,9,D,B}) {
wc = w[10:0];

if (we == 0) {
/* wc is in next word. */
w = next word;

wc = w[19:0];

}

while (wc-- > 0) {
w = next word;
sw[35:0] = addr, word;

for (i=0; 1i<36; i++) {
x16 = bcc[15] XOR swlil];
x15 = bcc[14] XOR x16;
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x2 = bcc[l] XOR x16;
bcec[15:0] =
x15,bcc[13:2],x2,bcc[0],x16;
1

/* Note the bit order */
crc[15:0] = becc[0:15];
}
}
}

else {
/* Pad word - ignore */

}

} while (more words)

CRC Calculation Register
n D—|2|3|4ISIGI?|8|9|10|11|12|13|14 .

CRC Data Input Register

DATA_IN

Address 32-bit Data Word
3|2 [1]o]s1]30]20]28[27]26] e @ @ [s]a]sf2]1]0
SHIFT L
0000 0000 0000 0000 16-bit CRC
31:16 15:0

CRC Register [31:0]

x151_17_021100

Figure 17: CRC Calculation Register

Frame Address Register (FAR)

The Frame Address Register (FAR) holds the address of the current frame. The address is
divided into three parts, the block type, the major address, and the minor address. The block
type field indicates whether the CLB or block RAM address space is used. The command in the
command register is executed each time the FAR is loaded with a new value.

The major address selects the CLB or RAM column, the minor address selects the frame within
the column. The minor address is incremented each time a full data frame is read from or
written to the frame data register. If the last frame within the CLB column is selected when the
increment occurs, the major address is incremented and the minor address is reset to zero,
otherwise the minor address is incremented. However, the block RAM major address is not
incremented automatically.

Note: the Block RAM Major Address is not incremented automatically. To address a different

Block RAM Content column, the FAR must be loaded with the new Major Address.

See Figure 18 for the definitions of valid values for the block type field. The FAR field definitions
are shown in Figure 19.

Type Codes
CLB 00
RAM 01

Figure 18: Block Type Codes
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Block Major Address Minor Address

Type (Column Address) (Frame Address)
31 30 29 28|27 26 25 24|23 22 21 20(19 18 17 16|15 14 13 12|11 10 9 8|7 6 5 4|3 2 1 O
0 0 0 0|0 X X X|X X X X|X X X X|X X X X|[x x x 0|0 0O 0 O0(0 0 O0 O
Notes:

1. Locations within fields containing a zero or one must have these values. An X in a bit field indicates that the value is variable and must

be set.

2. Heavy vertical lines are used to separate fields. Light vertical lines separate nibbles in the word.

Figure 19: Frame Address Fields (FAR)

Frame Data Input Register (FDRI)

The Frame Data Input Register (FDRI) is used to load configuration frame data into a Virtex
device.

The Frame Data Register (FDR) is a shift register into which data is loaded prior to transfer to
the configuration memory. Configuration data is written to the Virtex device by loading the
command register with the WCFG command and then loading the FDR with at least two frames
of 32-bit words.

The write operation is pipelined such that the first frame of data is written to the configuration
memory while the second frame is being shifted in. The last frame (the pad frame) is always

dummy data which is not actually written to the configuration memory. Each frame write must
include enough 32 bit data words to load the frame fully. There is one pad word at the end of
each frame which is required for the pipelining hardware.

Frame Data Output Register (FDRO)

The Frame Data Output Register (FDRO) is for reading configuration data or captured data
from the Virtex device, a process called readback. Readback is performed by loading the
command register with the RCFG command and then addressing the FDRO with a read
command.

Frame Length Register (FLR)

Near the beginning of the configuration bitstream the Frame Length Register (FLR) is written
with the length of a frame, as measured in 32-bit words. This length count is used to provide
sequencing information for the configuration read and write operations. Note that the FLR must
be written before any FDR operation works. It is not necessary to set the FLR more than once.
If the number of bits in a frame is not evenly divisible by 32, the length count of the frame must
be rounded up to the next highest integer. The values for the FLR for all the current Virtex series
devices are given in Table 24.

Note: The FLR contains a value that is one less than the number of words that are read from
or written to a given frame. This is because the extra word needed for pipelining is not counted.
Table 24: Frame Length Register Value
Device Row x Col | Frame Length # Words per Frame FLR Value
XCV50/E 16 x 24 384 12 11
XCV100/E 20 x 30 448 14 13
XCV150 24 x 36 512 16 15
XCV200/E 28 x 42 576 18 17
XCV300/E 32x48 672 21 20
XCV400/E 40 x 60 800 25 24

3-24

www.Xilinx.com
1-800-255-7778

XAPP151 (v1.4) June 15, 2000


http://www.xilinx.com

Virtex Series Configuration Architecture User Guide

S XILINX®

Table 24: Frame Length Register Value (Continued)

Device Row x Col | Frame Length # Words per Frame FLR Value
XCV405E 40 x 60 800 25 24
XCV600/E 48 x 72 960 30 29

XCV800 56 x 84 1088 34 33
XCV812E 56 x 84 1088 34 33
XCV1000/E 64 x 96 1248 39 38
XCV1600E 72 % 108 1376 43 42
XCV2000E 80x 120 1536 48 47
XCV2600E 92 % 138 1728 54 53
XCV3200E 104 x 156 1952 61 60

Legacy Output Register (LOUT)
The Legacy Output Register (LOUT) is used for daisy chaining the configuration bitstream to

other Xilinx devices. Data written to the LOUT is serialized and appears on the DOUT pin.

Mask Register (MASK)

The Mask Register (MASK) is a mask register for writes to the CTL register. A "1" in bit N of the
mask allows that bit position to be written in the CTL register. The default value of the mask is
all "0"s.

Status Register (STAT)

The Status Register (STAT) is loaded with current values of several control or status signals.
The register can be read via the re-configuration block or via JTAG. The fields in the Status
register are illustrated in Figure 20. The values of the signals given in Table 25 on page 26 can
be read from the status register.

[0d
%) oKX @)
w w|_llo|oL| o v | &
z|E oI uo g Sl
Q| z g % 5|2 || oY
-
5|°°|6|Z &
_ _ _ _ _ Q
31 30 29 28|27 26 25 24|23 22 21 20|19 18 17 16|15 14 13 12|11 10 9 8|7 6 5 4|3 21 O
0O 0 0O OO 0O O 0|0 O O O|J]O0O O O O]O0 x X X|X X X X|X X X X|xxx X
Notes:
1. An Xin a bit field indicates that the value is variable.
2. Heavy vertical lines are used to separate fields. Light vertical lines separate nibbles in the word.
Figure 20: Status Register Fields
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Configuration

Interface

Table 25: Status Register Bits

Name Bit Indices Description
DONE 14 Input from DONE pin
INIT 13 Value of INIT
MODE 12:10 Value of M2, M1, MO mode pins
GHIGH_B 9 0 = GHIGH_B asserted
GSR_B 8 0 = all flip-flops are Reset/Set
GWE_B 7 1 = flip-flops and block RAM are write disabled
GTS_CFG 6 0 =1/Os are tri-stated
IN_ERROR 5 Legacy input error
LOCK 4:1 Output from DLL lock signals. 1 = DLL is locked.
CRC_ERROR 0 Indicates that a CRC error has occurred.

There are two configuration interfaces to the Virtex devices — the bit-serial Boundary Scan
interface and the 8-bit byte-serial SelectMAP interface. Conceptually, XCV50 configuration
data appears as in Figure 21.

Data Frame 0 (11 words) Pad Word
Data Frame n (11 words) Pad Word
Pad Frame (12 words)

Figure 21: XCV50 Frame Padding for Reads

Frames and words within frames are written in the same order in both configuration interfaces,
starting with Frame 0, word O (the left-most in the picture), followed by word 1, etc. Bits within
each word are written from left to right (MSB first) in the bit-serial configuration interfaces.

Within the SelectMAP interface, data is written a byte at a time. A sample word is shown in
Figure 22. The top row indicates the device pin names. The bottom row indicates the bit indices
within a configuration word. Byte 0 loads first, followed by byte 1, et cetera. The MSB of each
byte (i.e., bits 31, 23, 15, and 7) is loaded on pin DO. The LSB of each byte (i.e., bits 24, 16, 8,
and 0) is loaded on pin D7.

l«—— Byte 0 Byte 1 Byte 2 Byte 3 ————»
DO| D1 D2| D3| D4 (D5|D6|D7| DO(D1(D2|D3 (D4 |D5|D6 (D7| DO[D1|D2|D3|D4|D5|D6(D7| DO|D1|D2|D3|D4|D5|D6 (D7
x151_22_021100
Figure 22: SelectMAP Byte and Bit Ordering
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Exam ples Several examples of reading and evaluating configuration data are provided to illustrate the
following.

"Example 1: Read and Write Semaphores in an XCV100 at CLB R1 C1, Slice 0." on page 27
"Example 2: Reading the Complete Configuration from an XCV50." on page 32

"Example 3: Read the Slice 0 G-LUT from CLB R1 C1 from the Complete Configuration of an
XCV50." on page 33

"Example 4: Read the Slice 1 F-LUT from CLB R19 C16 from an XCV100." on page 35
"Example 5: Read All Bits in Slice 0 G-LUTs from CLB C2 and XCV50." on page 40
"Example 6: Read Block SelectRAM index 387 of RAM R2 CO from an XCV100E." on page 42

Example 1: Read and Write Semaphores in an XCV100 at CLB R1 C1,
Slice 0.

Semaphores are a useful communication mechanism documented in XAPP 153, “Status and
Control Semaphore Registers using Partial Reconfiguration.” Figure 23 shows an abstraction

of a microprocessor writing control information to an FPGA and reading status information. One
convention for implementing semaphores in Virtex devices is to use two bits of a 16-bit, dual-
port RAM, as illustrated in Figure 24. This occupies one CLB slice with the F-LUT implementing

the control semaphore and the status semaphore implemented in the G-LUT. Address 15 of the
G-LUT is used for on-chip writes to the semaphore and address 14 of the F-LUT is used for on-

chip reads. Conversely, the off-chip microprocessor is reading the G-LUT[15], and writing F-
LUT[14].

Status

1T S0
Control /\B

Semaphores

MicroProcessor FPGA

x151_23_021400

Figure 23: Semaphore Abstraction
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Select Map
Chip Interface

x151_ 24 021100

Figure 24: Semaphore Read/Write Implementation

Using a Semaphore Abstraction dual-port RAM ensures that the LUT SelectRAMs are placed
in the CLB in a predictable manner. When writing data to one or more LUT SelectRAMs or flip-
flops on the device, all bits in the frame must have valid configuration information. This is
assured by altering valid configurations from bitstream files or from frames read from a properly
configured Virtex device. The latter approach is used in this example.
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Attributes for this design are summarized in Table 26.

Table 26: Design Attributes for Example 1

G-LUT [15] F-LUT [14]
Attribute Read Read Write
Chip_Rows 20
Chip_Cols 30
FL 14
CLB_Row 1
CLB_Col 1
Slice 0
FG 1 0
lut_bit 15 14
RW 1 1 0

From the equations in Table 7 on page 11, the values shown in Table 27 can be calculated.

Table 27: Semaphore Example Variables, Equations, and Values

Value(s)
G-LUT[15] F-LUT[14]
Variable Equation Read Read Write
MJA 1<30/2=30-1x2+2 30
MNA lut_bit + 32— 0 x (...) 47 46
fm_bit_idx 3+18x1-FG+RWx 32 52 53 21
fm_st_wd 14x(8+(30-1)x48 20,272 20,258 | 20,244
+{46,47}) +RW x (14 +1)
=14 x (1,400 + {46,47}) + 14 x RW
=19,600 + 14 x {46,47} + 14 x RW
fm_wd floor (20/32) 1 1 0
fm_wd_bit_idx | 31+ 32x{1,1,0} -{52,53,21} 11 10 10

From off-chip, for reading the G-LUT[15] bit, read one frame (MNA=47). For writing the F-
LUT[14] bit, we show how to read then write one frame (MNA=46), as opposed to modifying
data from a bitstream file (both are valid methods). The frames on the XCV100 contain 13
32-bit words and one pad word. Remember that fm_st_wd is calculated assuming the entire
configuration has been read. However, only the pad frame and then frames 46 and 47 from
Major Address 30 are being read. The desired bit is in Frame 1, word #1, which is word 15.

The commands for reading both frames (and the pad frame) are given in Figure 25.
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Data

Instruction Hex e R N e A e N e et e e et S e s S e S R e S R N R
Sync Word AA99 5566 |1 01 0(1010(10011001(0101{01 01|01 100110
Write next (1) word to FAR 3000 2001 Jo 0 1 1[0fo 0 0[0 0 0 0f0 0 0 0[0 0 1fo[ofo 0 0J0 0 0 0[0 0 0 1
CLB MJA=30, MNA=46 003C 5800 ooo0ooo|oo01111000101100|ooooooooo
Write next word to CMD 3000 8001 001|1oooooo0000001oo|oo|00000000001
Register value for RCFG 0000 0004 JO 0 0 0[0 0 0 0[0 0 0 0/0 0 0 0[0 0fJ0 0[0 0 0 0]0 00 0[0 100
Read from FDRO 2800 602A 001|01|oooo0000000011|00|00000101010
Flush pipe 0000 0000 [0 O 0 0[O0 0 0 0O/0O O O 0[O0 O O 0[O O O 0[O0 O O 0[O O O O[O0 O O O
(read 42 words)
Notes:

1. Binary data is grouped in two ways for ease of interpretation. Thin vertical lines separate nibble boundaries. Heavy vertical lines

separate field boundaries.

Figure 25: Commands to Read Two Data Frames

The 42 words read are shown in Figure 26. F-LUT[14] is in the second frame (frame=1,

word=1) at bit 10. The value read is a "1", but because the LUT bits are inverted, the logic value
is zero. G-LUT[15] is in word one of the third data frame (frame=2, word=1) at bit 11.The value
read is a "1", which is a logic zero.
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111142 111412111411 11211 11121 141 1 1 1|1 1 1 1
111141211 1}j121 11141111121 1 11 1 1 141 1 1 1|1 1 1 1
111141211 1}j121 111411111 1 1 111 1 141 1 1 1|1 1 1 1
11111211 1}j121 11141111121 1 111 1 141 1 1 1|1 1 1 1
1111421114211 14111121 1 1111 141 1 1 1|1 1 1 1
1111211141211 14111121 1 1111 141 1 1 1|1 1 1 1
1111421114211 14111121 1 1111 141 1 1 1|1 1 1 1
1111211 1}j121 11141111121 1 111 1 141 1 1 1|1 1 1 1
1111211 1}j121 1114111112 1 1 111 1 141 1 1 1|1 1 1 1
11111211 1}j121 11141111121 1 111 1 141 1 1 1|1 1 1 1
1111211141211 14111121 1 1111 141 1 1 1|1 1 1 1
111142 111412111411 1121 1 1111 141 1 1 1|1 1 1 1
111142 111412111411 1121 1 1111 141 1 1 1|1 1 1 1
11111211 1}j121 111411111 1 1 111 1 141 1 1 1|1 1 1 1
o o0 o o0j0 0o 0 0O OO OfO0O O O OO O O OO O O OO O O 0|0 0 0 O

10 0 00O O O O0OfO O O O O O OO0 1 1 0(1 1 0 0|0 O O OO0 0O O OfFI[14]

1111y 0 1 10 0 0 O0Of12 1212 1|0 0 1 112 12 12 0f1 1 O O|O O O O
o o0oo0©o©0z2z7111j2 01 10 0 0 0|]0O O 0 0|0 O 1T 1f1 1 1 0|12 1 0 O
o o o o0j0 0 0 0j2211{0 0 0 0O|]0O O O OO O O OO O 1 1|2 12 1 O
11060210 0jO OO0 Of1 1 002 01 1|0 0O 0O OO0 O O O|O O 1 1
111021 0 0jO0 OO0 Of1 11 0|2 1 1 01 01 1(0 0 O 0|0 O O O
o011y 102120 0f0 01 1|0 0 0 01 121 1f1 0 1 1|0 O O O
o o0 o000 011221 0f0 0 0 0|0 O 0 0|0 O O Of1T 1 1 1|2 0 1 1
0o o o o0j0 0 0 0j]OO1 10 0 0 0|2 1 0 0|0 O O OO O O O|2 12 1 1
10110 0 0 0jO OO Of1 01 1|2 1 1 01 12 0 OO0 O O O|O O O O
11111 0 1 10 0O0O0Of1 1 1 1|0 0 1 1|1 1 1 0f1 1 O 0|0 O O O
o o0oo0©O0jz2101j2 01 10 0 0 0|0 O O OO O 1T 1(1 1 1 0|0 O O O
o o0oo0oo0j0 01 1j01 010 0 0O 0|0 O O O|O O O OO O O O0O|O O 0 O
0o o o 0|0 0 0 Oj]O OO OfO0 O O O|O O O OO O O O|O O O O|O O 0 O

101 00 O O 0|0 O O 111 01 01 1 1 0|1 1 0 0|0 O O 0|0 O O 0]GI[15]

111142 1110 00O 11 1|0 0 1 12 2 2 12(1 1 0 0|0 O O O
oo0oo0©O0jz721721j2 121 140 0 0 0j0O 0 0 0O O 1T Of1 1 1 1|12 1 0 O
o oo o0j0 0 00j2z21272110 0 0 0|0 0 O OO O0OCO0OOIO0OOTI1I1 1|2 1 1 1
11000 0 0 0Oj]O O OOf1 1 002 21 1|0 0 1 00 O O 0|0 O 1 1
11112 1 0 0j0 OO0 Ofz2 2212 12 1 11 1212 10 O O O|O O O O
60060171121 11}j12 12 0 O0fO0 01 1|0 O O0 0Of121 212 12f1 1 1 1|0 O O O
o o0o0oo0j00114j2 2110 0 0 0|0 0 0 0|0 O OOf1T 1 1 1|2 1 1 1
o oo o0j0 0 00j0OO0OC11f0 0 0 02 1 0 00O OO0 OO0 O O O|2T 1 1 1
11110 0 0 0Oj]O OOOf1 211212 12 1 1|1 1 0 OO0 O O O|O O O O
111141211 1,0O0O0OSOf1 111|001 112 2 12 1(1 1 0 0|0 O O O
o o0oo0o©0jz21011j2 21210 0 0 0|]0O O 0 00O O 1T 1(1 1 1 0|12 0 0 O
0o o0oo0oo0|j011 001110 0 0 0O|]O O O O|O O O OO O O O|O 0 0 O
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Frame |Word

Figure 26: Three Frames Containing the Semaphores

1) that was just

To write to the F-LUT semaphore, start with the second data frame (frame

read. Words 1 - 13 of that frame will become words 0 - 12 of the frame to be written. Word 13
of this new frame is a pad word and can have any value (typically O is chosen). In this new

frame, set bit 11 of word 0 (zero) to the desired value of the semaphore. A pad frame must

follow the data frame. The commands from Figure 27 write these two frames into the device at

the proper location.
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Data
Instruction Hex |98 RIQNEQNQNSISIZEN SN AN dSolelN o jmlal—o
Sync Word AR99 [1010{1010{1001[/1001[0101[0101[0110[0110
5566
Write next (1) word to FAR 3000 fJo o 1f1fofo 0 of0o 0 0 0|0 0 0 0|0 0 1fo[ofo 0 00 0 0 0[O0 0 O 1
2001

MJA=30, MNA=46

003C 00O0O0[Og0 OJ0{0 0 1 1|1 1 OfJ0|0 1 0O|1|1 1 Op0|0O O O O|O0O OO O
5C00

Write next word to CMD

3000 0 0 1jJ1{0§0 0 0|0 O O O|O O O 0|1 O OpOjOjJO0 O O|O O OO|O0OOCOT1
8001

Register value for WCFG

0000 000000O0O00O0O0O0O0OOO0OOOO0OO0OOOOCO0OOOO|0OO0CO0T1
0001

Write 28 words to FDRI

3000 0 0 1jJ1{0§0 0 0|0 O O O|O O O OJO 1 OpOjOJO0O O OO OO 1|1 100
401C

Data Word 0 AO1A [1010/0000[{0001/12 010[1110{1100/0000[{0000
EC00

Data Word 1 FFOF (1111111100001 111f0011{1111/1100/0000
3FCO

Data Word 2 OFFO [0000/1111(1111{0000/0000{0010{1111l1100

02FC

Data Word 27

0000 000000O0O00O0O0O0O0OOO0OOOO0OOOOOOCO0OOOO|O0OO0COOQO
0000

Notes:

1. Binary data is grouped in two ways for ease of interpretation. Thin vertical lines separate nibble boundaries. Heavy
vertical lines separate field boundaries.

Figure 27: Commands to Write a Semaphore Value

Example 2: Reading the Complete Configuration from an XCV50.

Steps:

1.

9.

10.

11.

If flip-flop values are needed, clock the on-chip signal, CAPTURE, to capture flip-flop
values. See the Xilinx Libraries Guide for use of the CAPTURE_VIRTEX cell.

Write the starting frame address (CLB MJA=0 MNA=0) into the FAR.
Write the RCFG command to the CMD register.

Address the FDRO register with a READ operation and word count equal to the number of
32-bit words in the CLB frames plus one pad frame.

Read the data following the timing diagrams in the SelectMAP interface section.
Write the address for RAM block O to the FAR.

Address the FDRO register with a read operation and word count equal to the number of
32-bit words in the RAM block plus one pad frame.

Read the data.
Write the address for RAM block 1 to the FAR.

Address the FDRO register with a read operation and word count equal to the number of
32-bit words in the RAM block plus one pad frame.

Read the data.

When using SelectMAP mode to read data words from the Virtex device, de-assert CS, de-
assert WRITE, assert CS, then clock the data out. When using JTAG, load the JTAG IR
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(instruction register) with the CFG_OUT instruction. Then go to the SDR (Shift-DR) state and
shift the data out. (See Figure 28).

Data

Instruction Hex  HQIRIQNQRERNERIERSGLE RN SEew~ew][<|m]a]«]o
Sync Word AR99 5566 |1 0 1 0|1 01 0[1 00 1|1 0 0 1[0 1 0 1|0 1 0 1|0 1 1 0[O0 1 1 0
Write next word to FAR. 3000 2001 001|1000000000000001|o o|00000000001
CLB MJA=0, MNA=0 ooooooooooooooo|oooooooo|oooooooo|ooooooooo
Write next word to CMD 3000 8001 Jo 0 1f1[ofo o ofo 0 0 0|0 0 0 0|1 0 ofo[ofo 0 0|0 O O O[O0 O O 1
register.
Register value for RCFG | 0000 0004 o 0 0 0[0 0 O 0[O0 O O 0|0 O O 0|0 O O O[O O O 0|0 O O O[O 1 O O
Read from FDRO register.| 2800 6000 fo 0 1fo[1fo 0 ofo 0 0 0o[0o 0 0 ofo 1 1fJojofo 0 0f0 0 0 00 0 0 0
15876 words 4800 304 Jo 1 ofo[1fJo 0 ofo o0 0 0oJo 0 O O[O0 0 1 1|1 1 1 0|0 0 0 0[O0 1 0 O
Flush pipe 0000 0000 [0 O O 0|0 0 O 0[O0 O O O[O O O O[O O O O[O0 O O O[O O O O[O0 O O O
(Read 15876 words.)
Write to FAR register. 3000 2001 fo o 1f1fofo 0 ofo 0 0 oo 0 0 ofo 0 1JofoJo 0 0[0 0 0 0f0 0 0 1
RAM MJA=0, MNA=0 02000000ooooo01|oooooooo|oooooooo|ooooooooo
Read 780 words from 2800 630C fo o 1fjof1}Jo o olo 0 0 0o{0 O 0 00 1 1Jo|0oJOo 1 1{0 O 0 O|1 1L 0 O
FDRO reg.
Flush pipe 0000 0000 [0 O O 0|0 O O O[O O O O[O O O O[O O O O[O O O O[O O O O[O0 O O O
(Read 780 words.)
Write to FAR register. 3000 2001 fo o 1f1fofo 0 ofo 0 0 oo 0 0 ofo 0 1JojoJo 0 of0 0 0 0f0 0 01
RAM MJA=1, MNA=0 02020000ooooo01|ooooo001|oooooooo|ooooooooo
Read 780 words from 2800 630C Jo 0 1fo[1Jo 0 0of0 0 0 0|0 0 O0 0|0 1 1Jo|ofo 1 1{0o 0 0 0|1 1 0 O
FDRO reg.
Flush pipe. 0000 0000 [0 O 0 0|0 0 0 0[O0 O O O[O O O 0|0 O O O[O O O O[O O O O[O0 O O O

(Read 780 words.)

Figure 28: Example 2 - Read Complete Configuration for XCV50

Example 3: Read the Slice 0 G-LUT from CLB R1 C1 from the Complete
Configuration of an XCV50.

The commands for reading the bitstream from the Virtex device are given in "Example 1: Read
and Write Semaphores in an XCV100 at CLB R1 C1, Slice 0." on page 27. Using an XCV50
device, the independent attributes are show in Table 28:

Table 28: XCV50 Independent Attributes

Independent Attributes Values
Chip_Rows 16
Chip_Cols 24
FL 12
CLB_Row 1
CLB_Col 1
FG 1
Slice 0
RW 1
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From the equations given earlier in Table 7, calculating the range of values for fm_st_wd
indicates that the word 13740 of the configuration is the starting word of the 12-word (FL=12)
frame containing bit 0 of the G-LUT in Slice 0 of CLB R1C1 (Table 29).

Table 29: Variables, Equations and Values for Slice 0 G-LUT

Variables Equations Values
MJA 1<24/2 =24 -1x2+2 24
MNA 0x(...) + lut_bit + 32 0:32|4:36| 8:40 | 12: 44

1:33|5:37 | 9:41 13: 45
2:34|6:38| 10:42 | 14: 46
3:35|7:39| 11: 43 | 15: 47

fm_bit_idx | 3+18x1 -1+ RW x 32 52

fm_st_wd | 12 x (8+ (24 1) x 48 + [32:47]) +1 x 12 13,740:13,920
= 12 x (1112 + [32:47]) +12
= 13,356 + 12 x 32:47]

fm_wd floor(52/32) 1
fm_wd_bit_idx | 31+ 32-52 11

The configuration bits for the given frame are as follows. G-LUT[0] is in fm_wd=0, at bit #11.

Bitstream Frame 32-bit Word Frame
Word SREERER Word
13740 0 0 0 0 0 0
13741
13742
13743
13744
13745
13746
13747
13748
13749
13750
13751

Ol—‘OOl—‘I—‘OOI—‘Ol—‘Og

OOOOD—‘I—‘OOOOOOB

OOOOOOOOI—‘I—‘OOG
OOOI—‘D—‘OOOOOOO4

oO| O| BH| B| Oof Oof | O] O] O OOl

©| O N| O O] | W N|

[y
o

o| Oo| B| | Oofl Oof | O] O] O] ©| ©
Oo| O| H| B| Ol Ol ©of o] O] O ¥

o| Br| O]l ol of Oof B| r| O] O] ©

O| O| O]l ol of Oof B[ r| O] O| ¥

Oo| P| Bl Ol Ofl Bl Ol O] O] O] ©O| ©
oO| B| B| Ol ©ofl Ol ofl o] o] o] ¥

Oo| O| O]l Oo| Oof H| K| O] O] K| O

o| ol ol ol of | | O] O] O] ©| ©
oO| Oo| Oo| B| ol of of o] r| | O O7
o| Oo| Oo| B| | Ol Of r| O] O] © 05
oO| Oo| B| ol of of Oof r| r| O] © 03
oO| Oo| ol o| of of Oof r| r| O] © 02
o| O| B| Br| ol ol of o] o] o] © OO

=
=

Figure 29: Configuration Bits for Slice 0, CLB R1C1 G-LUT [0]

All 16 LUT SelectRAM bits are in the following words at the same bit index, 11.
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Bitstream Frame 32-bit Word
word R IR RIS R RNEREEEEEERNES o ofolvnln]-[o] LUTBt
13741 001 010O0O0O0O0O0OO0OOOOTI1IO010710UO071110O0UO0TGO0UO0UO0TO0TO0O0 0
13753 101000O00O0OO0O0OO0OO0OOOOOTILO0O0O0OT11IT1100UO0O0O0UO0OTO0TU0TUO0O0 1
13765 10101000O0O0O0O0OT1O0O0OO0OOOUOT1T1T1T1O00000O0O0O0TO 0 2
13777 0 00O0110O0OOOOOOOSO 11101101011 000WO0O0U0TUO0OTGO0TUO0O0 3
13789 01 000O0OOOOOOOOOCI1IO0111111111100W0O0U0UO0TO0TO0O0 4
13801 10101000WO0O0O0OT1O0WO0QO0TZ1T1O0WO0T1TZ1T1O0U0O0O0O0O0O0O0O0TO0 5
13813 0 0010O0O0O0O0OO0OOOOO®O0OO?1ID0O0T1T1T1UO0O0O0UO0TO0UO0TUO0TO0TUO0O0 6
13825 0110100O0DO0O0O0OO0CI11IO0T11O0WO0T1T1Q0O0T11O0O0O0O0OO0TO0TGO0OTO0TO0O0 7
13837 101110000O0O0OT1®010110W0W0T1T1O0U0O0O0O0O0O0O0O0TO0 8
13849 10000O0O0O0OOOOOOOOOTZ11I1101100WO0O0O0UO0OGO0TQ0TUO0O0 9
13861 10000O0OO0OCOOOOI11IO0O0OO0OOTI1IT11 111 10000UO0GO0TO0TUO00O0 10
13873 100000O0O10O0O0OOOOTZ1O0UO0OO0OI1107110001000O0O0T0 11
13885 10000O0O0O0OOOOOOT?11IO0T1OQ0O0T1TU0T1I10W0UO0O0O0OUO0OTO0TO0TUO0O0 12
13897 0 00O0O10UO0O0OUO0OO0OO0OOOTZ1O0UO0TO0OO0OO0OOT1IT1O0O0O0O0O0O0GO0OSO0OTO 0TO 13
13909 100000O0OO0OOOOOZ1107107110711000000O0O0O0TO0 14
13921 101 000O0O0OO0OOOO0OLI1110111110100O0WO0O0O0O0TU0TGO0OSTO0 15
Figure 30: Location of all 16 LUT SelectRAM Bits
The 16 bits are LUT[15:0]=0111111111111111. The LUT SelectRAM bits are inverted from
their logic values. The “logical” contents are LUT[15:0]=1000000000000000. Thus, this G-LUT
implements a 4-input AND function.
Example 4: Read the Slice 1 F-LUT from CLB R19 C16 from an XCV100.
Commands for reading the bitstream from the Virtex device are given in Figure 31. Use the
following independent attributes to find the given F-LUT.
Table 30: Virtex Bitstream Command Attributes
Independent Attributes Values
Chip_Rows 20
Chip_Caols 30
FL 14
CLB_Row 19
CLB_Cal 16
FG 0
Slice 1
RW 1
From the equations in Table 7 on page 11, calculating fm_st_wd indicates the starting word with
respect to a configuration that starts at MJA=0, MNA=0. Because the frames we are interested
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in start at MJA=1, MNA=0, which is fm_st_wd = 126, so the first 126 words are not needed (0—
125). Therefore, to find the given Slice 1 F-LUT, see Table 31.

Table 31: Variables, Equations, and Values for Slice 1 F-LUT

Variables Equations Values
MJA 16 > 30/2 = 2x16 — 30 -1 1
MNA lut_bit + 32 — Slice x (2 x lut_bit +17) 0:15 | 4:11 | 8:7 |12:3
=[0:15] + 32 — (2 x [0:15] + 17) 1:14 | 5:10 | 9:6 | 13:2
=15 —-[0:15] 2:13 | 6:9 | 10:5 | 14:1
3:12 | 7:8 | 11:4 | 15:0
fm_bit_idx 3+18x%x19-0+32 377
fm_st_wd 14 x (8 + (1- 1) x48 +[15:0]) +1 x 14 =336:126
=14 x (8 + [15:0]) +14
=126 + 14 x [15:0]
fm_wd floor(377/32) 11
fm_wd_bit_idx | 31+32x11-377 6

Sixteen frames need to be read, one for each bit in the LUT SelectRAM. The bits in LUT
SelectRAMs in Slice 1 occur in the opposite order that they do for Slice 0 LUT SelectRAMs.

Frames are read sequentially with ascending addresses. If read in LUT bit order, LUT[0],
LUT[1], ..., LUT[15]. These are stored in descending addresses which require 16 separate
read operations each reading one data frame and one pad frame. However, if read in ascending
address order, LUT[15], LUT[14], ..., LUTJO0], all 16 data frames are read with a single read
operation. This requires only one pad frame for all 16 frames. Thus, it takes less time to read
ascending frames starting at MJA=1, MNA=0 and finishing with frame MJA=1, MNA=15. The
frames in the XCV100 contain 14 32-bit words and a single pad word. Commands for reading
only the F-LUT data are given in Figure 31.

Data

Instruction Hex  [S[BRIRINIRIQNRNSREIESCR[SENHSofor o]t [w]n]-[o
Sync Word AR99 5566 |1 0 1 0[1]/0 1 01 0 0 1|1 0 0 1{0 1 0 10 1 0 1|0 1 1 0|0 1 1 O
Write next (1) word to FAR.| 3000 2001 Jo o 1f1jofo 0 ofo 0 0 of0 0 0 0fo 0 1fojofo 0 0[0 0 0 0[O0 0 0 1
CLBMJA=1, MNA=0 00020000ooooooo|00000001|oooooooo|ooooooooo
Write next word to CMD. 3000 8001 001|10000000000001oo|o o|00000000001
Register value for RCFG | 0000 0004 o 0 0 0[0 0 0 0J0 0 0 0[0 0 0 0[0 0J0 00 0 0 0[0 0 0 0[O0 1 0 0
Read from FDRO. 2800 60EE 001|01|00000000000011|oo|00011101110
Flush pipe. 0000 0000{0 0 O O[O0 O O O[O O O 0[O0 O O O[O O O OO O O O[O0 O O O[O0 O O O

(Read 238 words.)

Figure 31: Commands to read Slice 1 F-LUT

The 377th bit of each frame is the bit in the F-LUT. This LUT SelectRAM bit is in the frame’s
word index 11, bit index 6.
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The configuration bits for the given frame in Figure 32 are as follows: LUT Bit 15 is in MJA=1,
MNA=0, fm_wd=11, at bit #6.
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Frame 32-bit Word

62
og

o o o ofo0o o o o0fo o o o0flO0O O O OO O O O)JO O O O|O O O O|O O O O
i1 10 0({0 0 0O OfO O OOlO 1 0 12 1 1 1|2 1 0 O0O|O O O O|O O O O
111111110 O O OO O OOO O 1 12 1 1 1|2 1 O 0|0 O O O
o o0oo00fz21711f121 1 10 0 000 0 0O0)j]O0O0 1 1|2 1 1 1|12 1 0 O
o o0 o o0yj0o 0 o0o0fz717111j2 21 1{0 0 0 0|0 O O OO O 1 11 1 1 1
110 0{0 0O O OO0 OO0OO0Of 1 1 12 1 1 1j0 0 0 0|0 O O O|O O 1 1
1111110 0f0 O O0OOOOO0OOZ 1 1 12 1 1 1|0 0 O 0|0 O O O
060114212111 1 0 0|jO O O O|jO O O Of2 2 121 1j1 12 1 1{0 O O O
o o0oo0o0(f001711f1z2111fr 10 00 0 0 0j]0O O O 0|2 1 1 1|2 1 1 1
o oo o0 oo o0foo11fz 11 141 1 0 0)JO0O O O OO O O Of|21 1 1 1
11110 0 O Of0 O O OO O 1 12 1 1 1|1 1 O O|O O O O|O O O O
11111 11 1{0 0 O 0jO O0 O OO 0 1 1y12 1 12 1|1 0 O OjJO O O O
o o0oo0o0fz21711f121 1 1/0 0 0 00 0 00001 1|2 1 1 1|0 0 O O
o o0 o o0j0 0 0001 1 1|0 0 0 0j0O O O0 OO O 1T 1|12 12 1 1{0 0 0 O

Frame Word

10
11

12
13

Figure 32: Frame Containing F-LUT[15]

11, at bit #6.

15, fm_wd=

1, MNA=

LUT bit 0 is in MJA

10
11
12

13

Frame 32-bit Word

0o o o0 0|0 0O 0 O|]O O O OO O O OO O O OfO0O O O O|O0O O O O0|O 0 0 O
610902 00 00 O0OO01f0 1 0 O0Of1 12 001 1 0 0|0 O O 0|0 0 0 O
i1 0110 01 140 00 00 O O O0O(0 01 01 121 001 1 0 0|0 0 0 O

0oo0oo0©012 0110 01 1|0 0 O 00 0 O Of0 O 1 Of1 1 0 0|1 1 0 O
o oo o0j0o o0 02 0110 0 1 1{0 0 0 0|0 O O O0O|O O 1 0|1 1 0 O
110 0|0 O O OO OO0z 01 1{0 0 1 1|0 0 O 0|0 O O OO 0 1 O
110 02 10 0/O 0 0O 0|0 O O Of1 0 1 12{0 0O 1 1|0 0 O O|O O 0 O
6o010j2 100210 0f0 0 O0O0O(0O0OO0CKC1T 01 1|0 0 1 1|0 0 0 O
o o0oo0oo0j0oo0102100f21 0 0{0 0000 O0O0OO0CK]1T 01 1|0 0 1 1

oo o000 0O O0OO0O11 02 20021 0 0(0 0 O0O0O0 O0COO0O|1TL 011
6 o6011000 00 O0O0O0OO0OO0OT1TO0(1 1001 10000000000
11111 01 140 O O Of0 O 0 O|O0O O 1 01 1 1 0|1 1 0 1|0 0 O O

0oo0oo0©01211012 0110 0 0O 00 0 0 0{0O0O0O1T 12 1 0 1|0 0 0 O
6 oo o0j0 10 00 O0O1 00 O O OO0 O 0 O|jO O O O|O O O O|O 0 0 O

Bit stream

Word

336
337
338
339
340
341
342

343
344
345
346
347

348
349

Figure 33: Frame Containing F-LUT [0]
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For the sake of brevity, here are the sixteen 11th words in the order they appear in the
bitstream.
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Bitstream Frame 32-bit Word
word I HRRRNISEERNERERSERERINERow~|ow]s[o~]=]o| LUTBIt
137 111 1{1 11 1[0 0 0 00 0 0 O[O0 O 1 1|1 1 1 1|1 0 0 0|0 0 0 O 15
151 101 1|1 0 1 1|0 0 0 0|0 0 O 0|0 O 1 0|1 1 1 0|1 1 0 0|0 0 0 O 14
165 101 1/0 0 1 1|0 0 0 0|0 0 O 0|0 O 1 0|1 1 1 0|1 1 0 0|0 0 O O 13
179 101 1|1 0 1 1|0 0 0 0|0 0 O 0|0 O 1 0|1 1 1 0|1 1 0 0|0 0 O O 12
193 111 1{1 01 1(0 0 0 00 0 0 0[O0 O 1 1|1 1 1 0|1 1 0 0|0 0 0 O 11
207 111 1|11 1 1|0 0 0 0|0 0 O O|/0 0O 1 1|1 1 1 1|1 1 1 0|1 0 0 O 10
221 111 1{1 01 1[0 0 0 00 0 0 0[O0 O 1 1|1 1 1 0|1 1 0 0/0 0 0 O 9
235 101 1{1 0 1 1/0 0 0 0ofl0 0 0 Ofl0O O 1 0|1 1 1 0|1 1 0 0|0 0 0 O 8
249 101 1/0 0 1 1|0 0 0 0|0 0 O 0|0 O 1 0|1 1 0 0|1 1 0 0|0 0 O O 7
263 101 1{0 1 1 11 0 0 00 0 0 0[O0 O 1 0|1 1 0 1|1 1 0 0/0 0 0 O 6
277 111 1{0 01 1/0 0 0 o0fl0 0 0 O0fl0O O 1 1|1 1 0 0|1 1 0 0|0 0 0 O 5
291 111 1|11 1 1|0 0 0 0|0 0 O O0|{0 0O 1 1|1 1 1 1|1 1 0 0|0 0 0 O 4
305 111 1{1 01 1[0 0 0 00 0 0 00 O 1 1|1 1 1 0|1 1 0 0/0 0 0 O 3
319 101 1/0 1 1 1/0 0 0 0|0 0 O 0|0 O 1 0|1 1 0 1|1 1 0 0|0 0 0 O 2
333 101 1/0 0 1 1|0 0 0 0|0 0 O 0|0 O 1 0|1 1 0 0|1 1 0 0|0 0 O O 1
347 111 1{1 01 1[0 0 0 00 0 0 00 O 1 0|1 1 1 0|1 1 0 1|0 0 0 O 0
Figure 34: Sixteen Words Containing the F-LUT bit
The bits are LUT[15:0]=0111111111111111. The LUT SelectRAM bits are inverted from the
logic sense. The logical contents are LUT[15:0]=1000000000000000. Thus, this F-LUT
implements a 4-input AND gate.
Example 5: Read All Bits in Slice 0 G-LUTs from CLB C2 and XCV50.
Given the following attributes, the necessary values to find the G-LUT data can be computed.
Table 32: All Bits: Slice 0 G-LUTs from CLB C2 and XCV50
Independent Attributes Values
Chip_Rows 16
Chip_Cols 24
FL 12
CLB_Row 1:16
CLB_Caol 2
FG 1
Slice 0
lut_bit 0:15
RW 1
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From the equations in Table 7, the dependent variables can be calculated.

Table 33: Dependent Variables, Equations, and Values

Variables Equations Values
MJA 2<24/2 =524 -2x2+2 22
0:32 4:36 8:40 12:44
lut_bit + 32 — Slice x (2 x lut_bit + 17) 1:33 5:37 9:41 13:45
MNA = lut_bit + 32 — 0 x (2 x lut_bit + 17)
=[0:15] + 32 2:34 6:38 10:42 14:56
3:35 7:39 11:43 15:47
1.52 5:124 9:196 13:268
fm bt idx 3+18x CLB Row —1+32=34+18 x 2:70 6:142 10:214 14:286
- [1:16] 3:88 7:160 11:232 15:304
4:106 8:178 12:250 16:322
0: 12,588 4:12,636 8:12,684 12: 12,732
12x (8 +(22-1) x 48 + MNA) + 1 x 12 1: 12,600 5: 12,648 9:12,696 | 13:12,744
fm_st wd =12 % (1,016 + MNA) + 12
=12,204 + 12 x MNA 2:12,612 6: 12,660 10: 12,708 14: 12,756
3:12,624 7:12,672 11: 12,720 15: 12,768
1:1 5:3 9:6 13:8
2:2 6:4 10:6 14:8
fm_wd floor (fm_bit_idx/32)
3:2 7:5 11:7 15:9
4:3 8.5 12:7 16:10
1:11 5:3 9:27 13:19
2:25 6:17 10:9 14:1
fm_wd_bit_idx | 31+ 32 xfm_wd — fm_bit_idx
3.7 7:31 11:23 15:15
4:21 8:13 12:5 16:29

Note that fm_bit_idx, fm_wd, and fm_wd_bit_idx have 16 values, one for each row on the
XCV50. Figure 36 shows where the data lies in the first frame, which contains G[0] for the entire
column. The process is the same for the other 15 frames. The commands for reading the LUT
SelectRAM data are given in Figure 35.

From the calculation for fm_st_wd, Frame O would start at word 12,588 reading the whole
configuration. The instructions in Figure 35 start at that word, so word 0 (ignoring the 12 words
in the pad frame) is the same as word 12,588 of the entire CLB configuration. The 12 words in
the frame are shown in Figure 36.

The LUT SelectRAM bits have been shaded for ease of identification. It can be seen from the
calculation of fm_bit_idx that the LUT SelectRAM bits are in the order 1:16. For example, from
the above calculations for fm_wd and fm_wd_bit_idx, G-LUT[0] in R1C2 is in fm_wd 1,
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fm_wd_bit_idx 11. This bit is the shaded bit in word 1 at bit index 11. Similarly, the G-LUT][O0] for
the other 15 CLB rows are also shaded in this table.

Data
I — — —
instruction | N RN N R N E S DD e N
Sync Word AA99 55661 0 1 0(1 01 0|1 00 1|1 0 0 1[0 1 0 1[0 1 0 1|0 1 1 0[/0 1 1 O
Write next (1) word to FAR.| 3000 2001 fo 0 1]1Jofo 0 0J0 0 0 0]0 0 0 0[0 0 1Jo[ofo 0 0[0 0 0 0[0 0 0 1
CLB MJA=22, MNA=32 002c4oooooooooo|00010110|001ooooo|ooooooooo
Write next word to CMD. 3000800100llOOOOOOOOOOOOlOOIOOIOOOOOOOOOOl
Register value for RCFG 0000 00040 0 0 0[0 0 0 0[0 0 0 0[0 0 0 0[0 0J0 0[O0 0 0 0[0 0 0 0[0 100
Read from FDRO. 28006occ001|01|oooooooooo0011|oo|00011001100
Flush pipe. 0000 0000|0 0 0 0{0 O O O[O O O O[O O O 0[O0 O O O[O O O O[O O O O[O0 O O O
(Read 204 words.)
Figure 35: Commands to read R*C2.S0 G-LUT
Frame 32-bit Word
— (O |O) [0 [~ [ [LO ™M [N [ [O |[O) [0 [~ [© |1O ™M [N [H[O
Word SRR NEEBECRNEREREECRIFERNES]ow~]ow|s]w[~n]+]o]| CLB Row
0 0 00 0l0O 0 0 O[O OO O[O0 OOT O|OOT OTUO|[OOOT O[O OOTO|[O OO OO
1 0 00 0|1 00 0/0O0O0OT O|[0O1 0 1(0 1 0 01 1 0 0[O0 0 0 0|0 0 0 O 1
2 101 1/0 0 1 1/0 0 0 0/0 0 0 0|0 0 1 01 1 0 01 1 0 0|0 O 0 O 2,3
3 0 00 0|1 01 1/0 0 1 1/0 0 0 0|0 0 0 0{0 0 1 O0f1 1 0 0|1 1 0 O 4,5
4 0 00 0l00O0OO|1 01 11{0 01 1|0 0 0 0{0 0 0 0[O0 0 1 0|1 1 0 O 6
5 110 0|0 00 0/0O0O0OT 0|1 01 1/0 0 1 1{0 0 0 0[O0 0 0 0|0 O 1 O 7,8
6 11 0 01 10 0[0O0O0OTO00O0OO0OO0O|1L 01 1|0 0 1 1/0 0 0 0|0 0 0 O 9, 10
7 001011001 10000®O0O0O|[0O0O0OTUO0|1T0111[001 1|0 000 11, 12
8 0 00 0l0 011 0/1 1001 100f00TO0TUO0O|(0O0O0OTGO0[1 011|001 1 13,14
9 0 00 0|0 0O O0OO|0O0OT1TPO0|[1 10011 00[0O0O0OTO0[0O0O0TO0O|1L 01 1 15
10 0 01 1/0 0 0 0/0 0 0 0[O0 0 1 0|1 1 0 01 01 0[O0 0 0 0|0 O 0 O 16
11 010 1/0 0 0 0/0 0 0 0[O0 0 O 0|0 O O 0[O0 0 O O[O O 0 0|0 O O O
Figure 36: Frame for R*C2.S0 G-LUTs, Bit G[0]
Example 6: Read Block SelectRAM index 387 of RAM R2 CO from an
XCV100E.
Commands for reading the bitstream from the Virtex device are given in Figure 37. Use the
following independent attributes to find the given F-LUT.
Table 34: Virtex Bitstream Command Attributes
Independent Attributes Values
Chip_Rams 4
FL 14
RAM_Row 2
RAM_Col 0
ram_bit 387
RW 1
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Since we are attempting to read only one bit location, only one frame is necessary to be read.
We use the equations of Table 15, Table 16, and Table 17 to determine the dependent
variables.

Table 35: Variables, Equations, and Values for Slice 1 F-LUT

Variables Equations Values
MJA_virtex 0 <4/2 = 2x(4/2 -1 -0) 2
MJA_adj 0<4/2=2 2
MJA MJA_virtex + MJA_ad; 4
MNA floor(((387/64)%64)/32)+ 2 x floor(((387/64)%32)/16) 24

+ 4 x floor(((387/64)%16)/8) + 8 x floor(((387/64)%8)/4)
+ 16 x floor(((387/64)%4)/2) + 32 x floor(((387/64)%2)/1)

fm_bit_idx 3+18x19-0+32 219

fm_st wd 14x24+1x14 350
fm_wd floor(219/32) 6
fm_wd_bit idx | 31+32x6-219 4

Commands for reading this memory index are given in Figure 37.

Data
1 — — —
Instruction Hex  |3I3RIRINIQIRNRNRIRERSCRFEENESow|~ oo~ |m|~[o

Sync Word AA99 5566 |1 0 1 0f1{0 1 0|1 0 0 1|1 0 0 1{0 1 0 1{0 1 0 1|0 1 1 0|0 1 1 0
Write next (1) word to FAR.| 3000 2001 Jo 0 1fJ1]ofo 0 ofo 0 0 o[0 0 0 0fo 0 1fo[ofo 0 0[0 0 0 0]0 0 0 1
CLBMJA =4, MNA =24 02083000o000001|000001oo|00011000|ooooooooo
Write next word to CMD. 3000 8001 001|10000000000001oo|o o|00000000001
Register value for RCFG | 0000 0004 0 0 0 0[0 0 0 0f0 0 0 0[0 0 0 00 0f0 0J0 0 0 0[0 0 0 0[O0 1 0 0
Read from FDRO. 2800601(:o01|01|ooooooooo00011|oo|00000011100
Flush pipe. 0000 0000 |0 0 0 O[O0 O 0 0|0 O O O[O O O O[O0 O O O[O O 0 0|0 O O 0[O0 O O O
(Read 28 words.)

Figure 37: Commands to read Block SelectRAM index 387

RAM bit 387 is at fm_wd=6, bit #4.
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Frame 32-bit Word

FrameWord HIBREAREEERRNREREEEEEECNERoe[~|lowxm~]-]o
0 0 00 0[O OO O[O0 OO OTU O[O OOTO O[O OOUO|[O OO O[O OO O[O O O O
1 110 0[0 0000 O0OO0O0O|(011 0 1(1 1 1 1|1 1 0 0(0 0 0 00 0 0 O
2 111 1(1 11 1/0 0 0 o0[0 00 0[O0 0 1 1|1 1 1 1|1 1 0 0|0 0 0 O
3 0 00 0|1 11 1|11 1 1/0 00 00 000|001 1[1 1 1 1|1 1 0 O
4 000 0l0O0O0OO2 1 1 1/1 1 1 1/0 0 0 0{0 0 0 0(0 0 1 1|1 1 1 1
5 110 0[0 00 O0fl0OTO 0OUO|[1 1 1 1{1 1 1 1|0 0 0 0[O0 0 0 00 O 1 1
6 111 1/1 1 0 00 o0 0 o000 o0 01 1 1 1|1 1 1 1|0 0 0 00 0 0 O
7 0 01 1|1 1 1 1|1 1 0 0/0 0 0 00 0 0 01 1 1 11 1 1 1[0 0 0 O
8 o 0oo0o0fl0O0OT11T1|1 1 1 1/1 1 0 00 0 0 0|0 0 0 O0[1 1 1 1|1 1 1 1
9 0o 00 0lo o0 00011 1[1 11 1|1 1 0 o0f[/0 o0 o0 o0[0 00o0Of1 1 1 1
10 111 1/0 00 0|0 0 00001 1(1 1 1 1|1 1 0 0|0 0 0 0|0 0 O O
11 111 1(1 11 1/0 0 0 o0]/0 00 0[O0 0 1 1|1 1 1 1|1 0 0 0|0 0 O O
12 0 00 0fl1T 11 1|1 1 1 1/0 0 o0 0fl0 0 0 0[O0 01 21[1 1 1 1|0 0 0 O
13 0 00 0[0 000011 1 1/0 00 00 000|001 1(1 1 1 1[0 0 0 O

Figure 38: Frame MNA=24

Glossary Block SelectRAM Resource
One of several large, fully-synchronous, dual-port memories in the Virtex FPGAs. Each of
these memories contain 4,096 bits. The organization of each memory is configurable. The
block SelectRAM resource complements the smaller, distributed, LUT SelectRAMSs.
Boundary Scan Interface
One of the configuration interfaces on the Virtex device. This is a bit-serial interface. The
Boundary Scan interface is also known as the JTAG port. Also see the SelectMAP interface.
Capture Data
The flip-flop and pad data saved from the logic cells and I/O blocks into the bitstream. Use the
CAPTURE_VIRTEX primitive in your HDL code to specify the trigger and clock for the capture
operation.
Configurable Logic Block (CLB)
The functional elements for constructing logic circuits. The Virtex CLB is made up of Slices,
which contain Logic Cells.
Configuration Bitstream
Configuration commands, optionally with configuration data.
Configuration Commands
Instructions for the Virtex device. There are two classes of Configuration Command — Major
and Minor. The Major Commands read and write data to configuration registers in the Virtex
device. The Minor commands instruct the Virtex configuration logic to perform specific
functions. See "Command Register (CMD)" on page 18.
Configuration Data
Bits that directly define the state of programmable logic. These are written to a Virtex device in
a configuration bitstream, and read as Readback Data from a Virtex device.
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Configuration Frame

The configuration bits in a Virtex device are organized in columns. A column of CLBs with the
I/O blocks above and below the CLBs contain 48 frames of configuration bits. The smallest
number of bits that can be read or written through the configuration interfaces is one frame.

Configuration Interface

A logical interface on the Virtex device through which configuration commands and data can be
read and written. A interface consists of one or more physical Device Pins.

Configuration Readback

The operation of reading Configuration Data (also known as Readback Data) from a Virtex
device.

Device Pin

One of the electrical connections on the package containing the Virtex device.
Frame

See Configuration Frame.

Logic Cell (LC)

The basic building block of the Virtex CLB. An LC includes a 4-input function generator, carry
logic, and a storage element.

LUT SelectRAMs

Shallow RAM structures implemented in CLB Lookup Tables (LUTSs). See also block
SelectRAM section.

Pad

Pad bits are extra bits used to make the total number of bits in a frame an integral multiple of 32,
the number of bits in a configuration word. A Pad Word is an extra word used at the end of a
Configuration Frame for pipelining. A Pad Frame is an extra Configuration Frame used at the
beginning of a Configuration Readback and at the end of a Configuration Write for pipelining.

Readback Data

Configuration data read from a Virtex device. The data is organized as Configuration Frames.

SelectMAP Interface

One of the configuration interfaces on the Virtex device. This is a byte-serial interface. The pins
in the SelectMAP interface may be used as user I/O after configuration has been completed or
remain configured as a configuration interface.

Slice

A subdivision of the Virtex CLB. There are two, vertical, slices in a Virtex CLB. Each slice
contains two Logic Cells.

Sync Word
A 32-bit word with a value that is used to synchronize the configuration logic.
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Revision The following table shows the revision history for this document.
HIStOFy Date Version Revision
6/17/99 1.0 Initial Release
7127/99 1.1 Updated the following tables: Table 5: equation for MNA; Table 7:
equations for MJA & fm_bit_idx.
9/20/99 1.2 Changes in page 5. Most formulae in Table 7 have been revised.
Documented pad capture value P. Corrected bit locations in
Examples.
2/22/00 1.3 Updated to include Virtex-E block SelectRAM. Corrected

fm_bit_idx (Right IOB) equations in Table 12 and fm_st_wd
definition. Corrected CRC algorithm. Various corrections in
Examples. Reformatted and edited document and figures.

6/15/00 1.4 Updated to include Virtex-EM devices in Table 3 and Table 24.
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Readback

Summary

This application note is offered as complementary text to the configuration section of the
Virtex™ data sheet. It is strongly recommended that the Virtex data sheets be reviewed prior to
reading this note. Virtex FPGAs offer a broader range of configuration and readback
capabilities than previous generations of Xilinx FPGAs. This note first provides a comparison of
how Virtex configuration is different from previous Xilinx FPGAs, followed by a complete
description of the configuration process and flow. Each of the configuration modes are outlined
and discussed in detail, concluding with a complete description of data stream formats, and
readback functions and operations.

Introduction

Virtex Series vs.
XC4000 Series
Configuration

Configuration is the process of loading a design bitstream into the FPGA internal configuration l
memory. Readback is the process of reading that data.

Virtex configuration logic is significantly different from that of the XC4000 series, but maintains
a great deal of compatibility to all Xilinx FPGA families. This information was prepared with the
XC4000 series user in mind, but the new user of Xilinx FPGAs need not review XC4000 series
configuration-related material.

This section discusses the major configuration differences between the Virtex series and
previous Xilinx FPGA families.

Configuration Modes and Daisy-Chains

Virtex FPGAs may be configured in eight different modes, shown in Table 1. There are four
primary modes (Master Serial, Slave Serial, SelectMAP, and Boundary Scan), each with the
option of having 1/Os asserted or floating during configuration.

If pull-ups are selected for configuration, they are only active during configuration. After
configuration, unused I/Os are de-asserted.

Serial Modes

The Master and Slave Serial modes perform essentially the same as those of previous FPGA
families. For a detailed description, see "Master/Slave Serial Modes" on page 56.

Table 1: Virtex Configuration Modes

Configuration Mode M2 M1 MO Pull-ups
Master Serial 0 0 0 No
Slave Serial 1 1 1 No
SelectMAP 1 1 0 No
Boundary Scan 1 0 1 No
Master Serial (w/pull-ups) 1 0 0 Yes
Slave Serial (w/pull-ups) 0 1 1 Yes
SelectMAP (w/pull-ups) 0 1 0 Yes
Boundary Scan (w/pull-ups) 0 0 1 Yes

© 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. All specifications are subject to change without notice.
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Parallel Modes

The SelectMAP mode is the 8-bit parallel mode for Virtex devices that is similar to Express
mode in XC4000XLA and Spartan®-XL. As with these other Xilinx device families, DO is
considered the MSB. For a detailed description, see "SelectMAP Mode" on page 57. Previous
users of peripheral modes should find the transition to SelectMAP fairly straight-forward.

Virtex devices do not have a Master Parallel mode. Users who prefer to store configuration data
on parallel EPROMs should read the Xilinx application note XAPP137 "Configuring Virtex
FPGAs from Parallel EPROMS".

Daisy-Chaining

Virtex FPGAs can be serially daisy-chained for configuration just as all previous Xilinx FPGAs,
see "Master/Slave Serial Modes" on page 56. All devices in the chain must be in one of the
serial modes. The SelectMAP mode does not support any serial daisy-chaining. Multiple Virtex
devices can, however, be configured through the SelectMAP interface in a parallel fashion, see
"SelectMAP Mode" on page 57. An example of this is also demonstrated in application note
XAPP137 "Configuring Virtex FPGAs from Parallel EPROMSs".

Boundary Scan Interface

The Boundary Scan interface is always active from the moment of power-up; before, during,
and after configuration. When resetting the configuration memory, PROGRAM going Low also
resets the JTAG TAP controller. Boundary Scan modes select the optional pull-ups and prevent
configuration in any other modes.

Configuring Virtex devices through the Boundary Scan interface is not described in this note.
For more information on the Virtex Boundary Scan interface, refer to application note XAPP139
"Configuration and Readback of Virtex FPGAs Using (JTAG) Boundary Scan".

Initialization and Timing

The initialization sequence for Virtex devices is somewhat simpler than for previous FPGAs.
Upon power-up, the INIT signal is held Low while the FPGA initializes the internal circuitry and
clears the internal configuration memory. Configuration may not commence until this cycle is
complete, indicated by the positive transition of INIT. Previous FPGA families required an
additional waiting period after INIT went High before configuration could begin, Virtex devices
do not. As soon as INIT transitions High after power-up, configuration may start. The Virtex
configuration logic does, however, require several CCLK transitions to initialize itself. For this
purpose, the Virtex bitstream is padded with several dummy data words at the beginning of the
configuration stream. See "Bitstream Format" on page 61.

Mixed Voltage Environments

Virtex devices have separate voltage sources for the internal core circuitry (Vcorg = 2.5V) and
the I/O circuitry (Selectl/O). The Selectl/O resource is separated into eight banks of /0O groups.
Each bank may be configured with one of several I/O standards. Refer to the Virtex data sheets
for 1/0 banking rules and available I/O standards. Before and during configuration, all I/O banks
are set for the LVTTL standard, which requires an output voltage (Vo) of 3.3V for normal
operation.

All configuration pins are located within banks 2 and 3. Therefore, only Vcco 2 and Veeo 3
pins need a 3.3V supply for output configuration pins to operate normally. This is a requirement
for Master Serial configuration and readback through the SelectMAP ports.

If the FPGA is being configured in Master Serial mode, and banks 2 and 3 are being configured
for an 1/O standard that requires a Vcco other than 3.3V, then Vo » and Vecp 3 need to be
switched from the 3.3V used during configuration to the voltage required after configuration.

If readback is performed through the SelectMAP mode after configuration, then Vo » and
Vcco 3 require a 3.3V supply after configuration as well.
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For Serial Slave and SelectMAP configuration modes, Vg can be any voltage (as long as it
is > 1.8V < 3.3V) provided one meets the V,4/V,_levels of the resulting input buffer (see data
sheet). Any pin that is a shared 1/0, such as INIT, DOUT/BUSY, and DONE should have an
added pull-up resistor or utilize the internal pull-up resistors. The dedicated CONFIG and JTAG
pins should be pulled up to at least V¢ )yt (1.8V). Additionally, Vcco 2 must be pulled to a
value above 1.0V during power-up of the FPGA. B

JTAG inputs are independent of Vo and work between 2.5V and 3.3V TTL levels. TDO is
sourced from Voo 2 and should be 1.8V, 2.5V, or 3.3V depending on what the TDI of the next
device accepts.

BitGen Switches and Options

This section describes new optional settings for bitstream generation that pertain only to Virtex
devices. The new BitGen options are listed in Table 2 and described below.

Table 2: Virtex-Specific BitGen Options

Switch Default Setting Optional Setting
Readback N/A N/A
ConfigRate MHz 4 4,5,7,8,9, 10, 13, 15, 20, 26, 30, 34, 41, 45,
(nominal) 51, 55, 60
StartupClk CCLK UserClIk, JtagClk
DONE_cycle 4 1,2,3,56
GTS_cycle 5 1,2,3,4,6, DONE
GSR_cycle 6 1,2,3,4,5, DONE
GWE_cycle 6 1,2,3,4,5 DONE
LCK_cycle NoWait 0,1,23,4,5,6
Persist No X1, X8
DriveDONE No Yes
DonePipe No Yes
Security None Levell, Level2
UserlD N/A <hex string> (32-bit)
GclkdelO N/A <binary string>
Gclkdell N/A <binary string>
Gclkdel2 N/A <binary string>
Gclkdel3 N/A <binary string>
Readback

The Readback option causes BitGen to write out a readback command file <design>. rbb.
For more information, see "Readback” on page 70.

ConfigRate

The ConfigRate is the internally generated frequency of CCLK in Master Serial mode. The
initial frequency is 2.5 MHz. The CCLK changes to the selected frequency after the first

60 bytes of the bitstream have been loaded. For details, see "Bitstream Format" on page 61. It
should also be noted that the CCLK periods have a variance of — 30% to +45% from the
specified value.
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StartupClk

The StartupClIk option selects a clock source to synchronize the Start-up Sequence. The
default is CCLK which is standard for most configuration schemes. However, some applications
require that the Start-up Sequence be synchronized to another clock source (UserClk) which
must be specified in the user design. If configuring in Boundary Scan, select the JTAGCIk
option. For more information on Boundary Scan, refer to application note XAPP139
"Configuration and Readback of Virtex FPGAs Using (JTAG) Boundary Scan".

DONE_cycle

The DONE_cycle specifies which state of the Start-up Sequence releases the DONE pin. For
more information on the Start-up Sequence, see "Start-up Sequence" on page 51.

GSR_cycle

The GSR_cycle specifies which state of the Start-up Sequence releases the internal
GlobalSetReset signal. The GSR signal holds all internal flip-flops in their configured initial
state. The DONE setting asserts the GSR asynchronously as DONE transitions High unless
the DonePipe option is used. If the DonePipe option is used, it releases GSR on the first rising
edge of the StartupClk after DONE transitions High.

GWE_cycle

The GWE_cycle specifies which state in the Start-up Sequence releases the internal
GlobalWriteEnable signal. This signal is not accessible to the user. It keeps all flip-flops, and
RAM from changing state. However, DLL is not affected by GWE. The DONE setting asserts
GWE asynchronously as DONE transitions High unless the DonePipe option is used. If the
DonePipe option is used, it releases GWE on the first rising edge of the StartupClk after DONE
transitions High.

GTS_cycle

The GTS_cycle specifies which cycle of the Start-up Sequence releases the internal Global 3-
state signal. The GTS signal holds all outputs disabled. The DONE setting asserts the GTS
asynchronously as DONE transitions High unless the DonePipe option is used. If the DonePipe
option is used, it releases GSR on the first rising edge of the StartupClk after DONE transitions
High.

LCK_cycle

The LCK_cycle specifies in which state the Start-up Sequence should stay until a DLL has
established a Lock. The default setting of NoWait is used whenever a DLL is not used in a
design. When a DLL is used, the Start-up Sequence should not be delayed for a DLL lock. If a
wait state is specified by this option, the Start-up Sequence proceeds to the specified state, but
then waits in that state until DLL lock occurs.

Since there are four DLLs per device, the LCK_cycle option must be used with a DLL attribute
in the design. For more information on DLL attributes, see application note XAPP132 "Using
the Virtex Delay-Locked Loop".

Persist

If the Persist option is unspecified, or specified with a default setting of No, then all configuration
pins other than CCLK, PROGRAM, and DONE become user /O after configuration. The
Persist switch causes the configuration pins to retain their configuration function even after
configuration. The X1 setting is reserved for future use and should not be used. The X8 setting
applies to the SelectMAP interface and X8 setting must be selected if readback is to be
performed through the SelectMAP interface. The Persist switch does not affect Boundary Scan
ports.
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DriveDONE

By default, the DONE pin is an open-drain driver. However, if the DriveDONE option is set to
Yes, then DONE becomes an active driver, and no external pull-up is needed.

DonePipe

Independent of the DONE_cycle setting, after releasing DONE, the Start-up Sequence waits
for DONE to be externally asserted High before continuing. The rise time of DONE depends on
its external capacitive loading and is less than one CCLK period.

The DonePipe option adds a pipeline register stage between the DONE pin and the start-up
circuitry. Useful for high configuration speeds when the rise time for DONE cannot be faster
than one CCLK period.

Security

Security level settings restrict access to configuration and readback operations. If the

Persistence option is not set, then configuration ports are not available after configuration.
However, the Boundary Scan ports are always active and have access to configuration and
readback.

Setting security Level 1 disables all readback functions from either the SelectMAP or Boundary
Scan ports.

Setting security Level 2 disables all configuration and readback functions from all configuration
and Boundary Scan ports.

The only way to remove a security level in a configured device is to de-configure it by asserting
PROGRAM or recycling power.

UserlD

The UserlID is a 32-bit data word accessible through the Boundary Scan USERCODE
command. The data word can be any arbitrary 32-bit value. To include a UserID in a bitstream,
set the UserID option to the HEX representation of the desired data word <XXXXXXXX>h.

Gclkdel

The Gclkdel option adds delay to one of the four global clock buffers. This option is only used
in PCI applications.

CCLK and LengthCount

Previously, Xilinx FPGA families used a LengthCount number embedded in the bitstream. This
LengthCount number indicated to the FPGA how many CCLK cycles should be observed
before activating the Start-up Sequence to activate the FPGA. This method also requires the
FPGA not to receive any CCLK transitions prior to the loading of the bitstream. Otherwise, the
LengthCount would be wrong and the Start-up Sequence would not activate at the appropriate
time. Thus, free-running oscillators can not be used to generate the CCLK for configuration.

Virtex FPGAs do not use any such lengthcount number in configuration bitstreams. The Start-
up Sequence for Virtex devices is controlled by a set of configuration commands that are
embedded near the end of the configuration bitstream. See "Bitstream Format" on page 61.
Therefore, Virtex FPGAs may have a free running oscillator driving the CCLK pin.

Start-up Sequence

Start-up is the transition from the configuration state to the operational state. The Start-up
Sequence activates an FPGA upon the successful completion of configuration. The Start-up
Sequencer is an 8-phase sequential state machine that transitions from phase 0 to phase 7.
See Figure 1.

The Start-up Sequencer performs the following tasks:
1. Releases the DONE pin.
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2. Negates GTS, activating all the 1/Os.

3. Asserts GWE, allowing all RAMs and flip-flops to change state (flip-flops cannot change
state while GSR is asserted).

4. Negates GSR, allowing all flip-flops to change state.

5. Asserts EOS. The End-Of-Start-up flag is always set in phase 7. This is an internal flag that
is not user accessible.

The order of the Start-up Sequence is controlled by BitGen options. The default Start-up
Sequence is the bold line shown in Figure 1. The Start-up Sequence may also be stalled at any
phase until either DONE has been externally forced High, or a specified DLL has established
LOCK. For details, See "BitGen Switches and Options" on page 49.

At the cycle selected for the DONE to be released, the sequencer always waits in that state until
the DONE is externally released. This is similar to the SyncTODONE behavior in the XC4000
FPGAs. However, this does not hold off the GTS, GSR, or GWE if they are selected to be
released prior to DONE. Therefore, DONE is selected first in the sequence for default settings.

For a true SyncToDONE behavior, set the GTS, GSR, and GWE cycles to a value of DONE in
the BitGen options. This causes these signals to transition as DONE externally transitions High.

Default Cycles

Start-upCLK ||||||||||||||||||
Phase 0 naaa

oone | [ | [ ]]

as [ [ [ ] ]]

asm [ [ [ []]

awe | [ || ]|

Sync to DONE

Start-upCLK ||||||||||||||||||
Phase o} 1X2X3X4X5K6)\7

DONE High
L

DONE HE III |

GTS ! |
1

GSR B
I
GWE ]

x138_01_041300

Figure 1: Default Start-up Sequence
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Confi gu ration The external configuration process is simply a matter of loading the configuration bitstream into
Process and the FPGA using the selected configuration mode. The configuration process follows the flow
Flow illustrated in Figure 2.

Power-Up

The Vcint power pins must be supplied with a 2.5V source. The rise time for the core voltage
should be a maximum of 50 ms to rise from 1.0V to 2.4V. The IOB output voltage input for
Bank 2 (Vcco ) is also used as a logic input to the Power-On-Reset (POR) circuitry. This value
must be greater than 1.0V for power-up to continue. If this bank is not being used, a pull-up
should be added to Vg »-
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< PowerUp )

PROGRAM
= Low

Keep Clearing
Configuration
Memory

Clear Configuration
Memory Once More,

Sample Mode Pins
Load Configuration
Data Frames

Master Serial
CCLK Begins

Pull INIT Low
Abort Start-up

Yes
Start-up
Sequence
<=
Operational

X138_02_022400

Figure 2: Configuration Flow Diagram

Clearing Configuration Memory

After power-up, the configuration memory is automatically cleared. The INIT pin transitions
High when the clearing of configuration memory is complete. A logic Low on the PROGRAM
input resets the configuration logic and holds the FPGA in the clear configuration memory
state. As long as the PROGRAM pin is held Low, the FPGA continues to clear its configuration
memory while holding INIT Low to indicate the configuration memory is being cleared. When
PROGRAM is released, the FPGA continues to hold INIT Low until it has completed clearing all

3-54

www.xilinx.com XAPP138 (v2.1) June 15, 2000
1-800-255-7778


http://www.xilinx.com

Virtex FPGA Series Config

uration and Readback SIX"JNX®

the configuration memory. The minimum Low pulse time for PROGRAM is 300 ns. There is no
maximum value.

Delaying Configuration

The INIT pin may also be held Low externally to delay configuration of the FPGA. The FPGA
samples its mode pins on the rising edge of INIT. After INIT has gone High, configuration may
begin. No additional time-out or waiting periods are required, but configuration does not need to
commence immediately after the transition of INIT. The configuration logic does not begin
processing data until the synchronization word from the bitstream is loaded.

Loading Configuration Data

The details of loading the configuration data are discussed in the following sections of the
configuration modes, see "Master/Slave Serial Modes" on page 56 and "SelectMAP Mode" on
page 57.

CRC Error Checking

Twice during the loading of configuration data, an embedded CRC value is checked against an
internally calculated CRC value. The first check is just before the last configuration frame is
loaded, and the second is at the very end of configuration. If the CRC values do not match, INIT
is asserted Low to indicate that a CRC error has occurred. Start-up is aborted, and the FPGA
does not become active.

To reconfigure the device, the PROGRAM pin should be asserted to reset the configuration
logic. Recycling power also resets the FPGA for configuration. For more information on CRC
calculation, see "Cyclic Redundancy Checking Algorithm" on page 69.

Start-up and Operational States

Upon successful completion of the final CRC check, the FPGA enters the Start-up Sequence.
This sequence releases DONE (it goes High), activates the 1/Os, de-asserts GSR, and asserts
GWE. At this point, the FPGA becomes active and functional with the loaded design. For more
information on start-up, see "Start-up Sequence" on page 51.

Configuration Pins

Certain pins in the FPGA are designated for configuration and are listed in Table 3. Some pins
are dedicated to the configuration function and others are dual-function pins that can be user
I/O after configuration.

Table 3: List of Configuration Pins

Name Direction Driver Type Description
Dedicated Pins
CCLK Input/Output Active Configuration clock. Output in Master
mode.
PROGRAM Input Asynchronous reset to configuration logic.
DONE Input/Output Active/ Configuration status and start-up control.
Open-Drain
M2, M1, MO Input Configuration mode selection.
TMS Input Boundary Scan mode select.
TCK Input Boundary Scan clock.
TDI Input Boundary Scan data input.
TDO Output Active Boundary Scan data output.
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Master/Slave
Serial Modes

Table 3: List of Configuration Pins (Continued)

Name Direction Driver Type Description
Dual Function Pins
DIN (DO0) Input Serial configuration data input.
D1:D7 Input/Output Active SelectMAP configuration data input,
Bidirectional | readback data output.
CS Input Chip Select (SelectMAP mode only).
WRITE Input Active Low write select, read select
(SelectMAP only).
BUSY/DOUT Output Open- Busy/Ready status for SelectMAP mode
Drain/Active | (open-drain). Serial configuration data
output for serial daisy-chains (active).
INIT Input/Output Open-Drain | Delay configuration, indicate configuration
error.

In serial configuration mode, the FPGA is configured by loading one bit per CCLK cycle. In
Master Serial mode, the FPGA drives the CCLK pin. In Slave Serial mode, the FPGAs CCLK
pin is driven by an external source. In both serial configuration modes, the MSB of each data
byte is always written to the DIN pin first.

The Master Serial mode is designed so the FPGA can be configured from a Serial PROM
(Figure 3). The speed of the CCLK is selectable by BitGen options, see "BitGen Switches and
Options" on page 49. Be sure to select a CCLK speed supported by the SPROM.

The Slave Serial configuration mode allows for FPGAs to be configured from other logic
devices, such as microprocessors, or in a daisy-chain fashion. Figure 3 shows a Master Serial
FPGA configuring from an SPROM with a Slave Serial FPGA in a daisy-chain with the Master.

Daisy-Chain Configuration

Virtex FPGAs may only be daisy-chained with XC4000X, SpartanXL, Spartan-1l or other Virtex
FPGAs for configuration. There are no restrictions on the order of the chain. However, if a Virtex
FPGA is placed as the Master and a non-Virtex FPGA is placed as a slave, select a
configuration CCLK speed supported by all devices in the chain.

The separate bitstreams for the FPGAs in a daisy-chain are required to be combined into a
single PROM file by using either the PROM File Formatter or the PROMgen utility. Separate
PROM files may not be simply concatenated together to form a daisy-chain bitstream.

The first device in the chain is the first to be configured. No data is passed onto the DOUT pin
until all the data frames, start-up command, and CRC check have been loaded. CRC checks
only include the data for the current device, not for any others in the chain. After finishing the
first stream, data for the next device is loaded. The data for the downstream device appears on
DOUT typically about 40 CCLK cycles after being loaded into DIN. This is due to internal packet
processing. Each daisy-chained bitstream carries its own synchronization word. Nothing of the
first bitstream is passed to the next device in the chain other than the daisy-chained
configuration data.

The DONE_cycle must be set before GTS and GSR, or the GTS_cycle and GSR_cycle must
be set to the value DONE for the Start-up Sequence of each Virtex device not to begin until all
of the DONE pins have been released. When daisy-chaining multiple Virtex devices, either set
the last device in the chain to DriveDONE, or add external pull-up resistors to counteract the

combined capacitive loading on DONE. If non-Virtex devices are included in the daisy-chain, it
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is important to set their bitstreams to SyncToDONE with BitGen options. For more information
on Virtex BitGen options, see "BitGen Switches and Options" on page 49.

T
£
MO M1 MO M1
PROM M2 M2
DATA DIN DOUT DIN DOUT |——»
CLK CCLK CCLK
CE
- VIRTEX VIRTEX,
RESET/OE MASTER XC4000X,
SERIAL Note 1 SpartanXL
(Low Reset Option Used) SLAVE Optional
g Pull-up
1
PROG PROG on DONE
’, DONE INIT F DONE INIT 3
PROGRAM

x138_03_041100

Figure 3: Master/Slave Serial Mode Circuit Diagram

Notes:

1. If no Virtex device is selected to DriveDONE, an external pull-up of 330Q should be added to the
common DONE line. With SpartanXL devices a 4.7KQ pull-up resistor should be added to the
common DONE line. This pull-up is not needed if DriveDONE is selected. DriveDONE should only be
selected for the last device in the configuration chain.

PROGRAM \_/
NIt N |
ceLk _\_/_\_/_\_/_\_;_\_/_g ()_/_\_/_\_/_\_/_\_/
(i e ST SR €Y I Gl Gl
SRR S T D S 4

x138_04_022400

DI

P

Figure 4: Serial Configuration Clocking Sequence

Notes:

1. For Slave configurations a free running CCLK may be used as indicated in Figure 4. For Master
configurations, the CCLK does not transition until after initialization as indicated by the arrow.

SelectMAP The SelectMAP mode provides an 8-bit bidirectional data bus interface to the Virtex

Mode configuration logic that may be used for both configuration and readback. Virtex devices may
not be serially daisy-chained when the SelectMAP interface is used. However, they may be
connected in a parallel-chain as shown in Figure 5. The DATA pins (D0:D7), CCLK, WRITE,
BUSY, PROGRAM, DONE, and INIT may be connected in common between all of the devices.
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CS inputs should be kept separate so each device may be accessed individually. If all devices
are to be configured with the same bitstream, readback is not being used, and CCLK is less
than 50 MHz, the CS pins may be connected to a common line so the devices are configured
simultaneously.

Although Figure 5 does not show a control module for the SelectMAP interface, the SelectMAP
interface is typically driven by a processor, micro controller, or some other logic device such as
an FPGA or a CPLD.

DATA Pins (D[0:7])

The DO through D7 pins function as a bidirectional data bus in the SelectMAP mode.
Configuration data is written to the bus, and readback data is read from the bus. The bus
direction is controlled by the WRITE signal. See "Bitstream Format" on page 61. The DO pin is
considered the MSB bit of each byte.

WRITE

When asserted Low, the WRITE signal indicates that data is being written to the data bus.
When asserted High, the WRITE signal indicates that data is being read from the data bus.

Cs
The Chip Select input (CS) enables the SelectMAP data bus. To write or read data onto or from

the bus, the CS signal must be asserted Low. When CS is High, Virtex devices do not drive onto
or read from the bus.

BUSY

When CS is asserted, the BUSY output indicates when the FPGA can accept another byte. If
BUSY is Low, the FPGA reads the data bus on the next rising CCLK edge where both CS and
WRITE are asserted Low. If BUSY is High, the current byte is ignored and must be reloaded on
the next rising CCLK edge when BUSY is Low. When CS is not asserted, BUSY is tri-stated.

BUSY is only necessary for CCLK frequencies above 50 MHz. For frequencies at or below
50 MHz, BUSY is ignored, see "Express-Style Loading" on page 59. For parallel chains, as
shown in Figure 5, where the same bitstream is to be loaded into multiple devices
simultaneously, BUSY should not be used. Thus, the maximum CCLK frequency for such an
application must be less than 50 MHz.

CCLK

The CCLK pin is a clock input to the SelectMAP interface that synchronizes all loading and
reading of the data bus for configuration and readback. Additionally, the CCLK drives internal
configuration circuitry. The CCLK may be driven either by a free running oscillator or an
externally-generated signal.
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DATA[0:7] ~ -
CCLK
WRITE
BUSY
ML M2 ML M2
™ ™
— VIRTEX = VIRTEX
SelectMAP SelectMAP
| D[0:7] - | D[0:7]
cCLK cCLK e
WRITE WRITE
| BusY L] BUsY
CS(0) ———=—»| CS CS(1) ———=—»| CS
Optional _ .
Pull-up PROG PROG
on DONE! J7 DONE INIT r DONE INIT

DONE
INIT
PROGRAM

X138_05_082599

Figure 5. SelectMAP Mode Circuit Diagram

Notes:

1. If none of the Virtex devices have been selected to DriveDONE, add an external pull-up of 330Q
should be added to the common DONE line. This pull-up is not needed if DriveDONE is selected.
DriveDONE should only be selected for the last device in the configuration chain.

Free-Running CCLK

A free-running oscillator may be used to drive Virtex CCLK pins. For applications that can
provide a continuous stream of configuration data, refer to the timing diagram discussed in
"Express-Style Loading" on page 59. For applications that cannot provide a continuous data
stream, missing the clock edges, refer to the timing diagram discussed in "Non-Contiguous
Data Strobe" on page 60. An alternative to a free-running CCLK is discussed in "Controlled
CCLK" on page 61.

Express-Style Loading

In express-style loading, a data byte is loaded on every rising CCLK edge as shown in Figure 6.
If the CCLK frequency is less than 50 MHz, this can be done without handshaking. For
frequencies above 50 MHz, the BUSY signal must be monitored. If BUSY is High, the current
byte must be reloaded when BUSY is Low.

The first byte may be loaded on the first rising CCLK edge that INIT is High, and when both CS
and WRITE are asserted Low. CS and WRITE may be asserted anytime before or after INIT
has gone High. However, the SelectMAP interface is not active until after INIT has gone High.
The order of CS and WRITE does not matter, but WRITE must be asserted throughout
configuration. If WRITE is de-asserted before all data has been loaded, the FPGA aborts the
operation. To complete configuration, the FPGA must be reset by PROGRAM and reconfigured
with the entire stream. For applications that need to de-assert WRITE between bytes, see
"Controlled CCLK" on page 61.
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PROGRAM \ /

INIT /

CCLK _\_/_\_/_\_/_\_/_\_/_ _/_\_/_\_/_\_/_\_/
=
/_

cs \

WRITE \

DATA[0:7] // /// // /XByte 0 X Byte 1 X oo X Byten | Byten XByte n+1X//
BUSY \ /[ susy |\ /[

Device Byte 0 Byte n Byte n
Ready Loaded Ignored  Loaded

x138_06_022400

Figure 6: "Express Style" Continuous Data Loading in SelectMAP

PROGRAM — \___/
T\ /
ck /S SS SN NS\SNS
cs L/ [\l |/
WRITE \__ KD\ LKTTTTTTTTTIN /
oaTao:T) 77777777 TT T Xeneo XTI o L XT T 777 Xeverd XZZZTTZTTTT7

BUSY \
/ High-z| \e—L1/ High-Z | 4 High-Z
Byte0 CCLKand Bytel Byte n
Loaded WRITE Loaded Loaded
Ignored

X138_07_112999

Figure 7: Separating Data Loads by Multiple CCLK Cycles Using CS

Non-Contiguous Data Strobe

In applications where multiple clock cycles may be required to access the configuration data
before each byte can be loaded into the SelectMAP interface, data may not be ready for each
consecutive CCLK edge. In such a case, the CS signal may be de-asserted until the next data
byte is valid on the DATA[0:7] pins. This is demonstrated in Figure 7. While CS is High, the
SelectMAP interface does not expect any data and ignores all CCLK transitions. However,
WRITE must continue to be asserted while CS is asserted. If WRITE is High during a
positive CCLK transition while CS is asserted, the FPGA aborts the operation. For
applications that need to de-assert the WRITE signal without de-asserting CS, see "Controlled
CCLK" on page 61.
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Bitstream
Format

Controlled CCLK

Some applications require that WRITE be de-asserted between the loading of configuration
data bytes asynchronously from the CS. Typically, this would be due to the WRITE signal being
a common connection to other devices on the board, such as memory storage elements. In
such a case, driving CCLK as a controlled signal instead of a free-running oscillator makes this
type of operation possible. In Figure 8, the CCLK, CS, and WRITE are asserted Low while a
data byte becomes active. Once the CCLK has gone High, the data is loaded. WRITE may be
de-asserted and re-asserted as many times as necessary, just as long as it is Low before the
next rising CCLK edge.

cCLK /S \___/

cs \ /2
write N\ _/ N/ \ /[N _ S\
oarao) 77777 T T TTTT ene s XTTTTTX one XTI X onen XTZTTTTT

X138_08_120299

Figure 8: Controlling CCLK for WRITE De-assertion

The Virtex bitstream has a very different format from that of all other Xilinx FPGAs. The typical
FPGA user does not need a bit-level understanding of the configuration stream. However, for
the purpose of debugging, designing embedded readback operations, or otherwise complex
styles of configuring multiple FPGASs, a review of the bitstream format is recommended.
Therefore, this section describes the Virtex bitstream, the internal configuration logic, and the
internal processing of configuration data.

Data Frames

The internal configuration memory is partitioned into segments called "Frames." The portions
of the bitstream that actually get written to the configuration memory are "Data Frames." The
number and size of frames varies with device size as shown in Table 4. The total number of
configuration bits for a particular device is calculated by multiplying the number of frames by the
number of bits per frame, and then adding the total number of bits needed to perform the
Configuration Register Writes shown in Table 7.

Table 4: Virtex Configuration Data Frames

Bits per

Device Frames Frame Configuration Bits

XCV50 1453 384 559,232
XCV50E 1637 384 629,888
XCV100 1741 448 781,248
XCV100E 1925 448 863,680
XCV150 2029 512 1,040,128
XCV200 2317 576 1,335,872
XCV200E 2501 576 1,441,856
XCV300 2605 672 1,751,840
XCV300E 2789 672 1,875,488

XAPP138 (v2.1) June 15, 2000 www.xilinx.com 3-61

1-800-255-7778



http://www.xilinx.com

S XILINX®

Virtex FPGA Series Configuration and Readback

Table 4: Virtex Configuration Data Frames (Continued)

Bits per
Device Frames Frame Configuration Bits
XCV400 3181 800 2,546,080
XCV400E 3365 800 2,693,280
XCV405E 4285 800 3,429,280
XCV600 3757 960 3,608,000
XCV600E 4125 960 3,961,280
XCV800 4333 1088 4,715,584
XCV812E 5989 1088 6,517,312
XCV1000 4909 1248 6,127,712
XCV1000E 5277 1248 6,586,976
XCV1600E 6037 1376 8,308,192
XCV2000E 6613 1536 10,158,848
XCV2600E 7477 1728 12,921,536
XCV3200E 8341 1952 16,282,912
Configuration Registers
Table 5: Internal Configuration Registers
Symbol Register Name Address
CMD Command 0100b
FLR Frame Length 1011b
COR Configuration Option 1001b
MASK Control Mask 0110b
CTL Control 0101b
FAR Frame Address 0001b
FDRI Frame Data Input 0010b
CRC Cyclic Redundancy Check 0000b
FDRO Frame Data Output 0011b
LOUT Daisy-chain Data Output (DOUT) 1000b

The Virtex configuration logic was designed so that an external source may have complete
control over all configuration functions by accessing and loading addressed internal
configuration registers over a common configuration bus. The internal configuration registers
that are used for configuration and readback are listed in Table 5. All configuration data, except
the synchronization word and dummy words, is written to internal configuration registers.
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Command Register (CMD)

The CMD is used to execute the commands shown in Table 6. These commands are executed
by loading the binary code into the CMD register.

Table 6: CMD Register Commands

Symbol Command Binary Code
RCRC Reset CRC Register 0111b
SWITCH | Change CCLK Frequency 1001b
WCFG Write Configuration Data 0001b
RCFG Read Configuration Data 0100b
LFRM Last Frame Write 0011b
START Begin Start-Up Sequence 0101b

Frame Length Register (FLR)

The FLR is used to indicate the frame size to the internal configuration logic. This allows the
internal configuration logic to be identical for all Virtex devices. The value loaded into this
register is the number of actual configuration bits that get loaded into the configuration memory
frames. The actual frame sizes in the bitstream, shown in Table 4, are slightly longer than the
FLR value to account for internal pipelining and rounding up to the nearest 32-bit word.

Configuration Option Register (COR)

The COR is loaded with the user selected options from bitstream generation. See "BitGen
Switches and Options" on page 49.

Control Register (CTL)

The CTL controls internal functions such as Security and Port Persistence.

Mask Register (MASK)

The MASK is a safety mechanism that controls which bits of the CTL register can be reloaded.
Prior to loading new data into the CTL register, each bit must be independently enabled by its
corresponding bit in the MASK register. Any CTL bit not selected by the MASK register is
ignored when reloading the CTL register.

Frame Address Register (FAR)

The FAR sets the starting frame address for the next configuration data input write cycle.

Frame Data Register Input (FDRI)

The FDRI is a pipeline input stage for configuration data frames to be stored in the configuration
memory. Starting with the frame address specified in the FAR, the FDRI writes its contents to
the configuration memory frames. The FDRI automatically increments the frame address after
writing each frame for the number of frames specified in the FDRI write command. This is
detailed in the next section.

CRC Register (CRC)

The CRC is loaded with a CRC value that is embedded in the bitstream and compared against
an internally calculated CRC value. Resetting the CRC register and circuitry is controlled by the
CMD register.

Frame Data Register Output (FDRO)

The FDRO is an outgoing pipeline stage for reading frame data from the configuration memory
during readback. This works the same as the FDRI but with the data flowing in the other
direction.
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Legacy Data Output Register (LOUT)

The pipeline data to be sent out the DOUT pin for serially daisy-chained configuration data
output.

Configuration Data Processing Flow

The complete (standard) reconfiguration of a Virtex device internally follows the flow chart
shown in Figure 9. All the associated commands to perform configuration are listed in Table 7.

Initialize Maximum of three
CCLK cycles.

Synchronize Define 32-bit word
boundaries.

Reset CRC Initialize CRC
calculation.

Set Frame Size Internal use.

Set Options Set start-up and
ConfigRate.

Set Control Internal use.
Parameters

Set CCLK Master Serial CCLK
Frequency changes to optional
configuration.

Write Frames Data frames written to
configuration memory.

Invoke Start-up Start-up Sequence
commences after

CRC calculation.

If CRC fails, start-up is
aborted. Otherwise,
Start-up Sequence
commences.

Load CRC

Finish —— FPGA is active.

X138_09_082599

Figure 9: Internal Configuration Processing Flow
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Table 7: Configuration Register Writes

Type 32-bit Words

Command Set 1

Dummy words (See Note 1)

Synchronization word 1

Write CMD (RCRC)

Write FLR

2
2
Write COR 2
Write CMD (SWITCH) 2

Command Set 2

Write FAR

Write CMD (WCFG)

Write FDRI

Write FAR

Write FDRI

Write FAR

Write FDRI

Write CRC

Write CMD (LFRM)
Write FDRI
Command Set 3
Write CMD (START)
Write MASK

Write CTL

Write CRC

Dummy words
TOTAL 40

RPININIFEPIDNEFPIDNDNDNDN

AIDNIDNIDNIDN

Notes:

1. Different versions of BitGen may insert fewer dummy words at the
beginning of the stream.

The first command set prepares the internal configuration logic for the loading of the data
frames. The internal configuration logic is first initialized with several CCLK cycles represented
by dummy words, and then synchronized to recognize the 32-bit word boundaries by the
synchronization word. The CRC register and circuitry must then be reset by writing the RCRC
command to the CMD register. The frame length size for the device being configured is then
loaded into the FLR register. The configuration options are loaded into the COR. The CCLK
frequency selected is specified in the COR; however, to switch to that frequency the SWITCH
command must be loaded into the CMD register. Now the data frames can be loaded.

The second command set loads the configuration data frames. First, a WCFG (Write
Configuration) command is loaded into the CMD register activating the circuitry that writes the
data loaded into the FDRI into the configuration memory cells. To load a set of data frames, the
starting address for the first frame is first loaded to the FAR, followed by a write command, and
then by the data frames to the FDRI. The FDRI write command also specifies the amount of
data that is to follow in terms of the number of 32-bit words that comprise the data frames being
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written. Typically, three large sets of frames are loaded by this process. When all but the last
frame has been loaded, an initial CRC checksum is loaded into the CRC register. The Last
Frame command (LFRM) is loaded into the CMD register followed by a final FDRI write
command and the last data frame into the FDRI register.

The third command set initializes the Start-up Sequence and finishes CRC checking. After all
the data frames have been loaded, the START command is loaded into the CMD register,
followed by any internal control data to the CTL and by the final CRC value into the CRC
register. The four dummy words at the end are flushed through the system to provide the
finishing CCLK cycles to activate the FPGA.

The Standard Bitstream

Virtex devices have the ability to be only partially re-configured or read back; however, this topic
is beyond the scope of this note. For more information on partial configuration, refer to
application note XAPP151 "Virtex Configuration Architecture User Guide". The standard
bitstream, currently generated by BitGen, follows the format shown in Table 8, Table 9, and
Table 10. This format assumes DO is considered the MSB. It is divided into three tables to
follow the three command sets described in the previous subsection.

Table 8 shows the first set of commands in the bitstream that prepare the configuration logic for
rewriting the memory frames. All commands are described as 32-bit words, since configuration
data is internally processed from a common 32-bit bus.

From Table 8, the first two dummy words pad the front of the bitstream to provide the clock
cycles necessary for initialization of the configuration logic. No actual processing takes place
until the synchronization word is loaded. Since the Virtex configuration logic processes data as
32-bit words, but may be configured from a serial or 8-bit source, the synchronization word is
used to define the 32-bit word boundaries. That is, the first bit after the synchronization word is
the first bit of the next 32-bit word, and so on.

Table 8: Bitstream Header and Configuration Options

Data Type Data Field
Dummy word FFFF FFFFh
Dummy word FFFF FFFFh
Synchronization word AA99 5566h
Packet Header: Write to CMD register 3000 8001h
Packet Data: RCRC 0000 0007h
Packet Header: Write to FLR register 3001 6001h
Packet Data: Frame Length 0000 00--h
Packet Header: Write to COR 3001 2001h
Packet Data: Configuration options | ---- ---- h
Packet Header: Write to MASK 3000 C001h
Packet Data: CTL mask 0000 0000h
Packet Header: Write to CMD register 3000 8001h
Packet Data: SWITCH 0000 0009h
Packet Header: Write to CMD register 3000 8001h
Packet Data: WCFG 0000 0001h

After synchronization, all data (register writes and frame data) are encapsulated in packets.
There are two kinds of packets: Type 1 and Type 2. Type 1 packets are used for register writes.
A combination of Type 1 and Type 2 packets are used for frame data writes. A packet contains
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two different sections: Header and Data. A Type 1 Packet Header, shown in Figure 10, is
always a single 32-bit word that describes the packet type, whether it is a read/write function or
a specific configuration register address (see Table 5) as the destination, and how many
32-bit words are in the following Packet Data portion. A Type 1 Packet Data portion may contain
anywhere from 0 to 2,047 32-bit data words.

The first packet in Table 8 is a Type 1 packet header that specifies writing one data word to the
CMD register. The following packet data is a data word specifying a reset of the CRC register
(compare the data field of Table 8 to the binary codes of Table 6).

The second packet in Table 8 loads the frame size into the FLR. The value is the frame size
from Table 4, divided by 32, minus 1, and converted to Hex (e.g., the FLR for a V300 is 14h).

The third packet loads the configuration options into the COR register. The binary description of
this register is not documented. Following this is a similar write of the SWITCH command to the
CMD register which selects the CCLK frequency specified in the COR. Finally, the WCFG
command is loaded into the CMD register so the loading of frame data may commence.

Table 9 shows the packets that load all the data frames starting with a Type 1 packet to load the
starting frame address, which is always oh.

Operation Register Address Byte Word Count
Packet Header Type (Write/Read) (Destination) Address (32-bit Words)
Bits[31:0] 31:29 28:27 26:13 12:11 10:0
Type 1 001 10/01 XXXXKXXXXKXXXXX XX XXXXXXXXXXX

Figure 10: Type 1 Packet Header

Packet Header Type Operation (Write/Read) Word Count (32-bit Words)
Bits[31:0] 31:29 28:27 26:0
Type 2 010 10/01 ) 9,:9,9.9.:9.9.9.9,:9,:9.9.9.0.9,:9.9.9.0.9.:0.9.9.9.0,.0.0 ¢

Figure 11: Type 2 Packet Header

Table 9: Bitstream Data Frames and CRC

Data Type Data Field
Packet Header: Write to FAR register 3000 2001h
Packet Data: Starting frame address 0000 0000h
Packet Header: Write to FDRI 3000 4000h
Packet Header Type 2: Data words Bo-- —--- h
Packet Data: Configuration data frames in 32-bit words. Total numberof | ---- ---- h

words specified in Type 2 Packet Header

Packet Header: Write to FAR register 3000 2001h
Packet Data: Next frame address | ---- ---- h
Packet Header: Write to FDRI 3000 4---h
Packet Data: Configuration data frames in 32-bit words. Total numberof | ---- ---- h
words specified in Packet Header

Packet Header: Write to FAR register 3000 2001h
Packet Data: Next frame address | ---- ---- h
Packet Header: Write to FDRI 3000 4---h
Packet Data: Configuration data frames in 32-bit words. Total numberof | ---- ---- h

words specified in packet header
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Table 9: Bitstream Data Frames and CRC (Continued)

Data Type Data Field
Packet Header: Write to CRC 3000 0001h
Packet Data: CRCvalue | --ee - h
Packet Header: Write to CMD register 3000 8001h
Packet Data: LFRM 0000 0003h
Packet Header: Write to FDRI 3000 4---h
Packet Data: Configuration Data Frames in 32-bit words. Total number | ---- ---- h
of words specified in packet header

The loading of data frames requires a combination of Type 1 and Type 2 packets. Type 2
packets must always be preceded by a Type 1 packet that contains no packet data. A Type 2
packet also contains both a header and a data portion, but the Type 2 packet data can be up to
1,048,575 data words in size.

The Type 2 packet header, shown in Figure 11, differs slightly from a Type 1 packet header in
that there is no Register Address or Byte Address fields.

To write a set of data frames to the configuration memory, after the starting frame address has
been loaded into the FAR, a Type 1 packet header issues a write command to the FDRI,
followed by a Type 2 packet header specifying the number of data words to be loaded, and then
followed by the actual frame data as Type 2 packet data. Writing data frames may require a
Type 1/Type 2 packet combination, or a Type 1 only. This depends on the amount of data being
written.

This series of FAR and FDRI writes is executed three times to load all but the last data frame.
Before the last data frame is loaded, a CRC check is made. To load the last frame, a LFRM
command is written to the CMD register followed by a Type 1/Type 2 packet combination to the
FDRI, just as before, except that there is no FAR specified. The FAR is not needed when writing
the last data frame.

Table 10 shows the packets needed to issue the start-up operations and load the final CRC
check. The FPGA does not go active until after the final CRC is loaded. The number of clock
cycles required to complete the start-up depends on the BitGen options. Completion of the
configuration process requires eight to 16 clock cycles after the final CRC is loaded. Typically,
DONE is released within the first seven CCLK cycles after the final CRC value is loaded but, the
rest of the dummy data at the end of the stream should continue to be loaded. The FPGA needs
the additional clock cycles to finish internal processing, but this is not a concern when a free-
running oscillator is used for CCLK. In serial mode this requires only 16 bits (two bytes), but in
SelectMAP mode, this requires 16 bytes of dummy words at the end of the bitstream. Since the
intended configuration mode to be used is unknown by Bitgen, four 32-bit dummy words (16
bytes) are always placed at the end of the bitstream.
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Table 10: Bitstream Final CRC and Start-up

Data Type Data Field
Packet Header: Write to CMD register 3000 8001h
Packet Data: START 0000 0005h
Packet Header: Write to CTL 3000 A0O01lh
Packet Data: Control commands 0000 0000h
Packet Header: Write to CRC 3000 0001h
Packet Data: CRCvalue | ---- ---- h
Dummy word 0000 0000h
Dummy word 0000 0000h
Dummy word 0000 0000h
Dummy word 0000 0000h
Cyclic Redundancy Checking Algorithm

Virtex configuration utilizes a standard 16-bit CRC checksum algorithm to verify bitstream
integrity during configuration. The 16-bit CRC polynomial is shown below.

CRC-16 = X186 + X15+ X2 + 1

The algorithm is implemented by shifting the data stream into a 16-bit shift register, shown in
Figure 12. Register Bit(0) receives an XOR of the incoming data and the output of Bit(15). Bit(2)
receives an XOR of the input to Bit(0) and the output of Bit(1). Bit(15) receives an XOR of the
input to Bit(0) and the output of Bit(14).

A CRC Reset resets all the CRC registers to zero. As data is shifted into the CRC circuitry, a
CRC calculation accumulates in the registers. When the CRC value is loaded into the CRC
calculation register, the ending CRC checksum is loaded into the CRC Register. The value
loaded into the CRC Register should be zero; otherwise, the configuration failed CRC check.

Not all of the configuration stream is loaded into the CRC circuitry. Only data that is written to
one of the registers shown in Table 11 is included. For each 32-bit word that is written to one of
the registers (Table 11), the address code for the register and the 32-bit data word is shifted
LSB first into the CRC calculation circuitry, see Figure 12. When multiple 32-bit words are
written to the same register, the same address is loaded after each word. All other data in the
configuration stream is ignored and does not affect the CRC checksum.

Table 11: CRC Registers

Symbol Register Name Address

CMD Command 0100b

FLR Frame Length 1011b

COR Configuration Option 1001b
MASK Control Mask 0110b

CTL Control 0101b

FAR Frame Address 0001b

FDRI Frame Data Input 0010b

CRC Cyclic Redundancy Check 0000b
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This description is a model that may be used to generate an identical CRC value. The actual
circuitry in the device is a slightly more complex Parallel CRC circuit that produces the same
result.

CRC Calculation Register
n D—|2|3|4|5|6|7|8|9|10|11|12|13|14 ’

DATA_IN
CRC Data Input Register

Readback

Address 32-bit Data Word
al2]1]o]s1]s0]20]28[o7]26] e @ @ [s]a]s]2]1]0
SHIFT L
0000 0000 0000 0000 16-bit CRC
31:16 15:0

CRC Register [31:0] 1155 12 120296

Figure 12: Serial 16-bit CRC Circuitry

Readback is the process of reading all the data in the internal configuration memory. This can
be used to verify that the current configuration data is correct and to read the current state of all
internal CLB and IOB registers as well as the current LUT RAM and block RAM values.

Readback is only available through the SelectMAP and Boundary Scan interfaces. This
application note only demonstrates the use of the SelectMAP interface for performing
readback. For information on using the Boundary Scan interface for readback refer to
application note XAPP139 “Configuration and Readback of Virtex FPGAs Using (JTAG)
Boundary Scan”.

Readback Verification and Capture

Readback verification is used to verify the validity of the stored configuration data. This is most
commonly used in space-based applications where exposure to radiation may alter the data
stored in the configuration memory cells.

Readback capture is used to list the states of all the internal flip-flops. This can be used for
hardware debugging and functional verification. When Capture is initiated, the internal register
states are loaded into unused spaces in the configuration memory which may be extracted after
a readback of the configuration memory.

While both Verify and Capture can be performed in one readback, each require slightly different
preparation and post processing.

Preparing for Readback in Design Entry

If only a readback verification is to be performed, there are no additional steps at the time of
design entry. However, if readback capture is to be used, the Virtex library primitive
CAPTURE_VIRTEX must be instantiated in the user design as shown in Figure 13.

The CAPTURE_VIRTEX component is used in the FPGA design to control when the logic
states of all the registers are captured into configuration memory. The CLK pin may be driven
by any clock source that would synchronize Capture to the changing logic states of the
registers. The CAP pin is an enable control. When CAP is asserted, the register states are
captured in memory on the CLK rising edge.
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Trigger with
External or CAPTURE_VIRTEX
Internal Signal.
~ — CAP
— CLK
A
Synchronize

to External or

Internal Clock.
X138_13_082599

Figure 13: Readback Capture Library Primitive

Enabling Readback in the Software

Since readback is performed through the SelectMAP interface after configuration, the
configuration ports must continue to be active by setting the persistence switch in BitGen.
Additionally, a readback bit file, which contains the commands to execute a readback and a
bitmap for data verification, may be optionally generated by setting the readback option in
BitGen. An example of the BitGen command line is shown below:

bitgen -w - -m -g readback -g persist:X8 ...

The -w overwrites existing output. The -I generates a Logic Allocation file, which is discussed in
"Capturing Register States" on page 79. The -m generates a Mask file, which is discussed in
"Verifying Configuration Data" on page 75. The -g readback generates the readback bit file,
which is discussed in "Readback Operations" on page 72, and the -g persist: X8 keeps the
SelectMAP interface active after configuration. A listing of all the associated BitGen files used
for readback is shown in Table 12.

For more information about BitGen options see "BitGen Switches and Options" on page 49.

Table 12: BitGen files used in Readback

File Name File Type Ethlr:gion File Description
Readback B Binary .rbb Binary command set and verification bitmap.
Readback A ASCII .rba ASCII command set and verification bitmap.
Mask Binary .msk Binary command set and verification data mask.
Logic ASCII Al ASCII bit number and location of captured signal
Allocation names.
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Readback Operations

Readback is performed by reading a data packet from the FDRO register. The flow for this
process is shown in Figure 14.

Set FAR
Activate RCFG

Address FDRO
Set Word Count
Read Data Words

X138_14_082599

Figure 14: CLB Readback Operation Flow

The entire configuration memory map cannot be read in one readback sequence. Three
sequences are required: one for the CLB frames and two for the block RAM frames. However,
all of the configuration data frames that need to be read for verification, as well as all of the
register states stored by Capture, are contained within the CLB frames. The other frame
sections contain the configuration data for the columns of block RAMs. The block RAM
configuration data need not be used for verification purposes, but may be used to extract the
current internal states of the block RAMs just as Capture is used to extract the current internal
states of registers. Therefore, a full readback and capture would require three separate
readback sequences, but a simple verification requires onlyone (the CLB frames). This section
describes the process for readback of the CLB Frames. For readback of the block RAM frames,
first review this section and then refer to "Readback of Block RAM Frames" on page 81.

Table 13 shows the command set to initiate a readback of the CLB Frames. This command set
is provided in the <design>. rbb file shown in Figure 19, <design>.rba and the
<design>.msk file shown in Figure 17 on page 76.

To perform the first readback sequence after configuration, it is not necessary to re-synchronize
the SelectMAP interface. However, if re-synchronization is required, an ABORT process should
be executed followed by loading the synchronization word. See Table 13. If a re-
synchronization is not necessary, the synchronization word may be omitted from the readback
command set. If the synchronization word is reloaded, it is merely interpreted as a “No
Operation” command and is ignored. The total readback command set, not including the
synchronization word, is 24 bytes.

Table 13: Readback Command Set for CLB Frames

Data Type Data Field
Synchronization word AA99 5566h
Packet Header: Write to FAR register 3000 2001h
Packet Data: Starting frame address 0000 0000h
Packet Header: Write to CMD register 3000 8001h
Packet Data: RCFG 0000 0004h
Packet Header: Read from FDRO 2800 6000h
Packet Header Type 2: Data words 48-- ---- h
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Since all data loaded through the SelectMAP interface is processed as 32-bit words, re-
synchronization is needed when either an unknown number (or a number that is not a multiple
of four bytes) of data write cycles have taken place since the last command was loaded.

Once the configuration logic is synchronized, set the starting frame address in FAR as shown
in Table 13. For a complete readback of the CLB frames, this is always 32 x Oh. However, this
value is different for the block RAM frames. See "Readback of Block RAM Frames" on page 81.

Next, load the RCFG command into the CMD register to set the FPGA for readback. Address
the FDRO register with a Type 1 read packet data header that specifies "0" following data
words. Follow that with a Type 2 read data packet header which specifies the number of 32-bit
words to be readback. The number of data words to be readback depends on which Virtex
device is being readback, shown in Table 14. Type 1 or Type 2 headers may be used depending
on the amount of data that is to be readback. See "Bitstream Format" on page 61.

Table 14: CLB Frame Word Counts per Device

TYPE 2 Packet Header for |CLB Frames Word
Device CLB Frames Count
XCV50 4800 3E04h 15876
XCV50E 4800 408Ch 16524
XCV100 4800 581Ah 22554
XCV100E 4800 S5BOEh 23310
XCV150 4800 76B0h 30384
XCV200 4800 99C6h 39366
XCV200E 4800 9D92h 40338
XCV300 4800 CBO07h 51975
XCV300E 4800 CF75h 53109
XCV400 4801 29F3h 76275
XCV400E 4801 2F39h 77625
XCV405E 4801 4997h 84375
XCV600 4801 A90Ah 108810
XCV600E 4801 B5B2h 112050
XCV800 4802 2E36h 142902
XCV812E 4802 6EC2h 159426
XCV1000 4802 D80Dh 186381
XCV1000E 4802 E881h 190593
XCV1600E 4803 9EAFh 237231
XCV2000E 4804 7670h 292464
XCV2600E 4805 BB7Eh 375678
XCV3200E 4807 4799 477081

Now the readback data is ready to be clocked out. The readback sequence is shown in
waveform format in Figure 15. First, assert the CS and WRITE signals and load the readback
command set data described above, or from either the <design>.rbb, .rba or .msk file.
See "Verifying Configuration Data" on page 75. for a detailed description of these files. Then,
de-assert WRITE and CS, and de-activate any external drivers on the DO through D7 pins. To
begin reading back the data, assert CS leaving WRITE High. The readback data bytes are
driven out on each positive edge CCLK transition. Continue to clock for the entire readback
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(Word Count x 4) bytes, and then de-assert CS. The process may be repeated for additional
readbacks.

s\ /_
WRITE |
DATA[0:7] ZZZ)
cck ||

1
=

X138_15_082599

Figure 15: Readback Clocking Sequence

Readback Data Format

The readback data stream contains the information contained within the configuration memory
map (data frames) plus additional pad data produced by the pipelining process of reading the
data. The readback stream does not contain any of the commands, options, or packet
information found in the configuration stream, nor does it contain any CRC values, since this
information is stored in internal configuration registers, not the configuration memory.
Additionally, no CRC calculation is performed during readback.

The readback stream consists of data frames each proceeded by one 32-bit word of pad data,
shown in Figure 16. The first frame readback is pad data as well, and should be discarded
along with the 32-bit word of pad data that proceeds it and every other frame. The size of each
frame per device is shown in Table 15. The readback frame sizes are one 32-bit word smaller
than the frame sizes listed for the configuration bitstream. This is because the configuration
frame sizes account for the extra 32-bit pad word needed to push the configuration data
through the FDRI pipeline.

32-Bit Word -<——— Pad Data Word
FRAME DATA Pad Data Frame

32-Bit Word Pad Data Word
FRAME DATA Frame O

32-Bit Word Pad Data Word
FRAME DATA Frame 1

'

X138_16_082599

Figure 16: Readback Data Stream
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Table 15: Readback System Bytes for CLB Frames

CLB Bytes per Readback
Device Frames Frame Frame Bytes Pad Bytes Bytes
XCV50 1322 44 58168 5336 63504
XCV50E 1376 44 60544 5556 66100
XCV100 1610 52 83720 6496 90216
XCV100E 1664 52 86528 6716 93244
XCV150 1898 60 113880 7656 121536
XCV200 2186 68 148648 8816 157464
XCV200E 2240 68 152320 9036 161356
XCV300 2474 80 197920 9980 207900
XCV300E 2528 80 202240 10200 212440
XCV400 3050 96 292800 12300 305100
XCV400E 3104 96 297984 12520 310504
XCV405E 3374 96 323904 13600 337504
XCV600 3626 116 420616 14624 435240
XCV600E 3734 116 433144 15060 448204
XCV800 4202 132 554664 16944 571608
XCV812E 4688 132 618816 18892 637708
XCV1000 4778 152 726256 19268 745524
XCV1000E 4886 152 742672 19704 762376
XCV1600E 5516 168 926688 22240 948928
XCV2000E 6092 188 1145296 24564 1169860
XCV2600E 6956 212 1474672 28044 1502716
XCV3200E 7820 240 1876800 31528 1908328

Verifying Configuration Data

Readback verification is a process of making a bit per bit comparison of the readback data
frames to the bitmap in the <design> . rbb readback file. However, not all of the readback data
should be used for verification. There are three types of data bits that cannot be verified against
the bitmap: pad data, RAM bits, and Capture bits. The pad data is that described in the previous
section, see Figure 17 and Table 15. RAM bits are configuration memory cells that hold the
contents of LUT RAMs and block RAMs. These values are dynamically changing per the user
design. The Capture bits are the memory locations reserved for capturing internal register
states.

While the pad data words are separate data frames and must be ignored by any system
performing readback, the RAM and Capture bits are sprinkled throughout the data frames and
must be masked out. The <design>.msk mask file is used to mask out the RAM and Capture
bits. An example of a mask file is shown in Figure 17.
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The declarations portion is throw-away data. The first command set is for the CLB frames and
includes the synchronization word which may be omitted if an Abort has not been executed.
The second and third command sets are required for block RAMO and block RAM1.

<design>.msk

XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX File declarations and header;
XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX ~#—— — Design Name, target device
XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX date, etc. Size is dynamic.

XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX
XX XX XX XX XX XX XX[FF_FF _FF_FF AA 99 55 66] 30 & Dummy/Synchronization word. |
00 20 01 00 00 00 00 30 00 80 01 00 00 00 04 28 lg—— CLB Frame Readback command
00 60 00 48 XX XX XX 00 00 00 00 00 00 00 00 00 set. Always 32 bytes.

00 00 00 00 00 00 00 00 00 00 00 00 00 FF FF FF ~——— Masking data.

FF FF FF FF FF FF FF FF FF FF FF FF FF FF 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

00 -- -- == == -- -- -- -- -- -- -- -- -- -- 00
00 00 00 00 30 00 20 01 02 00 00 00 28 00 6X XX g BlockRAM O Readback command
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 set. Always 12 bytes.

00 00 00 00 00 00 00 00 00 00 00 00 FF FF FF FF ———— Masking data.
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 00

00 == == == == = —m —m —e M oo = = —— - 00
00 00 00 00 30 00 20 01 02 02 00 00 28 00 6X XX -e——— BIoCkRAM 1 Readback command
00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 set. Always 12 bytes.

00 00 00 00 0O 0O OO OO 0O 00O 00 00 FF FF FF FF <¢——— Masking data.
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF 00
00 00 00 00O 0O OO OO OO 00O 00O 0O 00O 00O 00O 00 0O
00 -- -- -= == -= -= -= -=- -=- -- -- -- -- -- 00

x138_17_72699

Figure 17: Readback Mask File for the Virtex Family

The masking data is used to determine which of the data frame bits are configuration bits and
should be verified against the bitmap in the <design>.rbb readback file, and which bits are
either RAM or Capture bits and thus should be skipped. The MSK file will mask out the 32 bits
following each frame, but does not mask out the first 32-bit portion of the readback stream, nor
the first frame pad data or following 32-bit pipeline data portion. See Figure 18. The equation
for this file follows.

RBBIi] = MSK]i] * DATAJI].

Each bit position of the masking data corresponds to the bit position of the readback data.
Therefore, the first masking data bit specifies if the first bit of the first valid frame should be
verified against the bitmap <design>. rbbfile. If the mask bit is a "0b," the frame bit should be
verified. If the mask bit is a "1b," the frame bit should not be verified. Since the mask file has the
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32-bit pad data portions trailing the frames, at the end of each mask is a superfluous 32-bit
portion which may be ignored.

Readback
Data
Bitmap (.rbb)
32-bit Word
[
Declarations Mask (.msk) Pad Data Word
and
Command Set FRAME DATA 4—————————— pad Data Frame
Declarations
and
32-bit Word Command Set 32-bit Word |«—————— pad Data Word
3 B |
I | FRAME DATA FRAMEDATA| l«—— Frame 0
: FRAME MASK| !
I
|| 32-bit word 32-bitWord | ' pad Data Word
FRAME DATA FRAMEDATAl«—— rrame 1
FRAME MASK|
32-bit Word 32-bit Word
FRAME DATA FRAME DATA
FRAME MASK|
32-bit Word 32-bit Word |e—————— pad Data Word
I I
1 |FRAME DATA FRAME MASK| FRAME DATA| t——— Framen
1_ _ _|
Next ' : 32-bit Superfluous Mask Data
Command | |
Set Next l_ _____.
Command
¢ Set

:

X138_18_72699

Figure 18: Readback Data Stream Alignment

The readback bit file <design>. rbb provides the configuration stream bitmap (data frames)
for verifying the readback data stream. This must be used instead of the bitstream
<design>.bit file, because, the frame data is encapsulated inside packets along with
command data that is not written into configuration memory. The readback bit file is shown in
Figure 19.
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<design>.rbb
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File declarations and header;
~¢—— Design Name, target device
date, etc. Size is dynamic.

<« |Dummy/Synchronization word. ]
<« Readback command set.
Always 32 bytes

~&—  Bitmap data.

- BlockRAM 0 Readback command
set. Always 12 bytes.

~¢—— Bitmap data.

@ BlockRAM 1 Readback command
set. Always 12 bytes.

~¢—— Bitmap data.

x138_19_72699

Figure 19: Readback Bit File for the Virtex Family

Unlike the mask file, the bitmap does take into account that the pad data in between the data
frames in the readback data stream proceed, rather than follow, each frame. The pad data
portions in the readback data stream should not be verified against the bitmap. However, for
every bit of pad data that is discarded from the readback data stream, a corresponding bit must
be discarded from the bitmap data. A flow chart to demonstrate how a readback verification
algorithm should work is provided in Figure 20.

3-78

www.xilinx.com
1-800-255-7778

XAPP138 (v2.1) June 15, 2000


http://www.xilinx.com

Virtex FPGA Series Configuration and Readback

S XILINX®

Capturing Register States

BEGIN

Read Bitmap and
Data Byte

Passed Start
of First
Frame?

Yes
Read Mask
Byte

Data(i) =
Bitmap(i)
?

Verification
Failed

Load Readback command set.

Readback next data byte (target), and
next byte from bitmap data (.rbb).

Is the current Readback byte part of a
data frame?

Read next byte from Mask data (MSK).

For each Bit, if the mask bit is a 0, then
compare the Readback data bit to the
bitmap bit.

If any bits mismatch, then verification
has failed.

Is Readback complete?

Verification is successful.

X138_20_082599

Figure 20: Readback Verification Flow Diagram

If Capture has been used to include the states of all internal registers in the readback data
stream, the logic allocation <design>. 11 file can be used to locate those signal state bits
within the data frames. The logic allocation file includes all CLB and IOB outputs as well as all
block RAM values, whether they are used in the design or not.

An example of portions of a Logic Allocation file is shown in the following text. Each Bit line
includes a <Bit offset> <Frame> <Frame offset> <CLB location.Slicex>
<Type> and a user net hame if this node is used in the design.

;Revision 3
Created by bitgen 2.1i at Fri. Mar 19 10:47:49 1999

I
7
7

7

Bit lines have the following form:

<offset> <frame number> <frame offset> <informations>
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Info Capture=Used

Info STARTSELO=

Info Persist=1

Bit 3274
Bit 3292
Bit 3310
Bit 3328
Bit 3346
Bit 3364

Bit 409801
Bit 409808
Bit 409818

Bit 360970
Bit 419598

Bit 419599
Bit 419600

1

11
11
11
11
11
11

1265
1265
1265

1115

1296

1296
1296

35 Block=CLB_R16C13.
53 Block=CLB_R15C13.
71 Block=CLB R14C13.
89 Block=CLB R13C13.
107 Block=CLB R12C13.
125 Block=CLB R11C13.

S1
S1
S1
S1
S1
S1

266 Block=P9 Latch=PAD
273 Block=P7 Latch=PAD
283 Block=P6 Latch=PAD

Latch=XQ
Latch=XQ
Latch=XQ
Latch=XQ
Latch=XQ
Latch=XQ

35 Block=CLB R16C1.S1 Latch=XQ Net=N$8

19 Block=RAMB4 R3C1l Ram=B:BIT47
20 Block=RAMB4 R3Cl Ram=B:BIT15
21 Block=RAMB4 R3Cl Ram=B:BIT14

The bit offsets describe the position of a junk bit in the configuration stream <designs>.bit,
and is not useful for this purpose. To calculate which bit in the readback stream correlates to a
desired node or signal from the LL file, the frame-number, frame-offset, and frame-length must
be used in the equation below.

Readback Bit Number = (FrameNumber x FrameLength) + Bitmap Length - FrameOffset + 32

The Frame Number and Frame Offset are given in the .11 file. The Frame Length is shown on

Table 4 on page 61.

The readback bit number, calculated above, is relevant to the entire readback stream. That is,
all readback data, including the pad frame and pad data words, should be counted to find the
state bit represented by the readback bit number. Table 16 shows the different Bitmap Lengths
for each Virtex device.

Table 16: Bitmap Length by Virtex Device

Device Bitmap Length
XCV50 324
XCV50E 324
XCV100 396
XCV100E 396
XCV150 468
XCV200 540
XCV200E 540
XCV300 612
XCV300E 612
XCV400 756
XCV400E 756
XCV405E 756
XCV600 900
XCV600E 900
XCV800 1044
XCV812E 1044
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Table 16: Bitmap Length by Virtex Device (Continued)

Device Bitmap Length
XCV1000 1188
XCV1000E 1188
XCV1600E 1332
XCV2000E 1476
XCV2600E 1692
XCV3200E 1908

The frame order for the block RAMs assumes that all the bits from a complete readback of all

the CLB frames have been counted, and that the count continues on with the readback of the

block RAM frames starting from the lowest block number. Therefore, when readback of block

RAMs is used, the data frame bit count must be offset by the number of bits in all the CLB

frames. This offset may be obtained from the Frame Bytes number in Table 15 and multiplying

by eight. l

Readback of Block RAM Frames

A readback of the block RAM frames may follow the same procedure as that for the CLB
frames. However, when a readback of the block RAM is initiated, control of the block RAM is
taken from the user logic so the block RAM elements may be accessed by the configuration
circuitry. In order to make this hand off smooth and glitch free, it is recommended that a
shutdown be performed prior to readback, and then a start-up again after readback. After a
shutdown sequence has been performed, all user logic and I/O is disabled until a start-up
sequence is performed. This is the same start-up sequence used in configuration. See "Start-
up Sequence” on page 51. The start-up sequencer is used for both start-up and shut-down.

In applications where it is preferable not to shut-down the device, any user logic designed to
drive the block RAM should also be designed to halt any write operations just prior to and
during the block RAM readback session.

The flow for a block RAM readback is shown in Figure 21 with the shut-down and start-up
sequences shown in the grey areas of Figure 21. RAM readback follows the same process as
for CLB frames, but with a different FAR value. See "Readback Operations" on page 72.
However, the synchronization step may be omitted if a previous readback sequence has
already synchronized the SelectMAP interface.

The shut-down sequence is enabled by setting bit 15 of the COR. The preferred method of
setting this value is to read the current value of COR, toggle bit 15 to a logic “1,” and then load
the new 32-bit value back into the COR.

The full command set is shown in Table 18. After loading the COR, the START command,
followed by the RCRC command must be written to the CMD register. For the Shut-down
Sequence to commence, the device needs to be clocked eight times. This also flushes the data
pipeline. Once the Shut-down Sequence is complete, it is safe to imitate the readback
sequence of the block RAM.

To read back both columns of block RAMs, the readback sequence must be repeated for each
column. The sequence is the same except for different FAR values as shown in Table 17.

Table 17: Virtex Family Devices Starting Frame Address

Frame Type FAR
BlockRAM_0 0200 0000h
BlockRAM_1 0202 0000h
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In Virtex-E and Virtex-EM devices the block RAM address alternates around the center to the
right and left side starting with address "1" instead of the "0" in the Virtex family devices. The

addressing is interweaved by starting with the block RAM to the right of the center at "1". The
block to the left of the center is for address "2", and the block to the right of block "1" is "3". For
a more detailed discussion, please refer to XAPP151.

Set SHUT-DOWN
Bitin COR

C Activate RCRC )

SHUT-DOWN

CCIOCk SHUT-DOWN)
|

1
C Set FAR )
'

C Activate RCFG )

C Address FDRO )

C Set Word Count )

C Read Data Words )
|
'

Reset
SHUTDOWN
Bitin COR

C Activate START )

START-UP Sequence

C Clock START-UP )

X138_21_082599

Figure 21: Block RAM Readback Operation Flow
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Table 18: Readback Command Set for Block RAM Frames

Data Type Data Field

Shut-down Sequence

Packet Header: Read from COR 2801 2001h
Packet Data: Configuration options |  ---- ---- h
Packet Header: Write to COR 3001 2001h
Packet Data: Set bit (15)to1 | ---- ---- h
Packet Header: Write to CMD register 3000 8001h
Packet Data: START 0000 0005h
Packet Header: Write to CMD register 3000 8001h
Packet Data: RCRC 0000 0007h
Dummy word FFFF FFFFh
Dummy word FFFF FFFFh
Block RAM Readback Sequence

Packet Header: Write to FAR register 3000 2001h
Packet Data: Starting frame address 0200 0000h
Packet Header: Write to CMD register 3000 8001h
Packet Data: RCFG 0000 0004h
Packet Header: Read from FDRO 2800 6000h
Packet Header Type 2: Data words 48-- ---- h

Start-up Sequence

Packet Header: Write to COR 3001 2001h
Packet Data: Set bit (15)to2. | ---- ---- h
Packet Header: Write to CMD register 3000 8001h
Packet Data: START 0000 0005h
Packet Header: Write to CMD register 3000 8001h
Packet Data: RCRC 0000 0007h
Dummy word FFFF FFFFh
Dummy word FFFF FFFFh

The two sets of block RAM frames in every device size consist of 65 frames in each column;
however, the frame sizes vary per device. The word count for block RAM readback and the
associated code for each device are shown in Table 19.
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Table 19: Word Counts per Frame Section

TYPE 2 Packet Header Block RAM Frames
Device for Block RAM Frames Word Count (each)
XCV50 4800 030Ch 780
XCV50E 4800 030Ch 780
XCV100 4800 038Eh 910
XCV100E 4800 038Eh 910
XCV150 4800 0410h 1040
XCV200 4800 0492h 1170
XCV200E 4800 0492h 1170
XCV300 4800 0555h 1365
XCV300E 4800 0555h 1365
XCV400 4800 0659 1625
XCV400E 4800 065%h 1625
XCV405E 4800 065%9h 1625
XCV600 4800 079Eh 1950
XCV600E 4800 079Eh 1950
XCV800 4800 08A2h 2210
XCV812E 4800 08A2h 2210
XCV1000 4800 09E7h 2535
XCV1000E 4800 09E7h 2535
XCV1600E 4800 OAEBh 2795
XCV2000E 4800 0C30h 3120
XCV2600E 4800 0DB6h 3510
XCV3200E 4800 OF7Dh 3965

After the completion of the readback session, a Start-up Sequence must be performed to
reactivate the user logic and I/O. To enable the start-up, the shut-down bit (15) of the COR must
be reset to a logic "0". Then, just as with the Shut-down Sequence, the START and RCRC
commands must be loaded into the CMD register and the Sequence must be clocked eight
times, at which time the device may resume normal operation.

The configuration modes and operation of the 1.8V Virtex-E and Virtex-EM (Extended Memory)
devices are similar with the 2.5V Virtex devices. The designer differences between the Virtex
family and Virtex-E or Virtex-EM devices are discussed in this addendum.

Power Supplies

Virtex-E Vccon the supply voltage for the internal logic and memory, is 1.8V instead of 2.5V for
Virtex devices.

I/O Standards Supported

Virtex-E devices can be used with 20 high-performance interface standards, including LVDS
and LVPECL differential signalling standards. A new LVCMOS I/O standard based on 1.8V
Vo is also supported. I/O pins are 3.0V tolerant with appropriated external resistors. PCI
5.0V is not supported.
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I/O Banking

In Virtex-E devices, the banking rules are different because the input buffers (with LVTTL,
LVCMOS, and PCI standards) are powered by Vcq instead of Voo iyt FOr these standards,
only input and output buffers that have the same V¢ can be combined together in the same
bank.

Configuration Bitstream Lengths

The total number of bits required to configure each Virtex-E device is different from Virtex
devices. Table 20 shows the bitstream lengths.

Table 20: Virtex-E Bitstream Lengths

Device # of Configuration Bits
XCV50E 630,048
XCV100E 863,840
XCV200E 1,442,016
XCV300E 1,875,648
XCV400E 2,693,440
XCV405E 3,430,400
XCV600E 3,961,632
XCV812E 6,519,648
XCV1000E 6,587,520
XCV1600E 8,308,992
XCV2000E 10,159,648
XCV2600E TBD
XCV3200E TBD
Revision The following table shows the revision history for this document.
HIStOI’y Date Version Revision
3/21/99 1.0 Initial release
7129/99 1.1 Overall update to application note
9/23/99 1.2 Virtex-E update
2/24/00 2.0 Revised to new template, new drawings
6/15/00 2.1 Virtex-EM update to tables 4, 7, 8, 10, 14,15,18, and 19. Revised
Figures 1 and 3.
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Summary

This Application Note discusses system and FPGA design techniques for applications that
operate in space or in other environments exposed to heavy ion or charged particle radiation.
Single Event Upset (SEU) detection, correction, and mitigation for the XQR4000XL are
demonstrated.

Overview

FPGA design for use in a radiation environment presents new challenges to the traditional

digital designer. Often people associate radiation tolerance with the so-called "hardness" of the
part. "Hardness" is simply a measure of the total dose of radiation to which an IC can be
subjected before critical parameter(s) cross a predefined threshold. An IC is therefore said to 3
be "rad tolerant" to a given total dosage, at which point some critical parameter goes out of
specification.

Supply Current (Icc) and Radiation Dosage

For many technologies, the supply current of a device (Icc) is a critical parameter for
determining useful life for a device when subjected to ionizing radiation. In some technologies,
the gate control voltage at the onset of conduction (the threshold voltage) decreases (or
increases) when subjected to radiation. If this threshold voltage gets too low, the integrated
circuit can experience an increase on I caused by leakage across an "off" transistor. Another
cause of an increase in I with ionizing radiation is a decrease in the field threshold (the field
oxide parasitic transistor in parallel with every active transistor). If the field threshold
decreases, the integrated circuit can also experience an increase in Icc. While both of these
phenomena limit the useful radiation exposure a device can withstand, they present different
aspects to the circuit designer.

A decrease in the threshold voltage will also manifest itself in an increase in the frequency
capability of the integrated circuit and an increase in Ic¢, while a decrease in the field voltage
will result only in an increase of Io¢. Itis this latter effect that has dominates the useful ionizing
radiation performance of the XQR4000XL. A plot of I versus total dose for the XQR4000XL
is shown in Figure 1.

© 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. All specifications are subject to change without notice.
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Figure 1: Icc (mA) vs. Total Dose (KRads)

Xilinx defines the dose limit of their XCR4000XL FPGAs as the point where |- has increased
to twice the commercial I specification, with all AC parameters remaining within specification.
The commercial Ic¢ specification is a very conservative value, so twice this number still falls
within absolute operating limits. The 0.35u XC4000XL radiation-tolerant FPGAs are rated as 60
KRad parts.

If the application requires a higher total dosage rating than that specified, shielding may be
employed to keep the effective dosage of the FPGA below the maximum specification.

Single-Event Upset (SEU) Logic Errors

In addition to the Total Dose, Single Event Effects (SEE) must be considered. As an IC is
bombarded with radiation particles, a temporary logic state change can occur within the IC.
This phenomenon is known as a Single Event Upset (SEU). This effect can manifest as a
transient upset which can last a few nanoseconds, or as a static upset which changes the
stored charge of a static cell. For simple gates, a transient glitch in the logic is usually not an
issue. When an SEU occurs within the latch that makes up a flip-flop or memory cell, however
— a static upset — the effects on functionality are often problematical. Since a flip-flop is a
memory device, the flip-flop can change state and remain in that state until the next occurring
clock or reset. In this condition the flip-flop is said to have been "upset” (i.e., its state has
changed independently of circuit operation). Likewise, the configuration latches, which define
the user’s design functionality, can be also susceptible to static upsets.

Before methods to mitigate the risks and effects of an SEU are discussed, it is important to note
that the functional effect(s) of an SEU are application specific. For example, if an FPGA is being
used as a digital filter and an upset causes the filter to miscalculate, the result is "bad" data for
a few clock cycles. This is typically a non-mission-critical function, and as long as the error can
be detected and corrected, then it may be fully acceptable. However, a mission-critical function
obviously cannot tolerate a functional upset. This application note will demonstrate ways to
remove risk from functional upsets. Determining the risks and effects of an SEU in your system
should be the first step in deciding upon an SEU mitigation approach.

A conventional design mitigation technique for standard logic is the "majority vote" circuit. The
functionality of a single flip-flop is implemented by three flip-flops in parallel. These flip-flops
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Reconfigurability

feed a gating circuit the output of which reflects the state of the majority of the flip-flops. A
typical majority vote circuit is shown in Figure 2.

B
| T
i -~

Figure 2: Majority Vote Circuit

X181_02_031500

Inherent in this technique is the assumption that only one SEU occurs within a given time
period (i.e., the time it takes for the next clock edge to occur and load the flip-flops with new
data). Obviously, if two of the flip-flops suffer contemporaneous upsets, then the majority vote
circuit will give the state of the two incorrectly set flip-flops. The chance of this occurring,
though, is usually considered statistically negligible, calculated by squaring the "normal" SEU
rate (e.g., [10™ bit-upsets/day]? = 10710 uncorrected bit-upsets/day).

Itis important to acknowledge that FPGA designs for space always come down to a determined
acceptable amount of risk. Decreasing risk means increasing design complexity. The cost of
the standard majority mitigation technique is obvious: the use of three times as many flip-flops.
But with the abundance of resources available in Xilinx's line of rad-tolerant FPGAs, this cost
would be tolerable in most cases.

However, there are many more latches in a Xilinx FPGA than those actually design-specified by
the user as flip-flops; the majority of latches are in fact used for configuration memory. Because
the configuration memory cells are just as susceptible to SEUs as are the design-specified flip-
flops, the standard majority mitigation technique alone is not adequate to overcome the effects
of SEUs in FPGAs.

One of the very notable features of Xilinx FPGAs is that they are reconfigurable, as opposed to
one-time programmable. If a design change is necessary, then a new configuration can be
loaded and the functionality of the FPGA altered without having to remove and discard the IC,
as is the case with anti-fuse FPGAs. This also allows upgrades to be made in the field, or even
in space. Unfortunately, this increased flexibility results in a more involved design solution for
SEU effects. An understanding of how a Xilinx FPGAs configuration works is necessary before
we can discuss the next level of SEU design mitigation techniques.

FPGA "First Floor and Basement" Architecture

Before power-up, a Xilinx FPGA is completely unconfigured. In other words, thousands of flip-
flops and logic gates are residing in the IC, connected neither to one another nor to the 1/O pins.
As the power supply voltage rises and crosses a certain threshold, the FPGA begins to load its
"brains" (configuration) and all I/O pins are set in a tri-state condition. The internal configuration
clock becomes active and begins to clock data from the configuration data storage into the
configuration latches. Buried in this configuration data stream are the items that make up a
configured FPGA: logic function, I/O pin definition, clock distribution, flip-flops, routing, and so
on. Once the configuration data is loaded and the CRC checksum is verified, the FPGA
becomes active and the 1/O pins begin to function as specified by the design.
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Using a "house" analogy, if all the functions that the FPGA is to perform (logic, flip-flops, pins,
etc.) are considered to be on the "first floor", then all the configuration latches are in the
"basement". See Figure 3.

X181_03_030900

Figure 3: FPGA Configuration Hierarchy

As it turns out, the basement is necessarily much larger than the first floor. It takes
approximately 30 configuration latches to configure each user-CLB, with each configuration
latch controlling some specific property of the CLB or I/O block. The logic implemented in the
look-up tables (LUTSs) is one of the more important properties held in these latches. If a latch
that configures an LUT experiences an upset, then the logic intended in the design may be
altered. For example, it could be possible for a design-specified AND gate to become a NAND
gate instead.

It should now become apparent that the majority vote circuit shown in Figure 2 is not reliable as
an SEU mitigation technique, because the majority vote portion of the circuit can change its
function in the event of an SEU occurring on a latch that controls the circuit. Therefore, some
new methods of SEU mitigation are required.

FPGA designs are completed with varying degrees of risk based on the mitigation techniques
employed. Since the amount of "acceptable risk" varies with the application, the design
mitigation strategy employed will also vary. In some cases, it may be acceptable to do very little
to accommodate SEUS; in other cases, the techniques may need to be rather sophisticated.
The remainder of this Application Note will focus on various techniques for SEU mitigation.
These techniques are listed in ascending complexity: auto-reconfiguration; using logic
redundancy and an XOR gate for SEU detection; using the Xilinx "Readback" capability for
SEU detection; using wired-AND outputs in conjunction with readback; and finally, building an
SEU-safe system by combining these techniques.

Auto-Reconfiguration

The simplest approach to SEU mitigation is to reconfigure the FPGA upon detecting a system
failure or at specified time intervals. For example, suppose an FPGA used to control a

spacecraft heater experiences an SEU, causing the FPGA to improperly turn on the heater. If
it can be determined through other spacecraft systems that the heater has been turned on, a
command could be sent to restore the heater to its proper state and/or reconfigure the FPGA.
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While this strategy may create an annoyance for the system, it might be seen as an acceptable
approach in non-mission-critical applications where economy of design is paramount. If an
application is of a more critical nature, however, then it may be imperative that the occurrence
of an SEU be detected and specifically addressed.

XOR Gate for SEU Detection

One method for accomplishing this, shown in Figure 4, consists of adding a duplicate logic
circuit to critical FPGA functions. One output drives whatever function the logic was designed to
perform, while the output of the redundant circuit is used in conjunction with the primary output
to drive the inputs of an XOR gate. If an SEU occurs which affects either circuit, the outputs of
the logic will conflict and the XOR gate will output a "1" indicating that an SEU has occurred.

'D— SEU_EVENT

X181_04_030900

Duplicate
Logic

Figure 4. SEU Detection by Redundancy and XOR Gating

If there are several places where this method needs to be employed, the XOR outputs can all

be ORed together to provide a single SEU status bit. This SEU status bit can also be used to

drive the GTS (Global Tri-State) pin of the STARTUP component, causing all outputs to a high-
impedance state in the event of an SEU occurrence.

Xilinx "Readback" Capability

Every Xilinx FPGA family incorporates a feature called Readback. Originally designed to
facilitate testing during production of the ICs, it provides a non-intrusive method of reading the
current state of every flip-flop and configuration memory cell within the FPGA. To make use of
this feature, the "Readback"” component needs to be instantiated in the design.

This function runs in the background, and in no way affects the performance of the FPGA. The
design can run at full speed while simultaneously performing a readback. (See Xilinx
Application Note XAPP015 "Using the XC4000 Readback Capability").

A CRC checksum based upon all the bits that have just been read back is generated and
inserted at the end of the readback serial stream. This CRC checksum can be compared to the
expected checksum for the current configuration; if it does not compare, then an SEU may have
occurred.

During Readback, every bit that currently resides in each flip-flop along with every configuration
bit is serially shifted out of the readback block. The output of the readback block can drive either
an external pin or an internal signal. Readback of the XQR4000XL must be clocked out at a
frequency between 1 MHz and 2 MHz. (Virtex™ is two orders of magnitude faster). The amount
of time required to read back the FPGA varies on the size of the FPGA. For example, the
XC4062XL contains 1,433,812 configuration bits. At a 1.5 MHz rate, it would take 960 ms to
read back this FPGA.

There are three different ways to incorporate readback in a design. These are:
» Use a microcontroller or microprocessor to verify the checksum

¢ Use separate FPGAs to monitor one another
» Self-readback
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Each method will be discussed in detail below.

NOTE: If SelectRAM is to be used in the design, then a simple CRC check of the readback
data will not work. This is because SelectRAM actually employs the configuration bits as
storage elements. Therefore, if a RAM value has been changed, the configuration
readback checksum will differ from the default value checksum. When incorporating
SelectRAM in the design, therefore, readback should be used to perform a full bit-for-bit
verification of the readback data (see Application Note XAPP015).

Microcontroller for Readback

The block diagram shown in Figure 5 illustrates a readback CRC compare function easily
implemented using a microcontroller. The microcontroller simply extracts the checksum from
the readback serial stream and then compares it to the expected value. The output of the
circuit, SEU_EVENT, can be used to interrupt to the system's processor signaling the
occurrence of an SEU. At the next "convenient" time, the FPGA should be commanded to
reconfigure.

Readback

CRC Capture

SEU_EVENT

Compare

Expected CRC

X181_05_030900

Figure 5: Readback CRCComparator
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The CRC data is located in the last 11 bits of the readback stream. XAPPO015 explains in
greater detail the anatomy of the readback data; however, Table 1 summarizes the CRC
locations for the XQR4000XL parts. The beginning of the readback stream is identified by a
preamble consisting of five dummy "1s" followed by a "0". The amount of data between the
preamble and the 11-bit CRC is device-dependent, as shown in Table 1.

Table 1. Readback Datastream Size

Device Preamble Data Stream CRC (12 bits)
XQR4013XL 111110 <399,630 bits> 0<11 bits>
XQR4036XL 111110 <841,350 bits> 0<11 bits>
XQR4062XL 111110 <1,445,502 bits> 0<11 bits>

Using Separate FPGAs to Monitor One Another

If a design requires more than one FPGA, or multiple FPGAs are used as redundancy, then
each FPGA can be used to monitor the readback serial stream of a neighboring FPGA. The
CRC comparator shown in Figure 5 can easily be implemented in an FPGA. If an SEU is
detected, one of two possibilities has occurred: Either the FPGA being monitored experienced
an SEU, or the detection circuit in the monitoring FPGA itself experienced an SEU. The
SEU_EVENT signal is used to alert the system that both FPGAs need to be reconfigured at the
next opportunity.

Self-readback

Instead of having two or more FPGAs monitor one another’s readback CRC, itis possible to use
a single FPGA to monitor itself. Design redundancy is required, however, because an SEU can
occur in the readback monitor circuit itself, thereby rendering its result invalid. A simple
redundancy method involves creating two readback compare circuits in parallel and wire-
ANDing the outputs. Simultaneous occurrence of CRC errors in both comparators would
indicate an SEU in the configuration logic under test, rather than in one of the readback
compare circuits. A block diagram of this technique is shown in Figure 6.

3

<

CRC Capture

SEU_EVENT

Expected CRC

CRC Capture

Expected CRC

X181 06 030900

Figure 6: Redundant CRC Comparator

Wire-ANDed Outputs

Up to this point, we have focused on methods of detecting when a logic error caused by an SEU
has already occurred. Some signals, however, are sufficiently mission-critical that an erroneous
logic state on an output cannot be tolerated for any period of time. The technique of wire-
ANDing redundant logic outputs can be employed to mitigate the effects of SEUs at this level of
criticalness.
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Reliable System
Design

For example, suppose that the FPGA is being used to drive a pyrotechnic device that jettisons
part of a spacecraft. In this example, it would be unacceptable for the signal output to remain
erroneous for the time required to complete a readback, detect that an SEU has occurred, and
remediate the condition. Wire ANDing using redundant design logic only drives a mission-
critical output to the active state when the two legs of redundant logic agree.

It is important to understand that this mitigation method does not ensure that a desired signal
will be correctly asserted in spite of an SEU which occurs during the assertion function. It does,
however, ensure that a signal will not be erroneously asserted due to an SEU.

The technique is shown in Figure 7.

ol
oge S>>

XQR4000XL DONE

X181_07_030900

Figure 7: Wire-ANDing Critical Outputs

To drive an output High, both the primary and duplicate logic chains must direct their respective
output buffers to a high-impedance condition. In this state, both logic outputs are high-
impedance (looking back into the output pins), and the external pull-up resistor will pull the
output signal High. If the logic chains do not agree, however, one or the other of the output
buffers will be enabled, driving the wire-ANDed buffer output signal Low.

This technique is reliable for especially critical control signals, where one output state (logic
High) is, by design, more meaningful than the other (logic Low). However, this approach is
inappropriate for general data processing applications, where the output logic states are of
equal importance and correct data propagation must be ensured.

Using the DONE signal to Control I/0 Pins During Configuration

A precaution must be taken to ensure that the output of an unconfigured part is not interpreted
as a true logic High. Since the FPGAs I/Os are in a high-impedance state before and during
configuration, some other signal must hold the outputs Low during this time. The FPGAs DONE
signal can be conveniently used to do this, since it drives Low during configuration. Since
DONE will need to transition to High after configuration, an open-drain buffer should be placed
between it and the outputs to be protected. (If many outputs are to be controlled in this fashion,
additional buffers or relays may be added for each output pair.)

WARNING: It is imperative that the bit-stream generation (BitGen) software start-up options
specify that the 1/Os are released before the DONE. Note that this is NOT the default!

To be considered reliable, a system must process and propagate data correctly even in the
event of an upset to the configuration and/or user logic. To build a reliable FPGA system,
therefore, we must combine the techniques of SEU detection, correction and mitigation.

Whichever method of SEU detection is chosen (full verification or CRC checking), adequate
SEU correction requires reconfiguring the FPGA, as the configuration logic and memory
cannot be ruled out as being a possible cause of the error detected. The XQR4000XL,
therefore, does constrain the designer in one significant respect: a temporary disruption in

3-94

www.xilinx.com XAPP181 (v1.0) March 15, 2000
1-800-255-7778


http://www.xilinx.com

SEU Mitigation Design Techniques for the XQR4000XL SIX"JNX®

service must be tolerated when correcting detected upsets. Designers of systems that cannot
tolerate such a disruption should consider using the Virtex FPGA, which can be partially
reconfigured without interruption.

Therefore, while an upset is present and being addressed, the logical functionality of the user
design must be validated in some way so that incorrect data is not propagated through the
system. The classical method for accomplishing this is Triple-Module Redundancy (TMR): that
is, three identical FPGAs processing the same data in tandem, with the outputs mediated by an
external voting circuit (Figure 2 on page 89).

TMR carries the further advantage that the entire FPGA may be used for the basic design, with
no internal SEU mitigation techniques applied. However, since three duplicate FPGAs are
required, it also carries the disadvantage of consuming significantly more board space and
power. Where full TMR is deemed unsuitable by design economics or other considerations, the
number of redundant FPGAs can be reduced from three to two by combining variations of the
previously discussed techniques, provided the basic design (including duplicated logic) can be
implemented within one FPGA.

Dual-voti ng A dual-voting system incorporates in just two FPGAs a fully redundant, self-mitigating system

Device with built-in SEU detection and correction. The system, shown in Figure 8, is comprised of two
FPGAs and a storage PROM.

Redundancy
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The basic logic design is duplicated in each FPGA. The two FPGAs configure sequentially and

then resynchronize. Corresponding output pairs are XORed, and then all XOR outputs are
ORed together to drive the (GTS) pin of the STARTUP component.
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Figure 8: Dual Redundant Self-mitigating FPGA Design
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If the occurrence of an SEU affects the function of the user logic, the compare circuitry will
assert the GTS signal for that device. Asserting GTS causes all the 1/0 pins of the affected
FPGA to a high-impedance state; however, the unaffected FPGA will continue to drive the
correct data. If the SEU is merely transient (i.e., no configuration cells are upset), GTS will
release when the redundant logic modules are resynchronized. (For complex designs an
additional security measure may be added to time-out when one device has been off-line too
long and issue a soft reset to both FPGAs to resynchronize the system).

To protect against the effects of an SEU occurring within the configuration memory cells, each

FPGA should perform a constant readback on the other. When one FPGA detects that the
other has been upset, it will force the upset FPGA to reconfigure. When the upset FPGA is
reinitialized and resumes operation, it should notice that the other FPGA is already running,
and should assert a soft reset (GSR) to both FPGAs to resynchronize the system. (The soft

reset causes an unfortunate disruption of the system, but the interruption is less severe than it
would be with less sophisticated SEU mitigation, as the system will still function while an upset

FPGA is being reconfigured.)
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The following sections describe the different aspects of this system in greater detail.

Power-on Configuration

Both FPGAs (top and bottom) shown in Figure 8 should be set for Master Serial Mode
configuration (all mode pins tied Low M[2:0]<000>). The power-on configuration process
executes according to the following steps:

1. Upon power-up, both FPGAs will drive their INIT pins Low until they are ready for
configuration. Since they are in Master Mode, they will release their INIT pins and
commence clocking the configuration data out of the serial PROM once their INIT pins have
externally transitioned High. (This process can be delayed by holding INIT Low externally.)

2. The top FPGA will commence configuration first. The DONE pin of each FPGA is driven
Low by each device until configuration is complete. Since the DONE pin of the top FPGA is
connected to the INIT pin of the bottom FPGA, the bottom FPGA cannot commence
configuration until the top FPGA has released its DONE pin upon completion of its own
configuration.

3. When the top FPGA has completed configuration and has released its DONE pin, the
bottom FPGA will attempt to commence configuration. However, in order for the bottom
FPGA to successfully configure, both the PROM and the bottom FPGA must be reset by
pulsing Low OE/RESET and PROG, respectively. This is accomplished with the 10_1 pin,
which is controlled by user-defined logic and is described in "Auto-Reconfiguration” on
page 90.

NOTE: The 10_1 pin is a user-defined pin that may, if the user so chooses, co-exist on the
same pin as INIT, a dual-function pin that becomes a user-programmable 1/0 (IOB) after
configuration is complete. The 10_2 pin is also a user-defined 1/O; it must be on a standard
programmable 1/O pin.

4. Upon configuration and activation, the top FPGA should sense that the DONE of the
bottom device is Low on its 10_2 input, and subsequently pulse its 10_1 output Low for at
least 300 ns. This will reset the serial PROM and force the bottom FPGA into
reconfiguration

5. Upon completion of the bottom FPGAs configuration, the top FPGA’s DONE should be
observed High on the 10_2 input, and normal system operation will begin.

Top Level Design

As shown in Figure 8, the top level design consists of the user’s basic design (logic); a duplicate
of the basic design (duplicate logic); The STARTUP component (primitive); a constant Low
output; a falling edge detector, and other random logic as shown; and a state machine to control
the readback and auto-reconfiguration of the neighboring FPGA.

SEU Correction and Reconfiguration

The user must provide a small circuit within the top level design that will force the neighboring
FPGA to reconfigure upon certain conditions. Those conditions should be:

1. The DONE of the neighboring FPGA is observed to be Low (10_2).

2. Areadback of the neighboring FPGA indicates that an upset in the configuration memory is
present.

3. (Optional, not illustrated) The neighboring FPGA has held its outputs in a high-impedance
state too long.

Condition 1 indicates a failed configuration or "deconfiguration”, as well as controlling the
Power-on Configuration sequence.

Condition 2 provides SEU correction when an SEU has been detected by readback.
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Condition 3 is not illustrated in Figure 8. The basic concept is for each FPGA to be cognizant
of the operational status of its neighbor FPGA. If the neighbor FPGA tri-states its pins because
of a functional interrupt or effect other than an SEU to the configuration memory, but does not
seem to recover on its own, then the system should be reset before such time has elapsed that
would put the system in danger of both FPGAs being upset simultaneously. See "Optional
Watch-Dog" on page 99.

If any of the above conditions occur, the FPGA should pulse the I0_1 output Low for 300 ns
(min) to reconfigure the other FPGA.

The constant Low output, shown in Figure 8 as an output buffer (OBUF) tied Low, indicates
whether the FPGA is online or off-line.

When an FPGA is configuring, all its outputs are in a high-impedance state. Therefore, the
constant Low output will pull High indicating that the FPGA is off-line. When the FPGA is done
configuring, the constant Low output will return Low.

The falling-edge detector in the active FPGA generates a pulse when the other FPGA comes
back online. This pulse should be used to assert a global reset in the logic of both FPGAs. This
will resynchronize all the logic of both FPGAs after one FPGA has been reconfigured, or when
one FPGA has been momentarily off-line due to a transient interrupt. This is important, as it
protects the hard-wired OUTPUTS from being in a state of contention.

The benefit of this practice is that the system will continue to function on one FPGA while the
other is either upset or being reconfigured. However, the basic user’s logic must be designed to
tolerate unexpected global resets.

Readback and SEU Detection

As described in the section "Design Mitigation Techniques" on page 90, readback provides the
method for detection of upsets in the configuration memory. The simplest approach is to
capture the 11-bit CRC value at the end of the readback stream. See "Microcontroller for
Readback" on page 92.

RB_IN and RB_OUT, shown in Figure 8, are arbitrary bus names for the readback interface and
the direction of data flow between the devices.

The RB_OUT port provides external access to the READBACK primitive and consists of three
separate pins (two inputs and one output). The two inputs are the readback trigger (RT) and the
readback clock (CLK). These must be connected to the RT and CLK pins of the READBACK
primitive (see Application Note XAPP015). The output signal is for the readback data which
comes from the RD pin of the READBACK primitive.

The RB_IN port interfaces directly to the RB_OUT of the other FPGA, and thus has the same
pins but in opposite direction (the clock and trigger are outputs and data is input).

The user must build the control logic for performing and capturing the readback. The process
requires execution of the following steps:

1. To begin the readback, assert the RT High, and hold until readback is complete.

2. Clock continuously without interruption from the beginning to the end of readback. The
clock signal MUST be between 1 MHz and 2 MHz.

3. Pipethe input readback data through a 6-bit decoder to watch for the "preamble” <111110>
as shown in Table 1 on page 93.

4. When the preamble is observed, begin counting the number of clock cycles. When the
count reaches the value shown in Table 1, the next bit should be a zero followed by the
11-bit CRC.

5. Compare this CRC to the expected CRC.
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WARNING: The CRC of the very first readback after reconfiguration should be ignored.
Only the CRC from the second (and subsequent) readback should be used.This is because
the value of the expected CRC cannot be known prior to execution of a readback.

The readback control logic must be designed to do three consecutive readbacks in order to
perform the first compare: the first to initialize; the second to capture the CRC; and the third to
execute the compare. Each subsequent readback then results in an immediate compare.
However, if the FPGA being read back is reconfigured, this process must start again from the
beginning.

The CRC value captured from the second readback needs to be stored for comparison with
succeeding readbacks. This can be done with registers, but should use triple module
redundancy so that the wrong value is not used should one of the registers get upset.

In this case, it is acceptable to use LUTSs for the voting circuit, because even if LUTS get upset,
the system will eventually reconfigure and repair itself.

SEU Mitigation with STARTUP

The primary mitigation technique of this system is for the FPGA to turn off its outputs when a
functional upset occurs. This is accomplished by duplicating the user's basic design and
XORIing output pairs. All XOR outputs should then be ORed together, along with the GSR
signal, to drive the GTS. (The GSR is included in case the OR gate driving the GSR gets
upset).

As mentioned earlier, the GTS signal, when asserted, will tri-state all FPGA outputs. This will
keep incorrect data from propagating out into the system. The GSR and GTS of the STARTUP
component are entirely asynchronous and hard-wired. Thus, do not depend on any storage
elements or clock sources.

When neither device is upset, both sets of outputs will be driving. The 50 ohm series resistance
(actual impedance should be specified by the designer) on each FPGA output provides
impedance-matching to board traces to reduce reflections. In addition, the 100 ohm series
resistance between output pairs absorbs transient contention caused by output transition skew.

Because the logic is already duplicated in each device, this mitigation approach provides an
additional benefit by nicely supporting the wire-AND approach to critical control signals. See
"Wire-ANDed Outputs"” on page 93. Since the device itself is duplicated as well, a quadruple pin
redundancy system actually results.

Combining these techniques creates a reconfigurable system that is reliable for even the most
critical functions and applications.

Optional Watch-Dog

It is possible for an SEU to affect the functional operation of the design without upsetting any
configuration memory latches (i.e., upsetting the stored value in a CLB flip-flop). Such an upset
would not be detected by a readback, and thus would not induce a reconfiguration.

When a functional upset like this occurs, there will most likely be a discrepancy between the
"Logic" and "Duplicate Logic" which will cause the FPGA outputs to a high-impedance state.
Whether or not the FPGAS' design will eventually resynchronize without a reset depends
entirely on the complexity of the design itself.

A simple pipelined arithmetic through-put function, such as a multiplier, will always
resynchronize within the number of clock stages present between the upset flip-flop and the
output. However, a highly complex state-machine may never recover. It is therefore left to the
designer to determine if this is a possibility for the design in question.

If the possibility of a functionally upset design never recovering is of concern, then the designer
should include a "watch-dog" timer to reset the system.

For this system the timer would be merely a counter that is clock-enabled by the constant Low
output of the neighbor FPGA. When the neighbor FPGA tri-states its pins, the Low output will
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Summary

pull high and thus cause the timer to start incrementing. When the timer has reached a
"terminal count" value, it should pulse the GSR of both FPGAs.

It is left to the designer to determine the appropriate "terminal count" value for the application.
For example, one application may require that the timer time-out before the next statistically
expected upset. The time interval between upsets depends on the orbit and location. This may
be a matter of seconds, minutes, hours, days, or years.

With the release of Xilinx radiation-tolerant FPGAs, engineers now have a more powerful and
flexible option for programmable logic in space applications. While the techniques to mitigate
the effects of SEUs are more complicated than those methods employed for older technology
radiation-tolerant FPGAs, in many applications the benefits of Xilinx FPGAs are an
overwhelming return for the additional design effort. These benefits include: higher density (up
to 62K gates); significantly lower cost; in-circuit reprogrammability (ISP), allowing rapid
changes with no rework or scrapping; and three densities utilizing the same footprint that adds
to cost savings and makes room for design growth.

Revision
History

The following table shows the revision history for this document.

Date Version Revision

03/15/00 1.0 Initial Xilinx release.
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Summary

This application note describes the use of partial reconfiguration in Virtex™ series FPGAs for
the purpose of correcting Single Event Upsets to the configuration memory array induced by
cosmic rays. It is essential for the reader to have a basic understanding of the Virtex
SelectMAP ™ interface as well as configuration and readback operations. An in-depth review of
Xilinx Application Note XAPP138 is highly recommended.

Overview

Introduction

e SEUs are unavoidable and must be corrected

» Using Partial Configuration for SEU Correction

e SEU Correction Methods

e SEU Detection

e SEU Scrubbing

» Design Examples

e Application of Static and Dynamic Cross-sections
» Reference Tables

On-orbit, space based, and extra-terrestrial applications must consider the effects high energy
charged particles (radiation) may have on electronic components. In Particular, Single Event
Upsets (SEU) may alter the logic state of any static memory element (latch, flip-flop, or RAM
cell). Since the user-programmed functionality of an FPGA depends on the data stored in
millions of configuration latches within the device, an SEU in the configuration memory array
may have adverse effects on the expected functionality.

A static upset in the configuration memory is not synonymous with a functional error. Upsets
may have no effect on functionality. Design mitigation techniques, such as triple redundancy,
can harden functionality against single events upsets. However, the upsets must be corrected
so that errors do not accumulate.

The Virtex Series FPGA SelectMAP interface provides post-configuration read/write access to
the configuration memory array. "Readback" is a post-configuration read operation of the
configuration memory, and "Partial Reconfiguration" is a post-configuration write operation to
the configuration memory. Readback and Partial Reconfiguration allow a system to detect and
repair SEUs in the configuration memory without disrupting its operations or completely
reconfiguring the FPGA.

Before continuing with this application note it is essential for the reader to have a full
understanding of the basic configuration and readback operations, as well as the bit-stream
format and command structure, of the Virtex Series configuration logic and SelectMAP
interface. A careful review of Xilinx Application Note XAPP138 "Virtex FPGA Series
Configuration and Readback" will provide this information. For further reading on the Virtex
Series FPGASs’ configuration architecture, see Xilinx Application Note XAPP151 "Virtex
Configuration Architecture Advanced Users’ Guide."

© 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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Partial
Reconfiguration

Configuration Memory Architecture

The configuration memory array is divided into three separate segments: The "CLB Frames",
"BRAMO Frames" and "BRAML1 Frames." See Figure 1. The two BRAM segments contain only
the RAM content cells for the Block RAM elements. The BRAM segments are addressed
separately from the CLB Array. Therefore, accessing the Block RAM content data requires a
separate read or write operation. Read/Write operations to the BRAM segments should be
avoided during post-configuration operations, as this may disrupt user operation.

CLB
Frames

BRAMO
BRAM!1

XAPP216_01_060100

Figure 1. Virtex Frame Segments

The CLB Frames contain all configuration data for all programmable elements within the FPGA.
This includes all Lookup Table (LUT) values, CLB, IOB, and BRAM control elements, and all
interconnect control. Therefore, every programmable element within the FPGA can be
addressed with a single read or write operation. All of these configuration latches can be
accessed without any disruption to the functioning user design, as long as LUTs are not used
as distributed RAM components.

While CLB flip-flops do have programmable features that are selected by configuration latches,
the flip-flop registers themselves are separate from configuration latches and cannot be
accessed through configuration. Therefore, readback and partial configuration will not effect
the data stored in these registers.

However, when a LUT is used as either a distributed RAM element, or as a shift register
function, the 16 configuration latches that normally only contain the static LUT values are now
dynamic design elements in the user design. Therefore, the use of partial reconfiguration on a
design that contains either LUT-RAM (i.e., RAM16X1S) or LUT-Shift-register (SRL16)
components may have a disruptive effect on the user operation. For this reason the use of
these components can not be supported for this type of operation.

However, Block RAMs (RAMB) may be used in such an application. Since all of the
programmable control elements for the Block RAM are contained within the CLB Frames and
the Block_RAM content is in separate frame segments, partial reconfiguration may be used
without disrupting user operation of the Block RAM as design elements.

Data Frames

The configuration memory segments are further divided into columns of data frames. A data
frame is the smallest portion of configuration data which may be read from, or written to, the
configuration memory. The CLB array contains four categories of frame columns: one center
column (eight frames), CLB columns (48 frames/column), two BRAM-Interconnect columns (27
frames/column), and two IOB columns (54 frames/column). The number of CLB columns and
the size of the frames vary per device. However, the frame sizes are constant for a particular
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device regardless of the column type in which it resides. The entire array may be addressed as
one block, or alternatively any individual frame may be accessed as a unique block of data.
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Figure 2: CLB Frame Columns

As shown in Figure 2, the frame columns are numbered in a "ping-pong" order which places all
the even numbered columns to the left of the center column and all the odd numbered frames
to the right. The frames within a column are numbered sequentially within that column away
from the center. If all the frames were simply numbered sequentially in accordance with the
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order of their appearance when performing a full readback of the CLB Frames, their order
would be as shown in Figure 3.

CLB Center CLB
48 Frames 8 Frames 48 Frames
60 59 58 57 56 01 2 3 4 5 6 7 8 9 0 1 55
(Y X XX
4 3 2 1 0 01 2 3 45 6 7 01 2 3 47
c2 Co C1

XAPP216_03_060100

Figure 3: Data Frame Numbering

Partial Read/Write Operations

To write a series of data frames, the Frame Address Register (FAR) must first be set to the
address of the first frame in the series. Then specify the number of data words to be written to
the FDRI register followed by the data. A data-word is a 32-bit word. Therefore, the number of
words to be written is the number of frames to be written times the number of words per frame
(see Table 3 on page 112) plus one dummy word (typically all zeros) to follow each frame and
plus one more frame of dummy words which also must be followed by a dummy word. If writing
multiple frames, the first frame will be written to the address specified in the FAR and will
automatically increment the address by one frame for each frame of data thereatfter.

For each write operation the number of frame data words must also include a dummy word in
order to complete the write operation. Data written to the FDRI register is assembled into 32-bit
words and then loaded into a Frame register equal in size to one data frame. When the frame
register is full the entire frame is loaded in parallel into the configuration memory latches. The
last 32-bit word written is always stuck in the FDRI register. Therefore, a dummy word is
needed to push the last word of the last frame of real data into the frame register in order for the
entire last frame to be loaded into configuration memory.

A frame address is expressed as a major address and a minor address. The major address is
the column number and the minor address is the frame number within that column. The value
written to the FAR register contains a Block Type field, the major address, and the minor
address. The Block Type should always be "00" to indicate the CLB Frames Segment. The
Major Address is positioned in bits 17 through 24. The Minor Address is positioned in bits 9
through 16. All other bits should be "0". Therefore, to read or write the first frame of the first
column, the value written to the FAR would be all zeros (00000000h).
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SEU Correction
Methods

SEU Detection

SEU Correction

SEU Detection and Single Frame Correction

One method of SEU correction is to use Readback to detect when an upset to the configuration
memory has occurred. When an upset is detected only the data frame that contains the
effected bit need be corrected. Using this method of writing only a single data frame, and only
after an upset has occurred means that the configuration logic will be in "write mode" for the
shortest amount of time. Most of the time the configuration logic will be in "read mode". This
decreases the probability of an upset to the configuration logic itself from having any adverse
effects to the configuration memory array. However, this method also requires some system
overhead and support for the readback and detection of SEUs in the configuration memory.

Using readback for SEU detection requires a hardware implementation of algorithms for
reading and evaluating each data frame. Additionally, memory space is needed to store
constants and variables.

SEU Scrubbing

A simpler method to SEU correction is to omit readback and detection of SEUs and simply
reload the entire CLB Frame segment at a chosen interval. This is called "scrubbing."
Scrubbing requires substantially less overhead in the system, but does mean that the
configuration logic is likely to be in "write mode" for a greater percentage of time. However, the
cycle time for a complete scrub can be made relatively short as the SelectMAP interface is
capable of operating at a throughput of 400 Mbits/s. Additionally, the chosen interval for scrub
cycles should be based on the expected static upset rate for a given application or mission, and
may be fairly infrequent. A longer cycle interval (time between scrubs) and shorter cycle time
(scrub time) decreases the total percentage of time that the configuration logic is in "write
mode."

Readback and Comparison

The more traditional method of verification of the data stored in configuration memory is to
readback the data and perform a bit for bit comparison. This requires the use of a mask file
(.msk) and readback file (.rbb) each of which are equal in size to the original bit-stream used to
configure the FPGA. This method is explained in detail in Application Note XAPP138.

This method would effectively triple the amount of system memory required for configuration
and readback operations. Therefore, this method is not generally considered to be desirable for
space applications.

CRC Frame Checks

Another method for readback verification and SEU detection was developed by the Los Alamos
National Laboratories Space Data Systems Group. This method records a 16-bit CRC value for
each data frame. During readback a new CRC value is generated for each data-frame that is
read back and compared to the expected CRC result. Since a data-frame is the smallest
amount of configuration memory which may be read from, or written to, the device, it is not
important to know which data bit is upset but merely which data frame the upset exists in. Then
only the data frame effected need be rewritten to the FPGA to correct the SEU.

This method greatly reduces the amount of system memory required to perform SEU
Detection. The algorithm for calculating a CRC sum is presented in Application Note XAPP138.

System Architecture

There are two different methods for implementing the CRC frame constants. For an application
that will never require any update or changes to the FPGAS' design after deployment, the CRC
constants for a specific FPGA design can be pregenerated in software and stored in system

ROM. For applications that can accept updates for the FPGAS’ bit-stream, the CRC constants
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should be generated by the host system and stored in RAM. If the FPGAS' bitstream is ever
updated then the CRC values can be refreshed.

Figure 4 shows a basic overview of one possible implementation of this system. The basic sub-
blocks represent either logic or algorithms to interface with the Virtex SelectMAP Port, interface
with the memory components, calculate and compare CRC values, and some sort of finite state
machine to control the operations. The design details are left for the user to implement;
however, an example design will be published by Los Alamos National Labs and posted as an
addendum to this application note.

The mapping of the memory components should be done uniquely for each system. One
possible method would be to store the CRC values in addresses such that the address number
itself corresponds to the Frame number that the CRC value represents. This could reduce the
number of processing steps, or decode logic, to access a specific CRC frame constant.

Memory Virtex
SelectMAP
- , B - DATA{7:0]
ADDEQQQ Configuration| ~| WRITE
Controller CS
OE ™l BUSY
CE DONE
PROG
INIT
CCLK

Configuration Controller

SelectMAP

Memory

Interface Interface

Comparator Calculator

XAPP216_04_060100

Figure 4: Simple Configuration and SEU Correction Design

Single Frame Correction

The process for configuration, readback and CRC calculation are omitted because these are
explained in XAPP138. Whenever a data frame produces a CRC value that differs from its
corresponding CRC frame constant stored in memory, the frame number should be stored for
use after the readback cycle is complete. Although it is very unlikely to have more than one
frame containing an SEU within one readback cycle, the CRC mismatch could potentially be
produced by an SEU elsewhere in the system and not actually in the readback data. Therefore,
the system should be designed to record multiple frame numbers for the correction cycle.
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If the readback cycle did produce some CRC mismatches then the data for the stored frame
numbers must be accessed from memory and reloaded into the FPGA. The procedure for a

single frame write cycle follows:
1. Abort

An Abort command is issued by holding the CS Low and the WR High for at least three
clock cycles. This will reset the SelectMAP and configuration logic so that the interface may
be re-synchronized. This alleviates tracking the number of clock cycles between readback
and write cycles and clears any errors caused by an SEU in the configuration logic itself.

2. Synchronize

Before a new process can commence the SelectMAP interface must be resynchronized by

reloading the Synchronization Word.
3. Issue WCFG Command to CMD Register

Enable write access to the configuration memory array by loading the WCFG command

into the CMD register.
4. Load FAR

Specify the frame address in the FAR with a major and minor address location. See "Frame

Address Register" on page 108.
5. Access FDRI Register

Use a Type 1 packet header to issue a write command to the FDRI register specifying the
frame data length in 32-bit words plus one 32-bit dummy word.

6. Load Frame Data

Load the data frame into the FPGA followed by one dummy frame. Each frame must be
followed by a dummy word; However, the bitstream includes these dummy words at the end

of each data frame.
7. Reset CRC

Issue a RCRC command to the CMD register to clear the CRC register.

8. Abort

Although a second Abort command may be superfluous, a resetting of the SelectMAP
interface and subsequent resynchronization for any new process increases the likelihood

that the process will be successful.

The data fields for the previous commands, except for the frame data, is shown in Table 1. The

Abort command does not have any associated data.

Table 1: Instruction Set for Single Frame Write Operation

Command Data (32 Bits)

Synchronize AA 99 55 66
Write to CMD 30 00 80 01
WCFG 00 00 00 01
Write FAR 30002001
Frame Address 0? ?? ?? 00
Write FDRI XQVR300 30 00 40 2A

XQVR600 30 00 40 3C

XQVR1000 30 00 40 4E

Frame Data
Write CMD 30 0080 01
RCRC 00 00 00 07
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Frame Address Register

The simplest method for determining the frame address for the frame which needs to be
reloaded is to count the frames during readback, starting with zero but not counting the dummy
frame (see XAPP138), and then calculate the address based on that frame number.

The algorithm for calculating the frame address from the frame number needs to be conditional
on which column type the frame comes from because different column types have a different
number of frames and because of their organization (refer back to "Data Frames" on page 102).

Following is a description of the variables used in the subsequent equations and conditions.
N = Frame Number
Cols = The number of CLB columns in the device
Maj = Major Address portion of the FAR
Min = Minor Address portion of the FAR
DIV = Integer Division operation
MOD = Modulus remainder operation

The following algorithm is used to determine the Major and MInor Frame Address from a
specific frame number and will be followed by an example exercise. It should be obvious that
these conditions and equations would be greatly simplified if they were rewritten for a single
device size, removing the number of columns as a variable. All variables are represented as
decimal values and subsequently will need to be converted to hexidecimal before obtaining the
actual FAR code.

Begin
IF (0 < N < 7) Then {Frame is in Center Column}
Maj = 0;
Min = N;
ElsIF (8 < N < [Cols x 48 + 7]) Then {Frame is in CLB Columns}
Maj = (N-8)DIV(48) + 1;
Min = (N-8)MOD(48) ;

ElsIF ([Cols x 48 + 8] < N < [Cols x 48 + 115]) Then {Frame is in
IOB Columns}

Maj = (N-Colsx48-8)DIV(54) + Cols + 1;

Min

(N-Colsx48-8)MOD(54) ;

ElsIF ([Colsx48+116] < N < [Colsx48+169]) Then {Frame is in BRAM
Interconnect}

Maj = (N-Colsx48-116)DIV(27) + Cols + 3;
Min = (N-Colsx48-116)MOD(27) ;
End IF;
End;
Example

In this example the target device is an XQVR300. Therefore, the Cols=48. If the frame that
needs to be corrected is the 2373rd valid data frame that was read back (not counting the
dummy frame), then counting from zero, the frame number is N=2372.

Colsx48 = 48x48 = 2304 and N-2304 = 2372 - 2304 = 68;
N satisfies the third condition: 2312 < N < 2419; Therefore,

Maj = (N-Colsx48-8)DIV(54) + Cols + 1 = (60)DIV(54) + 49 = 50;
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And
Min = (N-Colsx48-8)MOD(54) = (60)MOD(54) = 6;

Converting these to 8-bit Binay values gives the following major and
minor addresses:

Major: 00110010; Minor: 00000110;

Inserting the Major Address into bits 17 through 24, the Minor
Address into bits 9 through 16, and placing zeros in all other
positions gives an FAR value of:

FAR(31:0) =0000 0000 0110 0100 0000 1100 0000 0000b = 00 64 0C 00h;

SEU Scrubbing Scrub Data and Flow

Scrubbing is a much simpler approach to SEU correction because it does not require any
readback or data verification operations, nor does it require any data generation when

reloading the data frames. l
In short, the process is to reload the bit-stream starting at the beginning, but stopping at the end

of the first write to the FDRI register. In a standard bit-stream the first write to the FDRI register
includes all the configuration data for the CLB Frames segment of the memory map. The rest of

the bit-stream contains the BRAM segments, a CRC check, and the start-up sequence, all of

which are not applicable to partial reconfiguration. No adjustments to the data or headers are
needed.

A scrub cycle should be preceded and followed by an Abort operation. However, the Abort
operation preceding the scrub cycles may be omitted if one Abort cycle is inserted after the
completion of the initial configuration of the FPGA. The bitstream already contains the
synchronization word at the beginning. The only support circuitry necessary is a counter to
generate memory addresses (if necessary), and decode logic to toggle the control signals of
the memory and SelectMAP interface at specific count values. This is the mechanism that
controls how much of the bitstream is loaded. An example of this is shown in Figure 5. This
example does not account for the initial configuration of the FPGA. However, the necessary
additions to perform an initial configuration before the first scrub is fairly straight forward and left
to the reader. For additional reading, XAPP137 provides a design example of using an interface
logic device to configure a Virtex FPGA from a parallel memory source. If the FPGA is to be
configured from a Serial PROM, then adding a serial-parallel converter to the interface would
allow the serial prom to act as the data source for both configuration and scrubbing. Since
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Scrubbing reloads the majority of the bitstream from the beginning, randomly accessible
memory is not required.

Controller .
Count Memory Virtex
ounter DATA ~| DATA
Q[17:0]—* » Address
Host CE Decode MOE [H—Q| OE
> Decode MCE O CE
Decode VCS O CSs
Decode VWR O WRITE
CCLK
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Figure 5: Scrubbing Control Circuit

The example shown in Figure 5 demonstrates the use of a parallel (8-bit wide) memory device.
This allows the data signals to be connected directly from the memory to the Virtex SelectMAP
data pins. If the memory’s data ports are of any other configuration then the data should be
reorganized into 8-bit words within the control chip.

For this example a simple counter is a sufficient state machine to control the scrubbing
operations. The LSB outputs of the counter (humber depends on the size of the memory) may
be used as the address for the memory module. The example uses an 18-bit counter because
this is the minimum value for a V300 bit-stream. A V600 or V1000 would require a larger
counter. Additionally, the system clock may be too fast for the configuration interface (50 MHz
max). In which case the address lines could be shifted to higher order bits of the count value
leaving the lower order bits to serve as a clock divider.

There are four signals that need to be decoded from the Counter: MOE (Memory Output
Enable), MCE (Memory Chip Enable), VCS (Virtex Chip Select), and VWR (Virtex Write). The
complexity of these decoders and their associated values depends on how many Memory chips
and FPGAs are being designed into the system. Since this is an entirely application specific
variable we will simplify this example further by assuming a single memory chip and a single
FPGA.

If the system had several memory chips, each memory would require its own MCE decoder.
However, for one memory the MCE may be eliminated altogether and tied to the MOE decoder.
The MOE must disable the memory’s output during an Abort sequence. However, the VCS and
VWR may not be combined, even for a single FPGA implementation, because the Abort
sequence requires separate control of these signals.

Table 2 shows the state transitions for a complete scrubbing operation, including a trailing Abort
sequence, and the associated clock cycles for each state. One clock cycle represents one byte
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of data transferred. If the Counter is to be used as a Configuration Clock (CCLK) divider as well,
then the number of clock transitions would need to be multiplied by the Divisor.

Table 2: Scrubbing State Transitions

States Clock Cycles
Type MOE | MCE | VCS | VWR | XQVR300 XQVR600 XQVR1000
Load L L L L 207,972 435,312 745,596
Abort H H L H 4
Disable H H H H 1

Note: The clock cycles specified for the load operation are based on the bitstream format generated
by the bitgen utility version 2.1i. If using any other version then these numbers should be manually
verified in the bitstream.

In Figure 5 this is shown simply as a connection from the Host System to the CE input of the
counter. Consideration is also needed for a reset control to the counter. If the desired time
between scrub cycles is constant, then this could be automated by using another counter to
control the CE of the scrub counter and another decoder to control a synchronous reset of the
counters. Choosing how long to wait between scrub cycles (Scrub Rate) should be determined
primarily from the expected upset rate for the specific application, orbit or mission.

The system also needs some sort of mechanism to control how often a scrub cycle takes place. l

Scrub Rates

A Scrub Rate describes how often a scrub cycle should occur. It may be denoted by either a
unit of time between scrubs, or a percentage (scrub cycle time divided by the time between
scrubs). The scrub rate should be determined by the expected upset rate of the device for the
given application.

Upset rates are calculated from the Static Bit Cross Section (see Data Sheet) of the device and
the charged particle flux the application or mission is expected to endure. For other
technologies, the upset rate is an indication of how often the system will have to tolerate a
functional bit error. But this is not precisely the case for an FPGA.

The static cross-section for a given device is derived by determining the cross-section per bit

(obtained through experimentation and measurement) multiplied by the number of bits in the

device. The static cross-section for a Virtex Series FPGA may be orders of magnitude higher
than what the experienced space applications designer might be used to. This is because of the
high density of configuration latches. But this upset rate does not carry the same meaning as it
does for other technologies.

For example, lets compare a 6,000 flip-flop ASIC to a 6,000 flip-flop Virtex Series FPGA. If the
ASIC and the FPGA have similar process geometries, then the static cross-section per bit will
be similar for both devices. However, the device cross-section is the bit cross-section multiplied
by the number of bits in the device. For a 6000 flip-flop ASIC the number of bits is 6000, but the
a Virtex FPGA this number is 6000 plus 1.7 Million (approximately).

However, for an ASIC, a bit upset is considered to be a definite functional bit error. This would
be an incorrect assumption for an FPGA. An upset in the configuration memory may or may not
have any effect on the functional integrity of the user’s design in the FPGA.

Design techniques may be applied to strengthen the functional integrity of the user design and
protect it from the effect of any Single Event Upset. This process is called "SEU Mitigation."
These design techniques are described in Xilinx Application Note XAPP186: "Space
Application Design Techniques for the Virtex QPRO™ Radiation Hardened Series FPGA."

Where systems that include ASIC technology use a static upset rate to determine how often a
functional bit failure may be expected, systems that use Virtex Series FPGAs should define a
"Dynamic Upset Rate" for this purpose. The application of a dynamic upset rate is discussed in
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the previously mentioned application note and is not covered in this paper. However, the
necessary assumption is that the scrub rate should be set such that any SEU on the
configuration memory will be fixed before the next will occur. Additionally, the life span of an
SEU, time between the occurrence of the upset and it's subsequent correction, should be
minimized. It is entirely up to the designer to choose the scrub rate. However, a good "rule of
thumb" is to place the scrub rate at one order of magnitude from the upset rate. In other words,
the system should scrub, on average, ten times between upsets.

For example, if we were to assume a bit upset rate of once per hour and a configuration clock
frequency of 10 MHz, then the scrub rate should be once every six minutes. Thus, the scrub
time, for a V1000 is 80 ms. Therefore, the scrub rate as a percentage would be 0.2%.
Meanwhile, the FPGA will be capable of carrying out it's operations and functioning normally.
It's ability to do so is a function of the design methodologies and mitigation strategies employed
in the system.

Reference
Tables Table 3: Device Statistics and Static Elements
Devices XQVR300 XQVR600 XQVR1000

CLB Array Size (RowxCol) 32x48 48 x 72 64 x 96
CLB Flip Flops 6,144 13,824 24,576
Select Block RAM (bits) 65,536 98,304 131,072
Frames 2474 3626 4778
Words (32-bit) per Frame (Including 21 30 39
one dummy word)
Configuration Latches 1,583,360 3,364,928 5,810,048

Revision The following table shows the revision history for this document.

HIStOI’y Date Version Revision
06/01/00 1.0 Initial Xilinx release.
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Quality and Reliability Program

Quality
Systems
Compliance:

QML
Background

The quality level of all Xilinx products are assured by strict compliance to several world wide
standards. These standards include QML, ISO9000 (9001 and 9002), STACK, PURE,
Siemen’s 72500, and others (see Table 1 on page 2). All Xilinx products are manufactured in
compliance with the rigorous quality requirements of these standards. This includes all of our
commercial grades, our QML product lines and our MIL-M-38510 full “B-grade” Military and
“T-grade” Radiation Tolerant product lines. However, not all product lines are screened to the
screening requirements of MIL-M-38510. While all products are manufactured on QML certified
lines and are capable of passing the screening levels of MIL-M-38510, only those products
designated as compliant to these screening levels are so tested. A comparison of the various
flows available from Xilinx is detailed in Table 2.

Quality

ISO 9000
All Xilinx Sites
All
Subcontractors

In 1994, Dr. William Perry issued a mandate that became known as the “Perry Initiative”. It
directed all contractors involved in the design and/or upgrade of military equipment(s) to utilize
performance standards to define (hopefully) Commercial Off the Shelf (COTSs) parts for use in
these military systems. After this directive, it became mandatory for a manufacturer to utilize
performance standards to define parts to be used in military systems, and it took a waiver from
the government for the manufacturer to specify and/or utilize MIL-Spec parts. This was done to
(hopefully) remove unnecessary costs from defense procurements. Like all generalizations,
this one had its exceptions.

Fortunately, the defense industry with the aid of DSCC (then known as the Defense Electronics
Supply Center, DESC) was already moving in this direction. In early 1995, the government
formally recognized the QML concept in its issuance of MIL-PRF-38535. This directive went
beyond the MIL-SPEC status of parts and gave manufacturers a cost effective way to provide
military customers with the quality and reliability levels they needed, while meeting the
“performance-based” requirements of the Perry Initiative. This methodology was the

© 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. All specifications are subject to change without notice.
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Screening-In
Quality

Best
Commercial
Practices

establishment of QML (Qualified Manufacturing Lines) originally audited and overseen by
DSCC but eventually governed by the TRB (Technical Review Board) of the certifying
manufacturer.

Table 1: Quality Standards

Standard Description

QML A standard for the Qualification of Manufacturing Lines, instituted by
DSCC as part of MIL-PRF-38535. Full compliance certified at Xilinx by
DSCC in November, 1997.

ISO9000 An international standard for implementation of Quality systems. ISO9001
is the standard which includes design, manufacturing and testing. Xilinx
compliance was registered to ISO9001 by an independent auditor in
November, 1997.

STACK A consortium of international electronic manufacturers who share
pre-competitive data and establish standards for qualification and
reliability assessment. Xilinx was audited and found compliant to STACK
0001 in June, 1994.

PURE An association of European equipment makers concerned with quality and
reliability. PURE members are committed to the use of plastic components
in rugged environments. Their actions are supported by the French and
Swedish Ministries of Defense. Xilinx was audited and found compliant to
PURE requirements in March, 1997.

72500 Siemen’s 72500 is an international reliability and qualification specification
that is imposed on all suppliers of high-reliability products by Siemens.
Xilinx was found to be compliant to Siemens 72500 in 1994,

The Qualified Parts List was the government'’s original attempt to establish a supply of
integrated circuit products with assured quality and reliability levels. This concept establish a
“cookbook” of screening tests (defined by then MIL-STD-883) to which each and every part had
to be subjected. While the standardization of these flows led to a supply of products (from
various manufacturers) capable of meeting the government’s quality and reliability
requirements, the tracking and screening (and the fallout of product through the screening
process) led to high costs of manufacturing, and hence to high procurement costs. Indeed, the
paperwork or documentation costs of product often exceeded the costs of manufacture of the
devices themselves. But the primary limitation of this methodology was that it required the
“screening-in” of reliability through a rigid set of tests that every manufacturer of every part had
to implement for every lot. The method made no allowances for design similarity, design
process control, SPC, wafer scale reliability monitoring, or other equivalent (or superior)
methodologies to be substituted for the screening.

While the QPL system worked well for years, it suffered from stagnation. It did not allow the
implementation of advances in technology or advances in methodology (like some of those
cited above). Thus, while the commercial semiconductor industry made great strides in the
quality and reliability (and yield) of its products (and hence the cost), the military establishment
was chained to the “screening-in” methodology. That changed in 1995 when DSCC published
the QML concepts. The major change between the two systems is that the QPL system was
stagnant and strictly prescribed, while the QML system was flexible and allowed the
incorporation of those “best commercial practices” that improve component quality and
reliability while decreasing costs. Finally, it was possible to establish the “performance based”
standards mandated by Dr. Perry and gain the flexibility and process improvements that came
from the incorporation of “best commercial practices” while assuring the military needs for
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Current Status

What QML
Means Today

ISO9000

quality and reliability. In 1998 the DOD allowed the approval of off-shore wafer fabs (off shore
assembly had been available for several years) as sourceing for QPL and QML devices,
extending the number and availability of more total system solutions to those customers who
elect QML certified products.

Xilinx was audited by DSCC in November 1997, was found to be in full compliance with the
requirements of MIL-M-38535 and was granted full status as a QML supplier. In 1998 and 1999
DSCC was invited by Xilinx to participate in the Xilinx annual audits of our hermetic assembly
supplier and two of our wafer fabrication suppliers, and in all three instances DSSC and Xilinx
confirmed full compliance of these suppliers to the requirements of the QML program. Future
supplier management and the audit conformance demonstration of additional suppliers was left
to the control of the Xilinx Technical Review Board. In February, 2000 DSCC again visited Xilinx
and reviewed our conduct of the QML program and the performance of our Technical Review
Board. At that time Xilinx proposed “class T” flow was reviewed and Xilinx was approved to
manufacture and certify “class T” products for the radiation hardened communities (both
commercial and military).

From a customer’s stand point, QML means that the supplier has the ability to rapidly convert
to newer, superior technologies. Reduced screening tests mean reduced lead times and lower
manufacturing costs. Designing-in and manufacturing-in reliability means that product is not 4
handled unnecessarily during the screening steps. Rather, process design, control and SPC
are strictly monitored by the manufacturer’s Technical Review Board. This, combined with
robust reliability monitoring programs and sound technical assessments, ensures that product
manufactured under the QML flows meet or exceed the reliability and quality of product
manufactured utilizing screening. Indeed today, per directives from DSCC and from Dr. Perry,
QML products represent the preferred procurement methodology for high reliability integrated
circuits for use in military systems.

It should be noted that the incorporation of QML manufacturing flows does not throw out the
baby with the bath water. Xilinx QML products still retain the special services military customers
require. These includes configuration control, device traceability, standard supplier certification
and obsolescence control. Indeed, QML products represent the most cost effective
methodology to meet the quality and reliability requirements of military equipment
manufacturers.

All aspects of the Quality Assurance Program at Xilinx have been designed to eliminate the root
cause of defects by prevention, rather than to try to remove defects through inspection. This is
the heart of the ISO9000 philosophy, and is in concert with the QML programs referenced
above. A quality management system is in place at Xilinx which is in full compliance with the
requirements of ISO9001. Xilinx has been audited and found in full compliance to
1ISO9001:1994 by an independent auditor and was registered in November 1997. Xilinx
registration covers “the design, manufacturing and testing of programmable logic devices”.
Xilinx was the first “fabless” semiconductor company to be registered as a “manufacturer of
semiconductor products”, due to the engineering support, the process control and partner
relationships we exhibited with our wafer fabrication suppliers.

Those aspects of ISO conformance which are in place at Xilinx include the following 16 points:

1. Management Review: a comprehensive system of management attention to and direction
of all aspects of company performance with directly affects customers. This policy is
implemented and understood at all levels of the organization.

2. Quality Systems: are in place to ensure that all Xilinx products conform to customer
specifications. These systems facilitate, measure and foster the continuous improvement
process.
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10.

11.

12.

13.

14.

15.

16.

Contract Review: is conducted to ensure that each contract adequately defines and
documents customer requirements, and that compliance is assured or differences
negotiated and agreed.

Document Control: procedures are established and maintained to control all documents
and data that relate to the performance of Xilinx business and processing requirements. All
access to these documents is electronically assured to be the latest revision and properly
controlled.

Purchasing: procedures are in place to ensure that all purchased products and materials
conform to specified requirements. Special attention is paid to the performance of our
subcontractors, all of whom are 1ISO9000 registered.

Product Identification and Traceability: is maintained throughout the manufacturing
process, and is uniquely identified through product markings.

Process Control: is assured by identifying and planning those processes which directly
affect the quality of our products, whether performed by Xilinx or by our subcontractors. All
Xilinx subcontractors are ISO9000 registered.

Inspection and Test: is performed to ensure that incoming product is verified (both by
Xilinx and our Subcontractors) to be compliant with requirements.

Inspection, Measuring and Test Equipment: is calibrated in conformance with
ANSI/NCSL Z540-1-1994 (and former MIL-REF-45662) and maintained to ensure
consistent verification of specification compliance.

Inspection and Test Status: products are uniquely identified throughout the
manufacturing process, both at Xilinx and at our qualified subcontractors. Control of
Non-Conforming Product is assured through disposition procedures which are defined to
prevent the shipment of non-conforming product.

Corrective Action: processes are documented and implemented to prevent the
recurrence of product non-conformance. Root cause elimination through corrective action
is the main focus of 1ISO9000.

Handling, Storage, Packaging and Delivery: procedures are defined and implemented
to prevent damage or deterioration of product once manufacturing is complete.

Quality Records: procedures are established and maintained for the collection, indexing,
filing, and storage of quality records.

Internal Quality Audits: are carried out to verify that quality activities comply with the
documented requirements and further, to determine their effectiveness. These audits are
regularly supplemented by our independent auditors, by our customers, and by DSCC.

Training: procedures have been established and are implemented to identify the training
needs of all personnel whose performance affects the quality and reliability of our products.
Personnel performing such activities are qualified based on appropriate training, education
and/or experience.

Statistical Techniques: are in place at Xilinx and at our subcontractors for verifying the
acceptability of process capabilities and product characteristics.
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Manufacturing
Flows

All Xilinx Military classes have the following items under formal control:

Wafer Scale Reliability Data TRB Review (Monthly)

Full Temperature Characterization Periodic Reliability Monitor

Maverick Lot Elimination "QCI Coverage (groups B,C,D)"

Table 2: Manufacturing Flow Tests

Test Methodology Class T | ClassQ | Class N M-grade
Specification Control Documentation SMD SMD SMD Data Sheet
Mask Control per Internal Controlled Yes Yes Yes No
Documents
QML Qualified Wafer Fab per MIL Prf 38535 Yes Yes Yes Yes
Wafer Lot Acceptance per Internal Parametric Yes Yes Yes Yes
Specifications
Lot Radiation Hardness Assurance per Method 1019 / per Yes No No No
wafer fab lot
QML Qualified Assembly per MIL Prf 38535 Yes Yes Yes Varies
Destructive Bond Pull per Method 2011, Yes Yes Yes Yes
sample, SPC
Internal Visual per Method 2010B / Yes Yes Sample | Sample only
100% only
Temperature Cycling per Method 1010 / Yes Yes No No
100%
Constant Acceleration per Method 2001 / Yes Yes N/A No
100%
Fine/Gross Leak per Method 1014 / Yes Yes N/A Yes(ceramic
100% only)
Radiographic Inspection per Method 2012, Yes Yes Yes Yes
sample, SPC
Interim (Pre Burn-In) Electrical Parameters | Per SMD or Data Sheet Yes Yes N/A N/A
Burn-In per Method 1015, Yes Yes No No
Condition B / 100%
Post Burn-In Electrical per SMD or Data Sheet Yes Yes N/A N/A
Percent Defective Allowable (PDA) per SMD or Data Sheet Yes Yes N/A N/A
Calculation
Final Electrical Test per SMD or Data Sheet Yes Yes Class Class temp
/ 3 temps temp only only
Group A sample, 0/116 every lot per SMD or Data Sheet Yes Yes Class Class temp
/ 3 temps temp only only
External Visual per Method 2009 Yes Yes Plastic Commercial
/100% equivalent
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Please note that, as a QML supplier, Xilinx reserves the right to substitute alternate control
methodologies (which assure equivalent quality and reliability) for some of the screening
elements of the class B flow on a part by part basis. Any such decisions are approved by the
Xilinx Technical Review Board and communicated to DSCC (along with technical justification)
on a quarterly basis.

For more information, refer to Xilinx Quality and Reliability web site:

http://www.xilinx.com/products/ga_data/index.htm

Revision The following table shows the revision history for this document.
HIStOFy Date Version Revision
06/15/00 1.0 Initial Xilinx release.
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Package
Information

Inches vs. Millimeters

The JEDEC standards for PLCC, CQFP, and PGA packages define package dimensions in
inches. The lead spacing is specified as 25, 50, or 100 mils (0.025", 0.050" or 0.100").

The JEDEC standards for PQFP and HQFP packages define package dimensions in
millimeters. These packages have a lead spacing of 0.5 mm, 0.65 mm, or 0.8 mm.

Because of the potential for measurement discrepancies, this Data Book provides
measurements in the controlling standard only, either inches or millimeters. (See Table 1 for
package dimensions.)

< M D >
- Iy
/] /]
/] /] H
| | | I M
IE
| | | |
bo
Pl,d  pE
I v
PK100_01_060100
Figure 1: EIA Standard Board Layout of Soldered Pads for QFP Devices
Table 1: Dimensions for Xilinx Quad Flat Packs(1)
Dimension | PQ100 | HQ160, PQ160 | HQ208, PQ208 | HQ240, PQ240 | HQ304
Mip 20.40 28.40 28.20 32.20 40.20
Mg 14.40 28.40 28.20 32.20 40.20
e 0.65 0.65 0.50 0.50 0.50
b, 0.3-0.5 0.3-0.5 0.3-04 0.3-0.4 0.3-0.4
I 1.800) 1.80 1.60 1.60 1.60
Notes:
1. Dimensions in millimeters
2. For 3.2 mm, footprint per MS022, JEDEC Publication 95.
© 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. All specifications are subject to change without notice.
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Suggested Board Layout of Soldered Pads for BGA, CGA and FG

Packages

Mask Opening
Overlaps Land

Solder Mask Defined Land Patterns are
recommended for BG.

Mask Opening
Outside of Land O @

@@@ 0 9.8

Non-Solder Mask Defined Land Patterns or
Land Defined land Patterns are recommended
for FG.

PK100_02_060100

Figure 2: Suggested Board Layout of Soldered Pads for BGA and FG Packages

Table 2: Soldering Dimensions for BG and CG Packages

BG225 BG256 BG352 BG432 BG560 CG560
Solder Land (L) diameter 0.89 0.79 0.79 0.79 0.79 0.79
Opening in Solder Mask (M) diameter 0.65 0.58 0.58 0.58 0.58 0.58
Solder (Ball) Land Pitch (e) 1.5 1.27 1.27 1.27 1.27 1.27
Line Width between Via and Land (W) 0.3 0.3 0.3 0.3 0.3 0.3
Distance between Via and Land (D) 1.06 0.9 0.9 0.9 0.9 0.9
Via Land (VL) diameter 0.65 0.65 0.65 0.65 0.65 0.65
Through Hole (VH) diameter 0.3 0.3 0.3 0.3 0.3 0.3
Pad Array Full - - - - -
Matrix or External Row 15x 15 20 x 20 26 x 26 31x31 33 x33 33 x33
Periphery rows - 4 4 4 5 5
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Table 3: Soldering Dimensions for FG Packages

FG256 | FG456 | FG556 | FG676 | FG680 | FG860 | FG900 | FG1156

Solder Land (L) diameter 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Opening in Solder Mask (M) diameter 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Solder (Ball) Land Pitch (e) 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0

Line Width between Via and Land (W) 0.13 0.13 0.13 0.13 0.13 0.13 0.13 0.13

Distance between Via and Land (D) 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7

Via Land (VL) diameter

0.61 0.61 0.61 0.61 0.61 0.56 0.61 0.61

Through Hole (VH) diameter 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Pad Array Full Full - Full - - Full Full
Matrix or External Row 16x16 | 22x22 | 30x30 | 26x26 | 39x39 |42x42 | 30x30 | 34x 34
Periphery rows - - 7 - 5 6 - -

Thermal
Management

Cavity Up or Cavity Down

Most Xilinx devices attach the die against the inside bottom of the package (the side that does
not carry the Xilinx logo). This is called cavity-up, and has been the standard IC assembly
method for over 25 years. This method does not provide the best thermal characteristics. Pin
Grid Arrays (greater than 130 pins) and Ceramic Quad Flat Packs are assembled "Cavity
Down", with the die attached to the inside top of the package, for optimal heat transfer to the
ambient air.

For most packages this information does not affect how the package is used because the user
has no choice in how the package is mounted on a board. For Ceramic Quad Flat Pack (CQFP)
packages however, the leads can be formed to either side. Therefore, for best heat transfer to
the surrounding air, CQFP packages should be mounted with the logo up, facing away from the
PC board.

Clockwise or Counterclockwise

The orientation of the die in the package and the orientation of the package on the PC board
affect the PC board layout. PLCC and PQFP packages specify pins in a counterclockwise
direction, when viewed from the top of the package (the surface with the Xilinx logo). PLCCs
have pin 1 in the center of the beveled edge while all other packages have pin 1 in one corner,
with one exception: The 100-pin and 165-pin CQFPs (CB100 and CB164) for the XC3000
devices have pin 1 in the center of one edge.

CQFP packages specify pins in a clockwise direction, when viewed from the top of the
package. The user can make the pins run counterclockwise by forming the leads such that the
logo mounts against the PC board. However, heat flow to the surrounding air is impaired if the
logo is mounted down.

Modern high-speed logic devices consume an appreciable amount of electrical energy. This
energy invariably turns into heat. Higher device integration drives technologies to produce
smaller device geometry and interconnections. With smaller chip sizes and higher circuit
densities, heat generation on a fast switching CMOS circuit can be very significant. The heat
removal needs for these modern devices must be addressed.

Managing heat generation in a modern CMOS logic device is an industry-wide pursuit.
However, unlike the power needs of a typical Application Specific Integrated Circuit (ASIC) gate
array, the power requirements for FPGAs are not determined as the device leaves the factory.
Designs vary in power needs.

PK100 (v1.0) June 15, 2000
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Package Thermal
Characterization
Methods and
Conditions

There is no way of anticipating the power needs of an FPGA device short of depending on
compiled data from previous designs. For each device type, primary packages are chosen to
handle "typical" designs and gate utilization requirements. For the most part the choice of a
package as the primary heat removal casing works well.

Occasionally designers exercise an FPGA device, particularly the high gate count variety,
beyond "typical" designs. The use of the primary package without enhancement may not
adequately address the device’s heat removal needs. Heat removal management through
external means or an alternative enhanced package should be considered.

Removing heat ensures the functional and maximum design temperature limits are maintained.
The device may go outside the temperature limits if heat build up becomes excessive. As a
consequence, the device may fail to meet electrical performance specifications. It is also
necessary to satisfy reliability objectives by operating at a lower temperature. Failure
mechanisms and the failure rate of devices depend on device operating temperature. Control of
the package and the device temperature ensures product reliability.

Method and Calibration

Xilinx uses the indirect electrical method for package thermal resistance characterization. The
forward-voltage drop of an isolated diode residing on a special test die is calibrated at constant
forcing current of 0.520 mA with respect to temperature over a correlation temperature range of
22°C to 125°C (degree Celsius). The calibrated device is then mounted in an appropriate
environment (still air, forced convection, circulating FC-40, etc.) Depending on the package,
between 0.5 to 4 watts of power (Py) is applied. Power (Py) is applied to the device through
diffused resistors on the same thermal die. The resulting rise in junction temperature is
monitored with the forward-voltage drop of the precalibrated diode. Typically, three identical
samples are tested at each data point. The reproducibility error in the setup is within 6%.

Definition of Terms
T;  Junction Temperature — the maximum temperature on the die, expressed in °C
Tn  Ambient Temperature — expressed in °C.

Tc  The temperature of the package body taken at a defined location on the body. This is
taken at the primary heat flow path on the package and represents the hottest part on the
package — expressed in °C.

T The isothermal fluid temperature when junction to case temperature is taken —
expressed in °C.

Py  The total device power dissipation — expressed in watts.

5-4
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Junction-to-Reference General Setup

ENVIRONMENT )
Resistor

Supply

Constant D R

Current VE . .
Source VR

DUT

I : r

Environment may be: HDHD ’
Still or Forced Air — Ja 0

D = Sensing Diode

R = Diffused Resistors O -
—

ANEAN

Data Acquisition and
Control Computer

PK100_01_060100

Figure 3: Thermal Measurement Set-Up (Schematic for Junction to Reference)

Junction-to-Case Measurement — O;¢

©;c is measured in a 3M Flourinert (FC-40) isothermal circulating fluid stabilized at 25°C. The
Device Under Test (DUT) is completely immersed in the fluid and initial stable conditions are
recorded. Py is then applied. Case temperature (T¢) is measured at the primary heat-flow path
of the particular package. Junction temperature (T;) is calculated from the diode forward-
voltage drop from the initial stable condition before power was applied.

03¢ = (Ty - Tc)Py
The junction-to-isothermal-fluid measurement (®;)) is also calculated from the same data.
Oy =(Ty-T)/Py

The latter data is considered as the ideal ©;, data for the package that can be obtained with
the most efficient heat removal scheme. Other schemes such as airflow, heatsinks, use of
copper clad board, or some combination of all these will tend towards this ideal figure. Since
this is not a widely used parameter in the industry, and it is not very realistic for normal
application of Xilinx packages, the ©;, data is not published. The thermal lab keeps such data
for package comparisons.
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Junction-to-Ambient Measurement — O;a

O3, is measured on FR4 based PC boards measuring 4.5” x 6.0 x .0625" (114.3mm X
152.4mm x 1.6mm) with edge connectors. There are two main board types.

Type |, 2L/0OP board, is single layer with two signal planes (one on each surface) and no internal
Power/GND planes. The trace density on this board is less than 10% per side. Type I, the
4L/2P board, has two internal copper planes (one power, one ground) and two signal trace
layers on both surfaces.

Data may be taken with the package mounted in a socket or with the package mounted directly
on the board. Socket measurements typically use the 2L/OP boards. SMT devices may use
either board. Published data always reflects the board and mount conditions used.

Data is taken at the prevailing temperature and pressure conditions (22°C to 25°C ambient).
The board with the DUT is mounted in a cylindrical enclosure. The power application and signal
monitoring are the same as ©;c measurements. The enclosure (ambient) thermocouple is
substituted for the fluid thermocouple and two extra thermocouples brought in to monitor room
and board temperatures. The junction to ambient thermal resistance is calculated as follows:

O3a = (Ty-Ta)Py

The setup described herein lends itself to the application of various airflow velocities from
0-800 Linear feet per minute (LFM), i.e., 0-4.06 m/s. Since the board selection (copper trace
density, absence or presence of ground planes, etc.) affects the results of the thermal
resistance, the data from these tests shall always be qualified with the board mounting
information.

Data Acquisition and Package Thermal Database

Xilinx gathers data for a package type in die sizes, power levels and cooling modes (air flow and
sometimes heatsink effects) with a Data Acquisition and Control system (DAS). The DAS
controls the power supplies and other ancillary equipment for hands-free data taking. Different
setups within the DAS software are used to run calibration, ©;,, ©;c, fan tests, as well as the
power effect characteristics of a package.

A package is characterized with respect to the major variables that influence the thermal
resistance. The results are stored in a database. Thermal resistance data is interpolated as
typical values for the individual Xilinx devices that are assembled in the characterized package.
Table 4 shows the typical values for different packages. Specific device data may not be the
same as the typical data. However, the data will fall within the given minimum and maximum
ranges. The more widely used packages will have a wider range. Customers may contact the
Xilinx application group for specific device data.

Table 4: Summary of Thermal Resistance for Packages(1.2.3)

O3a SAT A7 ©3a O3a O3a o
Package Still Air Still Air Still Air 250 LFM 500 LFM 750 LFM Jc
Code (Max) (Typ) (Min) (Typ) (Typ) (Typ) (Typ) Comments
°C/Watt °C/Watt °C/Watt °C/Watt °C/Watt °C/Watt °C/Watt
BG225 37 30 24 19 17 16 3.3 Various
BG256 32 29 24 19 17 16 3.2 4L/2P-SMT()
BG352 14 12 10 8 7 6 0.8 4L/2P-SMT(®)
BG432 13 11 9 8 6 6 0.8 4L/2P-SMT(®)
CG560 10 9 8 7 6 5 0.8 Estimated
CB100 44 41 38 25 19 17 5.1 Socketed
CB164 29 26 25 17 12 11 3.6 Socketed
CB196 25 24 24 15 11 10 1.8 Socketed
CB228 19 18 17 11 8 7 1.3 Socketed
5-6 www.xilinx.com PK100 (v1.0) June 15, 2000
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Table 4: Summary of Thermal Resistance for Packages(1.2:3) (Continued)

O3a SATY A7 ©3a O3a ©3a o

Package Still Air Still Air Still Air 250 LFM 500 LFM 750 LFM Jc

Code (Max) (Typ) (Min) (Typ) (Typ) (Typ) (Typ) Comments

°C/Watt °C/Watt °C/Watt °C/Watt °C/Watt °C/Watt °C/Watt

DD8 114 109 97 90 73 60 8.2 Socketed
HQ160 14 14 14 10 8 7 1.0 4L/2P-SMT®)
FG256 27 25 23 21 20 19 3.9 4L/2P-SMT(4)
FG456 19 18 17 14 13 13 1.5 4L/2P-SMT(®)
FG556 14 14 14 10 9 9 0.8 4L/2P-SMT(4)
FG676 17 17 17 13 12 12 0.9 4L/2P-SMT(4)
FG680 11 11 10 8 6 6 0.9 4L/2P-SMT(®)
FG860 10 10 10 7 6 5 0.8 4L/2P-SMT(4)
FG900 14 14 14 10 9 9 0.8 Estimated
FG1156 14 13 13 10 9 9 0.8 Estimated
HQ208 15 14 14 10 8 7 1.7 4L/2P-SMT(®)
HQ240 13 12 12 9 7 6 1.5 4L/2P-SMT(®)
HQ304 11 11 10 7 5 5 0.9 4L/2P-SMT(®)
PC20 86 84 76 63 56 53 25.8 2L/0P-SMT®)
PC44 51 46 42 35 31 29 13.7 2L/0P-SMT®)
PC68 46 42 38 31 28 26 9.3 2L/0P-SMT®)
PC84 41 33 28 25 21 17 5.3 2L/0P-SMT®)

PD8 82 79 73 60 54 50 22.2 Socketed
PG84 37 34 31 24 18 16 5.8 Socketed
PG120 32 27 25 19 15 13 3.6 Socketed
PG132 32 28 24 20 17 15 2.8 Socketed
PG156 25 23 21 15 11 10 2.6 Socketed
PG175 25 23 20 14 11 10 2.6 Socketed
PG191 24 21 18 15 12 11 1.5 Socketed
PG223 24 20 18 15 12 11 1.5 Socketed
PG299 18 17 16 10 9 8 1.9 Socketed
PG411 16 15 14 9 8 7 1.2 Socketed
PG475 14 13 12 9 8 7 1.2 Socketed
PG559 - 12.00 - - - - - Estimated
PQ100 35 33 32 29 28 27 5.5 4L/2P-SMT(4)
PQ160 37 32 22 24 21 20 4.6 2L/0P-SMT(®)
PQ208 35 32 26 23 21 19 4.3 2L/0P-SMT®)
PQ240 28 23 19 17 15 14 2.8 2L/0P-SMT®)

S0o8 147 147 147 112 105 98 48.3 IEEE-(Ref)

Notes:

1.

arwDn

Maximum, typical and minimum numbers are based on numbers for all the devices in the specific package at the time of compilation.
The numbers do not necessarily reflect the absolute limits of that packages. Specific device data should lie within the limits.

Packages used for a broader spectrum of devices have a wider range in the table. Specific device data in a package may be obtained
from the factory.

Package configurations and drawings can be found on the Xilinx web site: www.xilinx.com/partinfo/databook.htm

Air flow is given Linear Feet per Minute (LFM). 500 LFM = 2.5 Meters per second.

41 /2P-SMT: the data is from a 4-layer SMT board incorporating 2 internal planes. Socketed data is taken in socket.
2L/0P-SMT: the data is from a surface mount Type | board—no internal planes on the board.
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Application of Thermal Resistance Data

Thermal resistance data gauges the IC package thermal performance. ©;c measures the
internal package resistance to heat conduction from the die surface, through the die mount
material to the package exterior. ®;¢ strongly depends on the package’s heat conductivity,
architecture and geometrical considerations.

035 measures the total package thermal resistance including ©;¢. ©;5 depends on the
package material properties and such external conditions as convective efficiency and board
mount conditions. For example, a package mounted on a socket may have a ©;, value 20%
higher than the same package mounted on a 4-layer board with power and ground planes.

By specifying a few constraints, devices are ensured to operate within the intended
temperature range. This also ensures device reliability and functionality. The system ambient
temperature needs to be specified. A maximum T; also needs to be established for the system.
The following inequality will hold.

Ty(max) > O35* Py +Tx
The following two examples illustrates the use of this inequality.
Example 1:
The manufacturer’s goal is T; (max) < 100°C
A module is designed for a Ty = 45°C max.
A XC3042 in a PLCC 84 has a ©;, = 32°C/watt.
Given a XC3042 with a logic design with a rated power P4 of 0.75watt.
With this information, the maximum die temperature can be calculated as:
T;=45+ (32 x0.75) > 69°C.
The system manufacturer’s goal of T; < 100°C is met.
Example 2:
A module has a T = 55°C max.
The Xilinx XC4013E is in a PQ240 package (HQ240 is also considered).

A XC4013E, in an example logic design, has a rated power of 2.50 watts. The module
manufacturers goal is T; (max.) < 100°C.

Table 5 shows the package and thermal enhancement combinations required to meet the
goal of T; < 100°C.

Table 5: Thermal Resistance for XC4013E in PQ240 and HQ240 Packages

AT 1A SAI 17
Device Name | Package Still Air (250 LFM) | (500 LFM) | (750 LFM) O;c Comments
XC4013E 23.7 17.5 154 14.3 2.7 Cu, SMT 2L/0P
XC4013E 125 8.6 6.9 6.2 15 4-layer board data
Notes:

Possible Solutions to meet the module requirements of 100°C :
Using the standard PQ240; T; =55 + (23.7 x 2.50) > 114.25°C.

Using standard HQ240, T; =55 + (12.5 x 2.50) = 86.25°C

1
2.
3. Using standard PQ240 with 250LFM forced air; T; =55 + (17.5 x 2.50) = 98.75°C
4
5

Using HQ240 with 250 LFM forced air; T; =55 + (8.6 x 2.50) = 76.5°C

5-8
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Thermal Data
Comparison
Charts

For all solutions, the junction temperature is calculated as: T; = Power x ©3, + To All solutions
meet the module requirement of less than 100°C, with the exception of the PQ240 package in
still air. In general, depending on ambient and board temperatures conditions, and most
importantly the total power dissipation, thermal enhancements -- such as forced air cooling,
heat sinking, etc. may be necessary to meet the Tj(max) conditions set.

The following charts (Figures 4, 5, 6, 7, and 8) are for reference only.
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PGA Thermal Resistance
Effect of Air Flow on O3

25
=== PG191-XC4010E

-=- PG299-XC4025E
20

[ —=— PG223-XC4013E
[ —— PG299-FHS(XC4025E)
15 N

Oya (°C/watt)

o
-
-
S
e ———

0 T T T T T T T T T T i U '

0 100 200 300 400 500 600 700
Air Flow - LFM

PK100_06_060100

Figure 6: PGA Thermal Data (Effect of Air Flow on ©;,)

PGA Thermal Resistance
Effects of Active and Passive Heat sinks
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Figure 7. PGA Thermal Data (Effects of Active and Passive Heat Sinks)
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Some Power
Management
Options

BGA/CGA Thermal Resistance
Effect of Air Flow on ©jp
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Figure 8: BGA/CGA Thermal Data (Effect of Air Flow on ©;,)

FPGA devices are usually not the dominating power consumers in a system, and do not have
a big impact on power supply designs. There are obvious exceptions. When the actual or
estimated power dissipation appears to be more than the specification of the chosen package,
some options can be considered. Details on the engineering designs and analysis of some of
these suggested considerations may be obtained from the references listed at the end of the
section. The options include:

« Explore thermally enhanced package options available for the same device. As illustrated
above, the HQ240 package has a thermal impedance of about 50% of the equivalent
PQ240. Besides, the 240 lead, the 208 lead and the 304 lead Quad packages have
equivalent heatsink enhanced versions. Typically 25% to 40% improvement in thermal
performance can be expected from these heatsink enhanced packages. Most of the high
gate count devices above the XC4013 level come either exclusively in heat enhanced
packages or have these packages as options. If the use of a standard PQ appears to be a
handicap in this respect, a move to the equivalent HQ package if available may resolve the
issue. The heat enhanced packages are pin to pin compatible and they use the same
board layout.

« The use of forced air is an effective way to improve thermal performance. As seen on the
graphs and the calculations above, forced air (200-300 LFM) can reduce junction to
ambient thermal resistance by 30%.

» If space will allow, the use of finned external heatsinks can be effective. If implemented
with forced air as well, the benefit can be a 40% to 50% reduction. The HQ304, all cavity
down PGAs, and the BG352 with exposed heatsink lend themselves to the application of
external heatsinks for further heat removal efficiency.

» Outside the package itself, the board on which the package sits can have a significant
impact. Board designs may be implemented to take advantage of this. Heat flows to the
outside of a board mounted package and is sunk into the board to radiate. The effect of
the board will be dependent on the size and how it conducts heat. Board size, the level of
copper traces on it, the number of buried copper planes all lower the junction-to-ambient
thermal resistance for a package. Some of the heatsink packages with the exposed
heatsink on the board side can be glued to the board with thermal compound to enhance
heat removal.

PK100 (v1.0) June 15, 2000
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Electrical
Characterization

References
Forced Air Cooling Application Engineering

COMAIR ROTRON

2675 Custom House Court
San Ysidro, CA 92173
1-619-661-6688

Heatsink Application Engineering
The following facilities provide heatsink solutions for industry standard packages.

AAVID Thermal Technologies
1 Kool Path

Box 400

Laconia, NH 03247-0400
1-603-528-3400

Thermalloy, Inc.

2021 W. Valley View Lane
Box 810839

Dallas, TX 75381-0839
1-214-243-4321

Wakefield Engineering, Inc.
60 Audubon Road

Wakefield MA 01880-1255
1-617-245-5900

Xilinx does not endorse these vendors nor their products. They are listed here for reference
only. Any materials or services received from the vendors should be evaluated for compatibility
with Xilinx components.

In high-speed systems, the effects of electrical package parasitics become very critical when
optimizing for system performance. Such problems as ground bounce and crosstalk can occur
due to the inductance, capacitance, and resistance of package interconnects. In digital
systems, such phenomena can cause logic error, delay, and reduced system speed. A solid
understanding and proper usage of package characterization data during system design
simulation can help prevent such problems.

Theoretical Background

There are three major electrical parameters which are used to describe the package
performance: resistance, capacitance, and inductance. Also known as interconnect parasitics,
they can cause many serious problems in digital systems. For example, a large resistance can
cause RC & RL off-chip delays, power dissipation, and edge-rate degradation. Large
capacitance can cause RC delays, crosstalk, edge-rate degradation, and signal distortion. The
lead inductance, perhaps the most damaging parasitic in digital circuitry, can cause such
problems as ground bounce (also known as simultaneous switching noise or delta-1 noise), RL
delays, crosstalk, edge rate degradation, and signal distortion.

Ground bounce is the voltage difference between any two grounds (typically between an IC and
circuit board ground) induced by simultaneously switching current through bondwire, lead, or
other interconnect inductance.

When IC outputs change state, large current spikes result from charging or discharging the
load capacitance. The larger the load capacitance and faster the rise/fall times, the larger the
current spikes are: | = C * dv/dt. Current spikes through the IC pin and bondwire induces a
voltage drop across the leads and bondwires: V = L * di/dt. The result is a momentary voltage
difference between the internal IC ground and system ground, which show up as voltage spikes
and unswitched outputs.
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Factors that affect ground bounce:
- rise and fall times
- load capacitance
- package inductance
- number of output drivers sharing the same ground path
- device type

Analytical Formulas for Lead Inductance

1. Rectangular Leadframe/Trace (straight)

Lself = 5I[In(2—|)+ 1} nH
w+t) 2
(no ground)

= S+ (%51

(above ground)
where:

| = lead/trace length

w = lead/trace width

t = lead/trace thickness

h = ground height

unit = inches

2. Bondwire (gold wire)
Lyre = 5|[|n(27')—ﬂ nH

where:

L = wire length

r = wire radius

unit = inches

General Measurement Procedure

Xilinx uses the Time-Domain Reflectometry (TDR) method for parasitic inductance and
capacitance measurements. The main components of a TDR setup includes: a digitizing
sampling oscilloscope, a fast rise time step generator (<17 ps), a device-under-test (DUT)
interface, and an impedance-profile analysis software to extract parasitic models from the TDR
reflection waveforms. In this method, a voltage step is propagated down the package under
test, and the incident and reflected voltage waves are monitored by the oscilloscope at a
particular point on the line. The resulting characteristic impedance of the package interconnect
shows the nature (resistive, inductive, and capacitive) of each discontinuity.

Package and Fixture Preparation

Before performing the measurements, the package and the DUT interface must be fixtured.
Proper fixturing ensures accurate and repeatable measurements. The mechanical sample for
all inductance (self and mutual) measurements are finished units with all leads shorted to the
internal ground. For packages without an internal ground (i.e., QFP, PLCC, etc.) the die-paddle
is used instead. The mechanical sample for all capacitance (self & mutual) measurements are
finished units with all internal leads floating. The DUT interface provides a physical connection
between the oscilloscope and the DUT with minimum crosstalk and probe/DUT reflection. It
also provides small ground loop to minimize ground inductance of the fixture.

PK100 (v1.0) June 15, 2000

www.Xilinx.com 5-13
1-800-255-7778



http://www.xilinx.com

S XILINX®

Packages and Thermal Characteristics: High-Reliability Products

Inductance and Capacitance Measurement Procedure

For inductance measurements, a minimum of 25% and maximum of 50% of packages leads,
including all leads that are adjacent to the lead(s) under test, are insulated from the DUT fixture
ground. All other leads, except for the lead(s) under test, are grounded. This insulation forces
the current to return through a low impedance path created on the opposite side of the
package. It also eliminates mutual coupling from the neighboring leads. Self-inductance is
measured by sending a fast risetime step waveform through the lead under test. The inductive
reflection waveform through the lead and the bondwire is then obtained. This reflection
waveform, which includes the inductance of the die-paddle (for QFP and PLCC-type packages)
and parallel combination of leads in the return path, is the self-inductance. The parasitic effects
of the return path are small enough to ignore in the context of this method. For mutual-
inductance measurement, two adjacent leads are probed. A fast risetime step waveform is sent
through one of the leads. The current travels through the lead/bondwire and returns by the path
of the low-impedance ground. On the adjacent “quiet” lead, a waveform is induced due to
mutual coupling. This waveform is measured as the mutual inductance.

For capacitance measurements, all external leads except for the lead(s) under test are
grounded to the DUT fixture. For QFP, PLCC, and Power Quad-type of packages, the die-
paddle and the heat slug are left floating. Self-capacitance is measured by sending a fast
risetime step waveform through the lead under test. The reflection waveform from the lead,
which includes the sum of all capacitive coupling with respect to the lead under test, is then
measured. Appropriately, the self-capacitance can also be called the “bulk” capacitance since
the measured value includes the capacitance between the lead under test and all surrounding
metal, including the ground plane and the heat slug. For mutual-capacitance measurement,
two adjacent leads are probed. An incident waveform is sent through one lead, and the induced
waveform on the neighboring lead is measured as the mutual capacitance.

In order to de-embed the electrical parasitics of the DUT fixture and the measuring probes, the
short and the open compensation waveforms are also measured after each package
measurement. This procedure compensates the DUT fixture to the very tip of the probes.

Inductance and Capacitance Model Extraction

All measured reflection waveforms are downloaded to a PC running the analysis software for
package parasitic model extraction. The software uses a method called the Z-profile algorithm,
or the impedance-profile algorithm, for parasitic analysis. This method translates the
downloaded reflection waveforms into true impedance waveforms, from which package models
for inductance and capacitance are extracted.

Data Acquisition and Package Electrical Database

Xilinx acquires electrical parasitic data only on the longest and the shortest lead/traces of the
package. This provides the best and the worst case for each package type (defined by package
design, lead/ball count, pad size, and vendor). For convenience, the corner interconnects are
usually selected as the longest interconnect, while the center interconnects are usually
selected as the shortest.

For symmetrical quad packages, all four sides of the package are measured and averaged.
Three to five samples are usually measured for accuracy and continuity purposes. The average
of these samples is then kept as the official measured parasitic data of that package type in the
database.
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Component
Mass (Weight) Table 6: Component Mass (Weight) by Package Type(1.2)
by Package
JEDEC
Type Package Description Outline # Xilinx # |Mass ()
BG225 | Molded BGA 27 mm Full Matrix MO-151-CAL OBG0001 2.2
BG256 | Molded BGA 27 mm SQ MO-151-CAL OBGO0011 2.2
BG352 | Super BGA: 35 x 35 mm Peripheral MO-151-BAR OBG0008 7.1
BG432 | Super BGA:- 40 x 40 mm Peripheral MO-151-BAU OBG0009 9.1
BG560 | Super BGA: 42.5x42.5 mm SQ MO-192-BAV OBGO0010 11.5
CG560 | Super BGA: 42.5 x42.5 mm SQ MO-192-BAV OBGO0010 115
CB100 | NCTB Top Braze 3K Version MO-113-AD(3) 0OCQ0008 10.8
CB100 | NCTB Top Braze 4K Version MO-113-AD(3) OCQ0006 10.8
CB164 | NCTB Top Braze 3K Version MO-113-AA-ADG) | OCQ0003 11.5
CB164 | NCTB Top Braze 4K Version MO-113-AA-AD®) | OCQ0007 11.5
CB196 | NCTB Top Braze 4K Version MO-113-AB-ADB) | OCQ0005 15.3
CB228 | NCTB Top Braze 4K Version MO-113-AD(3) 0OCQ0012 17.6
DD8 0.300 CERDIP Package MO-036-AA OPDO0005 1.1
HQ160 | Metric 28 28 -.65 mm 1.6H/S Die Up MO-108-DDI OPQ0021 10.8
HQ208 | Metric 28 x 28 - H/S Die Up MO-143-FAl OPQO0020 10.8
HQ240 | Metric QFP 32 32 - H/S Die Up MO-143-GA OPQO0019 15.0
HQ304 | Metric QFP 40 40-H/S die Down MO-143-JA OPQO0014 26.2
PC20 | PLCC JEDEC MO-047 MO-047-AA OPCO0006 0.8
PC44 | PLCC JEDEC MO-047 MO-047-AC OPCO0005 1.2
PC68 | PLCC JEDEC MO-047 MO-047-AE OPCO0001 4.8
PC84 | PLCC JEDEC MO-047 MO-047-AF OPCO0001 6.8
PD8 DIP 0.300 Standard MO-001-AA OPD0002 0.5
PG84 | Ceramic PGA CAV UP 11 x 11 MO-067-AC OPGO0003 7.2
PG120 | Ceramic PGA 13 x 13 Matrix MO-067-AE OPG0012 11.5
PG132 | Ceramic PGA 14 x 14 Matrix MO-067-AF OPG0004 11.8
PG156 | Ceramic PGA 16 x 16 Matrix MO-067-AH OPGO0007 17.1
PG175 | Ceramic PGA 16 x 16 STD VER. MO-067-AH OPGO0009 17.7
PG191 | Ceramic PGA 18 x 18 STD - ALL MO-067-AK OPGO0008 21.8
PG223 | Ceramic PGA 18 x 18 Type MO-067-AK OPGO0016 26.0
PG299 | Ceramic PGA 20 x 20 Heatsink MO-067-AK OPG0022 37.5
PG299 | Ceramic PGA 20 x 20 Type MO-067-AK OPGO0015 29.8
PG411 | Ceramic PGA 39 x 39 Stagger MO-128-AM OPGO0019 36.7
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Xilinx Thermally

Table 6: Component Mass (Weight) by Package Type2) (Continued)

JEDEC
Package Description Outline # Xilinx # |Mass (g9)
PG475 | Ceramic PGA 41 x 41 Stagger MO-128-AM OPGO0023 39.5
PG559 | Ceramic PGA 43 x 43 MO-128 OPGO0025 | 44.50
PQ100 | EIAJ 14 x 20 QFP - 1.60 MO-108-CC1 OPQO0013 1.6
PQ160 | EIAJ 28 x 28 .65 mm 1.60 MO-108-DD1 OPQO0002 5.8
PQ208 | EIAJ 28 x 28 .5 mm 1.30 MO-143-FAl OPQO0003 5.3
PQ240 | EIAJ32x32.5mm MO-143-GA OPQO0010 7.1
SO8 | Version: 0.150/55 mil MO-150 OPDO0006 0.1
FG256 | Fine PitchBGA 17 x17 mm, 1.0 mm MO-151-AAF-1 0OBGO0021 0.8
ball pitch
FG456 | Fine Pltch BGA 23 x 23 mm, 1.0 mm MO-151-AAJ-1 OBGO0019 2.1
ball pitch
FG556 | Fine Pitch BGA 31 x 31 mm, 1.0 mm MO-151-AAN-1 OBG0020 3.92
ball pitch
FG676 | Fine PltchBGA, 27 x27 mm, 1.0 mm MO-151-AAL-1 OBGO0018 3.3
ball pitch
FG680 | Fine Pltch BGA 40 x 40 mm, 1.0 mm MO-151-AAU-1 OBG0022 10.3
ball pitch
FG900 | Fine Pitch BGA, 31x31 mm, 1.0 mm MO-151-AAN-1 0OBGO0027 4.0
ball pitch
FG1156 | Fine Pitch BGA, 35x 35 mm, 1.0 mm MO-151-AAR-1 0OBG0028 5.5
ball pitch
Notes:

1. Data represents average values for typical packages with typical devices. The accuracy is between
7% to 10%.

2. More precise numbers (below 5% accuracy) for specific devices may be obtained from Xilinx through
a factory representative or by calling the Xilinx Hotline.

3. Tie-bar details are specific to Xilinx package. Lead width minimum is 0.056".

The Package Offering

Enhanced — ,

Packaging >é|(|)|3;< (Brr?r% THK (mm) “@ﬁ? Ec??;:grf JEDEC No. | Xilinx No.
HQ160 28x28 3.40 10.8 DOWN MO-108-DD1 OPQO0021
HQ208 28x28 3.40 10.0 DOWN MO-143-FA OPQO0020
HQ240 32x32 3.40 15.0 DOWN MO-143-GA OPQO0019
HQ304 40x40 3.80 26.2 TOP MO-143-JA OPQO0014
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Overview

Xilinx offers thermally enhanced quad flat pack packages on certain devices. This section
discusses the performance and usage of these packages (designated HQ). In summary:

e The HQ-series and the regular PQ packages conform to the same JEDEC drawings.
« The HQ and PQ packages use the same PCB land patterns.

e The HQ packages have more mass

« Thermal performance is better for the HQ packages

Where and When Offered

HQ packages are offered as the thermally enhanced equivalents of PQ packages.
They are used for high gate count or high I/O count devices in packages, where heat
dissipation without the enhancement may be a handicap for device performance.
Such devices include XC4013E, XC4020E, XC4025E, and XC5215.

They are also being used in place of MQUAD (MQ) packages of the same lead count
for new devices.

The HQ series at the 240-pin count level or below are offered with the heatsink at the
bottom of the package (Figure 9). This was done to ensure pin to pin compatibility with
the existing PQ and MQ packages.

At the 304-pin count level, the HQ is offered with the heatsink up (Figure 9). This
arrangement offers a better potential for further thermal enhancement by the designer.

A. Die Up/Heatsink Down l

W72\

B. Die Down/Heatsink Up

[ R 7\

PK100_09_060100

Figure 9: Heatsink Orientation Diagram

Mass Comparison

Because of the copper heatsink, the HQ series of packages are about twice as heavy as the
equivalent PQ. Here is a quick comparison.

Table 7: HQ vs. PQ Comparison

HQ (gm) PQ (gm)
160-pin 10.8 5.8
208-pin 10.8 5.3
240-pin 15.0 7.1
304-pin 26.2 N/A

PK100 (v1.0) June 15, 2000
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Moisture
Sensitivity of
PSMCs

Thermal Data for the HQ

The data for individual devices may be obtained from Xilinx.

Table 8: Still Air Data Comparison

HQ PQ
03 (°C/Watt)®) | ©;, (°Clwatt)@)
160-pin 13.5-14.5 20.5-38.5
208-pin 14-15 26-35
240-pin 12-13 19-28
304-pin 10-11 N/A
Notes:

1. oy is typically between 1°C/Watt and 2°C/Watt for HQ and MQ
Packages. For PQs, it is between 2°C/Watt and 7 °C/Watt.

Table 9: Data Comparison at Airflow - 250 LFM

HQ PQ
O34 (°Clwatt) 03, (°Clwatt)

160-pin 9-10 15-28.5
208-pin 9-10 14-26
240-pin 8-9 11-21
304-pin 6.5-8 N/A

Other Information
- Leadframe: Copper EFTEC-64 or C7025
- Heat Slug: Copper - Nickel plated — Heatsink metal is grounded
- Lead Finish 85/15 Sn/Pb 300 microinches minimum
- D/A material - Same as PQ; Epoxy 84-1LMISR4
- Mold Cpd. Same as PQ - EME7304LC
- Packed in the same JEDEC trays

Moisture Induced Cracking During Solder Reflow

The surface mount reflow processing step subjects the Plastic Surface Mount Components
(PSMC) to high thermal exposure and chemicals from solder fluxes and cleaning fluids during
user’s board mount assembly. The plastic mold compounds used for device encapsulation are,
universally, hygroscopic and absorb moisture at a level determined by storage environment and
other factors. Entrapped moisture can vaporize during rapid heating in the solder reflow
process generating internal hydrostatic pressure. Additional stress is added due to thermal
mismatch, and the Thermal Coefficient of Expansion (TCE) of plastic, metal lead frame, and
silicon die. The resultant pressure may be sufficient to cause delamination within the package,
or worse, an internal or external crack in the plastic package. Cracks in the plastic package can
allow high moisture penetration, inducing transport of ionic contaminants to the die surface and
increasing the potential for early device failure.

How the effects of moisture in plastic packages and the critical moisture content result in
package damage or failure is a complex function of several variables. Among them are package
construction details—materials, design, geometry, die size, encapsulant thickness,
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Table 10: Package Moisture Sensitivity Levels per J-STD-020

encapsulant properties, TCE, and the amount of moisture absorbed. The PSMC moisture
sensitivity has, in addition to package cracking, been identified as a contributor to delamination-
related package failure artifacts. These package failure artifacts include bond lifting and
breaking, wire neckdown, bond cratering, die passivation, and metal breakage.

Because of the importance of the PSMC moisture sensitivity, both device suppliers and device
users have ownership and responsibility. The background for present conditions, moisture
sensitivity standardized test and handling procedures have been published by two national
organizations. Users and suppliers are urged to obtain copies of both documents (listed below)
and use them rigorously. Xilinx adheres to both.

JEDEC STANDARD JESD22-A112.
Test Method A112 “Moisture-Induced Stress Sensitivity for Plastic Surface Mounted
Devices”. Available through Global Engineering Documents

user’s factory floor life conditions as listed in the time column. The soak requirement is the test

In Table 10, the level number is entered on the MBB prior to shipment. This establishes the
limit used by Xilinx to determine the level number. This time includes manufacturer’'s exposure

Phone: USA and Canada 800-854-7179, International 1-303-792-2181

IPC Standard IPC-SM-786A “Procedures for Characterizing and Handling of

Moisture/Reflow Sensitive ICs”. Available through IPC

Phone: 1-708-677-2850

None of the previously stated or following recommendations apply to parts in a socketed
application. For board mounted parts careful handling by the supplier and the user is vital. Each
of the above publications has addressed the sensitivity issue and has established 6 levels of
sensitivity (based on the variables identified). A replication of those listings, including the
preconditioning and test requirements, and the factory floor life conditions for each level are
outlined in Table 10. Xilinx devices are characterized to their proper level as listed. This
information is conveyed to the user via special labeling on the Moisture Barrier Bag (MBB).

time or the time it will take for Xilinx to bag the product after baking.

Factory Floor Life

Soak Requirements (Preconditioning)

Level Conditions Time Time Conditions
1 <30°C / 90% RH Unlimited 168 hours 85°C / 85% RH
2 <30°C / 60% RH 1 year 168 hours 85°C / 60% RH
Time (hours)
X +(1) Y =2 Z(3
3 <30°C / 60% RH 168 hours 24 168 192 30°C/60% RH
4 <30°C / 60% RH 72 hours 24 72 96 30°C/60% RH
5 <30°C / 60% RH 24/28 hours 24 24/48 48/72 30°C/60% RH
6 <30°C / 60% RH 6 hours 0 6 6 30°C/60% RH
Notes:

1. X = Default value of semiconductor manufacturer’s time between bake and bag. If the semiconductor manufacturer’s actual time
between bake and bag is different from the default value, use the actual time.

2. Y = Floor life of package after it is removed from dry pack bag.
3. Z = Total soak time for evaluation.

PK100 (v1.0) June 15, 2000

www.Xilinx.com
1-800-255-7778

5-19


http://www.xilinx.com

S XILINX®

Packages and Thermal Characteristics: High-Reliability Products

Factory Floor Life

Factory floor life conditions for Xilinx devices are clearly stated on MBB containing moisture
sensitive PSMCs. These conditions have been ascertained by following Test Methods outlined
in JEDEC JESD22-A112 and are replicated in Table 10. If factory floor conditions are outside
the stated environmental conditions (30°C/90% RH for level 1, and 30°C/60% RH for Levels 2-
6) or if time limits have been exceeded, then recovery can be achieved by baking the devices
before the reflow step. Identified in the next section are two acceptable bake schedules. Either
can be used for recovery to the required factory floor level.

Dry Bake Recommendation and Dry Bag Policy

Xilinx recommends, as do the mentioned publications and other industry studies, that all
moisture sensitive PSMCs be baked prior to use in surface mount applications, or comply
strictly with requirements as specified on the MBB. Tape and Reeled parts are universally dry
packed. Level 1 parts are shipped without the need for, or use of, an MBB.

Two bake schedules have been identified as acceptable and equivalent. The first is 24 hours in
air at 125°C, in shipping media capable of handling that temperature. The second bake
schedule is for 192 hours in a controlled atmosphere of 40°C, equal to or less than 5% RH.

Dry Devices are sealed in special military specification Moisture Barrier Bags (MBB). Enough
desiccant pouches are enclosed in the MBB to maintain contents at less than 20% RH for up to
12 months from the date of seal. A reversible Humidity Indicator Card (HIC) is enclosed to
monitor the internal humidity level. The loaded bag is then sealed shut under a partial vacuum
with an impulse heat sealer.

Artwork on the bags provides storage, handling and use information. There are areas to mark
the seal date, quantity, and moisture sensitivity level and other information. The following
paragraphs contain additional information on handling PSMCs.

Handling Parts in Sealed Bags

Inspection

Note the seal date and all other printed or hand entered notations. Review the content
information against what was ordered. Thoroughly inspect for holes, tears, or punctures that
may expose contents. Xilinx strongly recommends that the MBB remain closed until it reaches
the actual work station where the parts will be removed from the factory shipping form.

Storage

The sealed MBB should be stored, unopened, in an environment of not more than 90% RH and
40°C. The enclosed HIC is the only verification to show if the parts have been exposed to
moisture. Nothing in part appearance can verify moisture levels.

Expiration Date

The seal date is indicated on the MBB. The expiration date is 12 months from the seal date. If
the expiration date has been exceeded or HIC shows exposure beyond 20% upon opening the
bag bake the devices per the earlier stated bake schedules. The three following options apply
after baking:

1. Use the devices within time limits stated on the MBB.

2. Reseal the parts completely under a partial vacuum with an impulse sealer (hot bar sealer)
in an approved MBB within 12 hours, using fresh desiccant and HIC, and label accordingly.
Partial closures using staples, plastic tape, or cloth tape are unacceptable.

3. Store the out-of-bag devices in a controlled atmosphere at less than 20% RH. A desiccator
cabinet with controlled dry air or dry nitrogen is ideal.
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Reflow
Soldering
Process
Guidelines

Other Conditions

Open the MBB when parts are to be used. Open the bag by cutting across the top as close to
the seal as possible. This provides room for possible resealing and adhering to the reseal
conditions outlined above. After opening, strictly adhere to factory floor life conditions to ensure
that devices are maintained below critical moisture levels.

Bags opened for less than one hour (strongly dependent on environment) may be resealed with
the original desiccant. If the bag is not resealed immediately, new desiccant or the old one that
has been dried out may be used to reseal, if the factory floor life has not been exceeded.
Note that factory floor life is cumulative. Any period of time when MBB is opened must be added
to all other opened periods.

Both the desiccant pouches and the HIC are reversible. Restoration to dry condition is
accomplished by baking at 125°C for 10-16 hours, depending on oven loading conditions.

To implement and control the production of surface mount assemblies, the dynamics of the
solder reflow process and how each element of the process is related to the end result must be
thoroughly understood.

The primary phases of the reflow process are as follows:

1. Melting the particles in the solder paste
2. Wetting the surfaces to be joined
3. Solidifying the solder into a strong metallurgical bond

The sequence of five actions that occur during this process is shown in Figure 10.

Reflow Soldering Phases
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Figure 10: Soldering Sequence

Each phase of a surface mount reflow profile has min/max limits that should be viewed as a
process window. The process requires a careful selection and control of the materials,
geometries of the mating surfaces (package footprint vs. PCB land pattern geometries) and the
time temperature of the profile. If all of the factors of the process are sufficiently optimized,
there will be good solder wetting and fillet formation (between component leads and the land

PK100 (v1.0) June 15, 2000
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patterns on the substrate). If factors are not matched and optimized there can be potential
problems as summarized in Figure 11.

Temperature

Potential Reflow Soldering Issues

Time

1. Insufficient Temperature to Evaporate Solvent
2. Component Shock and Solder Splatter

3. Insufficient Flux Activation

4. Excessive Flux Activity and Oxidation

5. Trapping of Solvent and Flux, Void Formation
6. Component and/or Board Damage

PK100_11_060100

Figure 11: Soldering Problems Summary

Figure 12 and Figure 13 show typical conditions for solder reflow processing using
IR/Convection or Vapor Phase. Both IR and Convection furnaces are used for BGA assembly.
The moisture sensitivity of Plastic Surface Mount Components (PSMCs) must be verified prior
to surface mount flow. See the preceding sections for a more complete discussion on PSMC
moisture sensitivity.

2.4°Cls \

Temp =183°C

||
T183

L

Preheat and drying dwell
120-180s

» between 95°C-180°C (Note 3)
(Note 2)

Temperature (°C)

T-Max (body) = 220°C
T-Max (leads) = 235°C

Ramp down

A& 24Cls

60s < T183 < 120s
applies to lead area

Time (s)

Figure 12: Typical Conditions for |

Notes:

1.

2.
3.
4

Max temperature range = 220°C-235°C (leads). Time at
Preheat drying transition rate 2-4°C/s

Preheat dwell 95-180°C for 120-180 seconds

IR reflow shall be performed on dry packages

The IR process is strongly dependent on equipment and
overheat due to lack of thermal constraints. Unbalanced

PK100_12_060100

R Reflow Soldering

temp 30-60 seconds

loading differences. Components may
loading may lead to significant temperature

variation on the board. This guideline is intended to assist users in avoiding damage to the
components; the actual profile should be determined by the users using these guidelines.
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The peak reflow temperature of the PSMC body should not be more than 220°C in order to
avoid internal package delamination. For multiple BGAs in a single board, it is recommended to
check all BGA sites for varying temperatures because of differences in surrounding
components.

215°C-219°C = 45s max

(Note 2) ‘\

Ramp down
2°C-4°C/s

o B—
<>
\ T183
Dwell = 30-60s
Preheat and drying dwell

120s min between
95°C-180°C (Note 3)

Temperature ("C)

x (Note 2)

Time (s)
PK100_13_060100

Figure 13: Typical Conditions for Vapor Phase Reflow Soldering

Notes:

1. Solvent - FC5312 or equivalent - ensures temperature range of leads at 215-219°C

2. Transition rate 4-5°C/s

3. Dwellisintended for partial dryout and reduces the difference in temperature between leads and PCB

land patterns.
4. These guidelines are for reference. They are based on laboratory runs using dry packages. It is 5
recommended that actual packages with known loads be checked with the commercial equipment
prior to mass production.
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Sockets Table 11 lists manufacturers known to offer sockets for Xilinx Package types. This summary
does not imply an endorsement by Xilinx. Each user has the responsibility to evaluate and
approve a particular socket manufacturer.

Table 11: Socket Manufacturers

Packages

PQ
DIP HQ
SO PC TQ PG BG
Manufacturer VO wC VQ PP CB CG

AMP Inc. X X X
470 Friendship Road
Harrisburg, PA 17105-3608
(800) 522-6752

Augat Inc. X X X
452 John Dietsch Blvd.

P.O. Box 2510

Attleboro Falls, MA 02763-2510
(508) 699-7646

McKenzie Socket Division X X X
910 Page Avenue
Fremont, CA 94538
(510) 651-2700

3M Textool X X X
6801 River Place Blvd.
(800) 328-0411
(612) 736-7167

Wells Electronics X
1701 South Main Street
South Bend, IN 46613-2299
(219) 287-5941

Yamaichi Electronics Inc. X X X X
2235 Zanker Road
San Jose, CA 95131
(408) 456-0797

Revision The following table shows the revision history for this document.
History

Date Version Revision

06/15/00 1.0 Initial Xilinx release.
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Package
Drawings

Package drawings are located on the High-reliability CD-ROM enclosed with this data book, or

on the Xilinx web site: www.xilinx.com/partinfo/pkgs.htm

Ceramic DIP Package - DDS8...........uuuiiiiiiiiaaaiiiiiiie e e e e e CD-ROM
Plastic DIP Package - PDS8.........cccuuiiiiiiiieei et e st e e e e e e e s ananeaeees CD-ROM
SOIC and TSOP Packages - SO8, VOB.........cccoviiiiiiiiiiieee s ccinieee e ea e e e e CD-ROM
SOIC PACKAGE - SO20 ...ueeiiiiieeieiiiiiciiee et e e e e e e s s s st r e e e ee e e s e s sannrreereeeeeeeeesnnnnnes CD-ROM
SOIC PaCKagE - SO24 .......evieiei ittt e e e e et aee e e e snsaeeee s CD-ROM
PLCC Packages - PC20, PC28, PC44, PC68, PC84............cccovvveeiiiiieeeeiiiieee e CD-ROM
Ceramic Leaded Chip Carrier Package - CCA4 ...t CD-ROM
Ball Chip Scale Package - CS48........cuuivieiiiiiiiiieie et en e e e e CD-ROM
Ball Chip Scale Package - CSLA4........ocvveiiiiiiciieee et e e CD-ROM
Ball Chip Scale Package - CS280.......cccuveeiiiiiiiiiiiiireeee e e e e sesseeeer e e e e e s CD-ROM
Ball Chip Scale (0.5 mm pitch) Package - CP56............oooiiiiiiieiiiieeieiiieeen CD-ROM
PQ/HQFP Packages - PQ100, HQLOO0.......ccceeeiiiiieeeeeiiiee e siee e eriier e iiaee e CD-ROM
PQ/HQFP Packages - PQ44, PQ160, PQ208, PQ240, HQ160, HQ208, HR240 . CD-ROM
PQ/HQFP Packages - PQ304, HQ304.........cccuiiieiieeeee et ee e e CD-ROM
BGA Package - BG225 .......ccoociieiieeee ettt et e e e e st e e e e e e e e s e CD-ROM
BGA Package - BG256 .........cccoiuiiiiiiiiee ettt ee et e e e e e e s s ee e e e e ae e e e e s annnnnnnes CD-ROM
BGA Packages - BG352, BGA32 ......cccviviiiiiiieeeiiiiie e stiieee e s siaeeeessiaseee s s snranaeeenns CD-ROM
BGA Package - BGAO2 .......cooiiiiie ettt ettt CD-ROM
BGA Package - BG560 .........cccuuiieeiiiiiie ettt s st e ettt e e siae e e e e sntan e e e snnnee e e e CD-ROM
Ceramic PGA Packages - PGB8, PGB84 ..........coooivccuviiiiieiiiee e eeisiieeeen e e ae e e s CD-ROM
Ceramic PGA Packages - PG120, PG132, PG156.......cccccccoevvcivviieirieeeeeeee s CD-ROM
Ceramic PGA Package - PGL75 ......uuiiiiiiiee et e e s s en e e e e e e e e e CD-ROM
Ceramic PGA Package - PGLOT .......uuiiiiiiiiiaiiiiiiie et CD-ROM
Ceramic PGA Packages - PG223, PG299 ........coccuiiiiiiiiieiee i CD-ROM
Ceramic PGA Package - PGALD .......uuiiiiiiiiiaiiiiiieieee e CD-ROM
Ceramic PGA Package - PGATS ...t e e st en e e e e e e e CD-ROM
Ceramic PGA Package - PG559 ......uuiiiiiiiee e ee et e e e e e e CD-ROM
Ceramic Brazed QFP Package - CB100 (XC3000 Version).......cccccceeveeeereevisnnnnne CD-ROM
Ceramic Brazed QFP Package - CB164 (XC3000 Version)........cccccceveeeeeeeiinennnee. CD-ROM
Ceramic Brazed QFP Packages - CB100, CB164, CB196 (XC4000 Version)...... CD-ROM
Ceramic Brazed QFP Package - CB228 ..........ooo i CD-ROM
Ball Fine Pitch Package - FG256 ........ccccoiiiiiiiiiiiiiieeee et e e CD-ROM
Ball Fine Pitch Package - FGA56 ........cccooiiiiiiiiiieiieeee e e e CD-ROM
Ball Fine Pitch Package - FGB76 ........ccccoiiiiiiiiiiiiiiieee et e e CD-ROM
Ball Fine Pitch Package - FGB80 .........ccooiiiiiiiiiiiiiaeaeee e CD-ROM
Ball Fine Pitch Package - FG8B60 .........c.ooiiiiiiiiiiiiieieeee e CD-ROM
Ball Fine Pitch Package - FGO00 ........cccoiiiiiiiiiiieiie e r e CD-ROM
Ball Fine Pitch Package - FGLL56 .........cccoooiiiiiiiiiiieeee e e e CD-ROM

© 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. All specifications are subject to change without notice.
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