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About This Handbook

This document describes the function and operation of Virtex-II Pro devices and also
includes information on FPGA configuration techniques and PCB design considerations.
For Virtex-1I Pro device specifications, refer to the Virtex-II Pro Data Sheet modules in
Part I of this handbook:

¢ Virtex-1I Pro Platform FPGAs: Introduction and Overview
¢ Virtex-1I Pro Platform FPGAs: Functional Description
¢ Virtex-1I Pro Platform FPGAs: DC and Switching Characteristics

For details on the following topics, see the Virtex-II Pro Platform FPGA User Guide in Part II
of this handbook:

¢ Chapter 1: Timing Models

® Chapter 2: Design Considerations

® Chapter 3: Configuration

® Chapter 4: PCB Design Considerations

® Appendix A: BitGen and PROMGen Switches and Options
® Appendix B: XC18V00 Series PROMs

The Data Sheet in Part I, together with Chapter 2 in Part II, provide an overview of the
Rocket I/ O multi-gigabit transceiver and PowerPC 405 processor. For details, the
following documents, available at www.xilinx.com/virtex2pro, offer in-depth technical
design information:

®  Rocket 1/O User Guide
®  PPC405 User Manual

®  Processor Block Manual

Additional Resources

Resource Description/URL

Handbook This site contains the latest Virtex-II Pro User Guide and Data Sheet:
http://www.xilinx.com/products/virtex’handbook.htm

Application | This site contains device-specific design techniques and approaches:
Notes http://www.xilinx.com/apps/appsweb.htm

Xcell Journals | This site contains quarterly journals for Xilinx programmable logic users:

http://www.xilinx.com/xcell/xcell.htm
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Resource Description/URL

Tech Tips See this site for the latest news, design tips, and patch information on the

Xilinx design environment:

http://www.xilinx.com/support/techsup/journals/index.htm

Data Book The Programmable Logic Data Book describes device-specific information

on Xilinx device characteristics, including readback, boundary scan,
configuration, length count, and debugging:

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

Answers This database provides a current listing of solution records for Xilinx
Database software tools. Search this database using the search function at:

http://www.xilinx.com/support/searchtd.htm

Typographical Conventions

The following typographical conventions are used in this manual:

Red text indicates a cross-reference to information within the document set you are
currently reading. Click the red text to go to the referenced item. To return to the
original page, right-click anywhere on the current page and select Back.

Blue-underlined text indicates a link to a Web page. Click blue-underlined text to
browse the specified Web site.

The Courier (monospaced) typeface indicates prompts or program outputs
displayed by the system:
speed grade: 5

The Courier bold typeface indicates literal commands that you enter in a
syntactical statement. However, braces “{ }” in Courier bold are not literal, and square
brackets “[ ]” in Courier bold are literal only in the case of bus specifications, such as
bus[7:0].

rpt_del_net=
Courier bold also indicates menu command sequences:
File — Open
Courier bold also indicates filenames, file extensions, and/or file system paths:
... delete testfile.s ...
...and all *.p files ...
... in the \web\docs\source\ folder ...

Bold in the normal body text typeface indicates names of graphical user interface
(GUI) items.

... mark the Use All Search Terms checkbox and click OK ...
Italic denotes the following items:

- Inside angle brackets “< >”, variables in command strings that are substituted
with user-defined values:

edif2ngd <design name>
- References to other documents:

See the Libraries Guide for more information.
- Emphasis in text:

If a wire is drawn so that it overlaps the pin of a symbol, the two
nets are not connected.
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® Square brackets “[ ]” indicate an optional entry or parameter. The brackets are not
typed when entering the parameter in the command string. However, in bus
specifications, such as bus [7:0], they are required.

edif2ngd [<option name>] <design name>

® Braces “{}” enclose a list of items from which you must choose one or more; a vertical
bar “|” separates items in a list of choices:

lowpwr = {on|off}

® A vertical ellipsis indicates repetitive material that has been omitted.

IOB #1: Name = QOUT’
IOB #2: Name CLKIN'

® A horizontal ellipsis “. . .” indicates that an item can be repeated one or more times.

allow block <block_name> <locl> <loc2> ... <locn>;

UGO012 (v1.0) January 31, 2002 www.xilinx.com 9
Virtex-ll Pro Platform FPGA Handbook 1-800-255-7778


http://www.xilinx.com

S XILINX®

10 www.xilinx.com UGO012 (v1.0) January 31, 2002
1-800-255-7778 Virtex-ll Pro Platform FPGA Handbook


http://www.xilinx.com

& XILINX®

Introduction to the Virtex-1I Pro
FPGA Family

The Next Logical Revolution

The Virtex-II Pro Platform FPGA solution is the most technically sophisticated silicon and
software product development in the history of the programmable logic industry. The goal
was to revolutionize system architecture "from the ground up." To achieve that objective,
the best circuit engineers and system architects from IBM, Mindspeed, and Xilinx
co-developed the world’s most advanced Platform FPGA silicon product. Leading teams
from top embedded systems companies worked together with Xilinx software teams to
develop the systems software and IP solutions that enabled new system architecture
paradigm. The result is the first Platform FPGA solution capable of implementing high
performance system-on-a-chip designs previously the exclusive domain of custom ASICs,
yet with the flexibility and low development cost of programmable logic. The Virtex-II Pro
family marks the first paradigm change from programmable logic to programmable
systems, with profound implications for leading-edge system architectures in networking
applications, deeply embedded systems, and digital signal processing systems. It allows
custom user-defined system architectures to be synthesized, next-generation connectivity
standards to be seamlessly bridged, and complex hardware and software systems to be
co-developed rapidly with in-system debug at system speeds. Together, these capabilities
usher in the next programmable logic revolution.

Built for Bandwidth

The Virtex-II Pro family consists of five members, each with four to sixteen Rocket I/ O™
multi-gigabit transceivers based on the Mindspeed SkyRail™ technology. Each Xilinx
Rocket I/O block contains a complete set of user-configurable supporting circuitry that
address real-life, system-level challenges. These include standard 8B /10B encode/decode,
programmable signal integrity adjustments for varying PCB trace lengths and materials,
support for synchronization of multiple channels, and programmable support for channel
control commands. In addition, the Rocket I/O blocks are the first FPGA-embedded
transceivers to reach a baud rate of 3.125 Gb/s. Four Rocket I/O blocks, employing 16 PCB
traces, can be used to support a full-duplex 10 Gb/s channel by way of the Rocket I/O
channel-bonding feature. This is equivalent to 256 traces of typical LVITL buses or 68
traces of a high-speed, source-synchronous parallel LVDS bus. It allows a PCB trace
reduction of up to 16X over conventional parallel buses, resulting in significant reductions
in PCB complexity and EMI system noise. The Rocket I/O technology fulfills higher
bandwidth system requirements than currently possible, with cost savings from faster
time-to-market, reduced printed circuit board (PCB) complexity, and lower component
count.

The Virtex-1I Pro members also incorporate small yet powerful PowerPC processor cores.
Each of the larger Virtex-II Pro devices incorporates one to four IBM PowerPC 405
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processor cores, each capable of more than 300 MHz clock frequency and 420 Dhrystone
MIPS. While each processor core occupies a small die area, these processor cores provide
tremendous system flexibility where they are used. The PowerPC 405 cores are fully
embedded within the FPGA fabric, where all processor nodes are controlled by the FPGA
routing resources. This provides the utmost architectural capability, where complex
applications may be efficiently divided between high-speed logic implementation and
high-flexibility software implementations. For example, a packet processing application
using only the FPGA logic today for high-speed packet routing may be augmented to
include a slave high-performance processor for exception handling or in-system statistics
monitoring. In contrast, using a separate processor externally requires hundreds of
additional interface pins, which degrades the system performance, significantly increases
FPGA 1/0 requirements, and overall board costs.

The Virtex-II Pro products are based on the most advanced FPGA fabric available: the
Virtex-II architecture with IP-Immersion™ technology, which was developed for
significant improvements in engineering productivity, silicon efficiency, and system
flexibility. Unique features common in the Virtex-II Series—consisting of the Virtex-1I and
Virtex-1I Pro families—include powerful SystemIO™ system connectivity solutions,
digitally controlled impedance (DCI) technology, comprehensive clocking solutions, high-
speed Active Interconnect™ routing architecture, and bitstream encryption. These features
together constitute the most complete Platform FPGA solution available, optimized for
high-performance system-level applications. The upward compatibility of the Virtex Series
of products ensures benefits in engineering productivity, performance, design longevity,
and continuing cost reduction.

Legacy of Leadership

Each of the Virtex families of FPGAs has been the most successful programmable product
family in its class, starting with the introduction of the original Virtex family in 1998. The
Virtex and Virtex-E families were recognized by the industry as the highest technology
products available when they were first introduced. The Virtex-II family, which again
achieved technology leadership in density, performance, and features, ushered in the era of
Platform FPGAs—programmable devices with the system-level capability and
performance to implement systems functionality. The Virtex-II Pro family continues the
tradition of technology leadership as the most sophisticated Platform FPGA yet, again
breaking the technology barrier for the benefit of leading-edge system architects.

The Virtex-II Pro family is the first FPGA family to incorporate both serial transceiver
technology and a hard processor core within a general-purpose FPGA device. This is
significant for new high-bandwidth embedded processing applications such as packet
processing, where both high device I/ O bandwidth and high performance processor cores
are needed together.

The Virtex-II Pro devices are the industry’s first FPGAs in a 0.13-micron process. The IBM
nine-layer metal, all-copper, low-k process technology is among the most advanced in the
semiconductor industry. The combination of advanced Active Interconnect™ architecture
and advanced process technology makes the Virtex-II Pro family the highest performance
FPGA in the world.

The Rocket I/ O™ multi-gigabit transceiver (MGT), based on industry-leading SkyRail™
technology, is the highest performance, most complete embedded serial transceiver
available. It is user-configurable for up to 3.125 Gb/s baud rate per channel, which is over
twice the performance of other embedded transceivers at 1.25 Gb/s. Each Rocket I/O
block provides a complete set of common functionality available in standard SerDes
transceivers. In contrast, "programmable ASSP" products with clock/data recovery (CDR)
provide only the most basic transceiver capability.

The IBM PowerPC 405 processor core used in the Virtex-II Pro family is the highest
performance embedded core available in FPGAs. The PowerPC architecture is used in
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many markets including communications, industrial control, test and measurement
systems, and other performance-oriented markets. It is currently the most popular
processor architecture in embedded applications.

Packets Everywhere

The Virtex-II Pro family provides a powerful new paradigm for network processing where
low latency is required, such as storage area networks, wireless infrastructure, and
voice-over-IP networks. The digital convergence phenomenon drives the need for packet
routing based on type and priority. For example, live voice and video data packets require
significantly lower latency than data file packets. New data networking applications must
now handle higher bandwidth traffic as well as more complex types of prioritized packets.
In many cases, Virtex-II Pro devices can offer higher overall performance than other
solutions, including specialized network processors (NPs). Using the Virtex-II Pro
architecture, the most common packets may be quickly read and routed using FPGA logic,
without incurring the lengthy software run-time needed by NPs. The FPGA logic
interrupts the PowerPC processor core only when processor instructions are needed for
special packet types. For example, packets may be stored into a 16 KB dual-port memory
area accessible by both the FPGA logic and the PowerPC 405 on-chip memory (OCM) port,
allowing rapid change of control and packet disposition. By using the FPGA logic to
process the most common packet types while the processor core handles the more
specialized ones as a slave to the logic, the Virtex-II Pro architecture can provide higher
overall performance than NPs, as well as more sophisticated processing capabilities than
FPGA logic alone.

Bridge, Anyone?

Powerful protocol bridges for tying together disparate data stream formats are well-suited
for the Virtex-II Pro solution. New interface standards and protocols include 3GIO,
Infiniband, Gigabit Ethernet, XAUI/10 Gigabit Ethernet, RapidlO, and HyperTransport.
These must interface seamlessly to one another, as well as to other standards such as PCI,
Fibre Channel, POS Phy Level 4, Flexbus 4, and others. This presents a significant
challenge to system developers because of changing standards, scarcity of off-the-shelf
interface components, and the inflexibility of available solutions. System designers have
had to assemble their own blend of FPGAs, discrete physical transceivers, and discrete
communications processors to solve their complex system challenges. Even newer
"programmable ASSPs" (application-specific standard products) with built-in serial
transceivers fall short, because they frequently require companion FPGAs to supplement
their logic capacity. The Virtex-1I Pro solution, using the powerful Xilinx SystemIO™
capability to fully integrate silicon, software, and IP capabilities, provides the most flexible
pre-engineered protocol bridge solutions available for fast time-to-market and low
development cost.

Simplifying Complexity

The Virtex-II Pro solution offers a powerful paradigm for complex embedded systems
found in signal processing, industrial control, image processing, networking,
communications, and aeronautic applications. For the first time, complex embedded
systems traditionally involving sophisticated hardware and software may be developed
concurrently, emulated in actual hardware at speed, debugged in-system, and
re-architected for performance within weeks, rather than months or years. In addition, full
systems can be remotely upgraded as easily as software-only upgrades are performed
today, using Compact Flash, CDROM, Internet, wireless transmission, or other flexible
means. Hardware design is simplified using powerful development software and a large
soft IP library to assemble logic- and processor-based platforms. Software development
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may be started earlier using the actual device in preconfigured sample platforms, without
waiting for the new system board to be developed. In many cases, higher density
Virtex-1I Pro components may be used for early system development, whereby extra
resources (including additional PowerPC processor cores) may be used to easily emulate
board-level components yet to be developed. This flexibility, obviously unavailable in
custom ASICs or ASSPs, allows systems to be emulated at speed, rather than simulated
using software simulators at 100 or 1000 times slower. In-system debugging is further
enhanced by the Xilinx ChipScope Pro tool, which provides comprehensive logic
analysis—from probing internal nodes to full bus analysis with bus protocol adherence
checks using an external logic analyzer via the IEEE 1149.1 (JTAG) test access port. Using
ChipScope Pro can result in orders of magnitude of improvement in engineering
productivity.

Complex systems can be optimally repartitioned between FPGA logic and processor cores,
allowing a continuum of possible trade-offs between the speed of logic and the flexibility
of software code. For example, a first implementation of an echo cancellation algorithm
might be all-software in compiled C code running on a PowerPC core, in order to allow the
system software development to start. As the system is further optimized, part of the DSP
algorithm could be retargeted using Matlab Simulink into FPGA logic to achieve a
significantly faster but functionally identical system for production release. In another
example, an encryption application might implement the Diffie-Hellman key exchange
algorithm, whereby exponentiation and message management could be optimally
partitioned into FPGA logic and an embedded processor, respectively. In this way, the
programmable systems paradigm offers tremendous flexibility to allow system designers
and architects to optimize the trade-offs in development time, system performance, and
system costs.

It is significant that the embedded systems enabled by Virtex-1I Pro solutions are "all-soft,"
in that both logic and software code are controlled by a soft data file. Because of this, the
low cost of design maintenance and degree of design reuse is greatly enhanced. Whole
system upgrades, including both hardware and software, can now be accomplished with
one unified soft file using System ACE™ configuration solutions, offering the same low
cost and ease of use as software-only upgrades.

Time Is Money

The Virtex-II Series, comprising both the Virtex-1I and Virtex-II Pro families, offers
significantly faster time-to-market and lower development costs than ASICs. Compared to
a full-custom ASIC, the Virtex-II Pro solution eliminates the need for exhaustive
verification during development, and allows hardware-software debug at system speeds
rather than slow software simulation speeds. In addition, the Virtex-II Pro features of
signal integrity, pre-engineered clocking capabilities, and an abundance of soft IP cores,
significantly reduce development time.

The Virtex-II Series offers significantly lower development costs than ASICs, due to lower
tool costs, lower third-party IP costs, and absence of NRE costs. The Virtex-II Series also
increases engineering productivity by accelerating hardware availability for software
development and increasing software debug speed. In addition, the availability of
powerful development tools enables straightforward retargeting of other embedded
processors into the PowerPC platform. Compared to other processor architectures, the
PowerPC 405 core in most cases allows higher performance and more powerful
capabilities, and thus can be used to accelerate preproduction of performance-sensitive
applications.
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Flexibility Is Money

The flexibility inherent in the Virtex-II Series allows system architects to fine-tune their
architectural partitioning after the initial prototype is developed. That is, each subsystem
function can be freely implemented as hardware only, software only, or any combination
within the hardware-software continuum, depending on the trade-off between
performance and complexity. For example, a wireless infrastructure system might initially
implement a rake filter function in hardware, and then change to a firmware
implementation as more software control is necessary during later development. This
repartitioning would be impossible in custom ASICs without significant time and cost
penalties.

The Virtex-II Series offers significantly more flexibility than fixed chip sets and ASSPs,
allowing end user product differentiation and future proofing. For a design requirement
that can generally be met either by ASSPs or by Virtex-1I Platform FPGAs, the initial design
investment for an FPGA implementation may be higher. However, the advantages for
Platform FPGA implementations include customizing of functionality, ease of design
reuse, ability to fix design bugs, differentiation of user end products, and ownership and
control of the entire system. These are important advantages in highly competitive markets
where ASSPs have standing errata lists and unpredictable future availability. In contrast,
properly developed Platform FPGA designs are soft designs that may be readily
maintained and reused as needed. Therefore, FPGA methodologies can provide system
manufacturers with greater competitive advantage in the short term, and greater
ownership and control over their products in the long term.

Not Being Discrete

Many high bandwidth systems today use large FPGAs together with discrete SerDes
transceivers, discrete communications processors, or other discrete components. The
Virtex-1I Pro family can incorporate many of these components for time-to-market,
performance, and even system cost benefits. Multi-chip solutions using FPGAs typically
require over a hundred I/O pins to interface to each discrete quad 3.125 Gb/s SerDes
transceiver or discrete microprocessor. The result is increased PCB complexity necessary to
accommodate hundreds of traces, reduced system performance due to on-chip/off-chip
connections, and higher overall system costs. In some cases, the increased FPGA pin-count
requirement may force a higher-density FPGA to be used, increasing the overall cost. In
these cases, the Virtex-1I Pro devices can integrate the discrete components to achieve
faster system development, higher system performance, and lower costs.
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Part I: Virtex-1I Pro Data Sheet

This section contains the Virtex-II Pro advance product specification (DS083). The latest
version of this information is available online (at www.xilinx.com/apps/virtexapp.htm).
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Virtex-ll Pro Platform FPGAs:
Introduction and Overview

DS083-1 (v1.0) January 31, 2002

Advance Product Specification

Summary of Virtex-ll Pro Features

¢ High-performance Platform FPGA solution including
- Upto sixteen Rocket I/O0™ embedded multi-gigabit
transceiver blocks (based on Mindspeed's
SkyRail™ technology)
- Up to four IBM® PowerPC™ RISC processor
blocks
e Based on Virtex™-II Platform FPGA technology
- Flexible logic resources
- SRAM-based in-system configuration
- Active Interconnect™ technology
- SelectRAM™ memory hierarchy
- Dedicated 18-bit x 18-bit multiplier blocks
- High-performance clock management circuitry
- Selectl/O™-Ultra technology
- Digitally Controlled Impedance (DCI) I/O

The members and resources of the Virtex-1l Pro family are
shown in Table 1.

Rocket I/O Features

*  Full-duplex serial transceiver (SERDES) capable of
baud rates from 622 Mb/s to 3.125 Gb/s

¢ 80 Gb/s duplex data rate (16 channels)

¢ Monolithic clock synthesis and clock recovery (CDR)

¢  Fibre Channel, Gigabit Ethernet, 10 Gb Attachment
Unit Interface (XAUI), and Infiniband-compliant
transceivers

e 8-, 16-, or 32-bit selectable internal FPGA interface

Table 1: Virtex-ll Pro FPGA Family Members

e 8B/10B encoder and decoder

e 50Q/75Q on-chip selectable transmit and receive
terminations

e Programmable comma detection
e Channel bonding support (two to sixteen channels)
* Rate matching via insertion/deletion characters

* Four levels of selectable pre-emphasis
*  Five levels of output differential voltage

e Per-channel internal loopback modes

e 2.5V transceiver supply voltage

PowerPC RISC Core Features

* Embedded 300+ MHz Harvard architecture core
* Low power consumption: 0.9 mW/MHz
* Five-stage data path pipeline
e Hardware multiply/divide unit
* Thirty-two 32-bit general purpose registers
* 16 KB two-way set-associative instruction cache
* 16 KB two-way set-associative data cache
*  Memory Management Unit (MMU)
64-entry unified Translation Look-aside Buffers

* Debug and trace support
e Timer facilities

(TLB)

Variable page sizes (1 KB to 16 MB)
e Dedicated on-chip memory (OCM) interface
e Supports IBM CoreConnect™ bus architecture

(1CLB=4 sliczls-z Max 128 bits) Block SelectRAM
Rocket /0 | PowerPC Maximum | 18 X 18 Bit Max
Transceiver | Processor Array Distributed | Multiplier | 18 Kb | Block RAM Max
Device Blocks Blocks Row x Col | Slices | RAM (Kb) Blocks Blocks (Kb) DCMs | I/0 Pads

XC2vP2 4 0 16x22 | 1,408 44 12 12 216 4 204
XC2VP4 4 1 40x22 | 3,008 94 28 28 504 4 348
XC2VvP7 8 1 40x34 | 4,928 154 44 44 792 4 396
XC2VP20 8 56 x46 | 9,280 290 88 88 1,584 8 564
XC2VP50 16 4 88x70 |22,592 706 216 216 3,888 8 852

© 2002 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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Virtex-1l Pro Platform FPGA Technology

* SelectRAM memory hierarchy
- Upto 4 Mb of True Dual-Port RAM in 18 Kb block
SelectRAM resources
- Up to 706 Kb of distributed SelectRAM resources
- High-performance interfaces to external memory
e Arithmetic functions
- Dedicated 18-bit x 18-bit multiplier blocks
- Fast look-ahead carry logic chains
* Flexible logic resources
- Upto 45,184 internal registers/latches with Clock
Enable
- Upto 45,184 look-up tables (LUTs) or cascadable
variable (1 to 16 bits) shift registers
- Wide multiplexers and wide-input function support
- Horizontal cascade chain and Sum-of-Products
support
- Internal 3-state busing
* High-performance clock management circuitry
- Up to eight Digital Clock Manager (DCM) modules
Precise clock de-skew
Flexible frequency synthesis
High-resolution phase shifting
- 16 global clock multiplexer buffers in all parts
e Active Interconnect technology
- Fourth-generation segmented routing structure
- Fast, predictable routing delay, independent of
fanout
- Deep sub-micron noise immunity benefits
¢ Selectl/O-Ultra technology
- Upto 852 userl/Os
- Twenty two single-ended standards and
five differential standards
- Programmable LVTTL and LVCMOS sink/source
current (2 mA to 24 mA) per 1/O
- Digitally Controlled Impedance (DCI) 1/O: on-chip
termination resistors for single-ended I/O standards
- PCl support()
- Differential signaling
- 840 Mb/s Low-Voltage Differential Signaling I/0
(LVDS) with current mode drivers
Bus LVDS I/0
HyperTransport (LDT) I/O with current driver
buffers
Built-in DDR input and output registers
- Propnetary high-performance SelectLink
technology for communications between Xilinx
devices
High-bandwidth data path
Double Data Rate (DDR) link
Web-based HDL generation methodology

1. PCI supported in some banks only.

* SRAM-based in-system configuration
- Fast SelectMAP™ configuration
- Triple Data Encryption Standard (DES) security
option (bitstream encryption)
- |EEE1532 support
- Partial reconfiguration
- Unlimited reprogrammability
- Readback capability
e Supported by Xilinx Foundation™ and Alliance™
series development systems
- Integrated VHDL and Verilog design flows
- ChipScope™ Integrated Logic Analyzer
e 0.13-pm, nine-layer copper process with 90 nm
high-speed transistors
* 1.5V (VggnT) core power supply, dedicated 2.5V
Vecaux auxiliary and Voo I/0 power supplies

e |EEE 1149.1 compatible boundary-scan logic support

¢ Flip-Chip and Wire-Bond Ball Grid Array (BGA)
packages in standard 1.00 mm pitch

e Each device 100% factory tested

General Description

The Virtex-1l Pro family is a platform FPGA for designs that
are based on IP cores and customized modules. The family
incorporates multi-gigabit transceivers and PowerPC CPU
cores in Virtex-1l Pro Series FPGA architecture. It empow-
ers complete solutions for telecommunication, wireless, net-
working, video, and DSP applications.

The leading-edge 0.13um CMOS nine-layer copper process
and the Virtex-Il Pro architecture are optimized for high per-
formance designs in a wide range of densities. Combining a
wide variety of flexible features and IP cores, the
Virtex-Il Pro family enhances programmable logic design
capabilities and is a powerful alternative to mask-pro-
grammed gate arrays.

20 www.Xxilinx.com
1-800-255-7778

DS083-1 (v1.0) January 31, 2002
Advance Product Specification


http://www.xilinx.com

S XILINX®

Virtex-ll Pro Platform FPGAs: Introduction and Overview

Architecture

Virtex-ll Pro Array Overview

Virtex-1l Pro devices are user-programmable gate arrays
with various configurable elements and embedded cores
optimized for high-density and high-performance system
designs. Virtex-1l Pro devices implement the following func-
tionality:

* Embedded high-speed serial transceivers enable data
bit rate up to 3.125 Gb/s per channel.

¢ Embedded IBM PowerPC 405 RISC CPU cores
provide performance of 300+ MHz.

¢ Selectl/O-Ultra blocks provide the interface between
package pins and the internal configurable logic. Most
popular and leading-edge I/O standards are supported
by the programmable IOBs.

* Configurable Logic Blocks (CLBs) provide functional
elements for combinatorial and synchronous logic,
including basic storage elements. BUFTSs (3-state
buffers) associated with each CLB element drive
dedicated segmentable horizontal routing resources.

* Block SelectRAM memory modules provide large
18 Kb storage elements of True Dual-Port RAM.

e Embedded multiplier blocks are 18-bit x 18-bit
dedicated multipliers.

¢ Digital Clock Manager (DCM) blocks provide
self-calibrating, fully digital solutions for clock
distribution delay compensation, clock multiplication
and division, and coarse- and fine-grained clock phase
shifting.

A new generation of programmable routing resources called
Active Interconnect Technology interconnects all of these
elements. The general routing matrix (GRM) is an array of
routing switches. Each programmable element is tied to a
switch matrix, allowing multiple connections to the general
routing matrix. The overall programmable interconnection is
hierarchical and designed to support high-speed designs.

All  programmable elements, including the routing
resources, are controlled by values stored in static memory
cells. These values are loaded in the memory cells during
configuration and can be reloaded to change the functions
of the programmable elements.

Virtex-ll Pro Features
This section briefly describes Virtex-1l Pro features.

Rocket I/O Multi-Gigabit Transceiver Cores

The Rocket I/O Multi-Gigabit Transceiver core, based on
Mindspeed’s SkyRail technology, is a flexible paral-
lel-to-serial and serial-to-parallel transceiver embedded
core used for high-bandwidth interconnection between
buses, backplanes, or other subsystems.

Multiple user instantiations in an FPGA are possible, provid-
ing up to 80 Gb/s of full-duplex raw data transfer. Each

channel can be operated at a maximum data transfer rate of
3.125 Gb/s.

Each Rocket I/O core implements the following functional-

ity:

e Serializer and deserializer (SERDES)

¢ Monolithic clock synthesis and clock recovery (CDR)

* Fibre Channel, Gigabit Ethernet, XAUI, and Infiniband
compliant transceivers

e 8-, 16-, or 32-bit selectable FPGA interface

e 8B/10B encoder and decoder with bypassing option on
each channel

e Channel bonding support (two to sixteen channels)
- Elastic buffers for inter-chip deskewing and

channel-to-channel alignment

* Receiver clock recovery tolerance of up to
75 non-transitioning bits

e 50Q/75Q on-chip selectable TX and RX terminations

¢ Programmable comma detection

* Rate matching via insertion/deletion characters

e Automatic lock-to-reference function

e Optional TX and RX data inversion

e Four levels of pre-emphasis support

e Per-channel serial and parallel transmitter-to-receiver
internal loopback modes

e Cyclic Redundancy Check (CRC) support

PowerPC 405 Processor Block

The PPC405 RISC CPU can execute instructions at a sus-
tained rate of one instruction per cycle. On-chip instruction
and data cache reduce design complexity and improve sys-
tem throughput.

The PPC405 features include:

e PowerPC RISC CPU

- Implements the PowerPC User Instruction Set
Architecture (UISA) and extensions for embedded
applications

- Thirty-two 32-bit general purpose registers (GPRs)

- Static branch prediction

- Five-stage pipeline with single-cycle execution of
most instructions, including loads/stores

- Unaligned and aligned load/store support to cache,
main memory, and on-chip memory

- Hardware multiply/divide for faster integer
arithmetic (4-cycle multiply, 35-cycle divide)

- Enhanced string and multiple-word handling

- Bigl/little endian operation support

e  Storage Control

- Separate instruction and data cache units, both
two-way set-associative and non-blocking

- Eight words (32 bytes) per cache line

- 16 KB array Instruction Cache Unit (ICU), 16 KB
array Data Cache Unit (DCU)
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- Operand forwarding during instruction cache line fill
- Copy-back or write-through DCU strategy
- Doubleword instruction fetch from cache improves
branch latency
e Virtual mode memory management unit (MMU)
- Translation of the 4 GB logical address space into
physical addresses
- Software control of page replacement strategy
- Supports multiple simultaneous page sizes ranging
from 1 KB to 16 MB
¢ OCM controllers provide dedicated interfaces between
Block SelectRAM memory and processor core
instruction and data paths for high-speed access
¢ PowerPC timer facilities
- 64-bit time base
- Programmabile interval timer (PIT)
- Fixed interval timer (FIT)
- Watchdog timer (WDT)
¢ Debug Support
- Internal debug mode
- External debug mode
- Debug Wait mode
- Real Time Trace debug mode
- Enhanced debug support with logical operators
- Instruction trace and trace-back support
- Forward or backward trace
e Two hardware interrupt levels support
* Advanced power management support

Input/Output Blocks (IOBs)

IOBs are programmable and can be categorized as follows:

* Input block with an optional single data rate (SDR) or
double data rate (DDR) register

e OQutput block with an optional SDR or DDR register and
an optional 3-state buffer to be driven directly or
through an SDR or DDR register

» Bidirectional block (any combination of input and output
configurations)

These registers are either edge-triggered D-type flip-flops
or level-sensitive latches.

IOBs support the following single-ended I/O standards:
e LVTTL

e LVCMOS (3.3V, 2.5V, 1.8V, and 1.5V)

e PCI (33 and 66 MHz)

e GTL and GTLP

e HSTL 1.5V and 1.8V (Class |, II, lll, and IV)

e SSTL (3.3V and 2.5V, Class | and II)

The DCI I/O feature automatically provides on-chip termina-
tion for each single-ended 1/O standard.

The IOB elements also support the following differential sig-
naling 1/0O standards:

e LVDS and Extended LVDS (2.5V only)

e BLVDS (Bus LVDS)

e ULVDS

e LDT

Two adjacent pads are used for each differential pair. Two or

four 10B blocks connect to one switch matrix to access the
routing resources.

Configurable Logic Blocks (CLBs)

CLB resources include four slices and two 3-state buffers.
Each slice is equivalent and contains:

e Two function generators (F & G)

* Two storage elements

* Arithmetic logic gates

e Large multiplexers

e Wide function capability

e Fast carry look-ahead chain

e Horizontal cascade chain (OR gate)

The function generators F & G are configurable as 4-input

look-up tables (LUTs), as 16-bit shift registers, or as 16-bit
distributed SelectRAM memory.

In addition, the two storage elements are either
edge-triggered D-type flip-flops or level-sensitive latches.

Each CLB has internal fast interconnect and connects to a
switch matrix to access general routing resources.

Block SelectRAM Memory

The block SelectRAM memory resources are 18 Kb of True
Dual-Port RAM, programmable from 16K x 1 bit to 512 x 36
bit, in various depth and width configurations. Each port is
totally synchronous and independent, offering three
"read-during-write" modes. Block SelectRAM memory is
cascadable to implement large embedded storage blocks.
Supported memory configurations for dual-port and sin-
gle-port modes are shown in Table 2.

Table 2: Dual-Port and Single-Port Configurations

16K x 1 bit 4K x 4 bits 1K x 18 bits
8K x 2 bits 2K x 9 bits 512 x 36 bits
18 X 18 Bit Multipliers

A multiplier block is associated with each SelectRAM mem-
ory block. The multiplier block is a dedicated 18 x 18-bit 2s
complement signed multiplier, and is optimized for opera-
tions based on the block SelectRAM content on one port.
The 18 x 18 multiplier can be used independently of the
block SelectRAM resource. Read/multiply/accumulate oper-
ations and DSP filter structures are extremely efficient.

Both the SelectRAM memory and the multiplier resource
are connected to four switch matrices to access the general
routing resources.
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Global Clocking

The DCM and global clock multiplexer buffers provide a
complete solution for designing high-speed clock schemes.

Up to eight DCM blocks are available. To generate
deskewed internal or external clocks, each DCM can be
used to eliminate clock distribution delay. The DCM also
provides 90-, 180-, and 270-degree phase-shifted versions
of its output clocks. Fine-grained phase shifting offers
high-resolution phase adjustments in increments of /55 of
the clock period. Very flexible frequency synthesis provides
a clock output frequency equal to a fractional or integer mul-
tiple of the input clock frequency. For exact timing parame-
ters, see Virtex-ll Pro Platform FPGAs: DC and
Switching Characteristics.

Virtex-1l Pro devices have 16 global clock MUX buffers, with
up to eight clock nets per quadrant. Each clock MUX buffer
can select one of the two clock inputs and switch glitch-free
from one clock to the other. Each DCM can send up to four
of its clock outputs to global clock buffers on the same edge.
Any global clock pin can drive any DCM on the same edge.

Routing Resources

The 10B, CLB, block SelectRAM, multiplier, and DCM ele-
ments all use the same interconnect scheme and the same
access to the global routing matrix. Timing models are
shared, greatly improving the predictability of the perfor-
mance of high-speed designs.

There are a total of 16 global clock lines, with eight available
per quadrant. In addition, 24 vertical and horizontal long
lines per row or column, as well as massive secondary and
local routing resources, provide fast interconnect.
Virtex-1l Pro buffered interconnects are relatively unaffected
by net fanout, and the interconnect layout is designed to
minimize crosstalk.

Horizontal and vertical routing resources for each row or
column include:

* 24 long lines

* 120 hex lines

* 40 double lines

* 16 direct connect lines (total in all four directions)
Boundary Scan

Boundary-scan instructions and associated data registers
support a standard methodology for accessing and config-

uring Virtex-1l Pro devices, complying with IEEE standards
1149.1 and 1532. A system mode and a test mode are
implemented. In system mode, a Virtex-1l Pro device will
continue to function while executing non-test bound-
ary-scan instructions. In test mode, boundary-scan test
instructions control the 1/0 pins for testing purposes. The
Virtex-1l Pro Test Access Port (TAP) supports BYPASS,
PRELOAD, SAMPLE, IDCODE, and USERCODE non-test
instructions. The EXTEST, INTEST, and HIGHZ test instruc-
tions are also supported.

Configuration

Virtex-1l Pro devices are configured by loading the bitstream
into internal configuration memory using one of the follow-
ing modes:

e Slave-serial mode

e Master-serial mode

e Slave SelectMAP mode

e Master SelectMAP mode

e Boundary-Scan mode (IEEE 1532)

A Data Encryption Standard (DES) decryptor is available
on-chip to secure the bitstreams. One or two triple-DES key
sets can be used to optionally encrypt the configuration data.

The Xilinx System Advanced Configuration Enviornment
(System ACE) family offers high-capacity and flexible solu-
tion for FPGA configuration as well as program/data storage
for the processor. See DS080, System ACE Compact-
Flash Solution for more information.

Readback and Integrated Logic Analyzer

Configuration data stored in Virtex-1l Pro configuration
memory can be read back for verification. Along with the
configuration data, the contents of all flip-flops/latches, dis-
tributed SelectRAM, and block SelectRAM memory
resources can be read back. This capability is useful for
real-time debugging.

The Xilinx ChipScope Integrated Logic Analyzer (ILA) cores
and Integrated Bus Analyzer (IBA) cores, along with the
ChipScope Pro Analyzer software, provide a complete solu-
tion for accessing and verifying user designs within
Virtex-1l Pro devices.
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IP Core and Reference Support

Intellectual Property is part of the Platform FPGA solution.
In addition to the existing FPGA fabric cores, the list below
shows some of the currently available hardware and soft-
ware intellectual properties specially developed for
Virtex-Il Pro by Xilinx. Each IP core is modular, portable,
Real-Time Operating System (RTOS) independent, and
CoreConnect compatible for ease of design migration.
Refer to www.xilinx.com for the latest and most complete
list of cores.

Hardware Cores
e Bus Infrastructure cores (arbiters, bridges, and more)

e Memory cores (Flash, SRAM, and more)
e Peripheral cores (UART, IIC, and more)
* Networking cores (ATM, Ethernet, and more)

Software Cores

e Boot code

e Testcode

* Device drivers

* Protocol stacks

* RTOS integration

e Customized board support package

Virtex-1l Pro Device/Package Combinations and Maximum 1/Os

Offerings include ball grid array (BGA) packages with
1.0 mm pitch. In addition to traditional wire-bond intercon-
nects, flip-chip interconnect is used in some of the BGA
offerings. The use of flip-chip interconnect offers more 1/0s
than are possible in wire-bond versions of the similar pack-
ages. Flip-chip construction offers the combination of high
pin count and excellent power dissipation.

The Virtex-ll Pro device/package combination table
(Table 3) details the maximum number of I/Os for each
device and package using wire-bond or flip-chip technology.
* FG denotes wire-bond fine-pitch BGA (1.00 mm pitch).
e FF denotes flip-chip fine-pitch BGA (1.00 mm pitch).
e BF denotes flip-chip fine-ptich BGA (1.27 mm pitch).

Table 3: Virtex-ll Pro Device/Package Combinations and Maximum Number of Available 1/0s

(Advance Information)

User Available I/0s
Package Pitch (mm) Size (mm) XC2VP2 XC2VP4 XC2VP7 XC2VP20 XC2VP50
FG256 1.00 17 x 17 140 140
FG456 1.00 23 x 23 156 248 248
FF672 1.00 27 x 27 204 348 396
FF896 1.00 31 x 31 396 556
FF1152 1.00 35 x 35 564 692
FF1517 1.00 40 x 40 852
BF957 1.27 40 x 40 564 584
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Virtex-ll Pro Ordering Information
Virtex-1l Pro ordering information is shown in Figure 1.

Example: XC2VP7-7FG456C

Device Type

Speed Grade
(-6, -7, -8)

Temperature Range:
C = Commercial (Tj=0°C to +85°C)
| = Industrial (Tj =-40°C to +100°C)

Number of Pins

Package Type

DS083_02_102301

Figure 1: Virtex-ll Pro Ordering Information

NOTE: Maximum serial transceiver baud rates for flipchip and wirebond packages are 3.125 Gb/s and 2.5 Gb/s respectively.

Revision History

This section records the change history for this module of the data sheet.

Date

Version

Revision

01/31/02

1.0

Initial Xilinx release.

Virtex-ll Pro Data Sheet Modules

The Virtex-ll Pro Data Sheet contains the following modules:

e Virtex-ll Pro Platform FPGAs: Introduction and e Virtex-ll Pro Platform FPGAs: DC and Switching
Overview (Module 1)

¢ Virtex-ll Pro Platform FPGAs: Functional

Description (Module 2)

Characteristics (Module 3)

¢ Virtex-ll Pro Platform FPGAs: Pinout Information
(Module 4)
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Description
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Figure 1: Virtex-ll Pro Generic Architecture Overview

This module describes the following Virtex™-Il Pro func-
tional components, as shown in Figure 1:

¢ Embedded Rocket I/O™ Multi-Gigabit Transceivers
(MGTs)

»  Processor Blocks containing embedded IBM®
PowerPC™ 405 RISC CPU (PPC405) cores and
integration circuitry.

e FPGA fabric based on Virtex-Il architecture.

For a detailed description of the PPC405 core programming
models and internal core operations, refer to the PowerPC
405 User Manual and the Processor Block Manual.

For detailed Rocket I/O digital and analog design consider-
ations, refer to the Rocket I/O User Guide.

All of the documents above, as well as a complete listing
and description of Xilinx-developed Intellectual Property
cores for Virtex-1l Pro, are available on the Xilinx website at
www.xilinx.com/virtex2pro.

Virtex-ll Pro Compared to Virtex-ll Devices

Virtex-Il Pro is built on the Virtex-Il FPGA architecture. Most
FPGA features are identical to Virtex-ll. The differences are
described below:

* Virtex-ll Pro is the first FPGA family incorporating
embedded PPC405 cores and Rocket /O MGTs.

*  Veceaux the auxiliary supply voltage, is 2.5V instead of
3.3V as for Virtex-1l devices. Advanced processing at
0.13 um has resulted in a smaller die, faster speed,
and lower power consumption.

*  The Virtex-1l Pro family is neither bitstream-compatible
nor pin-compatible with the Virtex-IlI family. However,
Virtex-1l designs can be compiled into Virtex-1l Pro
devices.

e All banks support 2.5V (and below) I/O standards.
3.3V I/O standards including PCI are supported in
certain banks only. (See Table 4-1, page 448.)
LVPECL, LVDS_33, LVDSEXT_33, LVDCI_DV2_33,
and AGP-2X are not supported.

Functional Description: Rocket I/0
Multi-Gigabit Transceiver (MGT)

This section summarizes the features of the Rocket I/O
multi-gigabit transceiver. For an in-depth discussion of the
Rocket I/0 MGT, refer to the Rocket I/O User Guide.

Overview

The embedded Rocket I/O multi-gigabit transceiver core is
based on Mindspeed’s SkyRail™ technology. Up to sixteen
transceiver cores are available. The transceiver core is
designed to operate at any baud rate in the range of
622 Mb/s to 3.125 Gb/s per channel. This includes specific
baud rates used by various standards as listed in Table 1.

Table 1: Standards Supported by the Rocket I/O MGT

110 Internal Clock
Channels Baud Rate | Rate (REFCLK)
Mode (Lanes) (Gbl/s) (MHz)
1.06 53
Fibre Channel 1
2.12 106
Gbit Ethernet 1 1.25 62.5
XAUI 4 3.125 156.25
Infiniband 1,4,12 2.5 125
Aurora (Xilinx) | 1,2,83,4,... | 0.840-3.125 42.00-156.25
Custom mode | 1,2,8,4,... | upto3.125 up to 156.25
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The serial bit rate need not be configured in the transceiver,
as the operating frequency is implied by the received data
and reference clock applied.

The Rocket I/O transceiver core consists of the Physical
Media Attachment (PMA) and Physical Coding Sublayer
(PCS). The PMA contains the serializer and deserializer.
The PCS contains the bypassable 8B/10B encoder/

PACKAGE
PINS

MULTI-GIGABIT TRANSCEIVER CORE

decoder, elastic buffers, and Cyclic Redundancy Check
(CRC) units. The encoder and decoder handle the 8B/10B
coding scheme. The elastic buffers support the clock cor-
rection (rate matching) and channel bonding features. The
CRC units perform CRC generation and checking.

Figure 2 shows the Rocket I/O high-level block diagram and
FPGA interface signals.
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Figure 2: Rocket I/0 Block Diagram
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Clock Synthesizer

Synchronous serial data reception is facilitated by a
clock/data recovery circuit. This circuit uses a fully mono-
lithic Phase Lock Loop (PLL), which does not require any
external components. The clock/data recovery circuit
extracts both phase and frequency from the incoming data
stream. The recovered clock is presented on output
RXRECCLK at 1/20 of the serial received data rate.

The gigabit transceiver multiplies the reference frequency
provided on the reference clock input (REFCLK) by 20. The
multiplication of the clock is achieved by using a fully mono-
lithic PLL that does not require any external components.

No fixed phase relationship is assumed between REFCLK,
RXRECCLK, and/or any other clock that is not tied to either
of these clocks. When the 4-byte or 1-byte receiver data
path is used, RXUSRCLK and RXUSRCLK2 have different
frequencies, and each edge of the slower clock is aligned to
a falling edge of the faster clock. The same relationships
apply to TXUSRCLK and TXUSRCLK2.

Clock and Data Recovery

The clock/data recovery (CDR) circuits will lock to the refer-
ence clock automatically if the data is not present. For
proper operation, the frequency of the reference clock must
be within £100 ppm of the nominal frequency.

It is critical to keep power supply noise low in order to mini-
mize common and differential noise modes into the
clock/data recovery circuitry. Refer to the Rocket I/O User
Guide for more details.

Transmitter

FPGA Transmit Interface

The FPGA can send either one, two, or four characters of
data to the transmitter. Each character can be either 8 bits
or 10 bits wide. If 8-bit data is applied, the additional inputs
become control signals for the 8B/10B encoder. When the
8B/10B encoder is bypassed, the 10-bit character order is
generated as follows:

TXCHARDISPMODE[0] (first bit transmitted)
TXCHARDISPVALJO0]
TXDATA[7:0] (last bit transmitted is TXDATA[O])

8B/10B Encoder

A bypassable 8B/10B encoder is included. The encoder
uses the same 256 data characters and 12 control charac-
ters that are used for Gigabit Ethernet, Fibre Channel, and
InfiniBand.

The encoder accepts 8 bits of data along with a K-character
signal for a total of 9 bits per character applied, and
generates a 10 bit character for transmission. If the
K-character signal is High, the data is encoded into one of
the twelve possible K-characters available in the 8B/10B
code. If the K-character input is Low, the 8 bits are encoded

as standard data. If the K-character input is High, and a
user applies other than one of the twelve possible
combinations, TXKERR indicates the error.

Disparity Control

The 8B/10B encoder is initialized with a negative running
disparity. Unique control allows forcing the current running
disparity state.

TXRUNDISP signals its current running disparity. This may
be useful in those cases where there is a need to manipu-
late the initial running disparity value.

Bits TXCHARDISPMODE and TXCHARDISPVAL control
the generation of running disparity before each byte.

For example, the transceiver can generate the sequence

K28.5+ K28.5+ K28.5- K28.5-
or
K28.5- K28.5- K28.5+ K28.5+

by specifying inverted running disparity for the second and
fourth bytes.

Transmit FIFO

Proper operation of the circuit is only possible if the FPGA
clock (TXUSRCLK) is frequency-locked to the reference
clock (REFCLK). Phase variations up to one clock cycle are
allowable. The FIFO has a depth of four. Overflow or under-
flow conditions are detected and signaled at the interface.
Bypassing of this FIFO is programmable.

Serializer

The multi-gigabit transceiver multiplies the reference fre-
quency provided on the reference clock input (REFCLK) by
20. Clock multiplication is achieved by using a fully mono-
lithic PLL requiring no external components. Data is con-
verted from parallel to serial format and transmitted on the
TXP and TXN differential outputs. Bit 0 is transmitted first
and bit 19 is transmitted last.

The electrical connection of TXP and TXN can be inter-
changed through configuration. This option can be con-
trolled by an input (TXPOLARITY) at the FPGA transmitter
interface. This facilitates recovery from situations where
printed circuit board traces have been reversed.

Transmit Termination

On-chip termination is provided at the transmitter, eliminat-
ing the need for external termination. Programmable
options exist for 50Q (default) and 75Q termination.

Pre-Emphasis Circuit and Swing Control

Four selectable levels of pre-emphasis (10% [default], 20%,
25%, and 33%) are available. Optimizing this setting allows
the transceiver to drive up to 20 inches of FR4 at the maxi-
mum baud rate.

The programmable output swing control can adjust the dif-
ferential output level between 400 mV and 800 mV in four
increments of 100 mV.
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Receiver

Deserializer

The Rocket I/O transceiver core accepts serial differential
data on its RXP and RXN inputs. The clock/data recovery
circuit extracts the clock and retimes incoming data to this
clock. It uses a fully monolithic PLL requiring no external
components. The clock/data recovery circuitry extracts both
phase and frequency from the incoming data stream. The
recovered clock is presented on output RXRECCLK at 1/20
of the received serial data rate.

The receiver is capable of handling either transition-rich
8B/10B streams or scrambled streams, and can withstand a
string of up to 75 non-transitioning bits without an error.

Word alignment is dependent on the state of comma detect
bits. If comma detect is enabled, the transceiver will recog-
nize up to two 10-bit preprogrammed characters. Upon
detection of the character or characters, the comma detect
output is driven high and the data is synchronously aligned.
If a comma is detected and the data is aligned, no further
alignment alteration will take place. If a comma is received
and realignment is necessary, the data is realigned and an
indication is given at the receiver interface. The realignment
indicator is a distinct output. The transceiver will continu-
ously monitor the data for the presence of the 10-bit charac-
ter(s). Upon each occurrence of the 10-bit character, the
data is checked for word alignment. If comma detect is dis-
abled, the data will not be aligned to any particular pattern.
The programmable option allows a user to align data on
comma+, comma-—, both, or a unique user-defined and pro-
grammed sequence.

The receiver can be configured to reverse the RXP and
RXN inputs. This can be useful in the event that printed cir-
cuit board traces have been reversed.

Receiver Termination

On-chip termination is provided at the receiver, eliminating
the need for external termination. The receiver includes pro-
grammable on-chip termination circuitry for 50Q (default) or
75Q impedance.

8B/10B Decoder

An optional 8B/10B decoder is included. A programmable
option allows the decoder to be bypassed. When the
8B/10B decoder is bypassed, the 10-bit character order is,
for example,

RXCHARISK]O0]
RXRUNDISPI[0]
RXDATA[7:0] (last bit received is RXDATA[0])

The decoder uses the same table that is used for Gigabit
Ethernet, Fibre Channel, and InfiniBand. In addition to
decoding all data and K-characters, the decoder has sev-
eral extra features. The decoder separately detects both
“disparity errors” and “out-of-band” errors. A disparity error
is the reception of 10-bit character that exists within the

(first bit received)

8B/10B table but has an incorrect disparity. An out-of-band
error is the reception of a 10-bit character that does not exist
within the 8B/10B table. It is possible to obtain an
out-of-band error without having a disparity error. The
proper disparity is always computed for both legal and ille-
gal characters. The current running disparity is available at
the RXRUNDISP signal.

The 8B/10B decoder performs a unique operation if
out-of-band data is detected. If out-of-band data is
detected, the decoder signals the error and passes the ille-
gal 10-bits through and places them on the outputs. This
can be used for debugging purposes if desired.

The decoder also signals the reception of one of the 12 valid
K-characters. In addition, a programmable comma detect is
included. The comma detect signal registers a comma on
the receipt of any comma+, comma—, or both. Since the
comma is defined as a 7-bit character, this includes several
out-of-band characters. Another option allows the decoder
to detect only the three defined commas (K28.1, K28.5, and
K28.7) as comma+, comma-—, or both. In total, there are six
possible options, three for valid commas and three for "any
comma."

It should be noted that all bytes (1, 2, or 4) at the RX FPGA
interface will each have their own individual 8B/10B indica-
tors (K-character, disparity error, out-of-band error, current
running disparity, and comma detect).

Loopback

In order to facilitate testing without having the need to either
apply patterns or measure data at GHz rates, two program-
mable loop-back features are available.

One option, serial loopback, places the gigabit transceiver
into a state where transmit data is directly fed back to the
receiver. An important point to note is that the feedback path
is at the output pads of the transmitter. This tests the
entirety of the transmitter and receiver.

The second loopback path is a parallel path that checks the
digital circuitry. When the parallel option is enabled, the
serial loopback path is disabled. However, the transmitter
outputs remain active and data is transmitted over a link. If
TXINHIBIT is asserted, TXP is forced to 0 until TXINHIBIT
is de-asserted.

Elastic and Transmitter Buffers

Both the transmitter and the receiver include buffers
(FIFOs) in the datapath. This section gives the reasons for
including the buffers and outlines their operation.

Receiver Buffer
The receiver buffer is required for two reasons:

*  Clock corection to accommodate the slight difference in
frequency between the recovered clock RXRECCLK
and the internal FPGA user clock RXUSRCLK

e Channel bonding to allow realignment of the input
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stream to ensure proper alignment of data being read
through multiple transceivers

The receiver uses an elastic buffer, where "elastic" refers to
the ability to modify the read pointer for clock correction and
channel bonding.

Clock Correction

Clock RXRECCLK (the recovered clock) reflects the data
rate of the incoming data. Clock RXUSRCLK defines the
rate at which the FPGA fabric consumes the data. Ideally,
these rates are identical. However, since the clocks typically
have different sources, one of the clocks will be faster than
the other. The receiver buffer accommodates this difference
between the clock rates. See Figure 3.

Read
RXUSRCLK

"Nominal" condition: buffer half-full

Write
RXRECCLK

Read Write
’/
f Buffer less than half -full (emptying)
Repeatable sequence
Read Write
Y

Buffer more than half-full (filling up)

DS083-2_15_100901

Removable sequence

Figure 3: Clock Correction in Receiver

Nominally, the buffer is always half full. This is shown in the
top buffer, Figure 3, where the shaded area represents buff-
ered data not yet read. Received data is inserted via the
write pointer under control of RXRECCLK. The FPGA fabric
reads data via the read pointer under control of RXUSR-
CLK. The half full/half empty condition of the buffer gives a
cushion for the differing clock rates. This operation contin-
ues indefinitely, regardless of whether or not "meaningful”
data is being received. When there is no meaningful data to
be received, the incoming data will consist of IDLE charac-
ters or other padding.

If RXUSRCLK is faster than RXRECCLK, the buffer
becomes more empty over time. The clock correction logic
corrects for this by decrementing the read pointer to reread
a repeatable byte sequence. This is shown in the middle
buffer, Figure 3, where the solid read pointer decrements to
the value represented by the dashed pointer. By decrement-
ing the read pointer instead of incrementing it in the usual
fashion, the buffer is partially refilled. The transceiver design
will repeat a single repeatable byte sequence when neces-
sary to refill a buffer. If the byte sequence length is greater
than one, and if attribute CLK_COR_REPEAT_WAIT is 0,
then the transceiver may repeat the same sequence multi-
ple times until the buffer is refilled to the desired extent.

Similarly, if RXUSRCLK is slower than RXRECCLK, the
buffer will fill up over time. The clock correction logic cor-
rects for this by incrementing the read pointer to skip over a
removable byte sequence that need not appear in the final
FPGA fabric byte stream. This is shown in the bottom buffer,
Figure 3, where the solid read pointer increments to the
value represented by the dashed pointer. This accelerates
the emptying of the buffer, preventing its overflow. The
transceiver design will skip a single byte sequence when
necessary to partially empty a buffer. If attribute
CLK_COR_REPEAT_WAIT is 0, the transceiver may also
skip two consecutive removable byte sequences in one step
to further empty the buffer when necessary.

These operations require the clock correction logic to recog-
nize a byte sequence that can be freely repeated or omitted
in the incoming data stream. This sequence is generally an
IDLE sequence, or other sequence comprised of special
values that occur in the gaps separating packets of mean-
ingful data. These gaps are required to occur sufficiently
often to facilitate the timely execution of clock correction.

Channel Bonding

Some gigabit /0 standards such as Infiniband specify the
use of multiple transceivers in parallel for even higher data
rates. Words of data are split into bytes, with each byte sent
over a separate channel (transceiver). See Figure 4.

In Transmitters:
Full word SSSS sent over four channels, one byte per channel

4\
[ [PlalR]s|t] | Channel (lane) 0
¥
| [Plalg]s|t] | Channel (lane) 1
¥
| [Plalgls[f] | channel (lane) 2
¥
| [PlalA]s|r| | Channel (lane) 3
\V
Read In Receivers: Read
RXUS*RCLK RXUSRCLK
| [PlafR[s|T] | | [Pla[R]s|T] |
¥ Y
| [Pla[R[s]T] | | [PlafR[s]T] |
v —
| [PlafR[s|T] | | [PlafR[s|T] |
Y Y
| [PlafR[s|T] | [ [plalrs|T] |

Before channel bonding After channel bonding

DS083-2_16_010202

Figure 4: Channel Bonding (Alignment)

The top half of the figure shows the transmission of words
split across four transceivers (channels or lanes). PPPP,
QQQQ, RRRR, SSSS, and TTTT represent words sent over
the four channels.
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The bottom-left portion of the figure shows the initial situa-
tion in the FPGA’s receivers at the other end of the four
channels. Due to variations in transmission delay—espe-
cially if the channels are routed through repeaters—the
FPGA fabric may not correctly assemble the bytes into com-
plete words. The bottom-left illustration shows the incorrect
assembly of data words PQPP, QRQQ, RSRR, etc.

To support correction of this misalignment, the data stream
will include special byte sequences that define correspond-
ing points in the several channels. In the bottom half of
Figure 4, the shaded "P" bytes represent these special
characters. Each receiver recognizes the "P" channel bond-
ing character, and remembers its location in the buffer. At
some point, one transceiver designated as the master
instructs all the transceivers to align to the channel bonding
character "P" (or to some location relative to the channel
bonding character). After this operation, the words transmit-
ted to the FPGA fabric will be properly aligned: RRRR,
SSSS, TTTT, etc., as shown in the bottom-right portion of
Figure 4. To ensure that the channels remain properly
aligned following the channel bonding operation, the master
transceiver must also control the clock correction operations
described in the previous section for all channel-bonded
transceivers.

Transmitter Buffer

The transmitter's buffer write pointer (TXUSRCLK) is fre-
quency-locked to its read pointer (REFCLK). Therefore,
clock correction and channel bonding are not required. The
purpose of the transmitter's buffer is to accommodate a
phase difference between TXUSRCLK and REFCLK. A
simple FIFO suffices for this purpose. A FIFO depth of four
will permit reliable operation with simple detection of over-
flow or underflow, which could occur if the clocks are not fre-
quency-locked.

CRC

The Rocket I/O transceiver CRC logic supports the 32-bit
invariant CRC calculation used by Infiniband, FibreChannel,
and Gigabit Ethernet.

On the transmitter side, the CRC logic recognizes where the
CRC bytes should be inserted and replaces four place-
holder bytes at the tail of a data packet with the computed
CRC. For Gigabit Ethernet and FibreChannel, transmitter
CRC may adjust certain trailing bytes to generate the
required running disparity at the end of the packet.

On the receiver side, the CRC logic verifies the received
CRC value, supporting the same standards as above.

The CRC logic also supports a user mode, with a simple
data packet stucture beginning and ending with
user-defined SOP and EOP characters.

Configuration

This section outlines functions that may be selected or con-

trolled by configuration. Xilinx implementation software sup-

ports 16 transceiver primitives, as shown in Table 2.

Table 2: Supported Rocket I/O Transceiver Primitives
GT_CUSTOM
GT_FIBRE_CHAN_1
GT_FIBRE_CHAN_2
GT_FIBRE_CHAN_4
GT_ETHERNET_1
GT_ETHERNET_2
GT_ETHERNET_4

Fully customizable by user

Fibre Channel, 1-byte data path
Fibre Channel, 2-byte data path
Fibre Channel, 4-byte data path
Gigabit Ethernet, 1-byte data path

Gigabit Ethernet, 2-byte data path

Gigabit Ethernet, 4-byte data path

GT_XAUI_1 10-gigabit Ethernet, 1-byte data path
GT_XAUI_2 10-gigabit Ethernet, 2-byte data path
GT_XAUI_4 10-gigabit Ethernet, 4-byte data path

GT_INFINIBAND_1
GT_INFINIBAND_2
GT_INFINIBAND_4

Infiniband, 1-byte data path

Infiniband, 2-byte data path

Infiniband, 4-byte data path

GT_AURORA_1 Xilinx protocol, 1-byte data path
GT_AURORA_2 Xilinx protocol, 2-byte data path
GT_AURORA_4 Xilinx protocol, 4-byte data path

Each of the above primitives defines default values for the
configuration attributes, allowing some number of them to
be modified by the user.

Refer to the Rocket I/O User Guide for more details.

Reset / Power Down

The receiver and transmitter have their own synchronous
reset inputs. The transmitter reset recenters the transmis-
sion FIFO, and resets all transmitter registers and the
8B/10B decoder. The receiver reset recenters the receiver
elastic buffer, and resets all receiver registers and the
8B/10B encoder. Neither reset signal has any effect on the
PLLs.

The Power Down module is controlled by the POWER-
DOWN input pin on the transceiver core. The Power down
pin on the FPGA package has no effect on the transceiver
core.

Power Sequencing

Although applying power in a random order does not dam-
age the device, it is recommended to apply power in the fol-
lowing sequence to minimize power-on current:

1. Apply FPGA fabric power supplies (VcgnT @nd
Vceaux) in any order.

2. Apply AVCCAUXRX.

3. Apply AVCCAUXTX, V11x, and V1rx in any order.
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Functional Description:
Processor Block
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FPGA CLB Array

(@)(@}Y/]
Controller

Interface Logic
Processor Block = CPU Core + Interface Logic + CPU-FPGA Interface
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Figure 5: Processor Block Architecture

This section briefly describes the interfaces and compo-
nents of the Processor Block. The subsequent section,
Functional Description: PowerPC 405 Core beginning on
page 36, offers a summary of major PPC405 core features.
For an in-depth discussion on both Processor Block and
PPC405, refer to the Processor Block Manual and the
PPC405 User Manual.

Processor Block Overview

Figure 5 shows the internal architecture of the Processor
Block.

Within the Virtex-ll Pro Processor Block, there are four com-
ponents:

¢ Embedded IBM PowerPC 405-D5 RISC CPU core

¢ On-Chip Memory (OCM) controllers and interfaces

e Clock/control interface logic

¢ CPU-FPGA Interfaces

Embedded PowerPC 405 RISC Core

The PowerPC 405D5 core is a 0.13 ym implementation of
the IBM PowerPC 405D4 core. The advanced process tech-
nology enables the embedded PowerPC 405 (PPC405)
core to operate at 300+ MHz while maintaining low power

consumption. Specially designed interface logic integrates
the core with the surrounding CLBs, block RAMs, and gen-
eral routing resources. Up to four Processor Blocks can be
available in a single Virtex-1l Pro device.

The PPC405 core implements the PowerPC User Instruc-
tion Set Architecture (UISA), user-level registers, program-
ming model, data types, and addressing modes for 32-bit
fixed-point operations. 64-bit operations, auxiliary proces-
sor operations, and floating-point operations are trapped
and can be emulated in software.

Most of the PPC405 core features are compatible with the
specifications for the PowerPC Virtual Environment
Architecture (VEA) and Operating Environment Architecture
(OEA). They also provide a number of optimizations and
extensions to the lower layers of the PowerPC Architecture.
The full architecture of the PPC405 is defined by the
PowerPC Embedded Environment and the PowerPC UISA.

On-Chip Memory (OCM) Controllers

Introduction

The OCM controllers serve as dedicated interfaces
between the block RAMs in the FPGA fabric (see 18 Kb
Block SelectRAM Resources, page 56) and OCM signals
available on the embedded PPC405 core. The OCM signals
on the PPC405 core are designed to provide very quick
access to a fixed amount of instruction and data memory
space. The OCM controller provides an interface to both the
64-bit Instruction-Side Block RAM (ISBRAM) and the 32-bit
Data-Side Block RAM (DSBRAM). The designer can
choose to implement:

e ISBRAM only

e DSBRAM only

e Both ISBRAM and DSBRAM

* No ISBRAM and no DSBRAM

One of OCM’s primary advantages is that it guarantees a
fixed latency of execution for a higher level of determinism.
Additionally, it reduces cache pollution and thrashing, since

the cache remains available for caching code from other
memory resources.

Typical applications for DSOCM include scratch-pad mem-
ory, as well as use of the dual-port feature of block RAM to
enable bidirectional data transfer between processor and
FPGA. Typical applications for ISOCM include storage of
interrupt service routines.

Functional Features

Common Features

e Separate Instruction and Data memory interface
between Processor core and BRAMs in FPGA

* Dedicated interface to Device Control Register (DCR)
bus for ISOCM and DSOCM

* Single-cycle and multi-cycle mode option for I-side and
D-side interfaces
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¢ Single cycle = one clock cycle; multi-cycle = minimum
of two and maximum of eight clock cycles

* FPGA configurable DCR addresses within DSOCM
and ISOCM

* Independent 16 MB logical memory space available
within PPC405 memory map for each of the DSOCM
and ISOCM. The number of block RAMs in the device
may limit the maximum amount of OCM supported.

* Maximum of 64K and 128K bytes addressable from
DSOCM and ISOCM interfaces, respectively, using
address outputs from OCM directly without additional
decoding logic

Data-Side OCM (DSOCM)

e 32-bit Data Read bus and 32-bit Data Write bus

e  Byte write access to DSBRAM support

¢ Second port of dual port DSBRAM is available to
read/write from an FPGA interface

e 22-bit address to DSBRAM port

e 8-bit DCR Registers: DSCNTL, DSARC

e Three alternatives to write into DSBRAM: BRAM
initialization, CPU, FPGA H/W using second port

Instruction-Side OCM (ISOCM)

The ISOCM interface contains a 64-bit read only port, for
instruction fetches, and a 32-bit write only port, to initialize
or test the ISBRAM. When implementing the read only port,
the user must deassert the write port inputs. The preferred
method of initializing the ISBRAM is through the configura-
tion bitstream.

*  64-bit Data Read Only bus (two instructions per cycle)
e 32-bit Data Write Only bus (through DCR)

e Separate 21-bit address to ISBRAM

¢ 8-bit DCR Registers: ISCNTL, ISARC

e 32-bit DCR Registers: ISINIT, ISFILL

¢ Two alternatives to write into ISBRAM: BRAM
initialization, DCR and write instruction

Clock/Control Interface Logic

The clock/control interface logic provides proper initializa-
tion and connections for PPC405 clock/power manage-
ment, resets, PLB cycle control, and OCM interfaces. It also
couples user signals between the FPGA fabric and the
PPC405 CPU core.

The processor clock connectivity is similar to CLB clock
pins. It can connect either to global clock nets or general
routing resources. Therefore the processor clock source
can come from DCM, CLB, or user package pin.

CPU-FPGA Interfaces

All Processor Block user pins link up with the general FPGA
routing resources through the CPU-FPGA interface. There-

fore processor signals have the same routability as other
non-Processor Block user signals. Longlines and hex lines
travel across the Processor Block both vertically and hori-
zontally, allowing signals to route through the Processor
Block.

Processor Local Bus (PLB) Interfaces

The PPC405 core accesses high-speed system resources
through PLB interfaces on the instruction and data cache
controllers. The PLB interfaces provide separate 32-bit
address/64-bit data buses for the instruction and data sides.

The cache controllers are both PLB masters. PLB arbiters
can be implemented on FPGA fabric and are available as
soft IP cores.

Device Control Register (DCR) Bus Interface

The device control register (DCR) bus has 10 bits of
address space for components external to the PPC405
core. Using the DCR bus to manage status and configura-
tion registers reduces PLB traffic and improves system
integrity. System resources on the DCR bus are protected
or isolated from wayward code since the DCR bus is not
part of the system memory map.

On-Chip Memory (OCM) Interfaces

Access to optional, user-configurable direct-mapped mem-
ory is through the OCM interfaces. The OCM interfaces can
have the same access time as a cache hit, depending on
the clock frequency and block RAM size. OCM may be
attached to the PPC405 core through the instruction OCM
interface and/or the data OCM interface.

Instruction side OCM is often used to hold critical code such
as an interrupt handler that requires guaranteed low-latency
deterministic access. Data side OCM offers the same fixed
low-latency access and is used to hold critical data such as
filter coefficients for a DSP application or packets for fast
processing. Refer to On-Chip Memory (OCM) Controllers,
page 33, for more information.

External Interrupt Controller (EIC) Interface

Two level-sensitive user interrupt pins (critical and non-criti-
cal) are available. They can be either driven by user defined
logic or Xilinx soft interrupt controller IP core outside the
Processor Block.

Clock/Power Management (CPM) Interface

The CPM interface supports several methods of clock distri-
bution and power management.Three modes of operation
that reduce power consumption below the normal opera-
tional level are available.

Reset Interface

There are three user reset input pins (core, chip, and sys-
tem) and three user reset output pins for different levels of
reset, if required.
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Debug Interface

Debugging interfaces on the PPC405 core, consisting of the
JTAG and Trace ports, offer access to resources internal to
the core and assist in software development. The JTAG port
provides basic JTAG chip testing functionality as well as the
ability for external debug tools to gain control of the proces-
sor for debug purposes. The Trace port furnishes program-
mers with a mechanism for acquiring instruction execution
traces.

The JTAG port complies with IEEE Std 1149.1, which
defines a test access port (TAP) and boundary scan
architecture. Extensions to the JTAG interface provide
debuggers with processor control that includes stopping,
starting, and stepping the PPC405 core. These extensions
are compliant with the IEEE 1149.1 specifications for
vendor-specific extensions.

The Trace port provides instruction execution trace informa-
tion to an external trace tool. The PPC405 core is capable of
back trace and forward trace. Back trace is the tracing of
instructions prior to a debug event while forward trace is the
tracing of instructions after a debug event.

The processor JTAG port can be accessed independently
from the FPGA JTAG port, or the two can be programmati-
cally linked together and accessed via the FPGA’s dedi-
cated JTAG pins.

CoreConnect™ Bus Architecture
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Figure 6: CoreConnect Block Diagram

The Processor Block is compatible with the CoreConnect™
bus architecture. Any CoreConnect compliant cores includ-
ing Xilinx soft IP can integrate with the Processor Block
through this high-performance bus architecture imple-
mented on FPGA fabric.

The CoreConnect architecture provides three buses for
interconnecting Processor Blocks, Xilinx soft IP, third party
IP, and custom logic, as shown in Figure 6:

e Processor Local Bus (PLB)
*  On-Chip Peripheral Bus (OPB)
* Device Control Register (DCR) bus

High-performance peripherals connect to the high-band-
width, low-latency PLB. Slower peripheral cores connect to
the OPB, which reduces traffic on the PLB, resulting in
greater overall system performance.

For more information, refer to:
http://www-3.ibm.com/chips/techlib/techlib.nfs
/productfamilies/CoreConnect Bus Architecture/
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Figure 7: PPC405 Core Block Diagram

Functional Description:
PowerPC 405 Core

This section offers a brief overview of the various functional
blocks shown in Figure 7.

PPC405 Core

The PPC405 core is a 32-bit Harvard architecture proces-
sor. It consists of the following functional blocks as shown in
Figure 7:

e Cache units

¢ Memory Management unit

e Fetch Decode unit

e Execution unit

e Timers

¢ Debug logic unit

It operates on instructions in a five stage pipeline consisting
of a fetch, decode, execute, write-back, and load write-back

stage. Most instructions execute in a single cycle, including
loads and stores.

Instruction and Data Cache

The PPC405 core provides an instruction cache unit (ICU)
and a data cache unit (DCU) that allow concurrent accesses
and minimize pipeline stalls. The instruction and data cache
array are 16 KB each. Both cache units are two-way set
associative. Each way is organized into 256 lines of 32
bytes (eight words). The instruction set provides a rich
assortment of cache control instructions, including instruc-
tions to read tag information and data arrays.

The PPC405 core accesses external memory through the
instruction (ICU) and data cache units (DCU). The cache
units each include a 64-bit PLB master interface, cache
arrays, and a cache controller. The ICU and DCU handle
cache misses as requests over the PLB to another PLB
device such as an external bus interface unit. Cache hits are
handled as single cycle memory accesses to the instruction
and data caches.

Instruction Cache Unit (ICU)

The ICU provides one or two instructions per cycle to the
instruction queue over a 64-bit bus. A line buffer (built into
the output of the array for manufacturing test) enables the
ICU to be accessed only once for every four instructions, to
reduce power consumption by the array.

The ICU can forward any or all of the four or eight words of
a line fill to the EXU to minimize pipeline stalls caused by
cache misses. The ICU aborts speculative fetches aban-
doned by the EXU, eliminating unnecessary line fills and
enabling the ICU to handle the next EXU fetch. Aborting
abandoned requests also eliminates unnecessary external
bus activity, thereby increasing external bus utilization.

Data Cache Unit (DCU)

The DCU transfers one, two, three, four, or eight bytes per
cycle, depending on the number of byte enables presented
by the CPU. The DCU contains a single-element command
and store data queue to reduce pipeline stalls; this queue
enables the DCU to independently process load/store and
cache control instructions. Dynamic PLB request prioritiza-
tion reduces pipeline stalls even further. When the DCU is
busy with a low-priority request while a subsequent storage
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operation requested by the CPU is stalled; the DCU auto-
matically increases the priority of the current request to the
PLB.

The DCU provides additional features that allow the pro-
grammer to tailor its performance for a given application.
The DCU can function in write-back or write-through mode,
as controlled by the Data Cache Write-through Register
(DCWR) or the Translation Look-aside Buffer (TLB); the
cache controller can be tuned for a balance of performance
and memory coherency. Write-on-allocate, controlled by the
store word on allocate (SWOA) field of the Core Configura-
tion Register 0 (CCRO0), can inhibit line fills caused by store
misses, to further reduce potential pipeline stalls and
unwanted external bus traffic.

Fetch and Decode Logic

The fetch and decode logic maintains a steady flow of
instructions to the execution unit by placing up to two
instructions in the fetch queue. The fetch queue consists of
three buffers: pre-fetch buffer 1 (PFB1), pre-fetch buffer 0
(PFBO) and decode (DCD). The fetch logic ensures that
instructions proceed directly to decode when the queue is
empty.

Static branch prediction as implemented on the PPC405
core takes advantage of some standard statistical proper-
ties of code. Branches with negative address displacement
are by default assumed taken. Branches that do not test the
condition or count registers are also predicted as taken. The
PPC405 core bases branch prediction upon these default
conditions when a branch is not resolved and speculatively
fetches along the predicted path. The default prediction can
be overridden by software at assembly or compile time.

Branches are examined in the decode and pre-fetch buffer 0
fetch queue stages. Two branch instructions can be handled
simultaneously. If the branch in decode is not taken, the
fetch logic fetches along the predicted path of the branch
instruction in pre-fetch buffer 0. If the branch in decode is
taken, the fetch logic ignores the branch instruction in
pre-fetch buffer 0.

Execution Unit

The PPC405 core has a single issue execution unit (EXU),
which contains the register file, arithmetic logic unit (ALU),
and the multiply-accumulate (MAC) unit. The execution unit
performs all 32-bit PowerPC integer instructions in hard-
ware.

The register file is comprised of thirty-two 32-bit general
purpose registers (GPR), which are accessed with three
read ports and two write ports. During the decode stage,
data is read out of the GPRs and fed to the execution unit.
Likewise, during the write-back stage, results are written to
the GPR. The use of the five ports on the register file
enables either a load or a store operation to execute in par-
allel with an ALU operation.

Memory Management Unit (MMU)

The PPCA405 core has a 4 GB address space, which is pre-
sented as a flat address space.

The MMU provides address translation, protection func-
tions, and storage attribute control for embedded applica-
tions. The MMU supports demand-paged virtual memory
and other management schemes that require precise con-
trol of logical-to-physical address mapping and flexible
memory protection. Working with appropriate system-level
software, the MMU provides the following functions:

e Translation of the 4 GB effective address space into
physical addresses

* Independent enabling of instruction and data
translation/protection

* Page-level access control using the translation
mechanism

* Software control of page replacement strategy
* Additional control over protection using zones

» Storage attributes for cache policy and speculative
memory access control

The MMU can be disabled under software control. If the
MMU is not used, the PPC405 core provides other storage
control mechanisms.

Translation Look-Aside Buffer (TLB)

The Translation Look-Aside Buffer (TLB) is the hardware
resource that controls translation and protection. It consists
of 64 entries, each specifying a page to be translated. The
TLB is fully associative; a given page entry can be placed
anywhere in the TLB. The translation function of the MMU
occurs pre-cache. Cache tags and indexing use physical
addresses.

Software manages the establishment and replacement of
TLB entries. This gives system software significant flexibility
in implementing a custom page replacement strategy. For
example, to reduce TLB thrashing or translation delays,
software can reserve several TLB entries in the TLB for glo-
bally accessible static mappings. The instruction set pro-
vides several instructions used to manage TLB entries.
These instructions are privileged and require the software
to be executing in supervisor state. Additional TLB instruc-
tions are provided to move TLB entry fields to and from
GPRs.

The MMU divides logical storage into pages. Eight page
sizes (1 KB, 4 KB, 16 KB, 64 KB, 256 KB, 1 MB, 4 MB, and
16 MB) are simultaneously supported, such that, at any
given time, the TLB can contain entries for any combination
of page sizes. In order for a logical to physical translation to
exist, a valid entry for the page containing the logical
address must be in the TLB. Addresses for which no TLB
entry exists cause TLB-Miss exceptions.

To improve performance, four instruction-side and eight
data-side TLB entries are kept in shadow arrays. The
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shadow arrays allow single-cycle address translation and
also help to avoid TLB contention between load/store and
instruction fetch operations. Hardware manages the
replacement and invalidation of shadow-TLB entries; no
system software action is required.

Memory Protection

When address translation is enabled, the translation mech-
anism provides a basic level of protection.

The Zone Protection Register (ZPR) enables the system
software to override the TLB access controls. For example,
the ZPR provides a way to deny read access to application
programs. The ZPR can be used to classify storage by type;
access by type can be changed without manipulating indi-
vidual TLB entries.

The PowerPC Architecture provides WIUOGE (write-back /
write-through, cacheability, user-defined 0, guarded,
endian) storage attributes that control memory accesses,
using bits in the TLB or, when address translation is dis-
abled, storage attribute control registers.

When address translation is enabled, storage attribute con-
trol bits in the TLB control the storage attributes associated
with the current page. When address translation is disabled,
bits in each storage attribute control register control the
storage attributes associated with storage regions. Each
storage attribute control register contains 32 fields. Each
field sets the associated storage attribute for a 128 MB
memory region.

Timers

The PPC405 core contains a 64-bit time base and three tim-
ers, as shown in Figure 8:

e Programmable Interval Timer (PIT)
¢ Fixed Interval Timer (FIT)
*  Watchdog Timer (WDT)

The time base counter increments either by an internal sig-
nal equal to the CPU clock rate or by a separate external
timer clock signal. No interrupts are generated when the
time base rolls over. The three timers are synchronous with
the time base.

The PIT is a 32-bit register that decrements at the same rate
as the time base is incremented. The user loads the PIT
register with a value to create the desired delay. When the
register reaches zero, the timer stops decrementing and
generates a PIT interrupt. Optionally, the PIT can be pro-
grammed to auto-reload the last value written to the PIT
register, after which the PIT continues to decrement.

The FIT generates periodic interrupts based on one of four
selectable bits in the time base. When the selected bit
changes from 0 to 1, the PPC405 core generates a FIT
interrupt.

The WDT provides a periodic critical-class interrupt based
on a selected bit in the time base. This interrupt can be used

for system error recovery in the event of software or system
lockups. Users may select one of four time periods for the
interval and the type of reset generated if the WDT expires
twice without an intervening clear from software. If enabled,
the watchdog timer generates a reset unless an exception
handler updates the WDT status bit before the timer has
completed two of the selected timer intervals.

Time Base (Incrementer) !

X TBL (32 bits) TBU (32 bits)
External '
Clock 1 0 31 —>0 31| !

\
Source ,

Bit3 (229 clocks)
Bit7 (225 clocks)

. WDT Events
Bit 11 (22" clocks)
Bit 15 (2'7 clocks)
I— Bit 11 (22" clocks)
L Bit 15 (27 clocks)
FIT Events

L Bit 19 (23 clocks)
L Bit23 (29clocks)

PIT (Decrementer)

(32 bits)

—> 0 31

|— Zero Detect } PIT Events
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Figure 8: Relationship of Timer Facilities to Base Clock

Interrupts

The PPC405 provides an interface to an interrupt controller
that is logically outside the PPC405 core. This controller
combines the asynchronous interrupt inputs and presents
them to the core as a single interrupt signal. The sources of
asynchronous interrupts are external signals, the
JTAG/debug unit, and any implemented peripherals.

Debug Logic

All architected resources on the PPC405 core can be
accessed through the debug logic. Upon a debug event, the
PPC405 core provides debug information to an external
debug tool. Three different types of tools are supported
depending on the debug mode: ROM monitors, JTAG
debuggers, and instruction trace tools.

In internal (intrusive) debug mode, a debug event enables
exception-handling software at a dedicated interrupt vector
to take over the CPU core and communicate with a debug
tool. The debug tool has read-write access to all registers
and can set hardware or software breakpoints. ROM moni-
tors typically use the internal debug mode.
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In external (non-intrusive) debug mode, the CPU core enters
stop state (stops instruction execution) when a debug event
occurs. This mode offers a debug tool non-intrusive
read-write access to all registers in the PPC405 core. Once
the CPU core is in stop state, the debug tool can start the
CPU core, step an instruction, freeze the timers, or set hard-
ware or software break points. In addition to CPU core con-
trol, the debug logic is capable of writing instructions into the
instruction cache, eliminating the need for external memory
during initial board bring up. Communication to a debug tool
using external debug mode is through the JTAG port.

Debug wait mode offers the same functionality as external
debug mode with one exception. In debug wait mode, the
CPU core goes into wait state instead of stop state after a
debug event. Wait state is identical to stop state until an
interrupt occurs. In wait state, the PPC405 core can vector
to an exception handler, service an interrupt and return to
wait state. This mode is particularly useful when debugging
real time control systems.

Real-time trace debug mode is always enabled. The debug
logic continuously broadcasts instruction trace information
to the trace port. When a debug event occurs, the debug
logic signals an external debug tool to save instruction trace
information before and after the event. The number of
instructions traced depends on the trace tool.

Debug events signal the debug logic to stop the CPU core,
put the CPU core in debug wait state, cause a debug excep-
tion or save instruction trace information.

Big Endian and Little Endian Support

The PPC405 core supports big endian or little endian byte
ordering for instructions stored in external memory. Since
the PowerPC architecture is big endian internally, the ICU
rearranges the instructions stored as little endian into the
big endian format. Therefore, the instruction cache always
contains instructions in big endian format so that the byte
ordering is correct for the execution unit. This feature allows
the 405 core to be used in systems designed to function in a
little endian environment.

Functional Description: FPGA

Input/Output Blocks (IOBs)

Virtex-1l Pro 1/O blocks (IOBs) are provided in groups of two
or four on the perimeter of each device. Each IOB can be
used as input and/or output for single-ended 1/Os. Two IOBs
can be used as a differential pair. A differential pair is always
connected to the same switch matrix, as shown in Figure 9.
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0B
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10B
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»| 10B
PAD1
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Figure 9: Virtex-ll Pro Input/Output Tile

IOB blocks are designed for high-performance 1/Os, sup-
porting 22 single-ended standards, as well as differential
signaling with LVDS, LDT, and bus LVDS.

Supported I/O Standards

Virtex-1l Pro IOB blocks feature Selectl/O inputs and out-
puts that support a wide variety of I/O signaling standards.
In addition to the internal supply voltage (Veeoint = 1.5V),
output driver supply voltage (Vcco) is dependent on the 1/0
standard (see Table 3 and Table 4). An auxiliary supply volt-
age (Vccaux = 2.5V) is required, regardless of the 1/O

standard used. For exact supply voltage absolute maximum
ratings, see Virtex-ll Pro Platform FPGAs: DC and
Switching Characteristics (Module 3).

Table 3: Supported Single-Ended I/0 Standards

Board
Termination
/0 Output Input Input Voltage
Standard Veco | Veco | Vrer (V1)
LVTTL 3.3 3.3 N/A N/A
LVCMOS33 3.3 3.3 N/A N/A
LVCMOS25 25 25 N/A N/A
LVCMOS18 1.8 1.8 N/A N/A
LVCMOS15 1.5 1.5 N/A N/A
PCI33_3 3.3 3.3 N/A N/A
PCl66_3 3.3 3.3 N/A N/A
GTL Note (1) | Note (1) 0.8 1.2
GTLP Note (1) | Note (1) 1.0 15
HSTL | 1.5 N/A 0.75 0.75
HSTL_II 1.5 N/A 0.75 0.75
HSTL_IlI 1.5 N/A 0.9 1.5
HSTL_IV 1.5 N/A 0.9 1.5
HSTL_I_18 1.8 N/A 0.9 0.9
HSTL_II_18 1.8 N/A 0.9 0.9
HSTL_Ill _18 1.8 N/A 1.08 1.8
HSTL_IV_18 1.8 N/A 1.08 1.8
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Table 3: Supported Single-Ended I/0 Standards

Table 5: Supported DCI I/O Standards (Continued)

Board
Termination
/0 Output | Input Input Voltage

Standard Veco | Veco | Verer (V1)
SSTL2_| 25 N/A 1.25 1.25
SSTL2_1I 25 N/A 1.25 1.25
SSTL3_I 3.3 N/A 1.5 1.5
SSTL3_II 3.3 N/A 1.5 1.5

Notes:

1. Vg of GTL or GTLP should not be lower than the
termination voltage or the voltage seen at the I/O pad.

Table 4: Supported Differential Signal I/0 Standards

/0 Output | Input Input | Termination

Standard Veeo Veeo VREF Type
HSTL_I_DCI_18 1.8 1.8 0.9 Split
HSTL_II_DCI_18 1.8 1.8 0.9 Split
HSTL_IIl_DCI_18 1.8 1.8 1.08 Single
HSTL_IV_DCI_18 1.8 1.8 1.08 Single
SSTL2_I_DCI® 2.5 2.5 1.25 Split
SSTL2_lI_DCI®) 25 25 1.25 Split
SSTL3_I_DCI®) 3.3 3.3 1.5 Split
SSTL3_II_DCI) 3.3 3.3 1.5 Split

Notes:
1. LVDCI_XXis LVCMOS controlled impedance buffers,

I/o Output | Input Input Output matching the reference resistors or half of the reference
Standard Veeo Veco VRer Vop resistors.
LDT 25 55 N/A N/A 0.500 - 0.740 2. These are SSTL compatible.
LVDS_25 25 N/A N/A 0.250 - 0.400
LVDSEXT_25 2.5 N/A N/A 0.330 - 0.700 0B ————
o= |
BLVDS_25 25 N/A N/A | 0.250 - 0.450 | DDR mux : : Input |
| |
ULVDS_25 25 N/A N/A | 0.500 - 0.740 | Reo ! — |
| |OCK1 | I | Reg |
[ |
Al of the user I0Bs have fixed-clamp diodes to Vg and to | | Lok ] |
ground. The I0Bs are not compatible or compliant with 5V I | Reg : | |
I/O standards (not 5V tolerant). : OCK2 3-State | || reg :
Table 5 lists supported I/O standards with Digitally Con- | ~—~~~~~ 7777 : ICK2| |
trolled Impedance. See Digitally Controlled Impedance o -
(DCI), page 44. | DDR mux |
I'| Reg |
Table 5: Supported DCI I/O Standards : OCK1 N
o Output | Input | Input | Termination | ; | PAD
Standard Veeo Veeo VREF Type : Reg |
LvDCI_33(") 33 | 33 | NA | Series locke]  output |
LVDCI_25 25 25 N/A Seres | |7~
LVDCI_DV2_25 2.5 2.5 N/A Series _ ) pens 28100800
Figure 10: Virtex-ll Pro 10B Block
LvDCI_18 1.8 1.8 N/A Series
LVDCI_DV2_18 1.8 1.8 N/A Series Logic Resources
LVDCI 15 15 15 N/A Series IOB blocks include six storage elements, as shown in
- Figure 10.
LvDCI_Dv2_15 1.5 1.5 N/A Series . .
. Each storage element can be configured either as an
GTL_DCl 1.2 1.2 0.8 Single edge-triggered D-type flip-flop or as a level-sensitive latch.
GTLP_DCI 15 15 1.0 Single On the input, output, and 3-state path, one or two DDR reg-
- isters can be used.
HSTL_I_DCI 15 1.5 0.75 Split o _ _
- Double data rate is directly accomplished by the two regis-
HSTL_II_DCI 1.5 1.5 0.75 Split ters on each path, clocked by the rising edges (or falling
HSTL_III_DCI 1.5 1.5 0.9 Single edges) from two different clock nets. The two clock signals
HSTL_IV_DCI 15 15 0.9 Single are generated by ’Fhe DCM and must be 180 dggrees out of
phase, as shown in Figure 11. There are two input, output,
and 3-state data signals, each being alternately clocked out.
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This DDR mechanism can be used to mirror a copy of the
clock on the output. This is useful for propagating a clock
along the data that has an identical delay. It is also useful for

DCM
00

i_ _____________ 1
| FDDR |
| D1 :
' |
: al |- |
| |
} CLK1 :
: |
| — |

| DDR MUX |»Q
| |
: |
1 D2 :
' |
: Q2| |
|

|

|
—|>o4— CLK2 |
: |
|

multiple clock generation, where there is a unique clock
driver for every clock load. Virtex-1l Pro devices can pro-
duce many copies of a clock with very little skew.

DCM
180° 0°
A !
| FDDR |
| D1 :
' |
: al |- |
| |
> cLki :
' |
' — |
: DDR MUX |+»Q
N |
|
[ :
' |
: Q2 [ |
|
|
|
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Figure 11: Double Data Rate Registers

Each group of two registers has a clock enable signal (ICE
for the input registers, OCE for the output registers, and
TCE for the 3-state registers). The clock enable signals are
active High by default. If left unconnected, the clock enable
for that storage element defaults to the active state.

Each IOB block has common synchronous or asynchronous
set and reset (SR and REV signals).

SR forces the storage element into the state specified by the
SRHIGH or SRLOW attribute. SRHIGH forces a logic 1.
SRLOW forces a logic “0”. When SR is used, a second input
(REV) forces the storage element into the opposite state. The
reset condition predominates over the set condition. The ini-
tial state after configuration or global initialization state is
defined by a separate INITO and INIT1 attribute. By default,
the SRLOW attribute forces INITO, and the SRHIGH attribute
forces INITT.

For each storage element, the SRHIGH, SRLOW, INITO,
and INIT1 attributes are independent. Synchronous or
asynchronous set / reset is consistent in an OB block.

All the control signals have independent polarity. Any
inverter placed on a control input is automatically absorbed.

Each register or latch, independent of all other registers or
latches, can be configured as follows:

* No set or reset

e Synchronous set

e Synchronous reset

e Synchronous set and reset

e Asynchronous set (preset)

e Asynchronous reset (clear)

* Asynchronous set and reset (preset and clear)

The synchronous reset overrides a set, and an asynchro-
nous clear overrides a preset.

Refer to Figure 12.
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OLATCH SRHIGH
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(O/T) CLK1 |:>—|_—OD CK1
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| —
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y — (OQorTQ)
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OFF
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Reset Type
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(OrT) 2 D_L—OD OASYNC

DS031_25_110300

Figure 12: Register / Latch Configuration in an I0OB Block

Input/Output Individual Options

Veco Each device pad has optional pull-up/pull-down resistors
and weak-keeper circuit in the LVCMOS Selectl/O configu-
ration, as illustrated in Figure 13. Values of the optional
pull-up and pull-down resistors fall within a range of 40 KQ

v Weak to 120 KQ when Vg = 2.5V (from 2.38V to 2.63V only).
Ccco Keeper The clamp diode is always present, even when power is not.
%ﬁﬁfn”t‘ = R The optional weak-keeper circuit is connected to each out-
put. When selected, the circuit monitors the voltage on the
pad and weakly drives the pin High or Low. If the pin is con-
.—}—I—'ZlPAD . .
nected to a multiple-source signal, the weak-keeper holds
Vcco the signal in its last state if all drivers are disabled. Maintain-
AT ing a valid logic level in this way eliminates bus chatter. An

enabled pull-up or pull-down overrides the weak-keeper cir-

Vccaux =25V cuit
Program _ ’
- Delay VeeINT = 1.5V
IBUF DS083-2_07_101801
Figure 13: LVCMOS Selectl/O Standard
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LVTTL sinks and sources current up to 24 mA. The current
is programmable for LVTTL and LVCMOS Selectl/O stan-
dards (see Table 6). Drive strength and slew rate controls

for each output driver minimize bus transients. For LVDCI
and LVDCI_DV2 standards, drive strength and slew rate
controls are not available.

Table 6: LVTTL and LVCMOS Programmable Currents (Sink and Source)

Selectl/O Programmable Current (Worst-Case Guaranteed Minimum)
LVTTL 2mA 4 mA 6 mA 8 mA 12 mA 16 mA 24 mA
LVCMOS33 2mA 4 mA 6 mA 8 mA 12 mA 16 mA 24 mA
LVCMOS25 2mA 4 mA 6 mA 8 mA 12 mA 16 mA 24 mA
LVCMOS18 2mA 4 mA 6 mA 8 mA 12 mA 16 mA n/a
LVCMOS15 2mA 4 mA 6 mA 8 mA 12 mA 16 mA n/a
Figure 14 shows the SSTL2 and HSTL configurations. Input Path

HSTL can sink current up to 48 mA. (HSTL IV)

Vceo

Clamp
Diode

OBUF

1&———————{8|PAD

Vcecaux =25V
VCCINT = 1.5V

< — VREF
DS031_24_100900

Figure 14: SSTL or HSTL Selectl/O Standards

All pads are protected against damage from electrostatic
discharge (ESD) and from over-voltage transients.
Virtex-1l Pro uses two memory cells to control the configura-
tion of an I/O as an input. This is to reduce the probability of
an I/O configured as an input from flipping to an output
when subjected to a single event upset (SEU) in space
applications.

Prior to configuration, all outputs not involved in configura-
tion are forced into their high-impedance state. The
pull-down resistors and the weak-keeper circuits are inac-
tive. The dedicated pin HSWAP_EN controls the pull-up
resistors prior to configuration. By default, HSWAP_EN is
set High, which disables the pull-up resistors on user 1/O
pins. When HSWAP_EN is set Low, the pull-up resistors are
activated on user 1/O pins.

All Virtex-1l Pro I0Bs (except Rocket I/O pins) support IEEE
1149.1 and IEEE 1532 compatible boundary scan testing.

The Virtex-1l Pro 0B input path routes input signals directly
to internal logic and / or through an optional input flip-flop or
latch, or through the DDR input registers. An optional delay
element at the D-input of the storage element eliminates
pad-to-pad hold time. The delay is matched to the internal
clock-distribution delay of the Virtex-Il Pro device, and when
used, assures that the pad-to-pad hold time is zero.

Each input buffer can be configured to conform to any of the
low-voltage signaling standards supported. In some of
these standards the input buffer utilizes a user-supplied
threshold voltage, Vggr The need to supply Vggg imposes
constraints on which standards can be used in the same
bank. See 1/0O banking description.

Output Path

The output path includes a 3-state output buffer that drives
the output signal onto the pad. The output and / or the
3-state signal can be routed to the buffer directly from the
internal logic or through an output / 3-state flip-flop or latch,
or through the DDR output / 3-state registers.

Each output driver can be individually programmed for a
wide range of low-voltage signaling standards. In most sig-
naling standards, the output High voltage depends on an
externally supplied V¢ voltage. The need to supply Veco
imposes constraints on which standards can be used in the
same bank. See /0O banking description.

I/O Banking

Some of the I/O standards described above require Veco
and VRgp voltages. These voltages are externally supplied
and connected to device pins that serve groups of 10B
blocks, called banks. Consequently, restrictions exist about
which 1/O standards can be combined within a given bank.

Eight I/0 banks result from dividing each edge of the FPGA
into two banks, as shown in Figure 15 and Figure 16. Each
bank has multiple Voo pins, all of which must be con-
nected to the same voltage. This voltage is determined by
the output standards in use.
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Bank O Bank 1

Bank 7
Bank 2

Bank 6
Bank 3

Bank 5 Bank 4

ug002_c2_014_112900

Figure 15: Virtex-ll Pro I/O Banks: Top View for
Wire-Bond Packages
(CS, FG, and BG)

Within a bank, output standards can be mixed only if they
use the same V. Compatible standards are shown in
Table 7. GTL and GTLP appear under all voltages because
their open-drain outputs do not depend on V¢ co.

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

Bank 1 Bank 0

Bank 2
Bank 7

Bank 3
Bank 6

Bank 4 Bank 5

ds031_66_112900

Figure 16: Virtex-ll Pro I/O Banks: Top View for
Flip-Chip Packages (FF and BF)

VRer pins within a bank are interconnected internally, and
consequently only one Vgygp voltage can be used within
each bank. However, for correct operation, all Vygg pins in
the bank must be connected to the external reference volt-
age source.

The Voo and the Vg pins for each bank appear in the
device pinout tables. Within a given package, the number of
Vger and Ve pins can vary depending on the size of

device. In larger devices, more I/O pins convert to Vggr
pins. Since these are always a superset of the Vggr pins
used for smaller devices, it is possible to design a PCB that
permits migration to a larger device if necessary.

Table 7: Compatible Output Standards

Veeco Compatible Standards(1)
3.3V@ | PCI®), LVTTL, SSTL3 (I & Il), LVCMOS33,
LVDCI_33, SSTL3_DCI (I & I1) (1)
2.5V SSTL2 (I & 1), LVCMOS25, GTL, GTLP,
LVDS_25, LVDSEXT_25, LVDCI_25,
LvDCI_Dv2_25, SSTL2_DCI (I & ), LDT,
ULVDS, BLVDS
1.8V HSTL (1, Il, 11, & IV), HSTL_DCI (1,11, Il & 1V),
LVCMOS18, GTL, GTLP, LVDCI_18,
LvDCI_Dv2_18
1.5V HSTL (1, Il, 11, & IV), HSTL_DCI (L,11, Il & 1V),
LVCMOS15, GTL, GTLP, LVDCI_15,
LvDCI_Dv2_15, GTLP_DCI
1.2V GTL_DCI
Notes:
1. LVPECL, LVDS_33, LVDSEXT_33, and AGP-2X are not
supported.

2. Perfect impedance matching is required for 3.3V standards.

3. For optimum performance, it is recommended that PCI be
used in conjunction with LVDCI_33. Contact Xilinx for more
details.

All Vrep pins for the largest device anticipated must be con-
nected to the Vrgfg voltage and not used for I/0. In smaller
devices, some Vo pins used in larger devices do not con-
nect within the package. These unconnected pins can be
left unconnected externally, or, if necessary, they can be
connected to the Vgco voltage to permit migration to a
larger device.

Digitally Controlled Impedance (DCI)

Today’s chip output signals with fast edge rates require ter-
mination to prevent reflections and maintain signal integrity.
High pin count packages (especially ball grid arrays) can
not accommodate external termination resistors.

Virtex-1l Pro DCI provides controlled impedance drivers and
on-chip termination for single-ended 1/Os. This eliminates
the need for external resistors, and improves signal integrity.
The DCl feature can be used on any IOB by selecting one of
the DCI I/O standards.

When applied to inputs, DCI provides input parallel termina-
tion. When applied to outputs, DCI provides controlled
impedance drivers (series termination) or output parallel
termination.

DCI operates independently on each 1/0 bank. When a DCI
I/O standard is used in a particular I/0O bank, external refer-
ence resistors must be connected to two dual-function pins
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on the bank. These resistors, voltage reference of N transis-
tor (VRN) and the voltage reference of P transistor (VRP)
are shown in Figure 17.

1 Bank
DCI
DCl [>
DCl <]
DCl <]
o Vceo
[ ]
[
RRer (1%)
VRN
VRP
% RRer (1%)
GND

DS031_50_101200

Figure 17: DCI in a Virtex-1l Pro Bank

Table 8: Selectl/O Controlled Impedance Buffers

Veeo DCI DCI Half Impedance
3.3V LvDCI_33 N/A

2.5V LvDCI_25 LvDCI_Dv2_25
1.8V LvDCI_18 LvDCI_Dv2_18
1.5V LvDCI_15 LvDCI_Dv2_15

Controlled Impedance Terminations

(Parallel Termination)

DCI also provides on-chip termination for SSTL3, SSTL2,
HSTL (Class |, II, lll, or 1V), and GTL/GTLP receivers or
transmitters on bidirectional lines.

Table 9 lists the on-chip parallel terminations available in
Virtex-1l Pro devices. Voo must be set according to Table 5.
Note that there is a Vo requirement for GTL_DCI and
GTLP_DCI, due to the on-chip termination resistor.

Table 9: Selectl/O Buffers With On-Chip Parallel
Termination

External On-Chip
When used with a terminated I/O standard, the value of the 1/0 Standard Termination Termination
resistors are specified by Fhe standard_ (typically _50!2). SSTL3 Class | SSTLS | SSTL3. L DCIM
When used with a controlled impedance driver, the resistors
set the output impedance of the driver within the specified SSTL3 Class Il SSTL3_II SSTL3_II_DCI(M)
range (20Q to 100Q). For all series and parallel termina- )
tions listed in Table 8 and Table 9, the reference resistors SSTL2 Class | SsTL2 | SSTL2_1_DCl
must have the same value for any given bank. One percent SSTL2 Class Il SSTL2_lI SSTL2_II_DCI(1)
resistors are recommended. HSTL | HSTL_I_DCI
The DCI system adjusts the I/O impedance to match the two HSTL Class |
external reference resistors, or half of the reference resis- HSTL_I_18 HSTL_I_DCI_18
tors, and compensates for impedance changes due to volt- HSTL_II HSTL_Il_DCI
age and/or temperature fluctuations. The adjustment is HSTL Class Il
done by turning parallel transistors in the IOB on or off. HSTL_II_18 HSTL_Il_DCI_18
Controlled Impedance Drivers HSTL Class Il HSTL_II HSTL_II_DCI
(Series Termination) HSTL_IlI_18 | HSTL_II_DCI_18
DCI can be used to provide a buffer with a controlled output HSTL_IV HSTL_IV_DCI
impedance. It is desirable for this output impedance to HSTL Class IV
match the transmission line impedance (Zg). Virtex-1l Pro HSTL_IV_18 | HSTL_IV_DCI_18
input buffers also support LVDCI and LVDCI_DV2 1/O stan- GTL GTL GTL_DCI
dards.
GTLP GTLP GTLP_DCI
T T 0B | Ir ______ Notes:
: | 1. SSTL Compatible
5 Q2 }
' |
|
Virtex !l Pro DG | P
Veco =33V, 25V, 1.8V, 0r 1.5V a0t
Figure 18: Internal Series Termination
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Figure 19 provides examples illustrating the use of the HSTL_IV_DCI, HSTL_II_DCI, and SSTL2_DCI /O standards.

HSTL_IV
Veeo

Vceo

HSTL_II
Veco/2 Veco/2

SSTL2_|
Veco/2

Virtex-Il |
ProDCI |
]

HSTL_II_DCI Transmitter

Vcco/ 2

Virtex-Il =
Pro DCI

SSTL2_I_DCI Transmitter
Veco/2

Virtex-1l | |
Pro DCI J'

: Pro DCI

Vcco/2

= Virtex-I|
Pro DCI

= Virtex-ll
Pro DCI

= Virtex-lI
Pro DCI

Virtex-Il
Pro DCI |

Virtex-1l |
ProDCI _| = Virtex-ll
Pro DCI

Figure 19: DCI Usage Examples
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Configurable Logic Blocks (CLBs)

The Virtex-1l Pro configurable logic blocks (CLB) are orga-
nized in an array and are used to build combinatorial and
synchronous logic designs. Each CLB element is tied to a
switch matrix to access the general routing matrix, as
shown in Figure 20. A CLB element comprises 4 similar
slices, with fast local feedback within the CLB. The four
slices are split in two columns of two slices with two inde-
pendent carry logic chains and one common shift chain.

COouT
> TBUF 4
ADTBUF [ siice
X1Y1
- _| Slice
X1Y0
Switch couTt
Matrix ‘—1 T
SHIFT
_ | slice CIN
X0Y1
wa| Slice Fast
X0YO0 Connects
T to neighbors
CIN

DS083-2_32_122001

Figure 20: Virtex-ll Pro CLB Element

Slice Description

Each slice includes two 4-input function generators, carry
logic, arithmetic logic gates, wide function multiplexers and
two storage elements. As shown in Figure 21, each 4-input
function generator is programmable as a 4-input LUT, 16
bits of distributed SelectRAM memory, or a 16-bit vari-
able-tap shift register element.

N AN CcY Register/
LUTN .
“[ & '~ Latch
RAMi6 [ O
\
« MUXF5
N N\
SRL16"
N N\ cY Register/
N N LUT™ N . Latch

F
D Arithmetic Logic

DS083-2_31_122001

Figure 21: Virtex-ll Pro Slice Configuration
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The output from the function generator in each slice drives both the slice output and the D input of the storage element.
Figure 22 shows a more detailed view of a single slice.

SHIFTIN couTt
SOPIN > |\| ‘();FSY
0 | | ) > — SOPOUT
Eg#%l-gort I\l YBMUX — YB
ift-Reg
> Z ngcv
G3 > A3 Elﬁﬂﬂ
G2 > A2 ,_7
Gl = a1 HIFOM D ° GYMUX
WG4 > WG4 Y-
WG3 > WG3 ' -
WG2 > WG2  \ioqs | <0V
WG1 > WG ©15 XORG OFF
N ws DI OLATCH
ALTDIG > .
J G2 DYMUX D Ql—r—aq
"__DMULTAND PROD Y
G1 CE—CE
By CYOG CLK—{ CK
J:: . SR REV
BY o !
U
Y
SLICEWE[2:0] WSG SHIFTOUT SR
WE[2:0] — DIG
WE

| O MUXCY
WSF 0 |
|

|
|
|
|
Shared between |
|
|
|
|

CE

CLK

x & y Registers

SR

s

0

CIN DS031_01_110600

Figure 22: Virtex-ll Pro Slice (Top Half)

Configurations input of the storage element, or go to the MUXF5 (not
h in Fi 22).
Look-Up Table shown in Figure 22)

In addition to the basic LUTSs, the Virtex-Il Pro slice contains

Vi_rtex-II Pro function  generators are implemgnted as logic (MUXF5 and MUXFX multiplexers) that combines
4-input look-up tables (LUTs). Four independent inputs are function generators to provide any function of five, six,

provided to each of the two function generators in a slice (F seven, or eight inputs. The MUXFX is either MUXF6
gnd G). T_hese funct_lon .gener.ators are each cgpable of MUXF7, or MUXF8 according to the slice considered in the
implementing any arbitrarily defined boolean function of four CLB. Selected functions up to nine inputs (MUXF5 multi-
inputs. The propagation delay is therefore independent of plexer) can be implemented in one slice. The MUXFX can
the function implemented. Signals from the function gener- also be a MUXF6, MUXF7, or MUXF8 multiplexer to map

ator§ can exit the sllce_z (X or M Ol.JtPUt)’.Can input the XO_R any function of six, seven, or eight inputs and selected wide
dedicated gate (see arithmetic logic), or input the carry-logic logic functions

multiplexer (see fast look-ahead carry logic), or feed the D
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Register/Latch

The storage elements in a Virtex-Il Pro slice can be config-
ured either as edge-triggered D-type flip-flops or as
level-sensitive latches. The D input can be directly driven by
the X or Y output via the DX or DY input, or by the slice
inputs bypassing the function generators via the BX or BY
input. The clock enable signal (CE) is active High by default.
If left unconnected, the clock enable for that storage ele-
ment defaults to the active state.

In addition to clock (CK) and clock enable (CE) signals,
each slice has set and reset signals (SR and BY slice
inputs). SR forces the storage element into the state speci-
fied by the attribute SRHIGH or SRLOW. SRHIGH forces a
logic 1 when SR is asserted. SRLOW forces a logic 0. When
SR is used, an optional second input (BY) forces the stor-
age element into the opposite state via the REV pin. The
reset condition is predominant over the set condition. (See
Figure 23.)

The initial state after configuration or global initial state is
defined by a separate INITO and INIT1 attribute. By default,
setting the SRLOW attribute sets INITO, and setting the
SRHIGH attribute sets INIT1.

For each slice, set and reset can be set to be synchronous
or asynchronous. Virtex-1l Pro devices also have the ability
to set INITO and INIT1 independent of SRHIGH and
SRLOW.

The control signals clock (CLK), clock enable (CE) and
set/reset (SR) are common to both storage elements in one
slice. All of the control signals have independent polarity. Any
inverter placed on a control input is automatically absorbed.

FFY
OFF
OLATCH
bY $ D Q (——=YQ
CE Attribute
ek INIT1
SRHIGH
BY md] SRLOW
FFX
OFF
OLATCH
DX :' | D Ql——=>xa
Attribute
CF :FED CE INIT1
CLK > cK INITO
SR REV SRHIGH
SR &ED SRLOW
Reset Type
BX md]— OSYNC
UASYNC

DS083-2_22_122001

Figure 23: Register / Latch Configuration in a Slice

The set and reset functionality of a register or a latch can be
configured as follows:

* No set or reset

e Synchronous set

e Synchronous reset

e Synchronous set and reset

e Asynchronous set (preset)

e Asynchronous reset (clear)

e Asynchronous set and reset (preset and clear)

The synchronous reset has precedence over a set, and an
asynchronous clear has precedence over a preset.

Distributed SelectRAM Memory

Each function generator (LUT) can implement a 16 x 1-bit
synchronous RAM resource called a distributed SelectRAM
element. The SelectRAM elements are configurable within
a CLB to implement the following:

* Single-Port 16 x 8-bit RAM

* Single-Port 32 x 4-bit RAM

* Single-Port 64 x 2-bit RAM

* Single-Port 128 x 1-bit RAM

* Dual-Port 16 x 4-bit RAM

e Dual-Port 32 x 2-bit RAM

e Dual-Port 64 x 1-bit RAM

Distributed SelectRAM memory modules are synchronous
(write) resources. The combinatorial read access time is
extremely fast, while the synchronous write simplifies
high-speed designs. A synchronous read can be imple-
mented with a storage element in the same slice. The dis-
tributed SelectRAM memory and the storage element share
the same clock input. A Write Enable (WE) input is active
High, and is driven by the SR input.

Table 10 shows the number of LUTs (2 per slice) occupied
by each distributed SelectRAM configuration.

Table 10: Distributed SelectRAM Configurations
RAM Number of LUTs
16 x 1S 1
16 x 1D
32x1S
32x1D
64 x1S
64 x 1D
128 x 1S

| o |~ NN

Notes:
1. S = single-port configuration; D = dual-port configuration
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For single-port configurations, distributed SelectRAM mem-
ory has one address port for synchronous writes and asyn-
chronous reads.

For dual-port configurations, distributed SelectRAM mem-
ory has one port for synchronous writes and asynchronous
reads and another port for asynchronous reads. The func-
tion generator (LUT) has separated read address inputs
(A1, A2, A3, A4) and write address inputs (WG1/WF1,
WG2/WF2, WG3/WF3, WG4/WF4).

In single-port mode, read and write addresses share the
same address bus. In dual-port mode, one function genera-
tor (R/W port) is connected with shared read and write
addresses. The second function generator has the A inputs
(read) connected to the second read-only port address and
the W inputs (write) shared with the first read/write port
address.

Figure 24, Figure 25, and Figure 26 illustrate various exam-
ple configurations.

RAM 16x1S
| |
: m RAM :

A[3:0]4—4,4E: Al4:1] D Output
: %l WG[4:1] : L [o ql_. Registered
| WS DI | | Output

ol BY) : ]
| WSG I (optional)
| |
we + SR fwe |

WCLK + CcK |

| |
:

DS031_02_100900

Figure 24: Distributed SelectRAM (RAM16x1S)
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Figure 25: Single-Port Distributed SelectRAM
(RAM32x1S)

RAM 16x1D

W dual_port I
. || mRAM '
DPRA[3:0] ——%  t={G[4:1] D :—,—> DPO
A[3:0] 4 WG[4:1]

WS DI

(BY)

m dual_port| |
m RAM |

G[4:1]  D|+—+— SPO
WG[4:1]

|

|

|

[

|

|

(| ws D
! |
I

|

|

|

|

|

A[3:0]

(SR)

WE
WCLK

DS031_04_110100

Figure 26: Dual-Port Distributed SelectRAM
(RAM16x1D)

Similar to the RAM configuration, each function generator
(LUT) can implement a 16 x 1-bit ROM. Five configurations
are available: ROM16x1, ROM32x1, ROM®64x1,
ROM128x1, and ROM256x1. The ROM elements are cas-
cadable to implement wider or/and deeper ROM. ROM con-
tents are loaded at configuration. Table 11 shows the
number of LUTs occupied by each configuration.

Table 11: ROM Configuration

ROM Number of LUTs
16 x 1 1

32x1 2

64 x 1 4
128 x 1 8 (1 CLB)
256 x 1 16 (2 CLBs)

Shift Registers

Each function generator can also be configured as a 16-bit
shift register. The write operation is synchronous with a
clock input (CLK) and an optional clock enable, as shown in
Figure 27. A dynamic read access is performed through the
4-bit address bus, A[3:0]. The configurable 16-bit shift regis-
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ter cannot be set or reset. The read is asynchronous; how-
ever, the storage element or flip-flop is available to
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Figure 27: Shift Register Configurations I SHIFTIN I
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Figure 28: Cascadable Shift Register
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Multiplexers

Virtex-1l Pro function generators and associated multiplex-
ers can implement the following:

e 4:1 multiplexer in one slice

e 8:1 multiplexer in two slices

e 16:1 multiplexer in one CLB element (4 slices)

e 32:1 multiplexer in two CLB elements (8 slices)

Each Virtex-1l Pro slice has one MUXF5 multiplexer and
one MUXFX multiplexer. The MUXFX multiplexer imple-
ments the MUXF6, MUXF7, or MUXF8, as shown in
Figure 29. Each CLB element has two MUXF6 multiplexers,
one MUXF7 multiplexer and one MUXF8 multiplexer. Exam-
ples of multiplexers are shown in the Virtex-ll Pro User
Guide. Any LUT can implement a 2:1 multiplexer.

|
| |
| |
[ i — | .
| lice S G | MUXF8 combines
I Slice S3 :' | the two MUXF7 outputs
| [T | (Two CLBs)
| - i
| |
| |
| |
| |
I \I I
I © I
| J I MUXF6 combines the two MUXF5
| Slice S2 G \l I outputs from slices S2 and S3
I i '
|
: F J |
| |
| |
| |
| |
| |
| |
[ El '
I G J I MUXF7 combines the two MUXF6
| ;' Slice S1 : outputs from slices SO and S2
| e
I F J I
| |
| |
| |
| |
| |
[ :| '
I - I .
I G J ) |  MUXF6 combines the two MUXF6
| E' Slice SO | outputs from slices SO and S1
|
: F J |
| |
[ CLB '
- - - - - ___ _____ - |
v DS031_08_110200

Figure 29: MUXF5 and MUXFX multiplexers

Fast Lookahead Carry Logic

Dedicated carry logic provides fast arithmetic addition and
subtraction. The Virtex-ll Pro CLB has two separate carry
chains, as shown in the Figure 30.

The height of the carry chains is two bits per slice. The carry
chain in the Virtex-11 Pro device is running upward. The ded-
icated carry path and carry multiplexer (MUXCY) can also
be used to cascade function generators for implementing
wide logic functions.
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Figure 30: Fast Carry Logic Path
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a dedicated AND (MULT_AND) gate (shown in Figure 22)

2-bit full adder to be implemented within a slice. In addition,

improves the efficiency of multiplier implementation.
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Sum of Products implementing large, flexible SOP chains. One input of each
ORCY is connected through the fast SOP chain to the output

Each Virtex-1l P lice h dedicated OR gat d i . ) ;
acn viriex-li Fro sice has a dedica’e gate name of the previous ORCY in the same slice row. The second input

ORCY, ORing together outputs from the slices carryout and

the ORCY from an adjacent slice. The ORCY gate with the is connected to the output of the top MUXCY in the same slice,
: as shown in Figure 31.

dedicated Sum of Products (SOP) chain are designed for

SOP

ds031_64_110300

Figure 31: Horizontal Cascade Chain

LUTs and MUXCYs can implement large AND gates or  LUT and MUXCY resources configured as a 16-input AND
other combinatorial logic functions. Figure 32 illustrates  gate.

4
4
AND ouTt
4
4
DS031_41_110600
Figure 32: Wide-Input AND Gate (16 Inputs)
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3-State Buffers

Introduction

Each Virtex-ll Pro CLB contains two 3-state drivers
(TBUFs) that can drive on-chip buses. Each 3-state buffer
has its own 3-state control pin and its own input pin.

Each of the four slices have access to the two 3-state buff-
ers through the switch matrix, as shown in Figure 33.
TBUFs in neighboring CLBs can access slice outputs by
direct connects. The outputs of the 3-state buffers drive hor-
izontal routing resources used to implement 3-state buses.

TBUF

.

Slice
S3

Switch ]
Matrix - Slice

S2

| Slice
S

- | Slice

DS031_37_060700

Figure 33: Virtex-ll Pro 3-State Buffers

The 3-state buffer logic is implemented using AND-OR logic
rather than 3-state drivers, so that timing is more predict-
able and less load dependant especially with larger devices.

Locations / Organization

Four horizontal routing resources per CLB are provided for
on-chip 3-state buses. Each 3-state buffer has access alter-
nately to two horizontal lines, which can be partitioned as
shown in Figure 34. The switch matrices corresponding to
SelectRAM memory and multiplier or /O blocks are
skipped.

Number of 3-State Buffers

Table 12 shows the number of 3-state buffers available in
each Virtex-ll Pro device. The number of 3-state buffers is
twice the number of CLB elements.

Table 12: Virtex-ll Pro 3-State Buffers

i Programmable i
iV::fh $— connection iv‘\?llltt:h
IX E 1X
CLB-II CLB-II

ny
-

3-State Buffers Total Number
Device per Row of 3-State Buffers
XC2VvP2 44 704
XC2VP4 44 1,760
XC2VP7 68 2,720
XC2VP20 92 5,152
XC2VP50 140 12,320
3 - state lines
j
[
I [
LT

DS031_09_032700

Figure 34: 3-State Buffer Connection to Horizontal Lines

CLB/Slice Configurations

Table 13 summarizes the logic resources in one CLB. All of
the CLBs are identical and each CLB or slice can be imple-

Table 13: Logic Resources in One CLB

mented in one of the configurations listed. Table 14 shows
the available resources in all CLBs.

Arithmetic & SoP Distributed Shift
Slices LUTs Flip-Flops | MULT_ANDs | Carry-Chains | Chains | SelectRAM | Registers | TBUF
4 8 8 8 2 2 128 bits 128 bits 2
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Table 14: Virtex-ll Pro Logic Resources Available in All CLBs

Max Distributed
CLB Array: | Number SelectRAM or Number
Row x of Number Shift Register Number of Number of of SOP
Device Column Slices | of LUTs (bits) Flip-Flops | Carry Chains(1) | Chains(1)
XC2VP2 16 x 22 1,408 2,816 45,056 2,816 44 32
XC2VP4 40 x 22 3,008 6,016 96,256 6,016 44 80
XC2VP7 40 x 34 4,928 9,856 157,696 9,856 68 80
XC2VP20 56 x 46 9,280 18,560 296,960 18,560 92 112
XC2VP50 88 x 70 22,592 45,184 722,944 45,184 140 176
Notes:

1. The carry-chains and SOP chains can be split or cascaded.

18 Kb Block SelectRAM Resources

Introduction

Virtex-1l Pro devices incorporate large amounts of 18 Kb
block SelectRAM. These complement the distributed Selec-
tRAM resources that provide shallow RAM structures imple-
mented in CLBs. Each Virtex-Il Pro block SelectRAM is an
18 Kb true dual-port RAM with two independently clocked
and independently controlled synchronous ports that
access a common storage area. Both ports are functionally
identical. CLK, EN, WE, and SSR polarities are defined
through configuration.

Each port has the following types of inputs: Clock and Clock
Enable, Write Enable, Set/Reset, and Address, as well as
separate Data/parity data inputs (for write) and Data/parity
data outputs (for read).

Operation is synchronous; the block SelectRAM behaves
like a register. Control, address and data inputs must (and
need only) be valid during the set-up time window prior to a
rising (or falling, a configuration option) clock edge. Data
outputs change as a result of the same clock edge.

Configuration

The Virtex-Il Pro block SelectRAM supports various config-
urations, including single- and dual-port RAM and various
data/address aspect ratios. Supported memory configura-
tions for single- and dual-port modes are shown in Table 15.

Table 15: Dual- and Single-Port Configurations

16K x 1 bit 2K x 9 bits
8K x 2 bits 1K x 18 bits
4K x 4 bits 512 x 36 bits

Single-Port Configuration

As a single-port RAM, the block SelectRAM has access to
the 18 Kb memory locations in any of the 2K x 9-bit,

1K x 18-bit, or 512 x 36-bit configurations and to 16 Kb
memory locations in any of the 16K x 1-bit, 8K x 2-bit, or
4K x 4-bit configurations. The advantage of the 9-bit, 18-bit
and 36-bit widths is the ability to store a parity bit for each
eight bits. Parity bits must be generated or checked exter-
nally in user logic. In such cases, the width is viewed as
8+ 1, 16 + 2, or 32 + 4. These extra parity bits are stored
and behave exactly as the other bits, including the timing
parameters. Video applications can use the 9-bit ratio of
Virtex-Il Pro block SelectRAM memory to advantage.

Each block SelectRAM cell is a fully synchronous memory
as illustrated in Figure 35. Input data bus and output data
bus widths are identical.

18-Kbit Block SelectRAM

DI
DIP
ADDR

WE
EN
SSR DO
CLK DOP

il

f—-
fr—

DS031_10_102000

Figure 35: 18 Kb Block SelectRAM Memory in
Single-Port Mode

Dual-Port Configuration

As a dual-port RAM, each port of block SelectRAM has
access to a common 18 Kb memory resource. These are
fully synchronous ports with independent control signals for
each port. The data widths of the two ports can be config-
ured independently, providing built-in bus-width conversion.

Table 16 illustrates the different configurations available on
ports A and B.
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Table 16: Dual-Port Mode Configurations

Port A 16K x 1 16K x 1 16K x 1 16K x 1 16K x 1 16K x 1
Port B 16K x 1 8K x 2 4K x 4 2Kx 9 1K x 18 512 x 36
Port A 8Kx 2 8K x 2 8K x 2 8K x 2 8Kx 2

Port B 8K x 2 4K x 4 2Kx 9 1K x 18 512 x 36

Port A 4K x 4 4K x 4 4K x 4 4K x 4

Port B 4K x 4 2Kx 9 1K x 18 512 x 36

Port A 2Kx 9 2Kx 9 2Kx 9

Port B 2Kx 9 1K x 18 512 x 36

Port A 1K x 18 1K x 18

Port B 1K x 18 512 x 36

Port A 512 x 36

Port B 512 x 36

If both ports are configured in either 2K x 9-bit, 1K x 18-bit,
or 512 x 36-bit configurations, the 18 Kb block is accessible
from port A or B. If both ports are configured in either 16K x
1-bit, 8K x 2-bit. or 4K x 4-bit configurations, the 16 K-bit
block is accessible from Port A or Port B. All other configu-
rations result in one port having access to an 18 Kb memory
block and the other port having access to a 16 K-bit subset
of the memory block equal to 16 Kbs.

18-Kbit Block SelectRAM

DIA
DIPA
ADDRA

WEA
ENA
SSRA DOA
CLKA DOPA

] C
DIB
DIPB
ADDRB
WEB
ENB
SSRB
CLKB

|

DOB
DOPB

L

DS031_11_102000

Figure 36: 18 Kb Block SelectRAM in Dual-Port Mode

Each block SelectRAM cell is a fully synchronous memory,
as illustrated in Figure 36. The two ports have independent
inputs and outputs and are independently clocked.

Port Aspect Ratios

Table 17 shows the depth and the width aspect ratios for the
18 Kb block SelectRAM. Virtex-ll Pro block SelectRAM also

includes dedicated routing resources to provide an efficient

interface with CLBs, block SelectRAM, and multipliers.

Table 17: 18 Kb Block SelectRAM Port Aspect Ratio

Width | Depth | Address Bus | Data Bus | Parity Bus
1 16,384 | ADDR[13:0] DATA[0] N/A
2 8,192 ADDRJ[12:0] DATA[1:0] N/A
4 4,096 ADDRJ[11:0] DATA[3:0] N/A
9 2,048 ADDRJ[10:0] DATA[7:0] Parity[0]
18 1,024 ADDRJ[9:0] DATA[15:0] | Parity[1:0]
36 512 ADDRJ[8:0] DATA[31:0] | Parity[3:0]

Read/Write Operations

The Virtex-Il Pro block SelectRAM read operation is fully
synchronous. An address is presented, and the read opera-
tion is enabled by control signal ENA or ENB. Then,
depending on clock polarity, a rising or falling clock edge
causes the stored data to be loaded into output registers.

The write operation is also fully synchronous. Data and
address are presented, and the write operation is enabled
by control signals WEA and WEB in addition to ENA or
ENB. Then, again depending on the clock input mode, a ris-
ing or falling clock edge causes the data to be loaded into
the memory cell addressed.

A write operation performs a simultaneous read operation.
Three different options are available, selected by configura-
tion:

1. WRITE_FIRST

The WRITE_FIRST option is a transparent mode. The
same clock edge that writes the data input (DI) into the
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memory also transfers DI into the output registers DO,
as shown in Figure 37.

Internal

Data_in e— D | Memory

DO e Data_out = Data_in

|

1

|

]
Data_in x New |
]

Address X aa |
|

|

|

|

T

|

RAM Contents Old

Data_out

DS083-2_14_050901

Figure 37: WRITE_FIRST Mode

2. READ_FIRST
The READ_FIRST option is a read-before-write mode.

The same clock edge that writes data input (DI) into the
memory also transfers the prior content of the memory cell
addressed into the data output registers DO, as shown in
Figure 38.

Internal

Memory DO fmmms Prior stored data

Data_in se—

NO_CHANGE, only a read operation loads a new value in
the output register DO, as shown in Figure 39.

Internal

Data_in ee—lD| Memory

DO e No change during write

L
|

]
Data_in y New |
|

Address y aa [
I

|

1

T

T

l

|

RAM Contents Old

x New

Last Read Cycle Content (no change)

Data_out

DS083-2_12_050901

Figure 39: NO_CHANGE Mode

Control Pins and Attributes

Virtex-1l Pro SelectRAM memory has two independent
ports with the control signals described in Table 18. All con-
trol inputs including the clock have an optional inversion.

Table 18: Control Functions

Control Signal Function
CLK Read and Write Clock
EN Enable affects Read, Write, Set, Reset
WE Write Enable
SSR Set DO register to SRVAL (attribute)

L
|

]
Data_in X New |
|

Address >< aa |
I

|

1

.

T

|

|

RAM Contents Old

X
X  od

Data_out

DS083-2_13_050901

Figure 38: READ_FIRST Mode

3. NO_CHANGE

The NO_CHANGE option maintains the content of the out-
put registers, regardless of the write operation. The clock
edge during the write mode has no effect on the content of
the data output register DO. When the port is configured as

Initial memory content is determined by the INIT_xx
attributes. Separate attributes determine the output register
value after device configuration (INIT) and SSR is asserted
(SRVAL). Both attributes (INIT_B and SRVAL) are available
for each port when a block SelectRAM resource is config-
ured as dual-port RAM.

Total Amount of SelectRAM Memory

Virtex-1l Pro SelectRAM memory blocks are organized in
multiple columns. The number of blocks per column
depends on the row size, the number of Processor Blocks,
and the number of Rocket I/O transceivers.

Table 19 shows the number of columns as well as the total
amount of block SelectRAM memory available for each
Virtex-l1l Pro device. The 18 Kb SelectRAM blocks are
cascadable to implement deeper or wider single- or dual-port
memory resources.
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Table 19: Virtex-ll Pro SelectRAM Memory Available

Total SelectRAM Memory

Device | Columns | Blocks | in Kb in Bits
XC2vPpP2 4 12 216 221,184

XC2VP4 4 28 504 516,096
XC2VvP7 6 44 792 811,008
XC2VP20 8 88 1,584 1,622,016
XC2VP50 12 216 3,888 3,981,312

Figure 40 shows the layout of the block RAM columns in the
XC2VP4 device.

Rocket I/0™

DCM Serial Transceivers DCM

N s N 7
BRAM '
Multiplier 1 1A
Blocks CLBs b

o PPC405

WH CLBs H CLB

1 | cru

/ N /. N
DCM Rocket /0™ DCM
Serial Transceivers  ps0a35 11 010802

Figure 40: XC2VP4 Block RAM Column Layout

18-Bit x 18-Bit Multipliers

Introduction

A Virtex-11 Pro multiplier block is an 18-bit by 18-bit 2’s com-
plement signed multiplier. Virtex-1l Pro devices incorporate
many embedded multiplier blocks. These multipliers can be
associated with an 18 Kb block SelectRAM resource or can
be used independently. They are optimized for high-speed
operations and have a lower power consumption compared
to an 18-bit x 18-bit multiplier in slices.

Each SelectRAM memory and multiplier block is tied to four
switch matrices, as shown in Figure 41.

Switch -
Matrix _
Switch - 2
Matrix %
18-Kbit block =
SelectRAM ©
x
Switch - ®
Matrix | _
Switch -
Matrix _

DS031_33_101000

Figure 41: SelectRAM and Multiplier Blocks

Association With Block SelectRAM Memory

The interconnect is designed to allow SelectRAM memory
and multiplier blocks to be used at the same time, but some
interconnect is shared between the SelectRAM and the
multiplier. Thus, SelectRAM memory can be used only up to
18 bits wide when the multiplier is used, because the multi-
plier shares inputs with the upper data bits of the
SelectRAM memory.

This sharing of the interconnect is optimized for an
18-bit-wide block SelectRAM resource feeding the multi-
plier. The use of SelectRAM memory and the multiplier with
an accumulator in LUTs allows for implementation of a digi-
tal signal processor (DSP) multiplier-accumulator (MAC)
function, which is commonly used in finite and infinite
impulse response (FIR and IIR) digital filters.

Configuration

The multiplier block is an 18-bit by 18-bit signed multiplier
(2's complement). Both A and B are 18-bit-wide inputs, and
the output is 36 bits. Figure 42 shows a multiplier block.

Multiplier Block

A[17:0] ——+]

MULT 18 x 18 P[35:0]

B[17:0] |

DS031_40_100400

Figure 42: Multiplier Block
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Locations / Organization

Multiplier organization is identical to the 18 Kb SelectRAM
organization, because each multiplier is associated with an
18 Kb block SelectRAM resource.

Table 20: Multiplier Resources

Device Columns Total Multipliers
XC2VP2 4 12
XC2VP4 4 28
XC2VP7 6 44
XC2VP20 8 88
XC2VP50 12 216

In addition to the built-in multiplier blocks, the CLB elements
have dedicated logic to implement efficient multipliers in
logic. (Refer to Configurable Logic Blocks (CLBs),
page 47).

Global Clock Multiplexer Buffers

Virtex-11 Pro devices have 16 clock input pins that can also
be used as regular user I/Os. Eight clock pads center on
both the top edge and the bottom edge of the device, as
illustrated in Figure 43.

The global clock multiplexer buffer represents the input to
dedicated low-skew clock tree distribution in Virtex-ll Pro
devices. Like the clock pads, eight global clock multiplexer
buffers are on the top edge of the device and eight are on
the bottom edge.

|
0000 oooo

8 clock pads

|

I

|

I
Virtex-ll Pro |
Device :
I

|

|
8 clock pads

0000 0000

DS083-2_42_061401

Figure 43: Virtex-ll Pro Clock Pads

Each global clock multiplexer buffer can be driven either by
the clock pad to distribute a clock directly to the device, or
by the Digital Clock Manager (DCM), discussed in Digital
Clock Manager (DCM), page 62. Each global clock multi-
plexer buffer can also be driven by local interconnects. The
DCM has clock output(s) that can be connected to global
clock multiplexer buffer inputs, as shown in Figure 44.

Clock
Pad
CLKIN
Clock Local
Pad DCM Interconnect
CLKOUT

—l li
\ Clock Multiplexer /

Clock
Buffer

0]

Clock Distribution DS083-2.43. 122001

Figure 44: Virtex-ll Pro Clock Multiplexer Buffer
Configuration

Global clock buffers are used to distribute the clock to some
or all synchronous logic elements (such as registers in
CLBs and I0Bs, and SelectRAM blocks.

Eight global clocks can be used in each quadrant of the
Virtex-1l Pro device. Designers should consider the clock
distribution detail of the device prior to pin-locking and floor-
planning. (See the Virtex-Il Pro User Guide.)
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Figure 45 shows clock distribution in Virtex-Il Pro devices.
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Figure 45: Virtex-ll Pro Clock Distribution

In each quadrant, up to eight clocks are organized in clock
rows. A clock row supports up to 16 CLB rows (eight up and
eight down).

To reduce power consumption, any unused clock branches
remain static.

Global clocks are driven by dedicated clock buffers (BUFG),
which can also be used to gate the clock (BUFGCE) or to mul-
tiplex between two independent clock inputs (BUFGMUX).

The most common configuration option of this element is as
a buffer. A BUFG function in this (global buffer) mode, is
shown in Figure 46.

BUFG
I O

DS031_61_101200

Figure 46: Virtex-ll Pro BUFG Function

The Virtex-Il Pro global clock buffer BUFG can also be con-
figured as a clock enable/disable circuit (Figure 47), as well
as a two-input clock multiplexer (Figure 48). A functional
description of these two options is provided below. Each of
them can be used in either of two modes, selected by con-
figuration: rising clock edge or falling clock edge.

This section describes the rising clock edge option. For the
opposite option, falling clock edge, just change all "rising"
references to "falling" and all "High" references to "Low",
except for the description of the CE and S levels. The rising
clock edge option uses the BUFGCE and BUFGMUX prim-

itives. The falling clock edge option uses the BUFGCE_1
and BUFGMUX_1 primitives.

BUFGCE

If the CE input is active (High) prior to the incoming rising
clock edge, this Low-to-High-to-Low clock pulse passes
through the clock buffer. Any level change of CE during the
incoming clock High time has no effect.

BUFGCE

DS031_62_101200

Figure 47: Virtex-ll Pro BUFGCE Function

If the CE input is inactive (Low) prior to the incoming rising
clock edge, the following clock pulse does not pass through
the clock buffer, and the output stays Low. Any level change
of CE during the incoming clock High time has no effect. CE
must not change during a short setup window just prior to
the rising clock edge on the BUFGCE input I. Violating this
setup time requirement can result in an undefined runt
pulse output.

BUFGMUX

BUFGMUX can switch between two unrelated, even asyn-
chronous clocks. Basically, a Low on S selects the Iy input,
a High on S selects the |1 input. Switching from one clock to
the other is done in such a way that the output High and Low
time is never shorter than the shortest High or Low time of
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either input clock. As long as the presently selected clock is
High, any level change of S has no effect .

BUFGMUX

DS083-2_63_121701

Figure 48: Virtex-ll Pro BUFGMUX Function

If the presently selected clock is Low while S changes, or if
it goes Low after S has changed, the output is kept Low until
the other ("to-be-selected") clock has made a transition
from High to Low. At that instant, the new clock starts driv-
ing the output.

The two clock inputs can be asynchronous with regard to
each other, and the S input can change at any time, except
for a short setup time prior to the rising edge of the presently
selected clock; that is, prior to the rising edge of the
BUFGMUX output O. Violating this setup time requirement
can result in an undefined runt pulse output.

All Virtex-ll Pro devices have 16 global clock multiplexer
buffers.

Figure 49 shows a switchover from CLKO to CLK1.

Wait for Low

DS083-2_46_121701

Figure 49: Clock Multiplexer Waveform Diagram

e The current clock is CLKO.
* Sis activated High.

* If CLKO is currently High, the multiplexer waits for CLKO
to go Low.

¢ Once CLKO is Low, the multiplexer output stays Low
until CLK1 transitions High to Low.

*  When CLK1 transitions from High to Low, the output
switches to CLK1.

* No glitches or short pulses can appear on the output.

Digital Clock Manager (DCM)

The Virtex-ll Pro DCM offers a wide range of powerful clock
management features.

e Clock De-skew: The DCM generates new system
clocks (either internally or externally to the FPGA),
which are phase-aligned to the input clock, thus
eliminating clock distribution delays.

* Frequency Synthesis: The DCM generates a wide
range of output clock frequencies, performing very
flexible clock multiplication and division.

* Phase Shifting: The DCM provides both coarse phase
shifting and fine-grained phase shifting with dynamic
phase shift control.

The DCM utilizes fully digital delay lines allowing robust
high-precision control of clock phase and frequency. It also
utilizes fully digital feedback systems, operating dynamically
to compensate for temperature and voltage variations dur-
ing operation.

Up to four of the nine DCM clock outputs can drive inputs to
global clock buffers or global clock multiplexer buffers simul-
taneously (see Figure 50). All DCM clock outputs can simul-
taneously drive general routing resources, including routes
to output buffers.

DCM

CLKO [—
CLK9O [—
CLK180 [—
CLK270 [—

—CLKIN
—{CLKFB

————»|RST

CLK2X [—
CLK2X180 [—
----»{DSSEN CLKDV [—
----»|PSINCDEC  CLKEX }—»
----»|PSEN CLKFX180 |—

—»{PSCLK
LOCKED |---»
STATUS[7:0] | ---»

———clock signal PSDONE |---»

===~ control Signal DS031_67_112900

Figure 50: Digital Clock Manager

The DCM can be configured to delay the completion of the
Virtex-ll Pro configuration process until after the DCM has
achieved lock. This guarantees that the chip does not begin
operating until after the system clocks generated by the
DCM have stabilized.

The DCM has the following general control signals:
e RST input pin: resets the entire DCM

* LOCKED output pin: asserted High when all enabled
DCM circuits have locked.

e STATUS output pins (active High): shown in Table 21.
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Table 21: DCM Status Pins

Status Pin Function

0 Phase Shift Overflow
1 CLKIN Stopped

2 CLKFX Stopped

3 N/A

4 N/A

5 N/A

6 N/A

7 N/A

Clock De-skew

The DCM de-skews the output clocks relative to the input
clock by automatically adjusting a digital delay line. Addi-
tional delay is introduced so that clock edges arrive at inter-
nal registers and block RAMs simultaneously with the clock
edges arriving at the input clock pad. Alternatively, external
clocks, which are also de-skewed relative to the input clock,
can be generated for board-level routing. All DCM output
clocks are phase-aligned to CLKO and, therefore, are also
phase-aligned to the input clock.

To achieve clock de-skew, the CLKFB input must be con-
nected, and its source must be either CLKO or CLK2X. Note
that CLKFB must always be connected, unless only the
CLKFX or CLKFX180 outputs are used and de-skew is not
required.

Frequency Synthesis

The DCM provides flexible methods for generating new
clock frequencies. Each method has a different operating
frequency range and different AC characteristics. The
CLK2X and CLK2X180 outputs double the clock frequency.
The CLKDV output creates divided output clocks with divi-
sion options of 1.5, 2, 2.5, 3, 3.5,4,4.5,5,5.5,6,6.5,7, 7.5,
8,9, 10, 11, 12, 13, 14, 15, and 16.

The CLKFX and CLKFX180 outputs can be used to pro-
duce clocks at the following frequency:

FREQCLKFX = (M/D) L FREQCLKlN

All frequency synthesis outputs automatically have 50/50
duty cycles, with the exception of the CLKDV output when
performing a non-integer divide in high-frequency mode.
See Table 22 for more details.

Note that CLK2X and CLK2X180 are not available in
high-frequency mode.

Table 22: CLKDV Duty Cycle for Non-integer Divides

CLKDV_DIVIDE Duty Cycle
1.5 1/3
2.5 2/5
3.5 3/7
4.5 4/9
55 5/11
6.5 6/13
7.5 7/15
Phase Shifting

The DCM provides additional control over clock skew
through either coarse or fine-grained phase shifting. The
CLKO, CLK90, CLK180, and CLK270 outputs are each
phase shifted by % of the input clock period relative to each
other, providing coarse phase control. Note that CLK90 and
CLK270 are not available in high-frequency mode.

Fine-phase adjustment affects all nine DCM output clocks.
When activated, the phase shift between the rising edges of
CLKIN and CLKFB is a specified fraction of the input clock
period.

In variable mode, the PHASE_SHIFT value can also be
dynamically incremented or decremented as determined by
PSINCDEC synchronously to PSCLK, when the PSEN
input is active. Figure 51 illustrates the effects of fine-phase
shifting. For more information on DCM features, see the
Virtex-ll Pro User Guide.

Table 23 lists fine-phase shifting control pins, when used in
variable mode.

Table 23: Fine Phase Shifting Control Pins

Control Pin | Direction Function
where M and D are two integers. Specifications for M and D PSINCDEC In Increment or decrement
are provided under DCM Timing Parameters. By default, .
M =4 and D = 1, which results in a clock output frequency PSEN In Enable + phase shift
four times faster than the clock input frequency (CLKIN). PSCLK In Clock for phase shift
CLK2X180 is phase shifted 180 degrees relative to CLK2X. .
CLKFX180 is phase shifted 180 degrees relative to CLKFX. |~ SDONE Out | Active when completed
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CLKIN |

CLKOUT_PHASE_SHIFT
=NONE CLKFB |

CLKIN |

]

CLKOUT_PHASE_SHIFT

.
— —

CLKFB I /L— (PS/256) x PERIODCLKIN —*+=———(PS/256) x PERIODCLKIN —7/

=FIXED
(PS negative) (PS positive)
CLKIN | f I_
CLKOUT_PHASE_SHIFT I
—VARIABLE CLKFB /*(PS/256) x PERIODG( kN —= (PS/256) x PERIODG) KIN 7/ L
(PS negative) ' (PS positive)

DS031_48_110300

Figure 51: Fine-Phase Shifting Effects

Two separate components of the phase shift range must be
understood:

e PHASE_SHIFT attribute range
*  FINE_SHIFT_RANGE DCM timing parameter range

The PHASE_SHIFT attribute is the numerator in the following
equation:

Phase Shift (ns) = (PHASE_SH|FT/256) * PERIODCLKIN

The full range of this attribute is always -255 to +255, but its
practical range varies with CLKIN frequency, as constrained
by the FINE_SHIFT_RANGE component, which represents
the total delay achievable by the phase shift delay line. Total
delay is a function of the number of delay taps used in the
circuit. Across process, voltage, and temperature, this abso-
lute range is guaranteed to be as specified under DCM Tim-
ing Parameters.

Absolute range (fixed mode) = + FINE_SHIFT_RANGE
Absolute range (variable mode) = + FINE_SHIFT_RANGE/2

The reason for the difference between fixed and variable
modes is as follows. For variable mode to allow symmetric,
dynamic sweeps from -255/256 to +255/256, the DCM sets
the "zero phase skew" point as the middle of the delay line,

Table 24: DCM Frequency Ranges

thus dividing the total delay line range in half. In fixed mode,
since the PHASE_SHIFT value never changes after configu-
ration, the entire delay line is available for insertion into
either the CLKIN or CLKFB path (to create either positive or
negative skew).

Taking both of these components into consideration, the fol-
lowing are some usage examples:

e If PERIODg kN = 2 * FINE_SHIFT_RANGE, then
PHASE_SHIFT in fixed mode is limited to + 128, and in
variable mode it is limited to + 64.

e If PERIODg kN = FINE_SHIFT_RANGE, then
PHASE_SHIFT in fixed mode is limited to + 255, and in
variable mode it is limited to + 128.

e If PERIODg ki < 0.5 * FINE_SHIFT_RANGE, then
PHASE_SHIFT is limited to + 255 in either mode.

Operating Modes

The frequency ranges of DCM input and output clocks
depend on the operating mode specified, either
low-frequency mode or high-frequency mode, according to
Table 24. For actual values, see Virtex-ll Pro Switching
Characteristics (Module 3). The CLK2X, CLK2X180,

Low-Frequency Mode

High-Frequency Mode

Output Clock CLKIN Input CLK Output CLKIN Input CLK Output
CLKO, CLK180 CLKIN_FREQ_DLL_LF | CLKOUT_FREQ_1X_LF | CLKIN_FREQ_DLL_HF | CLKOUT_FREQ_1X_HF
CLK90, CLK270 CLKIN_FREQ_DLL_LF | CLKOUT_FREQ_1X_LF NA NA
CLK2X, CLK2X180 CLKIN_FREQ_DLL_LF | CLKOUT_FREQ_2X_LF NA NA

CLKDV

CLKIN_FREQ_DLL_LF

CLKOUT_FREQ_DV_LF

CLKIN_FREQ_DLL_HF

CLKOUT_FREQ_DV_HF

CLKFX, CLKFX180

CLKIN_FREQ_FX_LF

CLKOUT_FREQ_FX_LF

CLKIN_FREQ_FX_HF

CLKOUT_FREQ_FX_HF
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CLK90, and CLK270 outputs are not available in high-fre-
quency mode.

High or low-frequency mode is selected by an attribute.

Routing

DCM and MGT Locations/Organization

Virtex-1l Pro DCMs and serial transceivers (MGTs) are
placed on the top and bottom of each block RAM and multi-
plier column in some combination, as shown in Table 25.
The number of DCMs and Rocket I/O transceiver cores total
to twice the number of columns in the device. Refer to
Figure 40, page 59 for an illustration of this in the XC2VP4
device.

Table 25: DCM Organization

Device Columns DCMs MGTs
XC2vp2 4 4 4
XC2VP4 4 4 4
XC2vP7 6 4 8
XC2VP20 8 8 8
XC2VP50 12 8 16

Place-and-route software takes advantage of this regular
array to deliver optimum system performance and fast com-
pile times. The segmented routing resources are essential
to guarantee IP cores portability and to efficiently handle an
incremental design flow that is based on modular imple-
mentations. Total design time is reduced due to fewer and
shorter design iterations.

Hierarchical Routing Resources

Most Virtex-ll Pro signals are routed using the global rout-
ing resources, which are located in horizontal and vertical
routing channels between each switch matrix.

As shown in Figure 52, page 66, Virtex-ll Pro has fully buff-
ered programmable interconnections, with a number of
resources counted between any two adjacent switch matrix
rows or columns. Fanout has minimal impact on the perfor-
mance of each net.

* The long lines are bidirectional wires that distribute
signals across the device. Vertical and horizontal long
lines span the full height and width of the device.

* The hex lines route signals to every third or sixth block
away in all four directions. Organized in a staggered
pattern, hex lines can only be driven from one end.
Hex-line signals can be accessed either at the
endpoints or at the midpoint (three blocks from the
source).

e The double lines route signals to every first or second
block away in all four directions. Organized in a
staggered pattern, double lines can be driven only at
their endpoints. Double-line signals can be accessed
either at the endpoints or at the midpoint (one block
from the source).

* The direct connect lines route signals to neighboring
blocks: vertically, horizontally, and diagonally.

e The fast connect lines are the internal CLB local
interconnections from LUT outputs to LUT inputs.

Dedicated Routing

In addition to the global and local routing resources, dedi-
cated signals are available.

* There are eight global clock nets per quadrant. (See
Global Clock Multiplexer Buffers, page 60.)

* Horizontal routing resources are provided for on-chip
3-state buses. Four partitionable bus lines are provided
per CLB row, permitting multiple buses within a row.
(See 3-State Buffers, page 55.)

* Two dedicated carry-chain resources per slice column
(two per CLB column) propagate carry-chain MUXCY
output signals vertically to the adjacent slice. (See
CLB/Slice Configurations, page 55.)

¢ One dedicated SOP chain per slice row (two per CLB
row) propagate ORCY output logic signals horizontally
to the adjacent slice. (See Sum of Products, page 54.)

¢ One dedicated shift-chain per CLB connects the output
of LUTs in shift-register mode to the input of the next
LUT in shift-register mode (vertically) inside the CLB.
(See Shift Registers, page 50.)
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24 Horizontal Long Lines
24 Vertical Long Lines

120 Horizontal Hex Lines

120 Vertical Hex Lines

40 Horizontal Double Lines

40 Vertical Double Lines

umm

16 Direct Connections
(total in all four directions)

L L

8 Fast Connects -~
L
L

DS031_60_110200

Figure 52: Hierarchical Routing Resources

Configuration

Virtex-1l Pro devices are configured by loading application
specific configuration data into the internal configuration
memory. Configuration is carried out using a subset of the
device pins, some of which are dedicated, while others can
be re-used as general purpose inputs and outputs once
configuration is complete.

Depending on the system design, several configuration
modes are supported, selectable via mode pins. The mode
pins M2, M1 and MO are dedicated pins. An additional pin,
HSWAP_EN is used in conjunction with the mode pins to
select whether user I/0 pins have pull-ups during configura-
tion. By default, HSWAP_EN is tied High (internal pull-up)
which shuts off the pull-ups on the user I/O pins during con-
figuration. When HSWAP_EN is tied Low, user I/Os have
pull-ups during configuration. Other dedicated pins are
CCLK (the configuration clock pin), DONE, PROG_B, and
the boundary-scan pins: TDI, TDO, TMS, and TCK.
Depending on the configuration mode chosen, CCLK can
be an output generated by the FPGA, or an input accepting
an externally generated clock. The configuration pins and
boundary scan pins are independent of the V. The aux-
iliary power supply (Vccaux) of 2.5V is used for these pins.
See Virtex-ll Pro Switching Characteristics (Module 3).

A persist option is available which can be used to force the
configuration pins to retain their configuration function even
after device configuration is complete. If the persist option is

not selected then the configuration pins with the exception
of CCLK, PROG_B, and DONE can be used as user I/O in
normal operation. The persist option does not apply to the
boundary-scan related pins. The persist feature is valuable
in applications which employ partial reconfiguration or
reconfiguration on the fly.

Virtex-Il Pro supports the following five configuration
modes:

* Slave-Serial Mode

e Master-Serial Mode

e Slave SelectMAP Mode

* Master SelectMAP Mode

* Boundary-Scan (JTAG, IEEE 1532) Mode

Refer to Table 26, page 67.

A detailed description of configuration modes is provided in
the Virtex-1l Pro User Guide.

Slave-Serial Mode

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

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

Slave-serial mode is selected by applying [111] to the mode
pins (M2, M1, M0). A weak pull-up on the mode pins makes
slave serial the default mode if the pins are left uncon-
nected.

Master-Serial Mode

In master-serial mode, the CCLK pin is an output pin. It is the
Virtex-1l Pro FPGA device that drives the configuration clock
on the CCLK pin to a Xilinx Serial PROM which in turn feeds
bit-serial data to the DIN input. The FPGA accepts this data
on each rising CCLK edge. After the FPGA has been loaded,
the data for the next device in a daisy-chain is presented on
the DOUT pin after the rising CCLK edge.

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

Slave SelectMAP Mode

The SelectMAP mode is the fastest configuration option.
Byte-wide data is written into the Virtex-1l Pro FPGA device
with a BUSY flag controlling the flow of data. An external
data source provides a byte stream, CCLK, an active Low
Chip Select (CS_B) signal and a Write signal (RDWR_B). If
BUSY is asserted (High) by the FPGA, the data must be
held until BUSY goes Low. Data can also be read using the
SelectMAP mode. If RDWR_B is asserted, configuration
data is read out of the FPGA as part of a readback opera-
tion.

Table 26: Virtex-ll Pro Configuration Mode Pin Settings

After configuration, the pins of the SelectMAP port can be
used as additional user I/O. Alternatively, the port can be
retained to permit high-speed 8-bit readback using the per-
sist option.

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

Master SelectMAP Mode

This mode is a master version of the SelectMAP mode. The
device is configured byte-wide on a CCLK supplied by the
Virtex-Il Pro FPGA device. Timing is similar to the Slave
SerialMAP mode except that CCLK is supplied by the
Virtex-ll Pro FPGA.

Boundary-Scan (JTAG, IEEE 1532) Mode

In boundary-scan mode, dedicated pins are used for config-
uring the Virtex-Il Pro device. The configuration is done
entirely through the IEEE 1149.1 Test Access Port (TAP).
Virtex-ll Pro device configuration using Boundary scan is
compliant with IEEE 1149.1-1993 standard and the new
IEEE 1532 standard for In-System Configurable (ISC)
devices. The IEEE 1532 standard is backward compliant
with the IEEE 1149.1-1993 TAP and state machine. The
IEEE Standard 1532 for In-System Configurable (ISC)
devices is intended to be programmed, reprogrammed, or
tested on the board via a physical and logical protocol. Con-
figuration through the boundary-scan port is always avail-
able, independent of the mode selection. Selecting the
boundary-scan mode simply turns off the other modes.

Configuration Mode(!) M2 M1 Mo CCLK Direction | Data Width | Serial Doyt
Master Serial 0 0 Out 1 Yes
Slave Serial 1 1 In 1 Yes
Master SelectMAP 0 1 Out 8 No
Slave SelectMAP 1 1 In 8 No
Boundary Scan 1 0 N/A 1 No
Notes:

1. The HSWAP_EN pin controls the pullups. Setting M2, M1, and MO selects the configuration mode, while the HSWAP_EN pin controls

whether or not the pullups are used.

2. Daisy chaining is possible only in modes where Serial Doyt is used. For example, in SelectMAP modes, the first device does NOT

support daisy chaining of downstream devices.
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Table 27 lists the total number of bits required to configure
each device.

Table 27: Virtex-ll Pro Bitstream Lengths

Number of

Device Configuration Bits
XC2vP2 1,305,440
XC2VP4 3,006,560
XC2vP7 4,485,472
XC2VP20 8,214,624
XC2VP50 19,021,408

Configuration Sequence

The configuration of Virtex-ll Pro devices is a three-phase
process. First, the configuration memory is cleared. Next,
configuration data is loaded into the memory, and finally, the
logic is activated by a start-up process.

Configuration is automatically initiated on power-up unless
it is delayed by the user. The INIT_B pin can be held Low
using an open-drain driver. An open-drain is required since
INIT_B is a bidirectional open-drain pin that is held Low by a
Virtex-1l Pro FPGA device while the configuration memory
is being cleared. Extending the time that the pin is Low
causes the configuration sequencer to wait. Thus, configu-
ration is delayed by preventing entry into the phase where
data is loaded.

The configuration process can also be initiated by asserting
the PROG_B pin. The end of the memory-clearing phase is
signaled by the INIT_B pin going High, and the completion
of the entire process is signaled by the DONE pin going
High. The Global Set/Reset (GSR) signal is pulsed after the
last frame of configuration data is written but before the
start-up sequence. The GSR signal resets all flip-flops on
the device.

The default start-up sequence is that one CCLK cycle after
DONE goes High, the global 3-state signal (GTS) is
released. This permits device outputs to turn on as neces-
sary. One CCLK cycle later, the Global Write Enable (GWE)
signal is released. This permits the internal storage ele-
ments to begin changing state in response to the logic and
the user clock.

The relative timing of these events can be changed via con-
figuration options in software. In addition, the GTS and
GWE events can be made dependent on the DONE pins of
multiple devices all going High, forcing the devices to start
synchronously. The sequence can also be paused at any
stage, until lock has been achieved on any or all DCMs, as
well as DCI.

Readback

In this mode, configuration data from the Virtex-1l Pro FPGA
device can be read back. Readback is supported only in the
SelectMAP (master and slave) and Boundary Scan mode.

Along with the configuration data, it is possible to read back
the contents of all registers, distributed SelectRAM, and
block RAM resources. This capability is used for real-time
debugging. For more detailed configuration information, see
the Virtex-1l Pro User Guide.

Bitstream Encryption

Virtex-ll Pro devices have an on-chip decryptor using one or
two sets of three keys for triple-key Data Encryption Stan-
dard (DES) operation. Xilinx software tools offer an optional
encryption of the configuration data (bitstream) with a tri-
ple-key DES determined by the designer.

The keys are stored in the FPGA by JTAG instruction and
retained by a battery connected to the Vgart pin, when the
device is not powered. Virtex-1l Pro devices can be config-
ured with the corresponding encrypted bitstream, using any
of the configuration modes described previously.

A detailed description of how to use bitstream encryption is
provided in the Virtex-Il Pro User Guide. Your local FAE can
also provide specific information on this feature.

Partial Reconfiguration

Partial reconfiguration of Virtex-l1l Pro devices can be
accomplished in either Slave SelectMAP mode or Bound-
ary-Scan mode. Instead of resetting the chip and doing a
full configuration, new data is loaded into a specified area of
the chip, while the rest of the chip remains in operation.
Data is loaded on a column basis, with the smallest load unit
being a configuration “frame” of the bitstream (device size
dependent).

Partial reconfiguration is useful for applications that require
different designs to be loaded into the same area of a chip,
or that require the ability to change portions of a design
without having to reset or reconfigure the entire chip.
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Revision History

This section records the change history for this module of the data sheet.

Date

Version

Revision

01/31/02

1.0

Initial Xilinx release.

Virtex-ll Pro Data Sheet Modules

The Virtex-ll Pro Data Sheet contains the following modules:

e Virtex-ll Pro Platform FPGAs: Introduction and e Virtex-ll Pro Platform FPGAs: DC and Switching
Overview (Module 1)

¢ Virtex-ll Pro Platform FPGAs: Functional

Description (Module 2)

Characteristics (Module 3)

¢ Virtex-ll Pro Platform FPGAs: Pinout Information
(Module 4)
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Advance Product Specification

Virtex-ll Pro Electrical Characteristics

Virtex™-1l Pro devices are provided in -8, -7, and -6 speed
grades, with -8 having the highest performance.

Virtex-Il Pro DC and AC characteristics are specified for
both commercial and industrial grades. Except the operat-
ing temperature range or unless otherwise noted, all the DC
and AC electrical parameters are the same for a particular
speed grade (that is, the timing characteristics of a -6 speed
grade industrial device are the same as for a -6 speed grade

Virtex-ll Pro DC Characteristics

Table 1: Absolute Maximum Ratings

commercial device). However, only selected speed grades
and/or devices might be available in the industrial range.

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

All specifications are subject to change without notice.

Symbol Description Units
VeeInT Internal supply voltage relative to GND -0.5t0 1.65 \
Veeaux | Auxiliary supply voltage relative to GND -0.51t0 3.45 \Y
Veeco Output drivers supply voltage relative to GND -0.51t0 3.45 \Y
VBATT Key memory battery backup supply -0.510 3.45 \Y
VREr Input reference voltage -0.510 3.45 \
VN Input voltage relative to GND (user and dedicated 1/Os) -0.5( t0 3.45(4) v
V1s Voltage applied to 3-state output (user and dedicated 1/0s) -0.50) t0 3.450) v
Veeauxrx | Auxilliary supply voltage relative to analog ground, GNDA (Rocket I/O pins) -0.51t0 3.45 \Y
VeeauxTx | Auxilliary supply voltage relative to analog ground, GNDA (Rocket 1/O pins) -0.510 3.45 \Y
V1rx Terminal transmit supply voltage relative to GND (Rocket I/O pins) -0.51t0 3.45 \Y
VT1Rx Terminal receive supply voltage relative to GND (Rocket I/O pins) -0.5103.45 \Y
Tsta Storage temperature (ambient) -65 to +150 °C
TsoL Maximum soldering temperature +220 °C
Ty Operating junction temperature +125 °C

Notes:

1. Stresses beyond those listed under Absolute Maximum Ratings might 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 might affect device reliability.

2. For 3.3V I/O standards only, I/O input pin voltage, including negative undershoot, must not fall below 0.0V, either on a continuous or
transient basis (i.e., no negative undershoot is allowed). See Table 6, page 74.

3. For 3.3V I/O standards only, I/O output pin voltage while in 3-state mode must not fall below 0.0V, either on a continuous or transient

basis. See Table 6, page 74.

>

I/0 input pin voltage, including overshoot, must not exceed 3.45V, either on a continuous or transient basis.

5. /O output pin voltage while in 3-state mode must not exceed 3.45V, either on a continuous or transient basis.

© 2002 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 2: Recommended Operating Conditions

Symbol Description Min Max Units
v Internal supply voltage relative to GND, T; = 0 °C to +85°C Commercial | 1.425 | 1.575 \Y
CCINT
Internal supply voltage relative to GND, T; = —40°C to +100°C Industrial 1.425 | 1.575
) Auxiliary supply voltage relative to GND, T; = 0 °C to +85°C Commercial | 2.375 | 2.625 \Y
Veeaux
Auxiliary supply voltage relative to GND, T; = —40°C to +100°C Industrial 2.375 | 2.625 \Y
Ve (@) Supply voltage relative to GND, T, = 0 °C to +85°C Commercial | 1.2 | 3.45(4) V
ceo Supply voltage relative to GND, T, = —40°C to +100°C Industrial 12 | 3.454) v
v @ Battery voltage relative to GND, T; = 0 °C to +85°C Commercial 1.0 2.63 Vv
BATT
Battery voltage relative to GND, T; = —40°C to +100°C Industrial 1.0 2.63 \%
VCCAUXRX, Auxilliary supply voltage relative to GNDA Commercial | 2.375 | 2.625 \Y
Vecauxtx Auxilliary supply voltage relative to GNDA Industrial 2.375 | 2.625 \Y
Terminal supply voltage relative to GND Commercial 1.8 2.625 \Y
V11X, VTRX , , -
Terminal supply voltage relative to GND Industrial 1.8 2.625 \'%
Notes:
1. For LVDS operation, Vecaux min is 2.37V and max is 2.63V.
2. Configuration data is retained even if Vg drops to OV.
3. If battery is not used, do not connect Vgart
4. For 3.3V operation, see Table 4-1, page 448, for banking information.
Table 3: DC Characteristics Over Recommended Operating Conditions
Symbol Description Device Min | Typ | Max | Units
Data retention Vg Nt Voltage
VDRINT (below which configuration data might be lost) Al 1.2 v
Vv Data retention Vcayx Voltage Al Vv
DRI (below which configuration data might be lost)
IREF VReg current per bank All unA
I Input or output leakage current per pin All UA
Cin Input capacitance (sample tested) All pF
| Pad pull-up (when selected) @ V;, = 0V, Vo = 3.3V Al Note mA
RPU (sample tested) (1)
| Pad pull-down (when selected) @ V,, = 3.6V Al Note mA
RPD (sample tested) (1)
lccauxTtx | Operating VocauxTx supply current 60 mA
lccauxrx | Operating Vecauxrx supply current 35 mA
| Operating Ittx supply current when transmitter is AC coupled 30 mA
TTX
Operating Ittx supply current when transmitter is DC coupled 15 mA
| Operating Itrx supply current when receiver is AC coupled TBD mA
TRX
Operating Itrx supply current when receiver is DC coupled 15 mA
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Table 3: DC Characteristics Over Recommended Operating Conditions (Continued)

Symbol Description Device Min | Typ | Max | Units
Pcpu Power dissipation of PowerPC 405 processor block /nh}lvl-\{z
Power dissipation of Rocket /O @ 3.125 Gb/s per channel 350 mwW
PRrxTX Power dissipation of Rocket I/O @ 2.5 Gb/s per channel 310 mW
Power dissipation of Rocket /0 @ 1.25 Gb/s per channel 230 mW
Notes:

1. 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.

Table 4: Quiescent Supply Current

Symbol Description Device Min | Typ | Max | Units
lccinTa Quiescent Vg nT Supply current XC2VP2 mA
XC2VP4 mA
XC2VP7 mA
XC2VP20 mA
XC2VP50 mA
lccoq Quiescent Vg supply current XCa2vp2 mA
XC2VP4 mA
XC2VP7 mA
XC2VP20 mA
XC2VP50 mA
lccauxa Quiescent Vgcaux supply current XCavp2 mA
XC2VP4 mA
XC2VP7 mA
XC2VP20 mA
XC2VP50 mA
Notes:

1. With no output current loads, no active input pull-up resistors, all I/O pins are 3-state and floating.
2. 1f DCI or differential signaling is used, more accurate quiescent current estimates can be obtained by using the Power Estimator or

XPOWER™.

Power-On Power Supply Requirements

Xilinx FPGAs require a certain amount of supply current
during power-on to insure proper device operation. The
actual current consumed depends on the power-on ramp
rate of the power supply.

The Veeoint Vecaux, @and Veco power supplies must ramp
on no faster than 100 ps and no slower than 50 ms. Ramp
on is defined as: 0 Vp¢ to minimum supply voltages (see
Table 2, page 72).

Vecaux @and Veeo for bank 4 must be connected together
(2.5 Vpc) to meet the following specification.

Table 5, page 74, shows the minimum current required by
Virtex-Il Pro devices for proper power on and configuration.

Power supplies can be turned on in any sequence, as long
as Vecaux and Vo are connected together for bank 4.

If any Voo bank powers up before Vecaux, then each
bank draws up to 600 mA, worst case, until the Vocaux
powers on. This does not harm the device. (Note that the
600 mA is peak transient current, which eventually dissi-
pates even if Vccaux does not power on.)
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If the currents minimums shown in Table 5 are met, the
device powers on properly after all three supplies have
passed through their power-on reset threshold voltages.

Table 5: Power-On Current for Virtex-ll Pro Devices

Once initialized and configured, use the power calculator to
estimate current drain on these supplies.

Device
Symbol XC2VP2 XC2VP4 XC2VP7 XC2VP20 XC2VP50 Units
ICCINTMIN 250 250 250 250 500 mA
ICCAUXMIN 250 250 250 250 250 mA
lccoMIN 10 10 10 10 10 mA

Selectl/O DC Input and Output Levels

Values for V|_and V)4 are recommended input voltages.
Values for Ig_ and lpy are guaranteed over the recom-
mended operating conditions at the Vg and Vg test
points. Only selected standards are tested. These are cho-

sen to ensure that all standards meet their specifications.
The selected standards are tested at minimum Voo with
the respective Vg and Vg voltage levels shown. Other
standards are sample tested.

Table 6: DC Input and Output Levels

Input/Output ViL Vin VoL VoH loL loH
Standard V, min V, max V, min V, max V, Max V, Min mA mA
LvTTLM 0.0 0.8 2.0 Veeo 0.4 24 24 24
LVCMOS33 0.0 0.8 2.0 Veeo 0.4 Vcco - 0.4 24 24
LVCMOS25 -0.5 0.7 1.7 Veco + 0.4 0.4 Vcco - 0.4 24 —24
LVCMOS18 -0.5 20% Veco 70% Veco | Veco+ 04 0.4 Vceo — 0.45 16 -16
LVCMOS15 -0.5 20% Veco 70% Veco | Veco+ 0.4 0.4 Veeo — 0.45 16 -16
PCI33_3(2) 0.0 30% Vceo 50% Vcco Veeo 10% Veeo 90% Vceo
PCl66_3(2) 0.0 30% Vceo 50% Vcco Veeo 10% Veeo 90% Vceo
GTLP —0.5 VRer — 0.1 VRer + 0.1 Vceo+ 0.4 0.6 n/a 36 n/a
GTL -0.5 VRer —0.05 | Vggr+0.05 | Vggo+ 0.4 0.4 n/a 40 n/a
HSTL I -0.5 Vgeg — 0.1 Vper +0.1 | Vgeo+0.4 0.4 Veeo - 0.4 8() -80)
HSTLII -0.5 Vger — 0.1 Vger + 0.1 Veco + 0.4 0.43) Veeo — 0.4 1603) -160)
HSTL Il -0.5 VRer — 0.1 VRer + 0.1 Veco + 0.4 0.4 Veco— 0.4 24() -89
HSTL IV -0.5 Vger — 0.1 VRer + 0.1 Veco + 0.4 0.4 Veco— 0.4 48(3) -89
SSTL3 | 0.0 Vger — 0.2 VRer + 0.2 Veeo VRer — 0.6 VRer + 0.6 8 -8
SSTL3 I 0.0 Vger — 0.2 VRer + 0.2 Veeo VRer — 0.8 Vger + 0.8 16 -16
SSTL2| -0.5 Vger — 0.2 VRer +0.2 | Voco+0.4 | Vpgr—0.61 | Vger +0.65 7.6 -7.6
SSTL2 11 -0.5 VRer — 0.2 VRer +0.2 | Veco+0.4 | VRgr—0.80 | VRer+0.80 15.2 -15.2
Notes:

1. VoL and Vpy for lower drive currents are sample tested. The DONE pin is always CMOS 2.5 12 mA.
2. For optimum performance, it is recommended that PCI be used in conjunction with LVDCI_33. Contact Xilinx for more details.
3. This applies to 1.5V and 1.8V HSTL.
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LDT DC Specifications (LDT_25)

Table 7: LDT DC Specifications

DC Parameter Symbol Conditions Min Typ Max | Units
Supply Voltage Veeo 2.38 25 2.63 \
Differential Output Voltage Vobp Rt = 100 ohm across Q and Q signals 500 600 700 mV
Change in Vgop Magnitude AVop -15 15 mV
Output Common Mode Voltage Vocm Rt = 100 ohm across Q and Q signals 560 600 640 mV
Change in Vg Magnitude AVocm -15 15 mV
Input Differential Voltage Vip 200 600 1000 mV
Change in V|p Magnitude AVp -15 15 mV
Input Common Mode Voltage Viem 500 600 700 mV
Change in Vg Magnitude AViem -15 15 mV
LVDS DC Specifications (LVDS_25)
Table 8: LVDS DC Specifications
DC Parameter Symbol Conditions Min Typ Max | Units
Supply Voltage Veeo 2.38 25 2.63 \
Output High Voltage for Q and Q Von | Ry =100 Q across Q and Q signals 1475 | V
Output Low Voltage for Q and Q VoL | Rr=100Q across Q and Q signals | 0.925 v
Differential Output Voltage (Q — Q), _ = o
Q = High (@ - Q), Q = High Vopirr | Rt =100 Q across Q and Q signals 250 350 400 mV
Output Common-Mode Voltage Vocm | Ry =100 Q across Q and Q signals 1.125 1.2 1.275 \
Differential Input Voltage (Q - Q), ) , B
Q = High (@ — Q), Q = High Vipire | Common-mode input voltage = 1.25V | 100 350 600 mV
Input Common-Mode Voltage Vicm | Differential input voltage = £350 mV 0.3 1.2 2.2 \
Extended LVDS DC Specifications (LVDSEXT_25)
Table 9: Extended LVDS DC Specifications
DC Parameter Symbol Conditions Min Typ Max | Units
Supply Voltage Veeo 2.38 25 2.63 \
Output High Voltage for Q and Q Vou | Ry =100 Q across Q and Q signals 1.70 v
Output Low Voltage for Q and Q VoL | Ry =100 Q across Q and Q signals | 0.705 %
Differential Output Voltage (Q — Q), _ = o
Q = High (@ - Q), Q = High Vopire | Rt =100 Q across Q and Q signals 440 820 mV
Output Common-Mode Voltage Vocm | Bt =100 Q across Q and Q signals 1.125 | 1.200 | 1.275 Vv
Differential Input Voltage (Q — Q), ) , B
Q = High (@ - Q), Q = High Vipier | Common-mode input voltage = 1.25V | 100 1000 mV
Input Common-Mode Voltage Vicm | Differential input voltage = £350 mV 0.3 1.2 2.2 \
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Rocket I/0 DC Input and Output Levels
Table 10: Rocket I/O DC Specifications

DC Parameter Symbol Conditions Min Typ Max | Units
Peak-to-Peak Differential Input Voltage DV 175 mV
800 mV
1000 mV
Peak-to-Peak Differential Output Voltage('2) | DVt 1200 mV
1400 mV
1600 mV

Notes:

1. Output swing levels are selectable using TX_DIFF_CTRL attribute. See the Rocket I/O Transceiver section in Chapter 2, or refer to
the Rocket I/O User Manual for details.

2. Output preemphasis levels are selectable at 10% (default), 20%, 25%, and 33% using the TX_PREEMPHASIS attribute. See the
Rocket I/0 Transceiver section in Chapter 2 or the Rocket I/O User Manual for detalils.
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Virtex-ll Pro Performance Characteristics
This section provides the performance characteristics of  Table 11 provides pin-to-pin values (in nanoseconds)

some common functions and designs implemented in
Virtex-1l Pro devices. The numbers reported here are fully
characterized worst-case values. Note that these values are

subject to the same guidelines as Virtex-ll Pro Switching

Characteristics, page 79 (speed files).

Table 11: Pin-to-Pin Performance

including 10B delays; that is, delay through the device from
input pin to output pin. In the case of multiple inputs and out-
puts, the worst delay is reported.

Description

Pin-to-Pin (w/ I/O delays)

Device Used & Speed Grade

Basic Functions:

16-bit Address Decoder

32-bit Address Decoder

64-bit Address Decoder

4:1 MUX

8:1 MUX

16:1 MUX

32:1 MUX

Combinatorial (pad to LUT to pad)

Memory:

Block RAM

Pad to setup

Clock to Pad

Distributed RAM

Pad to setup

Clock to Pad

Table 12 shows internal (register-to-register) performance. Values are reported in MHz.

Table 12: Register-to-Register Performance

Description

Register-to-Register Performance

Device Used & Speed Grade

Basic Functions:

16-bit Address Decoder

32-bit Address Decoder

64-bit Address Decoder

4:1 MUX

8:1 MUX

16:1 MUX

32:1 MUX

Register to LUT to Register

8-bit Adder

16-bit Adder
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Table 12: Register-to-Register Performance (Continued)

Description

Register-to-Register Performance

Device Used & Speed Grade

64-bit Adder

64-bit Counter

64-bit Accumulator

Multiplier 18x18 (with Block RAM inputs)

Multiplier 18x18 (with Register inputs)

Memory:

Block RAM

Single-Port 4096 x 4 bits

Single-Port 2048 x 9 bits

Single-Port 1024 x 18 bits

Single-Port 512 x 36 bits

Dual-Port A:4096 x 4 bits & B:1024 x 18 bits

Dual-Port A:1024 x 18 bits & B:1024 x 18 bits

Dual-Port A:2048 x 9 bits & B: 512 x 36 bits

Distributed RAM

Single-Port 32 x 8-bit

Single-Port 64 x 8-bit

Single-Port 128 x 8-bit

Dual-Port 16 x 8

Dual-Port 32 x 8

Dual-Port 64 x 8

Dual-Port 128 x 8

Shift Registers

128-bit SRL

256-bit SRL

FIFOs (Async. in Block RAM)

1024 x 18-bit

1024 x 18-bit

FIFOs (Sync. in SRL)

128 x 8-bit

128 x 16-bit

CAMs in Block RAM

32 x 9-bit

64 x 9-bit

128 x 9-bit

256 x 9-bit
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Table 12: Register-to-Register Performance (Continued)

Description

Register-to-Register Performance

Device Used & Speed Grade

CAMs in SRL

32 x 16-bit

64 x 32-bit

128 x 40-bit

256 x 48-bit

1024 x 16-bit

1024 x 72-bit

Virtex-ll Pro Switching Characteristics

Switching  characteristics are  specified on a
per-speed-grade basis and can be designated as Advance,
Preliminary, or Production. Note that Virtex-ll Pro Perfor-
mance Characteristics, page 77 are subject to these
guidelines, as well. Each designation is defined as follows:

Advance: These speed files are based on simulations only
and are typically available soon after device design specifi-
cations are frozen. Although speed grades with this desig-
nation are considered relatively stable and conservative,
some under-reporting might still occur.

Preliminary: These speed files are based on complete ES
(engineering sample) silicon characterization. Devices and
speed grades with this designation are intended to give a
better indication of the expected performance of production
silicon. The probability of under-reporting delays is greatly
reduced as compared to Advance data.

Production: These speed files are released once enough
production silicon of a particular device family member has
been characterized to provide full correlation between
speed files and devices over numerous production lots.
There is no under-reporting of delays, and customers
receive formal notification of any subsequent changes. Typ-
ically, the slowest speed grades transition to Production
before faster speed grades.

Since individual family members are produced at different
times, the migration from one category to another depends
completely on the status of the fabrication process for each

device. Table 13 correlates the current status of each
Virtex-ll Pro device with a corresponding speed file desig-
nation.

All specifications are always representative of worst-case
supply voltage and junction temperature conditions.

Table 13: Virtex-ll Pro Device Speed Grade
Designations

Speed Grade Designations
Device Advance Preliminary | Production
XC2VP2 -8,-7,-6
XC2VP4 -8,-7,-6
XC2VP7 -8,-7,-6
XC2VP20 -8,-7,-6
XC2VP50 -8,-7,-6

Testing of Switching Characteristics

All devices are 100% functionally tested. Internal timing
parameters are derived from measuring internal test pat-
terns. Listed below are representative values. For more
specific, more precise, and worst-case guaranteed data,
use the values reported by the static timing analyzer (TRCE
in the Xilinx Development System) and back-annotate to the
simulation net list. Unless otherwise noted, values apply to
all Virtex-1l Pro devices.
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PowerPC Switching Characteristics

Table 14: Processor Clocks Absolute AC Characteristics

Speed Grade

-8 -7 -6
Description Min Max Min Max Min Max Units
CPMC405CLOCK frequency MHz
JTAGC405TCK frequency(?) MHz

Notes:

1. The theoretical maximum frequency of this clock is one-half the CPMC405CLOCK. However, the achievable maximum is dependent

on the system, and will be much less

Table 15: Processor Block Switching Characteristics

Speed Grade
Description Symbol -8 -7 -6 Units
Setup and Hold Relative to Clock
(CPMC405CLOCK)
Device Control Register Bus control Tpceck_PCR/Mpekc_DCR ns, min
inputs
Device Control Register Bus data Tppck_PCR/Mpckp_DCR ns, min
inputs
Clock and Power Management Tpcck_ CPM/Tpckc_CPM ns, min
control inputs
Reset control inputs Tpceck RST/Tpckc_RST ns, min
Debug control inputs Tpcck_PBG/Tpekc_DBG ns, min
Trace control inputs Tpcck TRC/Tpckc_TRC ns, min
External Interrupt Controller control Tpcck_EIC/ Tpekc_EIC ns, min
inputs
Clock to Out
Device Control Register Bus control Teckco_PCR ns, max
outputs
Device Control Register Bus Tpeckao_DCR ns, max
address outputs
Device Control Register Bus data Teckpo_PCR ns, max
outputs
Clock and Power Management Teckco_CPM ns, max
control outputs
Reset control outputs Tpckco_RST ns, max
Debug control outputs Teckco_DBG ns, max
Trace control outputs Tpckco_TRC ns, max
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Table 15: Processor Block Switching Characteristics (Continued)

Speed Grade

Description Symbol -8 -7 -6 Units
Clock
CPMC405CLOCK minimum pulse TcpwH ns, min
width, high
CPMC405CLOCK minimum pulse TepwL ns, min
width, low
Table 16: Processor Block PLB Switching Characteristics
Speed Grade
Description Symbol -8 -7 -6 Units
Setup and Hold Relative to Clock
(PLBCLK)
Processor Local Bus(ICU/DCU) Tpcck_PLB/Tpckc_PLB ns, min
control inputs
Processor Local Bus (ICU/DCU) Tpepck_PLB/Tpckp_PLB ns, min
data inputs
Clock to Out
Processor Local Bus(ICU/DCU) Tpckco_PLB ns, max
control outputs
Processor Local Bus(ICU/DCU) Tpckao_PLB ns, max
address bus outputs
Processor Local Bus(ICU/DCU) Tpckpo_PLB ns, max
data bus outputs
Clock
PLBCLK minimum pulse width, high TepwH ns, min
PLBCLK minimum pulse width, low TepwL ns, min
Table 17: Processor Block JTAG Switching Characteristics
Speed Grade
Description Symbol -8 -7 -6 Units
Setup and Hold Relative to Clock
(JTAGC405TCK)
JTAG control inputs Tpcck JTAG/ Tpckc_JTAG ns, min
JTAG reset input Tpcck JTAGRST/ ns, min
Tpckc_JTAGRST
Clock to Out
JTAG control outputs Tpckco_JTAG ns, max
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Table 17: Processor Block JTAG Switching Characteristics (Continued)

Speed Grade
Description Symbol -8 -7 -6 Units
Clock
JTAGC405TCK minimum pulse TipwH ns, min
width, high
JTAGC405TCK minimum pulse TypwL ns, min
width, low
Table 18: PowerPC 405 Data-Side On-Chip Memory Switching Characteristics
Speed Grade
Description Symbol -8 -7 -6 Units
Setup and Hold Relative to Clock
(BRAMDSOCMCLK)
Data-Side On-Chip Memory data Tppck_DSOCM/Tpckp_DSOCM ns, min
bus inputs
Clock to Out
Data-Side On-Chip Memory control Tpckco_DSOCM ns, max
outputs
Data-Side On-Chip Memory Tpckao_DSOCM ns, max
address bus outputs
Data-Side On-Chip Memory data Tpckpo_DSOCM ns, max
bus outputs
Clock
BRAMDSOCMCLK minimum pulse ToPwH ns, min
width, high
BRAMDSOCMCLK minimum pulse TopwL ns, min
width, low
Table 19: PowerPC 405 Instruction-Side On-Chip Memory Switching Characteristics
Speed Grade
Description Symbol -8 -7 -6 Units
Setup and Hold Relative to Clock
(BRAMISOCMCLK)
Instruction-Side On-Chip Memory Tppck_ISOCM/Tpckp_ISOCM ns, min
data bus inputs
Clock to Out
Instruction-Side On-Chip Memory Tpckco_ISOCM ns, max
control outputs
Instruction-Side On-Chip Memory Tpckao_ISOCM ns, max
address bus outputs
Instruction-Side On-Chip Memory Tpckpo_ISOCM ns, max
data bus outputs

82 www.Xxilinx.com
1-800-255-7778

DS083-3 (v1.0) January 31, 2002
Advance Product Specification


http://www.xilinx.com

S XILINX® Virtex-ll Pro Platform FPGAs: DC and Switching Characteristics

Table 19: PowerPC 405 Instruction-Side On-Chip Memory Switching Characteristics (Continued)

Speed Grade
Description Symbol -8 -7 -6 Units
Clock
BRAMISOCMCLK minimum pulse TiPwH ns, min
width, high
BRAMISOCMCLK minimum pulse TipwL ns, min
width, low

Rocket I/0 Switching Characteristics
Table 20: Rocket I/O Reference Clock Switching Characteristics

All Speed Grades

Description Symbol Conditions Min Typ Max Units
REFCLK frequency range(?) FacLk 40 | Note(1) | 156.25 | MHz
REFCLK frequency tolerance FatoL +100 | ppm
REFCLK rise time TRoLk 20% — 80% ns
REFCLK fall time TroLk 20% — 80% ns
REFCLK duty cycle TocRer 45 50 55 %
REFCLK total jitter TeuTT peak-to-peak 40 ps
Clock recovery frequency acquisition time TLock 10 us
Clock recovery phase acquisition time TpHASE 960 bits
Bit error rate BER 1012

Notes:
1. REFCLK frequency is typically 1/20 of serial data rate.

DS083-3_01_101801

Figure 1: Reference Clock (REFCLK) Timing Parameters
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Table 21: Rocket I/O Receiver Switching Characteristics

Description Symbol Conditions Min Typ Max Units
Receive total jitter tolerance TyroL 0.65 uim
Receive deterministic jitter tolerance TpytoL 0.41 ul
Receive latency () TRXLAT 25 a2 | PR
cycles
RXUSRCLK duty cycle TrxDC 45 50 55 %
RXUSRCLK2 duty cycle TrxoDC 45 50 55 %
Bit error rate BER 1012

Notes:
1. Ul =Unit Interval
2. Receive latency delay from RXP/RXN to RXDATA
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Figure 2: Receive Latency (Maximum)
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Table 22: Rocket I/O Transmitter Switching Characteristics

Description Symbol Conditions Min Typ Max Units
Flipchip packages 0.800 3.125 | Gb/s
Serial data rate, full-speed clock :
E Wirebond packages 0.800 2.5 Gb/s
GTX Flipchip packages 0.600 1.0 | Gbis
Serial data rate, half-speed clock :
Wirebond packages 0.600 1.0 Gb/s
Serial data output deterministic jitter Toy 0.18 uim
Serial data output random jitter TRy 0.17 ul
TX rise time T 120 S
ATX 20% — 80% °
TX fall time TFTX 120 ps
Including CRC 14 17 TXUSR
Transmit latency (2) TTxLAT CLK
Excluding CRC 8 11 cycles
TXUSRCLK duty cycle T1xpe 45 50 55 %
TXUSRCLK2 duty cycle T1xopC 45 50 55 %
Notes:
1. Ul =Unit Interval
2. Transmit latency delay from TXDATA to TXP/TXN
I ! i |
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Figure 3: Transmit Latency (Maximum, Including CRC)
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Table 23: Rocket /0 RXUSRCLK Switching Characteristics

Speed Grade

Description Symbol -8 -7 -6 Units
Setup and Hold Relative to Clock
(RXUSRCLK)
CHBONDI control inputs Tecok_CHBITgeke CHBI ‘ ‘ ‘ ns, min
Clock to Out
CHBONDO control outputs Tackco_CHBO ‘ ‘ ‘ ns, max
Clock
RXUSRCLK minimum pulse width, High TepwH_RX ns, min
RXUSRCLK minimum pulse width, Low TepwL_RX ns, min
Table 24: Rocket /0 RXUSRCLK2 Switching Characteristics
Speed Grade
Description Symbol -8 -7 -6 Units
Setup and Hold Relative to Clock
(RXUSRCLK?2)
RXRESET control input Tecock_RRST/Tgokc_RRST ns, min
RXPOLARITY control input TacekRPOUT gekeRPOL ns, min
ENCHANSYNC control input Tacek_ECSY/MTgekc_ECSY ns, min
Clock to Out
RXNOTINTABLE status outputs TaoksT_RNIT ns, max
RXDISPERR status outputs TaeksT_RDERR ns, max
RXCHARISCOMMA status outputs TacksT_RCMCH ns, max
RXREALIGN status output TaeksT_ALIGN ns, max
RXCOMMADET status output TaeksT_CMDT ns, max
RXLOSSOFSYNC status outputs TaeksT_RLOS ns, max
RXCLKCORCNT status outputs TaeksT_RCCCNT ns, max
RXBUFSTATUS status outputs TaeksT_RBSTA ns, max
RXCHECKINGCRC status output TaceksT_RCCRC ns, max
RXCRCERR status output Taekst_RCRCE ns, max
CHBONDDONE status output TaeksT_CHBD ns, max
RXCHARISK status outputs TaeksT_RKCH ns, max
RXRUNDISP status outputs TeeksT_RRDIS ns, max
RXDATA data outputs Tackpo_RDAT ns, max
Clock
RXUSRCLK2 minimum pulse width, High TepwH_RX2 ns, min
RXUSRCLK2 minimum pulse width, Low Tepw_RX2 ns, min
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Table 25: Rocket /0 TXUSRCLK Switching Characteristics

Speed Grade

Advance Product Specification

1-800-255-7778

Description Symbol -8 -7 -6 Units
Setup and Hold Relative to Clock
(TXUSRCLK2)
CONFIGENABLE control input Tecck_CFGEN/Tgekc_CFGEN ns, min
TXBYPASS8B10B control inputs Tecck_TBYP/Tgckc_TBYP ns, min
TXFORCECRCERR control input Tacek_TCRCE/Tgckc_TCRCE ns, min
TXPOLARITY control input Taeek_TPOUTgekeTPOL ns, min
TXINHIBIT control inputs Taeek TINH/Tgcke_TINH ns, min
LOOPBACK control inputs Tecek LBK/Tgcke_LBK ns, min
TXRESET control input Tecck_TRST/Tgokc_TRST ns, min
TXCHARISK control inputs TecckTKCH/Tgckc_TKCH ns, min
TXCHARDISPMODE control inputs Tecock_TCDM/Tgokc_TCDM ns, min
TXCHARDISPVAL control inputs Tacek_TCDV/Tgekc_TCDV ns, min
CONFIGIN data input Tepck_CFGIN/Tgckp_CFGIN ns, min
TXDATA data inputs Tepck_TDAT/Tgckp_TDAT ns, min
Clock to Out
TXBUFERR status output TeeksT_TBERR ns, max
TXKERR status outputs TeeoksT_TKERR ns, max
TXRUNDISP status outputs TaeksT_TRDIS ns, max
CONFIGOUT data output Tackpo_CFGOUT ns, max
Clock
TXUSRCLK minimum pulse width, High TapwH_TX ns, min
TXUSRCLK minimum pulse width, Low TepwL_TX ns, min
TXUSRCLK2 minimum pulse width, High TepwH_TX2 ns, min
TXUSRCLK2 minimum pulse width, Low TapwL_TX2 ns, min
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I0B Input Switching Characteristics

Input delays associated with the pad are specified for LVCMOS 2.5V levels. For other standards, adjust the delays with the
values shown in I0B Input Switching Characteristics Standard Adjustments, page 89.

Table 26: 10B Input Switching Characteristics

Speed Grade
Description Symbol Device -8 -7 -6 Units
Propagation Delays
Pad to | output, no delay Tiop All ns, max
Pad to | output, with delay TiorPiD XC2vP2 ns, max
XC2VP4 ns, max
XC2VP7 ns, max
XC2VP20 ns, max
XC2VP50 ns, max
Propagation Delays
ll:‘?c(:iht’on(())uctjgllgle via transparent TiopL, Al ns, max
Pad to output 1Q via transparent TioPLID XC2vp2 ns, max
latch, with delay —— ns, max
XC2VP7 ns, max
XC2VP20 ns, max
XC2VP50 ns, max
Clock CLK to output IQ Tiockia All ns, max
Setup and Hold Times With Respect
to Clock at I0B Input Register
Pad, no delay Tiopick/Tioickp All ns, min
Pad, with delay Tiopicko/Tioickpp | XC2VP2 ns, max
XC2VP4 ns, max
XC2VP7 ns, max
XC2VP20 ns, max
XC2VP50 ns, max
ICE input Tioiceck/Tiockice All ns, min
SR input (IFF, synchronous) TiosRckI All ns, min
Set/Reset Delays
SR input to 1Q (asynchronous) TiosriQ All ns, max
GSR to output 1Q Tasra All ns, max

Notes:
1. Input timing for LVCMOS25 is measured at 1.25V. For other I/O standards, see Table 30.
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I0B Input Switching Characteristics Standard Adjustments

Table 27: 10B Input Switching Characteristics Standard Adjustments

Speed Grade

Description Symbol Standard -8 -7 -6 Units
Data Input Delay Adjustments
Standard-specific data input delay TiLvTTL LVTTL ns
adjustments TiLvemosss LVCMOS33 ns
TiLvemosa2s LVCMOS25 ns
TiLvemosts LVCMOS18 ns
TiLvemosts LVCMOS15 ns
Tivps_25 LVDS_25 ns
TivDs_25_EXT LVDS_25_EXT ns
Tipcizs 3 PCl, 33 MHz, 3.3V ns
Tipcies_3 PCl, 66 MHz, 3.3V ns
TieTL GTL ns
TigTLPLUS GTLP ns
TiHSTL_ HSTL I ns
TinsTL_N HSTL Il ns
TiHsTL_II HSTL Il ns
TiHsTL_IV HSTL IV ns
TiHSTL_I18 HSTL_I_18 ns
TiHsTL_I_18 HSTL_Il_18 ns
TiHsTL_I_18 HSTL_III_18 ns
TIHSTL_IV_18 HSTL_IV_18 ns
TissTL2 | SSTL2 | ns
TissTL2. SSTL2 I ns
TissTLa.) SSTL3 | ns
TissTLa SSTL3 I ns
Tivbciss LVDCI_33 ns
Tivpeizs LVDCI_25 ns
Tivpcits LVDCI_18 ns
Tivpeits LVDCI_15 ns
TiLvDei_bvz_25 LVDCI_DV2_25 ns
Tivpel_pvz_1s LVDCI_DV2_18 ns
Tivpel_pva_15 LVDCI_DV2_15 ns
TieTL_DCI GTL_DCI ns
TicTLP_DCI GTLP_DCI ns
TiHSTL_I_DCI HSTL_I_DCI ns
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Table 27: 10B Input Switching Characteristics Standard Adjustments (Continued)

Speed Grade
Description Symbol Standard -8 -7 -6 Units
Standard-specific data input delay TiHsTL 11_DCI HSTL_II_DCI ns
adjustments (continued) TisTL 1o HSTL_IIL_DCI i~
TiHSTL_IV_DCI HSTL_IV_DCI ns
TIHSTL_I_DCI_18 HSTL_I_DCI_18 ns
TiHsTL_I_DCI_18 HSTL_II_DCI_18 ns
TIHSTL_1_DCI_18 HSTL_II_DCI_18 ns
TiusTL v Dol 18 | HSTL_IV_DCI_18 ns
TissTL2_1_DCI SSTL2_|_DCI ns
TissTL2_11_DCI SSTL2_ll_DCI ns
TissTL3_I_DCI SSTL3_I_DClI ns
TissTL3_11_DCI SSTL3_II_DCI ns
TiLpT 25 LDT_25 ns
TiuLvps_25 ULVDS_25 ns

Notes:
1. Input timing for LVTTL is measured at 1.4V. For other I/O standards, see Table 30.

I0B Output Switching Characteristics

Output delays terminating at a pad are specified for LVCMOS25 with 12 mA drive and fast slew rate. For other standards,
adjust the delays with the values shown in IOB Output Switching Characteristics Standard Adjustments, page 91.

Table 28: 10B Output Switching Characteristics

Speed Grade

Description Symbol -8 -7 -6 Units
Propagation Delays
O input to Pad Tioop ns, max
O input to Pad via transparent latch TiooLp ns, max

3-State Delays

T input to Pad high-impedance (@) TIOTHZ ns, max
T input to valid data on Pad Tioton ns, max
T input to Pad high-impedance via T ns. max
transparent latch(2) IOTLPHZ ’
T input to valid data on Pad via transparent latch TioTLPON ns, max
GTS to Pad high-impedance (@) TaTs ns, max
Sequential Delays
Clock CLK to Pad Tiockp ns, max
Clock CLK to Pad high-impedance T ns. max
(synchronous) ) I0CKHZ ’
Clock CLK to valid data on Pad T ns. max
(synchronous) IOCKON ’
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Table 28: 10B Output Switching Characteristics (Continued)

Speed Grade
Description Symbol -8 -7 -6 Units

Setup and Hold Times Before/After Clock CLK

O input Tioock/Tiocko ns, min

OCE input Tiooceck/Tiockoce ns, min

SR input (OFF) Tiosrcko/Tiockosr ns, min

3-State Setup Times, T input Tiotek/TiockT ns, min

3-State Setup Times, TCE input Tiotceck/ TiockTCE ns, min

3-State Setup Times, SR input (TFF) TiosrekT TI0CKTSR ns, min
Set/Reset Delays

SR input to Pad (asynchronous) Tiosrp ns, max

SR input to Pad high-impedance T ns. max

(asynchronous) @) IOSRHZ ’

SR input to valid data on Pad T ns. max

(asynchronous) IOSRON ’

GSR to Pad TiogsRra 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.
2. The 3-state turn-off delays should not be adjusted.

I0B Output Switching Characteristics Standard Adjustments

Output delays terminating at a pad are specified for LVCMOS25 with 12 mA drive and fast slew rate. For other standards,

adjust the delays by the values shown.

Table 29: 10B Output Switching Characteristics Standard Adjustments

DS083-3 (v1.0) January 31, 2002
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Speed Grade
Description Symbol Standard -8 -7 -6 Units
Output Delay Adjustments
Standard-specific adjustments for TowvTTL s2 LVTTL, Slow, 2 mA ns
e iontn® | Touwm_s -
load, Csl) ToLvTTL S6 6 mA ns
TowvTTL s8 8 mA ns
ToLvTTL_S12 12 mA ns
TowvTTL st6 16 mA ns
ToLvTTL_S24 24 mA ns
TowvTTL F2 LVTTL, Fast, 2 mA ns
ToLvTTL Fa 4 mA ns
TowvTTL F6 6 mA ns
ToLvTTL Fs 8 mA ns
TowvTTL F12 12 mA ns
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Table 29: 10B Output Switching Characteristics Standard Adjustments (Continued)

Speed Grade
Description Symbol Standard -8 -7 -6 Units
Standard-specific adjustments for TowvTTL_Fi6 16 mA ns
e B AT T -
load, Csl) (continued) ToLvps_25 LVDS ns
ToLvDSEXT_25 LVDS ns
ToLpT 25 LDT ns
ToBLvDS_25 BLVDS ns
TouLvps_25 ULVDS ns
Topcias 3 PCl, 33 MHz, 3.3V ns
Topcies. 3 PCl, 66 MHz, 3.3V ns
ToaTL GTL ns
ToaTLp GTLP ns
ToHsTL.I HSTL | ns
ToHsTL_I HSTLII ns
ToHsTL_IN HSTL Il ns
ToHsTL_IV HSTL IV ns
ToHsTL_I_18 HSTL_I_18 ns
ToHsTL 11 18 HSTL_II_18 ns
ToHsTL_II_18 HSTL_III_18 ns
ToHsTL Iv_18 HSTL_IV_18 ns
TossTLo_| SSTL2 | ns
TossTL2_1 SSTL21I ns
TossTLs | SSTL3 | ns
TossTLa_ SSTL3 I ns
ToLveMosss_s2 LVCMOSS33, Slow, 2 mA ns
ToLvemosss_s4 4 mA ns
ToLvemos33_se 6 mA ns
ToLvemos3s_ss 8 mA ns
ToLveMos3sa_s12 12 mA ns
ToLveMos3a_s16 16 mA ns
ToLveMos3ss_s24 24 mA ns
ToLvemosss_F2 LVCMOSS33, Fast, 2 mA ns
ToLveMos3sa_Fa 4 mA ns
ToLvemossa_Fe 6 mA ns
ToLvemosss_Fs 8 mA ns
ToLveMos3sa_F12 12 mA ns
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Table 29: 10B Output Switching Characteristics Standard Adjustments (Continued)

Speed Grade
Description Symbol Standard -8 -7 -6 Units
Standard-specific adjustmentsfor | T vcmosss_Fi6 16 mA ns
(basecton standard capaciive | TOCMOSSG Fas 24 mA ns
load, Csl) (continued) ToLvemoszs_s2 LVCMOS25, Slow, 2 mA ns
ToLvemos2s_sa 4 mA ns
ToLvemos2s_se 6 mA ns
ToLvemos2s_ss 8 mA ns
ToLvemos2s_s12 12 mA ns
ToLvemos2s_s16 16 mA ns
ToLvemos2s_s24 24 mA ns
ToLvemos2s_F2 LVCMOS25, Fast, 2 mA ns
ToLvemos2s_Fa 4 mA ns
ToLvemos2s_Fe 6 mA ns
ToLvemos2s_Fs 8 mA ns
ToLvemos2s_F12 12 mA ns
ToLvemos2s_F16 16 mA ns
ToLveMos2s_Fa4 24 mA ns
ToLvemos1s_s2 LVCMOS18, Slow, 2 mA ns
ToLvemosis_sa 4 mA ns
ToLvemos1s_se 6 mA ns
Towvemos1s_ss 8 mA ns
ToLvemosis_s12 12 mA ns
ToLvemos1s_s16 16 mA ns
ToLvemos1s_F2 LVCMOS18, Fast, 2 mA ns
ToLvemosis_Fa 4 mA ns
ToLvemos1s_Fe 6 mA ns
ToLvemos1s_Fs 8 mA ns
ToLvemosis_F12 12 mA ns
ToLvemos1s_F16 16 mA ns
ToLvemos1s_s2 LVCMOS15, Slow, 2 mA ns
ToLvemosis_sa 4 mA ns
ToLvemos15_s6 6 mA ns
ToLvemos1s_ss 8 mA ns
ToLvemosi5s_s12 12 mA ns
ToLvemosi15_s16 16 mA ns
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Table 29: 10B Output Switching Characteristics Standard Adjustments (Continued)

Speed Grade

Description Symbol Standard -8 -7 -6 | Units
Standard-specific adjustments for ToLvemos1s_F2 LVCMOS15, Fast, 2 mA ns
output delays terminating gt_ pads T A A =
(based on standard capacitive OLVCMOS15_F4
load, Csl) (continued) ToLveMOS15._F6 6 mA s

ToLvemosis_Fs 8 mA ns
ToLvemosis_F12 12 mA ns
ToLvemosis_F16 16 mA ns
Towvbciss LVDCI_33 ns
ToLvbeizs LVDCI_25 ns
Towvbeis LVDCI_18 ns
Towvbeits LVDCI_15 ns
Towvpel_pvz 25 LVDCI_DV2_25 ns
Towvpel_pv2_ 18 LvDCI_Dv2_18 ns
Towvpel_pvz_15 LVDCI_DV2_15 ns
TogTL_pei GTL_DCI ns
TogTLP_DCI GTLP_DCI ns
ToHsTL_I_DCI HSTL_I_DCI ns
ToHsTL_II_DCI HSTL_II_DCI ns
ToHsTL_n_pei HSTL_III_DCI ns
ToHsTL_Iv_DCI HSTL_IV_DCI ns
ToHSTL_I_DCI_18 HSTL_I_DCI_18 ns
ToHSTL_I_DCI_18 HSTL_II_DCI_18 ns
ToHsTL 1i_pDCI_18 HSTL_II_DCI_18 ns
ToHSTL_IV_DCI_18 HSTL_IV_DCI_18 ns
TosstL2_I_pol SSTL2_|_DClI ns
TosstL2_ii_pci SSTL2_II_DCI ns
TossTLs_1_bci SSTL3_I_DClI ns
TossTLa_il_bel SSTL3_II_DCI ns
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Table 30: Delay Measurement Methodology

Standard v (M vy Meas. Point | Vggr (Typ)®®

LVTTL 0 3 1.4 -
LVCMOS33 0 3.3 1.65 -
LVCMOS25 0 2.5 1.25 -
LVCMOS18 0 1.8 0.9 -
LVCMOS15 0 1.5 0.75 -
PCI33_3 Per PCI Specification -
PCl66_3 Per PCI Specification -
GTL VReg - 0.2 VRer + 0.2 VRer 0.80
GTLP Vger - 0.2 Vger + 0.2 VRer 1.0
HSTL Class | Vger - 0.5 Vger + 0.5 VRer 0.75
HSTL Class Il Vger - 0.5 Vger + 0.5 VRer 0.75
HSTL Class IlI VRer — 0.5 Vgeg + 0.5 VRer 0.90
HSTL Class IV VRrer — 0.5 Vgeg + 0.5 VRer 0.90
HSTL Class | (1.8V) VRer — 0.5 VRer + 0.5 VRer 1.08
HSTL Class Il (1.8V) Vger - 0.5 Vger + 0.5 VRer 1.08
HSTL Class Il (1.8V) Vger - 0.5 Vger + 0.5 VRer 1.08
HSTL Class IV (1.8V) Vger - 0.5 Vger + 0.5 VRer 1.08
SSTL3 1 &I Veer—1.0 Vgeg + 1.0 VRer 1.5
SSTL2 1 &I Vgeg - 0.75 VRer + 0.75 VRer 1.25
LVDS_25 1.2-0.125 1.2+0.125 1.2
LVDSEXT_25 1.2-0.125 1.2+0.125 1.2
ULVDS_25 0.6 -0.125 0.6 +0.125 0.6
LDT_25 0.6 -0.125 0.6 +0.125 0.6

Notes:

1. Input waveform switches between V and V.

2. Measurements are made at Vggp (Typ), Maximum, and Minimum. Worst-case values are reported.
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Table 31: Standard Capacitive Loads

Standard Csl (pF)
LVTTL Fast Slew Rate, 2mA drive 35
LVTTL Fast Slew Rate, 4mA drive 35
LVTTL Fast Slew Rate, 6mA drive 35
LVTTL Fast Slew Rate, 8mA drive 35
LVTTL Fast Slew Rate, 12mA drive 35
LVTTL Fast Slew Rate, 16mA drive 35
LVTTL Fast Slew Rate, 24mA drive 35
LVTTL Slow Slew Rate, 2mA drive 35
LVTTL Slow Slew Rate, 4mA drive 35
LVTTL Slow Slew Rate, 6mA drive 35
LVTTL Slow Slew Rate, 8mA drive 35
LVTTL Slow Slew Rate, 12mA drive 35
LVTTL Slow Slew Rate, 16mA drive 35
LVTTL Slow Slew Rate, 24mA drive 35
LVCMOS33 35
LVCMOS25 35
LVCMOS18 35
LVCMOS15 35
PCl 33MHZ 3.3V 10
PCIl 66 MHz 3.3V 10
GTL 0
GTLP 0
HSTL Class | (1.5V and 1.8V) 20
HSTL Class Il (1.5Vand 1.8V 20
HSTL Class Il (1.5Vand 1.8V 20
HSTL Class 1V1.5Vand 1.8V 20
SSTL2 Class | 30
SSTL2 Class Il 30
SSTL3 Class | 30
SSTL3 Class Il 30
Notes:

1. I/O parameter measurements are made with the capacitance values shown above.

2. 1/O standard measurements are reflected in the IBIS model information except where the IBIS format precludes it.

3. Use of IBIS models results in a more accurate prediction of the propagation delay:
a. Model the output in an IBIS simulation into the standard capacitive load.

b. Record the relative time to the Vg or Vg transition of interest.

c. Remove the capacitance, and model the actual PCB traces (transmission lines) and actual loads from the appropriate IBIS

models for driven devices.
d. Record the results from the new simulation.

e. Compare with the capacitance simulation. The increase or decrease in delay from the capacitive load delay simulation should

be added or subtracted from the value above to predict the actual delay.
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Clock Distribution Switching Characteristics

Table 32: Clock Distribution Switching Characteristics

Speed Grade

Description

Symbol

-7

-6

Units

Global Clock Buffer I input to O output

Taio

ns, max

CLB Switching Characteristics

Delays originating at F/G inputs vary slightly according to the input used (see Figure 22 in Data Sheet Module 1). The values

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

Table 33: CLB Switching Characteristics

Speed Grade
Description Symbol -8 -7 -6 Units

Combinatorial Delays

4-input function: F/G inputs to X/Y outputs TiLo ns, max

5-input function: F/G inputs to F5 output Tirs ns, max

5-input function: F/G inputs to X output TiEsx ns, max

FXINA or FXINB inputs to Y output via MUXFX TiExy ns, max

FXINA input to FX output via MUXFX TINAEX ns, max

FXINB input to FX output via MUXFX TINBEX ns, max

SOPIN input to SOPOUT output via ORCY Tsopsop ns, max

Incremental delay routing through transparent latch to T ns. max

XQ/YQ outputs IFNCTL ’
Sequential Delays

FF Clock CLK to XQ/YQ outputs Tcko ns, max

Latch Clock CLK to XQ/YQ outputs TckLo ns, max
Setup and Hold Times Before/After Clock CLK

BX/BY inputs Toick/Teko ns, min

DY inputs Tovek/Tekpy ns, min

DX inputs Toxck/Tckpx ns, min

CE input Teeck/Tckce ns, min

SR/BY inputs (synchronous) Trek/TekR ns, min
Clock CLK

Minimum Pulse Width, High TcH ns, min

Minimum Pulse Width, Low TeoL ns, min
Set/Reset

Minimum Pulse Width, SR/BY inputs Trpw ns, min

(Dazljry]lcfrr](r)omnOSuF;/)BY inputs to XQ/YQ outputs Trq ns, max

Toggle Frequency (MHz) (for export control) Frog MHz

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.

DS083-3 (v1.0) January 31, 2002
Advance Product Specification

www.Xxilinx.com 97
1-800-255-7778


http://www.xilinx.com

Virtex-1l Pro Switching Characteristics ST XILINX®

CLB Distributed RAM Switching Characteristics
Table 34: CLB Distributed RAM Switching Characteristics

Speed Grade
Description Symbol -8 -7 -6 Units

Sequential Delays

Clock CLK to X/Y outputs (WE active) in 16 x 1 mode TsHcko16 ns, max

Clock CLK to X/Y outputs (WE active) in 32 x 1 mode TsHcko32 ns, max

Clock CLK to F5 output TsHCKOFs ns, max
Setup and Hold Times Before/After Clock CLK

BX/BY data inputs (DIN) Tps/TpH ns, min

F/G address inputs Tas/TaH ns, min

CE input (WE) Twes/TwEH ns, min
Clock CLK

Minimum Pulse Width, High TweH ns, min

Minimum Pulse Width, Low TweL ns, min

Minimum clock period to meet address write cycle time Twe 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.

CLB Shift Register Switching Characteristics
Table 35: CLB Shift Register Switching Characteristics

Speed Grade

Description Symbol -8 -7 -6 Units
Sequential Delays
Clock CLK to X/Y outputs Treg ns, max
Clock CLK to X/Y outputs Trega2 ns, max
Clock CLK to XB output via MC15 LUT output TREGXB ns, max
Clock CLK to YB output via MC15 LUT output TREGYB ns, max
Clock CLK to Shiftout TcksH ns, max
Clock CLK to F5 output TreGFs ns, max

Setup and Hold Times Before/After Clock CLK

BX/BY data inputs (DIN) TsrLps/TsRLDH ns, min

CE input (WS) Twss/TwsH ns, min
Clock CLK

Minimum Pulse Width, High TsrPH ns, min

Minimum Pulse Width, Low TsrpL 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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Multiplier Switching Characteristics
Table 36: Multiplier Switching Characteristics

Speed Grade
Description Symbol -8 -7 -6 Units
Propagation Delay to Output Pin
Input to Pin35 TMmuLT P35 ns, max
Input to Pin34 TMmuLT P34 ns, max
Input to Pin33 TmuLT P33 ns, max
Input to Pin32 TymuLt P32 ns, max
Input to Pin31 TymuLT P31 ns, max
Input to Pin30 TMmuLT P30 ns, max
Input to Pin29 TmuLT P29 ns, max
Input to Pin28 TMmuLT Pos ns, max
Input to Pin27 TmuLt P27 ns, max
Input to Pin26 TMmuLT P26 ns, max
Input to Pin25 TymuLT P25 ns, max
Input to Pin24 TMuLT P24 ns, max
Input to Pin23 TmuLT P23 ns, max
Input to Pin22 TmuLT P22 ns, max
Input to Pin21 TmuLT P21 ns, max
Input to Pin20 TMmuLT P20 ns, max
Input to Pin19 TymuLT P19 ns, max
Input to Pin18 TymuLT P18 ns, max
Input to Pin17 TymuLt P17 ns, max
Input to Pin16 TmuLT P16 ns, max
Input to Pin15 TmuLT Pis ns, max
Input to Pin14 TymuLT P14 ns, max
Input to Pin13 TymuLt P13 ns, max
Input to Pin12 TymuLt P12 ns, max
Input to Pin11 TmuLT P11 ns, max
Input to Pin10 TmuLT P10 ns, max
Input to Pin9 TmuLt Po ns, max
Input to Pin8 TMmuLT P8 ns, max
Input to Pin7 Tyvult_p7 ns, max
Input to Pin6 TymuLT Pe ns, max
Input to Pin5 TmuLt ps ns, max
Input to Pin4 TmuLT P4 ns, max
Input to Pin3 TmuLt Ps ns, max
Input to Pin2 TymuLT P2 ns, max
Input to Pin1 TymuLt_P1 ns, max
Input to Pin0 TymuLT_Po ns, max
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Block SelectRAM Switching Characteristics
Table 37: Block SelectRAM Switching Characteristics

Speed Grade
Description Symbol -8 -7 -6 Units

Sequential Delays

Clock CLK to DOUT output Tecko ns, max
Setup and Hold Times Before Clock CLK

ADDR inputs Teack/TBcKA ns, min

DIN inputs Teock/TeckD ns, min

EN input Teeck/TBCKE ns, min

RST input Terek/TBCKR ns, min

WEN input Tewek/Teckw ns, min
Clock CLK

Minimum Pulse Width, High TepwH ns, min

Minimum Pulse Width, Low TepwL 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.

TBUF Switching Characteristics
Table 38: TBUF Switching Characteristics

Speed Grade
Description Symbol -8 -7 -6 Units
Combinatorial Delays
IN input to OUT output Tio ns, max
TRl input to OUT output high-impedance Torr ns, max
TRI input to valid data on OUT output Ton ns, max
JTAG Test Access Port Switching Characteristics
Table 39: JTAG Test Access Port Switching Characteristics
Speed Grade
Description Symbol -8 -7 -6 Units
TMS and TDI Setup times before TCK T1aPTK ns, min
TMS and TDI Hold times after TCK TrckTap ns, min
Output delay from clock TCK to output TDO T1ckTDO ns, max
Maximum TCK clock frequency Frck I\:wHaf(’
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Virtex-Il Pro Pin-to-Pin Output Parameter Guidelines

All devices are 100% functionally tested. Listed below are representative values for typical pin locations and normal clock
loading. Values are expressed in nanoseconds unless otherwise noted.

Global Clock Input to Output Delay for LVCMOS25, 12 mA, Fast Slew Rate,
With DCM

Table 40: Global Clock Input to Output Delay for LVCMOS25, 12 mA, Fast Slew Rate,
With DCM

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

LVCMOS25 Global Clock Input to Output
Delay using Output Flip-flop, 12 mA,
Fast Slew Rate, with DCM.

For data output with different standards,
adjust the delays with the values shown
in I0B Output Switching
Characteristics Standard
Adjustments, page 91.

Global Clock and OFF with DCM TickoFDCM XC2vP2 ns
XC2VP4 ns
XC2VP7 ns
XC2VvP20 ns
XC2VP50 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 50% V¢ threshold with 35 pF external capacitive load. For other I/O standards and different loads, see
Table 30.

3. DCM output jitter is already included in the timing calculation.
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Global Clock Input to Output Delay for LVCMOS25, 12 mA, Fast Slew Rate,
Without DCM

Table 41: Global Clock Input to Output Delay for LVCMOS25, 12 mA, Fast Slew Rate,
Without DCM

Speed Grade

Description Symbol Device -8 -7 -6 Units

LVCMOS25 Global Clock Input to Output
Delay using Output Flip-flop, 12 mA,
Fast Slew Rate, without DCM.

For data output with different standards,
adjust the delays with the values shown
in I0B Output Switching
Characteristics Standard
Adjustments, page 91.

Global Clock and OFF without DCM TickoF XC2vP2 ns
XC2VP4 ns
XC2VP7 ns
XC2VP20 ns
XC2VP50 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 50% V¢ threshold with 35 pF external capacitive load. For other I/O standards and different loads, see
Table 30.

3. DCM output jitter is already included in the timing calculation.
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Virtex-Il Pro Pin-to-Pin Input Parameter Guidelines

All devices are 100% functionally tested. Listed below are representative values for typical pin locations and normal clock
loading. Values are expressed in nanoseconds unless otherwise noted

Global Clock Set-Up and Hold for LVCMOS25 Standard, With DCM
Table 42: Global Clock Set-Up and Hold for LVCMOS25 Standard, With DCM

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

Input Setup and Hold Time Relative to

Global Clock Input Signal for

LVCMOS25 Standard.

For data input with different standards,

adjust the setup time delay by the values

shown in 0B Input Switching

Characteristics Standard

Adjustments, page 89.

No Delay

Global Clock and IFF with DCM TPSDCM/TPHDCM XC2VP2 ns
XC2VP4 ns
XC2VP7 ns
XC2VP20 ns
XC2VP50 ns

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. DCM output jitter is already included in the timing calculation.
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Global Clock Set-Up and Hold for LVCMOS25 Standard, Without DCM
Table 43: Global Clock Set-Up and Hold for LWVCMOS25 Standard, Without DCM

Speed Grade

Description Symbol Device -8 -7 -6 Units

Input Setup and Hold Time Relative to
Global Clock Input Signal for
LVCMOS25 Standard.

For data input with different standards,
adjust the setup time delay by the values
shown in 0B Input Switching
Characteristics Standard
Adjustments, page 89.

Full Delay

Global Clock and IFF without DCM Tpsro/TPHFD XC2vp2 ns
XC2VP4 ns
XC2VvP7 ns
XC2VP20 ns
XC2VP50 ns

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.

DCM Timing Parameters

Testing of switching parameters is modeled after testing lowing guidelines reflect worst-case values across the
methods specified by MIL-M-38510/605; all devices are  recommended operating conditions. All output jitter and
100% functionally tested. Because of the difficulty in directly =~ phase specifications are determined through statistical
measuring many internal timing parameters, those parame- measurement at the package pins.

ters are derived from benchmark timing patterns. The fol-

Operating Frequency Ranges
Table 44: Operating Frequency Ranges

Speed Grade
Description Symbol Constraints -8 -7 -6 Units
Output Clocks (Low Frequency Mode)
CLKO, CLK90, CLK180, CLK270 CLKOUT_FREQ_1X_LF_MIN MHz
CLKOUT_FREQ_1X_LF_MAX MHz
CLK2X, CLK2X180 CLKOUT_FREQ_2X_LF_MIN MHz
CLKOUT_FREQ_2X_LF_MAX MHz
CLKDV CLKOUT_FREQ_DV_LF_MIN MHz
CLKOUT_FREQ_DV_LF_MAX MHz
CLKFX, CLKFX180 CLKOUT_FREQ_FX_LF_MIN MHz
CLKOUT_FREQ_FX_LF_MAX MHz
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Table 44: Operating Frequency Ranges (Continued)

Speed Grade

Description Symbol Constraints -8 -7 -6 Units
Input Clocks (Low Frequency Mode)
CLKIN (using DLL outputs)() CLKIN_FREQ_DLL_LF_MIN MHz
CLKIN_FREQ_DLL_LF_MAX MHz
CLKIN (using CLKFX outputs) () CLKIN_FREQ_FX_LF_MIN MHz
CLKIN_FREQ_FX_LF_MAX MHz
PSCLK PSCLK_FREQ_LF_MIN MHz
PSCLK_FREQ_LF_MAX MHz
Output Clocks (High Frequency Mode)
CLKO, CLK180 CLKOUT_FREQ_1X_HF_MIN MHz
CLKOUT_FREQ_1X_HF_MAX MHz
CLKDV CLKOUT_FREQ_DV_HF_MIN MHz
CLKOUT_FREQ_DV_HF_MAX MHz
CLKFX, CLKFX180 CLKOUT_FREQ_FX_HF_MIN MHz
CLKOUT_FREQ_FX_HF_MAX MHz
Input Clocks (High Frequency Mode)
CLKIN (using DLL outputs) () CLKIN_FREQ_DLL_HF_MIN MHz
CLKIN_FREQ_DLL_HF_MAX MHz
CLKIN (using CLKFX outputs) () CLKIN_FREQ_FX_HF_MIN MHz
CLKIN_FREQ_FX_HF_MAX MHz
PSCLK PSCLK_FREQ_HF_MIN MHz
PSCLK_FREQ_HF_MAX MHz
Notes:
1. “DLL outputs” is used here to describe the outputs: CLKO, CLK90, CLK180, CLK270, CLK2X, CLK2X180, and CLKDV.
2. If both DLL and CLKFX outputs are used, follow the more restrictive specification.
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Input Clock Tolerances
Table 45: Input Clock Tolerances

Speed Grade
-8 -7 -6
Description Symbol Constraints | Min | Max | Min | Max | Min | Max | Units
Input Clock Low/high Pulse Width
PSCLK PSCLK_PULSE < 1MHz ns
CLKIN®) CLKIN_PULSE 1-10 MHz ns
10 - 25 MHz ns
25 - 50 MHz ns
50 - 100 MHz ns
100 - 150 MHz ns
150 - 200 MHz ns
200 - 250 MHz ns
250 - 300 MHz ns
300 - 350 MHz ns
350 - 400 MHz ns
> 400 MHz ns
Input Clock Cycle-Cycle Jitter (Low Frequency Mode)
CLKIN (using DLL outputs) (1) CLKIN_CYC_JITT_DLL_LF ps
CLKIN (using CLKFX outputs)(@) | CLKIN_CYC_JITT_FX_LF ps
Input Clock Cycle-Cycle Jitter (High Frequency Mode)
CLKIN (using DLL outputs) (1) CLKIN_CYC_JITT_DLL_HF ps
CLKIN (using CLKFX outputs)(@) | CLKIN_CYC_JITT_FX_HF ps
Input Clock Period Jitter (Low Frequency Mode)
CLKIN (using DLL outputs) (1) CLKIN_PER_JITT_DLL_LF ns
CLKIN (using CLKFX outputs)(@) | CLKIN_PER_JITT_FX_LF ns
Input Clock Period Jitter (High Frequency Mode)
CLKIN (using DLL outputs) (1) CLKIN_PER_JITT_DLL_HF ns
CLKIN (using CLKFX outputs)(@) | CLKIN_PER_JITT_FX_HF ns
Feedback Clock Path Delay Variation
CLKFB off-chip feedback CLKFB_DELAY_VAR_EXT ‘ ‘ ‘ ‘ ‘ ‘ ‘ ns
Notes:

1. “DLL outputs” is used here to describe the outputs: CLKO, CLK90, CLK180, CLK270, CLK2X, CLK2X180, and CLKDV.

2. If both DLL and CLKFX outputs are used, follow the more restrictive specification.
3. Specification also applies to PSCLK.
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Output Clock Jitter
Table 46: Output Clock Jitter

Speed Grade
-8 -7 -6
Description Symbol Constraints | Min | Max | Min | Max | Min | Max | Units
Clock Synthesis Period Jitter
CLKO CLKOUT_PER_JITT_O ps
CLK90 CLKOUT_PER_JITT_90 ps
CLK180 CLKOUT_PER_JITT_180 ps
CLK270 CLKOUT_PER_JITT_270 ps
CLK2X, CLK2X180 CLKOUT_PER_JITT_2X ps
CLKDV (integer division) CLKOUT_PER_JITT_DVA1 ps
CLKDV (non-integer division) | CLKOUT_PER_JITT_DV2 ps
CLKFX, CLKFX180 CLKOUT_PER_JITT_FX ps

Output Clock Phase Alignment
Table 47: Output Clock Phase Alignment

Speed Grade
-8 -7 -6
Description Symbol Constraints | Min | Max | Min | Max | Min | Max | Units

Phase Offset Between CLKIN and CLKFB

CLKIN/CLKFB CLKIN_CLKFB_PHASE ps
Phase Offset Between Any DCM Outputs

All CLK outputs CLKOUT_PHASE ps
Duty Cycle Precision

DLL outputs(!) CLKOUT_DUTY_CYCLE_DLL ps

CLKFX outputs CLKOUT_DUTY_CYCLE_FX ps

Notes:
1. “DLL outputs” is used here to describe the outputs: CLKO, CLK90, CLK180, CLK270, CLK2X, CLK2X180, and CLKDV.
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Miscellaneous Timing Parameters

Table 48: Miscellaneous Timing Parameters

Speed Grade

Constraints

Description Symbol FeLkin -8 -7 -6 Units
Time Required to Achieve LOCK
Using DLL outputs(") LOCK_DLL:
LOCK_DLL_60 > 60MHz us
LOCK_DLL_50_60 50 - 60 MHz us
LOCK_DLL_40_50 40 - 50 MHz us
LOCK_DLL_30_40 30 - 40 MHz us
LOCK_DLL_24_30 24 - 30 MHz us
Using CLKFX outputs LOCK_FX_MIN ms
LOCK_FX_MAX ms
,:rc]ji?tiitri]znal lock time with fine phase LOCK_DLL_FINE_SHIFT us
Fine Phase Shifting
Absolute shifting range FINE_SHIFT_RANGE ns
Delay Lines
Tap delay resolution DCM_TAP_MIN ps
DCM_TAP_MAX ps
Notes:

1. “DLL outputs” is used here to describe the outputs: CLKO, CLK90, CLK180, CLK270, CLK2X, CLK2X180, and CLKDV.

Frequency Synthesis
Table 49: Frequency Synthesis

Attribute Min Max
CLKFX_MULTIPLY 2 32
CLKFX_DIVIDE 1 32
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Parameter Cross-Reference

Table 50: Parameter Cross-Reference

Libraries Guide

Data Sheet

DLL_CLKOUT_{MINIMAX}_LF

CLKOUT_FREQ_{1XI2XIDV}_LF

DFS_CLKOUT_{MINIMAX}_LF

CLKOUT_FREQ_FX_LF

DLL_CLKIN_{MINIMAX}_LF

CLKIN_FREQ_DLL_LF

DFS_CLKIN_{MINIMAX}_LF

CLKIN_FREQ_FX_LF

DLL_CLKOUT_{MINIMAX}_HF

CLKOUT_FREQ_{1XIDV}_HF

DFS_CLKOUT_{MINIMAX}_HF

CLKOUT_FREQ_FX_HF

DLL_CLKIN_{MINIMAX}_HF

CLKIN_FREQ_DLL_HF

DFS_CLKIN_{MINIMAX}_HF

CLKIN_FREQ_FX_HF

Revision History
This section records the change history for this module of

the data sheet.

Date

Version

Revision

01/31/02

1.0

Initial Xilinx release.

Virtex-ll Pro Data Sheet Modules

The Virtex-ll Pro Data Sheet contains the following modules:

e Virtex-ll Pro Platform FPGAs: Introduction and e Virtex-ll Pro Platform FPGAs: DC and Switching
Overview (Module 1)

e Virtex-ll Pro Platform FPGAs: Functional

Description (Module 2)

Characteristics (Module 3)

¢ Virtex-ll Pro Platform FPGAs: Pinout Information
(Module 4)
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Part 1I: Virtex-1I Pro User Guide

This section contains information on how to configure and use Virtex-II Pro devices. The
following topics are covered:

Chapter 1: Timing Models

Chapter 2: Design Considerations

Chapter 3: Configuration

Chapter 4: PCB Design Considerations

Appendix A: BitGen and PROMGen Switches and Options
Appendix B: XC18V00 Series PROMs
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Chapter 1

Timing Models

Summary
The following topics are covered in this chapter:
® Processor Block Timing Model
¢ Rocket I/O Timing Model
¢ CLB/ Slice Timing Model
¢ Block SelectRAM Timing Model
¢ Embedded Multiplier Timing Model
¢ JOB Timing Model
¢ Pin-to-Pin Timing Model
¢ Digital Clock Manager Timing Model

Introduction
Due to the large size and complexity of Virtex-II Pro FPGAs, understanding the timing
associated with the various paths and functional elements has become a difficult and
important problem. Although it is not necessary to understand the various timing
parameters in order to implement most designs using Xilinx software, a thorough timing
model can assist advanced users in analyzing critical paths, or planning speed-sensitive
designs.
The Timing Model chapter is broken up into sections consisting of three basic components:
® Functional Element Diagram - basic architectural schematic illustrating pins and
connections.
¢ Timing Parameters - Virtex-ll Pro Data Sheet timing parameter definitions.
¢ Timing Diagram - illustrates functional element timing parameters relative to each
other.

This chapter was written with the Xilinx Timing Analyzer software (TRCE) in mind. All
pin names, parameter names, and paths are consistent with Post Route Timing and Pre-
Route Static Timing reports. Use the models in this chapter in conjunction with both the
Timing Analyzer software and the section on switching characteristics in the Virtex-ll Pro
Data Sheet. Most of the timing parameters found in the section on switching characteristics
are described in this chapter.
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Chapter 1: Timing Models

Processor Block Timing Model

Introduction

This section explains all of the timing parameters associated with the IBM PPC405

Processor Block. It is intended to be used in conjunction with Module 3 of the Virtex-ll Pro

Data Sheet and the Timing Analyzer (TRCE) report from Xilinx software. For specific
timing parameter values, refer to the data sheet.

CPM INPUT —

CPM OUTPUT -t

RESET INPUT ——

RESET OUTPUT -

PPC INPUT ———1

PPC OUTPUT -

PLB INPUT —

PLB OUTPUT -

EIC INPUT ——

DEBUG INPUTS —

DEBUG OUTPUTS -t

CPMC405CLOCK ——

JTGC405TCK ——

PLBCLK ——

BRAMISCOMCLK ——

BRAMDSOCMCLK ——®

IBM PPC405
Processor Block

OCM INPUT

OCM OUTPUT

DCR INPUTS

DCR OUTPUTS

JTAG INPUTS

JTAG OUTPUTS

TRACE INPUTS

TRACE OUTPUTS

UG012_C1_01_121701

Figure 1-1: PowerPC 405 Processor Block (Simplified)

There are hundreds of signals entering and exiting the processor block. The model
presented in this section treats the processor block as a “black box.” Propagation delays
internal to the processor block and core logic are ignored. Signals are characterized with
setup and hold times for inputs and clock to valid output times for outputs. Signals are
grouped by which interface block they originate from: Processor Local Bus (PLB), Device
Control Register (DCR), External Interrupt Controller (EIC), Reset (RST), Clock and Power
Management (CPM), Debug (DBG), PowerPC miscellaneous (PPC), Trace Port (TRC),
JTAG, Instruction-Side On-Chip Memory (ISOCM), and Data-Side On-Chip Memory
(DSOCM).
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Table 1-1 associates five clocks with their corresponding interface blocks. All signal
parameters discussed in this section are characterized at a rising clock edge. Exceptions to
this rule, such as for the JTAG signals, are pointed out where applicable.

Table 1-1: Clocks and Corresponding Processor Interface Blocks

CLOCK SIGNAL DESCRIPTION INTERFACE
CPMC405CLOCK Main processor core clock DCR
EIC
RST
CPM
DBG
PPC
TRC
PLBCLK Processor Local Bus clock PLB
JTAGC405TCK Clock for JTAG logic within the processor core JTAG
BRAMISOCMCLK Clock for the ISOCM Controller ISOCM
BRAMDSOCMCLK Clock for the DSOCM Controller DSOCM

Timing Parameters

Parameter designations are constructed to reflect the functions they perform, as well as the
interface blocks and clocks they correspond to. The following three sections explain the
meaning of each of the basic timing parameter designations used in the tables:

Setup/Hold Times of Inputs Relative to Clock

Basic Format:
ParameterName_BLOCK

where
ParameterName = T with subscript string defining the timing relationship
BLOCK = name of applicable PPC405 processor interface block

(refer to Table 1-1)
ParameterName Format:

Tprcxk = Setup time before clock edge
Tpcky = Hold time after clock edge
where
x = C (Control inputs)
D (Data inputs)
Setup/Hold Time (Examples):

Tpcck PLB/Tpcgc_PLB Setup /hold times of PLB Control
inputs relative to rising edge of PLB
clock

Tppck ISOCM/ Tpckp ISOCM Setup /hold times of BRAMISOCM
Data inputs relative to rising edge of
BRAMISOCM clock
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Clock to Output Delays

Basic Format:
ParameterName_BLOCK

where
ParameterName = T with subscript string defining the timing relationship
BLOCK = name of applicable PPC405 processor interface block

(refer to Table 1-1)
ParameterName Format:
Tpcxy = Delay time from clock edge to output

where

=
Il

AO (Address outputs)
CcO (Control outputs)
DO (Data outputs)

Output Delay Time (Examples):

Tpcrao ISOCM Rising edge of BRAMISOCM clock to BRAMISOCM
Address outputs

Tpcrco DCR Rising edge of Core clock to DCR Control outputs

Tpckpo_PLB Rising edge of PLB clock to PLB Data outputs

Clock Pulse Width

ParameterName Format:

Teypwy = Minimum pulse width, High state
Tpwr, = Minimum pulse width, Low state
where
x = C (Core)
P (PLB)
] (TAG)
I (ISOCM)
D (DSOCM)
Pulse Width (Examples):
Tepwh Minimum pulse width, core clock, High state
Tppwi Minimum pulse width, PLB clock, Low state

Timing Parameter Tables and Diagram

The following five tables list the timing parameters as reported by the implementation
tools relative to the clocks given in Table 1-1, along with the signals from the processor
block that correspond to each parameter. A timing diagram (Figure 1-2) illustrates the
timing relationships.

¢ Table 1-2, Parameters Relative to the Core Clock (CPMC405CLOCK), page 117

¢ Table 1-3, Parameters Relative to the PLB Clock (PLBCLK), page 118

¢ Table 1-4, Parameters Relative to the JTAG Clock (JTAGC405TCK), page 119

® Table 1-5, Parameters Relative to the ISOCM Clock (BRAMISOCMCLK), page 119

® Table 1-6, Parameters Relative to the DSOCM Clock (BRAMDSOCMCLK),
page 120
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Table 1-2: Parameters Relative to the Core Clock (CPMC405CLOCK)

Parameter Function Signals
Setup/Hold:
TPCCK—DCR/TPCKC—DCR Control inputs DCRC405ACK
Tppck DCR/ Tpekp_DCR Data inputs DCRC405DBUSIN[0:31]
Tpcck CPM/Tpckc_ CPM Control inputs CPMC405TIMERTICK
CPMC405CPUCLKEN
CPMC405TIMERCLKEN
CPMC405]TAGCLKEN
TPCCK—RST / TPCKC—RST Control inputs RSTC405RESETCHIP
RSTC405RESETCORE
RSTC405RESETSYS
Tpccx DBG/Tpckc_DBG Control inputs DBGC405DEBUGHALT
DBGC405UNCONDDEBUGEVENT
Tpccx TRC/Tpcxc_TRC Control inputs TRCC405TRACEDISABLE
TRCC405TRIGGEREVENTIN
Tpcck EIC/Tpckc_EIC Control inputs EICC405CRITINPUTIRQ
EICC405EXTINPUTIRQ
Clock to Out:
Tpckco_DCR Control outputs C405DCRREAD
C405DCRWRITE
Tpcxao DCR Address outputs C405DCRABUS|0:9]
Tpcxpo_DCR Data outputs C405DCRDBUSOUT[0:31]
Tpckco_CPM Control outputs C405CPMMSREE
C405CPMMSRCE
C405CPMTIMERIRQ
C405CPMTIMERRESETREQ
C405CPMCORESLEEPREQ
Tpckco RST Control outputs C405RSTCHIPRESETREQ
C405RSTCORERESETREQ
C405RSTSYSRESETREQ
Tpckco_DBG Control outputs C405DBGMSRWE
C405DBGSTOPACK
C405DBGWBCOMPLETE
C405DBGWBFULL
C405DBGWBIAR[0:29]
Tpckco_PPC Control outputs C405XXXMACHINECHECK
Tpckco_TRC Control outputs C405TRCCYCLE
C405TRCEVENEXECUTIONSTATUS[0:1]
C405TRCODDEXECUTIONSTATUS[0:1]
C405TRCTRACESTATUS|0:3]
C405TRCTRIGGEREVENTOUT
C405TRCTRIGGEREVENTTYPE[0:10]
Clock:
Tepwa Clock pulse width, High state | CPMC405CLOCK
TepwL Clock pulse width, Low state | CPMC405CLOCK
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Table 1-3: Parameters Relative to the PLB Clock (PLBCLK)

Parameter

Function

Signals

Setup/Hold:

Tpcck PLB/Tpcxc_PLB

Contol inputs

PLBC405DCUADDRACK
PLBC405DCUBUSY
PLBC405DCUERR
PLBC405DCURDDACK
PLBC405DCUSSIZE1
PLBC405DCUWRDACK
PLBC405ICURDWDADDR([1:3]
PLBC405DCURDWDADDR[1:3]
PLBC4051CUADDRACK
PLBC405ICUBUSY
PLBC405ICUERR
PLBC405ICURDDACK
PLBC405ICUSSIZE1

Tppck PLB/Tpckp PLB

Data inputs

PLBC405ICURDDBUS[0:63]
PLBC405DCURDDBUS[0:63]

Clock to Out:

Tpckco-_PLB

Control outputs

C405PLBDCUABORT
C405PLBDCUBE[0:7]
C405PLBDCUCACHEABLE
C405PLBDCUGUARDED
C405PLBDCUPRIORITY[0:1]
C405PLBDCUREQUEST
C405PLBDCURNW
C405PLBDCUSIZE?
C405PLBDCUUOATTR
C405PLBDCUWRITETHRU
C405PLBICUABORT
C405PLBICUCACHEABLE
C405PLBICUPRIORITY][0:1]
C405PLBICUREQUEST
C405PLBICUSIZE[2:3]
C405PLBICUUOATTR

Tpckpo-PLB

Data outputs

C405PLBDCUWRDBUS[0:63]

Tpckao-PLB

Address outputs

C405PLBDCUABUS[0:31]
C405PLBICUABUSJ0:29]

Clock:

Tppwh

Clock pulse width, High state

PLBCLK

Tppwi

Clock pulse width, Low state

PLBCLK
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Table 1-4: Parameters Relative to the JTAG Clock (JTAGC405TCK)

Parameter Function Signals
Setup/Hold:

TPCCK—JTAG / TPCKC—]TAG Control inputs ]TGC4OSBNDSCANTDO
JTGC405TDI
JTGC405TMS
JTGC405TRSTNEG
CPMC405CORECLKINACTIVE
DBGC405EXTBUSHOLDACK

Clock to Out:

TpckcoJTAG Control outputs C405JTGCAPTUREDR
C405]TGEXTEST(M)
C405]TGPGMOUT®
C405]TGSHIFTDR
C405]TGTDO(M)
C405]TGTDOEN®
C405]TGUPDATEDR

Clock:
Tipwh Clock pulse width, High state | JTGC405TCK
TrpwiL Clock pulse width, Low state | JTGC405TCK
Notes:

1. Synchronous to the negative edge of JTGC405TCK

2. Synchronous to CPMC405CLOCK

Table 1-5: Parameters Relative to the ISOCM Clock (BRAMISOCMCLK)

Parameter

Function

Signals

Setup/Hold:

TPDCK—ISOCM / TPCKD—ISOCM

Data inputs

BRAMISOCMRDDBUSJ[0:63]

Clock to Out:

Tpckco_ISOCM Control outputs ISOCMBRAMEN
ISOCMBRAMODDWRITEEN
ISOCMBRAMEVENWRITEEN

Tpckao ISOCM Address outputs ISOCMBRAMRDABUS[8:28]
ISOCMBRAMWRABUSJ[8:28]

Tpckpo_ISOCM Data outputs ISOCMBRAMWRDBUSJ[0:31]

Clock:
Tipwh Clock pulse width, High state | BRAMISOCMCLK
Tipwi Clock pulse width, Low state | BRAMISOCMCLK
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Table 1-6: Parameters Relative to the DSOCM Clock (BRAMDSOCMCLK)

Parameter Function Signals
Setup/Hold:
Tppck DSOCM/ Tpekp_ DSOCM | Data inputs BRAMDSOCMRDDBUS[0:31]
Clock to Out:
Tpckco_DSOCM Control outputs DSOCMBRAMEN
DSOCMBRAMBYTEWRITE[0:3]
DSOCMBUSY
Tpckpo DSOCM Data outputs DSOCMBRAMWRDBUS[0:31]
Tpckao DSOCM Address outputs DSOCMBRAMABUS[8:29]
Clock:
TopwH Clock, Pulse width high BRAMDSOCMCLK
TopwL Clock, Pulse width low BRAMDSOCMCLK
1 2
| — fa— T XPWL
TxpwH—1 [-— |
CLOCK W
| |
Teocok =1 l=— |
| =l I=—Tpckc |
CONTROL ' '
INPUTS | I | I
| |
Teckco —=I f— I
CONTROL I !
OUTPUTS | | |
| |
I Teckpo — l-—
DATA ! I N
OUTPUTS | I I
| |
Teock =1 l— |
| = =—Tpckp [
DATA ' '
INPUTS I I | I
| |
[ Teckao —! |-—
ADDRESS ! I N
OUTPUTS T ] |
| UG012_C1_02_121701
Figure 1-2: Processor Block Timing Relative to Clock Edge
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Rocket I/O Timing Model

Introduction

This section explains all of the timing parameters associated with the Rocket I/ O™
transceiver core. It is intended to be used in conjunction with Module 3 of the Virtex-ll Pro
Data Sheet and the Timing Analyzer (TRCE) report from Xilinx software. For specific
timing parameter values, refer to the data sheet.

There are many signals entering and exiting the Rocket I/O core. (Refer to Figure 1-3.) The
model presented in this section treats the Rocket I/O core as a “black box.” Propagation
delays internal to the Rocket I/O core logic are ignored. Signals are characterized with
setup and hold times for inputs, and with clock to valid output times for outputs.

There are five clocks associated with the Rocket I/O core, but only three of these clocks—
RXUSRCLK, RXUSRCLK?2, and TXUSRCLK2—have I/Os that are synchronous to them.
The following table gives a brief description of all of these clocks. For an in-depth
discussion of clocking the Rocket I/O core, refer to the Rocket I/O Users Guide.

Table 1-7: Rocket I/O Clock Descriptions

CLOCK SIGNAL DESCRIPTION
REFCLK Main reference clock for Rocket I/O
TXUSRCLK Clock used for writing the TX buffer. Frequency-locked to
REFCLK.
TXUSRCLK?2 Clocks transmission data and status and reconfiguration data

between the transceiver and the FPGA core. Relationship
between TXUSRCLK2 and TXUSRCLK depends on width of
transmission data path.

RXUSRCLK Clock used for reading the RX elastic buffer. Clocks CHBONDI
and CHBONO into and out of the transceiver. Typically the same
as TXUSRCLK.

RXUSRCLK2 Clocks receiver data and status between the transceiver and the

FPGA core. Typically the same as TXUSRCLK2. Relationship
between RXUSRCLK?2 and RXUSRCLK depends on width of
receiver data path.
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Figure 1-3: Rocket I/O Block Diagram

Timing Parameters

Parameter designations are constructed to reflect the functions they perform, as well as the
1/0 signals to which they are synchronous. The following subsections explain the meaning
of each of the basic timing parameter designations used in the tables.
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Setup/Hold Times of Inputs Relative to Clock

Basic Format:

ParameterName_SIGNAL
where

ParameterName
SIGNAL

ParameterName Format:

T with subscript string defining the timing relationship
name of Rocket I/0O signal synchronous to the clock

Towcxk = Setup time before clock edge
Taokx Hold time after clock edge

where

=
Il

C (Control inputs)
D (Data inputs)
Setup/Hold Time (Examples):

ToeckRRST/Tgeke_PLB Setup/hold times of RX Reset input
relative to rising edge of RXUSRCLK2

Topck TDAT/Tgekp TDAT Setup /hold times of TX Data inputs
relative to rising edge of TXUSRCLK2

Clock to Output Delays

Basic Format:
ParameterName_SIGNAL

where
ParameterName = T with subscript string defining the timing relationship
SIGNAL = name of Rocket I/O signal synchronous to the clock

ParameterName Format:

Tooke Delay time from clock edge to output

where

=
Il

CcO (Control outputs)
DO (Data outputs)
ST (Status outputs)

Output Delay Time (Examples):

Tgeckco_CHBO Rising edge of RXUSRCLK to Channel Bond outputs
Toekpo_ RDAT Rising edge of RXUSRCLK2 to RX Data outputs
Toekst_TBERR Rising edge of TXUSRCLK2 to TX Buffer Err output

Clock Pulse Width

ParameterName Format:

Tepwy = Minimum pulse width, High state
T, pwL Minimum pulse width, Low state

where

x = REF (REFCLK)
TX  (TXUSRCLK)
TX2  (TXUSRCLK2)
RX  (RXUSRCLK)
RX2  (RXUSRCLK2)

Pulse Width (Examples):

Trxopwr  Minimum pulse width, TX2 clock, Low state
Treppwn  Minimum pulse width, Reference clock, High state
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Timing Parameter Tables and Diagram

The following four tables list the timing parameters as reported by the implementation
tools relative to the clocks given in Table 1-7, along with the Rocket I/O signals that are
synchronous to each clock. (No signals are synchronous to REFCLK or TXUSRCLK.)

A timing diagram (Figure 1-4) illustrates the timing relationships.

¢ Table 1-8, Parameters Relative to the RX User Clock (RXUSRCLK), page 124

¢ Table 1-9, Parameters Relative to the RX User Clock2 (RXUSRCLK?2), page 124
® Table 1-10, Parameters Relative to the TX User Clock2 (TXUSRCLK?2), page 125
¢ Table 1-11, Miscellaneous Clock Parameters, page 125

Table 1-8: Parameters Relative to the RX User Clock (RXUSRCLK)

Parameter Function ‘ Signals

Setup/Hold:
Teccx CHBI/ Tk CHBI Control inputs | CHBONDI(3:0]

Clock to Out:
Tockco CHBO Control outputs | CHBONDOJ[3:0]

Clock:
TrxPwH Clock pulse width, High state | RXUSRCLK
TRXPWL Clock pulse width, Low state | RXUSRCLK

Table 1-9: Parameters Relative to the RX User Clock2 (RXUSRCLK2)
Parameter Function ‘ Signals

Setup/Hold:
Toeex RRST/Tgexc RRST Control input RXRESET
Teecx RPOL/Tgekc RPOL Control input RXPOLARITY
Tk ECSY /T ECSY Control input ENCHANSYNC

Clock to Out:
TeoksT_ RNIT Status outputs RXNOTINTABLEJ[3:0]
Teekst_RDERR Status outputs RXDISPERR[3:0]
Teexst_RCMCH Status outputs RXCHARISCOMMA[3:0]
TgeksT_ALIGN Status output RXREALIGN
TgeksT_CMDT Status output RXCOMMADET
Teekst_RLOS Status outputs RXLOSSOFSYNC]J1:0]
ToexsT_RCCCNT Status outputs RXCLKCORCNT][2:0]
TgeksT_RBSTA Status outputs RXBUFSTATUS[1:0]
Toekst_RCCRC Status output RXCHECKINGCRC
TeexsT_RCRCE Status output RXCRCERR
Teekst_CHBD Status output CHBONDDONE
Teekst_ RKCH Status outputs RXCHARISK[3:0]
Tgekst_RRDIS Status outputs RXRUNDISP([3:0]
Teckpo_RDAT Data outputs RXDATA[31:0]

Clock:
TrRx2PWH Clock pulse width, High state | RXUSRCLK2
TrRx2PWH Clock pulse width, Low state | RXUSRCLK2
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Table 1-10: Parameters Relative to the TX User Clock2 (TXUSRCLK2)

Parameter Function Signals

Setup/Hold:

Toeck CFGEN/Tgekc_ CFGEN | Control inputs CONFIGENABLE

Tecck IBYP/Tgekc TBYP Control inputs TXBYPASS8B10B[3:0]

Tacck TCRCE/ Tk TCRCE | Control inputs TXFORCECRCERR

Toecx TPOL/Tgexc TPOL Control inputs TXPOLARITY

Toeex TINH/Tgexe TINH Control inputs TXINHIBIT

Toeex LBK/Tgekc_LBK Control inputs LOOPBACK]1:0]

Tgeck TRST/Tgeyc TRST Control inputs TXRESET

Tocck TKCH/Tgexc TKCH Control inputs TXCHARISK][3:0]

Tecck . TCDM/ Toeke TCDM

Control inputs

TXCHARDISPMODE[3:0]

Teeck TCDV / Tgeke TCDV

Control inputs

TXCHARDISPVAL[3:0]

Tepek CFGIN/ Texp CFGIN

Data inputs

CONFIGIN

Tepek TDAT/ Toexp TDAT

Data inputs

TXDATA[31:0]

Clock to Out:

Teckst_TBERR Status outputs TXBUFERR
Teexst_TKERR Status outputs TXKERR[3:0]
Tocxkpo_TRDIS Data outputs TXRUNDISP[3:0]
Tgecxkpo_CFGOUT Data outputs CONFIGOUT
Clock:
TrxopwH Clock pulse width, High state | TXUSRCLK2
TrxoPwH Clock pulse width, Low state | TXUSRCLK2
Table 1-11: Miscellaneous Clock Parameters
Parameter Function Signals
Clock:
TREFPWH Clock pulse width, High state | REFCLK ()
TREFPWL Clock pulse width, Low state | REFCLK(!)
TrxpwH Clock pulse width, High state | TXUSRCLK®)
TrxPwWL Clock pulse width, Low state | TXUSRCLK®
Notes:

1. REFCLK is not synchronous to any Rocket I/O signals.
2. TXUSRCLK is not synchronous to any Rocket I/O signals.
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Figure 1-4: Rocket I/O Timing Relative to Clock Edge

CLB / Slice Timing Model

Introduction

This section describes all timing parameters reported in the Virtex-ll Pro Data Sheet that are
associated with slices and Configurable Logic Blocks (CLBs). It consists of three parts
corresponding to their respective (switching characteristics) sections in the data sheet:

® General Slice Timing Model and Parameters (CLB Switching Characteristics)

® Slice Distributed RAM Timing Model and Parameters (CLB Distributed RAM
Switching Characteristics)

® Slice SRL Timing Model and Parameters (CLB SRL Switching Characteristics)
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General Slice Timing Model and Parameters

Figure 1-5 illustrates the details of a Virtex-II Pro slice.

Note: Some elements of the Virtex-II Pro slice have been omitted for clarity. Only the elements
relevant to the timing paths described in this section are shown.
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<1 DY
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inputs | >———
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Figure 1-5: General Slice Diagram
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Timing Parameters

Parameter Function Cc:mtrol Description
Signal
Combinatorial Delays
F/G inputs to Prope}gatlon delay from the F/G inputs of
Tho X/Y outputs the slice, through the look-up tables
P (LUTs), to the X/Y outputs of the slice.
. Propagation delay from the F/G inputs of
Tigs F/G 1nputstt0 F5 the slice, through the LUTs and MUXF5 to
outpu the F5 output of the slice.
. Propagation delay from the F/G inputs of
Tirsx F/G mputst toX the slice, through the LUTs and MUXF5 to
outpu the X output of the slice.
FXINA/FXINB Propagation delay from the
Tiexy inputs to Y FXINA /FXINB inputs, through MUXEX
output to the Y output of the slice.
Transparent Incremental delay through a transparent
TiENCTL Latch input to latch to XQ/YQ outputs.
XQ/YQ outputs
Sequential Delays
FF Clock (CLK) Time after the clock that data is stable at
Texo to XQ/YQ the XQ/YQ outputs of the slice sequential
outputs elements (configured as a flip-flop).
Latch Clock Time after the clock that data is stable at
Texro (CLK) to the XQ/YQ outputs of the slice sequential
XQ/YQ outputs elements (configured as a latch).

Setup and Hold for Slice Sequential Elements

Tyxck = Setup time (before clock edge)
Ty = Hold time (after clock edge)

The following descriptions are for setup
times only.

Tpick/ Tckor

BX/BY inputs

Time before Clock (CLK) that data from
the BX or BY inputs of the slice must be
stable at the D-input of the slice sequential
elements (configured as a flip-flop).

Toyck/ Tckpy

DY input

Time before Clock (CLK) that data from
the DY input of the slice must be stable at
the D-input of the slice sequential
elements (configured as a flip-flop).

Toxck/ Texpx

DX input

Time before Clock (CLK) that data from
the DX input of the slice must be stable at
the D-input of the slice sequential
elements (configured as a flip-flop).

Terck/ Tekce

CE input

Time before Clock (CLK) that the CE
(Clock Enable) input of the slice must be
stable at the CE-input of the slice sequen-
tial elements (configured as a flip-flop).
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Parameter Function Cc_)ntrol Description
Signal

Time before CLK that the SR (Set/Reset)
and the BY (Rev) inputs of the slice must
Trex/Texkr | SR/BY inputs be stable at the SR/Rev-inputs of the slice
sequential elements (configured as a flip-
flop). Synchronous set/reset only.

Clock CLK
Ten Minimum Pulse Width, High.
Ter Minimum Pulse Width, Low.
Set/Reset
Trow Minimum Pulse Width for ’Fhe SR
(Set/Reset) and BY (Rev) pins.

Propagation delay for an asynchronous
Tro Set/Reset of the slice sequential elements.
From SR/BY inputs to XQ/YQ outputs.

Toggle Frequency - Maximum Frequency
that a CLB flip-flop can be clocked:

1/(Tcut+Ter)

Frog

Figure 1-6 illustrates general timing characteristics of a Virtex-II Pro slice.
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Figure 1-6: General Slice Timing Diagram

® Attime Tcgck before Clock Event 1, the Clock-Enable signal becomes valid-high at
the CE input of the slice register.

® Attime Tpyck before Clock Event 1, data from the DY input becomes valid-high at the
D input of the slice register and is reflected on the YQ pin at time Tk after Clock
Event 1*.

® Attime Trck before Clock Event 3, the SR signal (configured as synchronous reset in

this case) becomes valid-high, resetting the slice register, and this is reflected on the
YQ pin at time Tk after Clock Event 3.

* NOTE: In most cases software uses the DX/DY inputs to route data to the slice registers when
at all possible. This is the fastest path to the slice registers and saves other slice routing resources.
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Slice Distributed RAM Timing Model and Parameters
Figure 1-7 illustrates the details of distributed RAM implemented in a Virtex-II Pro slice.

Note: Some elements of the Virtex-II Pro slice have been omitted for clarity. Only the elements
relevant to the timing paths described in this section are shown.

MUXFX
FXINA —> \|
> FX
FXINB > )
ADDRESS RAM
G4 >——
G >— D —yY
G[>——
Gl [O>——
WS |DI
BY > D
DATA_IN or
Address
SLICEWE[2:0] WSGEN
]
WE
—{ CK
MUXF5
ﬂ \J [>F5
WS | DI 1
ADDRESS RAM
G4 =
G3I[=> D —X
G >
G1 =
BX >
DATA_IN or
Address
CLK >
SR>——
(Write Enable)
UG002_C3_019_1204 00
Figure 1-7: Slice Distributed RAM Diagram
130 www.xilinx.com UGO012 (v1.0) January 31, 2002

1-800-255-7778 Virtex-ll Pro Platform FPGA Handbook


http://www.xilinx.com

CLB / Slice Timing Model

S XILINX®

Timing Parameters

Parameter Function Cc_)ntrol Description
Signal
Sequential Delays for Slice LUT Configured as RAM (Distributed RAM)
CLKtoX/Y outputs Time a'fter the Clock (CLK? of a WRITE
T (WE active) in 16x1 operation that the data written to the
SHCKO16 mode distributed RAM (in 16x1 mode) is stable
on the X/Y outputs of the slice.
CLK toX/Y outputs Time a'fter the Clock (CLK? of a WRITE
T (WE active) in 32x1 operation that the data written to the
SHCKO32 mode distributed RAM (in 32x1 mode) is stable
on the X/Y outputs of the slice.
Time after the Clock (CLK) of a WRITE
T CLK to F5 output operation that the data written to the
SHCKOF5 (WE active) distributed RAM is stable on the F5
output of the slice.

Setup and Hold for Slice LUT Configured as RAM (Distributed RAM)

T,s = Setup time (before clock edge)
Ty = Hold time (after clock edge)

The following descriptions are for setup
times only.

Time before the clock that data must be

Tre/T BX/BY Data inputs stable at the DI input of the slice LUT
DS/ “DH (D) (configured as RAM), via the slice
BX/BY inputs.
Time before the clock that address
Tas/Tayg |F/G Address inputs signals must be stable at the F/G inputs
of the slice LUT (configured as RAM).
Time before the clock that the Write
. Enable signal must be stable at the WE
Twes/Twen| WE input (SR) input of the slice LUT (configured as
RAM).
Clock CLK
T Minimum Pulse Width, High (for a
WPH Distributed RAM clock).
T Minimum Pulse Width, Low (for a
WPL Distributed RAM clock).
Minimum clock period to meet address
Twe

write cycle time.

UGO012 (v1.0) January 31, 2002
Virtex-ll Pro Platform FPGA Handbook

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

131


http://www.xilinx.com

S XILINX® Chapter 1: Timing Models

Figure 1-8 illustrates the timing characteristics of a 16-bit distributed RAM implemented in
a Virtex-II Pro slice (LUT configured as RAM).

1 3 4 5 6 7
~—TWC — | | | | |
I TwPH, | | | [ | |
= TwpL! | | | | |
CLK \—/ | | |
I R N B
mpR X1 2 X EXI 3 Xi 4 XI5 IE X
T T T T T T
—»: ~~TDS | | | | | |
oA N XX T 1T XT x| XT o X1 XT o XTI x1X
| | | | | |
T
I T T T | 'O I
WE [ [ [ [ N\ |
DATA_OUT —=, L=TsHobre ! ! ! ! !
(XY Outpu) —— D G X o :X 1 :X 0| )4MEN:(E)
: WRITE : READ : WRITE : WRITE : WRITE : READ :

UG002_C3_020_031301

Figure 1-8: Slice Distributed RAM Timing Diagram

Clock Event 1: WRITE Operation

During a WRITE operation, the contents of the memory at the address on the ADDR inputs

is changed. The data written to this memory location is reflected on the X/Y outputs

synchronously.

® Attime Tyygg before Clock Event 1, the Write Enable signal (WE) becomes valid-high,
enabling the RAM for the following WRITE operation.

® Attime Tpgbefore Clock Event 1, the address (2) becomes valid at the F/G inputs of
the RAM.

® Attime Tpg before Clock Event 1, the DATA becomes valid (1) at the DI input of the
RAM and is reflected on the X/Y output at time Tgycgo16 after Clock Event 1.

Clock Event 2: READ Operation

AllREAD operations are asynchronous in distributed RAM. As long as write-enable (WE)
is Low, the address bus can be asserted at any time, and the contents of the RAM at that
address are reflected on the X/Y outputs after a delay of length Ty;  (propagation delay
through a LUT). Note that the Address (F) is asserted after Clock Event 2, and that the
contents of the RAM at that location are reflected on the output after a delay of length Ty; ;.
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Slice SRL Timing Model and Parameters

Figure 1-9 illustrates shift register implementation in a Virtex-II Pro slice.

Note: Some elements of the Virtex-II Pro slice have been omitted for clarity. Only the elements
relevant to the timing paths described in this section are shown.

Shift_In
U MUXFX
FXINA —>
> FX
FXINB > § J
N
ADDRESS —>vYB
a3 > SRL
G2 > D
G1 >
Go— MC15
WS DI
BY D;D
(DATA_IN or
ADDRESS)
WSGEN
WE
— CK
MUXF5
— Shift_In
tlj/ \J ’ > Fs
WS |DI l X
ADDRESS
F3 > SRL
FRPC> D
F1 =
FOC—> MC15 > XB
SR >—
CLK >——
BX >
(DATA_IN or
ADDRESS)
Shift_Out
UG002_C3_021_113000
Figure 1-9: Slice SLR Diagram
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Timing Parameters

Parameter Function Cc.mtrol Description
Signal
Sequential Delays for Slice LUT Configured as SRL (Select Shift Register)
CLK to Time after the Clock (CLK) of a WRITE
TreG X/Y outputs operation that the data written to the SRL is
p stable on the X/Y outputs of the slice.
Time after the Clock (CLK) of a WRITE
. operation that the data written to the SRL is
Texsn CLK to Shiftout stable on the Shiftout or XB/YB outputs of
the slice.
Time after the Clock (CLK) of a WRITE
Tregrs | CLK to F5 output operation that the data written to the SRL is
stable on the F5 output of the slice.

Setup/Hold for Slice LUT Configured as SRL (Select Shift Register)

Tyxs = Setup time (before clock edge)
Tyxg= Hold time (after clock edge)

The following descriptions are for setup times
only.

Time before the clock that data mustbe stable

TFSRLDS/ Blﬁ/ Btz ([%;t)a at the DI input of the slice LUT (configured as
SRLDH b SRL), via the slice BX/BY inputs.
Time before the clock that the Write Enable
Twss/Twsy| CE input (WE) signal must be stable at the WE input of the
slice LUT (configured as SRL).
Clock CLK
T Minimum Pulse Width, High (for an SRL
SRPH clock).
Minimum Pulse Width, Low (for an SRL
Tsrpr

clock).

Figure 1-10 illustrates the timing characteristics of a 16-bit shift register implemented in a

Virtex-II Pro slice (LUT configured as SRL).

Write Enable
(SR)

— L_TSRLDS

sitn@) X1 0 X1 1 X 1 0 XI 1 X1 o
! N N N\ N N\
Address | o | \ | \K | \ 2 | \ )Q I1\
— L TREG | | TiLo | l T 1 To) | l
DataOut(0)_ x| X_ 0 |§( 1 o1l X 1 1 1 Xo X1 16
TREGXB—», b : ! ! ! !
MSB (MC15) XI)|( x 11X x 11X x 1 X x 1 X X |><x:|><o

UG002_C3_022_102700

Figure 1-10: Slice SLR Timing Diagram
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Clock Event 1: Shift_In

During a WRITE (Shift_In) operation, the single-bit content of the register at the address on
the ADDR inputs is changed, as data is shifted through the SRL. The data written to this
register is reflected on the X/Y outputs synchronously, if the address is unchanged during
the clock event. If the ADDR inputs are changed during a clock event, the value of the data
at the addressable output (D) is invalid.

® At time Tygg before Clock Event 1, the Write Enable signal (SR) becomes valid-high,
enabling the SRL for the WRITE operation that follows.

®  Attime Tgry pg before Clock Event 1 the data becomes valid (0) at the DI input of the SRL
and is reflected on the X/Y output after a delay of length Trgc; after Clock Event 1*.

* Note: Since the address 0 is specified at Clock Event 1, the data on the DI input is reflected at
the D output, because it is written to Register 0.

Clock Event 2: Shift_In

®  Attime Tggy pg before Clock Event 2, the data becomes valid (1) at the DI input of the
SRL and is reflected on the X/Y output after a delay of length Trgg after Clock Event 2*.

* Note: Since the address 0 is still specified at Clock Event 2, the data on the DI input is reflected
at the D output, because it is written to Register 0.

Clock Event 3: Shift_In / Addressable (Asynchronous) READ

All READ operations are asynchronous. If the address is changed (between clock events),
the contents of the register at that address are reflected at the addressable output (X/Y
outputs) after a delay of length Ty o (propagation delay through a LUT).

® At time Tgrypg before Clock Event 3 the Data becomes valid (1) at the DI input of the
SRL, and is reflected on the X/Y output Tggg time after Clock Event 3.

® Notice that the address is changed (from 0 to 2) some time after Clock Event 3. The
value stored in Register 2 at this time is a 0 (in this example, this was the first data
shifted in), and it is reflected on the X/Y output after a delay of length Ty .

Clock Event 16: MSB (Most Significant Bit) Changes

® Attime Trggxg after Clock Event 16, the first bit shifted into the SRL becomes valid
(logical 0 in this case) on the XB output of the slice via the MC15 output of the LUT
(SRL).

Block SelectRAM Timing Model

Introduction

This section describes the timing parameters associated with the block SelectRAM
(illustrated in Figure 1-11) in Virtex-II Pro FPGA devices. This section is intended to be
used with the section on switching characteristics in the Virtex-ll Pro Data Sheet and the
Timing Analyzer (TRCE) report from Xilinx software. For specific timing parameter
values, refer to the switching characteristics section in the Virtex-ll Pro Data Sheet.
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D
DIP
ADDR

WE
EN
SSR DO
CLK DOP

il

fr—
f—

DS031_10_102000

Figure 1-11: Block SelectRAM Block Diagram

Timing Parameters

Parameter Function Cc_mtrol Description
Signal
Setup and Hold Relative to Clock (CLK)
Tgxcx = Setup time (before clock edge) The following descriptions are for setup times
Tpckx = Hold time (after clock edge) only.

Time before the clock that address signals
Tgack/Tecka |Address inputs| ADDR | must be stable at the ADDR inputs of the
block RAM.

T T Data inputs DI Time before the clock that data must be
BDCK/ ZBCKD p stable at the DI inputs of the block RAM.

Time before the clock that the enable signal

Teeck/ TBCKE Enable EN | must be stable at the EN input of the block
RAM.
Svnchronous Time before the clock that the synchronous
Terex/ TBekr }ée t/Reset SSR | set/reset signal must be stable at the SSR
input of the block RAM.

Time before the clock that the write enable
Tewek/ Tecxw | Write Enable WE | signal must be stable at the WE input of the
block RAM.

Clock to Out

Clock to CLK to | Time after the clock that the output data is

Tscko Output DO | stable at the DO outputs of the block RAM.
Clock
TerwH Clock CLK | Minimum pulse width, high.
TepwL Clock CLK | Minimum pulse width, low.
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The timing diagram in Figure 1-12 describes a single-port block RAM in Write-First mode.
The timing for Read-First and No-Change modes are similar (see Design Considerations.)

1 | 2 | 3 4 5
- TepwH_ - : ~ TBPWL :« : :
CLK |
- rTeAck | ' | | |
ADDR X 00 X OF X 7E X 8F X 20
-~ -TBDCK | | | |
DI * DDDD X CCCC X BBBB X AAAA X 0000
- [1BCKO | | | |
DO X ___MEM©o) X CCCC* X wvMem@e) X 0101**
< _TBECK l l l i
N _ A | | | N
I I I TBRCK~ |- I
SSR | | | J ] \. |
: TBwokd - : I : |
WE ] /I I \, | | |
Disabled | Read | Write | Read | Reset | Disabled
* Write Mode = "WRITE_FIRST"
**SRVAL = 0101 ug002_c3_002_100300

Figure 1-12: Block SelectRAM Timing Diagram

At time 0, the block RAM is disabled; EN (enable) is low.
Clock Event 1
READ Operation:

During a read operation, the contents of the memory at the address on the ADDR inputs
are unchanged.

® Tpgack before Clock Event 1, address 00 becomes valid at the ADDR inputs of the
block RAM.

® Attime Tggcy before Clock Event 1, Enable goes High at the EN input of the block
RAM, enabling the memory for the READ operation that follows.

® Attime Tpcgo after Clock Event 1, the contents of the memory at address 00 become
stable at the DO pins of the block RAM.
Clock Event 2

WRITE Operation:

During a write operation, the content of the memory at the location specified by the
address on the ADDR inputs is replaced by the value on the DI pins and is immediately
reflected on the output latches (in WRITE-FIRST mode); EN (enable) is high.

® Attime Tgpcy before Clock Event 2, address OF becomes valid at the ADDR inputs of

the block RAM.
® Attime Tgpck before Clock Event 2, data CCCC becomes valid at the DI inputs of the
block RAM.
® Attime Tgycg before Clock Event 2, Write Enable becomes valid at the WE following
the block RAM.
® Attime Tgcgoafter Clock Event 2, data CCCC becomes valid at the DO outputs of the
block RAM.
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Clock Event 4
SSR (Synchronous Set/Reset) Operation

During an SSR operation, initialization parameter value SRVAL is loaded into the output
latches of the block SelectRAM. The SSR operation does NOT change the contents of the
memory and is independent of the ADDR and DI inputs.

® At time Tgrck before Clock Event 4, the synchronous set/reset signal becomes valid
(High) at the SSR input of the block RAM.

® Attime Ty after Clock Event 4, the SRVAL 0101 becomes valid at the DO outputs
of the block RAM.

Clock Event 5

Disable Operation:

De-asserting the enable signal EN disables any write, read or SSR operation. The disable

operation does NOT change the contents of the memory or the values of the output latches.

®  Attime Tggck before Clock Event 5, the enable signal becomes valid (Low) at the EN
input of the block RAM.

® After Clock Event 5, the data on the DO outputs of the block RAM is unchanged.

Timing Model

Figure 1-13 illustrates the delay paths associated with the implementation of block
SelectRAM. This example takes the simplest paths on and off chip (these paths can vary
greatly depending on the design). This timing model demonstrates how and where the
block SelectRAM timing parameters are used.

FPGA
r-r—-——H—™—FF—F>"™>"">"">"">">"7>7 77— 7 77— |
| Block SelectRAM |
Data = ' [77:IOPI"' xi"'l + :-BDCK DI :
Address > Tir + 71+ BACK 1 ADDR !
Write Enable [—>— L10PI* NET + Tewek |\, :
Enable > [[;’OP 1t ZigJ’TTBECK EN |
|
Synchronous —>— lopr* * “BRCK SSR T +INET+T
|
Set/Reset | OLK DO [BCKO [ ioop] > Data
' |
' |
' |
' |
' |
: [Taioo + NET) |
|
| BUFGMUX |
|
Clock :
| [Tiop1+ NET] |
____________________________ 150027037003,1 21701
Figure 1-13: Block SelectRAM Timing Model
NET = Varying interconnect delays
Topr = Pad to I-output of IOB delay
Tioop = O-input of IOB to pad delay
TGIOO = BUFGMUX delay
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Embedded Multiplier Timing Model

Introduction

This section explains all timing parameters associated with the use of embedded

18-bit x 18-bit multipliers in Virtex-1I Pro FPGAs (see Figure 1-14). The propagation delays
through the embedded multiplier differ based on the size of the multiplier function
implemented. The longest delay through the multiplier is to the highest order bit output
(P35). Therefore, if an 18-bit x 18-bit signed multiplier is implemented, the worst-case
delay for this function is the longest delay associated with the embedded multiplier block.
If smaller (LSB) multipliers are used, shorter delays can be realized.

This section is intended to be used in conjunction with the section on switching
characteristics in the Virtex-ll Pro Data Sheet and the Timing Analyzer (TRCE) report from
Xilinx software. For specific timing parameter values, refer to the Virtex-ll Pro Data Sheet.

Multiplier Block

A[17:0] — ]

MULT 18 x 18 L P[35:0]

B[17:0] ———

DS031_40_100400

Figure 1-14: Embedded 18-bit x 18-bit Multiplier Block

Timing Parameters

Propagation Delays (All Worst-Case)

Table 1-12 lists the different values for the Ty 1 timing parameter reported by the Timing
Analyzer software. These values correspond to the propagation delay through the
multiplier to a specific output pin of the multiplier block.

Table 1-12: Multiplier Switching Characteristics

Description Symbol

Propagation Delay to Output Pin

Input to Pin35 Tmur
Input to Pin34 TmuLT
Input to Pin33 TmuLT
Input to Pin32 TmuLt
Input to Pin31 Tvur
Input to Pin30 TyvuLr
Input to Pin29 Tmur
Input to Pin28 TmuLT
Input to Pin27 TmuLT
Input to Pin26 TmuLt
Input to Pin25 TyvuLr
Input to Pin24 Tvur
Input to Pin23 Tmur
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Table 1-12: Multiplier Switching Characteristics (Continued)

Description Symbol
Input to Pin22 TmuLT
Input to Pin21 TmuLr
Input to Pin20 Tyvur
Input to Pin19 Tmur
Input to Pin18 TmuLT
Input to Pin17 TmuLT
Input to Pin16 TmuLT
Input to Pin15 TmuLr
Input to Pin14 TmuLT
Input to Pin13 Tmur
Input to Pin12 TmuLT
Input to Pin11 TmuLT
Input to Pin10 TmuLT
Input to Pin9 TmuLT
Input to Pin8 Tyvur
Input to Pin7 TmuLT
Input to Pin6 Tvur
Input to Pin5 TmuLT
Input to Pin4 TmuLT
Input to Pin3 TmuLT
Input to Pin2 TmuLT
Input to Pin1 TmuLT
Input to Pin0 Tymur

The shortest delay is to pin 0 and the longest delay to pin 35. Notice that the delay-to-pin
ratio is essentially linear (see Figure 1-15). This implies that smaller multiply functions are
faster than larger ones. This is true as long as the LSB inputs are used.

Pin

pY

35

S e ————

Delay —

UG002_C3_023_092500

Figure 1-15: Pin-to-Delay Ratio Curve

140

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

UGO012 (v1.0) January 31, 2002
Virtex-ll Pro Platform FPGA Handbook


http://www.xilinx.com

I0B Timing Model

S XILINX®

Figure 1-16 illustrates the result (outputs) of a 4-bit x 4-bit unsigned multiply implemented
in an embedded multiplier block.

input
[3..0]

input
[3..0]
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P1

P2

P3

P4

P5

P6

P7

Time 0

1111
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:<—TMU|_T (PO)

X :

:<—TMU|_T (P1)

X>'<|

~—TMULT (P2)—

x X |

=—— TmuLT (P3) m—

| x X |

|
f~—— TmuLT (P4) E—

. N4

|
~———— TmuLT (P5) ————~

| ; N4

fe——— TMULT(PE) ——

|
| X

|
fe—— TmuLT (P7)

T
| X
T
|

UG002_C3_024_101300

Figure 1-16: Embedded Multiplier Block Timing Diagram

At time 0 the two 4-bit numbers to be multiplied become valid at the A[0..3], B[0..3] inputs
to the embedded multiplier. The result appears on the output pins P[0..7] in a staggered
fashion. First, PO becomes valid at time Ty 1(P0), followed by each subsequent output
pin, until P7 becomes valid at time Ty (P7). In this case, the delay for this multiply
function should correspond to that of Pin 7. In other words, the result is not valid until all
output pins become valid.

IOB Timing Model

Introduction

This section describes all timing parameters associated with the Virtex-1I Pro IOB. The
section consists of three parts:

¢ JOB Input Timing Model and Parameters

¢ JOB Output Timing Model and Parameters
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¢ JOB 3-State Timing Model and Parameters

This section is intended to be used in conjunction with the section on switching
characteristics in the Virtex-ll Pro Data Sheet and the Timing Analyzer (TRCE) report from
Xilinx software. For specific timing parameter values, refer to the Virtex-ll Pro Data Sheet.

A Note on I/O Standard Adjustments:

The "IOB Input and Output Switching Characteristics Standard Adjustments" tables in the
switching characteristics section of the Virtex-ll Pro Data Sheet are delay adders (+/-) to be
added to all timing parameter values associated with the IOB and the Global Clock (see
Pin-to-Pin Timing Model, page 151), if an I/O standard other than LVTTL is used.

All values specified in the Virtex-Il Pro Data Sheet for the parameters covered in this section
are specified for LVTTL. If another I/O standard is used, these delays change. However,
there are several exceptions. The following parameters associated with the pad going to
high-impedance (3-State buffer OFF) should NOT be adjusted:

Tiotnz

* Tioriphz

* Tgrs

* Tockuz

®  Tiosruz

OB Input Timing Model and Parameters
Figure 1-17 illustrates IOB inputs.

PAD

N -

OFF
[CJLATCH

D1 Qi ——_= 1at

CE

ICLK1

=]
e > [}—

SR REV

]

OFF
[CJLATCH

D2 QR—-_IT>> a2

CE

ICLK2

SR REV

113

UG002_C3_004_101300

Figure 1-17: Virtex-ll Pro IOB Input Diagram

142 www.xilinx.com UGO012 (v1.0) January 31, 2002
1-800-255-7778 Virtex-ll Pro Platform FPGA Handbook


http://www.xilinx.com
http://www.xilinx.com/partinfo/ds083.htm
http://www.xilinx.com/partinfo/ds083.htm
http://www.xilinx.com/partinfo/ds083.htm
http://www.xilinx.com/partinfo/ds083.htm

I0B Timing Model

S XILINX®

Timing Parameters

Parameter Function Cc.mtrol Description
Signal
Propagation Delays
T Propagation delay from the pad to I output of the IOB with no
IOPI delay adder.
T Propagation delay from the pad to I output of the IOB with the
IOPID delay adder.
T Propagation delay from the pad to IQ output of the IOB via
TOPLI transparent latch with no delay adder.
Propagation delay from the pad to IQ output of the IOB via
TiopLD

transparent latch with the delay adder.

Setup and Hold With Respect to Clock at IOB Inp

ut Register

Tyxck = Setup time (before clock edge)
Tyxcrox = Hold time (after clock edge)

The following descriptions are for setup times only.

T /T ID input with Time before the clock that the input signal from the pad must be
TOPICK/ “1OICKP NO delay stable at the ID input of the IOB Input Register, with no delay.
T /T ID input with Time before the clock that the input signal from the pad must
IOPICKD/ HIOICKPD delay be stable at the ID input of the IOB Input Register, with delay.
T T ICE input Time before the clock that the Clock Enable signal must be
IOICECK/ TTOCKICE p stable at the ICE input of the IOB Input Register.
T SR input (IFF, Time before the clock that the Set/Reset signal must be stable
[OSRCKI synchronous) at the SR input of the IOB Input Register.
Clock to Out
T Clock (CLK) to Time after the clock that the output data is stable at the IQ
IOCKIQ (IQ) output output of the IOB Input Register.
Set/Reset Delays
T SR Input to IQ Time after the Set/Reset signal of the IOB is toggled that the
IOSRIQ (asynchronous) output of the IOB input register (IQ) reflects the signal.
Time after the Global Set/Reset is toggled that the output of
TasrQ GSR to outputIQ the IOB input register (IQ) reflects the set or reset.
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Figure 1-18 illustrates IOB input register timing.

1 2 3 4 5
[ [ [
| | |
CLK Mm/_\_/_\
| | |
—| _|~—ToPck | ! !
[ * | | |
| | |
—>: -—T|0ICECK [ [ [
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Figure 1-18: 10B Input Register Timing Diagram

Clock Events

®  Attime Tjojcgck before Clock Event 1, the input clock enable signal becomes valid-high
at the ICE input of the input register, enabling the input register for incoming data.

® Attime Tjopick before Clock Event 1, the input signal becomes valid-high at the I
input of the input register and is reflected on the IQ output of the input register at
time Tiockig after Clock Event 1.

® Attime Tjogrckg before Clock Event 4 the SR signal (configured as synchronous reset
in this case) becomes valid-high resetting the input register and reflected at the IQ
output of the IOB at time Tiockig after Clock Event 4.

Figure 1-19 illustrates IOB DDR input register timing.
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Figure 1-19: 10B DDR Input Register Timing Diagram
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Clock Events

®  Attime Tioicgck before Clock Event 1 the input clock enable signal becomes valid-
high at the ICE input of both of the DDR input registers, enabling them for incoming
data. Since the ICE and I signals are common to both DDR registers, care must be
taken to toggle these signals between the rising edges of ICLK1 and ICLK2 as well as
meeting the register setup-time relative to both clocks.

® Attime Tiopyck before Clock Event 1 (rising edge of ICLK1) the input signal becomes

valid-high at the I input of both registers and is reflected on the IQ1 output of input-
register 1 at time Tjockjq after Clock Event 1.

® Attime Tiopck before Clock Event 2 (rising edge of ICLK2) the input signal becomes

valid-low at the I input of both registers and is reflected on the IQ2 output of input-
register 2 at time Tjockiq after Clock Event 2 (no change in this case).

® Attime Tjpgrcky before Clock Event 9 the SR signal (configured as synchronous reset
in this case) becomes valid-high resetting input-register 1 (IQ1) at time Tiockiq after
Clock Event 9, and input-register 2 (IQ2) at time Tjockjq after Clock Event 10.

OB Output Timing Model and Parameters
Figure 1-20 illustrates IOB outputs.
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Figure 1-20: Virtex-Il Pro 10B Output Diagram

Timing Parameters

Parameter Function Cc_)ntrol Description
Signal
Propagation Delays
Tioop Propagation delay from the O input of the IOB to the pad.
T Propagation delay from the O input of the IOB to the pad
ooLp via transparent latch.
UG012 (v1.0) January 31, 2002 www.xilinx.com 145

Virtex-ll Pro Platform FPGA Handbook 1-800-255-7778


http://www.xilinx.com

S XILINX®

Chapter 1: Timing Models

Parameter

Function

Control
Signal

Description

Setup and Hold With Respect to Clock at IOB Output Register

Tyxck = Setup time (before clock edge)
Tyxcrxx = Hold time (after clock edge)

The following descriptions are for setup times only.

T /T O input Time before the clock that data must be stable at the O
TOOCK/ FIOCKO npy input of the IOB Output Register.
T /T OCE input Time before the clock that the Clock Enable signal must
TOOCECK/ TIOCKOCE mpu be stable at the OCE input of the IOB Output Register.
. Time before the clock that the Set/Reset signal must be
Tiosreko/ Tiockosr SR input (OFF) stable at the SR input of the IOB Output Register.
Clock to Out
Tiockp Clock (CLK) to pad ‘ ‘ Time after the clock that the output data is stable at the pad.
Set/Reset Delays
T SR Input to pad Time after the Set/Reset input of the IOB is toggled that
IOSRP (asynchronous) the pad reflects the set or reset.
Time after the Global Set/Reset is toggled that the pad
TiocsrQ GSR to pad reflects the set or reset.

Figure 1-21 illustrates IOB output register timing.
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Figure 1-21: 10B Output Register Timing Diagram

Clock Events

® Attime Tippocgck before Clock Event 1, the output clock enable signal becomes valid-
high at the OCE input of the output register, enabling the output register for incoming
data.

® Attime Tippck before Clock Event 1, the output signal becomes valid-high at the O
input of the output register and is reflected on the pad at time Tjocgp after Clock
Event 1.

® Attime Tjogrcxo before Clock Event 4, the SR signal (configured as synchronous
reset in this case) becomes valid-high, resetting the output register and reflected on
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the pad at time Tjgckp after Clock Event 4.

Figure 1-22 illustrates IOB DDR output register timing.
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Figure 1-22: 10B DDR Output Register Timing Diagram

Clock Events

® Attime Tipopcgck before Clock Event 1, the output clock enable signal becomes valid-
high at the OCE input of both of the DDR output registers, enabling them for
incoming data. Since the OCE signal is common to both DDR registers, care must be
taken to toggle this signal between the rising edges of OTCLK1 and OTCLK2 as well
as meeting the register setup-time relative to both clocks.

® Attime Tippck before Clock Event 1 (rising edge of OTCLK1), the output signal O1
becomes valid-high at the O1 input of output register 1 and is reflected on the pad at
time Tyockp after Clock Event 1.

® Attime Tjppck before Clock Event 2 (rising edge of OTCLK?2), the output signal O2

becomes valid-high at the O2 input of output register 2 and is reflected on the pad at
time Tyockp after Clock Event 2 (no change on the pad in this case).

® Attime Tjogrcko before Clock Event 9, the SR signal (configured as synchronous

reset in this case) becomes valid-high, resetting output-register 1 (reflected on the pad
at time Tjpckp after Clock Event 9) (no change in this case) and output-register 2

(reflected on the pad at time Tiockp after Clock Event 10) (no change in this case).
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|OB 3-State Timing Model and Parameters
Figure 1-23 illustrates IOB 3-state timing
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Figure 1-23: Virtex-ll Pro OB 3-State Diagram

Timing Parameters

Parameter Function %?Q:IZI Description
Propagation Delays
T Time after T input of the IOB is toggled that the pad
IOTHZ goes to high-impedance.
T Time after the T input of the IOB is toggled that the
IOTON pad goes from high-impedance to valid data.
Time after the T input of the IOB via transparent
TioTLPHZ latch is toggled that the pad goes to high-
impedance.
Time after the T input of the IOB via transparent latch
TioTtL.PON is toggled that the pad goes from high-impedance to
valid data.
T Time after the Global 3-state signal is asserted that
GTS the pad goes to high-impedance.
Setup and Hold With Respect to Clock at IOB 3-State Register
Tyxck = Setup time (before clock edge) The following descriptions are for setup times only.
Tyxckxx = Hold time (after clock edge)
T /T T input Time before the clock that the signal must be stable
TOTCK/ HIOCKT p at the T input of the IOB 3-state Register.
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Parameter Function Cc_)ntrol Description
Signal
Time before the clock that the clock enable signal
Tiorcecx/ TiockTcE TCE input must be stable at the TCE input of the IOB 3-state
Register.
Trosrext/ Tiock TSR SR input (TFF) Time before the clock that the set/reset signal.
Clock to Out
. Time after clock that the pad goes to high-
TiockHZ Clock (CLK) to pad High-Z impedance.
T Clock (CLK) to valid data Time after clock that the pad goes from high-
TOCKON on pad impedance to valid data.
Set/Reset Delays
T SR Input to pad High-Z Time after the SR signal is toggled that the pad goes
IOSRHZ (asynchronous) to high-impedance.
T SR Input to valid data on Time after the SR signal is toggled that the pad goes
TOSRON pad (asynchronous) from high-impedance to valid data.

Figure 1-24 illustrates IOB 3-state register timing.
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Figure 1-24: 10B 3-State Register Timing Diagram

Clock Events

® Attime Tiorcgck before Clock Event 1, the 3-state clock enable signal becomes valid-
high at the TCE input of the 3-state register, enabling the 3-state register for incoming
data.

® Attime Tigrck before Clock Event 1 the 3-state signal becomes valid-high at the T
input of the 3-state register, returning the pad to high-impedance at time TjockHz
after Clock Event 1.

® Attime Tjogrckr before Clock Event 2, the SR signal (configured as synchronous reset

in this case) becomes valid-high, resetting the 3-state register and returning the pad to
valid data at time Tjogrop after Clock Event 2.
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Figure 1-25 illustrates IOB DDR 3-state register timing.
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Figure 1-25: 10B DDR 3-State Register Timing Diagram

Clock Events

® Attime Tiorcrck before Clock Event 1, the 3-state clock enable signal becomes valid-
high at the TCE input of both of the DDR 3-state registers, enabling them for incoming
data. Since the TCE signal is common to both DDR registers, care must be taken to
toggle this signal between the rising edges of OTCLK1 and OTCLK2 as well as
meeting the register setup-time relative to both clocks.

®  Attime Tigrck before Clock Event 2 (rising edge of OTCLK?2), the 3-state signal T2

becomes valid-high at the T2 input of 3-state register 2, switching the pad to high-
impedance at time Tjockyz after Clock Event 2.

¢ Attime Tygpck before Clock Event 3 (rising edge of OTCLK1), the 3-state signal T1
becomes valid-high at the T1 input of 3-state register 1, keeping the pad at high-
impedance for another half clock cycle (half the period of OTCLK1 or 2).

® Attime Tigrck before Clock Event 4 (rising edge of OTCLK?2), the 3-state signal T2

becomes valid-low at the T2 input of 3-state register 2, switching the pad to valid data
at time Typcgon after Clock Event 4. This is repeated for 3-state signal T1 at the

following clock event (5) maintaining valid data on the pad until Clock Event 8.

® Attime Tjorcyk before Clock Event 8 (rising edge of OTCLK?2), the 3-state signal T2
becomes valid-high at the T2 input of 3-state register 2, switching the pad to high-
impedance at time Tjockpz after Clock Event 8.

® Attime Tjpgrckt before Clock Event 9 (rising edge of OTCLK1), the SR signal

(configured as synchronous reset in this case) becomes valid-high at the SR input of
3-state Register 1, returning the pad to valid data at time Tyogron after Clock Event 9.
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Pin-to-Pin Timing Model

Introduction

This section explains the delays and timing parameters associated with the use of the
Global Clock network and the DCM. These delays are true pin-to-pin delays relative to the
Global Clock pin and an output or input pin with or without the DCM.

This section consists of two parts:
¢ Global Clock Input to Output
¢ Global Clock Setup and Hold

The former describes the delay from the Global Clock pin (with and without the DCM) to
an output pin via an Output flip-flop. The latter describes the set-up time for an Input flip-
flop from an input pin relative to the Global Clock pin (with and without the DCM).

The values reported in the switching characteristics section of the Virtex-ll Pro Data Sheet
are for LVTTL I/O standards. For different I/O standards, adjust these values with those
shown in the "IOB Switching Characteristics Standard Adjustments"” tables.

This section is intended to be used in conjunction with the section on switching
characteristics in the Virtex-ll Pro Data Sheet and the Timing Analyzer (TRCE) report from
Xilinx software. For specific timing parameter values, refer to the Virtex-ll Pro Data Sheet.

Global Clock Input to Output

Figure 1-26 illustrates the paths associated with the timing parameters defined in this
section. Note that they differ only in their use of the DCM.
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Figure 1-26: Global Clock Input to Output Model
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Timing Parameters

Parameter Description

Time after the Global Clock (pin), using the DCM, that the output
data from an IOB Output flip-flop is stable at the output pin.

Time after the Global Clock (pin), without the DCM, that the
Tickor output data from an IOB Output flip-flop is stable at the output
pin.

TickorpLL

The waveforms depicted in Figure 1-27 demonstrate the relation of the Global Clock pin,
the output data, and the use of the timing parameters.
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Figure 1-27: Global Clock Input to Output Timing Diagram
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Global Clock Setup and Hold

Figure 1-28 illustrates the paths associated with the timing parameters defined in this
section. Note, they differ only in their use of the DCM.

Global Clock Pin

y

I0B

BUFGMUX \_/

Input
o o<

10B

Input
Pin L D Q

DCM

BUFGMUX /—L\
|

/

Global Clock Pin

UG002_C3_014_101300

Figure 1-28: Global Clock Setup and Hold Model

Timing Parameters

Setup and Hold for Input Registers Relative to the Global Clock (pin):

®*  Tpsprr / Tpupiy - Time before the Global Clock (pin), with DCM, that the input
signal must be stable at the D-input of the IOB input register.

®  Tpsep / Tpurp - Time before the Global Clock (pin), without DCM, that the input
signal must be stable at the D-input of the IOB input register.

Note: Tpgpp = Setup time (before clock edge) and Tpyypp = Hold time (after clock edge). The
previous descriptions are for setup times only.
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The waveforms depicted in Figure 1-29 demonstrate the relation of the Global Clock pin,
the input data, and the use of the timing parameters.
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Figure 1-29: Global Clock Setup and Hold Timing Diagram

Digital Clock Manager Timing Model

This section describes the timing parameters associated with the Digital Clock Manager
(DCM), which are reported in the Virtex-ll Pro Data Sheet. Note that these parameters are
not used by the Timing Analyzer software in the production of timing reports; they are all
measured values and are fully characterized in silicon. For specific timing parameter
values, refer to the Virtex-1l Pro Data Sheet. This section discusses the following;:

® Operating Frequency Ranges: The minimum and maximum frequencies supported
by the DCM for all clock inputs and outputs.

¢ Input Clock Tolerances: Input clock period (pulse widths), jitter, and drift
requirements for proper function of the DCM for all clock inputs.

¢  Output Clock Precision: Output clock period jitter, phase offsets, and duty cycle for
all clock outputs of the DCM (worst case).

® Miscellaneous Timing Parameters: DCM lock times, Tap delay and shifting range.

For a detailed description of input clock tolerance, jitter, and phase offset see the
waveforms at the end of this section.
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Operating Frequency Ranges

Figure 1-30 illustrates the DCM functional block and corresponding timing parameters for

all clock inputs and outputs.
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Figure 1-30: DCM Functional Block: Operating Frequency Ranges

Timing Parameters

Parameter

Description

Low Frequency Mode

CLKOUT_FREQ _1X_LF

The minimum and maximum frequency for the CLKO,
CLK90, CLK180, CLK270 outputs of the DCM in low-
frequency mode.

CLKOUT_FREQ _2X_LF

The minimum and maximum frequency for the CLK2X and
CLK2X180 outputs of the DCM in low-frequency mode.

CLKOUT_FREQ_DV_LF

The minimum and maximum frequency for the CLKDV
output of the DCM in low-frequency mode.

CLKOUT_FREQ_FX_LF

The minimum and maximum frequency for the CLKFX and
CLKFX180 outputs of the DCM in low-frequency mode.

CLKIN_FREQ DLL_LF!

The minimum and maximum frequency for the CLKIN
input to the DCM in low-frequency mode when using the
delay-locked loop (DLL) outputs.

CLKIN_FREQ FX_LF2

The minimum and maximum frequency for the CLKIN
input to the DCM in low-frequency mode when using the
FX outputs.

PSCLK_FREQ_LF

The minimum and maximum frequency for the PSCLK
input to the DCM in low-frequency mode.
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Parameter

Description

High Frequency Mode

CLKOUT_FREQ_1X_HF

The minimum and maximum frequency for the CLKO,
CLK180 outputs of the DCM in high-frequency mode.

CLKOUT_FREQ_DV_HF

The minimum and maximum frequency for the CLKDV
output of the DCM in high-frequency mode.

CLKOUT_FREQ_FX_HF

The minimum and maximum frequency for the CLKFX and
CLKFX180 outputs of the DCM in high-frequency mode.

CLKIN_FREQ DLL_HF

The minimum and maximum frequency for the CLKIN input
to the DCM in high-frequency mode when using the DLL
outputs.

CLKIN_FREQ_FX_HF

The minimum and maximum frequency for the CLKIN input
to the DCM in high-frequency mode when using the FX
outputs.

PSCLK_FREQ_HF

The minimum and maximum frequency for the PSCLK input
to the DCM in high-frequency mode.

Notes:

1. Delay-locked loop (DLL) outputs include: CLK0, CLK90, CLK180, CLK270, CLK2X,

CLK2X180, and CLKDV.

2. FXoutputs include: CLKFX and CLKFX180

Input Clock Tolerances

Timing Parameters

Parameter

Description

PSCLK_PULSE!

The minimum pulse width (HIGH and LOW) that the
PSCLK input to the DCM can have over a range of
frequencies.

CLKIN_PULSE

The minimum pulse width (HIGH and LOW) that the
CLKIN input to the DCM can have over a range of
frequencies. Also applies to PSCLK.

CLKFB_DELAY_VAR_EXT

The maximum allowed variation in delay (across
environmental changes) of the feedback clock path
when routed externally for board-level de-skew.

Low Frequency Mode

The maximum cycle-to-cycle jitter the CLKIN input to

CLKIN_CYC_JITT_DLL_LF the DCM can have when using the DLL outputs in

low-frequency mode.

CLKIN_CYC_JITT_FX_LF

The maximum cycle-to-cycle jitter the CLKIN input to
the DCM can have when using the FX outputs in low-
frequency mode.

The maximum period jitter the CLKIN input to the

CLKIN_PER_JITT_DLL_LF DCM can have when using the DLL outputs in low-

frequency mode.
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Parameter

Description

CLKIN_PER _JITT_FX_LF

The maximum period jitter the CLKIN input to the
DCM can have when using the FX outputs in low-
frequency mode.

High Frequency Mode

CLKIN_CYC_JITT_DLL_HF

The maximum cycle-to-cycle jitter the CLKIN input to
the DCM can have when using the DLL outputs in
high-frequency mode.

CLKIN_CYC_JITT_EX_HF

The maximum cycle-to-cycle jitter the CLKIN input to
the DCM can have when using the FX outputs in high-
frequency mode.

CLKIN_PER _JITT_DLL_HF

The maximum period jitter the CLKIN input to the
DCM can have when using the DLL outputs in high-
frequency mode.

CLKIN_PER _JITT_FX_HF

The maximum period jitter the CLKIN input to the
DCM can have when using the FX outputs in high-
frequency mode.

Notes:

1. The frequencies applicable to CLKIN_PULSE range from 1 to >400 MHz. These
frequencies also apply to PSCLK_PULSE. Since PSCLK can be less than 1 MHz, the
pulse width under this condition is specified for PSCLK only.

Output Clock Precision

Timing Parameters

Parameter

Description

CLKOUT_PER _JITT 0

The maximum period jitter of the CLKO output clock
from the DCM (worst case).

CLKOUT_PER_JITT_90

The maximum period jitter of the CLK90 output clock
from the DCM (worst case).

CLKOUT_PER _JITT_180

The maximum period jitter of the CLK180 output
clock from the DCM (worst case).

CLKOUT_PER_JITT_270

The maximum period jitter of the CLK270 output
clock from the DCM (worst case).

CLKOUT_PER _JITT 2X

The maximum period jitter of the CLK2X and
CLK2X180 output clocks from the DCM (worst case).

CLKOUT_PER _JITT _DV1

The maximum period jitter of the CLKDV (integer
division) output clock from the DCM (worst case).

CLKOUT_PER _JITT_DV2

The maximum period jitter of the CLKDV (non-integer
division) output clock from the DCM (worst case).

CLKOUT_PER_JITT_FX

The maximum period jitter of the FX output clocks
from the DCM (worst case).
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Parameter Description
Maximum phase offset between the CLKIN and
CLKIN_CLKFB_PHASE CLKFB inputs to the DCM.
CLKOUT PHASE Maximum phase offset between any DCM clock
outputs.

CLKOUT_DUTY_CYCLE_DLL | The duty-cycle precision for all DLL outputs.
CLKOUT_DUTY_CYCLE_EX The duty-cycle precision for the FX outputs.

Miscellaneous DCM Timing Parameters

Table 1-13: Miscellaneous DCM Timing Parameters

Parameter Description

Time required for DCM to lock over a range of clock
LOCK_DLL frequencies when using the DLL outputs.

LOCK_FX Time required for DCM to lock when using the FX outputs.

LOCK_DLL_FINE_SHIFT | Additional lock time when performing fine phase shifting.
FINE_SHIFT_RANGE Absolute range for fine phase shifting.
DCM_TAP Resolution of delay line.

The waveforms in Figure 1-31 demonstrate the relationship between clock tolerance, jitter,
and phase.

Period Tolerance: the allowed input clock period change in nanoseconds.

e r e e LI

TCLKIN * Input  |«—
Clock
TCLKIN Jitter

Output Jitter: the difference between an ideal Phase Offset and Maximum Phase Difference
reference clock edge and the actual design.

: Ideal Period : : I I ‘
:Actual Period| : ::Jé: _|—
: ):+L : |<_:_>I+/- Jitter

‘%7 |—=—|->£+ Maximum Phase Difference

:—»: + Phase Offset

ds022_24_112800
Figure 1-31: DCM Jitter, Phase, and Tolerance Timing Waveforms
Output jitter is period jitter measured on the DLL output clocks, excluding input clock
jitter.

Phase offset between CLKIN and CLKFB is the worst-case fixed time difference between
rising edges of CLKIN and CLKFB, excluding output jitter and input clock jitter.
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Phase offset between clock outputs on the DLL is the worst-case fixed time difference
between rising edges of any two DLL outputs, excluding output jitter and input clock jitter.

Maximum phase difference between CLKIN an CLKFB is the sum of output jitter and
phase offset between CLKIN and CLKEFB, or the greatest difference between CLKIN and
CLKFB rising edges due to DLL alone (excluding input clock jitter).

Maximum phase difference between clock outputs on the DLL is the sum of output jitter
and phase offset between any DLL clock outputs, or the greatest difference between any
two DLL output rising edges due to DLL alone (excluding input clock jitter).
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Chapter 2

Summary

This chapter covers the following topics:

Rocket I/O Transceiver

Processor Block

Global Clock Networks

Digital Clock Managers (DCMs)
Block SelectRAM™ Memory
Distributed SelectRAM Memory
Look-Up Tables as Shift Registers (SRLUTs)
Large Multiplexers

Sum of Products (SOP) Logic
Embedded Multipliers

Single-Ended Selectl/O Resources
Digitally Controlled Impedance (DCI)
Double-Data-Rate (DDR) I/O

LVDS I/0

Bitstream Encryption

Platform Generator

CORE Generator System

Introduction

This chapter describes how to take advantage of the many special features of the
Virtex-1I Pro architecture to achieve maximum density and performance. In many cases,
the functions described can be automatically generated using the Xilinx CORE
Generator™ tool. This is noted throughout the chapter, in the following sections
specifically:

Block SelectRAM™ Memory

Distributed SelectRAM Memory

Look-Up Tables as Shift Registers (SRLUTs)
Large Multiplexers

Embedded Multipliers
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Rocket I/O Transceiver

Introduction

Virtex-II Pro devices provide up to sixteen multi-gigabit transceivers capable of various
high-speed serial standards such as Gigabit Ethernet, FiberChannel, Infiniband, and
XAUL In addition, the channel-bonding feature aggregates multiple channels allowing for
even higher data transfer rate. The following sections summarize the Rocket I/O primitive
ports and attributes, and give a simple usage example. For more information on

Rocket I/0 features, design examples, power considerations, and board layout
suggestions, refer to the Rocket I/O User Guide or www.xilinx.com/virtex2pro.

List of Available Ports

The Rocket I/O transceiver primitives contain 50 ports, with the exception of the 46-port
GT_ETHERNET and GT_FIBRE_CHAN primitives. The differential serial data ports
(RXN, RXP, TXN, and TXP) are connected directly to external pads; the remaining 46 ports
are all accessible from the FPGA logic (42 ports for GT_ETHERNET and
GT_FIBRE_CHAN).

Table 2-1 contains the port descriptions of all primitives.

Table 2-1: GT_CUSTOM(), GT_AURORA, GT_FIBRE_CHAN(2), GT_ETHERNET(2),
GT_INFINIBAND, and GT_XAUI Primitive Ports

Port
Size(3)

CHBONDDONE (@) 1 Indicates a receiver has successfully completed
channel bonding when asserted High.

CHBONDI I 4 The channel bonding control that is used only by
"slaves" which is driven by a transceiver’s
CHBONDO port.

CHBONDO (@) 4 Channel bonding control that passes channel
bonding and clock correction control to other
transceivers.

Port /0 Definition

CONFIGENABLE
CONFIGIN
CONFIGOUT
ENCHANSYNC

Reconfiguration enable input (unused)

Data input for reconfiguring transceiver (unused)

Data output for configuration readback (unused)

— Q| —|
[E I UG

Comes from the core to the transceiver and enables
the transceiver to perform channel bonding

ENMCOMMAALIGN | I 1 Selects realignment of incoming serial bitstream on
minus-comma. High realigns serial bitstream byte
boundary when minus-comma is detected.

ENPCOMMAALIGN I 1 Selects realignment of incoming serial bitstream on
plus-comma. High realigns serial bitstream byte
boundary when plus-comma is detected.

LOOPBACK I 2 Selects the two loopback test modes. Bit 1 is for
serial loopback and bit 0 is for internal parallel
loopback.

POWERDOWN I 1 Shuts down both the receiver and transmitter sides
of the transceiver when asserted High. This
decreases the power consumption while the
transceiver is shut down.
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Table 2-1: GT_CUSTOM(), GT_AURORA, GT_FIBRE_CHAN(), GT_ETHERNET(2),
GT_INFINIBAND, and GT_XAUI Primitive Ports (Continued)

Port

/0

Port
Size(3)

Definition

REFCLK

I

1

High-quality reference clock driving transmission
(reading TX FIFO, and multiplied for
parallel/serial conversion) and clock recovery.
REFCLK frequency is accurate to + 100 ppm. This
clock originates off the device, is routed through
fabric interconnect, and is selected by the
REFCLKSEL.

REFCLK2

An alternative to REFCLK. Can be selected by the
REFCLKSEL.

REFCLKSEL

Selects the reference clock to use REFCLK or
REFCLK2. Deasserted is REFCLK. Asserted is
REFCLK2.

RXBUFSTATUS

Receiver elastic buffer status. Bit 1 indicates if an
overflow /underflow error has occurred when
asserted High. Bit 0 indicates if the buffer is at least
half-full when asserted High.

RXCHARISCOMMA

1,2,4

Similar to RXCHARISK except that the data is a
comma.

RXCHARISK

1,2,4

If 8B/10B decoding is enabled, it indicates that the
received data is a "K" character when asserted
High. Included in Byte-mapping. If 8B/10B
encoding bypassed, it becomes the 10th bit of the
10-bit encoded data.

RXCHECKINGCRC

CRC status for the receiver. Asserts High to
indicate that the receiver has recognized the end of
a data packet. Only meaningful if RX_CRC_USE =
TRUE.

RXCLKCORCNT

Status that denotes occurrence of clock correction
or channel bonding. This status is synchronized on
the incoming RXDATA. See Rocket I/O User Guide.

RXCOMMADET

Signals that a comma has been detected in the data
stream.

RXCRCERR

Indicates if the CRC code is incorrect when
asserted High. Only meaningful if RX_CRC_USE =
TRUE.

RXDATA

8,16,32

Up to four bytes of decoded (8B/10B encoding) or
encoded (8B/10B bypassed) receive data.

RXDISPERR

1,2,4

If 8B/10B encoding is enabled it indicates whether
a disparity error has occurred on the serial line.
Included in Byte-mapping scheme.
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Table 2-1: GT_CUSTOM(), GT_AURORA, GT_FIBRE_CHAN(), GT_ETHERNET(2),
GT_INFINIBAND, and GT_XAUI Primitive Ports (Continued)

Port

/0

Port
Size(3)

Definition

RXLOSSOFSYNC

(@)

2

Status related to byte-stream synchronization
(RX_LOSS_OF_SYNC_FSM)

If RX_LOSS_OF_SYNC_FSM = TRUE, this outputs
the state of the FSM.

Bit 1 signals a loss of sync.

Bit 0 indicates a resync state.

If RX_LOSS_OF_SYNC_FSM = FALSE, this
indicates if received data is invalid (Bit 1) and if the
channel bonding sequence is recognized (Bit 0).

RXN®

Serial differential port (FPGA external)

RXNOTINTABLE

1,2,4

Status of encoded data when the data is not a valid
character when asserted High. Applies to the byte-
mapping scheme.

RXP @)

Serial differential port (FPGA external)

RXPOLARITY

Similar to TXPOLARITY, but for RXN and RXP.
When deasserted, assumes regular polarity. When
asserted, reverses polarity.

RXREALIGN

Signal from the PMA denoting that the byte
alignment with the serial data stream changed due
to a comma detection. Asserted High when
alignment occurs.

RXRECCLK

Recovered clock that is divided by 20.

RXRESET

Synchronous RX system reset that "recenters" the
receive elastic buffer. It also resets 8B/10B decoder,
comma detect, channel bonding, clock correction
logic, and other internal receive registers. It does
not reset the receiver PLL.

RXRUNDISP

1,2,4

Signals the running disparity (negative/positive)
in the received serial data. If 8B/10B encoding
bypassed, it becomes the 9th bit of the 10-bit
encoded data.

RXUSRCLK

Clock from a DCM that is used for reading the RX
elastic buffer. It also clocks CHBONDI and
CHBONDO in and out of the transceiver. Typically,
the same as TXUSRCLK.

RXUSRCLK2

Clock output from a DCM that clocks the receiver
data and status between the transceiver and the
FPGA core. Typically the same as TXUSRCLK2.
The relationship between RXUSRCLK and
RXUSRCLK?2 depends on the width of the
RXDATA.

TXBUFERR

Provides status of the transmission FIFO. If
asserted High, an overflow /underflow has
occurred. When this bit becomes set, it can only be
reset by asserting TXRESET.
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Table 2-1: GT_CUSTOM(), GT_AURORA, GT_FIBRE_CHAN(2), GT_ETHERNET(2),
GT_INFINIBAND, and GT_XAUI Primitive Ports (Continued)

Port

/0

Port
Size(3)

Definition

TXBYPASS8B10B

I

1,2,4

This control signal determines whether the 8B/10B
encoding is enabled or bypassed. If the signal is
asserted High, the encoding is bypassed. This
creates a 10-bit interface to the FPGA core. See the
8B/10B section for more details.

TXCHARDISPMODE

1,2,4

If 8B/10B encoding is enabled, this bus determines
what mode of disparity is to be sent. When 8B/10B
is bypassed, this becomes the 10th bit of the 10-bit
encoded TXDATA bus for each byte specified by
the byte-mapping section.

TXCHARDISPVAL

1,2,4

If 8B/10B encoding is enabled, this bus determines
what type of disparity is to be sent. When 8B/10B
is bypassed, this becomes the 9th bit of the 10-bit
encoded TXDATA bus for each byte specified by
the byte-mapping section.

TXCHARISK

1,2,4

If 8B/10B encoding is enabled, this control bus
determines if the transmitted data is a "K" character
or a Data character. A logic High indicating a K
character.

TXDATA

8,16,32

Transmit data that can be 1, 2, or 4 bytes wide,
depending on the primitive used. TXDATA [7:0] is
always the last byte transmitted. The position of
the first byte depends on selected TX data path
width.

TXFORCECRCERR

Specifies whether to insert error in computed CRC.
When TXFORCECRCERR = TRUE, the transmitter
corrupts the correctly computed CRC value by
XORing with the bits specified in attribute
TX_CRC_FORCE_VALUE. This input can be used
to test detection of CRC errors at the receiver.

TXINHIBIT

If a logic High, the TX differential pairs are forced
tobe a constant 1/0. TXN =1, TXP =0

TXKERR

1,2,4

If 8B/10B encoding is enabled, this signal indicates
(asserted High) when the "K" character to be
transmitted is not a valid "K" character. Bits
correspond to the byte-mapping scheme.

TXN®)

Transmit differential port (FPGA external)

TXP@

Transmit differential port (FPGA external)

TXPOLARITY

Specifies whether or not to invert the final
transmitter output. Able to reverse the polarity on
the TXN and TXP lines. Deasserted sets regular
polarity. Asserted reverses polarity.

TXRESET

Synchronous TX system reset that “recenters” the
transmit elastic buffer. It also resets 8B/10B
encoder and other internal transmission registers.
It does not reset the transmission PLL.
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Table 2-1: GT_CUSTOM(), GT_AURORA, GT_FIBRE_CHAN(2), GT_ETHERNET(2),
GT_INFINIBAND, and GT_XAUI Primitive Ports (Continued)

Port

/0

Port
Size(3)

Definition

TXRUNDISP

(@)

1,2,4

Signals the running disparity after this byte is
encoded. Zero equals negative disparity and
positive disparity for a one.

TXUSRCLK

Clock output from a DCM that is clocked with the
REFCLK (or other reference clock). This clock is
used for writing the TX buffer and is frequency-
locked to the REFCLK.

TXUSRCLK2

Clock output from a DCM that clocks transmission
data and status and reconfiguration data between
the transceiver an the FPGA core. The ratio
between the TXUSRCLK and TXUSRCLK2
depends on the width of the TXDATA.

Notes:

1. The GT_CUSTOM ports are always the maximum port size.

2.  GT_FIBRE_CHAN and GT_ETHERNET ports do not have the three CHBOND** or
ENCHANSYNC ports.

3. The port sizes change with relation to the primitive selected and also correlate to the byte

mapping.

4. External ports only accessible from package pins.

Primitive Attributes

The primitives also contain attributes set by default to specific values controlling each
specific primitive’s protocol parameters. Included are channel-bonding settings (for
primitives supporting channel bonding), clock correction sequences, and CRC. Table 2-2
shows a brief description of each attribute. Table 2-3 and Table 2-4 have the default values
of each primitive.

Table 2-2: Rocket I/0O Transceiver Attributes

Attribute

Description

ALIGN_COMMA_MSB

True/False controls the alignment of detected commas within the
transceivers 2-byte wide data path.

False: Align commas within a 10-bit alignment range. As a result the
comma is aligned to either RXDATA[15:8} byte or RXDATA [7:0] byte in
the transceivers internal data path.

True: Aligns comma with 20-bit alignment range.
As a result aligns on the RXDATA[15:8] byte.

NOTE: If protocols (like Gigabit Ethernet) are oriented in byte pairs with
commas always in even (first) byte formation, this can be set to True. Oth-
erwise, it should be set to False.

CHAN_BOND_LIMIT

Integer 1-31 that defines maximum number of bytes a slave receiver can read
following a channel bonding sequence and still successfully align to that
sequence.
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Table 2-2: Rocket I/O Transceiver Attributes (Continued)

Attribute

Description

CHAN_BOND_MODE

STRING
OFF, MASTER, SLAVE_1_HOP, SLAVE_2_HOPS

OFF: No channel bonding involving this transceiver.

MASTER: This transceiver is master for channel bonding. Its CHBONDO
port directly drives CHBONDI ports on one or more SLAVE_1_HOP
transceivers.

SLAVE_1_HOP: This transceiver is a slave for channel bonding.
SLAVE_1_HOP’s CHBONDI is directly driven by a MASTER transceiver
CHBONDO port. SLAVE_1_HOP’s CHBONDO port can directly drive
CHBONDI ports on one or more SLAVE_2_HOPS transceivers.

SLAVE_2_HOPS: This transceiver is a slave for channel bonding.
SLAVE_2_HOPS CHBONDI is directly driven by a SLAVE_1_HOP CH-
BONDO port.

CHAN_BOND_OFFSET

Integer 0-15 that defines offset (in bytes) from channel bonding sequence for
realignment. It specifies the first elastic buffer read address that all channel-
bonded transceivers have immediately after channel bonding.
CHAN_BOND_WAIT specifies the number of bytes that the master
transceiver passes to RXDATA, starting with the channel bonding sequence,
before the transceiver executes channel bonding (alignment) across all
channel-bonded transceivers.

CHAN_BOND_OFFSET specifies the first elastic buffer read address that all
channel-bonded transceivers have immediately after channel bonding
(alignment), as a positive offset from the beginning of the matched channel
bonding sequence in each transceiver.

For optimal performance of the elastic buffer, CHAN_BOND_WAIT and
CHAN_BOND_OFFSET should be set to the same value (typically 8).

CHAN_BOND_ONE_SHOT

True/False that controls repeated execution of channel bonding.

False: Master transceiver initiates channel bonding whenever possible
(whenever channel-bonding sequence is detected in the input) as long as
input ENCHANSYNC is High and RXRESET is Low.

True: Master transceiver initiates channel bonding only the first time it is
possible (channel bonding sequence is detected in input) following negat-
ed RXRESET and asserted ENCHANSYNC. After channel-bonding align-
ment is done, it does not occur again until RXRESET is asserted and
negated, or until ENCHANSYNC is negated and reasserted.

Slave transceivers should always have CHAN_BOND_ONE_SHOT set to
False.

CHAN_BOND_SEQ_*_*

11-bit vectors that define the channel bonding sequence. The usage of these
vectors also depends on CHAN_BOND_SEQ_LEN and
CHAN_BOND_SEQ 2_USE. See Rocket I/O User Guide for format.

CHAN_BOND_SEQ_2_USE

Controls use of second channel bonding sequence.

False: Channel bonding uses only one channel bonding sequence defined
by CHAN_BOND_SEQ 1_1.4.

True: Channel bonding uses two channel bonding sequences defined by:
CHAN_BOND_SEQ_1_1..4 and
CHAN_BOND_SEQ 2_1..4

as further constrained by CHAN_BOND_SEQ_LEN.
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Table 2-2: Rocket I/O Transceiver Attributes (Continued)

Attribute

Description

CHAN_BOND_SEQ_LEN

Integer 1-4 defines length in bytes of channel bonding sequence. This defines
the length of the sequence the transceiver matches to detect opportunities for
channel bonding.

CHAN_BOND_WAIT

Integer 1-15 that defines the length of wait (in bytes) after seeing channel
bonding sequence before executing channel bonding.

CLK_COR_INSERT_IDLE_FLAG

True/False controls whether RXRUNDISP input status denotes running
disparity or inserted-idle flag.
False: RXRUNDISP denotes running disparity when RXDATA is decoded
data.

True: RXRUNDISP is raised for the first byte of each inserted (repeated)
clock correction ("Idle") sequence (When RXDATA is decoded data).

CLK_COR_KEEP_IDLE

True/False controls whether or not the final byte stream must retain at least
one clock correction sequence.

False: Transceiver can remove all clock correction sequences to further re-
center the elastic buffer during clock correction.

True: In the final RXDATA stream, the transceiver must leave at least one
clock correction sequence per continuous stream of clock correction
sequences.

CLK_COR_REPEAT_WAIT

Integer 0 - 31 controls frequency of repetition of clock correction operations.

This attribute specifies the minimum number of RXUSRCLK cycles without
clock correction that must occur between successive clock corrections. If this
attribute is zero, no limit is placed on how frequently clock correction can
occur.

CLK_COR_SEQ * *

11-bit vectors that define the sequence for clock correction. The attribute
used depends on the CLK_COR_SEQ_LEN and CLK_COR_SEQ_2_USE.

CLK_COR_SEQ 2 USE

True/False Control use of second clock correction sequence.

False: Clock correction uses only one clock correction sequence defined by
CLK_COR_SEQ_1_1.4.

True: Clock correction uses two clock correction sequences defined by:
CLK_COR_SEQ_1_1..4 and
CLK_COR_SEQ _2_1..4

as further constrained by CLK_COR_SEQ_LEN.

CLK_COR_SEQ_LEN

Integer that defines the length of the sequence the transceiver matches to
detect opportunities for clock correction. It also defines the size of the
correction, since the transceiver executes clock correction by repeating or
skipping entire clock correction sequences.

CLK_CORRECT_USE

True/False controls the use of clock correction logic.

False: Permanently disable execution of clock correction (rate matching).
Clock RXUSRCLK must be frequency-locked with RXRECCLK in this
case.

True: Enable clock correction (normal mode).

COMMA_10B_MASK

This 10-bit vector defines the mask that is ANDed with the incoming
serial-bit stream before comparison against PCOMMA_10B_VALUE and
MCOMMA_10B_VALUE.

168

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

UGO012 (v1.0) January 31, 2002
Virtex-ll Pro Platform FPGA Handbook



http://www.xilinx.com

Rocket I/0 Transceiver

S XILINX®

Table 2-2: Rocket I/O Transceiver Attributes (Continued)

Attribute

Description

CRC_END_OF_PKT

K28_0, K28_1, K28_2, K28_3, K28_4, K28_5, K28_6, K28_7, K23_7, K27_7,
K29_7, K30_7 End-of-packet (EOP) K-character for USER_MODE CRC.
Must be one of the 12 legal K-character values.

CRC_FORMAT

ETHERNET, INFINIBAND, FIBRE_CHAN, USER_MODE CRC algorithm
selection. Modifiable only for GT_AURORA_n, GT_XAUIL n, and
GT_CUSTOM. USER_MOPDE allows user definition of start-of-packet and
end-of-packet K-characters.

CRC_START_OF_PKT

K28_0, K28_1, K28_2, K28_3, K28_4, K28_5, K28_6, K28_7, K23_7, K27_7,
K29_7, K30_7 Start-of-packet (SOP) K-character for USER_MODE CRC.
Must be one of the 12 legal K-character values.

DEC_MCOMMA_DETECT

True/False controls the raising of per-byte flag RXCHARISCOMMA on
minus-comma.

DEC_PCOMMA_DETECT

True/False controls the raising of per-byte flag RXCHARISCOMMA on
plus-comma.

DEC_VALID_COMMA_ONLY

True/False controls the raising of RXCHARISCOMMA on an invalid
comma.

False: Raise RXCHARISCOMMA on:

0011111xxx
(if DEC_PCOMMA_DETECT is TRUE)

and/or on:

1100000xxx
(if DEC_MCOMMA _DETECT is TRUE)

regardless of the settings of the xxx bits.

True: Raise RXCHARISCOMMA only on valid characters that are in the
8B/10B translation.

MCOMMA_10B_VALUE

This 10-bit vector defines minus-comma for the purpose of raising
RXCOMMADET and realigning the serial bit stream byte boundary. This
definition does not affect 8B/10B encoding or decoding. Also see
COMMA_10B_MASK.

MCOMMA_DETECT

True/False indicates whether to raise or not raise the RXCOMMADET when
minus-comma is detected.

PCOMMA_10B_VALUE

This 10-bit vector defines plus-comma for the purpose of raising
RXCOMMADET and realigning the serial bit stream byte boundary. This
definition does not affect 8B/10B encoding or decoding. Also see
COMMA_10B_MASK.

PCOMMA_DETECT

True/False indicates whether to raise or not raise the RXCOMMADET when
plus-comma is detected.

RX_BUFFER_USE

Always set to True.

RX_CRC_USE,
TX_CRC_USE

True/False determines if CRC is used or not.

RX_DATA_WIDTH,
TX_DATA_WIDTH

Integer (1, 2, or 4). Relates to the data width of the FPGA fabric interface.

RX_DECODE_USE

This determines if the 8B/10B decoding is bypassed. False denotes that it is
bypassed.
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Table 2-2: Rocket I/O Transceiver Attributes (Continued)

Attribute

Description

RX_LOS_INVALID_INCR

Power of two in a range of 1 to 128 that denotes the number of valid
characters required to "cancel out” appearance of one invalid character for
loss of sync determination.

RX_LOS_THRESHOLD

Power of two in a range of 4 to 512. When divided by
RX_LOS_INVALID_INCR, denotes the number of invalid characters
required to cause FSM transition to "sync lost" state.

RX_LOSS_OF_SYNC_FSM

True/False denotes the nature of RXLOSSOFSYNC output.

True: RXLOSSOFSYNC outputs the state of the FSM bit.
See RXLOSSOFSYNC, page 164, for details.

SERDES_10B

Denotes whether the reference clock runs at 1/20 or 1/10 the serial bit rate.
True denotes 1/10 and False denotes 1/20. False supports a serial bitstream
range of 800 Mb/s to 3.125 Gb/s. True supports a range of 500 Mb/s to

1.0 Gb/s.

TERMINATION_IMP

Integer (50 or 75). Termination impedance of either 50Q2 or 75€Q. Refers to
both the RX and TX.

TX_BUFFER_USE

Always set to True.

TX_CRC_FORCE_VALUE

8-bit vector. Value to corrupt TX CRC computation when input
TXFORCECRCERR is high. This value is XORed with the correctly
computed CRC value, corrupting the CRC if TX_CRC_FORCE_VALUE is
nonzero. This can be used to test CRC error detection in the receiver
downstream.

TX_DIFF_CTRL

This is an integer value either 400 mV, 500 mV, 600 mV, 700 mV, or 800 mV. It
determines the amount of voltage difference between the differential lines.
Twice the value is the peak-peak value.

TX_PREEMPHASIS

This is an integer value 0-3 that sets the output driver pre-emphasis to
improve output waveform shaping for various load conditions. Larger value
denotes stronger pre-emphasis. See pre-emphasis values in Table 4-2,

page 67.
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Modifiable Primitives

As shown in Table 2-3 and Table 2-4, only certain attributes are modifiable for any

primitive. These attributes help to define the protocol used by the primitive. Only the

GT_CUSTOM primitive allows the user to modify all of the attributes to a protocol not
supported by another transceiver primitive. This allows for complete flexibility. The other
primitives allow modification of the analog attributes of the serial data lines and several
channel-bonding values.

Table 2-3: Default Attribute Values for GT_AURORA, GT_CUSTOM,

GT_ETHERNET

Default

Default

Attribute Default GT_AURORA GT_cusToM™® GT_ETHERNET
ALIGN_COMMA_MSB False False False
CHAN_BOND_LIMIT 16 16 1
CHAN_BOND_MODE OFF @) OFF OFF
CHAN_BOND_OFFSET 8 8 0
CHAN_BOND_ONE_SHOT Falso (@ False True
CHAN_BOND_SEQ 1_1 00101111100 00000000000 00000000000
CHAN_BOND_SEQ 1.2 00000000000 00000000000 00000000000
CHAN_BOND_SEQ 1_3 00000000000 00000000000 00000000000
CHAN_BOND_SEQ 1_4 00000000000 00000000000 00000000000
CHAN_BOND_SEQ 2_1 00000000000 00000000000 00000000000
CHAN_BOND_SEQ_2_2 00000000000 00000000000 00000000000
CHAN_BOND_SEQ 2_3 00000000000 00000000000 00000000000
CHAN_BOND_SEQ 2 4 00000000000 00000000000 00000000000
CHAN_BOND_SEQ 2 _USE False False False
CHAN_BOND_SEQ_LEN 1 1 1
CHAN_BOND_WAIT 8 8 7
CLK_COR_INSERT_IDLE_FLAG False® False False®
CLK_COR_KEEP_IDLE False(® False False(®
CLK_COR_REPEAT_WAIT 1@ 1 1@
CLK_COR_SEQ _1_1 00100011100 00000000000 00110111100
CLK_COR_SEQ 1.2 001000111004 00000000000 00001010000
CLK_COR_SEQ_1_3 001000111000) 00000000000 00000000000
CLK_COR_SEQ _1_4 001000111000) 00000000000 00000000000
CLK_COR_SEQ 2_1 00000000000 00000000000 00000000000
CLK_COR_SEQ 2_2 00000000000 00000000000 00000000000
CLK_COR_SEQ 2_3 00000000000 00000000000 00000000000
CLK_COR_SEQ 2 4 00000000000 00000000000 00000000000
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Table 2-3: Default Attribute Values for GT_AURORA, GT_CUSTOM,

GT_ETHERNET (Continued)

Default

Default

Attribute Default GT_AURORA GT_cusToM™ GT_ETHERNET
CLK_COR_SEQ _2_USE False False False
CLK_COR_SEQ _LEN N®) 1 2
CLK_CORRECT_USE True True True
COMMA_10B_MASK 1111111111 1111111000 1111111000
CRC_END_OF_PKT K29_7 K29_7 K29 7
CRC_FORMAT USER_MODE USER_MODE ETHERNET
CRC_START_OF_PKT K27_7 K27_7 K27_7
DEC_MCOMMA_DETECT True True True
DEC_PCOMMA_DETECT True True True
DEC_VALID COMMA_ONLY True True True
MCOMMA _10B_VALUE 1100000101 1100000000 1100000000
MCOMMA_DETECT True True True
PCOMMA_10B_VALUE 0011111010 0011111000 0011111000
PCOMMA_DETECT True True True
RX_BUFFER_USE True True True
RX_CRC_USE False® False False®
RX_DATA_WIDTH N®) 2 NGO
RX_DECODE_USE True True True
RX_LOS_INVALID_INCR 1@ 1 1@
RX_LOS_THRESHOLD 4(2) 4 4(2)
RX_LOSS_OF_SYNC_FSM True® True True®
SERDES_10B False® False False(®
TERMINATION_IMP 502 50 502)
TX_BUFFER_USE True True True
TX_CRC_FORCE_VALUE 11010110@ 11010110 11010110@
TX_CRC_USE False® False False®
TX_DATA_WIDTH N®) 2 NGO
TX_DIFF_CTRL 50002 500 500()
TX_PREEMPHASIS 0@ 0 0

Notes:

1. All GT_CUSTOM attributes are modifiable.

2. Modifiable attribute for specific primitives.

3. Depends on primitive used: either 1, 2, or 4.

4.  Attribute value only when RX_DATA_WIDTH is 2 or 4. When RX_DATA_WIDTH is 1, attribute value is 0.

5. Attribute value only when RX_DATA_WIDTH is 4. When RX_DATA_WIDTH is 1 or 2, attribute value is 0.
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Table 2-4: Default Attribute Values for GT_FIBRE_CHAN, GT_INFINIBAND,

and GT_XAUI
Attribute Default Default Default
GT_FIBRE_CHAN GT_INFINIBAND GT_XAUI
ALIGN_COMMA_MSB False False False
CHAN_BOND_LIMIT 1 16 16
CHAN_BOND_MODE OFF OFF() OFF(M)
CHAN_BOND_OFFSET 0 8 8
CHAN_BOND_ONE_SHOT True False(®) False(®
CHAN_BOND_SEQ 1_1 00000000000 00110111100 00101111100
CHAN_BOND_SEQ _1_2 00000000000 Lane ID (Modify with 00000000000
Lane ID)
CHAN_BOND_SEQ 1_3 00000000000 00001001010 00000000000
CHAN_BOND_SEQ 1_4 00000000000 00001001010 00000000000
CHAN_BOND_SEQ 21 00000000000 00110111100 00000000000
CHAN_BOND_SEQ 2_2 00000000000 Lane ID (Modify with 00000000000
Lane ID)

CHAN_BOND_SEQ 2_3 00000000000 00001000101 00000000000
CHAN_BOND_SEQ 2 _4 00000000000 00001000101 00000000000
CHAN_BOND_SEQ 2 _USE False True False
CHAN_BOND_SEQ_LEN 1 4 1
CHAN_BOND_WAIT 7 8 8
CLK_COR_INSERT_IDLE_FLAG False(® False(®) False(®
CLK_COR_KEEP_IDLE False(® False(®) False(®
CLK_COR_REPEAT_WAIT 2() 1M 1M
CLK_COR_SEQ_1_1 00110111100 00100011100 00100011100
CLK_COR_SEQ_1_2 00010010101 00000000000 00000000000
CLK_COR_SEQ _1_3 00010110101 00000000000 00000000000
CLK_COR_SEQ _1_4 00010110101 00000000000 00000000000
CLK_COR_SEQ 2_1 00000000000 00000000000 00000000000
CLK_COR_SEQ 2 2 00000000000 00000000000 00000000000
CLK_COR_SEQ_2 3 00000000000 00000000000 00000000000
CLK_COR_SEQ 2 4 00000000000 00000000000 00000000000
CLK_COR_SEQ_2_USE False False False
CLK_COR_SEQ_LEN 4 1 1
CLK_CORRECT_USE True True True
COMMA_10B_MASK 1111111000 1111111000 1111111000
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Table 2-4: Default Attribute Values for GT_FIBRE_CHAN, GT_INFINIBAND,

and GT_XAUI (Continued)

Attribute Default Default Default
GT_FIBRE_CHAN GT_INFINIBAND GT_XAUI

CRC_END_OF_PKT K29_7 Note (3) K29_7(1)
CRC_FORMAT FIBRE_CHAN INFINIBAND USER_MODE®
CRC_START_OF_PKT K27_7 Note (3) K27 71
DEC_MCOMMA_DETECT True True True
DEC_PCOMMA_DETECT True True True
DEC_VALID COMMA_ONLY True True True
Lane ID(INFINBAND ONLY) NA 00000000000 NA
MCOMMA _10B_VALUE 1100000000 1100000000 1100000000
MCOMMA_DETECT True True True
PCOMMA_10B_VALUE 0011111000 0011111000 0011111000
PCOMMA_DETECT True True True
RX_BUFFER_USE True True True
RX_CRC_USE False() False() False()
RX_DATA_WIDTH N®@ N@ N®@
RX_DECODE_USE True True True
RX_LOS_INVALID_INCR 10 14 10
RX_LOS_THRESHOLD 4@ 4@ 4@
RX_LOSS_OF_SYNC_FSM True True® True®
SERDES_10B False( False() False(
TERMINATION_IMP 50(1) 50(1) 50()
TX_BUFFER_USE True True True
TX_CRC_FORCE_VALUE 110101100 11010110 110101100
TX_CRC_USE False( False( False(
TX_DATA_WIDTH N®@ N@ N®
TX_DIFF_CTRL 5001 5001 500(1)
TX_PREEMPHASIS o oM o

Notes:

1. Modifiable attribute for specific primitives.
2.  Depends on primitive used: either 1, 2, or 4.

3.  CRC_EOP and CRC_SQOP are not applicable for this primitive.
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Byte Mapping
Most of the 4-bit wide status and control buses correlate to a specific byte of the TXDATA
or RXDATA. This scheme is shown in Table 2-5. This creates a way to tie all the signals
together regardless of the data path width needed for the GT_CUSTOM. All other
primitives with specific data width paths and all byte-mapped ports are affected by this
situation. For example, a 1-byte wide data path has only 1-bit control and status bits
(TXKERR[O]) correlating to the data bits TXDATA[7:0]. Note 3 in Table 2-1 shows the ports
that use byte mapping.
Table 2-5: Control/Status Bus Association to Data Bus Byte Paths.
Control/Status Bit Data Bits

[0] [7:0]

[1] [15:8]

[2] [23:16]

[3] [31:24]

Clocking
Clock Signals

There are five clock inputs into each Rocket I/O transceiver instantiation (Table 2-6).
REFCLK is a clock generated from an external source. REFCLK is connected to the REFCLK
of the Rocket I/O transceiver. It also clocks a Digital Clock Manager (DCM) to generate all
of the other clocks for the gigabit transceiver. Typically, TXUSRCLK = RXUSRCLK and
TXUSRCLK2 = RXUSRCLK?2. The transceiver uses one or two clocks generated by the
DCM. As an example, the USRCLK and USRCLK2 clocks run at the same speed if the 2-byte
data path is used. The USRCLK must always be frequency-locked to the reference clock,
REFCLK of the Rocket I/O transceiver.

NOTE: The REFCLK must be at least 40 MHz with a duty cycle between 45% and 55%, and

should have a frequency stability of 100 ppm or better, with jitter as low as possible. Module 3 of
the Virtex-II Pro data sheet gives further details.

Table 2-6: Clock Ports
Clock I/0s Description
RXRECCLK | Output | Recovered clock (from serial data stream) divided by 20

REFCLK Input | Reference clock used to read the TX FIFO and multiplied by 20
for parallel-to-serial conversion (20X)

REFCLK2 Input | Reference clock used to read the TX FIFO and multiplied by 20
for parallel-to-serial conversion (20X)

REFCLKSEL | Input | Selects which reference clock is used. 0 selects REFCLK;
1 selects REFCLK2.

RXUSRCLK | Input | Clock from FPGA used for reading the RX Elastic Buffer. Clock
signals CHBONDI and CHBONDO into and out of the
transceiver. This clock is typically the same as TXUSRCLK.
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Table 2-6: Clock Ports (Continued)
Clock 1/0s Description

TXUSRCLK | Input | Clock from FPGA used for writing the TX Buffer. This clock
must be frequency locked to REFCLK for proper operation.

RXUSRCLK?2 | Input | Clock from FPGA used to clock RX data and status between
the transceiver and FPGA fabric. The relationship between
RXUSRCLK2 and RXUSRCLK depends on the width of the
receiver data path. RXUSRCLK?2 is typically the same as
TXUSRCLK2.

TXUSRCLK2 | Input | Clock from FPGA used to clock TX data and status between
the transceiver and FPGA fabric. The relationship between
TXUSRCLK?2 and TXUSRCLK depends on the width of the
transmission data path.

Clock Ratio

USRCLK?2 clocks the data buffers. The ability to send parallel data to the transceiver at
three different widths requires the user to change the frequency of USRCLK2. This creates
a frequency ratio between USRCLK and USRCLK?2. The falling edges of the clocks must
align. Finally, for a 4-byte data path, the 1-byte data path creates a clocking scheme where
USRCLK?2 is phase-shifted 180° and at twice the rate of USRCLK.

Table 2-7: Data Width Clock Ratios

Data Width Frequency Ratio of USRCLK\USRCLK2
1 byte 1:2(D)
2 byte 1:1
4 byte 2:10

Notes:
1. Each edge of slower clock must align with falling edge of faster clock

Digital Clock Manager (DCM) Examples

With at least three different clocking schemes possible on the transceiver, a DCM is the best
way to create these schemes.

Table 2-8 shows typical DCM connections for several transceiver clocks. REFCLK is the
input reference clock for the DCM. The other clocks are generated by the DCM. The DCM
establishes a desired phase relationship between RXUSRCLK, TXUSRCLK, etc. in the
FPGA fabric and REFCLK at the pad.

Table 2-8: DCM Outputs for Different DATA_WIDTHs

TX_DATA_WIDTH TXUSRCLK | TXUSRCLK2
SERDES_10B RX_DATA_WIDTH REFCLK RXUSRCLK | RXUSRCLK2
False 1 CLKIN CLKO CLK2X180
False 2 CLKIN CLKO CLKO
False 4 CLKIN CLK180(™M CLKDV
(divide by 2)
True 1 CLKIN CLKDV CLK180(M
(divide by 2)
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Table 2-8: DCM Outputs for Different DATA_WIDTHs

TX_DATA_WIDTH TXUSRCLK | TXUSRCLK2
SERDES_10B RX_DATA_WIDTH REFCLK RXUSRCLK | RXUSRCLK2
True 2 CLKIN CLKDV CLKDV
(divide by 2) (divide by 2)
True 4 CLKIN CLKFX180 CLKDV
(divide by 2) (divide by 4)
Notes:

1. Since CLKO is needed for feedback, it can be used instead of CLK180 to clock USRCLK or
USRCLK?2 of the transceiver with the use of the transceiver’s local inverter, saving a global

buffer (BUFG).

Example : Two-Byte Clock

The following HDL codes are examples of a simple clock scheme using 2-byte data with
both USRCLK and USRCLK?2 at the same frequency. USRCLK_M is the input for both
USRCLK and USRCLK2.

Be sure to check the Xilinx Virtex-II Pro web page at www.xilinx.com/virtex2pro for the

latest code files.

Clocks for 2-Byte Data Path

MGT + DCM for 2-Byte Data Path

T LT LT e
TXUSRCLK . C—SS—
— REFCLKSEL
| | | | | | | | RXUSRCLK IBUFG DCM REFCLK
TXUSRCLK2 REFCLK CLKIN TXUSRCLK2
Ll L L] L | rxuskeiee
TXUSRCLK
RST CLKO e— RXUSRCLK
BUFG
ug024_02_021102
Figure 2-1: Two-Byte Clock
VHDL Template
-- Module: TWO_BYTE_CLK
-- Description: VHDL submodule
-— DCM for 2-byte GT
-- Device: Virtex-II Pro Family

library IEEE;
use IEEE.std_logic_1164.all;

-- pragma translate_off
library UNISIM;

use UNISIM.VCOMPONENTS.ALL;
-- pragma translate_on

entity TWO_BYTE_CLK is

port (
REFCLKIN : in std_logic;
RST : in std_logic;
USRCLK_M : out std_logic;
REFCLK : out std_logic;
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LOCK : out std_logic
)
end TWO_BYTE_CLK;

architecture TWO_BYTE_CLK_arch of TWO_BYTE CLK is
-- Components Declarations:
component BUFG
port (
I : in std_logic;
O : out std_logic
)
end component;

component DCM

port (
CLKIN : in std_logic;
CLKFB : in std_logic;
DSSEN : in std_logic;
PSINCDEC : in std_logic;
PSEN : in std_logic;
PSCLK : in std_logic;
RST : in std_logic;
CLKO : out std_logic;
CLK90 : out std_logic;
CLK180 : out std_logic;
CLK270 : out std_logic;
CLK2X : out std_logic;
CLK2X180 : out std_logic;
CLKDV : out std_logic;
CLKFX : out std_logic;
CLKFX180 : out std_logic;
LOCKED : out std_logic;
PSDONE : out std_logic;
STATUS : out std_logic_vector ( 7 downto 0 )

)
end component;

-- Signal Declarations:

signal GND : std_logic;
signal CLKO_W : std_logic;
signal CLK1X_W : std_logic;
begin

GND <= '0'";

CLK1X <= CLK1X_W;

-- DCM Instantiation

U_DCM: DCM
port map (

CLKIN =>  REFCIK,
CLKFB =>  USRCLK_M,
DSSEN =>  GND,
PSINCDEC =>  GND,

PSEN =>  GND,
PSCLK =>  GND,

RST =>  RST,

CLKO =>  CLKO_W,
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LOCKED => LOCK
)
-- BUFG Instantiation
U_BUFG: BUFG
port map (
I => REFCLKIN,
O => REFCLK ) ;

U2_BUFG: BUFG
port map (
I => CLKO_W,
O => USRCLK_M
)

end TWO_BYTE_CLK_arch;

Verilog Template

//Module: TWO_BYTE_CLK
//Description: Verilog Submodule

// DCM for 2-byte GT

//

// Device: Virtex-II Pro Family

module TWO_BYTE_CLK (
REFCLKIN,
REFCLK, USRCLK_M,
DCM_LOCKED
)

input REFCLKIN;
output REFCLK;
output USRCLK_M;
output DCM_LOCKED;

wire REFCLKIN;
wire REFCLK;
wire USRCLK_M;
wire DCM_LOCKED;
wire REFCLKINBUF;
wire clk_i;

DCM dcml (
.CLKFB
.CLKIN
. PSCLK
. PSEN
.PSINCDEC
.RST
.CLKO
.CLK90
.CLK180
.CLK270
.CLK2X
.CLK2X180
.CLKDV
.CLKFX
.CLKFX180
.LOCKED
. PSDONE
.STATUS

USRCLK_M ),

REFCLKINBUF ), .DSSEN( 1’b0 ),
10 ),

1'b0 ),

1'b0 ),
1'b0 ),
clk_1i ),

)

)
)
)
)
)
)
)

’

DCM_LOCKED ),
)
)

N~ o~~~ o~~~ o~~~ o~~~ o~~~ —~
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)i

BUFG bufl (

I ( clk_i ),

.0 ( USRCLK_M )

) ;
BUFG buf2 (

.I ( REFCLKIN ),

.0 ( REFCLKINBUF ));
endmodule

Processor Block

Introduction

This section briefly describes the processor block user signals. Examples of HDL
instatiation templates are also shown. Two addtional user manuals detail the hardware
and software design aspects of the processor block. The Processor Block Manual provides
information on input/output signals, timing relationships between signals, and the
mechanisms software can use to control the interface operation. The PPC405 User Manual
serves as a stand-alone reference for application and system programmers of the PPC405
processor core. For the latest information, visit www.xilinx.com/virtex2pro.

The following table summarizes the processor block user signals. For more details, refer to
the Processor Block Manual.

Table 2-9: PPCA405 Interface Signals in Alphabetical Order

Signal nge If Unused Function

BRAMDSOCMCLK I 0 Clocks the DSOCM controller.

BRAMDSOCMRDDBUS[0:31] I 0x0000_0000 | 32-bit Read data from block RAMs to DSOCM.

BRAMISOCMCLK I 0 Clocks the ISOCM controller.

BRAMISOCMRDDBUS|0:63] I 0x0000_0000 | 64-bit read data from block RAMs, two instructions

_0000_0000 | per cycle, to ISOCM.

C405CPMCORESLEEPREQ O No Connect Indicates the core is requesting to be put into sleep
mode.

C405CPMMSRCE (@] No Connect Indicates the value of MSR|[CE].

C405CPMMSREE (@] No Connect Indicates the value of MSR[EE].

C405CPMTIMERIRQ (@) No Connect | Indicates a timer-interrupt request occurred.

C405CPMTIMERRESETREQ (@) No Connect | Indicates a watchdog-timer reset request occurred.

C405DBGMSRWE (@] No Connect Indicates the value of MSR[WE].

C405DBGSTOPACK (@) No Connect | Indicates the PPC405 is in debug halt mode.

C405DBGWBCOMPLETE (@) No Connect | Indicates the current instruction in the PPC405
writeback pipeline stage is completing.

C405DBGWBFULL @) No Connect | Indicates the PPC405 writeback pipeline stage is full.

C405DBGWBIAR[0:29] (@] No Connect The address of the current instruction in the PPC405
writeback pipeline stage.
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Table 2-9: PPCA405 Interface Signals in Alphabetical Order (Continued)

Signal Vo If Unused Function
Type
C405DCRABUS[0:9] o No Connect | Specifies the address of the DCR access request.
C405DCRDBUSOUTI0:31] (@] No Connect The 32-bit DCR write-data bus.
or attach to
input bus
C405DCRREAD @) No Connect | Indicates a DCR read request occurred.
C405DCRWRITE @) No Connect | Indicates a DCR write request occurred.
C405]TGCAPTUREDR @) No Connect | Indicates the TAP controller is in the capture-DR
state.
C405]TGEXTEST (@] No Connect Indicates the JTAG EXTEST instruction is selected.
C405]TGPGMOUT (@) No Connect | Indicates the state of a general purpose program bit
in the JTAG debug control register (JDCR).
C405JTGSHIFTDR O No Connect Indicates the TAP controller is in the shift-DR state.
C405]TGTDO @) No Connect | JTAG TDO (test-data out).
C405]TGTDOEN o No Connect Indicates the JTAG TDO signal is enabled.
C405]JTGUPDATEDR O No Connect Indicates the TAP controller is in the update-DR
state.
C405PLBDCUABORT (@) No Connect | Indicates the DCU is aborting an unacknowledged
data-access request.
C405PLBDCUABUS[0:31] @) No Connect | Specifies the memory address of the data-access
request.
C405PLBDCUBEJ0:7] (@) No Connect | Specifies which bytes are transferred during single-
word transfers.
C405PLBDCUCACHEABLE (@) No Connect | Indicates the value of the cacheability storage
attribute for the target address.
C405PLBDCUGUARDED (@) No Connect | Indicates the value of the guarded storage attribute
for the target address.
C405PLBDCUPRIORITY[0:1] o No Connect Indicates the priority of the data-access request.
C405PLBDCUREQUEST O No Connect Indicates the DCU is making a data-access request.
C405PLBDCURNW (@) No Connect | Specifies whether the data-access request is a read or
a write.
C405PLBDCUSIZE2 @) No Connect | Specifies a single word or eight-word transfer size.
C405PLBDCUUOATTR @) No Connect | Indicates the value of the user-defined storage
attribute for the target address.
C405PLBDCUWRDBUS[0:63] O No Connect The DCU write-data bus used to transfer data from
the DCU to the PLB slave.
C405PLBDCUWRITETHRU (@) No Connect | Indicates the value of the write-through storage
attribute for the target address.
C405PLBICUABORT (@) No Connect | Indicates the ICU is aborting an unacknowledged
fetch request.
C405PLBICUABUS[0:29] o No Connect | Specifies the memory address of the instruction-

fetch request. Bits 30:31 of the 32-bit address are
assumed to be zero.
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Table 2-9: PPCA405 Interface Signals in Alphabetical Order (Continued)

Signal Vo If Unused Function
Type
C405PLBICUCACHEABLE O No Connect Indicates the value of the cacheability storage
attribute for the target address.
C405PLBICUPRIORITY][0:1] (@) No Connect | Indicates the priority of the ICU fetch request.
C405PLBICUREQUEST (@) No Connect | Indicates the ICU is making an instruction-fetch
request.
C405PLBICUSIZE[2:3] @) No Connect | Specifies a four word or eight word line-transfer
size.
C405PLBICUUOATTR (@) No Connect | Indicates the value of the user-defined storage
attribute for the target address.
C405RSTCHIPRESETREQ o Required Indicates a user-defined chip-reset request occurred.
C405RSTCORERESETREQ (@] Required Indicates a user-defined core-reset request occurred.
C405RSTSYSRESETREQ (@] Required Indicates a user-defined system-reset request
occurred.
C405TRCCYCLE @) No Connect | Specifies the trace cycle.
C405TRCEVENEXECUTIONSTATUS[0:1] O No Connect Specifies the execution status collected during the
first of two processor cycles.
C405TRCODDEXECUTIONSTATUSJ0:1] O No Connect Specifies the execution status collected during the
second of two processor cycles.
C405TRCTRACESTATUS[0:3] (@) No Connect Specifies the trace status.
C405TRCTRIGGEREVENTOUT O Wrap to Indicates a trigger event occurred.
TRCC405
TRIGGER
EVENTIN
C405TRCTRIGGEREVENTTYPE[0:10] (@] No Connect Specifies which debug event caused the trigger
event.
C405XXXMACHINECHECK o No Connect Indicates a machine-check error has been detected
by the PPC405.
CPMC405CLOCK I 1 PPC405 clock input (for all non-JTAG logic,
including timers).
CPMC405CORECLKINACTIVE I 0 Indicates the CPM logic disabled the clocks to the
core.
CPMC405CPUCLKEN I 1 Enables the core clock zone.
CPMC405]TAGCLKEN I 1 Enables the JTAG clock zone.
CPMC405TIMERCLKEN I 1 Enables the timer clock zone.
CPMC405TIMERTICK I 1 Increments or decrements the PPC405 timers every
time it is active with the CPMC405CLOCK.
DBGC405DEBUGHALT I 0 Indicates the external debug logic is placing the
processor in debug halt mode.
DBGC405EXTBUSHOLDACK I 0 Indicates the bus controller has given control of the
bus to an external master.
DBGC405UNCONDDEBUGEVENT I 0 Indicates the external debug logic is causing an

unconditional debug event.
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Table 2-9: PPCA405 Interface Signals in Alphabetical Order (Continued)

Signal Vo If Unused Function
Type

DCRC405ACK I 0 Indicates a DCR access has been completed by a
peripheral.

DCRC405DBUSIN][0:31] I 0x0000_0000 | The 32-bit DCR read-data bus.

or attach to
output bus

DSARCVALUE[0:7] I 0x00 Default value that needs to be loaded into DSARC
register at FPGA power up.

DSCNTLVALUE[0:7] I 0x40 Default value that needs to be loaded into DSCNTL
register at FPGA power up.

DSOCMBRAMABUS[8:29] o No Connect Read or Write address from DSOCM to DSBRAM. A
write address is accompanied by a write enable
signal for each byte lane of data. Corresponds to
CPU address bits [8:29].

DSOCMBRAMBYTEWRITE[0:3] o No Connect | Four Write Enable signals to allow independent
byte-wide data writes into block RAMs.

DSOCMBRAMEN (@) No Connect | The block RAM Enable signal is asserted for both
read and writes to the DSBRAM.

DSOCMBRAMWRDBUS[0:31] o No Connect 32-bit Write data from DSOCM to block RAMs.

DSOCMBUSY o No Connect This control signal reflects the value of the
DSCNTL][2] bit out to the FPGA fabric.

EICC405CRITINPUTIRQ I 0 Indicates an external critical interrupt occurred.

EICC405EXTINPUTIRQ I 0 Indicates an external noncritical interrupt occurred.

ISARCVALUE[0:7] I 0x00 Default value that needs to be loaded into ISARC
register, at FPGA power up.

ISCNTLVALUE[0:7] I 0x00 Default value that needs to be loaded into ISCNTL
register, at FPGA power up.

ISOCMBRAMEN (@] No Connect Block RAM read enable from ISOCM to block
RAMs.

ISOCMBRAMODDWRITEEN (@) No Connect | Write enable to qualify a valid write into a block
RAM.

ISOCMBRAMRDABUS|8:28] (@] No Connect Read address from ISOCM to block RAM.
Corresponds to CPU address bits [8:28].

ISOCMBRAMWRABUS[8:28] (@] No Connect Write address from ISOCM to block RAMs. Initially
set to value in ISINIT register. (Optional. Used in
dual-port BRAM interface designs only.)

ISOCMBRAMWRDBUS[0:31] o No Connect 32-bit Write data from ISOCM to block RAMs.
Connect to both the even and odd write only
ISBRAM data input ports. Initially set to value in
ISFILL register. (Optional. Used in dual-port BRAM
interface designs only.)

JTGC405BNDSCANTDO I 0 JTAG boundary scan input from the previous
boundary scan element TDO output.

JTGC405TCK I 1 JTAG TCK (test clock).

JTGC405TDI I 1 JTAG TDI (test-data in).
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Table 2-9: PPCA405 Interface Signals in Alphabetical Order (Continued)

Signal Vo If Unused Function
Type

JTGC405TMS I 1 JTAG TMS (test-mode select).

JTGC405TRSTNEG I 1 Performs a JTAG test reset.

MCBCPUCLKEN I 1 Indicates the PPC405 clock enable should follow
GWE during a partial reconfiguration.

MCBJTAGEN I 1 Indicates the JTAG clock enable should follow GWE
during a partial reconfiguration.

MCBTIMEREN I 1 Indicates the timer clock enable should follow GWE
during a partial reconfiguration.

MCPPCRST I 1 Indicates the PPC405 should be reset when GSR is
asserted during a partial reconfiguration.

PLBC405DCUADDRACK I 0 Indicates a PLB slave acknowledges the current
data-access request.

PLBC405DCUBUSY I 0 Indicates the PLB slave is busy performing an
operation requested by the DCU.

PLBC405DCUERR I 0 Indicates an error was detected by the PLB slave
during the transfer of data to or from the DCU.

PLBC405DCURDDACK I 0 Indicates the DCU read-data bus contains valid data

for transfer to the DCU.

PLBC405DCURDDBUS[0:63]

0x0000_0000

The DCU read-data bus used to transfer data from

_0000_0000 | the PLB slave to the DCU.

PLBC405DCURDWDADDR][1:3] I 0b000 Indicates which word or doubleword of an eight-
word line transfer is present on the DCU read-data
bus.

PLBC405DCUSSIZE1 I 0 Specifies the bus width (size) of the PLB slave that
accepted the request.

PLBC405DCUWRDACK I 0 Indicates the data on the DCU write-data bus is
being accepted by the PLB slave.

PLBC405ICUADDRACK I 0 Indicates a PLB slave acknowledges the current ICU
fetch request.

PLBC405ICUBUSY I 0 Indicates the PLB slave is busy performing an
operation requested by the ICU.

PLBC405ICUERR I 0 Indicates an error was detected by the PLB slave
during the transfer of instructions to the ICU.

PLBC405ICURDDACK I 0 Indicates the ICU read-data bus contains valid

instructions for transfer to the ICU.

PLBC405ICURDDBUS[0:63]

0x0000_0000

The ICU read-data bus used to transfer instructions

_0000_0000 | from the PLB slave to the ICU.

PLBC405ICURDWDADDR([1:3] I 0b000 Indicates which word or doubleword of a four-word
or eight-word line transfer is present on the ICU
read-data bus.

PLBC405ICUSSIZE1 I 0 Specifies the bus width (size) of the PLB slave that
accepted the request.

PLBCLK I 1 PLB clock.
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Table 2-9: PPCA405 Interface Signals in Alphabetical Order (Continued)

Signal Vo If Unused Function
Type

RSTC405RESETCHIP I 0 User-defined chip reset. It has no effect on FPGA
fabric global set/reset.

RSTC405RESETCORE I 0 Reset request for the PPC405 core logic, data cache,
instruction cache, and the on-chip memory
controller (OCM).

RSTC405RESETSYS I 0 User-defined system reset request. It has no effect on
FPGA fabric global set/reset.

TIEC405DETERMINISTICMULT I 0 Specifies whether all multiply operations complete
in a fixed number of cycles or have an early-out
capability.

TIEC405DISOPERANDFWD I 1 Disables operand forwarding for load instructions.

TIEC405MMUEN I 1 Enables the memory-management unit (MMU)

TIEDSOCMDCRADDR[0:7] I 0x00 Top 8 bits of DCR address space for DSOCM DCR
registers. The DCR address space is 10 bits wide. The
two least significant bits are predefined in DSOCM
controller.

TIEISOCMDCRADDR[0:7] I 0x00 Top 8 bits of DCR address space for ISOCM DCR
registers. The DCR address space is 10 bits wide. The
two least significant bits are predefined in ISOCM
controller.

TRCC405TRACEDISABLE 1 0 Disables trace collection and broadcast.

TRCC405TRIGGEREVENTIN I Wrap to Indicates a trigger event occurred and that trace

C405TRC status is to be generated.
TRIGGER
EVENTOUT

Instantiation Templates

VHDL and Verilog instantiation templates are available as examples for all submodules.

In VHDL, each template has a component declaration section and an architecture section.
Each part of the template should be inserted within the VHDL design file. The port map of
the architecture section should include the design signal names.

As examples, the PPC405_SUBM. vhd VHDL template and PPC405_SUBM. v Verilog
template are shown. (Be sure to check the Xilinx Virtex-II Pro web page at
www.xilinx.com/virtex2pro for the latest code files.0

VHDL Template

-—- Module:

Proc_blk_template
-- Description: Verilog Module

-—- Processor Block instantiation template

-- Device: Virtex-II Pro Family

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

use IEEE.STD_LOGIC_ARITH.ALL;

use IEEE.STD_LOGIC_UNSIGNED.ALL;

entity top is
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Port (

-- user defined port list
)
end top;

architecture arch of top is

-- The following convention is used for signal names throughout this
-- document:

-— PREFIX1PREFIX2SIGNAMEIL[SIGNAMELl] [NEG] [ (m:n) ]
-- The components of a signal name are as follows:

--* PREFIX1 is an uppercase prefix identifying the source of the

-- signal. This prefix specifies either a unit (for example, CPU)
-- or a type of interface (for example, DCR). If PREFIX1 specifies
-- the processor block, the signal is considered an output signal.
-- Otherwise, it is an input signal.

--* PREFIX2 1is an uppercase prefix identifying the destination of

-- the signal. This prefix specifies either a unit (for example,

-- CPU) or a type of interface (for example, DCR). If PREFIX2

-- specifies the processor block, the signal is considered an input
-- signal. Otherwise, it is an output signal.

--* SIGNAMEl is an uppercase name identifying the primary function of
-- the signal.

--* [SIGNAMEl] is an uppercase name identifying the primary function of
-- the signal.

--* [NEG] is an optional notation that indicates a signal is active low.
-- If this notation is not use, the signal is active high.

--* [m:n] is an optional notation that indicates a bused signal. "m"
-- designates the most-significant bit of the bus and "n" designates
-- the least-significant bit of the bus.

-- The following table defines the prefixes used in the signal names.

-- Prefixl/2 Definition

-- CPM Clock and power management

-- C405 Processor block

-- DBG Debug unit

-- DCR Device control register

-- DSOCM Data-side on-chip memory (DSOCM
-- EIC External interrupt controller

-—- ISOCM Instruction-side on-chip memory (ISOCM)
-- JTG JTAG

-- PLB Processor local bus

-- RST Reset

-- TIE TIE (signal tied statically to GND or VDD)
-- TRC Trace

-- XXX FPGA unit

--Refer to Processor Block Manual for detailed interface descriptions.
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component PPC405

port (

CPMC405CLOCK
CPMC405CORECLKINACTIVE
CPMC405CPUCLKEN
CPMC405JTAGCLKEN
CPMC405TIMERCLKEN
CPMC405TIMERTICK
C405CPMCORESLEEPREQ
C405CPMMSRCE
C405CPMMSREE
C405CPMTIMERIRQ
C405CPMTIMERRESETREQ
PLBC405ICUADDRACK
PLBC405ICUBUSY
PLBC405ICUERR
PLBC405ICURDDACK
PLBC405ICURDDBUS
PLBC405ICURDWDADDR
PLBC405ICUSSIZEL
PLBCLK
C405PLBICUABORT
C405PLBICUABUS
C405PLBICUCACHEABLE
C405PLBICUPRIORITY
C405PLBICUREQUEST
C405PLBICUSIZE
C405PLBICUUOATTR
PLBC405DCUADDRACK
PLBC405DCUBUSY
PLBC405DCUERR
PLBC405DCURDDACK
PLBC405DCURDDBUS
PLBC405DCURDWDADDR
PLBC405DCUSSIZEL
PLBC4 05DCUWRDACK
C405PLBDCUABORT
C405PLBDCUABUS
C405PLBDCUBE
C405PLBDCUCACHEABLE
C405PLBDCUGUARDED
C405PLBDCUPRIORITY
C405PLBDCUREQUEST
C405PLBDCURNW
C405PLBDCUSIZE2
C405PLBDCUUOATTR
C405PLBDCUWRDBUS
C405PLBDCUWRITETHRU
DCRC405ACK
DCRC405DBUSIN
C405DCRABUS
C405DCRDBUSOUT
C405DCRREAD
C405DCRWRITE
BRAMDSOCMCLK
BRAMDSOCMRDDBUS
BRAMISOCMCLK
BRAMISOCMRDDBUS
DSOCMBRAMABUS
DSOCMBRAMBYTEWRITE
DSOCMBRAMEN
DSOCMBRAMWRDBUS

in
in
in
in
in
in
out
out
out
out
out
in
in
in
in
in
in
in
in
out
out
out
out
out
out
out
in
in
in
in
in
in
in
in
out
out
out
out
out
out
out
out
out
out
out
out
in

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

std_logic_vector(0 to 63);
std_logic_vector(l to 3);

std_logic;
std_logic;
std_logic;

std_logic_vector (0 to 29);

std_logic;

std_logic_vector (0 to 1);

std_logic;
std_logic_vector (2
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;

to

3);

std_logic_vector (0 to 63);
std_logic_vector(l to 3);

std_logic;
std_logic;
std_logic;
std_logic_vector (0
std_logic_vector (0
std_logic;
std_logic;
std_logic_vector (0
std_logic;
std_logic;
std_logic;
std_logic;
std_logic_vector (0
std_logic;
std_logic;

to
to

to

to

31);
7);

63);

in std_logic_vector (0 to 31);
out std_logic_vector (0 to 9);
out std_logic_vector (0 to 31);

out
out
in

std_logic;
std_logic;
std_logic;

in std_logic_vector (0 to 31);

in

std_logic;

in std_logic_vector (0 to 63);
std_logic_vector (8 to 29);
std_logic_vector (0 to 3);

out
out
out
out

std_logic;

std_logic_vector (0 to 31);

UGO012 (v1.0) January 31, 2002
Virtex-ll Pro Platform FPGA Handbook

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

187


http://www.xilinx.com

S XILINX®

Chapter 2: Design Considerations

DSOCMBUSY : out std_logic;

ISOCMBRAMEN : out std_logic;
ISOCMBRAMEVENWRITEEN : out std_logic;
ISOCMBRAMODDWRITEEN : out std_logic;
ISOCMBRAMRDABUS : out std_logic_vector (8 to 28);
ISOCMBRAMWRABUS : out std_logic_vector(8 to 28);
ISOCMBRAMWRDBUS : out std_logic_vector (0 to 31);
TIEDSOCMDCRADDR : in std_logic_vector (0 to 7);
TIEISOCMDCRADDR : in std_logic_vector (0 to 7);
DSARCVALUE : in std_logic_vector (0 to 7);
DSCNTLVALUE : in std_logic_vector (0 to 7);
ISARCVALUE : in std_logic_vector (0 to 7);
ISCNTLVALUE : in std_logic_vector (0 to 7);
DBGC405DEBUGHALT : in std_logic;
DBGC405EXTBUSHOLDACK : in std_logic;

DBGC4 05UNCONDDEBUGEVENT : in std_logic;

C405DBGMSRWE : out std_logic;

C405DBGSTOPACK : out std_logic;
C405DBGWBCOMPLETE : out std_logic;

C405DBGWBFULL : out std_logic;

C405DBGWBIAR : out std_logic_vector (0 to 29);
JTGC405BNDSCANTDO : in std_logic;

JTGC405TCK : in std_logic;

JTGC405TDI : in std_logic;

JTGC405TMS : in std_logic;

JTGC405TRSTNEG : in std_logic;
C405JTGCAPTUREDR : out std_logic;

C405JTGEXTEST : out std_logic;

C405JTGPGMOUT : out std_logic;

C405JTGSHIFTDR : out std_logic;

C405JTGTDO : out std_logic;

C405JTGTDOEN : out std_logic;
C405JTGUPDATEDR : out std_logic;
TRCC405TRACEDISABLE in std_logic;
TRCC405TRIGGEREVENTIN in std_logic;

C405TRCCYCLE : out std_logic;
C405TRCEVENEXECUTIONSTATUS : out std_logic_vector(0 to 1);
C405TRCODDEXECUTIONSTATUS : out std_logic_vector(0 to 1);
C405TRCTRACESTATUS : out std_logic_vector (0 to 3);
C405TRCTRIGGEREVENTOUT : out std_logic;
C405TRCTRIGGEREVENTTYPE : out std_logic_vector (0 to 10);
RSTC405RESETCHIP in std_logic;
RSTC405RESETCORE in std_logic;

RSTC405RESETSYS in std_logic;
C405RSTCHIPRESETREQ out std_logic;
C405RSTCORERESETREQ out std_logic;
C405RSTSYSRESETREQ out std_logic;
EICC405CRITINPUTIRQ : in std_logic;
EICC405EXTINPUTIRQ : in std_logic;
TIEC405DETERMINISTICMULT : in std_logic;
TIEC405DISOPERANDFWD : in std_logic;

TIEC405MMUEN : in std_logic;
C405XXXMACHINECHECK out std_logic;

MCBCPUCLKEN : in std_logic;

MCBJTAGEN : in std_logic;

MCBTIMEREN : in std_logic;

MCPPCRST : in std_logic);

end component;

signal CPMC405CLOCK std_logic;
signal CPMC405CORECLKINACTIVE std_logic;
signal CPMC405CPUCLKEN std_logic;
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signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal

CPMC405JTAGCLKEN
CPMC405TIMERCLKEN
CPMC405TIMERTICK
C405CPMCORESLEEPREQ
C405CPMMSRCE
C405CPMMSREE
C405CPMTIMERIRQ
C405CPMTIMERRESETREQ
PLBC405ICUADDRACK
PLBC405ICUBUSY
PLBC405ICUERR
PLBC405ICURDDACK
PLBC405ICURDDBUS
PLBC405ICURDWDADDR
PLBC405ICUSSIZEL
PLBCLK
C405PLBICUABORT
C405PLBICUABUS
C405PLBICUCACHEABLE
C405PLBICUPRIORITY
C405PLBICUREQUEST
C405PLBICUSIZE
C405PLBICUUOATTR
PLBC405DCUADDRACK
PLBC405DCUBUSY
PLBC405DCUERR
PLBC405DCURDDACK
PLBC405DCURDDBUS
PLBC405DCURDWDADDR
PLBC405DCUSSIZEL
PLBC4 05DCUWRDACK
C405PLBDCUABORT
C405PLBDCUABUS
C405PLBDCUBE
C405PLBDCUCACHEABLE
C405PLBDCUGUARDED
C405PLBDCUPRIORITY
C405PLBDCUREQUEST
C405PLBDCURNW
C405PLBDCUSIZE2
C405PLBDCUUOATTR
C405PLBDCUWRDBUS
C405PLBDCUWRITETHRU
DCRC405ACK
DCRC405DBUSIN
C405DCRABUS
C405DCRDBUSOUT
C405DCRREAD
C405DCRWRITE
BRAMDSOCMCLK
BRAMDSOCMRDDBUS
BRAMISOCMCLK
BRAMISOCMRDDBUS
DSOCMBRAMABUS
DSOCMBRAMBYTEWRITE
DSOCMBRAMEN
DSOCMBRAMWRDBUS
DSOCMBUSY
ISOCMBRAMEN
ISOCMBRAMEVENWRITEEN
ISOCMBRAMODDWRITEEN
ISOCMBRAMRDABUS

std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic_vector (0
std_logic_vector (1
std_logic;
std_logic;
std_logic;
std_logic_vector (0
std_logic;
std_logic_vector (0
std_logic;
std_logic_vector (2
std_logic;
std_logic;
std_logic;
std_logic;
std_logic;
std_logic_vector (0
std_logic_vector (1
std_logic;
std_logic;
std_logic;
std_logic_vector (0
std_logic_vector (0
std_logic;
std_logic;
std_logic_vector (0
std_logic;
std_logic;
std_logic;
std_logic;
std_logic_vector (0
std_logic;
std_logic;
std_logic_vector (0
std_logic_vector (0
std_logic_vector (0
std_logic;
std_logic;
std_logic;
std_logic_vector (0
std_logic;
std_logic_vector (0
std_logic_vector (8
std_logic_vector (0
std_logic;
std_logic_vector (0
std_logic;
std_logic;
std_logic;
std_logic;
std_logic_vector (8

to
to

to

to

to

to
to

to
to

to

to

to
to
to

to
to
to
to

to

to

31);
7);

63);

31);
9);
31);

31);
63);
29);
3);

31);

28);
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signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal
signal

begin

ISOCMBRAMWRABUS
ISOCMBRAMWRDBUS
TIEDSOCMDCRADDR
TIEISOCMDCRADDR
DSARCVALUE

DSCNTLVALUE

ISARCVALUE

ISCNTLVALUE
DBGC405DEBUGHALT
DBGC405EXTBUSHOLDACK
DBGC405UNCONDDEBUGEVENT
C405DBGMSRWE
C405DBGSTOPACK
C405DBGWBCOMPLETE
C405DBGWBFULL
C405DBGWBIAR
JTGC405BNDSCANTDO
JTGC405TCK

JTGC405TDI

JTGC405TMS
JTGC405TRSTNEG
C405JTGCAPTUREDR
C405JTGEXTEST
C405JTGPGMOUT
C405JTGSHIFTDR
C405JTGTDO
C405JTGTDOEN
C405JTGUPDATEDR
TRCC405TRACEDISABLE
TRCC405TRIGGEREVENTIN
C405TRCCYCLE
C405TRCEVENEXECUTIONSTATUS
C405TRCODDEXECUTIONSTATUS
C405TRCTRACESTATUS
C405TRCTRIGGEREVENTOUT
C405TRCTRIGGEREVENTTYPE
RSTC405RESETCHIP
RSTC405RESETCORE
RSTC405RESETSYS
C405RSTCHIPRESETREQ
C405RSTCORERESETREQ
C405RSTSYSRESETREQ
EICC405CRITINPUTIRQ
EICC405EXTINPUTIRQ
TIEC405DETERMINISTICMULT
TIEC405DISOPERANDFWD
TIEC405MMUEN
C405XXXMACHINECHECK
MCBCPUCLKEN

MCBJTAGEN

MCBTIMEREN

MCPPCRST

-- Processor Block Instantiation

ProcessorBlock : PPC405

port map

-- Clock and Power management interface

(

CPMC405CLOCK

std_logic_vector (8 to 28);
std_logic_vector (0 to 31
std_logic_vector (0 to
std_logic_vector (0 to
std_logic_vector (0 to
std_logic_vector (0 to
std_logic_vector (0 to
std_logic_vector (0 to
std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;
std_logic_vector (0 to 29);
std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;
std_logic_vector (0 to 1);
std_logic_vector (0 to 1);
std_logic_vector (0 to 3);
std_logic;
std_logic_vector (0 to 10);
std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

std_logic;

7

)
)
) ;
)
).
)
)
)

i

7

7

7

=> CPMC405CLOCK,
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CPMC405CORECLKINACTIVE =>
CPMC405CPUCLKEN =>
CPMC405JTAGCLKEN =>
CPMC405TIMERCLKEN =>
CPMC405TIMERTICK =>
C405CPMCORESLEEPREQ =>
C405CPMMSRCE =>
C405CPMMSREE =>
C405CPMTIMERIRQ =>
C405CPMTIMERRESETREQ =>

-- CPU Control Interface

TIEC405DETERMINISTICMULT =>
TIEC405DISOPERANDFWD =>
TIEC405MMUEN =>
C405XXXMACHINECHECK =>

-- Reset Interface

RSTC405RESETCHIP =>
RSTC405RESETCORE =>
RSTC405RESETSYS =>
C405RSTCHIPRESETREQ =>
C405RSTCORERESETREQ =>
C405RSTSYSRESETREQ =>

-- Processor Local Bus clock

PLBCLK =>

CPMC405CORECLKINACTIVE,
CPMC405CPUCLKEN,
CPMC405JTAGCLKEN,
CPMC405TIMERCLKEN,
CPMC405TIMERTICK,
C405CPMCORESLEEPREQ,
C405CPMMSRCE,
C405CPMMSREE,
C405CPMTIMERIRQ,
C405CPMTIMERRESETREQ,

TIEC405DETERMINISTICMULT,
TIEC405DISOPERANDFWD,
TIEC405MMUEN,
C405XXXMACHINECHECK,

RSTC405RESETCHIP,
RSTC405RESETCORE,
RSTC405RESETSYS,
C405RSTCHIPRESETREQ,
C405RSTCORERESETREQ,
C405RSTSYSRESETREQ,

PLBCLK,

-- Instruction-side Processor Local Bus Interface

PLBC405ICUADDRACK =>
PLBC405ICUBUSY =>
PLBC405ICUERR =>
PLBC405ICURDDACK =>
PLBC405ICURDDBUS =>
PLBC405ICURDWDADDR =>
PLBC405ICUSSIZEL =>
C405PLBICUABORT =>
C405PLBICUABUS =>
C405PLBICUCACHEABLE =>
C405PLBICUPRIORITY =>
C405PLBICUREQUEST =>
C405PLBICUSIZE =>
C405PLBICUUOATTR =>

PLBC405ICUADDRACK,
PLBC405ICUBUSY,
PLBC405ICUERR,
PLBC405ICURDDACK,
PLBC405ICURDDBUS,
PLBC405ICURDWDADDR,
PLBC405ICUSSIZEL,
C405PLBICUABORT,
C405PLBICUABUS,
C405PLBICUCACHEABLE,
C405PLBICUPRIORITY,
C405PLBICUREQUEST,
C405PLBICUSIZE,
C405PLBICUUOATTR,

-- Data-side Processor Local Bus Interface

PLBC405DCUADDRACK =>
PLBC405DCUBUSY =>
PLBC405DCUERR =>
PLBC4 05DCURDDACK =>
PLBC405DCURDDBUS =>
PLBC405DCURDWDADDR =>
PLBC405DCUSSIZEL =>
PLBC405DCUWRDACK =>
C405PLBDCUABORT =>
C405PLBDCUABUS =>
C405PLBDCUBE =>
C405PLBDCUCACHEABLE =>
C405PLBDCUGUARDED =>
C405PLBDCUPRIORITY =>
C405PLBDCUREQUEST =>
C405PLBDCURNW =>
C405PLBDCUSIZE?2 =>

PLBC405DCUADDRACK,
PLBC405DCUBUSY,
PLBC405DCUERR,
PLBC405DCURDDACK,
PLBC405DCURDDBUS,
PLBC405DCURDWDADDR,
PLBC405DCUSSIZEL,
PLBC405DCUWRDACK,
C405PLBDCUABORT,
C405PLBDCUABUS,
C405PLBDCUBE,
C405PLBDCUCACHEABLE,
C405PLBDCUGUARDED,
C405PLBDCUPRIORITY,
C405PLBDCUREQUEST,
C405PLBDCURNW,
C405PLBDCUSIZEZ,
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C405PLBDCUUOATTR
C405PLBDCUWRDBUS
C405PLBDCUWRITETHRU

-- Device Control Register Interface
DCRC405ACK
DCRC405DBUSIN
C405DCRABUS
C405DCRDBUSOUT
C405DCRREAD
C405DCRWRITE

C405PLBDCUUOATTR,
C405PLBDCUWRDBUS,
C405PLBDCUWRITETHRU,

DCRC405ACK,
DCRC405DBUSIN,
C405DCRABUS,
C405DCRDBUSOUT,
C405DCRREAD,
C405DCRWRITE,

-- External Interrupt Controller Interface

EICC405CRITINPUTIRQ
EICC405EXTINPUTIRQ

=> EICC405CRITINPUTIRQ,
=> EICC405EXTINPUTIRQ,

-- On-Chip Memory Controller Interface

BRAMDSOCMCLK
BRAMDSOCMRDDBUS
BRAMISOCMCLK
BRAMISOCMRDDBUS
DSOCMBRAMABUS
DSOCMBRAMBYTEWRITE
DSOCMBRAMEN
DSOCMBRAMWRDBUS
DSOCMBUSY
ISOCMBRAMEN
ISOCMBRAMEVENWRITEEN
ISOCMBRAMODDWRITEEN
ISOCMBRAMRDABUS
ISOCMBRAMWRABUS
ISOCMBRAMWRDBUS
DSARCVALUE
DSCNTLVALUE
ISARCVALUE
ISCNTLVALUE
TIEDSOCMDCRADDR
TIEISOCMDCRADDR

-- JTAG Interface

JTGC405BNDSCANTDO
JTGC405TCK
JTGC405TDI
JTGC405TMS
JTGC405TRSTNEG
C405JTGCAPTUREDR
C405JTGEXTEST
C405JTGPGMOUT
C405JTGSHIFTDR
C405JTGTDO
C405JTGTDOEN
C405JTGUPDATEDR

-- Debug Interface

DBGC405DEBUGHALT
DBGC405EXTBUSHOLDACK
DBGC405UNCONDDEBUGEVENT
C405DBGMSRWE
C405DBGSTOPACK
C405DBGWBCOMPLETE
C405DBGWBFULL
C405DBGWBIAR

BRAMDSOCMCLK,
BRAMDSOCMRDDBUS,
BRAMISOCMCLK,
BRAMISOCMRDDBUS,
DSOCMBRAMABUS,
DSOCMBRAMBYTEWRITE,
DSOCMBRAMEN,
DSOCMBRAMWRDBUS,
DSOCMBUSY,
ISOCMBRAMEN,
ISOCMBRAMEVENWRITEEN,
ISOCMBRAMODDWRITEEN,
ISOCMBRAMRDABUS,
ISOCMBRAMWRABUS,
ISOCMBRAMWRDBUS,
DSARCVALUE,
DSCNTLVALUE,
ISARCVALUE,
ISCNTLVALUE,
TIEDSOCMDCRADDR,
TIEISOCMDCRADDR,

JTGC405BNDSCANTDO,
JTGC405TCK,
JTGC405TDT,
JTGC405TMS,
JTGC405TRSTNEG,
C405JTGCAPTUREDR,
C405JTGEXTEST,
C405JTGPGMOUT,
C405JTGSHIFTDR,
C405JTGTDO,
C405JTGTDOEN,
C405JTGUPDATEDR,

DBGC405DEBUGHALT,
DBGC405EXTBUSHOLDACK,
DBGC405UNCONDDEBUGEVENT,
C405DBGMSRWE,
C405DBGSTOPACK,
C405DBGWBCOMPLETE,
C405DBGWBFULL,
C405DBGWBIAR,
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-- Trace Interface
TRCC405TRACEDISABLE
TRCC405TRIGGEREVENTIN
C405TRCCYCLE
C405TRCEVENEXECUTIONSTATUS
C405TRCODDEXECUTIONSTATUS
C405TRCTRACESTATUS
C405TRCTRIGGEREVENTOUT
C405TRCTRIGGEREVENTTYPE

Interface
MCBCPUCLKEN
MCBJTAGEN
MCBTIMEREN
MCPPCRST

)

-- Special

--Top 8 bits of DCR address space for DSOCM DCR registers.

--address space is 10 bits wide. The two 1
--predefined in DSOCM controller.

--For example,

-- if TIEDSOCMDCRADDR = 00 0001 11
-- then, address of DSARC = 00 0001 11
- address of DSCNTL = 00 0001 11
DSARCVALUE <= "<user def
DSCNTLVALUE <= "<user def
TIEDSOCMDCRADDR <= "<user def

--Top 8 bits of DCR address space for ISOCM DCR registers.

--address space is 10 bits wide. The two 1
--predefined in ISOCM controller.

--For example,

-- if TIEISOCMDCRADDR = 00 0010 11
-- then, address of ISINIT = 00 0010 11
- address of ISFILL 00 0010 11
- address of ISARC = 00 0010 11
-— address of ISCNTL = 00 0010 11

ISARCVALUE <= "<user def

ISCNTLVALUE <= "<user def

TIEISOCMDCRADDR <= "<user def
end arch;

Verilog Template

// Module: Proc_blk_template

// Description: Verilog Module

// Processor Block instantiation template
//

// Device: Virtex-II Pro Family

module top (
// user defined port list

)

// user defined port declaration

TRCC405TRACEDISABLE,
TRCC405TRIGGEREVENTIN,
C405TRCCYCLE,
C405TRCEVENEXECUTIONSTATUS,
C405TRCODDEXECUTIONSTATUS,
C405TRCTRACESTATUS,
C405TRCTRIGGEREVENTOUT,
C405TRCTRIGGEREVENTTYPE,

MCBCPUCLKEN,
MCBJTAGEN,
MCBTIMEREN,
MCPPCRST

The DCR
east significant bits are

10
11 =

0x01E
0x01F

ined
ined
ined

value>";
value>";
value>";

The DCR
east significant bits are

00 = 0x02C
01 = 0x02D
10 = 0x02E
11 = 0x02F
ined value>";
ined value>";
ined value>";
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// Processor Block Instantiation

/* __________________________________________________________________
The following convention is used for signal names throughout this
document :

PREFIX1PREFIX2SIGNAME]L [SIGNAMEL] [NEG] [ (m:n) ]
The components of a signal name are as follows:

* PREFIX1 is an uppercase prefix identifying the source of the signal.
This prefix specifies either a unit (for example, CPU) or a type of
interface (for example, DCR). If PREFIX1 specifies the processor
block, the signal is considered an output signal. Otherwise, it is
an input signal.

* PREFIX2 is an uppercase prefix identifying the destination of the
signal. This prefix specifies either a unit (for example, CPU) or
a type of interface (for example, DCR). If PREFIX2 specifies the
processor block, the signal is considered an input signal.
Otherwise, it is an output signal.

* SIGNAMEl is an uppercase name identifying the primary function of
the signal.

* [SIGNAMEl] is an uppercase name identifying the primary function of
the signal.

* [NEG] is an optional notation that indicates a signal is active low.
If this notation is not use, the signal is active high.

* [m:n] is an optional notation that indicates a bused signal. "m"
designates the most-significant bit of the bus and "n" designates
the least-significant bit of the bus.

The following table defines the prefixes used in the signal names.

Prefixl/2 Definition

CPM Clock and power management

Cc405 Processor block

DBG Debug unit

DCR Device control register

DSOCM Data-side on-chip memory (DSOCM

EIC External interrupt controller

ISOCM Instruction-side on-chip memory (ISOCM)
JTG JTAG

PLB Processor local bus

RST Reset

TIE TIE (signal tied statically to GND or VDD )
TRC Trace

XXX FPGA unit

Refer to Processor Block Manual for further interface descriptions.

___________________________________________________________________ */

PPC405 ProcessorBlock (

// Clock and Power management interface
.CPMC405CLOCK ( CPMC405CLOCK ),
.CPMC405CORECLKINACTIVE ( CPMC405CORECLKINACTIVE ),
.CPMC405CPUCLKEN ( CPMC405CPUCLKEN ),
.CPMC405JTAGCLKEN ( CPMC405JTAGCLKEN ),
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.CPMC405TIMERCLKEN
.CPMC405TIMERTICK
.C405CPMCORESLEEPREQ
.C405CPMMSRCE
.C405CPMMSREE
.C405CPMTIMERIRQ
.C405CPMTIMERRESETREQ

// CPU Control Interface

.TIEC405DETERMINISTICMULT
.TIEC405DISOPERANDFWD
. TIEC405MMUEN

.C405XXXMACHINECHECK

// Reset Interface

.RSTC405RESETCHIP
.RSTC405RESETCORE
.RSTC405RESETSYS
.C405RSTCHIPRESETREQ
.C405RSTCORERESETREQ
.C405RSTSYSRESETREQ

// Processor Local Bus clock

.PLBCLK

—_~ o~~~ ~ o~ o~~~ o~ —~

—~ e~~~ o~ —~

CPMC405TIMERCLKEN )
CPMC405TIMERTICK ),
C405CPMCORESLEEPREQ
C405CPMMSRCE ).
C405CPMMSREE ).
C405CPMTIMERIRQ ),
C405CPMTIMERRESETREQ

TIEC405DETERMINISTICMULT

TIEC405DISOPERANDFWD
TIEC405MMUEN ),
C405XXXMACHINECHECK

RSTC405RESETCHIP ),
RSTC405RESETCORE ),
RSTC405RESETSYS ),

C405RSTCHIPRESETREQ
C405RSTCORERESETREQ
C405RSTSYSRESETREQ )

PLBCLK ),

// Instruction-side Processor Local Bus Interface

.PLBC405ICUADDRACK
.PLBC405ICUBUSY
.PLBC405ICUERR
.PLBC405ICURDDACK
.PLBC405ICURDDBUS
.PLBC405ICURDWDADDR
.PLBC405ICUSSIZEL
.C405PLBICUABORT
.C405PLBICUABUS
.C405PLBICUCACHEABLE
.C405PLBICUPRIORITY
.C405PLBICUREQUEST
.C405PLBICUSIZE
.C405PLBICUUOATTR

~ e~~~ o~~~ o~~~ o~~~ —~

PLBC405ICUADDRACK ),
PLBC405ICUBUSY ),
PLBC405ICUERR ),
PLBC405ICURDDACK ),
PLBC405ICURDDBUS ),
PLBC405ICURDWDADDR )
PLBC405ICUSSIZELl ),
C405PLBICUABORT ),
C405PLBICUABUS ),
C405PLBICUCACHEABLE
C405PLBICUPRIORITY
C405PLBICUREQUEST )
C405PLBICUSIZE ),
C405PLBICUUOATTR ),

// Data-side Processor Local Bus Interface

. PLBC405DCUADDRACK
.PLBC405DCUBUSY
.PLBC405DCUERR

. PLBC405DCURDDACK
.PLBC405DCURDDBUS

. PLBC405DCURDWDADDR
.PLBC405DCUSSIZEL

. PLBC405DCUWRDACK
.C405PLBDCUABORT
.C405PLBDCUABUS
.C405PLBDCUBE
.C405PLBDCUCACHEABLE
.C405PLBDCUGUARDED
.C405PLBDCUPRIORITY
.C405PLBDCUREQUEST
.C405PLBDCURNW
.C405PLBDCUSIZE2
.C405PLBDCUUOATTR
.C405PLBDCUWRDBUS
.C405PLBDCUWRITETHRU

(

~ e~~~ o~~~ e~~~ o~ o~~~ o~~~ o~ —

PLBC405DCUADDRACK ) ,
PLBC405DCUBUSY ),
PLBC405DCUERR ),
PLBC405DCURDDACK ),
PLBC405DCURDDBUS ),
PLBC405DCURDWDADDR )
PLBC405DCUSSIZELl ),
PLBC405DCUWRDACK ),
C405PLBDCUABORT ),
C405PLBDCUABUS ),
C405PLBDCUBE ),
C405PLBDCUCACHEABLE
C405PLBDCUGUARDED )
C405PLBDCUPRIORITY
C405PLBDCUREQUEST )
C405PLBDCURNW ),
C405PLBDCUSIZE2 ),
C405PLBDCUUOATTR ),
C405PLBDCUWRDBUS ),
C405PLBDCUWRITETHRU

’

).

)

).

).

)
)

’

’

)
)

’

1

).

)

’

).

).
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// Device Control Register Interface
.DCRC405ACK
.DCRC405DBUSIN
.C405DCRABUS
.C405DCRDBUSOUT
.C405DCRREAD
.C405DCRWRITE

~ e~ o~~~ —~

DCRC405ACK ),
DCRC405DBUSIN ),
C405DCRABUS ),
C405DCRDBUSOUT ) ,
C405DCRREAD )
C405DCRWRITE ),

// External Interrupt Controller Interface

.EICC405CRITINPUTIRQ ( EICC405CRITINPUTIRQ ),
.EICC405EXTINPUTIRQ ( EICC405EXTINPUTIRQ ),

// On-Chip Memory Controller Interface
.BRAMDSOCMCLK ( BRAMDSOCMCLK ),
.BRAMDSOCMRDDBUS ( BRAMDSOCMRDDBUS ),
.BRAMISOCMCLK ( BRAMISOCMCLK ),
.BRAMISOCMRDDBUS ( BRAMISOCMRDDBUS ),
.DSOCMBRAMABUS ( DSOCMBRAMABUS ),
.DSOCMBRAMBYTEWRITE ( DSOCMBRAMBYTEWRITE ),
.DSOCMBRAMEN ( DSOCMBRAMEN ),
.DSOCMBRAMWRDBUS ( DSOCMBRAMWRDBUS ),
.DSOCMBUSY ( DSOCMBUSY ),
. ISOCMBRAMEN ( ISOCMBRAMEN ),
. ISOCMBRAMEVENWRITEEN ( ISOCMBRAMEVENWRITEEN ),
. ISOCMBRAMODDWRITEEN ( ISOCMBRAMODDWRITEEN ),
. ISOCMBRAMRDABUS ( ISOCMBRAMRDABUS ),
. ISOCMBRAMWRABUS ( ISOCMBRAMWRABUS ),
. ISOCMBRAMWRDBUS ( ISOCMBRAMWRDBUS ),
.DSARCVALUE ( DSARCVALUE ),
.DSCNTLVALUE ( DSCNTLVALUE )
. ISARCVALUE ( ISARCVALUE ),
. ISCNTLVALUE ( ISCNTLVALUE ),
. TTEDSOCMDCRADDR ( TIEDSOCMDCRADDR ),
. TIEISOCMDCRADDR ( TIEISOCMDCRADDR ),

// JTAG Interface
.JTGC405BNDSCANTDO ( JTGC405BNDSCANTDO ),
.JTGC405TCK ( JTGC405TCK ),
.JTGC405TDI ( JTGC405TDI ),
.JTGC405TMS ( JTGC405TMS ),
.JTGC405TRSTNEG ( JTGC405TRSTNEG ),
.C4050TGCAPTUREDR ( C4050JTGCAPTUREDR ),
.C4050TGEXTEST ( C405JTGEXTEST ),
.C405JTGPGMOUT ( c405JTGPGMOUT ),
.C405JTGSHIFTDR ( C405JTGSHIFTDR ),
.C405JTGTDO ( C405JTGTDO ),
.C405JTGTDOEN ( C405JTGTDOEN ),
.C405J0TGUPDATEDR ( C4050TGUPDATEDR ),

// Debug Interface
.DBGC405DEBUGHALT ( DBGC405DEBUGHALT ),
.DBGC405EXTBUSHOLDACK ( DBGC405EXTBUSHOLDACK ),
.DBGC405UNCONDDEBUGEVENT ( DBGC405UNCONDDEBUGEVENT
.C405DBGMSRWE ( C405DBGMSRWE ),
.C405DBGSTOPACK ( C405DBGSTOPACK ),
.C405DBGWBCOMPLETE ( C405DBGWBCOMPLETE ),
.C405DBGWBFULL ( C405DBGWBFULL ),
.C405DBGWBIAR ( C405DBGWBIAR ),

// Trace Interface
.TRCC405TRACEDISABLE ( TRCC405TRACEDISABLE ),
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.TRCC405TRIGGEREVENTIN
.C405TRCCYCLE
.C405TRCEVENEXECUTIONSTATUS
.C405TRCODDEXECUTIONSTATUS
.C405TRCTRACESTATUS
.C405TRCTRIGGEREVENTOUT
.C405TRCTRIGGEREVENTTYPE

( TRCC405TRIGGEREVENTIN
( C405TRCCYCLE ),

( C405TRCEVENEXECUTIONSTATUS
C405TRCODDEXECUTIONSTATUS
C405TRCTRACESTATUS ),
C405TRCTRIGGEREVENTOUT )
C405TRCTRIGGEREVENTTYPE

).

—_~ o~~~

// Special Interface
.MCBCPUCLKEN ( MCBCPUCLKEN ),
.MCBJTAGEN ( MCBJTAGEN ),
.MCBTIMEREN ( MCBTIMEREN ),
.MCPPCRST ( MCPPCRST )
)
// OCM attribute signals
wire [0:7] TIEDSOCMDCRADDR;
wire [0:7] TIEISOCMDCRADDR;
wire [0:7] DSARCVALUE;
wire [0:7] DSCNTLVALUE;
wire [0:7] ISARCVALUE;
wire [0:7] ISCNTLVALUE;

/*

Top 8 bits of DCR address space for DSOCM DCR registers.
The two least significant bits are
For example,

address space is 10 bits wide.
predefined in DSOCM controller.

The DCR

’

).

).
).

if TIEDSOCMDCRADDR = 00 0001 11
then, address of DSARC = 00 0001 1110 = OxO1lE
address of DSCNTL= 00 0001 1111 = 0xO01F
___________________________________________________________________ */
assign DSARCVALUE = <user_defined_value>;
assign DSCNTLVALUE = <user_defined value>;
assign TIEDSOCMDCRADDR <user_defined value>;
/ K o o
Top 8 bits of DCR address space for ISOCM DCR registers. The DCR
address space is 10 bits wide. The two least significant bits are
predefined in ISOCM controller. For example,
if TIEISOCMDCRADDR = 00 0010 11
then, address of ISINIT = 00 0010 1100 = 0x02C
address of ISFILL = 00 0010 1101 = 0x02D
address of ISARC = 00 0010 1110 = 0x02E
address of ISCNTL = 00 0010 1111 = 0x02F
____________________________________________________________________ */
assign ISARCVALUE = 8'hFF;
assign ISCNTLVALUE = 8’'hFF;
assign TIEISOCMDCRADDR = 8'b00_0010_11;
endmodule
[/ mm e e
// Processor Block module declaration
// This declaration can be omitted if not using Synplicity
[/ mm e e e
module PPC405 (
BRAMDSOCMCLK,
BRAMDSOCMRDDBUS,
BRAMISOCMCLK,
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BRAMISOCMRDDBUS,
C405CPMCORESLEEPREQ,
C405CPMMSRCE,
C405CPMMSREE,
C405CPMTIMERIRQ,
C405CPMTIMERRESETREQ,
C405DBGMSRWE,
C405DBGSTOPACK,
C405DCRABUS,
C405DCRDBUSOUT,
C405DBGWBIAR,
C405DBGWBCOMPLETE,
C405DBGWBFULL,
C405DCRREAD,
C405DCRWRITE,
C405JTGCAPTUREDR,
C405JTGEXTEST,
C405JTGPGMOUT,
C405JTGSHIFTDR,
C405JTGTDO,
C405JTGTDOEN,
C405JTGUPDATEDR,
C405PLBDCUABORT,
C405PLBDCUABUS,
C405PLBDCUBE,
C405PLBDCUCACHEABLE,
C405PLBDCUGUARDED,
C405PLBDCUPRIORITY,
C405PLBDCUREQUEST,
C405PLBDCURNW,
C405PLBDCUSIZEZ,
C405PLBDCUUOATTR,
C405PLBDCUWRDBUS,
C405PLBDCUWRITETHRU,
C405PLBICUABORT,
C405PLBICUABUS,
C405PLBICUCACHEABLE,
C405PLBICUPRIORITY,
C405PLBICUREQUEST,
C405PLBICUSIZE,
C405PLBICUUOATTR,
C405RSTCHIPRESETREQ,
C405RSTCORERESETREQ,
C405RSTSYSRESETREQ,
C405TRCCYCLE,

C405TRCEVENEXECUTIONSTATUS,

C405TRCTRACESTATUS,
C405TRCTRIGGEREVENTOUT,
C405TRCTRIGGEREVENTTYPE,
C405TRCODDEXECUTIONSTATUS,
C405XXXMACHINECHECK,
CPMC405CLOCK,
CPMC405CORECLKINACTIVE,
CPMC405CPUCLKEN,
CPMC405JTAGCLKEN,
CPMC405TIMERCLKEN,
CPMC405TIMERTICK,
DBGC405DEBUGHALT,
DBGC405EXTBUSHOLDACK,
DBGC405UNCONDDEBUGEVENT,
DCRC405ACK,
DCRC405DBUSIN,
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/7
//
/7

/7
/7
/7

DSARCVALUE,
DSCNTLVALUE,

DSOCMBRAMABUS,
DSOCMBRAMBYTEWRITE,

DSOCMBRAMEN,

DSOCMBRAMWRDBUS,

DSOCMBUSY,

EICC405CRITINPUTIRQ,
EICC405EXTINPUTIRQ,

ISARCVALUE,
ISCNTLVALUE,
ISOCMBRAMEN,

ISOCMBRAMEVENWRITEEN,
ISOCMBRAMODDWRITEEN,
ISOCMBRAMRDABUS,
ISOCMBRAMWRABUS,
ISOCMBRAMWRDBUS,
JTGC405BNDSCANTDO,

JTGC405TCK,
JTGC405TDI,
JTGC405TMS,

JTGC405TRSTNEG,

MCBCPUCLKEN,
MCBJTAGEN,
MCBTIMEREN,
MCPPCRST,

PLBC405DCUADDRACK,
PLBC405DCUBUSY,
PLBC405DCUERR,
PLBC405DCURDDACK,
PLBC405DCURDDBUS,
PLBC405DCURDWDADDR,
PLBC405DCUSSIZEL,
PLBC405DCUWRDACK,
PLBC405ICUADDRACK,
PLBC405ICUBUSY,
PLBC405ICUERR,
PLBC405ICURDDACK,
PLBC405ICURDDBUS,
PLBC405ICURDWDADDR,
PLBC405ICUSSIZEL,

PLBCLK,

RSTC405RESETCHIP,
RSTC405RESETCORE,
RSTC405RESETSYS,

TIEC405DETERMINISTICMULT,
TIEC405DISOPERANDFWD,
TIEC405MMUEN,
TRCC405TRACEDISABLE,
TRCC405TRIGGEREVENTIN,

TIEDSOCMDCRADDR,
TIEISOCMDCRADDR

synthesis syn_black box
Above Synplicity synthesis directive is needed for black box

instantiation

Port Declarations
See PowerPC 405 Processor Block Manual for detailed signal

descriptions.
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// Clock and Power Management Interface

input
input
input
input
input
input
output
output
output
output
output

CPMC405CLOCK;
CPMC405CORECLKINACTIVE;
CPMC405CPUCLKEN;
CPMC405JTAGCLKEN;
CPMC405TIMERCLKEN;
CPMC405TIMERTICK;
C405CPMCORESLEEPREQ;
C405CPMMSRCE;
C405CPMMSREE;
C405CPMTIMERIRQ;
C405CPMTIMERRESETREQ;

// Processor Local Bus clock

input

PLBCLK;

// Instruction Cache Unit Interface

input
input
input
input
input
input
input
output
output
output
output
output
output
output

// Data Cache

input
input
input
input
input
input
input
input
output
output
output
output
output
output
output
output
output
output
output
output

[0:
[1:

[0:

[0:

[2:

[0:
[1:

[O:

[0:

[O:

[0:

// Device

input
input
output
output
output
output

[0:
[0:
[O:

63]
3]

29]

1]

3]

63]
3]

311

7]

1]

63]

PLBC405ICUADDRACK;
PLBC405ICUBUSY;
PLBC405ICUERR;
PLBC405ICURDDACK;
PLBC405ICURDDBUS;
PLBC405ICURDWDADDR ;
PLBC405ICUSSIZEL;
C405PLBICUABORT;
C405PLBICUABUS;
C405PLBICUCACHEABLE;
C405PLBICUPRIORITY;
C405PLBICUREQUEST;
C405PLBICUSIZE;
C405PLBICUUOATTR;

Unit Interface
PLBC405DCUADDRACK ;
PLBC405DCUBUSY ;
PLBC405DCUERR;
PLBC405DCURDDACK ;
PLBC405DCURDDBUS;
PLBC405DCURDWDADDR ;
PLBC405DCUSSIZEL;
PLBC405DCUWRDACK ;
C405PLBDCUABORT;
C405PLBDCUABUS;
C405PLBDCUBE;
C405PLBDCUCACHEABLE;
C405PLBDCUGUARDED;
C405PLBDCUPRIORITY;
C405PLBDCUREQUEST;
C405PLBDCURNW ;
C405PLBDCUSIZEZ2;
C405PLBDCUUOATTR;
C405PLBDCUWRDBUS ;
C405PLBDCUWRITETHRU;

Control Register Interface

31]
9]
31]

DCRC405ACK;
DCRC405DBUSIN;
C405DCRABUS;
C405DCRDBUSOUT;
C405DCRREAD;
C405DCRWRITE;
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// On-Chip Memory Controller Interface

input
input
input
input
output
output
output
output
output
output
output
output
output
output
output
input
input
input
input
input
input

[0:

[O:
[8:
[O:

[0:

[8:
[8:
[0:
[O:
[O:
[O:
[0:
[0:
[0:

31]

631
29]
3]

31]

28]
28]
31]
7]
7]
7]
7]
7]
7]

BRAMDSOCMCLK;
BRAMDSOCMRDDBUS ;
BRAMISOCMCLK;
BRAMISOCMRDDBUS ;
DSOCMBRAMABUS ;
DSOCMBRAMBYTEWRITE;
DSOCMBRAMEN ;
DSOCMBRAMWRDBUS ;
DSOCMBUSY ;
ISOCMBRAMEN;
ISOCMBRAMEVENWRITEEN;
ISOCMBRAMODDWRITEEN;
ISOCMBRAMRDABUS ;
ISOCMBRAMWRABUS ;
ISOCMBRAMWRDBUS ;
DSARCVALUE;
DSCNTLVALUE;
ISARCVALUE;
ISCNTLVALUE;
TIEDSOCMDCRADDR ;
TIEISOCMDCRADDR;

// Debug Interface

input
input
input
output
output
output
output

output [0:29]

DBGC405DEBUGHALT;
DBGC405EXTBUSHOLDACK;
DBGC405UNCONDDEBUGEVENT ;
C405DBGMSRWE ;
C405DBGSTOPACK;
C405DBGWBCOMPLETE;
C405DBGWBFULL;
C405DBGWBIAR;

// JTAG Interface

input
input
input
input
input
output
output
output
output
output
output
output

JTGC405BNDSCANTDO;
JTGC405TCK;
JTGC405TDI;
JTGC405TMS;
JTGC405TRSTNEG;
C405JTGCAPTUREDR;
C405JTGEXTEST;
C405JTGPGMOUT;
C405JTGSHIFTDR;
C405JTGTDO;
C405JTGTDOEN;
C405JTGUPDATEDR;

// Trace Interface

input

input

output
output
output
output
output
output

[0:
[O:
[O:

[0:

1]
1]
3]

10]

TRCC405TRACEDISABLE;
TRCC405TRIGGEREVENTIN;
C405TRCCYCLE;

C405TRCEVENEXECUTIONSTATUS;
C405TRCODDEXECUTIONSTATUS;

C405TRCTRACESTATUS;
C405TRCTRIGGEREVENTOUT;
C405TRCTRIGGEREVENTTYPE;

// Reset Interface

input
input
input

RSTC405RESETCHIP;
RSTC405RESETCORE;
RSTC405RESETSYS;

UGO012 (v1.0) January 31, 2002
Virtex-ll Pro Platform FPGA Handbook

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

201


http://www.xilinx.com

S XILINX®

Chapter 2: Design Considerations

output C405RSTCHIPRESETREQ;
output C405RSTCORERESETREQ;
output C405RSTSYSRESETREQ;

// Interrupt Interface
input EICC405CRITINPUTIRQ;
input EICC405EXTINPUTIRQ;

// CPU Control Interface

input TIEC405DETERMINISTICMULT;
input TIEC405DISOPERANDFWD;
input TIEC405MMUEN;

output C405XXXMACHINECHECK ;

// Special Interface

input MCBCPUCLKEN;

input MCBJTAGEN;

input MCBTIMEREN;

input MCPPCRST;
endmodule

Global Clock Networks

Introduction

Virtex-II Pro devices support very high frequency designs and thus require low-skew
advanced clock distribution. With device density up to 10 million system gates, numerous
global clocks are necessary in most designs. Therefore, to provide a uniform and portable
solution (soft-IP), all Virtex-1I Pro devices from XC2VP2 to XC2VP50 have 16 global clock
buffers and support 16 global clock domains. Up to eight of these clocks can be used in any
quadrant of the device by the synchronous logic elements (that is, registers, 18Kb block
RAM, pipeline multipliers) and the IOBs. The software tools place and route these global
clocks automatically.

If the design uses between 8 and 16 clocks, it must be partitioned into quadrants, with up
to 8 clocks per quadrant. If more than 16 clocks are required, the backbone (24 horizontal
and vertical long lines routing resources) can be used as additional clock network.

In addition to clock distribution, the 16 clock buffers are also “glitch-free” synchronous 2:1
multiplexers. These multiplexers are capable of switching between two asynchronous (or
synchronous) clocks at any time. No particular phase relations between the two clocks are
needed. The clock multiplexers can also be configured as a global clock buffer with a clock
enable. The clock can be stopped High or Low at the clock buffer output.

Clock Distribution Resources

The various resources available to manage and distribute the clocks include:

® Sixteen clock pads that can be used as regular user I/Os if not used as clock inputs.
The sixteen clock pads can be configured for any I/O standard, including differential
standards (for example, LVDS).

¢ Sixteen “IBUFG” elements that represent the clock inputs in a VHDL or Verilog
design.

¢ Eight “IBUFGDS” elements (that is, attributes LVDS_25, LDT_25, or ULVDS_25) that
represent the differential clock input pairs in a VHDL or Verilog design. Each
IBUFGDS replaces two IBUFG elements.

®  Four to eight Digital Clock Managers (DCMs), depending on the device size, to de-
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skew and generate the clocks. For more information on DCMs, see Digital Clock
Managers (DCMs), page 222.

® Sixteen “BUFGMUX” elements that can consist of up to sixteen global clock buffers
(BUFG), global clock buffers with a clock enable (BUFGCE), or global clock
multiplexers (BUFGMUX).

Figure 2-2 illustrates the placement of these clock resources in Virtex-II Pro devices (the
XC2VP20 through the XC2VP50) that have eight DCMs.

8 GCLK Pads

UserI/Os———-D &&g& IZ'ZIXIX D———-UserI/Os

BUFGc \V/VVYV VVVV Bura

8 BUFGMUX

VYV OUvY

16 Clock
Domains

———1 bcM |——{ Dcm
|
' BRAM | c g | BRAM
: Multiplier Multiplier
| : :
| | |
| | |
| | |
|
|
BRAM BRAM |
: Multiplier cLe Multiplier
|
- ——] pcm |——{ Dcwm

Y.

8 BUFGMUX

pcM ——1 bom | ——1
|
BRAM | oig | BRAM |
Multiplier Multiplier :
|
|
|
|
|
|
BRAM BRAM
Muttiplier | ©B | Muttiplier :
|
DCM | ——J1 pbom | — .

Burc AAAA  AAAA Bura

UserI/Os———-D &&&& &&&& D———-UserI/Os

8 GCLK Pads

Figure 2-2: Clock Resources in Virtex-ll Pro Devices

UG002_C2_092_120100

The simple scheme to distribute an external clock in the device is to implement a clock pad
with an IBUFG input buffer connected to a BUFG global buffer, as shown in Figure 2-3 and
Figure 2-4, page 204. The primary (GCLKP) and secondary (GCLKS) clock pads have no
relationship with the P-side and N-side of differential clock inputs. In banks 0 and 1, the
GCLKP corresponds to the N-side, and the GCLKS corresponds to the P-side of a
differential clock input. In banks 4 and 5, this correspondence is reversed.
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Figure 2-3: Simple Clock Distribution (Bank 0 and 1 Scheme)
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Figure 2-4: Simple Clock Distribution (Bank 0 and 1 Scheme)

Major synthesis tools automatically infer the IBUFG and BUFG when the corresponding
input signal is used as a clock in the VHDL or Verilog code.

A high frequency or adapted (frequency, phase, and so forth) clock distribution with low
skew is implemented by using a DCM between the output of the IBUFG and the input of
the BUFG, as shown in Figure 2-5. Digital Clock Managers (DCMs), page 222 provides
details about DCMs and their use.

DCM
IBUFG BUFG

GCLK | Pad > CLKIN CLX0 Clock Distribution

—{ CLKFB

UG002_C2_085_120200

Figure 2-5: Clock Distribution with DCM

Clock distribution from internal sources is also possible with a BUFG only or with a DCM,
as shown in Figure 2-6, page 205.
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Logic

Logic

DCM

BUFG

Figure 2-6:

Global Clock Inputs

The clock buffer inputs are fed either by one of the 16 clock pads (refer to the Virtex-Il Pro
Data Sheet), by the outputs of the DCM, or by local interconnect. Each clock buffer can be
a synchronous “glitch-free” 2:1 multiplexer with two clock inputs and one select input.
Internal logic (or alternatively a regular IOB) can feed the clock inputs. Any internal or
external signal can drive the select input or clock enable input.

— CLKFB

CLKIN CLXO

ViV

Internal Logic Driving Clock Distribution

Clock Distribution

Clock Distribution

UG002_C2_086_120200

The possible inputs driving a global clock buffer or multiplexer are summarized in

Table 2-10.
Table 2-10: Inputs Driving Global Clock Buffers or DCMs
Destination
Source BUFG(I) or BUFGCE BUFGMUX BUFGMUX DCM
BUFGCE(l) (CE) (10 or 1) (S) (CLKIN)
External Clock via IBUFG(O) Dedicated in . NA Dedicated in . NA Same edge
same quadrant same quadrant
DCM Clock Outputs Same edge (top NA Same edge (top NA General
or bottom)?2 or bottom)? interconnect?
Internal Logic General General General General General
interconnect interconnect interconnect interconnect | interconnect?
User I/0 Pad via IBUF(O) General General General General General
(not IBUFG) interconnect interconnect interconnect interconnect | interconnect3
BUFG(O) NA NA NA NA Global clock
net
BUFGMUX(O) NA NA . General NA Global clock
Interconnect net
Notes:

1. Notall IBUFGs in the quadrant have a dedicated connection to a specific BUFG. Others would require general interconnect

to be hooked up.

2. Same edge (top or bottom) enables use of dedicated routing resources.
3. Pad to DCM input skew is not compensated.

All BUFG (BUFGCE, BUFGMUX) outputs are available at the quadrant boundaries.
The output of the global clock buffer can be routed to non-clock pins.
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Primary and Secondary Global Multiplexers
Each global clock buffer is a self-synchronizing circuit called a clock multiplexer.
The 16 global clock buffers or multiplexers are divided as follows:
¢ Eight primary clock multiplexers
¢ Eight secondary clock multiplexers

No hardware difference exists between a primary and a secondary clock multiplexer.
However, some restrictions apply to primary/secondary multiplexers, because they share
input connections, as well as access to a quadrant.

Each Virtex-II Pro device is divided into four quadrants: North-West, South-West, North-
East, and South-East. Each quadrant has two primary and two secondary clock
multiplexers. The clock multiplexers are indexed 0 to 7, with one primary and one
secondary for each index, alternating on the top and on the bottom (i.e., clock multiplexer
“0P” at the bottom is facing clock multiplexer “0S” at the top).

In each device, the eight top /bottom clock multiplexers are divided into four primary and
four secondary, indexed 0 to 7, as shown in Figure 2-7.

NW NE

SW SE

WAV AVAVNYVAVANAVANGE

UG002_C2_087_113000

Figure 2-7: Primary and Secondary Clock Multiplexer Locations
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Primary/Secondary: Rule 1

Considering two “facing” clock multiplexers (BUFG#P and BUFG#S), one or the other of
these clock outputs can enter any quadrant of the chip to drive a clock within that
quadrant, as shown in Figure 2-8. Note that the clock multiplexers “xP” and “xS” compete
for quadrant access. For example, BUFGOP output cannot be used in the same quadrant as

BUFGOS.
| |
: 1P 0S
|
|
|
|
NW : NE
|
|
|
|
____________ e
|
|
i
sw | SE
|
|
|
|
|
| /& %Ix
|
| |
UG002_C2_088_113000
Figure 2-8: Facing BUFG#P and BUFG#S Connections
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Primary/Secondary: Rule 2

In a BUFGCE or BUFGMUX configuration, shared inputs have to be considered. Any two
adjacent clock multiplexers share two inputs, as shown in Figure 2-9. The clock

multiplexer “1P” and “0S” have common 10/11 and I1/10 inputs.

BUFGMUX
1P

BUFGMUX
0S

UG002_C2_089_113000

Figure 2-9: Clock Multiplexer Pair Sharing Clock Multiplexer Inputs

Table 2-11 lists the clock multiplexer pairs in any Virtex-II Pro device. The primary
multiplexer inputs I1/10 are common with the corresponding secondary multiplexer

inputs I0/11 (i.e., Primary I1 input is common with secondary 10 input, and primary 10

input is common with secondary I1 input).

Table 2-11: Top Clock Multiplexer Pairs

Primary I1/10 1P 3P 5P 7P

Secondary 10/11 0S 25 45 65
Table 2-12: Bottom Clock Multiplexer Pairs

Primary I1/10 oP 2P 4P 6P

Secondary 10/11 1S 35S 55 7S
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Primary/Secondary Usage

For up to eight global clocks, it is safe to use the eight primary global multiplexers (1P, 3P,
5P, 7P on the top and OP, 2P, 4P, 6P on the bottom). Because of the shared inputs, a
maximum of eight independent global clock multiplexers can be used in a design, as
shown in Figure 2-10.

GCLK7P GCLK5P GCLK3P GCLK1P
| g IBUFG/IBUFGDS
|

NE

] 4@

]

8 clocks - = 8 clocks

00|00

[ed
oo

8 clocks -

0
_E] 8 clock
0
0

»
=

™, [0

SE
A A A
\ /7 N\ / N\ / \
\ / \ / \ \
\ / \ | / \ / \

I
! 6 6 IBUFG/IBUFGDS

GCLK6P GCLK4P GCLK2P GCLKOP

UG002_C2_090_113000

Figure 2-10: Eight Global Clocks Design

DCM Clocks

The four clock pins (IBUFG) in a quadrant can feed all DCMs in the same edge of the device. The
clock-to-out and setup times are identical for all DCMs. Up to four clock outputs per DCM can
be used to drive any clock multiplexer on the same edge (top or bottom), as shown in

Figure 2-11.

BUFG Exclusivity

Each DCM has a restriction on the number of BUFGs it can drive on its (top or bottom)
edge. Pairs of buffers with shared dedicated routing resources exist such that only one

buffer from each dedicated pair can be driven by a single DCM. The exclusive pairs for
each edge are: 1:5, 2:6, 3:7, and 4:8.
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GCLK7P GCLK6S GCLK5P GCLK4S GCLK3P GCLK2S GCLK1P GCLKO0S
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Figure 2-11: DCM Clocks
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Clock Output

The clock distribution is based on eight clock trees per quadrant. Each clock multiplexer
output is driving one global clock net. The Virtex-II Pro device has eight dedicated low-
skew clock nets. The device is divided into four quadrants (NW, NE, SW and SE) with
eight global clocks available per quadrant.

Eight clock buffers are in the middle of the top edge and eight are in the middle of the
bottom edge. Any of these 16 clock buffer outputs can be used in any quadrant, up to a
maximum of eight clocks per quadrant, as illustrated in Figure 2-12, provided there is not
a primary vs. secondary conflict.

| 8 BUFGMUX ﬂ ﬂ ﬂ
(D O CE T o D R DD MO i
E00C000 IE0A LOCo00 E0E H HH
B00 (0000 00 (0000|008 Nw HmEm NE
B0 IZIIZIIZIE' ]IZI W= 6 E E E
: H seuremux UNgEE 010 (g e
= ' = 3
iu M| LLLL L E o _EEE
- E I 16 Clocks I - | 16 Clocks
B000 )/ COO0 o oo D000 008 [ ]
5 T O O = 8
Ry N ’ s
N E
EC0 | 8 BUFGMUX FrPiEe sw I
B0 OO0 i [ (E
ELOUICOOOUWON ODOUCO00OWO0E
(D 4 D R D D D MDD
! 8 BUFGMUX DS031_45_120200
Figure 2-12: Clock Buffer Outputs per Quadrant
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Designs with more than eight clocks must be floorplanned manually or automatically,
distributing the clocks in each quadrant. As an example, a design with 16 clocks can be
floorplanned as shown in Figure 2-13.

5 clocks

CLK_P

CLK_D >

48

7P

CLK_A—>

0S
CLK_H—>

CLK_M -

4P
CLK_L

SW

16 Clocks

8 clocks

CLK_O

CLK_G

1P

38

CLK_C -

5P

CLK_N -

2P

7 clocks

CLK_P —

3 clocks

SE

CLK_ |

Figure 2-13:

J

AAAAAAAA

16-Clock Floorplan

UG002_C2_079_120200

The clock nets and clock buffers in this example are associated as shown in Table 2-13.
Table 2-13: Clock Net Association With Clock Buffers

Clock Net (top edge) CLK_ A | CLK B | CLK.C | CLK.D | CLK_E | CLK F | CLK_G | CLK_H
BUFG 7P 6S 5P 45 3P 25 1P 0S

Clock Net (bottom edge) | CLK I | CLKJ | CLK K | CLK_L | CLK. M | CLK N | CLK_O | CLK_P
BUFG 7S 6P 55 4P 3S 2P 1S opP

Quadrant NW CLK_A | CLK_B | CLK_C - - CLK_F - CLK_P
Quadrant SW CLK_A - CLK C | CLK_L | CLK.M | CLK_N | CLK_G | CLK_H
Quadrant NE CLKI | CLK B | CLK K | CLK.D | CLK E | CLK N | CLK_O | CLK_H
Quadrant SE CLK_A | CLK]J - - - - - CLK_P
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CLK_A is used in three quadrants, and the other clocks are used in one or two quadrants,
regardless of the position of the clock buffers (multiplexers), as long as they are not
competing to access the same quadrant. (That is, CLK_A (BUFG7P) cannot be used in the
same quadrant with CLK_I (BUFG7S). Refer to Primary/Secondary: Rule 1, page 207.) In
other words, two buffers with the same index (0 to 7) cannot be used in the same quadrant.
Each register, block RAM, registered multiplier, or DDR register (IOB) can be connected to
any of the eight clock nets available in a particular quadrant.

Note that if a global clock (primary buffer) is used in four quadrants, the corresponding
secondary buffer is not available.

Power Consumption

Clock trees have been designed for low skew and low-power operation. Any unused
branch is disconnected, as shown in Figure 2-14.

8 BUFGMUX
NW
6
4
16 Clocks
1 2
SE
Sw
8 BUFGMUX

ug002_c2_093_113000

Figure 2-14: Low-Power Clock Network

Also available to reduce overall power consumption are the BUFGCE feature, for
dynamically driving a clock tree only when the corresponding module is used, and the
BUFGMUX feature, for switching from a high-frequency clock to a low-frequency clock.
The frequency synthesizer capability of the DCM can generate the low (or high) frequency
clock from a single source clock, as illustrated in Figure 2-15. (See Digital Clock Managers

(DCMs), page 222).
DCM
BUFGMUX
250 MH 250 MH
222 L olkiN cLko z lo
| CLKFB Clock Tree
25 MHz
(+10) CLKDV I
S

; BUFG

Figure 2-15: Dynamic Power Reduction Scheme

UG002_C2_094_121101
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Library Primitives and Submodules

The primitives in Table 2-14 are available with the input, output, and control pins listed.

Table 2-14: Clock Primitives

Primitive Input Output Control
IBUFG I O -
IBUFGDS I, 1B O -
BUFG I (@) -
BUFGMUX 10,11 O
BUFGMUX_1 10,11 O

Refer to Single-Ended Selectl/O Resources, page 303 for a list of the attributes available
for IBUFG and Refer to LVDS I/O, page 363 for a list of the attributes available for
IBUFGDS.

The submodules in Table 2-15 are available with the input, output, and control pins listed.

Table 2-15: Clock Submodules

Submodule Input Output Control
BUFGCE I O CE
BUFGCE_1 I O CE

Primitive Functions
IBUFG

IBUFG is an input clock buffer with one clock input and one clock output.

IBUFGDS

IBUFGDS is a differential input clock buffer with two clock inputs (positive and negative
polarity) and one clock output.

BUFG

All Virtex-1I Pro devices have 16 global clock buffers (each of which can be used as BUFG,
BUFGMUYX, or BUFGCE).

BUFG is a global clock buffer with one clock input and one clock output, driving a low-
skew clock distribution network. The output follows the input, as shown in Figure 2-16.

|
BUFG(I) _)I' \\ J/ \\ /W
BUFG(O) _)I' N U U e Y

UG002_C2_099_120100

Figure 2-16: BUFG Waveforms

BUGMUX and BUFGMUX_1

BUFGMUX (see Figure 2-17) can switch between two unrelated, even asynchronous
clocks. Basically, a Low on S selects the I input, a High on S selects the I; input. Switching
from one clock to the other is done in such a way that the output High and Low time is
never shorter than the shortest High or Low time of either input clock. As long as the
presently selected clock is High, any level change of S has no effect .
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BUFGMUX is the preferred circuit for rising edge clocks, while BUFGMUX_1 is preferred
for falling edge clocks.

BUFGMUX

DS083-2_63_121701

Figure 2-17: Virtex-1l Pro BUFGMUX or BUFGMUX_1 Function
Operation of the BUFGMUX Circuit

If the presently selected clock is Low while S changes, or if it goes Low after S has changed,
the output is kept Low until the other ("to-be-selected") clock has made a transition from
High to Low. At that instant, the new clock starts driving the output.

The two clock inputs can be asynchronous with regard to each other, and the S input can
change at any time, except for a short setup time prior to the rising edge of the presently
selected clock; that is, prior to the rising edge of the BUFGMUX output O. Violating this

setup time requirement can result in an undefined runt pulse output.

Figure 2-18 shows a switchover from CLKO0 to CLK1.

Wait for Low

DS083-2_46_121701

Figure 2-18: BUFGMUX Waveform Diagram

® The current clock is CLKO.
® S isactivated High.
¢ If CLKOis currently High, the multiplexer waits for CLKO to go Low.

®  Once CLKO is Low, the multiplexer output stays Low until CLK1 transitions High to
Low.

®  When CLK1 transitions from High to Low, the output switches to CLK1.

® No glitches or short pulses can appear on the output.

Operation of the BUFGMUX_1 Circuit

If the presently selected clock is High while S changes, or if it goes High after S has
changed, the output is kept High until the other ("to-be-selected") clock has made a
transition from Low to High. At that instant, the new clock starts driving the output.

The two clock inputs can be asynchronous with regard to each other, and the S input can
change at any time, except for a short setup time prior to the falling edge of the presently
selected clock; that is, prior to the falling edge of the BUFGMUX output O. Violating this
setup time requirement can result in an undefined runt pulse output.
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Figure 2-19 shows a switchover from CLKO to CLK1.
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Figure 2-19: BUFGMUX_1 Waveform Diagram

® The current clock is CLKO.
® S isactivated High.
¢ If CLKO is currently Low, the multiplexer waits for CLKO to go High.

®  Once CLKO is High, the multiplexer output stays High until CLK1 transitions Low to
High.
¢ When CLK1 transitions from Low to High, the output switches to CLK1.

® No glitches or short pulses can appear on the output.

Submodules

BUFGCE and BUFGCE_1

BUFGCE and BUFGCE_1 are submodules based on BUFGMUX and BUFGMUX_1,
respectively. BUFGCE and BUFGCE_1 are global clock buffers incorporating a smart
enable function that avoids output glitches or runt pulses. The select signal must meet the
setup time for the clock.

BUFGCE is the preferred circuit for clocking on the rising edge, while BUFGCE_1 is
preferred when clocking on the falling edge.

Operation of the BUFGCE Circuit

If the CE input (see Figure 2-20) is active (High) prior to the incoming rising clock edge,
this Low-to-High-to-Low clock pulse passes through the clock buffer. Any level change of
CE during the incoming clock High time has no effect.

BUFGCE

CE

DS031_62_101200

Figure 2-20: Virtex-1l Pro BUFGCE or BUFGCE_1 Function

If the CE input is inactive (Low) prior to the incoming rising clock edge, the following
clock pulse does not pass through the clock buffer, and the output stays Low. Any level
change of CE during the incoming clock High time has no effect. CE must not change
during a short setup window just prior to the rising clock edge on the BUFGCE input L.
Violating this setup time requirement can result in an undefined runt pulse output.
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This means the output stays Low when the clock is disabled, but it completes the clock-
High pulse when the clock is being disabled, as shown in Figure 2-21.

BUFGCE() _/~ \__/ M
BUFGCE(CE) AN /
BUFGCE(O) __/— \L__/ ¢ TN

Clock Stops Low UG002_C2_100_120100

Figure 2-21: BUFGCE Waveforms

Operation of the BUFGCE_1 circuit

If the CE input is active (High) prior to the incoming falling clock edge, this High-to-Low-
to-High clock pulse passes through the clock buffer. Any level change of CE during the
incoming clock Low time has no effect.

If the CE input is inactive (Low) prior to the incoming falling clock edge, the following
clock pulse does not pass through the clock buffer, and the output stays High. Any level
change of CE during the incoming clock Low time has no effect. CE must not change
during a short setup window just prior to the falling clock edge on the BUFGCE input L
Violating this setup time requirement can result in an undefined runt pulse output.

This means the output stays High when the clock is disabled, but it completes the clock-
Low pulse when the clock is being disabled, as shown in Figure 2-22.

BUFGCE_1() _/~ N _" \ /T\ /

BUFGCE_1(CE) / <

BUFGCE10) /" N\ Do N N—"

Clock Stops High
UG002_C2_101_120100

Figure 2-22: BUFGCE_1 Waveforms

When BUFGCE (or BUFGCE_1) is used with DCM outputs, a second BUFG can be used for

clock feedback. Buffer sharing the inputs with BUFGCE is the preferred solution.
Summary

Table 2-16 shows the maximum resources available per Virtex-II Pro device.

Table 2-16: Resources per Virtex-ll Pro Device (from XC2VP2 to XC2VP50)

Resource Maximum Number
Single-ended IBUFG (pads) 16
Differential IBUFGDS (pairs) 8
BUFG (Global Clock Buffer) 16

BUFGCE (or BUFGCE_1)
BUFGMUX (or BUFGMUX_1)

Characteristics
The following are characteristics of global clocks in Virtex-II Pro devices:
® Low-skew clock distribution.

® Synchronous “glitch-free” multiplexer that avoids runt pulses. Switching between
two asynchronous clock sources is usually considered unsafe, but it is safe with the
Virtex-II Pro global clock multiplexer.
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® Any level change on S must meet a setup time requirement with respect to the signal
on the output O (rising edge for BUFGMUYX, falling edge for BUFGMUX_1). Any level
change on CE must meet a setup time requirement with respect to the signal on the
Input I (rising edge for BUFGCE, falling edge for BUFGCE_1).

¢  Two BUFGMUX (or BUFGMUX_1) resources can be cascaded to create a 3 to 1 clock
multiplexer.

Location Constraints

BUFGMUX and BUFGMUX_1 (primitives) and IBUFG (IBUFGDS) instances can have
LOC properties attached to them to constrain placement. The LOC properties use the
following form to constrain a clock net:

NET “clock_name” LOC="BUFGMUX#P/S”;

Each clock pad (or IBUFG) has a direct connection with a specific global clock multiplexer
(input I0). A placement that does not conform to this rule causes the software to send a
warning,.

If the clock pad (or IBUFG) has LOC properties attached, the DCM allows place and route
software maximum flexibility, as compared to a direct connection to the global clock buffer
(BUFG).

Secondary Clock Network

If more clocks are required, the 24 horizontal and vertical long lines in Virtex-II Pro devices
can be used to route additional clock nets. Skew is minimized by the place and route
software, if the USELOWSKEWLINES constraint is attached to the net.

VHDL and Verilog Instantiation

VHDL and Verilog instantiation templates are available as examples (see "The following
are templates for primitives:" on page 217) for all primitives and submodules.

In VHDL, each template has a component declaration section and an architecture section.
Each part of the template should be inserted within the VHDL design file. The port map of
the architecture section should include the design signal names.

The following are templates for primitives:

®* BUFGMUX_INST

* BUFGMUX_I_INST

The following are templates for submodules:
* BUFGCE_SUBM

* BUFGCE_1_SUBM

As examples, the BUFGMUX_INST.vhd, BUFGMUX_1_INST.vhd, BUFGCE_SUBM.vhd,
and BUFGCE_1_SUBM.vhd VHDL templates are shown. In addition, the
BUFGMUX_INST.v, BUFGMUX_1_INST.v, BUFGCE_1_SUBM.v, and BUFGCE_SUBM.v
Verilog templates are shown.

VHDL Template

-—- Module: BUFGMUX_INST

-- Description: VHDL instantiation template
-- Global Clock Multiplexer (Switch Low)

-- Device: Virtex-II Pro Family

-- Component Declarations:

component BUFGMUX
port (
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I0 : in std_logic;
I1 : in std_logic;
S : in std_logic;
0 : out std_logic

)
end component;

-- Architecture section:

-- Global Clock Buffer Instantiation

U_BUFGMUX: BUFGMUX

port map (

10 => , -- insert clock input used when select (S) is Low
I1 => , -- insert clock input used when select (S) is High
S => , -- insert Mux-Select input

(e} => -- insert clock output

-- Module: BUFGMUX_1_INST

-- Description: VHDL instantiation template
-—- Global Clock Multiplexer (Switch High)

-- Device: Virtex-II Pro Family

-- Component Declarations:
component BUFGMUX_1

port (

I0 : in std_logic;
I1 : in std_logic;
S : in std_logic;
0 : out std_logic

)
end component;

-- Architecture section:

-- Global Clock Buffer Instantiation

U_BUFGMUX_1: BUFGMUX_1

port map (

I0 => , -- insert clock input used when select (S) is Low
I1 => , -- insert clock input used when select (S) is High
S => , -- insert Mux-Select input

(¢} => -- insert clock output

-- Module: BUFGCE_SUBM

-- Description: VHDL instantiation template
-- Global Clock Buffer with Clock Enable:
-— Input Clock Buffer to BUFGMUX - Clock disabled = Low

-- Device: Virtex-II Pro Family

library IEEE;

use IEEE.std_logic_1164.all;
-- pragma translate_off
library UNISIM;

use UNISIM.VCOMPONENTS.ALL;
-- pragma translate_on

entity BUFGCE_SUBM is
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port (
I: 1in std_logic;
CE: in std_logic;
O: out std_logic
)
end BUFGCE_SUBM;

architecture BUFGCE_SUBM_arch of BUFGCE_SUBM is

-- Component Declarations:
component BUFGMUX

port (

10 : in std_logic;
I1 : in std_logic;
S : in std_logic;
0 : out std_logic

)
end component;
-- signal declarations
signal GND : std_logic;
signal CE_B : std_logic;
begin
GND <= '0';

CE_B <= not CE;

-- Global Clock Buffer Instantiation
U_BUFGMUX: BUFGMUX

port map (

I0 => I,

I1 => GND,
S => CE_B,
O => 0

)i

end BUFGCE_SUBM_arch;

-—- Module: BUFGCE_1_SUBM

-- Description: VHDL instantiation template
--