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Advance Product Specification

Summary of Virtex-Il Pro Features

» High-performance Platform FPGA solution including
- Up to sixteen Rocket /0™ embedded multi-gigabit
transceiver blocks (based on Mindspeed's
SkyRail™ technology)
- Up to four IBM® PowerPC® RISC processor blocks
» 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) 1/10

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

Rocket 1/0O Features

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

e 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

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

Table 1: Virtex-ll Pro FPGA Family Members

« 8B/10B encoder and decoder

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

*  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
e Thirty-two 32-bit general purpose registers
e 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)
« Dedicated on-chip memory (OCM) interface
e Supports IBM CoreConnect™ bus architecture

(1CcLB=4 incC;I;B: Max 128 hits) 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/O Pads

XC2VvP2 4 0 16x22 | 1,408 44 12 12 216 4 204
XC2VP4 4 1 40x 22 | 3,008 94 28 28 504 4 348
XC2VvP7 8 1 40x34 | 4,928 154 44 44 792 4 396
XC2VP20 8 2 56 x46 | 9,280 290 88 88 1,584 8 564
XC2VP50 16 4 88 x70 | 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-Il Pro Platform FPGA Technology

* SelectRAM memory hierarchy
- Upto 4 Mb of True Dual-Port RAM in 18 Kb block
SelectRAM resources
- Upto 706 Kb of distributed SelectRAM resources
- High-performance interfaces to external memory
* 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 (LUTSs) 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
» 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 user I/0s
- 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) I/O: on-chip
termination resistors for single-ended 1/O standards
- PClI support®
- Differential signaling
- 840 Mb/s Low-Voltage Differential Signaling I/O
(LVDS) with current mode drivers
Bus LVDS I/O
HyperTransport (LDT) I/O with current driver
buffers
- Built-in DDR input and output registers
- Proprietary 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
¢ 0.13-pm, nine-layer copper process with 90 nm
high-speed transistors
e 1.5V (VccinT) core power supply, dedicated 2.5V
Vecaux auxiliary and Ve 1/0 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-Il 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-1l 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-ll Pro family enhances programmable logic design
capabilities and is a powerful alternative to mask-pro-
grammed gate arrays.
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Virtex-lIl Pro™ Platform FPGAs: Introduction and Overview

Architecture

Virtex-Il 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-ll 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. BUFTs (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-1l Pro Features
This section briefly describes Virtex-11 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 Ghs.

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

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

e Programmable comma detection

« Rate matching via insertion/deletion characters

« Automatic lock-to-reference function

e Optional TX and RX data inversion

* Four levels of pre-emphasis support

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

¢ 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:

* PowerPC RISC CPU

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

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

- 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
- Programmable 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:

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

e Output 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

« 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, Ill, and 1V)

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 I/O standard.

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

¢ LVDS and Extended LVDS (2.5V only)

e BLVDS (Bus LVDS)

« 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 (CLBSs)

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

« Wide function capability

« 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 hits

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 /554 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-11 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 I0B, 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 atotal 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:

e 24long 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-l1l 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-ll Pro devices are configured by loading the bitstream
into internal configuration memory using one of the follow-
ing modes:

* Slave-serial mode

* Master-serial mode

* Slave SelectMAP mode

* Master SelectMAP mode

¢ 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-1l 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

» Bus Infrastructure cores (arbiters, bridges, and more)

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

Software Cores

* Boot code

e Test code

e Device drivers

e 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).
« 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/Os

(Advance Information)

User Available I/Os
Package Pitch (mm) Size (mm) XC2VP2 XC2VP4 XC2VP7 XC2VP20 XC2VP50
FG256 1.00 17 x 17 140 140
FG456 1.00 23x23 156 248 248
FF672 1.00 27 x 27 204 348 396
FF896 1.00 31x31 396 556
FF1152 1.00 35x 35 564 692
FF1517 1.00 40 x 40 852
BF957 1.27 40 x 40 564 584
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Virtex-Il Pro Ordering Information
Virtex-11 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-Il 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-1l Pro Data Sheet Modules

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

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

e Virtex-lIl Pro™ Platform FPGAs: Functional

Description (Module 2)

Characteristics (Module 3)

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

This module describes the following Virtex-1I Pro functional
components, as shown in Figure 1:

 Embedded Rocket I/O™ Multi-Gigabit Transceivers
(MGTSs)
«  Processor Blocks containing embedded IBM®

PowerPC® 405 RISC CPU (PPC405) cores and
integration circuitry.

« FPGA fabric based on Virtex-1l 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-Il Pro Compared to Virtex-Il Devices

Virtex-1l Pro is built on the Virtex-1l FPGA architecture. Most
FPGA features are identical to Virtex-Il. The differences are
described below:

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

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

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

e All banks support 2.5V (and below) I/O standards.
3.3V 1/0O 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/O
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 I1/0 MGT, refer to the Rocket /O User Guide.

Overview

The embedded Rocket /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) (Gb/s) (MHz)
1.06 53
Fibre Channel 1
212 106
Gbit Ethernet 1 1.25 62.5
XAUI 4 3.125 156.25

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

/0 Internal Clock
Channels Baud Rate | Rate (REFCLK)
Mode (Lanes) (Gb/s) (MHz)
Infiniband 1, 4,12 2.5 125
Aurora (Xilinx) | 1,2,3,4,... | 0.840-3.125 | 42.00-156.25
Custom mode | 1,2,3,4,... | upto3.125 up to 156.25

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/
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

FPGA FABRIC

POWERDOWN

RXRECCLK
RXPOLARITY
RXREALIGN
RXCOMMADET
ENPCOMMAALIGN
ENMCOMMAALIGN

RXCHECKINGCRC
RXCRCERR

RXDATA[15:0]
RXDATA[31:16]

RXNOTINTABLE[3:0]
RXDISPERR[3:0]
RXCHARISK[3:0]
RXCHARISCOMMA[3:0]
RXRUNDISP[3:0]
RXBUFSTATUS[1:0]

ENCHANSYNC
CHBONDDONE
CHBONDI[3:0]

CHBONDO[3:0]

RXLOSSOFSYNC
RXCLKCORCNT

TXBUFERR
TXFORCECRCERR

TXDATA[15:0]
TXDATA[31:16]

TXBYPASS8B10B[3:0]
TXCHARISK[3:0]
TXCHARDISPMODE[3:0]
TXCHARDISPVAL[3:0]

TXKERR[3:0]
TXRUNDISP[3:0]

TXPOLARITY
TXINHIBIT

LOOPBACK[1:0]
TXRESET
RXRESET
REFCLK
REFCLK2
REFCLKSEL
RXUSRCLK
RXUSRCLK2
TXUSRCLK
TXUSRCLK2
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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 1/0 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]
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.

(first bit transmitted)

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[O])

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 O 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:

e 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

Write

f Buffer less than half -full (emptying)
Repeatable sequence

Write

Buffer more than half-full (filling up)

DS083-2_15_100901

Figure 3: Clock Correction in Receiver

Removable sequence

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 I/O 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

A\
| [PlofR]s[f] ] channel (lane) 0

¥
| [plolk]s|t] | channel (lane) 1
Y
| BE RS | channel (lane) 2
¥
| [plolR]s]|fr| | channel (lane) 3
\V
In Receivers:
Read — Read
RXUSRCLK RXUSRCLK
| [PlofR[s]T] | | [Plo[R[s|T] |
Y ¥
| [Plo[R[s]T] | [ [plolris]T] |
v — ¥
| [PlofR[s]T] | | [Plo[R[s]T] |
¥ v
[ [plofRis|T] | | [Plofrsfr] |

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-
guency-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-
guency-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_XAUIL_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 (Vccnt @nd
Vccaux) in any order.

2. Apply AVCCAUXRX.
3. Apply AVCCAUXTX, V11x, and Vtrx in any order.
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Functional Description:
Processor Block
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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 93, 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-Il Pro Processor Block, there are four com-
ponents:

Embedded IBM PowerPC 405-D5 RISC CPU core

e 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 um 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 113) and OCM sig-
nals 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 mem-
ory 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:

* 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)

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

* Byte write access to DSBRAM support

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

e 22-bit address to DSBRAM port

» 8-bit DCR Registers: DSCNTL, DSARC

» 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

» 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 90, 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.

DS083-2 (v1.0) January 31, 2002
Advance Product Specification

www.Xilinx.com 91
1-800-255-7778


http://www.xilinx.com

Functional Description: Processor Block

SXILINX®

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

| System | System || System |.DCR_|Peripheral [_]Peripheral
Core Core Core Bus Core Core

Bus

Processor Local Bus Bridge

On-Chip Peripheral Bus

| 1801y |

DCR Bus
IArbiter I

CoreConnect Bus Architecture

Instruction Data

Processor
Block DCR Bus

DS083-2_02a_010202

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

» Fetch Decode unit

« 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
(PFB0) 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 PPC405 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

e Software control of page replacement strategy
« Additional control over protection using zones

e 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)
External '
Clock L 0 31}——>0 31|
Source :

TBU (32 bits)

Bit3 (22° clocks)
Bit7 (22 clocks)

) WDT Events
Bit 11 (22! clocks)
Bit 15 (217 clocks)
— Bit 11 (22* clocks)
I— Bit 15 (27 clocks)
FIT Events

I— Bit19 (2'2 clocks)
L Bit23 (2°clocks)

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 (IOBSs)

Virtex-11 Pro I/O blocks (IOBs) are provided in groups of two
or four on the perimeter of each device. Each I0OB can be
used as input and/or output for single-ended 1/0s. Two I0Bs
can be used as a differential pair. A differential pair is always
connected to the same switch matrix, as shown in Figure 9.

10B
PAD4

r Differential Pair

10B
PAD3

Switch
Matrix

10B
PAD2

- Differential Pair

»| 10B
PAD1

DS083-2_30_010202

Figure 9: Virtex-Il 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 1OB blocks feature Selectl/O inputs and out-
puts that support a wide variety of 1/0 signaling standards.
In addition to the internal supply voltage (Veeoint = 1.5V),
output driver supply voltage (Vcco) is dependent on the 1/0O
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-Il Pro™ Platform FPGAs: DC and
Switching Characteristics (Module 3).

Table 3: Supported Single-Ended I/O Standards

Board
Termination
1/0 Output Input Input Voltage
Standard Vecco | Veco | VRrer (V1)
LVTTL 3.3 3.3 N/A N/A
LVCMOS33 3.3 3.3 N/A N/A
LVCMOS25 25 2.5 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
PCI66_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 1.5
HSTL_|I 15 N/A 0.75 0.75
HSTL_II 1.5 N/A 0.75 0.75
HSTL_II 1.5 N/A 0.9 1.5
HSTL_IV 1.5 N/A 0.9 15
HSTL_|_18 1.8 N/A 0.9 0.9
HSTL_Il_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/O Standards

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

Board
Termination
1/O Output Input Input Voltage

Standard Veco | Veco | VRer (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 15
SSTL3_II 3.3 N/A 1.5 15

Notes:

1. Vo of GTL or GTLP should not be lower than the
termination voltage or the voltage seen at the 1/0 pad.

Table 4: Supported Differential Signal I/0 Standards

I/O Output | Input Input | Termination

Standard Veeo Veeo VRer Type
HSTL_|_DCI_18 1.8 1.8 0.9 Split
HSTL_II_DCI_18 1.8 1.8 0.9 Split
HSTL_Ill_DCI_18 1.8 1.8 1.08 Single
HSTL_IV_DCI_18 1.8 1.8 1.08 Single
SSTL2_|_DCI@) 2.5 2.5 1.25 Split
SSTL2_Il_DCI(? 2.5 2.5 1.25 Split
SSTL3_|_DCI® 3.3 3.3 15 Split
SSTL3_Il_DCI® 3.3 3.3 1.5 Split

Notes:

1. LVDCI_XXis LVCMOS controlled impedance buffers,
/o Output | Input Input Output matching the reference resistors or half of the reference
Standard VCCO VCCO VREF VOD reSiStOrS,
LDT_25 25 N/A N/A | 0.500-0.740 2. These are SSTL compatible.
LVDS_25 2.5 N/A N/A 0.250 - 0.400
LVDSEXT_25 25 N/A N/A 0.330 - 0.700 10B —————
= 7 |
BLVDS_25 25 N/A N/A 0.250 - 0.450 [ DDR mux : : Input |
I'| R |
ULVDS_25 25 N/A N/A | 0.500-0.740 || e I L |
| [OCK1 | I'[Reg |
[ |
All of the user I0Bs have fixed-clamp diodes to Vg and to : | | LICK1 :
ground. The IOBs are not compatible or compliant with 5V I | Reg | ! |
I/O standards (not 5V tolerant). : OCK?2 3-State : i Reg :
Table 5 lists supported 1/0 standards with Digitally Con- | ~—~~ """~ : ICK2| |
trolled Impedance. See Digitally Controlled Impedance S -
(DCI), page 101. | DDR mux |
'l Reg :
Table 5: Supported DCI I/O Standards : OCK1 N
110 Output Input Input Termination I : I PAD
Standard Veco Veco VREE Type : Reg |
LvDCI_33® 3.3 3.3 N/A Series | lockel  output |
LVDCI_25 2.5 2.5 N/A Seres | | 777
LVDCI_DV2_25 25 25 N/A Series _ _ Po031 28100800
Figure 10: Virtex-1l Pro 10B Block
LVDCI_18 1.8 1.8 N/A Series
LVDCI_DV2_18 18 18 N/A Series Logic Resources
LVDCl 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_DCI 12 12 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 1.5 1.5 0.75 Split o . _
- Double data rate is directly accomplished by the two regis-
HSTL_Il_DCI 15 15 0.75 Split ters on each path, clocked by the rising edges (or falling
HSTL_Ill_DCI 1.5 1.5 0.9 Single edges) from two different clock nets. The two clock signals
; are generated by the DCM and must be 180 degrees out of
HSTL_IV_DCI 15 1.5 0.9 Single 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
o

CTT T !
| FDDR |
»—— D1 :
' |
: Q1 |— |
| |
> Lkt :
: |
| — |

| DDR MUX [+ Q
] |
: |
D2 :
' |
: Q2| |
| |
|
H>o+>cLk2 |
: |
|

multiple clock generation, where there is a unique clock
driver for every clock load. Virtex-l1l Pro devices can pro-
duce many copies of a clock with very little skew.

DCM
180° 0°
i_ _____________ 1
| FDDR |
»—— D1 :
' |
| QL |
| |
} CLK1 :
: |
| — |
| DDR MUX [ Q
| |
: |
-+ D2 :
' |
: Q2| |
| |
|
| CLK2 |
: |
|

DS083-2_26_122001

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 10OB 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 INIT1.

For each storage element, the SRHIGH, SRLOW, INITO,
and INIT1 attributes are independent. Synchronous or
asynchronous set / reset is consistent in an I0OB 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)

« 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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(om1 D—d]

Attribute INIT1

(OIT) CLK1 D—d]

Shared | SR D—d]

by all
registers |REV D_d]

(OIT) CLK2 |:>—[D

OFF INITO
COLATCH SRHIGH
oL SRLOW
D1
(OIT) CE D_Eﬂi
CE
CK1
SR REV
| —
FF1
DDR MUX — (OQ or TQ)
FF2 _J
OFF
OLATCH
—{ D2 Q2 ®
CE Attribute |NIT1
CK2 INITO
SR REV SRHIGH
SRLOW
Reset Type
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(orm) 2 D—d]

DS031_25_110300

Figure 12: Register / Latch Configuration in an IOB Block
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Program =
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Delay
IBUF
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0—}—1—& PAD

40KQ —
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Vccaux = 2.5V
VCCINT = 1.5V

DS083-2_07_101801

Figure 13: LVCMOS Selectl/O Standard

Input/Output Individual Options

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
to 120 KQ when Vg = 2.5V (from 2.38V to 2.63V only).
The clamp diode is always present, even when power is not.

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-
nected to a multiple-source signal, the weak-keeper holds
the signal in its last state if all drivers are disabled. Maintain-
ing a valid logic level in this way eliminates bus chatter. An
enabled pull-up or pull-down overrides the weak-keeper cir-
cuit.
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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 2 mA 4 mA 6 mA 8 mA 12 mA 16 mA 24 mA
LVCMOS18 2 mA 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)

Vcco

Clamp
Diode

OBUF

VccAaux = 2.5V
VCCINT = 1.5V

i — 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-11 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 /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 I1/O pins.

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

The Virtex-11 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, Vreg The need to supply Vggg imposes
constraints on which standards can be used in the same
bank. See 1/0 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 Vo voltage. The need to supply Veco
imposes constraints on which standards can be used in the
same bank. See I/O banking description.

I/O Banking

Some of the I/O standards described above require Vcco
and Vigg voltages. These voltages are externally supplied
and connected to device pins that serve groups of OB
blocks, called banks. Consequently, restrictions exist about
which I/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 Ve 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-Il Pro I1/0O 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 Vco. Compatible standards are shown in
Table 7. GTL and GTLP appear under all voltages because
their open-drain outputs do not depend on V¢cq.

Some input standards require a user-supplied threshold
voltage, Vreg In this case, certain user-1/O pins are auto-
matically configured as inputs for the Vrgg voltage. Approx-
imately one in six of the 1/0O 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-Il Pro 1/0 Banks: Top View for
Flip-Chip Packages (FF and BF)

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

The Vo and the Vyeg pins for each bank appear in the
device pinout tables. Within a given package, the number of
Vgrer and Veeo pins can vary depending on the size of

device. In larger devices, more I/O pins convert t0 Vggg
pins. Since these are always a superset of the Vggg 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

Veeo Compatible Standards ()
3.3v@ | PCI®), LVTTL, SSTL3 (I & Il), LVCMOS33,
LVDCI_33, SSTL3_DCI (1 & 1)
2.5V | SSTL2 (I & Il), LVCMOS25, GTL, GTLP,
LVDS_25, LVDSEXT_25, LVDCI_25,
LVDCI_DV2_25, SSTL2_DCI (I & Il), LDT,
ULVDS, BLVDS
1.8V | HSTL (I, Il, 11l, & IV), HSTL_DCI (111, Il & 1V),
LVCMOS18, GTL, GTLP, LVDCI_18,
LVDCI_DV2_18
1.5V | HSTL (I, Il, 11, & IV), HSTL_DCI (111, 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 Vgge pins for the largest device anticipated must be con-
nected to the Vg voltage and not used for I/O. In smaller
devices, some Vg 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 Vcco 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-ll Pro DCI provides controlled impedance drivers and
on-chip termination for single-ended I/Os. This eliminates
the need for external resistors, and improves signal integrity.
The DCI feature can be used on any I0OB 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/0 standard is used in a particular I/O 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

Vcco

RRrEF (1%)

RRrEF (1%)

L

GND

DS031_50_101200

Figure 17: DClin a Virtex-1l Pro Bank

When used with a terminated I/O standard, the value of the
resistors are specified by the standard (typically 50Q).
When used with a controlled impedance driver, the resistors
set the output impedance of the driver within the specified
range (20Q to 100Q). For all series and parallel termina-
tions listed in Table 8 and Table 9, the reference resistors
must have the same value for any given bank. One percent
resistors are recommended.

The DCI system adjusts the 1/0 impedance to match the two
external reference resistors, or half of the reference resis-
tors, and compensates for impedance changes due to volt-
age and/or temperature fluctuations. The adjustment is
done by turning parallel transistors in the I0OB on or off.

Controlled Impedance Drivers
(Series Termination)

DCI can be used to provide a buffer with a controlled output
impedance. It is desirable for this output impedance to
match the transmission line impedance (Zg). Virtex-1l Pro
input buffers also support LVDCI and LVDCI_DV?2 I/O stan-
dards.

Veeo =3.3V, 25V, 1.8V, or 1.5V

DS083-2_09_122001

Figure 18: Internal Series Termination

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 I, II, lll, or 1IV), and GTL/GTLP receivers or
transmitters on bidirectional lines.

Table 9 lists the on-chip parallel terminations available in
Virtex-1l Pro devices. Vo must be set according to Table 5.
Note that there is a Vg 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
1/0 Standard Termination Termination
SSTL3 Class | SSTL3 | SSTL3_|_DCID)
SSTL3 Class Il SSTL3 I SSTL3_Il_DCI(®
SSTL2 Class | SSTL2 | SSTL2_|_DCID)
SSTL2 Class |l SSTL2_lI SSTL2_II_DCI(d
HSTL I HSTL_|_DCI
HSTL Class |
HSTL | 18 HSTL_ | _DCI_18
HSTL_II HSTL_Il_DCI
HSTL Class Il
HSTL Il_18 HSTL_Il_DCI_18
HSTL_II HSTL_lll_DCI
HSTL Class Il
HSTL_Ill_18 | HSTL_IIl_DCI_18
HSTL_IV HSTL_IV_DCI
HSTL Class IV
HSTL_ IV_18 | HSTL_IV_DCI_18
GTL GTL GTL_DCI
GTLP GTLP GTLP_DCI
Notes:

1. SSTL Compatible
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Figure 19 provides examples illustrating the use of the HSTL_IV_DCI, HSTL_IlI_DCI, and SSTL2_DCI I/O standards.

HSTL_IV HSTL_II SSTL2_|
Vcco Veco Vecol2 Vecol2 Veceol2

HSTL_IV_DCI Transmitter HSTL_II_DCI Transmitter SSTL2_|_DCI Transmitter

: Vcco/z VCCO/2
|
|

Virtex-1l | |
Pro DCI

Virtex-1l | I
ProDCI | Virtex-1 =
—————— - Pro DCI

-
|
|
|
|

= Virtex-I
Pro DCI

—_— e — — —

Pro DCI o

= Virtex-Il
Pro DCI

Veco :
2R : | %7 |
7 | |
| | | | % |
| | 2R | 2R tay. 2R
Virtex-1l | | Virtex-Il I, I \P/Irtelgcnl : L
ProDCI | | Pro DCI virtex-ll T | I = Virtex-Il Zro bl [ Virtex-lI
S - ProDCl | | _ Probcl | _ Propcl
DS083-2_08_122001
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.

CcouT
>TBUF 4
ADTBUF [ sice
X1Y1l
- _ | Slice
X1YO0
Switch cout
Matrix H;, T
SHIFT
_ | Slice CIN
X0Y1
wal| Slice Fast
X0Y0 Connects
T to neighbors

CIN

DS083-2_32_122001

Figure 20: Virtex-Il 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.

RAM16

N N CcY Register/
LUTN .
~[ & '~ Latch
RAM1G | O
\
« MUXF5
N N
SRL16"
N N Register/
h N LUT™ N Latch

F
D Arithmetic Logic

DS083-2_31_122001

Figure 21: Virtex-Il 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 couT
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_I/| ) [— SOPOUT
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|
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CIN DS031_01_110600

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

Configurations

Look-Up Table

Virtex-Il Pro function generators are implemented as
4-input look-up tables (LUTSs). Four independent inputs are
provided to each of the two function generators in a slice (F
and G). These function generators are each capable of
implementing any arbitrarily defined boolean function of four
inputs. The propagation delay is therefore independent of
the function implemented. Signals from the function gener-
ators can exit the slice (X or Y output), can input the XOR
dedicated gate (see arithmetic logic), or input the carry-logic
multiplexer (see fast look-ahead carry logic), or feed the D

input of the storage element, or go to the MUXF5 (not
shown in Figure 22).

In addition to the basic LUTs, the Virtex-1l Pro slice contains
logic (MUXF5 and MUXFX multiplexers) that combines
function generators to provide any function of five, six,
seven, or eight inputs. The MUXFX is either MUXF®6,
MUXF7, or MUXF8 according to the slice considered in the
CLB. Selected functions up to nine inputs (MUXF5 multi-
plexer) can be implemented in one slice. The MUXFX can
also be a MUXF6, MUXF7, or MUXF8 multiplexer to map
any function of six, seven, or eight inputs and selected wide
logic functions.
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Register/Latch

The storage elements in a Virtex-1l 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-11 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
DY $ D Q —=YQ
CE Attribute
ek INIT1
SR REV INITO
SRHIGH
BY &|j] SRLOW
FFEX
OFF
OLATCH
DX :' | D ol—=x0
CE = L—QD o Attribute
INITL
= CK INITO
e L—QD SR REV SRHIGH
SR &d] SRLOW
Reset Type
BX &d]— OSYNC
HUASYNC

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

¢ 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:

e Single-Port 16 x 8-bit RAM

¢ Single-Port 32 x 4-bit RAM

e Single-Port 64 x 2-bit RAM

e Single-Port 128 x 1-bit RAM

e Dual-Port 16 x 4-bit RAM

e Dual-Port 32 x 2-bit RAM

¢ 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
16 x 1D
32x1S
32x1D
64 x 1S
64 x 1D
128 x 1S

| oo~ BN NP

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
| |
: B RAM :
A[3:O]4—4;4E: A41 Dl output
4 .
: WG[4:1] : L [p o] Redistered
| ws DI | | Output
o @) b
| WSG | (optional)
| |
we +ERwe |
WCLK + CK |
| |
}

DS031_02_100900

Figure 24: Distributed SelectRAM (RAM16x1S)
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|
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we LR WE ] |, Output
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|
|
|
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|
|
|

Registered

D —

| W|SF F5MUX Q Output

WS DI
B RAM p |

F[4:1]

L» WF[4:1]

(optional)
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Figure 25: Single-Port Distributed SelectRAM
(RAM32x1S)
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|

|

: G[4:1] D f+——— SPO
| WG[4:1]
: ws DI
! |
I
|
|
|
|
|

A[3:0]

we R
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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
16x1 1

32x1 2

64 x1 4
128x1 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-
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—— e —— — — — — — — — — — — — — —— —— —
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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-Il 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-1l Pro User
Guide. Any LUT can implement a 2:1 multiplexer.

MUXF8 combines

Slice S3 G

the two MUXF7 outputs
(Two CLBs)

MUXF6 combines the two MUXF5

Slice S2 G

\_F6 /

outputs from slices S2 and S3

\_F5 /

\_F7 /

Slice S1

\_F6 /

Slice SO

MUXF7 combines the two MUXF6
outputs from slices SO and S2

MUXF6 combines the two MUXF6
outputs from slices SO and S1

DS031_08_110200

Figure 29: MUXF5 and MUXFX multiplexers

Fast Lookahead Carry Logic

Dedicated carry logic provides fast arithmetic addition and
subtraction. The Virtex-l1l 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-1l 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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(First Carry Chain)

COouT
A to SO of the next CLB

Arithmetic Logic

The arithmetic logic includes an XOR gate that allows a
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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

Each Virtex-ll Pro slice has a dedicated OR gate named
ORCY, ORing together outputs from the slices carryout and
the ORCY from an adjacent slice. The ORCY gate with the
dedicated Sum of Products (SOP) chain are designed for

implementing large, flexible SOP chains. One input of each
ORCY is connected through the fast SOP chain to the output
of the previous ORCY in the same slice row. The second input
is connected to the output of the top MUXCY in the same slice,
as shown in Figure 31.

|
!
|
|
|
Slice 1:
|
|
|

SOP

ds031_64_110300

Figure 31: Horizontal Cascade Chain

LUTs and MUXCYs can implement large AND gates or
other combinatorial logic functions. Figure 32 illustrates

LUT and MUXCY resources configured as a 16-input AND
gate.

ouT
N D
| |
| |
4, 4 \ [ Muxcy '
]/ 0 1 [
I LUT |
| “gr |
I Slice |
| |
4, | |
| |
| |
| |
| |
I I 16
<+—» —4{AND ouT
4
4
DS031_41_110600
Figure 32: Wide-Input AND Gate (16 Inputs)
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3-State Buffers

Introduction

Each Virtex-Il 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

3

_ | Slice
o S3
Switch -
Matrix - Slice
S2
| Slice
S1
- | Slice
SO

DS031_37_060700

Figure 33: Virtex-Il 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 1/O blocks are
skipped.

Number of 3-State Buffers

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

Table 12: Virtex-ll Pro 3-State Buffers

3-State Buffers Total Number
Device per Row of 3-State Buffers
XC2VP2 44 704
XC2VP4 44 1,760
XC2VP7 68 2,720
XC2VP20 92 5,152
XC2VP50 140 12,320

3 - state lines

Programmable

Switch connection Switch
matrix $ matrix
CLB-II CLB-II

-

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® | Chains®)
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 88x 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-hit,

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-ll 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

fr—
f—-

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 2K x9 1K x 18 512 x 36
Port A 8K x 2 8K x 2 8K x 2 8K x 2 8K x 2

Port B 8K x2 4K x 4 2K x9 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 2K x 9 1K x 18 512 x 36

Port A 2Kx 9 2K'x 9 2Kx9

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

il

|

il

DOB
DOPB

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-11 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 | ADDR[12:0] | DATA[1:0] N/A
4 4,096 | ADDR[11:0] | DATA[3:0] N/A
9 2,048 | ADDR[10:0] | DATA[7:0] Parity[0]
18 1,024 ADDR[9:0] DATA[15:0] | Parity[1:0]
36 512 ADDRI[8:0] DATA[31:0] | Parity[3:0]

Read/Write Operations

The Virtex-1l 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 sl D| Memory

DO  fmmme- Data_out = Data_in

clk T T T *- _________ /‘< _____

e __/

patain X ven
X

Address

RAM Contents Old

Data_out New

L New
X

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

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

Internal

Data_in e—lD| Memory

DO e No change during write
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|
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I

|

1

T

T

l

|

RAM Contents Old
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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)

Data_in e—l D] Memory DO fms- Prior stored data
1
CLK * x
- ———————— -
WE /

Address

Data_in x New

RAM Contents Old

Data_out Old

!
|
]
|
|
aa |
I
|
1
t
.
T
|
|

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-l1l 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-Il Pro device. The 18Kb 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
XC2VP2 4 12 216 221,184
XC2VP4 4 28 504 516,096
XC2VP7 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/O0™

DCM Serial Transceivers DCM

N 7 N 7
BRAM '
Multiplier 1 1A
Blocks CLBs 5

e}

GH ces | cuss || PPCA05

o CPU

/ N s N
DCM Rocket /0™ DCM
Serial Transceivers  5s0a3.5 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
Matrix

18-Kbit block
SelectRAM

18 x 18 Multiplier

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 LUTSs 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 104).

Global Clock Multiplexer Buffers

Virtex-1l Pro devices have 16 clock input pins that can also
be used as regular user 1/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-11 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
[
|
Virtex-Il Pro :
Device :
|
8 cloclk pads
0000 goood
T

DS083-2_42_061401

Figure 43: Virtex-Il 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 119. 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

o

\ Clock Multiplexer

-
/

Clock
Buffer

o

Clock Distribution DS083-2 43, 122001

Figure 44: Virtex-Il 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-ll Pro device. Designers should consider the clock
distribution detail of the device prior to pin-locking and floor-
planning. (See the Virtex-1l Pro User Guide.)
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Figure 45 shows clock distribution in Virtex-1l Pro devices.
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Figure 45:; Virtex-Il 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

. N 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
L N o

C E DS031_62_101200

Figure 47: Virtex-Il 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 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
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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-Il 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-1l 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

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

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

e 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-1l Pro DCM offers a wide range of powerful clock
management features.

¢ 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

— JCLKIN CLKO >
— cikrs CLK90
CLK180 f—
—rsT CLK270 [|—
CLK2X ——
CLK2X180 —
----»|DSSEN CLKDV [—
----»|PSINCDEC CLKFX [—
----»|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
0 Phase Shift Overflow
CLKIN Stopped
CLKFX Stopped
N/A
N/A
N/A
N/A
N/A

Function

N o oA WIN|PEP

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, 3,3.5,4,45,5,5.5,6,6.5,7, 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:

FREQ¢c kex = (M/D) ¢« FREQc ki

where M and D are two integers. Specifications for M and D
are provided under DCM Timing Parameters. By default,
M =4 and D = 1, which results in a clock output frequency
four times faster than the clock input frequency (CLKIN).

CLK2X180 is phase shifted 180 degrees relative to CLK2X.
CLKFX180 is phase shifted 180 degrees relative to CLKFX.

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
15 1/3
25 2/5
3.5 3/7
4.5 419
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-1l 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
PSINCDEC In Increment or decrement
PSEN In Enable + phase shift
PSCLK In Clock for phase shift
PSDONE Out Active when completed
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CLKIN |

CLKOUT_PHASE_SHIFT
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CLKIN |

]

CLKOUT_PHASE_SHIFT
= FIXED

.
— —
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CLKIN |
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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) * PER|ODCLK|N

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:

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

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

. If PERIODCLKIN < 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-Il 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-
guency mode.

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

Routing

DCM and MGT Locations/Organization

Virtex-1l Pro DCMs and serial transceivers (MGTSs) 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 116 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-1l 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 123, Virtex-lIl Pro has fully
buffered 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.

e 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.

e 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).

« 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).

e 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.

e There are eight global clock nets per quadrant. (See
Global Clock Multiplexer Buffers, page 117.)

e 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 112.)

« 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 112.)

« 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 111.)

¢ 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 107.)
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24 Horizontal Long Lines
24 \fertical Long Lines
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120 Horizontal Hex Lines
120 Vertical Hex Lines

40 Horizontal Double Lines

40 Vertical Double Lines

16 Direct Connections
(total in all four directions)

8 Fast Connects -~
L
L
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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 1/O 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 Vcco. 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-l1l Pro supports the following five configuration
modes:

e Slave-Serial Mode

¢ Master-Serial Mode

¢ Slave SelectMAP Mode

¢ Master SelectMAP Mode

« Boundary-Scan (JTAG, IEEE 1532) Mode

Refer to Table 26, page 124.

A detailed description of configuration modes is provided in
the Virtex-1l1 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. Itis 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-1l 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-1l Pro FPGA device. Timing is similar to the Slave
SerialMAP mode except that CCLK is supplied by the
Virtex-1l 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 0 Out 1 Yes
Slave Serial 1 1 1 In 1 Yes
Master SelectMAP 0 1 1 Out 8 No
Slave SelectMAP 1 1 0 In 8 No
Boundary Scan 1 0 1 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 Dot 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
XC2VvP2 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-1l 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-l1l 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-1l1 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 Vgt pin, when the
device is not powered. Virtex-Il 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-1l Pro User Guide. Your local FAE can
also provide specific information on this feature.

Partial Reconfiguration

Partial reconfiguration of Virtex-Il 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-Il 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) Characteristics (Module 3)

» Virtex-ll Pro Platform FPGAs: Functional e Virtex-ll Pro Platform FPGAs: Pinout Information
Description (Module 2) (Module 4)
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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-1l 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
Veent Internal supply voltage relative to GND -0.51t0 1.65 Y,
Vcecaux | Auxiliary supply voltage relative to GND -0.510 3.45 \Y
Veeo Output drivers supply voltage relative to GND -0.51t0 3.45 \%
VBATT Key memory battery backup supply -0.51t0 3.45 \%
VREE Input reference voltage -0.5103.45 Y,
VN Input voltage relative to GND (user and dedicated I1/Os) 0.5 t0 3.45(4) \Y
V1s Voltage applied to 3-state output (user and dedicated 1/Os) -0.53) to 3.450) \Y
Veeauxrx | Auxilliary supply voltage relative to analog ground, GNDA (Rocket I/O pins) -0.51t0 3.45 \%
VecauxTx | Auxilliary supply voltage relative to analog ground, GNDA (Rocket I/O pins) -0.51t0 3.45 \%
Vrrx Terminal transmit supply voltage relative to GND (Rocket I/O pins) -0.51t0 3.45 \%
VT1Rrx Terminal receive supply voltage relative to GND (Rocket 1/O pins) -0.510 3.45 \%
Tsta Storage temperature (ambient) —-65 to +150 °C
TsoL Maximum soldering temperature +220 °C
T; 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 130.

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 130.

4. 1/O input pin voltage, including overshoot, must not exceed 3.45V, either on a continuous or transient basis.
5. 1/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
Internal supply voltage relative to GND, T; =0 °C to +85°C Commercial | 1.425 | 1.575 \%
Veeint
Internal supply voltage relative to GND, T; = —-40°C to +100°C Industrial 1.425 | 1.575
O Auxiliary supply voltage relative to GND, T; =0 °C to +85°C Commercial | 2.375 | 2.625 \%
Vecaux
Auxiliary supply voltage relative to GND, T; = —40°C to +100°C Industrial 2.375 | 2.625 Y
@ Supply voltage relative to GND, T; =0 °C to +85°C Commercial | 1.2 | 3.45(4) \Y
Veeo
Supply voltage relative to GND, T = —40°C to +100°C Industrial 1.2 | 3.45(4) \Y
@ Battery voltage relative to GND, T; =0 °C to +85°C Commercial 1.0 2.63 \%
VBATT
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 \%
Vecauxtx | Auxilliary supply voltage relative to GNDA Industrial 2375 | 2.625 \
Terminal supply voltage relative to GND Commercial 1.8 2.625 Y
VX, VTRX : , :
Terminal supply voltage relative to GND Industrial 1.8 2.625 \%
Notes:
1. For LVDS operation, Vccayx min is 2.37V and max is 2.63V.
2. Configuration data is retained even if Voo drops to OV.
3. If battery is not used, do not connect Vgar-
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
Vv Data retention V¢ Nt VOltage Al 12 Vv
DRINT (below which configuration data might be lost) '
Data retention Vccayx Voltage
(below which configuration data might be lost)
IREF VReg current per bank All MA
I Input or output leakage current per pin All LA
CiNn Input capacitance (sample tested) All pF
| Pad pull-up (when selected) @ Vi, = 0V, Vcco = 3.3V All Note mA
RPU (sample tested) @)
| Pad pull-down (when selected) @ V;, = 3.6V Al Note mA
RPD (sample tested) 1)
lccauxTx | Operating Vecauxtx Supply current 60 mA
lccauxrx | Operating Vecauxrx SUpply current 35 mA
Operating Ittx supply current when transmitter is AC coupled 30 mA
lrTx
Operating Ittx supply current when transmitter is DC coupled 15 mA
Operating ltryx supply current when receiver is AC coupled TBD mA
ITRX
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 /T/IVI-\{Z
Power dissipation of Rocket I/O @ 3.125 Gb/s per channel 350 mwW
PrxTX 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
lccinTo Quiescent Ve nT SUpply current XC2VP2 mA
XC2VP4 mA
XC2VP7 mA
XC2VP20 mA
XC2VP50 mA
lccog Quiescent Vo supply current XC2VP2 mA
XC2VP4 mA
XC2VP7 mA
XC2VP20 mA
XC2VP50 mA
lccauxo Quiescent Vecayx supply current XC2VP2 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. If 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 Veeints Vecaux: and Voo power supplies must ramp
on no faster than 100 ps and no slower than 50 ms. Ramp
on is defined as: 0 Vpc to minimum supply voltages (see
Table 2, page 128).

Veeaux and Veep for bank 4 must be connected together
(2.5 Vpc) to meet the following specification.

Table 5, page 130, 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 Veco 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 Vecaux
powers on. This does not harm the device. (Note that the
600 mA is peak transient current, which eventually dissi-
pates even if Vocaux 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-Il 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
lcCAUXMIN 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,y are recommended input voltages.
Values for Ig. and lgy are guaranteed over the recom-
mended operating conditions at the Vg, and Vg test
points. Only selected standards are tested. These are cho-

Table 6: DC Input and Output Levels

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

Input/Output Vi ViH VoL Vo loL lon
Standard V, min V, max V, min V, max V, Max V, Min mA mA
LVTTL®) 0.0 0.8 2.0 Veeo 0.4 2.4 24 -24
LVCMOS33 0.0 0.8 2.0 Veeo 0.4 Veco—04 24 —24
LVCMOS25 -0.5 0.7 1.7 Veco+ 0.4 0.4 Veco—04 24 -24
LVCMOS18 -0.5 20% Veeo 70% Veeo | Veco + 0.4 0.4 Veeo - 0.45 16 -16
LVCMOS15 -0.5 20% Vcco 70% Veco | Veco+ 0.4 0.4 Veeo - 0.45 16 -16
PCI33_3( 0.0 30% Veeo 50% Veco Veeo 10% Veeo 90% Veco
PCl66_3(2) 0.0 30% Veeo 50% Veco Veeo 10% Veeo 90% Veco
GTLP -0.5 Vgee — 0.1 Vger + 0.1 | Vggo+ 0.4 0.6 n/a 36 n/a
GTL -0.5 Vger —0.05 | Vgep+0.05 | Vcep+ 0.4 0.4 n/a 40 n/a
HSTL | -0.5 Vgeg — 0.1 Vregp +0.1 | Veeo + 0.4 0.43) Veeo — 0.4 8B -8(3)
HSTL I -0.5 Vrer — 0.1 Vrer+ 0.1 | Veeo+ 0.4 0.43) Veeo — 0.4 16() -160)
HSTL Il -0.5 Vger — 0.1 Vrer+ 0.1 | Veeo+ 04 0.43) Veeo — 0.4 243) -80)
HSTL IV -0.5 Vger — 0.1 Vrer+ 0.1 | Veeo+ 04 0.43) Veeo — 0.4 480) -8
SSTL3 | 0.0 Vger — 0.2 VRer + 0.2 Veeo VRer — 0.6 VRer + 0.6 8 -8
SSTL3 I 0.0 Vgee — 0.2 Vger + 0.2 Veeo Vger — 0.8 Vger + 0.8 16 -16
SSTL21 -0.5 Vgee — 0.2 VRer +0.2 | Veco+0.4 | Vree—0.61 | Vgeg +0.65 7.6 -7.6
SSTL2 I -0.5 VRee — 0.2 VRep +0.2 | Veco+0.4 | VRgr—0.80 | Vgge+0.80 15.2 -15.2
Notes:

1. Vg and Vgy 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 Vob Ry = 100 ohm across Q and Q signals 500 600 700 mV
Change in Vgp Magnitude AVop -15 15 mvV
Output Common Mode Voltage Vocm Rt = 100 ohm across Q and Q signals 560 600 640 1\
Change in Vgg Magnitude AVocem -15 15 1\
Input Differential Voltage Vip 200 600 1000 mV
Change in V|p Magnitude AV p -15 15 mvV
Input Common Mode Voltage Viem 500 600 700 mV
Change in V¢ Magnitude AVcm -15 15 mvV
LVDS DC Specifications (LVDS_25)
Table 8: LVDS DC Specifications
DC Parameter Symbol Conditions Min Typ Max | Units
Supply Voltage Veeo 2.38 2.5 2.63 \%
Output High Voltage for Q and Q Voy | Ry =100 Q across Q and Q signals 1.475 \Y;
Output Low Voltage for Q and Q VoL Rt =100 Q across Q and Q signals 0.925 \%
Differential Output Voltage (Q — Q), —
= — ; V, Rt =100 Q across Q and Q signals 250 350 400 mV
Q= ngh (Q _ Q), Q= ngh ODIFF T Q Q g
Output Common-Mode Voltage Vocm | Ry =100 Q across Q and Q signals 1125 | 1.2 | 1.275 \Y,
Differential Input Voltage (Q — Q), .
= — : V Common-mode input voltage = 1.25V | 100 350 600 mv
Q = High @ - Q), Q = High IDIFF pLEVETAS
Input Common-Mode Voltage Viem 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 2.5 2.63 \%
Output High Voltage for Q and Q Vou | Ry =100 Q across Q and Q signals 1.70 Y,
Output Low Voltage for Q and Q VoL | Ry =100 Q across Q and Q signals | 0.705 \Y
Differential Output Voltage (Q — Q), —
= — ; \% Rt =100 Q across Q and Q signals 440 820 mV
Q= ngh (Q _ Q), Q= ngh ODIFF T Q Q sig
Output Common-Mode Voltage Vocm | Ry =100 Q across Q and Q signals 1.125 | 1.200 | 1.275 \
Differential Input Voltage (Q — Q), .
= — : V Common-mode input voltage = 1.25V | 100 1000 mV
Q = High @ - Q). Q = High IDIFF pHEvOTAd
Input Common-Mode Voltage Viem Differential input voltage = +350 mV 0.3 1.2 2.2 \
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Rocket 1/0 DC Input and Output Levels
Table 10: Rocket I/0O DC Specifications

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

Notes:

1. Output swing levels are selectable using TX_DIFF_CTRL attribute. See the Rocket 1/0 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 /0O User Manual for details.
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Virtex-ll Pro Performance Characteristics

This section provides the performance characteristics of
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 135 (speed files).

Table 11: Pin-to-Pin Performance

Table 11 provides pin-to-pin values (in nanoseconds)
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-Il Pro Perfor-
mance Characteristics, page 133 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
(CPMCA405CLOCK)
Device Control Register Bus control Tpcck DCR/Tpcke_DCR ns, min
inputs
Device Control Register Bus data Tppck _DCR/Tpckp_DCR ns, min
inputs
Clock and Power Management Tpcck _CPM/Tpckc_CPM ns, min
control inputs
Reset control inputs Tpcck _RST/Tpckc RST ns, min
Debug control inputs Tpcck _DPBG/Tpckc_DBG ns, min
Trace control inputs Tpcek _TRC/Tpcke_TRC ns, min
External Interrupt Controller control Tpcck EIC/Tpckc_EIC ns, min
inputs
Clock to Out
Device Control Register Bus control Tpckco_DCR ns, max
outputs
Device Control Register Bus Tpckao_DCR ns, max
address outputs
Device Control Register Bus data Tpckpo_DCR ns, max
outputs
Clock and Power Management Tpckco_CPM ns, max
control outputs
Reset control outputs Tpckco_RST ns, max
Debug control outputs Tpckco_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) Tpcek PLB/Mpckc_PLB ns, min
control inputs
Processor Local Bus (ICU/DCU) Tepck_PLB/Mpckp_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 Tpcek JTAG/Tpekc 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 TipwiL 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 TopPwH 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_|SOCM ns, max
address bus outputs
Instruction-Side On-Chip Memory Tpckpo_ISOCM ns, max
data bus outputs
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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 TipwiL ns, min
width, low
Rocket 1/0 Switching Characteristics
Table 20: Rocket I/O Reference Clock Switching Characteristics
All Speed Grades
Description Symbol Conditions Min Typ Max Units
REFCLK frequency range®) FocLk 40 | Note(1) | 156.25 | MHz
REFCLK frequency tolerance FetoL +100 ppm
REFCLK rise time TRreLK 20% — 80% ns
REFCLK fall time TecLK 20% — 80% ns
REFCLK duty cycle TocREF 45 50 55 %
REFCLK total jitter TeitT 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 10712
Notes:
1. REFCLK frequency is typically 1/20 of serial data rate.
[
L
T
| | 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 Tit0L 0.65 Ul
Receive deterministic jitter tolerance ToitoL 0.41 ul
Receive latency (@ TRXLAT 25 a2 | RO
cycles
RXUSRCLK duty cycle TrxDC 45 50 55 %
RXUSRCLK?2 duty cycle Trx2DC 45 50 55 %
Bit error rate BER 10-12

Notes:
1. Ul =UnitInterval
2. Receive latency delay from RXP/RXN to RXDATA

DATA ORIGINATES _ | |
1 2 e 20 121 22 - 820'821 822 - - - 840'841 842

: - I - I - :
l l l l
i i TrxLAT ; »| DATA ARRIVES
| | ————— . | | e e
RXDATA[16:0] | X ><: X
_____ i R
|
|
|

|

|

I
0 1

|

)
x
[
(92}
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(@)
—
~
N
i
I
1
1
1
E

| | |
DS083-3_02_082301

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 -
. Wirebond packages 0.800 2.5 Gb/s
) eTx Flipchip packages 0.600 1.0 Gb/s
Serial data rate, half-speed clock -
Wirebond packages 0.600 1.0 Gb/s
Serial data output deterministic jitter Tpj 0.18 Ul
Serial data output random jitter Trs 0.17 ul
TX rise time T 120 ps
_ RTX 20% — 80%
TX fall time Terx 120 ps
_ Including CRC 14 17 TXUSR
Transmit latency (2) TxLAT . CLK
Excluding CRC 8 11 cycles
TXUSRCLK duty cycle T1xDC 45 50 55 %
TXUSRCLK2 duty cycle T1x2DC 45 50 55 %
Notes:
1. Ul =Unit Interval
2. Transmit latency delay from TXDATA to TXP/TXN
1 I I
i1 s 20 I 21 22 - - 320'321 322 - - - - 340'341 342 - - -
, _—_ _—_ _—_
| ——_——— | ——_——— ——_——— | _——
b ! Ty AT : »| DATA ARRIVES
| DATA ORIGINATES | ! !
| —\ =" I L e
TXDATA[16:0] ( X X X
| N | oo
| | I |
10 11 116 117
Y 2 N A ) Y
TXUSRCLK2 [ \ )I _/—\I
I | mmmeem | I e
I I I DS083-3_03_082301
Figure 3: Transmit Latency (Maximum, Including CRC)
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Table 23: Rocket I/O RXUSRCLK Switching Characteristics

Speed Grade

Description Symbol -8 -7 -6 Units
Setup and Hold Relative to Clock
(RXUSRCLK)
CHBONDI control inputs Tecek CHBITgeke CHBI ‘ ‘ ‘ ns, min
Clock to Out
CHBONDO control outputs Teckco_CHBO ‘ ‘ ‘ ns, max
Clock
RXUSRCLK minimum pulse width, High TepwhH_RX ns, min
RXUSRCLK minimum pulse width, Low TopwL _RX ns, min
Table 24: Rocket I/O RXUSRCLK2 Switching Characteristics
Speed Grade
Description Symbol -8 -7 -6 Units
Setup and Hold Relative to Clock
(RXUSRCLK2)
RXRESET control input Tocek _RRST/Tgeke_RRST ns, min
RXPOLARITY control input Tocck RPOL/Tgeke RPOL ns, min
ENCHANSYNC control input Tocck _ECSY/Tgeke ECSY ns, min
Clock to Out
RXNOTINTABLE status outputs TeeksT_RNIT ns, max
RXDISPERR status outputs TeeksT_RDERR ns, max
RXCHARISCOMMA status outputs TecksT_RCMCH ns, max
RXREALIGN status output ToeksT_ALIGN ns, max
RXCOMMADET status output TocksT_CMDT ns, max
RXLOSSOFSYNC status outputs TeceksT_RLOS ns, max
RXCLKCORCNT status outputs TeeksT_RCCCNT ns, max
RXBUFSTATUS status outputs TeeksT_RBSTA ns, max
RXCHECKINGCRC status output TecksT_RCCRC ns, max
RXCRCERR status output TocksT_RCRCE ns, max
CHBONDDONE status output Tocekst_CHBD ns, max
RXCHARISK status outputs TeeksT_RKCH ns, max
RXRUNDISP status outputs TeeksT_RRDIS ns, max
RXDATA data outputs Teckpo_RDAT ns, max
Clock
RXUSRCLK2 minimum pulse width, High TopwH_RX2 ns, min
RXUSRCLK2 minimum pulse width, Low TepwL _RX2 ns, min
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Table 25: Rocket I/0 TXUSRCLK Switching Characteristics
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Speed Grade
Description Symbol -8 -7 -6 Units
Setup and Hold Relative to Clock
(TXUSRCLK?2)
CONFIGENABLE control input Tocck CFGEN/Tgcke CFGEN ns, min
TXBYPASS8B10B control inputs Tocek _TBYP/Tgeke _TBYP ns, min
TXFORCECRCERR control input Tecek _TCRCE/Tgckce_TCRCE ns, min
TXPOLARITY control input Tocek _TPOL/Tgeke TPOL ns, min
TXINHIBIT control inputs Tocek TINH/Tgeke TINH ns, min
LOOPBACK control inputs Tocek LBK/Tgeke LBK ns, min
TXRESET control input Tecek _TRST/Tgeke _TRST ns, min
TXCHARISK control inputs Tocck _TKCH/Tgcke TKCH ns, min
TXCHARDISPMODE control inputs Tecek _TCDM/Tgckce_TCDM ns, min
TXCHARDISPVAL control inputs Toeek _TCDVITgeke TCDV ns, min
CONFIGIN data input Topck_CFGIN/Tgekp_ CFGIN ns, min
TXDATA data inputs Tepck _TDAT/Tgekp_ TDAT ns, min
Clock to Out
TXBUFERR status output Teckst_TBERR ns, max
TXKERR status outputs TecksT_TKERR ns, max
TXRUNDISP status outputs ToceksT_TRDIS ns, max
CONFIGOUT data output Tockpo_CFGOUT ns, max
Clock
TXUSRCLK minimum pulse width, High Topwh_TX ns, min
TXUSRCLK minimum pulse width, Low Topw_TX ns, min
TXUSRCLK2 minimum pulse width, High TopwH_TX2 ns, min
TXUSRCLK2 minimum pulse width, Low TopwL_TX2 ns, min
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IOB 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 IOB Input Switching Characteristics Standard Adjustments, page 145.

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 TioriD XC2VP2 ns, max
XC2VP4 ns, max
XC2VP7 ns, max
XC2VP20 ns, max
XC2VP50 ns, max
Propagation Delays
ll;?ghfonzuégllj;le via transparent TiopLl All ns, max
Pad to output IQ via transparent TioPLID XC2VP2 ns, max
latch, with delay —, ns. max
XC2VP7 ns, max
XC2VP20 ns, max
XC2VP50 ns, max
Clock CLK to output 1Q TiockiQ All ns, max
Setup and Hold Times With Respect
to Clock at IOB Input Register
Pad, no delay Tiopick/Tioickp All ns, min
Pad, with delay Tiopickp/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) TIOoSRIQ All ns, max
GSR to output 1Q TGsrRQ 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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IOB 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 TivrT LVTTL ns
adjustments TiLvemosss LVCMOS33 ns
TiLvemos2s LVCMOS25 ns
TiLvemos1s LVCMOS18 ns
TiLvemos1s LVCMOS15 ns
TiLvps_25 LVDS_25 ns
TiLvDs_25 EXT LVDS_25_EXT ns
Tipcizz 3 PCI, 33 MHz, 3.3V ns
Tipcies_3 PCI, 66 MHz, 3.3V ns
TieTL GTL ns
TiGTLPLUS GTLP ns
TiHsTL | HSTL | ns
TiHsTL I HSTL Il ns
TiHsTL I HSTL Il ns
TiHsTL IV HSTL IV ns
TiHsTL I 18 HSTL | 18 ns
TiHSTL 1118 HSTL_II_18 ns
TiHsTL 11_18 HSTL_Ill_18 ns
TiHsTL IV_18 HSTL_IV_18 ns
TissTL2. | SSTL2 | ns
TissTL2 11 SSTL21I ns
TissTL3.1 SSTL3 | ns
TissTL3 i SSTL3 I ns
Tivbciss LVDCI_33 ns
Tivbeizs LVDCI_25 ns
Tivbeis LVDCI_18 ns
Tivbeis LVDCI_15 ns
TiLvbel pv2 25 LVDCI_DV2_25 ns
TiLvbel pvz 18 LVDCI_DV2_18 ns
TiLvbel pvz 15 LVDCI_DV2_15 ns
TicTL pel GTL_DCI ns
TicTLP DCI GTLP_DCI ns
TiHSTL 1 DCI HSTL_I_DCI ns
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Table 27: 10B Input Switching Characteristics Standard Adjustments (Continued)

Speed Grade
Description Symbol Standard -8 iy _6 Units
Standard-specific data input delay TIHSTL_Il_DCI HSTL_Il_DCI ns
adjustments (continued) ThsTL . oc HSTL Il DCI ns
TiHsTL IvV_DCI HSTL_IV_DCI ns
TiHsTL I_DCI_18 HSTL_I_DCI_18 ns
TIHSTL_I_DCI_18 HSTL_lI_DCI_18 ns
TiHsTL 11_DcI_18 HSTL_IlI_DCI_18 ns
TIHSTL_IV_DCI_lB HSTL_IV_DCI_18 ns
TissTL2_I_DCI SSTL2_|_DCI ns
TissTL2_11_DCI SSTL2_lI_DCI ns
TissTL3 I_DCI SSTL3_I_DCI ns
TissTL3 11_DCI SSTL3_II_DCI ns
TiLoT 25 LDT_25 ns
TiuLvps_25 ULVDS_25 ns

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

IOB 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 147.

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

transparent latch(® TioTLPHZ ns, max
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)® IOCKHZ :

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) TiosrckT/ TiockTsr ns, min
Set/Reset Delays

SR input to Pad (asynchronous) TiosrpP 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 TiossrQ 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.

IOB 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 TowTTL s2 LVTTL, Slow, 2 mA ns
e e | Towrs -
load, Csl) TowTTL s6 6 mA ns
ToLvTTL_s8 8 mA ns
ToLvTTL S12 12 mA ns
ToLvTTL_S16 16 mA ns
ToLvTTL_S24 24 mA ns
TowvTTL F2 LVTTL, Fast, 2 mA ns
ToLvTTL_Fa 4 mA ns
ToLvTTL_F6 6 mA ns
ToLvTTL_F8 8 mA ns
ToLvTTL_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 F16 16 mA ns
R i B N L -
load, Csl) (continued) Towvps_ 25 LVDS ns
ToLvDsEXT 25 LVDS ns
ToLpT 25 LDT ns
ToBLvDS_25 BLVDS ns
TouLvps_25 ULVDS ns
Topcias 3 PCI, 33 MHz, 3.3V ns
TOPCI66_3 PCI, 66 MHz, 3.3V ns
ToGTL GTL ns
TogTLp GTLP ns
ToHsTL | HSTL | ns
ToHsTL I HSTL Il ns
ToHsTL 1 HSTL Il ns
ToHsTL Iv HSTL IV ns
ToHsTL | 18 HSTL | 18 ns
ToHsTL 1118 HSTL_Il_18 ns
ToHsTL 11_18 HSTL Ill_18 ns
ToHsTL Iv_18 HSTL_IV_18 ns
TossTL2 | SSTL2| ns
TossTL2. 11 SSTL2 I ns
TossTLs | SSTL3| ns
TossTL3 1l SSTL3 I ns
TOLVCMOSSS_SZ LVCMOS33, Slow, 2 mA ns
ToLvemosa3_sa 4 mA ns
TowveMos33_s6 6 mA ns
Towvemos33_ss 8 mA ns
Towvemosss_s12 12 mA ns
Towvemosss si6 16 mA ns
Towvemos3ss_s24 24 mA ns
TOLVCMOSS3_F2 LVCMOS33, Fast, 2 mA ns
ToLvemosss Fa 4 mA ns
ToLveMos3s Fé 6 mA ns
ToLveMosas Fs 8 mA ns
Towvemosss 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 Towvemos3s F16 16 mA ns
(based on siandard capaciive | Towvewosza ras 24 mA ns
load, Csl) (continued) Towvemos2s_s2 LVCMOS?25, Slow, 2 mA ns
Towvemos2s_sa 4 mA ns
Towvemos2s_s6 6 mA ns
Towvemos2s_ss 8 mA ns
Towvemos2s_s12 12 mA ns
Towvemos2s_si16 16 mA ns
Towvemos2s_s24 24 mA ns
TOLVCMOSZS_FZ LVCMOS25, Fast, 2 mA ns
Towvemos2s_Fa 4 mA ns
Towvemos2s_Fe 6 mA ns
Towvemos2s_Fs 8 mA ns
Towvemos2s F12 12 mA ns
Towvemos2s F16 16 mA ns
Towvemos2s_F24 24 mA ns
TOLVCMOSlB_SZ LVCMOS18, Slow, 2 mA ns
Towvemosis_s4 4 mA ns
Towvemos18_s6 6 mA ns
Towvemosis_ss 8 mA ns
Towvemosis s12 12 mA ns
Towvemosis si6 16 mA ns
TOLVCMOSlS_FZ LVCMOS18, Fast, 2 mA ns
Towvemosis Fa 4 mA ns
Towvemosis Fé 6 mA ns
Towvemosis Fs 8 mA ns
Towvemosis F12 12 mA ns
Towvemosis F16 16 mA ns
TOLVCMOSlS_SZ LVCMOS15, Slow, 2 mA ns
Towvemosis_sa 4 mA ns
Towvemos15_s6 6 mA ns
Towvemosis_ss 8 mA ns
Towvemosis_s12 12 mA ns
Towvemosis si6 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 Towvemosis_F2 LVCMOS15, Fast, 2 mA ns
(basedl on standard capaciive. | Touvewosas rs 4mA s
load, Csl) (continued) TowveMmosis_Fé 6 mA ns
ToLvemosis_Fs 8 mA ns
ToLvemosis_F12 12 mA ns
ToLvemos1s_F16 16 mA ns
Towvpciss LVDCI_33 ns
Towvpcizs LVDCI_25 ns
Towvpciis LVDCI_18 ns
Towvpciis LVDCI_15 ns
ToLvbcl_pvz 25 LvDCI_DV2_25 ns
ToLvbcl pv2 18 LvDCI_Dv2_18 ns
ToLvbcl pvz_15 LvDCI_DV2_15 ns
ToeTL_DCI GTL_DCI ns
ToGTLP DCI GTLP_DCI ns
ToHsTL |_DCI HSTL_I_DCI ns
ToHsTL_Il_DCI HSTL_II_DCI ns
ToHSTL_I_DCI HSTL_II_DCI ns
ToHSTL_IV_DCI HSTL_IV_DCI ns
ToHsTL | Dl 18 HSTL_I_DCI_18 ns
ToHsTL 1I_DCI 18 HSTL_lI_DCI_18 ns
ToHsTL 1l_bCl_18 HSTL_lII_DCI_18 ns
TOHSTL_Iv_DCI_18 HSTL_IV_DCI_18 ns
TossTL2 | DClI SSTL2_|_DCI ns
TossTL2_11_DCl SSTL2_II_DCI ns
TossTL3 | DCl SSTL3_I_DCI ns
TossTL3 I1_DCl SSTL3_II_DCI ns
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Table 30: Delay Measurement Methodology

Standard v @ V@ Meas. Point Vgee (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 15 0.75 -
PCI33_3 Per PCI Specification -
PCI66_3 Per PCI Specification -
GTL VRer — 0.2 VRer + 0.2 VREF 0.80
GTLP Vrer — 0.2 VRer + 0.2 VREF 1.0
HSTL Class | Vrer — 0.5 VRer + 0.5 VREF 0.75
HSTL Class Il VRer — 0.5 VRer + 0.5 VREF 0.75
HSTL Class IlI VReg — 0.5 VRer + 0.5 VREF 0.90
HSTL Class IV VReg — 0.5 VRer + 0.5 VREF 0.90
HSTL Class | (1.8V) Vger — 0.5 VRer + 0.5 VREF 1.08
HSTL Class Il (1.8V) Vger — 0.5 VRer + 0.5 VREF 1.08
HSTL Class Il (1.8V) Vrer — 0.5 VRer + 0.5 VREF 1.08
HSTL Class IV (1.8V) VRer — 0.5 VRer + 0.5 VREF 1.08
SSTL31& 1l VRer — 1.0 VRer + 1.0 VREF 15
SSTL21& 1l Vgee — 0.75 VReg + 0.75 VREF 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 Vyeg (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
PCI 33MHZ 3.3V 10
PCI 66 MHz 3.3V 10
GTL

GTLP

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 IV1.5Vand 1.8V 20
SSTL2 Class | 30
SSTL2 Class Il 30
SSTL3 Class | 30
SSTL3 Class Il 30
Notes:

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

2. 1/0 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 Vo 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.

Record the results from the new simulation.
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 | input to O output

Tcio

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 Tio 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/Tekpi ns, min

DY inputs Tovex!/Tekpy ns, min

DX inputs Toxck/Tekpx ns, min

CE input Tceek/TekcE 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

Z‘itlchgﬁg:] SUZ/)BY inputs to XQ/YQ outputs Tro ns, max

Toggle Frequency (MHz) (for export control) Froc 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.
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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) Tos/TpH ns, min

F/G address inputs Tas/Tan ns, min

CE input (WE) Twes/Twen 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 TrREG32 ns, max
Clock CLK to XB output via MC15 LUT output TrREGXB ns, max
Clock CLK to YB output via MC15 LUT output TrREGYB ns, max
Clock CLK to Shiftout TcksH ns, max
Clock CLK to F5 output TrREGES 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 TsrpPH 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

Advance Product Specification

1-800-255-7778

Description Symbol -8 -7 -6 Units
Propagation Delay to Output Pin
Input to Pin35 TMULT_P35 ns, max
Input to Pin34 TmuLT P34 ns, max
Input to Pin33 TmuLT P33 ns, max
Input to Pin32 TmuLT P32 ns, max
Input to Pin31 TmuLT P31 ns, max
Input to Pin30 TmuLT P30 ns, max
Input to Pin29 TmuLT P29 ns, max
Input to Pin28 TmuLT P28 ns, max
Input to Pin27 TmuLt P27 ns, max
Input to Pin26 TmuLT P26 ns, max
Input to Pin25 TmuLT 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 TmuLT P20 ns, max
Input to Pin19 TmuLT P19 ns, max
Input to Pin18 TmuLT P18 ns, max
Input to Pin17 TmuLt P17 ns, max
Input to Pin16 TmuLT P16 ns, max
Input to Pin15 TmuLT P15 ns, max
Input to Pin14 TMuLT P14 ns, max
Input to Pin13 TmuLT P13 ns, max
Input to Pin12 TmuLT P12 ns, max
Input to Pin11 TmuLT P11 ns, max
Input to Pin10 TmuLT P10 ns, max
Input to Pin9 TmuLt P9 ns, max
Input to Pin8 TmuLT P8 ns, max
Input to Pin7 TmuLt P7 ns, max
Input to Pin6 TmuLT Pe ns, max
Input to Pin5 TmuLt Ps ns, max
Input to Pind TmuLT Pa ns, max
Input to Pin3 TmuLt P3 ns, max
Input to Pin2 TmuLT P2 ns, max
Input to Pinl TmuLT P1 ns, max
Input to Pin0 TmuLT_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!/Tecka ns, min

DIN inputs Tepck/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
TRI input to OUT output high-impedance Tore 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 TrckTDO ns, max
Maximum TCK clock frequency Frck '\r/lnlgf(
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Virtex-1l 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 IOB Output Switching
Characteristics Standard
Adjustments, page 147.
Global Clock and OFF with DCM TickorDCM 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 IOB and CLB flip-flops are clocked by the global clock net.

2. Output timing is measured at 50% Vc 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 IOB Output Switching
Characteristics Standard
Adjustments, page 147.

Global Clock and OFF without DCM Tickor 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 IOB and CLB flip-flops are clocked by the global clock net.

2. Output timing is measured at 50% Vc 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-1l 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 IOB Input Switching

Characteristics Standard

Adjustments, page 145.

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 LVCMOS25 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 IOB Input Switching
Characteristics Standard
Adjustments, page 145.

Full Delay

Global Clock and IFF without DCM Tesen/TeHED 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. 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_DV1 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
?r(]ji(fjtiitri](;nal 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
164 www.xilinx.com DS083-3 (v1.0) January 31, 2002

1-800-255-7778 Advance Product Specification


http://www.xilinx.com

SXILINX®

Virtex-1l Pro™ Platform FPGAs: DC and Switching Characteristics

Parameter Cross-Reference

Table 50: Parameter Cross-Reference

Libraries Guide

Data Sheet

DLL_CLKOUT_{MIN|MAX}_LF

CLKOUT_FREQ_{1X|2X|DV}_LF

DFS_CLKOUT_{MIN|MAX}_LF

CLKOUT_FREQ_FX_LF

DLL_CLKIN_{MIN|MAX}_LF

CLKIN_FREQ DLL_LF

DFS_CLKIN_{MIN|MAX} LF

CLKIN_FREQ_FX_LF

DLL_CLKOUT_{MIN|MAX}_HF

CLKOUT_FREQ_{1X|DV}_HF

DFS_CLKOUT_{MIN|MAX}_HF

CLKOUT_FREQ_FX_HF

DLL_CLKIN_{MIN|MAX}_HF

CLKIN_FREQ_DLL_HF

DFS_CLKIN_{MIN|MAX}_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-1l Pro Data Sheet Modules

The Virtex-Il 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-lIl 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

This document provides Virtex-Il Pro Device/Package ¢
Combinations and Maximum 1/Os and Virtex-1l Pro Pin

Definitions, followed by pinout tables for the following pack-

ages:

* FG256 Fine-Pitch BGA Package
» FG456 Fine-Pitch BGA Package

FF672 Flip-Chip Fine-Pitch BGA Package
¢ FF896 Flip-Chip Fine-Pitch BGA Package

e FF1152 Flip-Chip Fine-Pitch BGA Package

e FF1517 Flip-Chip Fine-Pitch BGA Package
e« BF957 Flip-Chip BGA Package

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

Wire-bond and flip-chip packages are available. Table 1 and
Table 2 show the maximum number of user I/Os possible in

Table 1: Wire-Bond Packages Information

wire-bond and flip-chip packages, respectively. Package FG256 FG456
+  FG denotes wire-bond fine-pitch BGA (1.00 mm pitch). Pitch (mm) 1.00 1.00
* FF denotes flip-chip fine-pitch BGA (1.00 mm pitch). Size (mm) 17 x 17 23 x 23
* BF denotes flip-chip BGA (1.27 mm pitch). I/Os 140 248
Table 2: Flip-Chip Packages Information
Package FF672 FF896 FF1152 FF1517 BF957
Pitch (mm) 1.00 1.00 1.00 1.00 1.27
Size (mm) 27 x 27 31x31 35x35 40 x 40 40 x 40
I/0s 396 556 692 852 584

Table 3 shows the number of available 1/0Os and the number of Rocket I/O™ multi-gigabit transceiver (MGT) pins for each
Virtex-1l Pro device/package combination. The number of 1/0Os per package includes all user 1/0s except the fifteen control
pins (CCLK, DONE, M0, M1, M2, PROG_B, PWRDWN_B, TCK, TDI, TDO, TMS, HSWAP_EN, DXN, DXP, AND RSVD) and
the nine (per transceiver) Rocket I/O MGT pins (TXP, TXN, RXP, RXN, AVCCAUXTX, AVCCAUXRX, VTTX, VTRX, and
GNDA). The number of transceivers in the device is the number of Rocket I/O MGT pins in Table 3 divided by nine.

Table 3: Virtex-ll Pro Available I/Os and Rocket I/O MGT Pins per Device/Package Combination

Device ] XC2VP2 XC2VP4 XC2VP7 XC2VvP20 XC2VP50
Available | Rocket I/O | Available | Rocket I/O | Available | Rocket I/O | Available | Rocket I/O | Available | Rocket I/O

Packager User I/Os | MGT Pins | User I/Os | MGT Pins | User I/Os | MGT Pins | User I/Os | MGT Pins | User I/Os | MGT Pins

FG256 140 36 140 36

FG456 156 72 248 72 248 72

FF672 204 72 348 72 396 72

FF896 396 72 556 72

FF1152 564 144 692 144

FF1517 852 144

BF957 564 108 584 108

© 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 4 shows the number of 3.3V Selectl/Os in each bank and the total for each device/package combination.

Table 4: 3.3V Selectl/O Banks

Virtex-1l Pro Total
Device Package | BankO | Bankl | Bank2 | Bank3 | Bank4 | Bank5 | Bank6 | Bank7 | 3.3V I/Os
FG256 17 18 18 53
2VP2 FG456 21 18 18 57
FF672 27 24 24 75
FG256 17 17 17 51
2VP4 FG456 21 40 42 103
FF672 27 60 60 147
FG456 21 40 42 103
2VP7 FF672 39 60 60 159
FF896 39 60 60 159
BF957 57 57 114
2VP20 FF896 55 84 139
FF1152 57 57 114
BF957 59 59 118
2VP50 FF1152 69 69 138
FF1517 81 81 162

Virtex-Il Pro Pin Definitions

This section describes the pinouts for Virtex-ll Pro devices  table per package). Pins that are not available for the small-

in the following packages: est devices are listed in right-hand columns.

 FG256 and FG456: wire-bond fine-pitch BGA of Each device is splitinto eight I/0O banks to allow for flexibility
1.00 mm pitch in the choice of I/O standards (see the Virtex-ll Pro Data

. FF672, FF896, FF1152, and FF1517: flip-chip Sheet). Global pins, including JTAG, configuration, and
fine-pit'ch BGA of 1.00 mm pitch power/ground pins, are listed at the end of each table.

. . . Table 5 provides definitions for all pin types.
»  BF957: flip-chip BGA of 1.27 mm pitch

All of the devices supported in a particular package are
pinout compatible and are listed in the same table (one

All Virtex-1l Pro pinout tables are available on the distribu-
tion CD-ROM, or on the web (at http://www.xilinx.com).

Module 4 of 4 www.xilinx.com DS083-4 (v1.0) January 31, 2002
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Pin Definitions

Table 5 provides a description of each pin type listed in Virtex-1l Pro pinout tables.

Table 5: Virtex-ll Pro Pin Definitions

Pin Name Direction Description
User I/O Pins
10_LXXY_# Input/Output | All user I/O pins are capable of differential signalling and can implement LVDS, ULVDS,
BLVDS, or LDT pairs. Each user I/O is labeled “IO_LXXY_#", where:
10 indicates a user I/O pin.
LXXY indicates a differential pair, with XX a unique pair in the bank and Y = P/N for
the positive and negative sides of the differential pair.
# indicates the bank number (0 through 7)
Dual-Function Pin
I0_LXXY_#/2Z2Z The dual-function pins are labelled “IO_LXXY_#/ZZZ", where ZZZ can be one of the
following pins:
Per Bank - VRP, VRN, or VREF
Globally - GCLKX(S/P), BUSY/DOUT, INIT_B, DIN/DO — D7, RDWR_B, or CS_B
With /Z2ZZ:
DIN/DO,D1,D2, | Input/Output | In SelectMAP mode, DO through D7 are configuration data pins. These pins become
D3, D4, D5, D6, user I/Os after configuration, unless the SelectMAP port is retained.
b7 In bit-serial modes, DIN (DO0) is the single-data input. This pin becomes a user 1/O after
configuration.
CS B Input In SelectMAP mode, this is the active-low Chip Select signal. The pin becomes a user
1/0O after configuration, unless the SelectMAP port is retained.
RDWR_B Input In SelectMAP mode, this is the active-low Write Enable signal. The pin becomes a user
1/0O after configuration, unless the SelectMAP port is retained.
BUSY/DOUT Output In SelectMAP mode, BUSY controls the rate at which configuration data is loaded. The
pin becomes a user I/O after configuration, unless the SelectMAP port is retained.
In bit-serial modes, DOUT provides preamble and configuration data to downstream
devices in a daisy-chain. The pin becomes a user I/O after configuration.
INIT_B Bidirectional | When Low, this pin indicates that the configuration memory is being cleared. When held

(open-drain)

Low, the start of configuration is delayed. During configuration, a Low on this output
indicates that a configuration data error has occurred. The pin becomes a user I/O after
configuration.

GCLKXx (S/P) Input These are clock input pins that connect to Global Clock Buffers. These pins become
regular user I/Os when not needed for clocks.

VRP Input This pin is for the DCI voltage reference resistor of P transistor (per bank).

VRN Input This pin is for the DCI voltage reference resistor of N transistor (per bank).

ALT_VRP Input This is the alternative pin for the DCI voltage reference resistor of P transistor.

ALT_VRN Input This is the alternative pin for the DCI voltage reference resistor of N transistor.

VREE Input These are input threshold voltage pins. They become user 1/0Os when an external
threshold voltage is not needed (per bank).

Dedicated Pins(@)

CCLK Input/Output | Configuration clock. Output in Master mode or Input in Slave mode.
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Table 5: Virtex-ll Pro Pin Definitions (Continued)

Pin Name Direction Description

PROG_B Input Active Low asynchronous reset to configuration logic. This pin has a permanent weak
pull-up resistor.

DONE Input/Output | DONE is a bidirectional signal with an optional internal pull-up resistor. As an output,
this pin indicates completion of the configuration process. As an input, a Low level on
DONE can be configured to delay the start-up sequence.

M2, M1, MO Input Configuration mode selection.

HSWAP_EN Input Enable I/O pullups during configuration.

TCK Input Boundary Scan Clock.

TDI Input Boundary Scan Data Input.

TDO Output Boundary Scan Data Output.

T™MS Input Boundary Scan Mode Select.

PWRDWN_B Input Power down pin.

Other Pins

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

VBeATT Input Decryptor key memory backup supply. (Do not connect if battery is not used.)

RSVD N/A Reserved pin - do not connect.

Veeo Input Power-supply pins for the output drivers (per bank).

Vecaux Input Power-supply pins for auxiliary circuits.

VeeInT Input Power-supply pins for the internal core logic.

GND Input Ground.

AVCCAUXRX# Input Analog power supply for receive circuitry of the Rocket 1/0O multi-gigabit transceiver
(2.5V).

AVCCAUXTX# Input Analog power supply for transmit circuitry of the Rocket 1/O multi-gigabit transceiver
(2.5V).

VTRXPAD# Input Receive termination supply for the Rocket 1/0 multi-gigabit transceiver (1.8V - 2.8V).

VTTXPAD# Input Transmit termination supply for the Rocket I/O multi-gigabit transceiver (1.8V - 2.8V).

GNDA# (2) Input Ground for the analog circuitry of the Rocket I/O multi-gigabit transceiver.

RXPPAD# Output Positive differential receive port of the Rocket I/O multi-gigabit transceiver.

RXNPAD# Output Negitive differential receive port of the Rocket I/O multi-gigabit transceiver.

TXPPAD# Input Positive differential transmit port of the Rocket I/O multi-gigabit transceiver.

TXNPAD# Input Negitive differential transmit port of the Rocket I/0O multi-gigabit transceiver.

Notes:

1. All dedicated pins (JTAG and configuration) are powered by Vcaux (independent of the bank Vo voltage).

2. Two pads on the die are tied to the same package pin (GNDA) in order to lower the resistance on these connections. Thus, duplicate
entries exist for GNDA pins.
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FG256 Fine-Pitch BGA Package

As shown in Table 6, XC2VP2 and XC2VP4 Virtex-1l Pro devices are available in the FG256 fine-pitch BGA package. The
pins in each of these devices are identical. Following this table are the FG256 Fine-Pitch BGA Package Specifications

(2.00mm pitch).

Table 6: FG256 — XC2VP2 and XC2VP4

Bank Pin Description Pin Number
0 IO_LOIN_O/VRP_O c2
0 I0_LO1P_O/VRN_O C3
0 IO_LO2N_O B3
0 IO_L02P_0 C4
0 IO_LO3N_O A2
0 I0_LO3P_O/VREF_O A3
0 IO_LO6N_O D5
0 IO_LO6P_0 C5
0 IO_LO7P_0O D6
0 IO_LO9N_O E6
0 IO_LO9P_O/VREF_O E7
0 IO_L69N_O D7
0 IO_L69P_O/VREF_O c7
0 IO_L74N_0/GCLK7P D8
0 IO_L74P_0/GCLK6S C8
0 IO_L75N_0/GCLK5P B8
0 IO_L75P_0/GCLK4S A8
1 IO_L75N_1/GCLK3P A9
1 IO_L75P_1/GCLK2S B9
1 IO_L74N_1/GCLK1P C9
1 IO_L74P_1/GCLKOS D9
1 IO_L69N_1/VREF_1 C10
1 IO_L69P_1 D10
1 IO_LO9N_1/VREF_1 E10
1 IO_LO9P_1 El1
1 IO_LO7N_1 D11
1 IO_LO6N_1 C12
1 IO_LO6P_1 D12
1 IO_LO3N_1/VREF_1 Al4
1 IO_LO3P_1 Al15
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Table 6: FG256 — XC2VP2 and XC2VP4

Bank Pin Description Pin Number
1 IO_LO2N_1 C13
1 I0_LO02P_1 B14
1 IO_LOIN_1/VRP_1 Cl4
1 IO_LO1P_1/VRN_1 C15
2 IO_LOIN_2/VRP_2 El4
2 IO_LO1P_2/VRN_2 E15
2 IO_LO2N_2 E13
2 IO_LO02P_2 F12
2 IO_LO3N_2 F13
2 IO_LO3P_2 F14
2 I0_LO4N_2/VREF_2 F15
2 IO_L04P_2 F16
2 IO_LO6N_2 G13
2 IO_LO6P_2 Gl4
2 IO_L85N_2 G15
2 IO_L85P_2 G16
2 IO_L86N_2 G12
2 IO_L86P_2 H13
2 I0_L88N_2/VREF_2 H14
2 IO_L88P_2 H15
2 IO_L90N_2 H16
2 IO_L90P_2 J16
3 IO_L90N_3 J15
3 IO_L90P_3 J14
3 IO_L89N_3 J13
3 IO_L89P_3 K12
3 IO_L87N_3/VREF_3 K16
3 IO_L87P_3 K15
3 IO_L85N_3 K14
3 IO_L85P_3 K13
3 IO_LO6N_3 L16
3 IO_LO6P_3 L15
3 IO_LO5N_3 L14
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Table 6: FG256 — XC2VP2 and XC2VP4

Bank Pin Description Pin Number
3 IO_LO5SP_3 L13
3 I0_LO3N_3/VREF_3 L12
3 IO_LO3P_3 M13
3 IO_LO02N_3 M16
3 IO_LO02P_3 N16
3 IO_LOIN_3/VRP_3 M15
3 IO_LO1P_3/VRN_3 M14
4 IO_LO1N_4/DOUT P15
4 IO_LO1P_4/INIT_B P14
4 IO_LO2N_4/DO0 R14
4 IO_L02P_4/D1 P13
4 IO_LO3N_4/D2 T15
4 IO_LO03P_4/D3 T14
4 IO_LO6N_4/VRP_4 N12
4 IO_LO6P_4/VRN_4 P12
4 IO_LO7P_4/VREF_4 N11
4 IO_LO9N_4 M11
4 IO_LO9P_4/VREF_4 M10
4 IO_L69N_4 N10
4 IO_L69P_4/VREF_4 P10
4 IO_L74N_4/GCLK3S N9
4 IO_L74P_4/GCLK2P P9
4 IO_L75N_4/GCLK1S R9
4 IO_L75P_4/GCLKOP T9
5 IO_L75N_5/GCLK7S T8
5 IO_L75P_5/GCLK6P R8
5 IO_L74N_5/GCLK5S P8
5 IO_L74P_5/GCLK4P N8
5 IO_L69N_5/VREF_5 P7
5 IO_L69P_5 N7
5 IO_LO9N_5/VREF_5 M7
5 IO_LO09P_5 M6
5 IO_LO7N_5/VREF_5 N6
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Table 6: FG256 — XC2VP2 and XC2VP4

Bank Pin Description Pin Number
5 IO_LO6N_5/VRP_5 P5
5 IO_LO6P_5/VRN_5 N5
5 IO_LO3N_5/D4 T3
5 IO_LO3P_5/D5 T2
5 IO_LO2N_5/D6 P4
5 IO_L02P_5/D7 R3
5 IO_LOIN_5/RDWR_B P3
5 IO_LO1P_5/CS_B P2
6 IO_LO1P_6/VRN_6 M3
6 IO_LO1IN_6/VRP_6 M2
6 IO_LO02P_6 N1
6 IO_LO2N_6 M1
6 IO_LO3P_6 M4
6 IO_LO3N_6/VREF_6 L5
6 IO_LO5P_6 L4
6 IO_LO5N_6 L3
6 IO_LO6P_6 L2
6 IO_LO6N_6 L1
6 IO_L85P_6 K4
6 IO_L85N_6 K3
6 IO_L87P_6 K2
6 IO_L87N_6/VREF_6 K1
6 IO_L89P_6 K5
6 IO_L89N_6 J4
6 IO_L90P_6 J3
6 IO_L90ON_6 J2
7 IO_L90P_7 J1
7 IO_L90ON_7 H1
7 IO_L88P_7 H2
7 I0_L88N_7/VREF_7 H3
7 IO_L86P_7 H4
7 IO_L86N_7 G5
7 IO_L85P_7 G1
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Table 6: FG256 — XC2VP2 and XC2VP4

Bank Pin Description Pin Number
7 IO_L85N_7 G2
7 IO_LO6P_7 G3
7 IO_LO6N_7 G4
7 IO_L04P_7 F1
7 IO_LO4N_7/VREF_7 F2
7 IO_LO3P_7 F3
7 IO_LO3N_7 F4
7 IO_L02P_7 F5
7 IO_LO2N_7 E4
7 IO_LO1P_7/VRN_7 E2
7 IO_LOIN_7/VRP_7 E3
0 VCCO_0 F8
0 VCCO_0 F7
0 VCCO_0 E8
1 VCCO_1 F9
1 VCCO_1 F10
1 VCCO_1 E9
2 VCCO_2 H12
2 VCCO_2 H11
2 VCCO_2 Gl1
3 VCCO_3 K11
3 VCCO_3 J12
3 VCCO_3 J11
4 VCCO_4 M9
4 VCCO_4 L9
4 VCCO_4 L10
5 VCCO_5 M8
5 VCCO_5 L8
5 VCCO_5 L7
6 VCCO_6 K6
6 VCCO_6 J6
6 VCCO_6 J5
7 VCCO_7 H6
7 VCCO_7 H5
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Table 6: FG256 — XC2VP2 and XC2VP4

Bank Pin Description Pin Number
7 VCCO_7 G6
N/A CCLK N15
N/A PROG_B D1
N/A DONE P16
N/A MO N3
N/A M1 N2
N/A M2 P1
N/A TCK D16
N/A TDI El
N/A TDO E16
N/A T™MS C1l6
N/A PWRDWN_B N14
N/A HSWAP_EN C1
N/A RSVD D14
N/A VBATT D15
N/A DXP D2
N/A DXN D3
N/A AVCCAUXTX6 B5
N/A VTTXPADG6 B4
N/A TXNPADG6 A4
N/A TXPPADG6 A5
N/A GNDAG C6
N/A GNDAG C6
N/A RXPPAD6 A6
N/A RXNPADG6 A7
N/A VTRXPADG B6
N/A AVCCAUXRX6 B7
N/A AVCCAUXTX7 B11
N/A VTTXPAD7 B10
N/A TXNPAD7 A10
N/A TXPPAD7 All
N/A GNDAY C11
N/A GNDAY C11
N/A RXPPAD7 Al12
Module 4 of 4 www.xilinx.com DS083-4 (v1.0) January 31, 2002
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Table 6: FG256 — XC2VP2 and XC2VP4

Bank Pin Description Pin Number
N/A RXNPAD7 Al13
N/A VTRXPAD7 B12
N/A AVCCAUXRX7 B13
N/A AVCCAUXRX18 R13
N/A VTRXPAD18 R12
N/A RXNPAD18 T13
N/A RXPPAD18 T12
N/A GNDA18 P11
N/A GNDA18 P11
N/A TXPPAD18 T11
N/A TXNPAD18 T10
N/A VTTXPAD18 R10
N/A AVCCAUXTX18 R11
N/A AVCCAUXRX19 R7
N/A VTRXPAD19 R6
N/A RXNPAD19 T7
N/A RXPPAD19 T6
N/A GNDA19 P6
N/A GNDA19 P6
N/A TXPPAD19 T5
N/A TXNPAD19 T4
N/A VTTXPAD19 R4
N/A AVCCAUXTX19 R5
N/A VCCINT N4
N/A VCCINT N13
N/A VCCINT M5
N/A VCCINT M12
N/A VCCINT E5
N/A VCCINT E12
N/A VCCINT D4
N/A VCCINT D13
N/A VCCAUX R16
N/A VCCAUX R1
N/A VCCAUX B16

DS083-4 (v1.0) January 31, 2002 www.xilinx.com Module 4 of 4

Advance Product Specification

1-800-255-7778

177


http://www.xilinx.com

Virtex-lIl Pro™ Platform FPGASs: Pinout Information

SXILINX®

Table 6: FG256 — XC2VP2 and XC2VP4

Bank Pin Description Pin Number
N/A VCCAUX Bl
N/A GND T16
N/A GND Tl
N/A GND R2
N/A GND R15
N/A GND L6
N/A GND L11
N/A GND K9
N/A GND K8
N/A GND K7
N/A GND K10
N/A GND J9
N/A GND J8
N/A GND J7
N/A GND J10
N/A GND H9
N/A GND H8
N/A GND H7
N/A GND H10
N/A GND G9
N/A GND G8
N/A GND G7
N/A GND G10
N/A GND F6
N/A GND F11
N/A GND B2
N/A GND B15
N/A GND Al6
N/A GND Al
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FG256 Fine-Pitch BGA Package Specifications (1.00mm pitch)
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FG456 Fine-Pitch BGA Package

As shown in Table 7, XC2VP2, XC2VP4, and XC2VP7 Virtex-Il Pro devices are available in the FG456 fine-pitch BGA
package. The pins in these devices are same, except for the differences shown in the "No Connects" column. Following this
table are the FG456 Fine-Pitch BGA Package Specifications (1.00mm pitch).

Table 7: FG456 — XC2VP2, XC2VP4, and XC2VP7

No Connects
XC2V XC2V XC2V
Bank Pin Description Pin Number P2 P4 pP7
0 IO_LOIN_O/VRP_O D5
0 IO_LO1P_O/VRN_O D6
0 IO_LO2N_O E6
0 IO_LO2P_0 E7
0 IO_LO3N_O D7
0 I0_LO3P_O/VREF_O C7
0 I0_LO05_0/No_Pair E8
0 IO_LO6N_O D8
0 IO_LO6P_0 c8
0 IO_LO7N_O F9
0 IO_LO7P_0 E9
0 IO_LO9N_O D9
0 IO_LO9P_O/VREF_O D10
0 IO_L67N_O F10
0 IO_L67P_0 E10
0 IO_L69N_O C10
0 IO_L69P_O/VREF_O B11
0 IO_L74N_0/GCLK7P F11
0 IO_L74P_0/GCLK6S E1l1
0 IO_L75N_0/GCLK5P D11
0 IO_L75P_0/GCLK4S C11
1 I0_L75N_1/GCLK3P C12
1 IO_L75P_1/GCLK2S D12
1 I0_L74N_1/GCLK1P E12
1 IO_L74P_1/GCLKOS F12
1 IO_L69N_1/VREF_1 B12
1 I0_L69P_1 C13
1 I0_L67N_1 E13
1 IO_L67P_1 F13
1 IO_LO9N_1/VREF_1 D13
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Table 7: FG456 — XC2VP2, XC2VP4, and XC2VP7

No Connects
XC2V XC2V XC2V
Bank Pin Description Pin Number P2 P4 P7
1 IO_LO9P_1 D14
1 I0O_LO7N_1 E14
1 IO_LO7P_1 F14
1 IO_LO6N_1 Ci15
1 IO_LO6P_1 D15
1 I0_LO05_1/No_Pair E15
1 IO_LO3N_1/VREF_1 C16
1 IO_LO3P_1 D16
1 IO_LO2N_1 E16
1 IO_LO2P_1 E17
1 IO_LOIN_1/VRP_1 D17
1 IO_LO1P_1/VRN_1 D18
2 IO_LOIN_2/VRP_2 c21
2 IO_LO1P_2/VRN_2 Cc22
2 IO_LO2N_2 D21
2 I0_LO2P_2 D22
2 IO_LO3N_2 E19
2 IO_LO3P_2 E20
2 IO_LO4N_2/VREF_2 E21
2 IO_L04P_2 E22
2 IO_LO6N_2 F19
2 IO_LO6P_2 F20
2 IO_L43N_2 F21 NC
2 I0_L43P_2 F22 NC
2 IO_L46N_2/VREF_2 F18 NC
2 I0_L46P_2 G18 NC
2 IO_L48N_2 G19 NC
2 IO_L48P_2 G20 NC
2 IO_L49N_2 G21 NC
2 IO_L49P_2 G22 NC
2 IO_L50N_2 H19 NC
2 IO_L50P_2 H20 NC
2 IO_L52N_2/VREF_2 H21 NC
2 I0_L52P_2 H22 NC
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Table 7: FG456 — XC2VP2, XC2VP4, and XC2VP7

No Connects
XC2V XC2V XC2V
Bank Pin Description Pin Number P2 P4 P7
2 IO_L54N_2 H18 NC
2 IO_L54P_2 Ji7 NC
2 IO_L55N_2 J19 NC
2 IO_L55P_2 J20 NC
2 IO_L56N_2 J21 NC
2 IO_L56P_2 J22 NC
2 IO_L58N_2/VREF_2 J18 NC
2 IO_L58P_2 K18 NC
2 IO_L60ON_2 K19 NC
2 IO_L60P_2 K20 NC
2 IO_L85N_2 K21
2 IO_L85P_2 K22
2 IO_L86N_2 K17
2 IO_L86P_2 L17
2 IO_L88N_2/VREF_2 L18
2 I0_L88P_2 L19
2 IO_L90ON_2 L20
2 IO_L90P_2 L21
3 IO_L90ON_3 M21
3 IO_L90P_3 M20
3 IO_L89N_3 M19
3 I0_L89P_3 M18
3 IO_L87N_3/VREF_3 M17
3 I0_L87P_3 N17
3 IO_L85N_3 N22
3 IO_L85P_3 N21
3 IO_L60N_3 N20 NC
3 IO_L60P_3 N19 NC
3 IO_L59N_3 N18 NC
3 IO_L59P_3 P18 NC
3 IO_L57N_3/VREF_3 P22 NC
3 IO_L57P_3 P21 NC
3 IO_L55N_3 P20 NC
3 IO_L55P_3 P19 NC
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Table 7: FG456 — XC2VP2, XC2VP4, and XC2VP7

No Connects
XC2V XC2V XC2V
Bank Pin Description Pin Number P2 P4 P7

3 I0_L54N_3 P17 NC

3 I0_L54P_3 R18 NC

3 IO_L53N_3 R22 NC

3 IO_L53P_3 R21 NC

3 IO_L51IN_3/VREF_3 R20 NC

3 IO_L51P_3 R19 NC

3 IO_L49N_3 T22 NC

3 IO_L49P_3 T21 NC

3 IO_L48N_3 T20 NC

3 IO_L48P_3 T19 NC

3 IO_L47N_3 T18 NC

3 I0_L47P_3 uis8 NC

3 IO_L45N_3/VREF_3 u22 NC

3 IO_L45P_3 u21 NC

3 I0_L43N_3 u20 NC

3 I0_L43P_3 u19 NC

3 IO_LO6N_3 V22

3 IO_LO6P_3 v21

3 IO_LO5N_3 V20

3 IO_LO5P_3 V19

3 IO_LO3N_3/VREF_3 w22

3 IO_LO3P_3 w21

3 I0_LO2N_3 Y22

3 IO_LO2P_3 Y21

3 IO_LO1IN_3/VRP_3 AA22

3 IO_LO1P_3/VRN_3 AB21

4 IO_LO1IN_4/DOUT w18

4 IO_LO1P_4/INIT_B w17

4 IO_LO2N_4/DO0 V17

4 I0_LO2P_4/D1 V16

4 IO_LO3N_4/D2 W16

4 IO_LO3P_4/D3 Y16

4 I0_LO05_4/No_Pair V15

4 IO_LO6N_4/VRP_4 W15
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Table 7: FG456 — XC2VP2, XC2VP4, and XC2VP7

No Connects
XC2V XC2V XC2Vv
Bank Pin Description Pin Number P2 P4 pP7
4 IO_LO6P_4/VRN_4 Y15
4 IO_LO7N_4 ui4
4 IO_LO7P_4/VREF_4 V14
4 IO_LO9N_4 w14
4 IO_LO9P_4/VREF_4 W13
4 IO_L67N_4 u1s3
4 IO_L67P_4 V13
4 IO_L69N_4 Y13
4 IO_L69P_4/VREF_4 AAl12
4 IO_L74N_4/GCLK3S U1z
4 IO_L74P_4/GCLK2P V12
4 IO_L75N_4/GCLK1S W12
4 IO_L75P_4/GCLKOP Y12
5 IO_L75N_5/GCLK7S Y11
5 IO_L75P_5/GCLK6P w11
5 I0_L74N_5/GCLK5S V11l
5 IO_L74P_5/GCLK4P Uil
5 IO_L69N_5/VREF_5 AAll
5 IO_L69P_5 Y10
5 IO_L67N_5 V10
5 IO_L67P_5 uU10
5 IO_LO9N_5/VREF_5 w10
5 IO_LO9P_5 w9
5 IO_LO7N_5/VREF_5 V9
5 IO_LO7P_5 U9
5 IO_LO6N_5/VRP_5 Y8
5 IO_LO6P_5/VRN_5 w8
5 I0_LO05_5/No_Pair V8
5 IO_LO3N_5/D4 Y7
5 I0_LO3P_5/D5 W7
5 IO_LO2N_5/D6 V7
5 I0_LO2P_5/D7 V6
5 IO_LO1IN_5/RDWR_B W6
5 IO_LO1P_5/CS_B W5
Module 4 of 4 www.xilinx.com DS083-4 (v1.0) January 31, 2002

184 1-800-255-7778 Advance Product Specification


http://www.xilinx.com

SXILINX®

Virtex-lIl Pro™ Platform FPGASs: Pinout Information

Table 7: FG456 — XC2VP2, XC2VP4, and XC2VP7

No Connects
XC2V XC2V XC2V
Bank Pin Description Pin Number P2 P4 P7

6 IO_LO1P_6/VRN_6 AB2

6 IO_LO1IN_6/VRP_6 AAl

6 IO_LO2P_6 Y2

6 IO_LO2N_6 Y1

6 IO_LO3P_6 w2

6 IO_LO3N_6/VREF_6 w1

6 IO_LO5P_6 V4

6 IO_LO5N_6 V3

6 IO_LO6P_6 V2

6 IO_LO6N_6 Vi

6 IO_L43P_6 U4 NC

6 IO_L43N_6 u3 NC

6 IO_L45P_6 U2 NC

6 IO_L45N_6/VREF_6 U1 NC

6 IO_L47P_6 us NC

6 IO_LA7N_6 T5 NC

6 IO_L48P_6 T4 NC

6 IO_L48N_6 T3 NC

6 IO_L49P_6 T2 NC

6 IO_L49N_6 T1 NC

6 IO_L51P_6 R4 NC

6 IO_L51IN_6/VREF_6 R3 NC

6 IO_L53P_6 R2 NC

6 IO_L53N_6 R1 NC

6 IO_L54P_6 R5 NC

6 IO_L54N_6 P6 NC

6 IO_L55P_6 P4 NC

6 IO_L55N_6 P3 NC

6 IO_L57P_6 P2 NC

6 IO_L57N_6/VREF_6 P1 NC

6 IO_L59P_6 P5 NC

6 IO_L59N_6 N5 NC

6 IO_L60P_6 N4 NC

6 IO_L60ON_6 N3 NC
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Table 7: FG456 — XC2VP2, XC2VP4, and XC2VP7

No Connects
XC2Vv XC2vVv XCc2v
Bank Pin Description Pin Number P2 P4 P7
6 IO_L85P_6 N2
6 I0_L85N_6 N1
6 I0_L87P_6 N6
6 IO_L87N_6/VREF_6 M6
6 I0_L89P_6 M5
6 IO_L89N_6 M4
6 I0_L90P_6 M3
6 IO_L90N_6 M2
7 I0_L90P_7 L2
7 I0_L90N_7 L3
7 I0_L88P_7 L4
7 IO_L88N_7/VREF_7 L5
7 I0_L86P_7 L6
7 I0_L86N_7 K6
7 I0_L85P_7 K1
7 I0_L85N_7 K2
7 IO_L60P_7 K3 NC
7 IO_L60N_7 K4 NC
7 IO_L58P_7 K5 NC
7 IO_L58N_7/VREF_7 J5 NC
7 IO_L56P_7 Ji NC
7 IO_L56N_7 J2 NC
7 IO_L55P_7 J3 NC
7 IO_L55N_7 J4 NC
7 IO_L54P_7 J6 NC
7 I0_L54N_7 H5 NC
7 I0_L52P_7 H1 NC
7 IO_L52N_7/VREF_7 H2 NC
7 I0_L50P_7 H3 NC
7 I0_L50N_7 H4 NC
7 I0_L49P_7 G1 NC
7 10_L49N_7 G2 NC
7 I0_L48P_7 G3 NC
7 10_L48N_7 G4 NC
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Table 7: FG456 — XC2VP2, XC2VP4, and XC2VP7

No Connects
XC2V XC2V XC2V
Bank Pin Description Pin Number P2 P4 pP7

7 IO0_L46P_7 G5 NC

7 IO_L46N_7/VREF_7 F5 NC

7 I0_L43P_7 F1 NC

7 IO_L43N_7 F2 NC

7 IO_LO6P_7 F3

7 IO_LO6N_7 F4

7 IO_LO4P_7 El

7 IO_LO4N_7/VREF_7 E2

7 IO_LO3P_7 E3

7 IO_LO3N_7 E4

7 IO_LO2P_7 D1

7 IO_LO2N_7 D2

7 IO_LO1P_7/VRN_7 C1

7 IO_LOIN_7/VRP_7 Cc2

0 VCCO_0 G9

0 VCCO_0 Gl1

0 VCCO_0 G10

0 VCCO_0 F8

0 VCCO_0 F7

1 VCCO_1 Gl4

1 VCCO_1 G13

1 VCCO_1 G12

1 VCCO_1 F16

1 VCCO_1 F15

2 VCCO_2 L16

2 VCCO_2 K16

2 VCCO_2 J16

2 VCCO_2 H17

2 VCCO_2 G117

3 VCCO_3 T17

3 VCCO_3 R17

3 VCCO_3 P16

3 VCCO_3 N16

3 VCCO_3 M16
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Table 7: FG456 — XC2VP2, XC2VP4, and XC2VP7

No Connects
XC2V XC2V XC2V
Bank Pin Description Pin Number P2 P4 P7
4 VCCO_4 Ui6
4 VCCO_4 uU15
4 VCCO_4 T14
4 VCCO_4 T13
4 VCCO_4 T12
5 VCCO_5 us
5 VCCO_5 u7
5 VCCO_5 T9
5 VCCO_5 T11
5 VCCO_5 T10
6 VCCO_6 T6
6 VCCO_6 R6
6 VCCO_6 P7
6 VCCO_6 N7
6 VCCO_6 M7
7 VCCO_7 L7
7 VCCO_7 K7
7 VCCO_7 J7
7 VCCO_7 H6
7 VCCO_7 G6
N/A CCLK W20
N/A PROG_B B1
N/A DONE Y18
N/A MO Y4
N/A M1 W3
N/A M2 Y5
N/A TCK B22
N/A TDI D3
N/A TDO D20
N/A T™MS A21
N/A PWRDWN_B Y19
N/A HSWAP_EN A2
N/A RSVD C18
N/A VBATT C19
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Table 7: FG456 — XC2VP2, XC2VP4, and XC2VP7

No Connects
XC2V XC2V XC2V
Bank Pin Description Pin Number P2 P4 P7

N/A DXP C4

N/A DXN C5

N/A AVCCAUXTX4 B4 NC NC

N/A VTTXPAD4 B3 NC NC

N/A TXNPAD4 A3 NC NC

N/A TXPPAD4 A4 NC NC

N/A GNDA4 Cc6 NC NC

N/A GNDA4 Cc6 NC NC

N/A RXPPAD4 A5 NC NC

N/A RXNPADA4 A6 NC NC

N/A VTRXPAD4 B5 NC NC

N/A AVCCAUXRX4 B6 NC NC

N/A AVCCAUXTX6 B8

N/A VTTXPADG6 B7

N/A TXNPADG6 A7

N/A TXPPAD6 A8

N/A GNDA6 C9

N/A GNDA6 C9

N/A RXPPADG6 A9

N/A RXNPAD6 A10

N/A VTRXPADG6 B9

N/A AVCCAUXRX6 B10

N/A AVCCAUXTX7 B14

N/A VTTXPAD7? B13

N/A TXNPAD7 A13

N/A TXPPAD7Y Al4

N/A GNDA7 C14

N/A GNDA7 C14

N/A RXPPAD7 Al5

N/A RXNPAD7 Al6

N/A VTRXPAD7 B15

N/A AVCCAUXRX7 B16

N/A AVCCAUXTX9 B18 NC NC

N/A VTTXPAD9 B17 NC NC

N/A TXNPAD9 Al7 NC NC
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Table 7: FG456 — XC2VP2, XC2VP4, and XC2VP7

No Connects
XC2V XC2V XC2V
Bank Pin Description Pin Number P2 P4 pP7

N/A TXPPAD9 A18 NC NC

N/A GNDA9 C17 NC NC

N/A GNDA9 C17 NC NC

N/A RXPPAD9 Al9 NC NC

N/A RXNPAD9 A20 NC NC

N/A VTRXPAD9 B19 NC NC

N/A AVCCAUXRX9 B20 NC NC

N/A AVCCAUXRX16 AA20 NC NC

N/A VTRXPAD16 AA19 NC NC

N/A RXNPAD16 AB20 NC NC

N/A RXPPAD16 AB19 NC NC

N/A GNDA16 Y17 NC NC

N/A GNDA16 Y17 NC NC

N/A TXPPAD16 AB18 NC NC

N/A TXNPAD16 AB17 NC NC

N/A VTTXPAD16 AAl17 NC NC

N/A AVCCAUXTX16 AA18 NC NC

N/A AVCCAUXRX18 AA16

N/A VTRXPAD18 AA15

N/A RXNPAD18 AB16

N/A RXPPAD18 AB15

N/A GNDA18 Y14

N/A GNDA18 Y14

N/A TXPPAD18 AB14

N/A TXNPAD18 AB13

N/A VTTXPAD18 AA13

N/A AVCCAUXTX18 AAl4

N/A AVCCAUXRX19 AA10

N/A VTRXPAD19 AA9

N/A RXNPAD19 AB10

N/A RXPPAD19 AB9

N/A GNDA19 Y9

N/A GNDA19 Y9

N/A TXPPAD19 AB8

N/A TXNPAD19 AB7

Module 4 of 4 www.xilinx.com DS083-4 (v1.0) January 31, 2002

190

1-800-255-7778

Advance Product Specification


http://www.xilinx.com

SXILINX®

Virtex-lIl Pro™ Platform FPGASs: Pinout Information

Table 7: FG456 — XC2VP2, XC2VP4, and XC2VP7

No Connects
XC2V XC2V XC2Vv
Bank Pin Description Pin Number P2 P4 pP7

N/A VTTXPAD19 AA7

N/A AVCCAUXTX19 AA8

N/A AVCCAUXRX21 AAG NC NC

N/A VTRXPAD21 AAS5 NC NC

N/A RXNPAD21 AB6 NC NC

N/A RXPPAD21 AB5 NC NC

N/A GNDA21 Y6 NC NC

N/A GNDA21 Y6 NC NC

N/A TXPPAD21 AB4 NC NC

N/A TXNPAD21 AB3 NC NC

N/A VTTXPAD21 AA3 NC NC

N/A AVCCAUXTX21 AA4 NC NC

N/A VCCINT U6

N/A VCCINT u17

N/A VCCINT T8

N/A VCCINT T7

N/A VCCINT T16

N/A VCCINT T15

N/A VCCINT R7

N/A VCCINT R16

N/A VCCINT H7

N/A VCCINT H16

N/A VCCINT G8

N/A VCCINT G7

N/A VCCINT Gl6

N/A VCCINT G15

N/A VCCINT F6

N/A VCCINT F17

N/A VCCAUX M22

N/A VCCAUX L1

N/A VCCAUX B21

N/A VCCAUX B2

N/A VCCAUX AB11

N/A VCCAUX AA21
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Table 7: FG456 — XC2VP2, XC2VP4, and XC2VP7

No Connects
XC2V XC2V XC2Vv
Bank Pin Description Pin Number P2 P4 pP7

N/A VCCAUX AA2
N/A VCCAUX Al2
N/A GND Y3

N/A GND Y20
N/A GND w4
N/A GND W19
N/A GND V5

N/A GND V18
N/A GND P9

N/A GND P14
N/A GND P13
N/A GND P12
N/A GND P11
N/A GND P10
N/A GND N9

N/A GND N14
N/A GND N13
N/A GND N12
N/A GND N11
N/A GND N10
N/A GND M9

N/A GND M14
N/A GND M13
N/A GND M12
N/A GND M11
N/A GND M10
N/A GND M1

N/A GND L9

N/A GND L22
N/A GND L14
N/A GND L13
N/A GND L12
N/A GND L11
N/A GND L10
N/A GND K9
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Table 7: FG456 — XC2VP2, XC2VP4, and XC2VP7

No Connects
XC2V XC2V XC2Vv
Bank Pin Description Pin Number P2 P4 pP7
N/A GND K14
N/A GND K13
N/A GND K12
N/A GND K11
N/A GND K10
N/A GND J9
N/A GND Ji4
N/A GND J13
N/A GND J12
N/A GND J11
N/A GND J10
N/A GND E5
N/A GND E18
N/A GND D4
N/A GND D19
N/A GND C3
N/A GND C20
N/A GND AB22
N/A GND AB12
N/A GND AB1
N/A GND A22
N/A GND All
N/A GND Al
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FG456 Fine-Pitch BGA Package Specifications (1.00mm pitch)
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Figure 2: FG456 Fine-Pitch BGA Package Specifications
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FF672 Flip-Chip Fine-Pitch BGA Package

As shown in Table 8, XC2VP2, XC2VP4, and XC2VP7 Virtex-ll Pro devices are available in the FF672 flip-chip fine-pitch
BGA package. Pins in each of these devices are the same, except for differences shown in the "No Connects" column.

Following this table are the FF672 Flip-Chip Fine-Pitch BGA Package Specifications (1.00mm pitch).

Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XC2V XC2V XC2V
Bank Pin Description Number P2 P4 p7
0 IO_LOIN_O/VRP_O B24
0 IO_LO1P_O/VRN_O A24
0 IO_LO2N_O D21
0 I0_LO2P_0O Cc21
0 IO_LO3N_O E20
0 IO_LO3P_O/VREF_O D20
0 I0_L0O5_0O/No_Pair F19
0 IO_LO6N_O E19
0 I0_LO6P_0 E18
0 IO_LO7N_O D19
0 I0_LO7P_0O C19
0 IO_LO8N_O B19
0 I0_LO8P_O Al19
0 IO_LO9N_O G18
0 IO_LO9P_O/VREF_O F18
0 IO_L37N_0O D18 NC NC
0 I0_L37P_0 C18 NC NC
0 IO_L38N_O G17 NC NC
0 I0_L38P_0 H16 NC NC
0 IO_L39N_O F17 NC NC
0 I0_L39P_0 F16 NC NC
0 I0O_L43N_0 E17 NC NC
0 I0_L43P_0 D17 NC NC
0 I0_L44N_0 G16 NC NC
0 I0_L44P_0 G15 NC NC
0 IO_L45N_0 E16 NC NC
0 IO_L45P_0O/VREF_O D16 NC NC
0 IO_L67N_O F15
0 I0_L67P_0 E15
0 IO_L68N_O D15
0 I0_L68P_0 C15
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Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XCc2v XC2v XC2vVv
Bank Pin Description Number P2 P4 pP7

0 IO_L69N_0 H15

0 I0_L69P_O/VREF_O H14

0 IO_L73N_0 Gl14

0 IO_L73P_0 F14

0 I0_L74N_0/GCLK7P El4

0 I0_L74P_0/GCLK6S D14

0 I0_L75N_0/GCLK5P Ci14

0 I0_L75P_0/GCLK4S B14

1 I0_L75N_1/GCLK3P B13

1 I0_L75P_1/GCLK2S C13

1 I0_L74N_1/GCLK1P D13

1 I0_L74P_1/GCLKOS E13

1 I0_L73N_1 F13

1 I0_L73P_1 G13

1 IO_L69N_1/VREF_1 H13

1 I0_L69P_1 H12

1 I0_L68N_1 C12

1 I0_L68P_1 D12

1 I0_L67N_1 E12

1 I0_L67P_1 F12

1 IO_L45N_1/VREF_1 D11 NC NC
1 I0_L45P_1 E11 NC NC
1 I0_L44N_1 G12 NC NC
1 I0_L44P_1 Gl1 NC NC
1 10_L43N_1 D10 NC NC
1 I0_L43P_1 E10 NC NC
1 10_L39N_1 F11 NC NC
1 I0_L39P_1 F10 NC NC
1 10_L38N_1 H11 NC NC
1 I0_L38P_1 G10 NC NC
1 I0_L37N_1 C9 NC NC
1 I0_L37P_1 D9 NC NC
1 IO_LO9N_1/VREF_1 F9

1 I0_LO9P_1 G9
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Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XC2V XC2V XC2V
Bank Pin Description Number P2 P4 pP7
1 IO_LO8N_1 A8
1 I0_LO8P_1 B8
1 IO_LO7N_1 Cs8
1 I0_LO7P_1 D8
1 IO_LO6N_1 E9
1 I0_LO6P_1 E8
1 I0_LO05_1/No_Pair F8
1 IO_LO3N_1/VREF_1 D7
1 I0_LO3P_1 E7
1 I0_LO2N_1 C6
1 I0_L0O2P_1 D6
1 IO_LOIN_1/VRP_1 A3
1 IO_LO1P_1/VRN_1 B3
2 IO_LOIN_2/VRP_2 C4
2 IO_LO1P_2/VRN_2 D3
2 IO_LO2N_2 A2
2 I0_LO2P_2 B1
2 IO_LO3N_2 c2
2 I0_LO3P_2 C1
2 IO_LO4N_2/VREF_2 D2
2 I0_L0O4P_2 D1
2 IO_LO5N_2 E4
2 IO_LO5P_2 E3
2 IO_LO6N_2 E2
2 I0_LO6P_2 El
2 IO_L40ON_2/VREF_2 F5 NC NC NC
2 I0_L40P_2 F4 NC NC NC
2 IO_L42N_2 F3 NC NC NC
2 10_L42P_2 F2 NC NC NC
2 IO_L43N_2 G6 NC
2 I0_L43P_2 G5 NC
2 I0_L44N_2 G4 NC
2 I0_L44P_2 G3 NC
2 IO_L45N_2 F1 NC
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Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XCc2v XC2v XC2vVv
Bank Pin Description Number P2 P4 pP7

2 I0_L45P_2 G1 NC
2 IO_L46N_2/VREF_2 H6 NC
2 I0_L46P_2 H5 NC
2 I0_L47N_2 H4 NC
2 I0_L47P_2 H3 NC
2 I0_L48N_2 H2 NC
2 10_L48P_2 H1 NC
2 IO_L49N_2 J7 NC
2 I0_L49P_2 J6 NC
2 IO_L50N_2 J5 NC
2 I0_L50P_2 Ja NC
2 IO_L51IN_2 J3 NC
2 IO_L51P_2 J2 NC
2 I0_L52N_2/VREF_2 K6 NC
2 I0_L52P_2 K5 NC
2 I0_L53N_2 K4 NC
2 IO_L53P_2 K3 NC
2 I0_L54N_2 J1 NC
2 I0_L54P_2 K1 NC
2 IO_L55N_2 K7 NC
2 IO_L55P_2 L8 NC
2 IO_L56N_2 L7 NC
2 I0_L56P_2 M7 NC
2 IO_L57N_2 L6 NC
2 IO_L57P_2 L5 NC
2 IO_L58N_2/VREF_2 L4 NC
2 IO_L58P_2 L3 NC
2 IO_L59N_2 L2 NC
2 IO_L59P_2 L1 NC
2 I0_L60N_2 M8 NC
2 IO_L60P_2 N8 NC
2 I0_L85N_2 M6

2 I0_L85P_2 M5

2 I0_L86N_2 M4

2 I0_L86P_2 M3
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Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XC2V XC2V XC2V
Bank Pin Description Number P2 P4 pP7
2 IO_L87N_2 M2
2 I0_L87P_2 M1
2 IO_L88N_2/VREF_2 N7
2 I0_L88P_2 N6
2 IO_L89N_2 N5
2 I0_L89P_2 N4
2 IO_L9ON_2 N3
2 I0_L90P_2 N2
3 IO_L90ON_3 P2
3 I0_L90P_3 P3
3 IO_L89N_3 P4
3 I0_L89P_3 P5
3 IO_L88N_3 P6
3 I0_L88P_3 P7
3 IO_L87N_3/VREF_3 R1
3 I0_L87P_3 R2
3 IO_L86N_3 R3
3 I0_L86P_3 R4
3 IO_L85N_3 R5
3 I0_L85P_3 R6
3 IO_L60N_3 P8 NC
3 IO_L60P_3 R8 NC
3 IO_L59N_3 T1 NC
3 IO_L59P_3 T2 NC
3 IO_L58N_3 T3 NC
3 I0_L58P_3 T4 NC
3 IO_L57N_3/VREF_3 T5 NC
3 I0_L57P_3 T6 NC
3 IO_L56N_3 R7 NC
3 I0_L56P_3 T7 NC
3 IO_L55N_3 T8 NC
3 IO_L55P_3 u7 NC
3 I0_L54N_3 Ul NC
3 I0_L54P_3 V1 NC
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Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XC2V XC2V XC2V
Bank Pin Description Number P2 P4 pP7
3 IO_L53N_3 U3 NC
3 I0_L53P_3 u4 NC
3 IO_L52N_3 U5 NC
3 I0_L52P_3 U6 NC
3 IO_L51IN_3/VREF_3 V2 NC
3 I0_L51P_3 V3 NC
3 IO_L50N_3 V4 NC
3 IO_L50P_3 V5 NC
3 IO_L49N_3 V6 NC
3 I0_L49P_3 V7 NC
3 I0_L48N_3 w1 NC
3 I0_L48P_3 W2 NC
3 I0_L47N_3 W3 NC
3 I0_L47P_3 w4 NC
3 IO_L46N_3 W5 NC
3 I0_L46P_3 W6 NC
3 IO_L45N_3/VREF_3 Y1 NC
3 I0_L45P_3 AAl NC
3 I0_L44N_3 Y3 NC
3 I0_L44P_3 Y4 NC
3 I0_L43N_3 Y5 NC
3 I0_L43P_3 Y6 NC
3 I0_L42N_3 AA2 NC NC NC
3 I0_L42P_3 AA3 NC NC NC
3 IO_L41N_3 AA4 NC NC NC
3 I0_L41P_3 AAS5 NC NC NC
3 IO_L39N_3/VREF_3 AB1 NC NC NC
3 I0_L39P_3 AB2 NC NC NC
3 IO_LO6N_3 AB3
3 I0_LO6P_3 AB4
3 IO_LO5N_3 AC1
3 IO_LO5P_3 AC2
3 I0_LO4N_3 AD1
3 I0_L0O4P_3 AD2
3 IO_LO3N_3/VREF_3 AE1l
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Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XC2V XC2V XC2V
Bank Pin Description Number P2 P4 pP7

3 I0_LO3P_3 AF2

3 IO_LO2N_3 AC3

3 I0_LO2P_3 AD4

3 IO_LOIN_3/VRP_3 AE3

3 IO_LO1P_3/VRN_3 AF3

4 IO_LO1N_4/DOUT AC6

4 IO_LO1P_4/INIT_B AD6

4 IO_LO2N_4/D0 AB7

4 I0_LO2P_4/D1 AC7

4 IO_LO3N_4/D2 AA7

4 I0_LO3P_4/D3 AA8

4 I0_L05_4/No_Pair Y8

4 IO_LO6N_4/VRP_4 AB8

4 IO_LO6P_4/VRN_4 AB9

4 IO_LO7N_4 AC8

4 IO_LO7P_4/VREF_4 AD8

4 IO_LO8N_4 AES8

4 IO_LO8P_4 AF8

4 IO_LO9N_4 Y9

4 IO_LO9P_4/VREF_4 AA9

4 IO_L37N_4 AC9 NC NC

4 IO_L37P_4 AD9 NC NC

4 I0_L38N_4 Y10 NC NC

4 I0_L38P_4 w11l NC NC

4 IO_L39N_4 AA10 NC NC

4 I0_L39P_4 AAl1l NC NC

4 IO_L43N_4 AB10 NC NC

4 I0_L43P_4 AC10 NC NC

4 IO_L44N_4 Y11 NC NC

4 I0_L44P_4 Y12 NC NC

4 IO_L45N_4 AB11 NC NC

4 IO_L45P_4/VREF_4 AC11 NC NC

4 IO_L67N_4 AA12

4 IO_L67P_4 AB12

DS083-4 (v1.0) January 31, 2002 www.xilinx.com Module 4 of 4

Advance Product Specification

1-800-255-7778

201


http://www.xilinx.com

Virtex-lIl Pro™ Platform FPGASs: Pinout Information

SXILINX®

Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XCc2v XCc2v XC2vVv
Bank Pin Description Number P2 P4 p7

4 I0_L68N_4 AC12

4 I0_L68P_4 AD12

4 I0_L69N_4 w12

4 I0_L69P_4/VREF_4 w13

4 I0_L73N_4 Y13

4 IO_L73P_4 AA13

4 I0_L74N_4/GCLK3S AB13

4 I0_L74P_4/GCLK2P AC13

4 I0_L75N_4/GCLK1S AD13

4 I0_L75P_4/GCLKOP AE13

5 I0_L75N_5/GCLK7S AE14

5 I0_L75P_5/GCLK6P AD14

5 I0_L74N_5/GCLK5S AC14

5 I0_L74P_5/GCLK4P AB14

5 I0_L73N_5 AAl4

5 IO_L73P_5 Y14

5 IO_L69N_5/VREF_5 w14

5 IO_L69P_5 W15

5 I0_L68N_5 AD15

5 I0_L68P_5 AC15

5 I0_L67N_5 AB15

5 I0_L67P_5 AA15

5 IO_L45N_5/VREF_5 AC16 NC NC
5 I0_L45P_5 AB16 NC NC
5 I0_L44N_5 Y15 NC NC
5 I0_L44P_5 Y16 NC NC
5 I0_L43N_5 AC17 NC NC
5 I0_L43P_5 AB17 NC NC
5 I0_L39N_5 AA16 NC NC
5 I0_L39P_5 AAL7 NC NC
5 I0_L38N_5 W16 NC NC
5 I0_L38P_5 Y17 NC NC
5 I0_L37N_5 AD18 NC NC
5 I0_L37P_5 AC18 NC NC
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Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XC2V XC2V XC2V
Bank Pin Description Number P2 P4 pP7
5 IO_LO9N_5/VREF_5 AA18
5 IO_LO9P_5 Y18
5 IO_LO8N_5 AF19
5 I0_LO8P_5 AE19
5 IO_LO7N_5/VREF_5 AD19
5 IO_LO7P_5 AC19
5 IO_LO6N_5/VRP_5 AB18
5 IO_LO6P_5/VRN_5 AB19
5 I0_LO05_5/No_Pair Y19
5 IO_LO3N_5/D4 AA19
5 I0_LO3P_5/D5 AA20
5 IO_LO2N_5/D6 AC20
5 I0_LO2P_5/D7 AB20
5 IO_LO1IN_5/RDWR_B AD21
5 IO_LO1P_5/CS_B AC21
6 IO_LO1P_6/VRN_6 AF24
6 IO_LOIN_6/VRP_6 AE24
6 I0_LO2P_6 AD23
6 IO_LO2N_6 AC24
6 IO_LO3P_6 AE26
6 IO_LO3N_6/VREF_6 AF25
6 IO_LO4P_6 AD25
6 I0_LO4AN_6 AD26
6 IO_LO5P_6 AC25
6 IO_LO5N_6 AC26
6 IO_LO6P_6 AB23
6 IO_LO6N_6 AB24
6 IO_L39P_6 AB25 NC NC NC
6 IO_L39N_6/VREF_6 AB26 NC NC NC
6 I0_L41P_6 AA22 NC NC NC
6 IO_L41N_6 AA23 NC NC NC
6 I0_L42P_6 AA24 NC NC NC
6 IO_L42N_6 AA25 NC NC NC
6 I0_L43P_6 Y21 NC
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Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XCc2v XC2Vv XC2vVv
Bank Pin Description Number P2 P4 pP7
6 I0_L43N_6 Y22 NC
6 I0_L44P_6 Y23 NC
6 I0_L44N_6 Y24 NC
6 IO_L45P_6 AA26 NC
6 IO_L45N_6/VREF_6 Y26 NC
6 I0_L46P_6 w21 NC
6 IO_L46N_6 w22 NC
6 I0_L47P_6 W23 NC
6 IO_L47N_6 w24 NC
6 I0_L48P_6 W25 NC
6 IO_L48N_6 W26 NC
6 IO_L49P_6 V20 NC
6 IO_L49N_6 V21 NC
6 IO_L50P_6 V22 NC
6 IO_L50N_6 V23 NC
6 IO_L51P_6 V24 NC
6 IO_L51N_6/VREF_6 V25 NC
6 IO_L52P_6 u21 NC
6 I0_L52N_6 u22 NC
6 IO_L53P_6 u23 NC
6 IO_L53N_6 u24 NC
6 IO_L54P_6 V26 NC
6 IO_L54N_6 u26 NC
6 IO_L55P_6 u20 NC
6 IO_L55N_6 T19 NC
6 IO_L56P_6 T20 NC
6 I0_L56N_6 R20 NC
6 IO_L57P_6 T21 NC
6 IO_L57N_6/VREF_6 T22 NC
6 IO_L58P_6 T23 NC
6 I0_L58N_6 T24 NC
6 IO_L59P_6 T25 NC
6 IO_L59N_6 T26 NC
6 IO_L60P_6 R19 NC
6 IO_L60N_6 P19 NC
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Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XC2V XC2V XC2V
Bank Pin Description Number P2 P4 pP7
6 IO_L85P_6 R21
6 IO_L85N_6 R22
6 I0_L86P_6 R23
6 IO_LB6N_6 R24
6 IO_L87P_6 R25
6 IO_L87N_6/VREF_6 R26
6 I0_L88P_6 P20
6 IO_L88N_6 P21
6 IO_L89P_6 P22
6 IO_L89N_6 P23
6 IO_L90P_6 P24
6 IO_L90ON_6 P25
7 I0_L90P_7 N25
7 IO_L9ON_7 N24
7 I0_L89P_7 N23
7 IO_L8I9N_7 N22
7 I0_L88P_7 N21
7 IO_L88N_7/VREF_7 N20
7 I0_L87P_7 M26
7 IO_L87N_7 M25
7 I0_L86P_7 M24
7 IO_L86N_7 M23
7 I0_L85P_7 M22
7 IO_L85N_7 M21
7 I0_L60P_7 N19 NC
7 IO_L60N_7 M19 NC
7 I0_L59P_7 L26 NC
7 IO_L59N_7 L25 NC
7 I0_L58P_7 L24 NC
7 IO_L58N_7/VREF_7 L23 NC
7 I0_L57P_7 L22 NC
7 IO_L57N_7 L21 NC
7 I0_L56P_7 M20 NC
7 IO_L56N_7 L20 NC
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Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XC2v XC2Vv XC2Vv

Bank Pin Description Number P2 P4 pP7

7 IO_L55P_7 L19 NC

7 IO_L55N_7 K20 NC

7 I0_L54P_7 K26 NC

7 I0_L54N_7 J26 NC

7 IO_L53P_7 K24 NC

7 I0_L53N_7 K23 NC

7 I0_L52P_7 K22 NC

7 IO_L52N_7/VREF_7 K21 NC

7 IO_L51P_7 J25 NC

7 IO_L51IN_7 J24 NC

7 I0_L50P_7 J23 NC

7 IO_L50N_7 J22 NC

7 I0_L49P_7 J21 NC

7 I0_L49N_7 J20 NC

7 I0_L48P_7 H26 NC

7 I0_L48N_7 H25 NC

7 I0_L47P_7 H24 NC

7 I0_L47N_7 H23 NC

7 I0_L46P_7 H22 NC

7 IO_L46N_7/VREF_7 H21 NC

7 I0_L45P_7 G26 NC

7 IO_L45N_7 F26 NC

7 I0_L44P_7 G24 NC

7 I0_L44N_7 G23 NC

7 I0_L43P_7 G22 NC

7 I0_L43N_7 G21 NC

7 I0_L42P_7 F25 NC NC NC

7 I0_L42N_7 F24 NC NC NC

7 I0_L40P_7 F23 NC NC NC

7 IO_L40N_7/VREF_7 F22 NC NC NC

7 I0_LO6P_7 E26

7 I0_LO6N_7 E25

7 I0_LO5P_7 E24

7 I0_LO5N_7 E23

7 I0_L04P_7 D26
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Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XC2V XC2V XC2V
Bank Pin Description Number P2 P4 p7
7 IO_LO4N_7/VREF_7 D25
7 IO_LO3P_7 C26
7 IO_LO3N_7 C25
7 I0_LO2P_7 B26
7 IO_LO2N_7 A25
7 IO_LO1P_7/VRN_7 D24
7 IO_LOIN_7/VRP_7 C23
0 VCCO_0 C17
0 VCCO_0 C20
0 VCCO_0 H17
0 VCCO_0 H18
0 VCCO_0 J14
0 VCCO_0 J15
0 VCCO_0 J16
1 VCCO_1 c7
1 VCCO_1 H9
1 VCCO_1 C10
1 VCCO_1 H10
1 VCCO_1 J11
1 VCCO_1 J12
1 VCCO_1 J13
2 VCCO_2 G2
2 VCCO_2 J8
2 VCCO_2 K2
2 VCCO_2 K8
2 VCCO_2 L9
2 VCCO_2 M9
2 VCCO_2 N9
3 VCCO_3 P9
3 VCCO_3 R9
3 VCCO_3 T9
3 VCCO_3 U2
3 VCCO_3 us
3 VCCO_3 V8
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Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XC2V XC2V XC2V
Bank Pin Description Number P2 P4 pP7
3 VCCO_3 Y2
4 VCCO_4 w9
4 VCCO_4 AD7
4 VCCO_4 Vil
4 VCCO_4 V12
4 VCCO_4 V13
4 VCCO_4 w10
4 VCCO_4 AD10
5 VCCO_5 V14
5 VCCO_5 V15
5 VCCO_5 V16
5 VCCO_5 w17
5 VCCO_5 w18
5 VCCO_5 AD17
5 VCCO_5 AD20
6 VCCO_6 P18
6 VCCO_6 R18
6 VCCO_6 T18
6 VCCO_6 u19
6 VCCO_6 u25
6 VCCO_6 V19
6 VCCO_6 Y25
7 VCCO_7 G25
7 VCCO_7 J19
7 VCCO_7 K19
7 VCCO_7 K25
7 VCCO_7 L18
7 VCCO_7 M18
7 VCCO_7 N18
N/A CCLK w7
N/A PROG_B D22
N/A DONE AB6
N/A MO AC22
N/A M1 W20
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Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XC2V XC2V XC2V

Bank Pin Description Number P2 P4 p7
N/A M2 AB21

N/A TCK G8

N/A TDI H20

N/A TDO H7

N/A T™MS F7

N/A PWRDWN_B AC5

N/A HSWAP_EN E21

N/A RSVD D5

N/A VBATT E6

N/A DXP F20

N/A DXN G19

N/A AVCCAUXTX7 B11

N/A VTTXPAD? B12

N/A TXNPAD7 Al12

N/A TXPPAD7Y All

N/A GNDA7 C11

N/A GNDA7 C11

N/A RXPPAD7 A10

N/A RXNPAD7 A9

N/A VTRXPAD7 B10

N/A AVCCAUXRX7 B9

N/A AVCCAUXTX9 B6 NC NC

N/A VTTXPAD9 B7 NC NC

N/A TXNPAD9 A7 NC NC

N/A TXPPAD9 A6 NC NC

N/A GNDA9 C5 NC NC

N/A GNDA9 C5 NC NC

N/A RXPPAD9 A5 NC NC

N/A RXNPAD9 Ad NC NC

N/A VTRXPAD9 B5 NC NC

N/A AVCCAUXRX9 B4 NC NC

N/A AVCCAUXRX16 AE4 NC NC

N/A VTRXPAD16 AE5 NC NC

N/A RXNPAD16 AF4 NC NC

N/A RXPPAD16 AF5 NC NC

DS083-4 (v1.0) January 31, 2002 www.xilinx.com Module 4 of 4

Advance Product Specification

1-800-255-7778

209



http://www.xilinx.com

Virtex-lIl Pro™ Platform FPGASs: Pinout Information

SXILINX®

Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XC2V XC2V XC2V
Bank Pin Description Number P2 P4 pP7

N/A GNDA16 AD5 NC NC

N/A GNDA16 AD5 NC NC

N/A TXPPAD16 AF6 NC NC

N/A TXNPAD16 AF7 NC NC

N/A VTTXPAD16 AE7 NC NC

N/A AVCCAUXTX16 AEG6 NC NC

N/A AVCCAUXRX18 AE9

N/A VTRXPAD18 AE10

N/A RXNPAD18 AF9

N/A RXPPAD18 AF10

N/A GNDA18 AD11

N/A GNDA18 AD11

N/A TXPPAD18 AF11

N/A TXNPAD18 AF12

N/A VTTXPAD18 AE12

N/A AVCCAUXTX18 AE11l

N/A AVCCAUXTX4 B22 NC NC

N/A VTTXPAD4 B23 NC NC

N/A TXNPAD4 A23 NC NC

N/A TXPPAD4 A22 NC NC

N/A GNDA4 Cc22 NC NC

N/A GNDA4 C22 NC NC

N/A RXPPAD4 A21 NC NC

N/A RXNPAD4 A20 NC NC

N/A VTRXPAD4 B21 NC NC

N/A AVCCAUXRX4 B20 NC NC

N/A AVCCAUXTX6 B17

N/A VTTXPADG6 B18

N/A TXNPADG6 Al18

N/A TXPPAD6 Al7

N/A GNDAG6 C16

N/A GNDA6 C16

N/A RXPPADG6 Al6

N/A RXNPAD6 A15

N/A VTRXPADG6 B16
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Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XC2V XC2V XC2V
Bank Pin Description Number P2 P4 pP7
N/A AVCCAUXRX6 B15
N/A AVCCAUXRX19 AE15
N/A VTRXPAD19 AE16
N/A RXNPAD19 AF15
N/A RXPPAD19 AF16
N/A GNDA19 AD16
N/A GNDA19 AD16
N/A TXPPAD19 AF17
N/A TXNPAD19 AF18
N/A VTTXPAD19 AE18
N/A AVCCAUXTX19 AE17
N/A AVCCAUXRX21 AE20 NC NC
N/A VTRXPAD21 AE21 NC NC
N/A RXNPAD21 AF20 NC NC
N/A RXPPAD21 AF21 NC NC
N/A GNDA21 AD22 NC NC
N/A GNDA21 AD22 NC NC
N/A TXPPAD21 AF22 NC NC
N/A TXNPAD21 AF23 NC NC
N/A VTTXPAD21 AE23 NC NC
N/A AVCCAUXTX21 AE22 NC NC
N/A VCCINT H8
N/A VCCINT J9
N/A VCCINT K9
N/A VCCINT U9
N/A VCCINT V9
N/A VCCINT w8
N/A VCCINT H19
N/A VCCINT J10
N/A VCCINT J17
N/A VCCINT Ji8
N/A VCCINT K11
N/A VCCINT K16
N/A VCCINT K18
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Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XC2V XC2V XC2V
Bank Pin Description Number P2 P4 pP7
N/A VCCINT L10
N/A VCCINT L17
N/A VCCINT T10
N/A VCCINT T17
N/A VCCINT U1l
N/A VCCINT u16
N/A VCCINT u18
N/A VCCINT V10
N/A VCCINT V17
N/A VCCINT V18
N/A VCCINT w19
N/A VCCAUX B2
N/A VCCAUX N1
N/A VCCAUX P1
N/A VCCAUX Al13
N/A VCCAUX Al4
N/A VCCAUX AE2
N/A VCCAUX B25
N/A VCCAUX N26
N/A VCCAUX P26
N/A VCCAUX AE25
N/A VCCAUX AF13
N/A VCCAUX AF14
N/A GND C3
N/A GND D4
N/A GND E5
N/A GND F6
N/A GND G7
N/A GND Y7
N/A GND AAG
N/A GND AB5
N/A GND AC4
N/A GND AD3
N/A GND Cc24
N/A GND D23
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Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XC2V XC2V XC2V
Bank Pin Description Number P2 P4 pP7
N/A GND E22
N/A GND F21
N/A GND G20
N/A GND K10
N/A GND K12
N/A GND K13
N/A GND K14
N/A GND K15
N/A GND K17
N/A GND L11
N/A GND L12
N/A GND L13
N/A GND L14
N/A GND L15
N/A GND L16
N/A GND M10
N/A GND M11
N/A GND M12
N/A GND M13
N/A GND M14
N/A GND M15
N/A GND M16
N/A GND M17
N/A GND N10
N/A GND N11
N/A GND N12
N/A GND N13
N/A GND N14
N/A GND N15
N/A GND N16
N/A GND N17
N/A GND P10
N/A GND P11
N/A GND P12
N/A GND P13
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Table 8: FF672 — XC2VP2, XC2VP4, and XC2VP7

No Connects
Pin XC2V XC2V XC2V
Bank Pin Description Number P2 P4 pP7
N/A GND P14
N/A GND P15
N/A GND P16
N/A GND P17
N/A GND R10
N/A GND R11
N/A GND R12
N/A GND R13
N/A GND R14
N/A GND R15
N/A GND R16
N/A GND R17
N/A GND T11
N/A GND T12
N/A GND T13
N/A GND T14
N/A GND T15
N/A GND T16
N/A GND u10
N/A GND ui12
N/A GND uU13
N/A GND ui4
N/A GND ui15
N/A GND u17
N/A GND Y20
N/A GND AA21
N/A GND AB22
N/A GND AC23
N/A GND AD24
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FF672 Flip-Chip Fine-Pitch BGA Package Specifications (1.00mm pitch)
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FF896 Flip-Chip Fine-Pitch BGA Package

As shown in Table 9, the XC2VP7 and XC2VP20 Virtex-ll Pro devices are available in the FF896 flip-chip fine-pitch BGA
package. Pins in each of these devices are the same, except for differences shown in the "No Connects" column. Following
this table are the FF896 Flip-Chip Fine-Pitch BGA Package Specifications (1.00mm pitch).

Table 9: FF896 — XC2VP7 and XC2VP20

No Connects

XC2V XC2V
Bank Pin Description Pin Number pP7 P20
0 IO_LOIN_O/VRP_O E25
0 IO_LO1P_O/VRN_O E24
0 I0O_LO2N_0O F24
0 I0_LO2P_0 F23
0 IO_LO3N_O E23
0 IO_LO3P_O/VREF_O E22
0 I0_L05_0/No_Pair G23
0 IO_LO6N_O H22
0 I0_LO6P_0 G22
0 IO_LO7N_O F22
0 I0_LO7P_0 F21
0 IO_LO8N_O D24
0 I0_LO8P_O C24
0 IO_LO9N_O H21
0 IO_LO9P_O/VREF_O G21
0 IO_L37N_0 E21
0 I0_L37P_0 D21
0 IO_L38N_0 D23
0 I0_L38P_0 C23
0 IO_L39N_O H20
0 I0_L39P_0 G20
0 I0_L43N_0 E20
0 I0_L43P_0 D20
0 IO_L44N_0 B23
0 I0_L44P_0 A23
0 IO_L45N_0 H19
0 I0_L45P_0O/VREF_O G19
0 IO_L46N_0 E19 NC
0 I0_L46P_0 E18 NC
0 IO_L47N_0 Cc22 NC
0 I0_L47P_0 B22 NC
0 I0_L48N_0 F20 NC
0 10_L48P_0 F19 NC
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects
XC2Vv XC2Vv
Bank Pin Description Pin Number pP7 P20
0 I0_L49N_0O G17 NC
0 10_L49P_0 F17 NC
0 I0_L50_0/No_Pair B21 NC
0 I0_L53_0/No_Pair A21 NC
0 I0_L54N_0 H18 NC
0 10_L54P_0 G18 NC
0 I0_L56N_0O c21 NC
0 I0_L56P_0 C20 NC
0 I0_L57N_0O J17 NC
0 I0_L57P_0O/VREF_O H17 NC
0 I0_L67N_0O E17
0 I0_L67P_0 D17
0 I0_L68N_0O D18
0 I0_L68P_0 C18
0 I0_L69N_0O J16
0 I0_L69P_O/VREF_O H16
0 I0_L73N_0O E16
0 I0_L73P_0 D16
0 I0_L74N_0/GCLK7P Cl6
0 IO_L74P_0/GCLK6S B16
0 I0_L75N_0/GCLK5P G16
0 IO_L75P_0/GCLKA4S F16
1 I0_L75N_1/GCLK3P F15
1 IO_L75P_1/GCLK2S G15
1 I0_L74N_1/GCLK1P B15
1 I0_L74P_1/GCLKOS C15
1 I0_L73N_1 D15
1 I0_L73P_1 E15
1 IO_L69N_1/VREF_1 H15
1 I0_L69P_1 J15
1 I0_L68N_1 C13
1 10_L68P_1 D13
1 I0_L67N_1 D14
1 I0_L67P_1 El4
1 IO_L57N_1/VREF_1 H14 NC
1 I0_L57P_1 Ji4 NC
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects

XC2V XC2V
Bank Pin Description Pin Number pP7 P20

1 IO_L56N_1 Ci11 NC
1 I0_L56P_1 C10 NC
1 IO_L54N_1 G13 NC
1 I0_L54P_1 H13 NC
1 I0_L53 1/No_Pair A10 NC
1 I0_L50_1/No_Pair B10 NC
1 IO_L49N_1 F14 NC
1 I0_L49P_1 G14 NC
1 I0_L48N_1 F12 NC
1 10_L48P_1 F11 NC
1 I0_L47N_1 B9 NC
1 I0_L47P_1 C9 NC
1 I0_L46N_1 E13 NC
1 10_L46P_1 E12 NC
1 IO_L45N_1/VREF_1 G12

1 I0_L45P_1 H12

1 I0_L44N_1 A8

1 10_L44P_1 B8

1 I0_L43N_1 D11

1 10_L43P_1 E1l1

1 IO_L39N_1 Gl1

1 I0_L39P_1 H11

1 I0_L38N_1 Ccs8

1 I0_L38P_1 D8

1 I0_L37N_1 D10

1 I0_L37P_1 E10

1 IO_LO9N_1/VREF_1 G10

1 I0_LO9P_1 H10

1 I0_LO8N_1 C7

1 I0_LO8P_1 D7

1 I0_LO7N_1 F10

1 I0_LO7P_1 F9

1 IO_LO6N_1 G9

1 I0_LO6P_1 H9

1 I0_L05_1/No_Pair G8

1 IO_LO3N_1/VREF_1 E9

1 I0_LO3P_1 E8
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects
XC2Vv XC2Vv
Bank Pin Description Pin Number pP7 P20
1 I0_LO2N_1 F8
1 10_L02P_1 F7
1 IO_LOIN_1/VRP_1 E7
1 IO_LO1P_1/VRN_1 E6
2 IO_LOIN_2/VRP_2 A3
2 IO_LO1P_2/VRN_2 B3
2 I0_LO2N_2 G6
2 I0_L0O2P_2 G5
2 I0_LO3N_2 C5
2 I0_LO3P_2 D5
2 IO_LO4AN_2/VREF_2 Cc2
2 I0_L04P_2 C1
2 I0_LO5N_2 J8
2 I0_LO5P_2 J7
2 I0_LO6N_2 C4
2 I0_LO6P_2 D3
2 I0_L31IN_2 D2 NC
2 I0_L31P_2 D1 NC
2 I0_L32N_2 H6 NC
2 10_L32P_2 H5 NC
2 I0_L33N_2 E4 NC
2 I0_L33P_2 E3 NC
2 I0_L34N_2/VREF_2 E2 NC
2 10_L34P_2 El NC
2 I0_L35N_2 K8 NC
2 I0_L35P_2 K7 NC
2 I0_L36N_2 F4 NC
2 10_L36P_2 F3 NC
2 I0_L37N_2 F2 NC
2 I0_L37P_2 F1 NC
2 I0_L38N_2 J6 NC
2 I0_L38P_2 J5 NC
2 I0_L39N_2 G4 NC
2 I0_L39P_2 G3 NC
2 IO_L40N_2/VREF_2 G2 NC
2 I0_L40P_2 Gl NC
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects

XC2V XC2V
Bank Pin Description Pin Number pP7 P20
2 IO_L41IN_2 L8 NC
2 10_L41P_2 L7 NC
2 IO_L42N_2 H4 NC
2 10_L42P_2 H3 NC
2 I0_L43N_2 H2
2 10_L43P_2 J2
2 I0_L44N_2 M8
2 10_L44P_2 M7
2 IO_L45N_2 K6
2 I0_L45P_2 K5
2 IO_L46N_2/VREF_2 Ji
2 I0_L46P_2 K1
2 I0_L47N_2 M6
2 10_LA47P_2 M5
2 I0_L48N_2 J4
2 10_L48P_2 J3
2 IO_L49N_2 K2
2 10_L49P_2 L2
2 IO_L50N_2 N8
2 I0_L50P_2 N7
2 IO_L51IN_2 K4
2 I0_L51P_2 K3
2 IO_L52N_2/VREF_2 L1
2 I0_L52P_2 M1
2 IO_L53N_2 N6
2 I0_L53P_2 N5
2 I0_L54N_2 L5
2 I0_L54P_2 L4
2 IO_L55N_2 M2
2 I0_L55P_2 N2
2 IO_L56N_2 P9
2 I0_L56P_2 R9
2 IO_L57N_2 M4
2 I0_L57P_2 M3
2 IO_L58N_2/VREF_2 N1
2 I0_L58P_2 P1
2 IO_L59N_2 P8
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects
XC2Vv XC2Vv
Bank Pin Description Pin Number pP7 P20
2 I0_L59P_2 P7
2 I0_L60N_2 N4
2 I0_L60P_2 N3
2 I0_L85N_2 P3
2 I0_L85P_2 P2
2 I0_L86N_2 R8
2 10_L86P_2 R7
2 I0_L87N_2 P5
2 I0_L87P_2 P4
2 IO_L88N_2/VREF_2 R2
2 10_L88P_2 T2
2 I0_L89N_2 R6
2 I0_L89P_2 R5
2 I0_L9ON_2 R4
2 I0_L90P_2 R3
3 I0_L90ON_3 Ul
3 I0_L90P_3 V1
3 I0_L89N_3 T5
3 10_L89P_3 T6
3 I0_L88N_3 T3
3 10_L88P_3 T4
3 IO_L87N_3/VREF_3 u2
3 I0_L87P_3 u3
3 I0_L86N_3 T7
3 10_L86P_3 T8
3 I0_L85N_3 u4
3 I0_L85P_3 us
3 I0_L60N_3 V2
3 I0_L60P_3 W2
3 I0_L59N_3 T9
3 I0_L59P_3 U9
3 I0_L58N_3 V3
3 I0_L58P_3 V4
3 IO_L57N_3/VREF_3 w1
3 I0_L57P_3 Y1
3 I0_L56N_3 u7
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects

XC2V XC2V
Bank Pin Description Pin Number pP7 P20

3 I0_L56P_3 us

3 IO_L55N_3 V5

3 I0_L55P_3 V6

3 I0_L54N_3 Y2

3 I0_L54P_3 AA2

3 IO_L53N_3 V7

3 I0_L53P_3 V8

3 IO_L52N_3 W3

3 I0_L52P_3 w4

3 IO_L51N_3/VREF_3 AAl

3 I0_L51P_3 AB1

3 IO_L50N_3 W5

3 I0_L50P_3 W6

3 IO_L49N_3 Y4

3 I0_L49P_3 Y5

3 I0_L48N_3 AA3

3 10_L48P_3 AA4

3 I0_L47N_3 W7

3 10_L47P_3 w8

3 IO_L46N_3 AB3

3 10_L46P_3 AB4

3 IO_L45N_3/VREF_3 AB2

3 I0_L45P_3 AC2

3 I0_L44N_3 AA5

3 10_L44P_3 AAG

3 I0_L43N_3 AC3

3 10_L43P_3 AC4

3 I0_L42N_3 AD1 NC
3 I0_L42P_3 AD2 NC
3 IO_L41N_3 Y7 NC
3 I0_L41P_3 Y8 NC
3 I0_L40N_3 AB5 NC
3 I0_L40P_3 ABG6 NC
3 IO_L39N_3/VREF_3 AE1 NC
3 I0_L39P_3 AE2 NC
3 IO_L38N_3 AA7 NC
3 I0_L38P_3 AA8 NC
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SXILINX®

Virtex-lIl Pro™ Platform FPGASs: Pinout Information

Table 9: FF896 — XC2VP7 and XC2VP20

No Connects

XC2v XC2v
Bank Pin Description Pin Number pP7 P20

3 I0_L37N_3 AD3 NC
3 I0_L37P_3 AD4 NC
3 I0_L36N_3 AF1 NC
3 10_L36P_3 AF2 NC
3 I0_L35N_3 AC5 NC
3 I0_L35P_3 AC6 NC
3 I0_L34N_3 AF3 NC
3 10_L34P_3 AF4 NC
3 IO0_L33N_3/VREF_3 AE3 NC
3 I0_L33P_3 AE4 NC
3 I0_L32N_3 AB7 NC
3 10_L32P_3 ABS8 NC
3 I0_L31N_3 AE5 NC
3 10_L31P_3 AF6 NC
3 I0_LO6N_3 AG1

3 I0_LO6P_3 AG2

3 I0_LO5N_3 AD5

3 I0_LO5P_3 ADG6

3 I0_LO4N_3 AG3

3 10_L04P_3 AH4

3 IO_LO3N_3/VREF_3 AH1

3 I0_LO3P_3 AH2

3 I0_LO2N_3 AG5

3 I0_LO2P_3 AH5

3 IO_LOIN_3/VRP_3 AJ3

3 IO_LO1P_3/VRN_3 AK3

4 IO_LO1N_4/DOUT AG6

4 IO_LO1P_4/INIT_B AF7

4 IO_LO2N_4/D0 AC9

4 I0_L02P_4/D1 AD9

4 IO_LO3N_4/D2 AG7

4 10_LO3P_4/D3 AH7

4 I0_L05_4/No_Pair ADS8

4 IO_LO6N_4/VRP_4 AGS8

4 IO_LO6P_4/VRN_4 AHS8

4 I0_LO7N_4 AC10
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects

XC2V XC2V
Bank Pin Description Pin Number pP7 P20

4 IO_LO7P_4/VREF_4 AD10

4 IO_LO8N_4 AE7

4 IO_LO8P_4 AES8

4 IO_LO9N_4 AJ8

4 IO_LO9P_4/VREF_4 AK8

4 IO_L37N_4 AC11

4 I0_L37P_4 AD11

4 IO_L38N_4 AF8

4 I0_L38P_4 AF9

4 IO_L39N_4 AF10

4 I0_L39P_4 AG10

4 IO_L43N_4 AC12

4 I0_L43P_4 AD12

4 I0_L44N_4 AE9

4 10_L44P_4 AE10

4 IO_L45N_4 AH9

4 I0_L45P_4/VREF_4 AJ9

4 IO_L46N_4 AC13 NC
4 I0_L46P_4 AD13 NC
4 IO_L47N_4 AE11l NC
4 I0_L47P_4 AE12 NC
4 IO_L48N_4 AH10 NC
4 I0_L48P_4 AH11 NC
4 IO_L49N_4 AB14 NC
4 I0_L49P_4 AC14 NC
4 I0_L50_4/No_Pair AF11 NC
4 I0_L53_4/No_Pair AG11 NC
4 IO_L54N_4 AJ10 NC
4 I0_L54P_4 AK10 NC
4 IO_L56N_4 AF12 NC
4 I0_L56P_4 AF13 NC
4 IO_L57N_4 AG13 NC
4 IO_L57P_4/VREF_4 AH13 NC
4 IO_L67N_4 AB15

4 IO_L67P_4 AC15

4 IO_L68N_4 AD14

4 I0_L68P_4 AE14
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects
XC2Vv XC2Vv
Bank Pin Description Pin Number pP7 P20
4 I0_L69N_4 AF14
4 I0_L69P_4/VREF_4 AG14
4 I0_L73N_4 AD15
4 I0_L73P_4 AE15
4 I0_L74N_4/GCLK3S AF15
4 IO_L74P_4/GCLK2P AG15
4 I0_L75N_4/GCLK1S AH15
4 IO_L75P_4/GCLKOP AJ15
5 I0_L75N_5/GCLK7S AJ16
5 IO_L75P_5/GCLK6P AH16
5 I0_L74N_5/GCLK5S AG16
5 IO_L74P_5/GCLK4P AF16
5 I0_L73N_5 AE16
5 I0_L73P_5 AD16
5 IO_L69N_5/VREF_5 AG17
5 I0_L69P_5 AF17
5 I0_L68N_5 AE17
5 I0_L68P_5 AD17
5 I0_L67N_5 AC16
5 I0_L67P_5 AB16
5 IO_L57N_5/VREF_5 AH18 NC
5 I0_L57P_5 AG18 NC
5 I0_L56N_5 AF18 NC
5 I0_L56P_5 AF19 NC
5 I0_L54N_5 AK21 NC
5 I0_L54P_5 AJ21 NC
5 I0_L53_5/No_Pair AG20 NC
5 I0_L50_5/No_Pair AF20 NC
5 I0_L49N_5 AC17 NC
5 I0_L49P_5 AB17 NC
5 I0_L48N_5 AH20 NC
5 I0_L48P_5 AH21 NC
5 I0_L47N_5 AE19 NC
5 I0_L47P_5 AE20 NC
5 I0_L46N_5 AD18 NC
5 10_L46P_5 AC18 NC
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects

XC2v XC2v
Bank Pin Description Pin Number pP7 P20
5 IO_L45N_5/VREF_5 AJ22
5 I0_L45P_5 AH22
5 I0_L44N_5 AE21
5 I0_L44P 5 AE22
5 I0_L43N_5 AD19
5 10_L43P_5 AC19
5 I0_L39N_5 AG21
5 I0_L39P_5 AF21
5 I0_L38N_5 AF22
5 I0_L38P_5 AF23
5 I0_L37N_5 AD20
5 I0_L37P_5 AC20
5 IO_LO9N_5/VREF_5 AK23
5 I0_LO9P_5 AJ23
5 I0_LO8N_5 AE23
5 I0_LO8P_5 AE24
5 IO_LO7N_5/VREF_5 AD21
5 I0_LO7P_5 AC21
5 IO_LO6N_5/VRP_5 AH23
5 IO_LO6P_5/VRN_5 AG23
5 I0_LO5_5/No_Pair AD23
5 IO_LO3N_5/D4 AH24
5 10_LO3P_5/D5 AG24
5 IO_LO2N_5/D6 AD22
5 I0_L02P_5/D7 AC22
5 I0_LOIN_5/RDWR_B AF24
5 I0_LO1P_5/CS B AG25
6 IO_LO1P_6/VRN_6 AK28
6 IO_LO1IN_6/VRP_6 AJ28
6 I0_LO2P_6 AH26
6 I0_LO2N_6 AG26
6 I0_LO3P_6 AH29
6 IO_LO3N_6/VREF_6 AH30
6 I0_L0O4P_6 AH27
6 I0_LO4N_6 AG28
6 I0_LO5P_6 AD25
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects
XC2Vv XC2Vv
Bank Pin Description Pin Number pP7 P20
6 I0_LO5N_6 AD26
6 I0_LO6P_6 AG29
6 I0_LO6N_6 AG30
6 I0_L31P_6 AF25 NC
6 I0_L31IN_6 AE26 NC
6 I0_L32P_6 AB23 NC
6 I0_L32N_6 AB24 NC
6 I0_L33P_6 AE27 NC
6 I0_L33N_6/VREF_6 AE28 NC
6 I0_L34P_6 AF27 NC
6 I0_L34N_6 AF28 NC
6 I0_L35P_6 AC25 NC
6 I0_L35N_6 AC26 NC
6 I0_L36P_6 AF29 NC
6 I0_L36N_6 AF30 NC
6 I0_L37P_6 AD27 NC
6 I0_L37N_6 AD28 NC
6 I0_L38P_6 AA23 NC
6 I0_L38N_6 AA24 NC
6 I0_L39P_6 AE29 NC
6 IO_L39N_6/VREF_6 AE30 NC
6 I0_L40P_6 AB25 NC
6 I0_L40ON_6 AB26 NC
6 I0_L41P_6 Y23 NC
6 I0_L41N_6 Y24 NC
6 10_L42P_6 AD29 NC
6 I0_L42N_6 AD30 NC
6 I0_L43P_6 AC27
6 I0_L43N_6 AC28
6 I0_L44P_6 AA25
6 I0_L44N_6 AA26
6 I0_L45P_6 AC29
6 IO_L45N_6/VREF_6 AB29
6 I0_L46P_6 AB27
6 I0_L46N_6 AB28
6 I0_L47P_6 w23
6 I0_L47N_6 w24
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects

XC2V XC2V
Bank Pin Description Pin Number pP7 P20
6 I0_L48P_6 AA27
6 IO_L48N_6 AA28
6 I0_L49P_6 Y26
6 IO_L49N_6 Y27
6 I0_L50P_6 w25
6 IO_L50N_6 W26
6 I0_L51P_6 AB30
6 IO_L51N_6/VREF_6 AA30
6 I0_L52P_6 w27
6 IO_L52N_6 w28
6 I0_L53P_6 V23
6 IO_L53N_6 V24
6 I0_L54P_6 AA29
6 IO_L54N_6 Y29
6 IO_L55P_6 V25
6 IO_L55N_6 V26
6 I0_L56P_6 u23
6 IO_L56N_6 u24
6 IO_L57P_6 Y30
6 IO_L57N_6/VREF_6 W30
6 I0_L58P_6 V27
6 IO_L58N_6 V28
6 I0_L59P_6 u22
6 IO_L59N_6 T22
6 IO_L60P_6 W29
6 IO_L60N_6 V29
6 I0_L85P_6 u26
6 IO_L85N_6 u27
6 I0_L86P_6 T23
6 IO_L86N_6 T24
6 I0_L87P_6 u28
6 IO_L87N_6/VREF_6 u29
6 I0_L88P_6 T27
6 IO_L88N_6 T28
6 I0_L89P_6 T25
6 IO_L8I9N_6 T26
6 IO_L90P_6 V30
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects
XC2Vv XC2Vv
Bank Pin Description Pin Number pP7 P20
6 I0_L90ON_6 u30
7 10_L90P_7 R28
7 I0_L9ON_7 R27
7 I0_L89P_7 R26
7 I0_L89N_7 R25
7 10_L88P_7 T29
7 IO_L88N_7/VREF_7 R29
7 I0_L87P_7 P27
7 I0_L87N_7 P26
7 10_L86P_7 R24
7 I0_L86N_7 R23
7 I0_L85P_7 P29
7 I0_L85N_7 P28
7 I0_L60P_7 N28
7 I0_L60N_7 N27
7 I0_L59P_7 P24
7 I0_L59N_7 P23
7 I0_L58P_7 P30
7 IO_L58N_7/VREF_7 N30
7 I0_L57P_7 M28
7 I0_L57N_7 M27
7 I0_L56P_7 R22
7 I0_L56N_7 P22
7 I0_L55P_7 N29
7 I0O_L55N_7 M29
7 10_L54P_7 L27
7 I0_L54N_7 L26
7 I0_L53P_7 N26
7 I0_L53N_7 N25
7 10_L52P_7 M30
7 I0_L52N_7/VREF_7 L30
7 I0_L51P_7 K28
7 I0_L51IN_7 K27
7 I0_L50P_7 N24
7 I0_L50N_7 N23
7 10_L49P_7 L29
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects

XC2V XC2V
Bank Pin Description Pin Number pP7 P20
7 IO_L49N_7 K29
7 10_L48P_7 J28
7 IO_L48N_7 J27
7 10_LA7P_7 M26
7 I0_L47N_7 M25
7 I0_L46P_7 K30
7 IO_L46N_7/VREF_7 J30
7 I0_L45P_7 K26
7 IO_L45N_7 K25
7 10_L44P_7 M24
7 I0_L44N_7 M23
7 10_L43P_7 J29
7 I0_L43N_7 H29
7 10_L42P_7 H28 NC
7 IO_L42N_7 H27 NC
7 I0_L41P_7 L24 NC
7 IO_L41IN_7 L23 NC
7 10_L40P_7 G30 NC
7 IO_L40N_7/VREF_7 G29 NC
7 I0_L39P_7 G28 NC
7 IO_L39N_7 G27 NC
7 I0_L38P_7 J26 NC
7 IO_L38N_7 J25 NC
7 I0_L37P_7 F30 NC
7 IO_L37N_7 F29 NC
7 I0_L36P_7 F28 NC
7 IO_L36N_7 F27 NC
7 I0_L35P_7 K24 NC
7 IO_L35N_7 K23 NC
7 I0_L34P_7 E30 NC
7 IO_L34N_7/VREF_7 E29 NC
7 I0_L33P_7 E28 NC
7 I0_L33N_7 E27 NC
7 I0_L32P_7 H26 NC
7 I0_L32N_7 H25 NC
7 I0_L31P_7 D30 NC
7 IO_L31IN_7 D29 NC
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects
XC2v XC2v
Bank Pin Description Pin Number P7 P20
7 I0_LO6P_7 D28
7 I0_LO6N_7 c27
7 I0_LO5P_7 J24
7 I0_LO5N_7 J23
7 10_LO4P_7 C30
7 IO_LO4AN_7/VREF_7 C29
7 I0_LO3P_7 D26
7 I0_LO3N_7 C26
7 10_LO2P_7 G26
7 I0_LO2N_7 G25
7 IO_LO1P_7/VRN_7 B28
7 IO_LOIN_7/VRP_7 A28
0 VCCO_O0 K21
0 VCCO_0 K20
0 VCCO_O0 K19
0 VCCO_O0 K18
0 VCCO_O0 K17
0 VCCO_O0 K16
0 VCCO_O0 J21
0 VCCO_O0 J20
0 VCCO_O0 J19
0 VCCO_O0 J18
1 VCCO_1 K15
1 VCCO_1 K14
1 VCCO_1 K13
1 VCCO_1 K12
1 VCCO_1 K11
1 VCCO_1 K10
1 VCCO_1 J13
1 VCCO_1 J12
1 VCCO_1 J11
1 VCCO_1 J10
2 VCCO_2 R10
2 VCCO_2 P10
2 VCCO_2 N10
2 VCCO_2 N9
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects

XC2V XC2V
Bank Pin Description Pin Number pP7 P20

2 VCCO_2 M10
2 VCCO_2 M9
2 VCCO_2 L10
2 VCCO_2 L9
2 VCCO_2 K9
2 VCCO_2 J9
3 VCCO_3 AB9
3 VCCO_3 AA9
3 VCCO_3 Y10
3 VCCO_3 Y9
3 VCCO_3 W10
3 VCCO_3 W9
3 VCCO_3 V10
3 VCCO_3 V9
3 VCCO_3 u10
3 VCCO_3 T10
4 VCCO_4 AB13
4 VCCO_4 AB12
4 VCCO_4 AB11
4 VCCO_4 AB10
4 VCCO_4 AA15
4 VCCO_4 AAl4
4 VCCO_4 AA13
4 VCCO_4 AAl12
4 VCCO_4 AAll
4 VCCO_4 AA10
5 VCCO_5 AB21
5 VCCO_5 AB20
5 VCCO_5 AB19
5 VCCO_5 AB18
5 VCCO_5 AA21
5 VCCO_5 AA20
5 VCCO_5 AA19
5 VCCO_5 AA18
5 VCCO_5 AAl17
5 VCCO_5 AA16
6 VCCO_6 AB22
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects
XC2Vv XC2Vv
Bank Pin Description Pin Number pP7 P20
6 VCCO_6 AA22
6 VCCO_6 Y22
6 VCCO_6 Y21
6 VCCO_6 w22
6 VCCO_6 w21
6 VCCO_6 V22
6 VCCO_6 V21
6 VCCO_6 uz21
6 VCCO_6 T21
7 VCCO_7 R21
7 VCCO_7 P21
7 VCCO_7 N22
7 VCCO_7 N21
7 VCCO_7 M22
7 VCCO_7 M21
7 VCCO_7 L22
7 VCCO_7 L21
7 VCCO_7 K22
7 VCCO_7 J22
N/A CCLK AC7
N/A PROG_B G24
N/A DONE AC8
N/A MO AD24
N/A M1 AC24
N/A M2 AC23
N/A TCK G7
N/A TDI F26
N/A TDO F5
N/A TMS H8
N/A PWRDWN_B AD7
N/A HSWAP_EN H23
N/A RSVD D6
N/A VBATT H7
N/A DXP H24
N/A DXN D25
N/A AVCCAUXTX4 B26
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects

XC2v XC2v
Bank Pin Description Pin Number pP7 P20
N/A VTTXPAD4 B27
N/A TXNPAD4 A27
N/A TXPPAD4 A26
N/A GNDA4 C25
N/A GNDA4 C25
N/A RXPPAD4 A25
N/A RXNPAD4 A24
N/A VTRXPAD4 B25
N/A AVCCAUXRX4 B24
N/A AVCCAUXTX6 B19
N/A VTTXPADG6 B20
N/A TXNPADG6 A20
N/A TXPPADG Al19
N/A GNDA6 C19
N/A GNDA6 C19
N/A RXPPAD6 Al18
N/A RXNPADG6 Al7
N/A VTRXPADG B18
N/A AVCCAUXRX6 B17
N/A AVCCAUXTX7 B13
N/A VTTXPAD7 B14
N/A TXNPAD7 Al4
N/A TXPPAD7 Al3
N/A GNDA7 C12
N/A GNDA7 C12
N/A RXPPAD7 Al12
N/A RXNPAD7 All
N/A VTRXPAD7 B12
N/A AVCCAUXRX7 B11
N/A AVCCAUXTX9 B6
N/A VTTXPAD9 B7
N/A TXNPAD9 A7
N/A TXPPAD9 A6
N/A GNDA9 C6
N/A GNDA9 C6
N/A RXPPAD9 A5
N/A RXNPAD9 A4
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects
XC2Vv XC2Vv
Bank Pin Description Pin Number pP7 P20

N/A VTRXPAD9 B5

N/A AVCCAUXRX9 B4

N/A AVCCAUXRX16 AJ4

N/A VTRXPAD16 AJ5

N/A RXNPAD16 AK4
N/A RXPPAD16 AK5
N/A GNDA16 AH6
N/A GNDA16 AH6
N/A TXPPAD16 AK6
N/A TXNPAD16 AK7
N/A VTTXPAD16 AJ7

N/A AVCCAUXTX16 AJ6

N/A AVCCAUXRX18 AJll
N/A VTRXPAD18 AJ12
N/A RXNPAD18 AK11
N/A RXPPAD18 AK12
N/A GNDA18 AH12
N/A GNDA18 AH12
N/A TXPPAD18 AK13
N/A TXNPAD18 AK14
N/A VTTXPAD18 AJl4
N/A AVCCAUXTX18 AJ13
N/A AVCCAUXRX19 AJ17
N/A VTRXPAD19 AJ18
N/A RXNPAD19 AK17
N/A RXPPAD19 AK18
N/A GNDA19 AH19
N/A GNDA19 AH19
N/A TXPPAD19 AK19
N/A TXNPAD19 AK20
N/A VTTXPAD19 AJ20
N/A AVCCAUXTX19 AJ19
N/A AVCCAUXRX21 AJ24
N/A VTRXPAD21 AJ25
N/A RXNPAD21 AK24
N/A RXPPAD21 AK25
N/A GNDA21 AH25
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects
XC2Vv XC2Vv
Bank Pin Description Pin Number P7 P20
N/A GNDA21 AH25
N/A TXPPAD21 AK26
N/A TXNPAD21 AK27
N/A VTTXPAD21 AJ27
N/A AVCCAUXTX21 AJ26
N/A VCCAUX AK29
N/A VCCAUX AK16
N/A VCCAUX AK15
N/A VCCAUX AK2
N/A VCCAUX AJ30
N/A VCCAUX AJl
N/A VCCAUX T30
N/A VCCAUX T1
N/A VCCAUX R30
N/A VCCAUX R1
N/A VCCAUX B30
N/A VCCAUX B1
N/A VCCAUX A29
N/A VCCAUX Al6
N/A VCCAUX Al15
N/A VCCAUX A2
N/A VCCINT Y19
N/A VCCINT Y18
N/A VCCINT Y17
N/A VCCINT Y16
N/A VCCINT Y15
N/A VCCINT Y14
N/A VCCINT Y13
N/A VCCINT Y12
N/A VCCINT W20
N/A VCCINT w11
N/A VCCINT V20
N/A VCCINT V11
N/A VCCINT u20
N/A VCCINT ull
N/A VCCINT T20
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects
XC2Vv XC2Vv
Bank Pin Description Pin Number pP7 P20
N/A VCCINT T11
N/A VCCINT R20
N/A VCCINT R11
N/A VCCINT P20
N/A VCCINT P11
N/A VCCINT N20
N/A VCCINT N11
N/A VCCINT M20
N/A VCCINT M11
N/A VCCINT L19
N/A VCCINT L18
N/A VCCINT L17
N/A VCCINT L16
N/A VCCINT L15
N/A VCCINT L14
N/A VCCINT L13
N/A VCCINT L12
N/A GND AK22
N/A GND AK9
N/A GND AJ29
N/A GND AJ2
N/A GND AH28
N/A GND AH17
N/A GND AH14
N/A GND AH3
N/A GND AG27
N/A GND AG22
N/A GND AG19
N/A GND AG12
N/A GND AG9
N/A GND AG4
N/A GND AF26
N/A GND AF5
N/A GND AE25
N/A GND AE18
N/A GND AE13
N/A GND AE6
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects
XC2Vv XC2Vv
Bank Pin Description Pin Number pP7 P20
N/A GND AC30
N/A GND AC1
N/A GND Y28
N/A GND Y25
N/A GND Y20
N/A GND Y11
N/A GND Y6
N/A GND Y3
N/A GND w19
N/A GND w18
N/A GND w17
N/A GND W16
N/A GND W15
N/A GND w14
N/A GND w13
N/A GND W12
N/A GND V19
N/A GND V18
N/A GND V17
N/A GND V16
N/A GND V15
N/A GND V14
N/A GND V13
N/A GND V12
N/A GND u25
N/A GND u19
N/A GND uis
N/A GND (kg
N/A GND uie
N/A GND (UNRS)
N/A GND ui4
N/A GND u13
N/A GND Uiz
N/A GND U6
N/A GND T19
N/A GND T18
N/A GND T17
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Table 9: FF896 — XC2VP7 and XC2VP20

No Connects
XC2Vv XC2Vv
Bank Pin Description Pin Number pP7 P20

N/A GND T16
N/A GND T15
N/A GND T14
N/A GND T13
N/A GND T12
N/A GND R19
N/A GND R18
N/A GND R17
N/A GND R16
N/A GND R15
N/A GND R14
N/A GND R13
N/A GND R12
N/A GND P25
N/A GND P19
N/A GND P18
N/A GND P17
N/A GND P16
N/A GND P15
N/A GND P14
N/A GND P13
N/A GND P12
N/A GND P6

N/A GND N19
N/A GND N18
N/A GND N17
N/A GND N16
N/A GND N15
N/A GND N14
N/A GND N13
N/A GND N12
N/A GND M19
N/A GND M18
N/A GND M17
N/A GND M16
N/A GND M15
N/A GND M14

DS083-4 (v1.0) January 31, 2002 www.xilinx.com Module 4 of 4

Advance Product Specification

1-800-255-7778

239



http://www.xilinx.com

Virtex-lIl Pro™ Platform FPGASs: Pinout Information

SXILINX®

Table 9: FF896 — XC2VP7 and XC2VP20

No Connects
XC2Vv XC2Vv
Bank Pin Description Pin Number P7 P20

N/A GND M13
N/A GND M12
N/A GND L28
N/A GND L25
N/A GND L20
N/A GND L11
N/A GND L6

N/A GND L3

N/A GND H30
N/A GND H1

N/A GND F25
N/A GND F18
N/A GND F13
N/A GND F6

N/A GND E26
N/A GND ES5

N/A GND D27
N/A GND D22
N/A GND D19
N/A GND D12
N/A GND D9

N/A GND D4

N/A GND Cc28
N/A GND C17
N/A GND Cl4
N/A GND C3

N/A GND B29
N/A GND B2

N/A GND A22
N/A GND A9
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FF1152 Flip-Chip Fine-Pitch BGA Package

As shown in Table 10, XC2VP20 and XC2VP50 Virtex-1l Pro devices are available in the FF1152 flip-chip fine-pitch BGA
package. Pins in each of these devices are the same, except for the differences shown in the No Connect column. Following
this table are the FF1152 Flip-Chip Fine-Pitch BGA Package Specifications (1.00mm pitch).

Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects
XC2v XC2v
Bank Pin Description Pin Number P20 P50
0 I0_LO1IN_O/VRP_O E29
0 I0_LO1P_O/VRN_O E28
0 IO_LO2N_O H26
0 I0_L02P_0 G26
0 IO_LO3N_O H25
0 IO_LO3P_O/VREF_O G25
0 IO_LO5_O/No_Pair J25
0 IO_LO6N_O K24
0 I0_LO6P_0O J24
0 IO_LO7N_O F26
0 I0_LO7P_0 E26
0 IO_LO8N_O D30
0 I0_LO8P_O D29
0 IO_LO9N_O K23
0 IO_LO9P_O/VREF_O J23
0 IO_L19N_O F24 NC
0 I0_L19P_0 E24 NC
0 IO_L20N_O D28 NC
0 I0_L20P_0 Cc28 NC
0 IO_L21IN O H24 NC
0 I0_L21P_0 G24 NC
0 IO_L25N_O G23 NC
0 I0_L25P_0 F23 NC
0 IO_L26N_0O E27 NC
0 10_L26P_0 D27 NC
0 IO_L27N_O K22 NC
0 IO_L27P_O/VREF_O J22 NC
0 IO_L37N_O H22
0 I0_L37P_0 G22
0 IO_L38N_O D26
0 I0_L38P_0 C26
0 IO_L39N_O K21
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects
XCcz2v XCc2v
Bank Pin Description Pin Number P20 P50
0 I0_L39P_0 J21
0 IO_L43N_0 F22
0 10_L43P_0 E22
0 IO_L44N_0 E25
0 I0_L44P_0 D25
0 IO_L45N_0 H21
0 IO_L45P_0O/VREF_0 G21
0 IO_L46N_0 D22
0 I0_L46P_0 D23
0 IO_L47N_0O D24
0 I0_L47P_0 C24
0 IO_L48N_0 K20
0 10_L48P_0 J20
0 IO_L49N_0 F21
0 I0_L49P_0 E21
0 IO_L50_0O/No_Pair Cc21
0 IO_L53 O/No_Pair c22
0 IO_L54N_0 L19
0 I0_L54P_0 K19
0 IO_L55N_0 G20
0 I0_L55P_0 F20
0 IO_L56N_0 D21
0 I0_L56P_0 D20
0 IO_L57N_0O J19
0 IO_L57P_0O/VREF_O H19
0 IO_L67N_O G19
0 I0_L67P_0 F19
0 IO_L68N_O E19
0 I0_L68P_0 D19
0 IO_L69N_O L18
0 IO_L69P_O/VREF_O K18
0 IO_L73N_0O G18
0 I0_L73P_0 F18
0 I0_L74N_0/GCLK7P E18
0 I0_L74P_0/GCLK6S D18
0 I0_L75N_0/GCLK5P Ji8
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects

XC2V XC2V
Bank Pin Description Pin Number P20 P50
0 I0_L75P_0/GCLK4S H18
1 I0_L75N_1/GCLK3P H17
1 I0_L75P_1/GCLK2S J17
1 I0_L74N_1/GCLK1P D17
1 I0_L74P_1/GCLKO0S E17
1 IO_L73N_1 F17
1 I0_L73P_1 G17
1 IO_L69N_1/VREF_1 K17
1 I0_L69P_1 L17
1 IO_L68N_1 D16
1 I0_L68P_1 E16
1 IO_L67N_1 F16
1 I0_L67P_1 G16
1 I0_L57N_1/VREF_1 H16
1 I0_L57P_1 J16
1 IO_L56N_1 D15
1 I0_L56P_1 D14
1 IO_L55N_1 F15
1 I0_L55P_1 G15
1 IO_L54N_1 K16
1 I0_L54P_1 L16
1 I0_L53_1/No_Pair C13
1 IO_L50_1/No_Pair Ci14
1 IO_L49N_1 E14
1 I0_L49P_1 F14
1 IO_L48N_1 J15
1 I0_L48P_1 K15
1 IO_L47N_1 Ci11
1 I0_L47P_1 D11
1 IO_L46N_1 D12
1 I0_L46P_1 D13
1 IO_L45N_1/VREF_1 Gl14
1 I0_L45P_1 H14
1 IO_L44N_1 D10
1 I0_L44P_1 E10
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects

XC2Vv XC2Vv
Bank Pin Description Pin Number P20 P50

1 I0_L43N_1 E13

1 10_L43P_1 F13

1 IO_L39N_1 Ji4

1 I0_L39P_1 K14

1 I0_L38N_1 C9

1 10_L38P_1 D9

1 I0_L37N_1 G13

1 I0_L37P_1 H13

1 I0_L27N_1/VREF_1 J13 NC
1 10_L27P_1 K13 NC
1 I0_L26N_1 D8 NC
1 10_L26P_1 ES8 NC
1 IO_L25N_1 F12 NC
1 I0_L25P_1 G12 NC
1 I0_L21IN_1 G1l1 NC
1 10_L21P_1 H11 NC
1 IO_L20N_1 Cc7 NC
1 10_L20P_1 D7 NC
1 IO_L19N_1 E1ll NC
1 10_L19P_1 F11 NC
1 I0_LO9N_1/VREF_1 J12

1 I0_LO9P_1 K12

1 IO_LO8N_1 D6

1 10_LO8P_1 D5

1 I0_LO7N_1 E9

1 I0_LO7P_1 F9

1 IO_LO6N_1 J11

1 I0_LO6P_1 K11

1 IO_LO5_1/No_Pair J10

1 I0_LO3N_1/VREF_1 G10

1 I0_LO3P_1 H10

1 IO_LO2N_1 G9

1 10_L02P_1 H9

1 I0_LOIN_1/VRP_1 E7

1 I0_LO1P_1/VRN_1 E6
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects

XC2V XC2V
Bank Pin Description Pin Number P20 P50

2 IO_LOIN_2/VRP_2 D2

2 I0_LO1P_2/VRN_2 D1

2 IO_LO2N_2 F8

2 I0_LO2P_2 F7

2 IO_LO3N_2 E4

2 I0_LO3P_2 E3

2 I0_LO4N_2/VREF 2 E2

2 I0_L0O4P_2 El

2 IO_LO5N_2 J8

2 IO_LO5P_2 J7

2 IO_LO6N_2 F5

2 I0_LO6P_2 F4

2 IO_LO7N_2 G4 NC
2 I0_LO7P_2 G3 NC
2 IO_LO9N_2 G6 NC
2 I0_LO9P_2 G5 NC
2 IO_L10N_2/VREF_2 F2 NC
2 I0_L10P_2 F1 NC
2 IO_L11N_2 L10 NC
2 I0_L11P_2 L9 NC
2 IO_L12N_2 H6 NC
2 I0_L12P_2 H5 NC
2 IO_L13N_2 G2 NC
2 I0_L13P_2 Gl NC
2 IO_L15N_2 J6 NC
2 I0_L15P_2 J5 NC
2 IO_L16N_2/VREF_2 J4 NC
2 I0_L16P_2 J3 NC
2 IO_L17N_2 K8 NC
2 I0_L17P_2 K7 NC
2 IO_L18N_2 H4 NC
2 I0_L18P_2 H3 NC
2 IO_L31IN_2 H2

2 I0_L31P_2 H1

2 IO_L32N_2 M10

2 I0_L32P_2 M9
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects

XC2Vv XC2Vv
Bank Pin Description Pin Number P20 P50
2 I0_L33N_2 K5
2 10_L33P_2 K4
2 I0_L34N_2/VREF_2 J2
2 10_L34P_2 K2
2 IO_L35N_2 L8
2 I0_L35P_2 L7
2 I0_L36N_2 L6
2 10_L36P_2 L5
2 IO_L37N_2 K1
2 10_L37P_2 L1
2 I0_L38N_2 N10
2 10_L38P_2 N9
2 IO_L39N_2 M7
2 I0_L39P_2 M6
2 I0_L40ON_2/VREF_2 L2
2 10_L40P_2 M2
2 IO_L41IN_2 N8
2 10_L41P_2 N7
2 IO_L42N_2 L4
2 10_L42P_2 L3
2 I0_L43N_2 M4
2 10_L43P_2 M3
2 IO_L44N_2 P10
2 10_L44P_2 P9
2 IO_L45N_2 N6
2 10_L45P_2 N5
2 I0_L46N_2/VREF_2 M1
2 10_L46P_2 N1
2 IO_L47N_2 P8
2 10_L47P_2 P7
2 IO_L48N_2 N4
2 10_L48P_2 N3
2 IO_L49N_2 N2
2 10_L49P_2 P2
2 IO_L50N_2 R10
2 I0_L50P_2 R9
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects

XC2V XC2V
Bank Pin Description Pin Number P20 P50

2 IO_L51IN_2 P6
2 I0_L51P_2 P5
2 I0_L52N_2/VREF_2 P4
2 I0_L52P_2 P3
2 IO_L53N_2 T11
2 I0_L53P_2 Uil
2 IO_L54N_2 R7
2 I0_L54P_2 R6
2 IO_L55N_2 P1
2 I0_L55P_2 R1
2 IO_L56N_2 T10
2 I0_L56P_2 T9
2 IO_L57N_2 R4
2 I0_L57P_2 R3
2 IO_L58N_2/VREF 2 R2
2 I0_L58P_2 T2
2 IO_L59N_2 T8
2 I0_L59P_2 T7
2 IO_L60ON_2 T6
2 I0_L60P_2 T5
2 IO_L85N_2 T4
2 I0_L85P_2 T3
2 IO_L86N_2 u10
2 I0_L86P_2 U9
2 IO_L87N_2 U6
2 I0_L87P_2 us
2 IO_L88N_2/VREF_2 U2
2 I0_L88P_2 V2
2 IO_L89N_2 us
2 I0_L89P_2 u7
2 IO_L90ON_2 U4
2 I0_L90P_2 u3

IO_L9ON_3 V3

I0_L90P_3 V4

IO_L89N_3 \4
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects

XC2Vv XC2Vv
Bank Pin Description Pin Number P20 P50
3 I0_L89P_3 V8
3 IO_L88N_3 V5
3 10_L88P_3 V6
3 I0_L87N_3/VREF_3 w2
3 I0_L87P_3 Y2
3 IO_L86N_3 V9
3 I0_L86P_3 V10
3 IO_L85N_3 W3
3 I0_L85P_3 w4
3 I0_L60N_3 Y1
3 I0_L60P_3 AAl
3 IO_L59N_3 V11
3 I0_L59P_3 W11
3 IO_L58N_3 W5
3 I0_L58P_3 W6
3 I0_L57N_3/VREF_3 Y3
3 I0_L57P_3 Y4
3 IO_L56N_3 W7
3 10_L56P_3 w8
3 IO_L55N_3 Y6
3 I0_L55P 3 Y7
3 IO_L54N_3 AA2
3 10_L54P_3 AB2
3 I0_L53N_3 W9
3 I0_L53P_3 w10
3 I0_L52N_3 AA3
3 10_L52P_3 AA4
3 I0_L51IN_3/VREF_3 AB1
3 I0_L51P 3 AC1
3 IO0_L50N_3 Y9
3 I0_L50P_3 Y10
3 IO_L49N_3 AA5
3 I0_L49P_3 AAGB
3 I0_L48N_3 AB3
3 10_L48P_3 AB4
3 IO_L47N_3 AA7
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects

XC2V XC2V
Bank Pin Description Pin Number P20 P50

3 I0_L47P_3 AA8

3 IO_L46N_3 AB5

3 I0_L46P_3 AB6

3 IO_L45N_3/VREF_3 AC2

3 I0_L45P_3 AD2

3 IO_L44N_3 AA9

3 I0_L44P_3 AA10

3 IO_L43N_3 AC3

3 I0_L43P_3 AC4

3 IO_L42N_3 AD1

3 I0_L42P_3 AE1

3 IO_L41N_3 AB7

3 I0_L41P_3 AB8

3 IO_L40ON_3 AC6

3 I0_L40P_3 AC7

3 I0_L39N_3/VREF_3 AD3

3 I0_L39P_3 AD4

3 IO_L38N_3 AB9

3 I0_L38P_3 AB10

3 IO_L37N_3 AD5

3 I0_L37P_3 ADG6

3 IO_L36N_3 AE2

3 I0_L36P_3 AF2

3 IO_L35N_3 AD7

3 I0_L35P_3 ADS8

3 IO_L34N_3 AE4

3 I0_L34P_3 AE5

3 I0_L33N_3/VREF_3 AG1

3 I0_L33P_3 AG2

3 IO_L32N_3 AC9

3 I0_L32P_3 AC10

3 IO_L31N_3 AF3

3 I0_L31P_3 AF4

3 IO_L18N_3 AH1 NC
3 I0_L18P_3 AH2 NC
3 IO_L17N_3 AE7 NC
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects

XC2Vv XC2Vv
Bank Pin Description Pin Number P20 P50
3 I0_L17P_3 AES8 NC
3 IO_L16N_3 AF5 NC
3 I0_L16P_3 AF6 NC
3 I0_L15N_3/VREF_3 AG3 NC
3 I0_L15P 3 AG4 NC
3 I0_L14N_3 AD9 NC
3 10_L14P_3 AD10 NC
3 IO_L13N_3 AH3 NC
3 I0_L13P_3 AH4 NC
3 I0_L12N_3 AJl NC
3 I0_L12P 3 AJ2 NC
3 IO_L11IN_3 AF7 NC
3 I0_L11P_3 AF8 NC
3 I0_LO9N_3/VREF_3 AK1 NC
3 I0_LO9P_3 AK2 NC
3 I0_LO7N_3 AG5 NC
3 I0_LO7P_3 AG6 NC
3 IO_LO6N_3 AL1
3 I0_LO6P_3 AL2
3 IO_LO5N_3 AG7
3 I0_LO5P_3 AH8
3 IO_LO4N_3 AH5
3 10_L04P_3 AH6
3 I0_LO3N_3/VREF_3 AK3
3 I0_LO3P_3 AK4
3 I0_LO2N_3 AJ7
3 I0_LO2P_3 AJ8
3 IO_LOIN_3/VRP_3 AJ4
3 I0_LO1P_3/VRN_3 AJ5
4 I0_LO1IN_4/DOUT ALS5
4 I0_LO1P_4/INIT_B AL6
4 I0_LO02N_4/D0 AG9
4 I0_LO02P_4/D1 AH9
4 I0_LO3N_4/D2 AK6
4 IO_LO3P_4/D3 AK7
DS083-4 (v1.0) January 31, 2002 www.xilinx.com Module 4 of 4

Advance Product Specification

1-800-255-7778

251


http://www.xilinx.com

Virtex-1l Pro™ Platform FPGAs: Pinout Information

SXILINX®

Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects
XC2V XC2V
Bank Pin Description Pin Number P20 P50

4 IO_LO5_4/No_Pair AF10

4 IO_LO6N_4/VRP_4 AL7

4 IO_LO6P_4/VRN_4 AM7

4 IO_LO7N_4 AE11l

4 IO_LO7P_4/VREF 4 AF11

4 IO_LO8N_4 AG10

4 IO_LO8P_4 AH10

4 IO_LO9N_4 AK8

4 IO_LO9P_4/VREF 4 AL8

4 IO_L19N 4 AE12 NC
4 I0_L19P_4 AF12 NC
4 IO_L20N_4 AJ9 NC
4 I0_L20P_4 AK9 NC
4 IO_L21IN_4 AL9 NC
4 I0_L21P_4 AM9 NC
4 IO_L25N_4 AG11 NC
4 I0O_L25P_4 AH11 NC
4 IO_L26N_4 AH12 NC
4 I0_L26P_4 AJ12 NC
4 IO_L27N_4 AK10 NC
4 IO_L27P_4/VREF_4 AL10 NC
4 IO_L37N_4 AE13

4 I0_L37P_4 AF13

4 IO_L38N_4 AG13

4 I0_L38P_4 AH13

4 IO_L39N_4 AJ11

4 I0_L39P_4 AK11

4 IO_L43N_4 AE14

4 I0_L43P_4 AF14

4 IO_L44N_4 AJ13

4 I0_L44P_4 AK13

4 IO_L45N_4 AL11

4 IO_L45P_4/VREF_4 AM11

4 IO_L46N_4 AE15

4 I0_L46P_4 AF15

4 IO_L47N_4 AG14
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects
XCc2v XCc2v
Bank Pin Description Pin Number P20 P50
4 I0_L47P_4 AH14
4 IO_L48N_4 AL13
4 10_L48P_4 AL12
4 IO_L49N_4 AD16
4 I0_L49P_4 AE16
4 IO_L50_4/No_Pair AJla
4 IO_L53_4/No_Pair AK14
4 IO_L54N_4 AM14
4 I0_L54P_4 AM13
4 IO_L55N_4 AF16
4 I0_L55P_4 AG16
4 IO_L56N_4 AH15
4 I0_L56P_4 AJ15
4 IO_L57N_4 AL14
4 IO_L57P_4/VREF_4 AL15
4 IO_L67N_4 AD17
4 I0_L67P_4 AE17
4 IO_L68N_4 AH16
4 I0_L68P_4 AJ16
4 IO_L69N_4 AK16
4 IO_L69P_4/VREF_4 AL16
4 IO_L73N_4 AF17
4 I0_L73P_4 AG17
4 I0_L74N_4/GCLK3S AH17
4 I0_L74P_4/GCLK2P AJ17
4 I0_L75N_4/GCLK1S AK17
4 I0_L75P_4/GCLKOP AL17
5 I0_L75N_5/GCLK7S AL18
5 I0_L75P_5/GCLK6P AK18
5 I0_L74N_5/GCLK5S AJ18
5 I0_L74P_5/GCLK4P AH18
5 IO_L73N_5 AG18
5 I0_L73P_5 AF18
5 I0_L69N_5/VREF_5 AL19
5 I0_L69P_5 AK19
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects
XC2V XC2V
Bank Pin Description Pin Number P20 P50
5 IO_L68N_5 AJ19
5 I0_L68P_5 AH19
5 IO_L67N_5 AE18
5 I0_L67P_5 AD18
5 I0O_L57N_5/VREF 5 AL20
5 I0_L57P_5 AL21
5 IO_L56N_5 AJ20
5 I0_L56P_5 AH20
5 IO_L55N_5 AG19
5 I0O_L55P_5 AF19
5 IO_L54N_5 AM22
5 I0_L54P_5 AM21
5 IO_L53_5/No_Pair AK21
5 IO_L50_5/No_Pair AJ21
5 IO_L49N_5 AE19
5 I0_L49P_5 AD19
5 IO_L48N_5 AL23
5 I0_L48P_5 AL22
5 IO_L47N_5 AH21
5 I0_L47P_5 AG21
5 IO_L46N_5 AF20
5 I0_L46P_5 AE20
5 IO_L45N_5/VREF_5 AM24
5 I0_L45P_5 AL24
5 IO_L44N_5 AK22
5 I0_L44P_5 AJ22
5 IO_L43N_5 AF21
5 I0_L43P_5 AE21
5 IO_L39N_5 AK24
5 I0_L39P_5 AJ24
5 IO_L38N_5 AH22
5 I0_L38P_5 AG22
5 IO_L37N_5 AF22
5 I0_L37P_5 AE22
5 I0_L27N_5/VREF_5 AL25 NC
5 I0_L27P_5 AK25 NC
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects
XCc2v XCc2v
Bank Pin Description Pin Number P20 P50
5 IO_L26N_5 AJ23 NC
5 I0_L26P_5 AH23 NC
5 IO_L25N_5 AH24 NC
5 I0_L25P_5 AG24 NC
5 IO_L2IN_5 AM26 NC
5 I0_L21P_5 AL26 NC
5 IO_L20N_5 AK26 NC
5 I0_L20P_5 AJ26 NC
5 IO_L19N_5 AF23 NC
5 I0_L19P_5 AE23 NC
5 I0_LO9N_5/VREF_5 AL27
5 I0_LO9P_5 AK27
5 IO_LO8N_5 AH25
5 I0_L08P_5 AG25
5 I0_LO7N_5/VREF_5 AF24
5 I0_LO7P_5 AE24
5 IO_LO6N_5/VRP_5 AM28
5 I0_LO06P_5/VRN_5 AL28
5 IO_L05_5/No_Pair AF25
5 I0_LO3N_5/D4 AK28
5 IO_LO3P_5/D5 AK29
5 I0_LO02N_5/D6 AH26
5 IO_L02P_5/D7 AG26
5 IO_LOIN_5/RDWR_B AL29
5 IO_LO1P_5/CS_B AL30
6 IO_LO1P_6/VRN_6 AJ30
6 IO_LOIN_6/VRP_6 AJ31
6 I0_LO2P_6 AJ27
6 IO_LO2N_6 AJ28
6 I0_LO3P_6 AK31
6 I0_LO3N_6/VREF_6 AK32
6 I0_L04P_6 AH29
6 IO_LO4N_6 AH30
6 IO_LO5P_6 AH27
6 IO_LO5N_6 AG28
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects

XC2V XC2V
Bank Pin Description Pin Number P20 P50
6 IO_LO6P_6 AL33
6 IO_LO6N_6 AL34
6 IO_LO7P_6 AG29 NC
6 IO_LO7N_6 AG30 NC
6 I0O_LO9P_6 AK33 NC
6 I0_LO9N_6/VREF_6 AK34 NC
6 I0_L11P_6 AF27 NC
6 IO_L11IN_6 AF28 NC
6 I0O_L12P_6 AJ33 NC
6 IO_L12N_6 AJ34 NC
6 I0_L13P_6 AH31 NC
6 IO_L13N_6 AH32 NC
6 I0_L14P_6 AD25 NC
6 IO_L14N_6 AD26 NC
6 I0O_L15P_6 AG31 NC
6 I0_L15N_6/VREF_6 AG32 NC
6 IO_L16P_6 AF29 NC
6 IO_L16N_6 AF30 NC
6 I0O_L17P_6 AE27 NC
6 IO_L17N_6 AE28 NC
6 I0_L18P_6 AH33 NC
6 IO_L18N_6 AH34 NC
6 I0_L31P_6 AF31
6 IO_L31IN_6 AF32
6 I0_L32P_6 AC25
6 IO_L32N_6 AC26
6 I0_L33P_6 AG33
6 I0_L33N_6/VREF_6 AG34
6 I0_L34P_6 AE30
6 IO_L34N_6 AE31
6 IO_L35P_6 AD27
6 IO_L35N_6 AD28
6 I0_L36P_6 AF33
6 IO_L36N_6 AE33
6 I0_L37P_6 AD29
6 IO_L37N_6 AD30
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects

XC2Vv XC2Vv
Bank Pin Description Pin Number P20 P50

6 I0_L38P_6 AB25
6 IO_L38N_6 AB26
6 I0_L39P_6 AD31
6 I0_L39N_6/VREF_6 AD32
6 I0_L40P_6 AC28
6 IO_L40N_6 AC29
6 I0_L41P_6 AB27
6 IO_L41N_6 AB28
6 10_L42P_6 AE34
6 I0_L42N_6 AD34
6 I0_L43P_6 AC31
6 IO_L43N_6 AC32
6 I0_L44P_6 AA25
6 IO_L44N_6 AA26
6 I0_L45P 6 AD33
6 I0_L45N_6/VREF_6 AC33
6 I0_L46P_6 AB29
6 IO_L46N_6 AB30
6 I0_L47P_6 AA27
6 IO_L47N_6 AA28
6 10_L48P_6 AB31
6 IO_L48N_6 AB32
6 I0_L49P_6 AA29
6 IO_L49N_6 AA30
6 I0_L50P_6 Y25

6 IO_L50N_6 Y26

6 I0_L51P_6 AC34
6 I0_L51IN_6/VREF_6 AB34
6 I0_L52P_6 AA31
6 I0_L52N_6 AA32
6 I0_L53P_6 W25
6 IO_L53N_6 W26
6 I0_L54P_6 AB33
6 IO_L54N_6 AA33
6 I0_L55P 6 Y28

6 IO_L55N_6 Y29
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects

XC2Vv XC2Vv
Bank Pin Description Pin Number P20 P50
6 I0_L56P_6 w27
6 IO_L56N_6 W28
6 I0_L57P_6 Y31
6 I0_L57N_6/VREF_6 Y32
6 I0_L58P_6 W29
6 IO_L58N_6 W30
6 I0_L59P_6 w24
6 IO_L59N_6 V24
6 I0_L60P_6 AA34
6 IO_L60N_6 Y34
6 I0_L85P_6 W3l
6 IO_L85N_6 W32
6 I0_L86P_6 V25
6 IO_L86N_6 V26
6 I0_L87P_6 Y33
6 I0_L87N_6/VREF_6 W33
6 I0_L88P_6 V29
6 IO_L88N_6 V30
6 I0_L89P_6 V27
6 IO_L89N_6 V28
6 I0_L90P_6 V31l
6 IO_L9ON_6 V32
7 10_L90P_7 u32
7 IO_L90ON_7 U3l
7 10_L89P_7 u28
7 IO_L89N_7 u27
7 10_L88P_7 V33
7 I0_L88N_7/VREF_7 U33
7 10_L87P_7 u30
7 IO_L87N_7 u29
7 10_L86P_7 u26
7 IO_L86N_7 u25
7 I0_L85P_7 T32
7 IO_L85N_7 T31
7 I0_L60P_7 T30
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects

XC2Vv XC2Vv
Bank Pin Description Pin Number P20 P50
7 IO_L60N_7 T29
7 I0_L59P_7 T28
7 IO_L59N_7 T27
7 I0_L58P_7 T33
7 I0_L58N_7/VREF_7 R33
7 I0_L57P_7 R32
7 IO_L57N_7 R31
7 10_L56P_7 T26
7 IO_L56N_7 T25
7 I0_L55P_7 R34
7 IO_L55N_7 P34
7 10_L54P_7 R29
7 IO_L54N_7 R28
7 I0_L53P_7 u24
7 I0_L53N_7 T24
7 10_L52P_7 P32
7 I0_L52N_7/VREF_7 P31
7 I0_L51P_7 P30
7 IO_L51IN_7 P29
7 I0_L50P_7 R26
7 IO_L50N_7 R25
7 10_L49P_7 P33
7 IO_L49N_7 N33
7 10_L48P_7 N32
7 I0_L48N_7 N31
7 10_L47P_7 P28
7 IO_L47N_7 P27
7 10_L46P_7 N34
7 I0_L46N_7/VREF_7 M34
7 10_L45P_7 N30
7 IO_L45N_7 N29
7 10_L44P_7 P26
7 IO_L44N_7 P25
7 10_L43P_7 M32
7 I0_L43N_7 M31
7 10_L42P_7 L32
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects

XC2V XC2V
Bank Pin Description Pin Number P20 P50
7 IO_L42N_7 L31
7 I0_L41P_7 N28
7 IO_L41N_7 N27
7 I0_L40P_7 M33
7 I0_L40ON_7/VREF_7 L33
7 I0_L39P_7 M29
7 IO_L39N_7 M28
7 I0_L38P_7 N26
7 IO_L38N_7 N25
7 I0_L37P_7 L34
7 IO_L37N_7 K34
7 I0_L36P_7 L30
7 IO_L36N_7 L29
7 I0_L35P_7 L28
7 IO_L35N_7 L27
7 I0_L34P_7 K33
7 I0_L34N_7/VREF_7 J33
7 I0_L33P_7 K31
7 IO_L33N_7 K30
7 I0_L32P_7 M26
7 IO_L32N_7 M25
7 I0_L31P_7 H34
7 IO_L31IN_7 H33
7 I0_L18P_7 H32 NC
7 IO_L18N_7 H31 NC
7 I0_L17P_7 K28 NC
7 IO_L17N_7 K27 NC
7 I0_L16P_7 J32 NC
7 I0_L16N_7/VREF_7 J31 NC
7 I0_L15P_7 J30 NC
7 IO_L15N_7 J29 NC
7 I0_L13P_7 G34 NC
7 IO_L13N_7 G33 NC
7 I0_L12P_7 H30 NC
7 IO_L12N_7 H29 NC
7 I0_L11P_7 L26 NC
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects
XCc2v XCc2v
Bank Pin Description Pin Number P20 P50
7 IO_L1IN_7 L25 NC
7 I0_L10P_7 F34 NC
7 I0_L10ON_7/VREF_7 F33 NC
7 I0_LO9P_7 G30 NC
7 IO_LO9N_7 G29 NC
7 I0_LO7P_7 G32 NC
7 IO_LO7N_7 G31 NC
7 I0_LO6P_7 F31
7 IO_LO6N_7 F30
7 I0_LO5P_7 J28
7 IO_LO5N_7 J27
7 I0_L04P_7 E34
7 I0_LO4N_7/VREF_7 E33
7 I0_LO3P_7 E32
7 IO_LO3N_7 E31
7 I0_LO02P_7 F28
7 IO_LO2N_7 F27
7 I0_LO1P_7/VRN_7 D34
7 IO_LOIN_7/VRP_7 D33
0 VCCO_0 C29
0 VCCO_0 E20
0 VCCO_0 F25
0 VCCO_0 L20
0 VCCO_0 L21
0 VCCO_0 L22
0 VCCO_0 L23
0 VCCO_0 M18
0 VCCO_0 M19
0 VCCO_0 M20
0 VCCO_0 M21
0 VCCO_0 M22
1 VCCO_1 C6
1 VCCO_1 E15
1 VCCO_1 F10
1 VCCO_1 L12
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects
XC2V XC2V
Bank Pin Description Pin Number P20 P50

1 VCCO_1 L13

1 VCCO_1 L14
1 VCCO_1 L15

1 VCCO_1 M13
1 VCCO_1 M14
1 VCCO_1 M15
1 VCCO_1 M16
1 VCCO_1 M17
2 VCCO_2 F3

2 VCCO_2 K6

2 VCCO_2 M11
2 VCCO_2 N11
2 VCCO_2 N12
2 VCCO_2 P11
2 VCCO_2 P12
2 VCCO_2 R5

2 VCCO_2 R11
2 VCCO_2 R12
2 VCCO_2 T12
2 VCCO_2 Uiz
3 VCCO_3 V12
3 VCCO_3 w12
3 VCCO_3 Y5

3 VCCO_3 Y11
3 VCCO_3 Y12
3 VCCO_3 AAl1l
3 VCCO_3 AA12
3 VCCO_3 AB11
3 VCCO_3 AB12
3 VCCO_3 AC11
3 VCCO_3 AE6
3 VCCO_3 AJ3
4 VCCO_4 AC13
4 VCCO_4 AC14
4 VCCO_4 AC15
4 VCCO_4 AC16
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects
XCcz2v XCc2v
Bank Pin Description Pin Number P20 P50

4 VCCO_4 AC17
4 VCCO_4 AD12
4 VCCO_4 AD13
4 VCCO_4 AD14
4 VCCO_4 AD15
4 VCCO_4 AJ10
4 VCCO_4 AK15
4 VCCO_4 AM6
5 VCCO_5 AC18
5 VCCO_5 AC19
5 VCCO_5 AC20
5 VCCO_5 AC21
5 VCCO_5 AC22
5 VCCO_5 AD20
5 VCCO_5 AD21
5 VCCO_5 AD22
5 VCCO_5 AD23
5 VCCO_5 AJ25
5 VCCO_5 AK20
5 VCCO_5 AM29
6 VCCO_6 V23

6 VCCO_6 w23
6 VCCO_6 Y23

6 VCCO_6 Y24

6 VCCO_6 Y30

6 VCCO_6 AA23
6 VCCO_6 AA24
6 VCCO_6 AB23
6 VCCO_6 AB24
6 VCCO_6 AC24
6 VCCO_6 AE29
6 VCCO_6 AJ32
7 VCCO_7 F32

7 VCCO_7 K29

7 VCCO_7 M24

7 VCCO_7 N23
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects

XC2v XC2Vv
Bank Pin Description Pin Number P20 P50
7 VCCO_7 N24
7 VCCO_7 P23
7 VCCO_7 P24
7 VCCO_7 R23
7 VCCO_7 R24
7 VCCO_7 R30
7 VCCO_7 T23
7 VCCO_7 u23
N/A CCLK AE9
N/A PROG_B J26
N/A DONE AE10
N/A MO AF26
N/A M1 AE26
N/A M2 AE25
N/A TCK J9
N/A TDI H28
N/A TDO H7
N/A TMS K10
N/A PWRDWN_B AF9
N/A HSWAP_EN K25
N/A RSVD G8
N/A VBATT K9
N/A DXP K26
N/A DXN G27
N/A AVCCAUXTX2 B32 NC
N/A VTTXPAD2 B33 NC
N/A TXNPAD2 A33 NC
N/A TXPPAD2 A32 NC
N/A GNDA2 C30 NC
N/A GNDA2 C30 NC
N/A RXPPAD2 A31 NC
N/A RXNPAD2 A30 NC
N/A VTRXPAD2 B31 NC
N/A AVCCAUXRX2 B30 NC
N/A AVCCAUXTX4 B28
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects
XCc2v XCc2v
Bank Pin Description Pin Number P20 P50
N/A VTTXPAD4 B29
N/A TXNPAD4 A29
N/A TXPPAD4 A28
N/A GNDA4 c27
N/A GNDA4 c27
N/A RXPPAD4 A27
N/A RXNPAD4 A26
N/A VTRXPAD4 B27
N/A AVCCAUXRX4 B26
N/A AVCCAUXTX5 B24 NC
N/A VTTXPAD5 B25 NC
N/A TXNPAD5S A25 NC
N/A TXPPADS A24 NC
N/A GNDA5 Cc23 NC
N/A GNDA5 C23 NC
N/A RXPPAD5 A23 NC
N/A RXNPADS5 A22 NC
N/A VTRXPADS B23 NC
N/A AVCCAUXRX5 B22 NC
N/A AVCCAUXTX6 B20
N/A VTTXPAD6 B21
N/A TXNPADG6 A21
N/A TXPPADG6 A20
N/A GNDAG6 C20
N/A GNDAG6 C20
N/A RXPPAD6 A19
N/A RXNPADG6 A18
N/A VTRXPADG6 B19
N/A AVCCAUXRX6 B18
N/A AVCCAUXTX7 B16
N/A VTTXPAD7 B17
N/A TXNPAD7 Al7
N/A TXPPAD7 Al16
N/A GNDA7 Ci15
N/A GNDA7 Ci15
N/A RXPPAD7 Al15
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects
XCc2v XCc2v
Bank Pin Description Pin Number P20 P50
N/A RXNPAD7 Al4
N/A VTRXPAD7 B15
N/A AVCCAUXRX7 B14
N/A AVCCAUXTX8 B12 NC
N/A VTTXPADS8 B13 NC
N/A TXNPADS8 Al13 NC
N/A TXPPADS Al12 NC
N/A GNDAS8 C12 NC
N/A GNDAS8 C12 NC
N/A RXPPAD8 All NC
N/A RXNPADS A10 NC
N/A VTRXPADS B11 NC
N/A AVCCAUXRX8 B10 NC
N/A AVCCAUXTX9 B8
N/A VTTXPAD9 B9
N/A TXNPAD9 A9
N/A TXPPAD9 A8
N/A GNDA9 C8
N/A GNDA9 C8
N/A RXPPAD9 A7
N/A RXNPAD9 A6
N/A VTRXPAD9 B7
N/A AVCCAUXRX9 B6
N/A AVCCAUXTX11 B4 NC
N/A VTTXPAD11 B5 NC
N/A TXNPAD11 A5 NC
N/A TXPPAD11 A4 NC
N/A GNDA11 C5 NC
N/A GNDA11 C5 NC
N/A RXPPAD11 A3 NC
N/A RXNPAD11 A2 NC
N/A VTRXPAD11 B3 NC
N/A AVCCAUXRX11 B2 NC
N/A AVCCAUXRX14 AN2 NC
N/A VTRXPAD14 AN3 NC
N/A RXNPAD14 AP2 NC
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects
XCc2v XCc2v
Bank Pin Description Pin Number P20 P50

N/A RXPPAD14 AP3 NC

N/A GNDA14 AM5 NC

N/A GNDA14 AM5 NC

N/A TXPPAD14 AP4 NC

N/A TXNPAD14 APS5 NC

N/A VTTXPAD14 AN5 NC

N/A AVCCAUXTX14 AN4 NC

N/A AVCCAUXRX16 ANG

N/A VTRXPAD16 AN7

N/A RXNPAD16 AP6

N/A RXPPAD16 AP7

N/A GNDAL16 AM8

N/A GNDAL16 AM8

N/A TXPPAD16 AP8

N/A TXNPAD16 AP9

N/A VTTXPAD16 AN9

N/A AVCCAUXTX16 ANS8

N/A AVCCAUXRX17 AN10 NC

N/A VTRXPAD17 AN11 NC

N/A RXNPAD17 AP10 NC

N/A RXPPAD17 AP11 NC

N/A GNDA17 AM12 NC

N/A GNDA17 AM12 NC

N/A TXPPAD17 AP12 NC

N/A TXNPAD17 AP13 NC

N/A VTTXPAD17 AN13 NC

N/A AVCCAUXTX17 AN12 NC

N/A AVCCAUXRX18 AN14

N/A VTRXPAD18 AN15

N/A RXNPAD18 AP14

N/A RXPPAD18 AP15

N/A GNDA18 AM15

N/A GNDA18 AM15

N/A TXPPAD18 AP16

N/A TXNPAD18 AP17

N/A VTTXPAD18 AN17
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects

XC2Vv XC2Vv

Bank Pin Description Pin Number P20 P50
N/A AVCCAUXTX18 AN16

N/A AVCCAUXRX19 AN18

N/A VTRXPAD19 AN19

N/A RXNPAD19 AP18

N/A RXPPAD19 AP19

N/A GNDA19 AM20

N/A GNDA19 AM20

N/A TXPPAD19 AP20

N/A TXNPAD19 AP21

N/A VTTXPAD19 AN21

N/A AVCCAUXTX19 ANZ20

N/A AVCCAUXRX20 AN22 NC
N/A VTRXPAD20 AN23 NC
N/A RXNPAD20 AP22 NC
N/A RXPPAD20 AP23 NC
N/A GNDA20 AM23 NC
N/A GNDA20 AM23 NC
N/A TXPPAD20 AP24 NC
N/A TXNPAD20 AP25 NC
N/A VTTXPAD20 AN25 NC
N/A AVCCAUXTX20 AN24 NC
N/A AVCCAUXRX21 AN26

N/A VTRXPAD21 AN27

N/A RXNPAD21 AP26

N/A RXPPAD21 AP27

N/A GNDA21 AM27

N/A GNDA21 AM27

N/A TXPPAD21 AP28

N/A TXNPAD21 AP29

N/A VTTXPAD21 AN29

N/A AVCCAUXTX21 AN28

N/A AVCCAUXRX23 AN30 NC
N/A VTRXPAD23 AN31 NC
N/A RXNPAD23 AP30 NC
N/A RXPPAD23 AP31 NC
N/A GNDA23 AM30 NC
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects
XCc2v XCcz2v
Bank Pin Description Pin Number P20 P50

N/A GNDA23 AM30 NC

N/A TXPPAD23 AP32 NC

N/A TXNPAD23 AP33 NC

N/A VTTXPAD23 AN33 NC

N/A AVCCAUXTX23 AN32 NC

N/A VCCINT L11

N/A VCCINT L24

N/A VCCINT M12

N/A VCCINT M23

N/A VCCINT N13

N/A VCCINT N14

N/A VCCINT N15

N/A VCCINT N16

N/A VCCINT N17

N/A VCCINT N18

N/A VCCINT N19

N/A VCCINT N20

N/A VCCINT N21

N/A VCCINT N22

N/A VCCINT P13

N/A VCCINT P22

N/A VCCINT R13

N/A VCCINT R22

N/A VCCINT T13

N/A VCCINT T22

N/A VCCINT U13

N/A VCCINT u22

N/A VCCINT V13

N/A VCCINT V22

N/A VCCINT w13

N/A VCCINT w22

N/A VCCINT Y13

N/A VCCINT Y22

N/A VCCINT AA13

N/A VCCINT AA22
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects
XCc2v XCc2v

Bank Pin Description Pin Number P20 P50
N/A VCCINT AB13

N/A VCCINT AB14

N/A VCCINT AB15

N/A VCCINT AB16

N/A VCCINT AB17

N/A VCCINT AB18

N/A VCCINT AB19

N/A VCCINT AB20

N/A VCCINT AB21

N/A VCCINT AB22

N/A VCCINT AC12

N/A VCCINT AC23

N/A VCCINT AD11

N/A VCCINT AD24

N/A VCCAUX C3

N/A VCCAUX C4

N/A VCCAUX Cc17

N/A VCCAUX C18

N/A VCCAUX C31

N/A VCCAUX C32

N/A VCCAUX D3

N/A VCCAUX D32

N/A VCCAUX Ul

N/A VCCAUX \i

N/A VCCAUX u34

N/A VCCAUX V34

N/A VCCAUX AL3

N/A VCCAUX AL32

N/A VCCAUX AM3

N/A VCCAUX AM4

N/A VCCAUX AM17

N/A VCCAUX AM18

N/A VCCAUX AM31

N/A VCCAUX AM32

N/A GND AF34
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects
Xc2v Xc2v
Bank Pin Description Pin Number P20 P50

N/A GND B34
N/A GND C1

N/A GND Cc2

N/A GND C10
N/A GND C16
N/A GND C19
N/A GND C25
N/A GND C33
N/A GND C34
N/A GND D4

N/A GND D31
N/A GND E5

N/A GND E12
N/A GND E23
N/A GND E30
N/A GND F6

N/A GND F29
N/A GND G7

N/A GND G28
N/A GND B1

N/A GND H8

N/A GND H12
N/A GND H15
N/A GND H20
N/A GND J1

N/A GND H27
N/A GND AF1
N/A GND K3

N/A GND K32
N/A GND M5
N/A GND M8
N/A GND M27
N/A GND M30
N/A GND P14
N/A GND P15
N/A GND P16
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects
Xc2v Xc2v
Bank Pin Description Pin Number P20 P50
N/A GND P17
N/A GND P18
N/A GND P19
N/A GND P20
N/A GND P21
N/A GND R8
N/A GND R14
N/A GND R15
N/A GND R16
N/A GND R17
N/A GND R18
N/A GND R19
N/A GND R20
N/A GND R21
N/A GND R27
N/A GND T1
N/A GND T14
N/A GND T15
N/A GND T16
N/A GND T17
N/A GND T18
N/A GND T19
N/A GND T20
N/A GND T21
N/A GND T34
N/A GND ui4
N/A GND uUi15
N/A GND Ui16
N/A GND ui7
N/A GND uis
N/A GND u19
N/A GND u20
N/A GND u21
N/A GND V14
N/A GND V15
N/A GND V16
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects
Xc2v Xc2v
Bank Pin Description Pin Number P20 P50

N/A GND V17
N/A GND V18
N/A GND V19
N/A GND V20
N/A GND V21
N/A GND w1

N/A GND w14
N/A GND w15
N/A GND W16
N/A GND w17
N/A GND w18
N/A GND w19
N/A GND W20
N/A GND w21
N/A GND w34
N/A GND Y8

N/A GND Y14
N/A GND Y15
N/A GND Y16
N/A GND Y17
N/A GND Y18
N/A GND Y19
N/A GND Y20
N/A GND Y21
N/A GND Y27
N/A GND AA14
N/A GND AA15
N/A GND AA16
N/A GND AA17
N/A GND AA18
N/A GND AA19
N/A GND AA20
N/A GND AA21
N/A GND AC5
N/A GND AC8
N/A GND AC27
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Table 10: FF1152 — XC2VP20 and XC2VP50

No Connects
Xc2v Xc2v

Bank Pin Description Pin Number P20 P50
N/A GND AC30

N/A GND AE3

N/A GND AE32

N/A GND H23

N/A GND AG8

N/A GND AG12

N/A GND AG15

N/A GND AG20

N/A GND AG23

N/A GND AG27

N/A GND J34

N/A GND AH7

N/A GND AH28

N/A GND AJ6

N/A GND AJ29

N/A GND AK5

N/A GND AK12

N/A GND AK23

N/A GND AK30

N/A GND AL4

N/A GND AL31

N/A GND AM1

N/A GND AM2

N/A GND AM10

N/A GND AM16

N/A GND AM19

N/A GND AM25

N/A GND AM33

N/A GND AM34

N/A GND AN1

N/A GND AN34
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FF1152 Flip-Chip Fine-Pitch BGA Package Specifications (1.00mm pitch)

FF1152
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FF1517 Flip-Chip Fine-Pitch BGA Package

As shown in Table 11, the XC2VP50 Virtex-ll Pro device is available in the FF1517 flip-chip fine-pitch BGA package.
Following this table are the FF1517 Flip-Chip Fine-Pitch BGA Package Specifications (1.00mm pitch).

Table 11: FF1517 — XC2VP50

Bank Pin Description Pin Number
0 IO_LOIN_O/VRP_O F32
0 IO_LO1P_O/VRN_O E32
0 IO_LO2N_O K29
0 IO_LO2P_0 J29
0 IO_LO3N_O K28
0 IO_LO3P_O/VREF_O K27
0 I0_L0O5_0/No_Pair H30
0 IO_LO6N_O H29
0 IO_LO6P_0 G29
0 IO_LO7N_O G31
0 IO_LO7P_0 F31
0 IO_LO8N_O D32
0 IO_LO8P_0 C32
0 IO_LO9N_O J28
0 I0_LO9P_O/VREF_O H28
0 IO_L19N_O G30
0 IO_L19P_0 F30
0 IO_L20N_0O E31
0 IO_L20P_0 D31
0 IO_L21IN_O J27
0 IO_L21P_0 H27
0 IO_L25N_0 F29
0 IO_L25P_0 E29
0 IO_L26N_0 E30
0 IO_L26P_0 D30
0 IO_L27N_0O K26
0 I0_L27P_O/VREF_O J26
0 IO_L37N_0 G28
0 IO_L37P_0 F28
0 IO_L38N_0O D29
0 IO_L38P_0 C29
0 IO_L39N_0O K25
0 IO_L39P_0 J25
0 I0_L43N_0 G27
0 IO_L43P_0 F27
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Table 11: FF1517 — XC2VP50

Bank Pin Description Pin Number
0 I0_L44N_0 D28
0 I0_L44P_0 Cc28
0 I0_L45N_0O L24
0 I0_L45P_O/VREF_O K24
0 I0_L46N_0 H26
0 I0_L46P_0 G26
0 I0_L47N_O E27
0 I0_L47P_0 D27
0 I0_L48N_O H25
0 I0_L48P_0 G25
0 I0_L49N_0 F25
0 IO_L49P_0 E25
0 I0_L50_0/No_Pair E26
0 10_L53_0/No_Pair D26
0 I0_L54N_0 J24
0 IO_L54P_0 H24
0 I0_L55N_0O G24
0 IO_L55P_0 F24
0 I0_L56N_0 D25
0 I0_L56P_0 C25
0 I0_L57N_O K23
0 I0_L57P_O/VREF_O J23
0 I0_L58N_O G23
0 I0_L58P_0 F23
0 I0_L59N_0 E24
0 IO_L59P_0 D24
0 I0_L60N_O K22
0 IO_L60P_O J22
0 I0_L64N_0 H22
0 I0_L64P_0 G22
0 I0_L65N_0O D23
0 IO_L65P_0 Cc23
0 I0_L66N_0O K21
0 I0_L66P_0O/VREF_O J21
0 I0_L67N_0O F22
0 IO_L67P_0 E22
0 I0_L68N_O D22
0 I0_L68P_0 Cc22
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Table 11: FF1517 — XC2VP50

Bank Pin Description Pin Number
0 IO_L69N_O H21
0 IO_L69P_O/VREF_O G21
0 IO_L73N_0 F21
0 IO_L73P_0 E21
0 IO_L74N_0/GCLK7P D21
0 IO_L74P_0/GCLK6S c21
0 IO_L75N_0/GCLK5P F20
0 IO_L75P_0/GCLK4S E20
1 IO_L75N_1/GCLK3P H20
1 IO_L75P_1/GCLK2S J20
1 IO_L74N_1/GCLK1P C19
1 IO_L74P_1/GCLKOS D19
1 I0_L73N_1 E19
1 I0_L73P_1 F19
1 IO_L69N_1/VREF_1 G19
1 IO_L69P_1 H19
1 IO_L68N_1 C18
1 IO_L68P_1 D18
1 I0_L67N_1 E18
1 IO_L67P_1 F18
1 IO_L66N_1/VREF_1 J19
1 IO_L66P_1 K19
1 IO_L65N_1 C17
1 IO_L65P_1 D17
1 I0_L64N_1 G18
1 IO_L64P_1 H18
1 IO_L60N_1 Ji8
1 IO_L60P_1 K18
1 IO_L59N_1 D16
1 IO_L59P_1 E16
1 IO_L58N_1 F17
1 IO_L58P_1 G17
1 IO_L57N_1/VREF_1 Ji7
1 IO_L57P_1 K17
1 IO_L56N_1 C15
1 IO_L56P_1 D15
1 IO_L55N_1 F16
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Bank Pin Description Pin Number
1 IO_L55P_1 G16
1 I0_L54N_1 H16
1 I0_L54P_1 J16
1 10_L53_1/No_Pair D14
1 I0_L50_1/No_Pair E1l4
1 10_L49N_1 E15
1 IO_L49P_1 F15
1 I0_L48N_1 G15
1 I0_L48P_1 H15
1 I0_L47N_1 D13
1 I0_L47P_1 E13
1 I0_L46N_1 G14
1 IO_L46P_1 H14
1 I0_L45N_1/VREF_1 K16
1 I0_L45P_1 L16
1 10_L44N_1 C12
1 I0_L44P_1 D12
1 I0_L43N_1 F13
1 I0_L43P_1 G13
1 I0_L39N_1 J15
1 IO_L39P_1 K15
1 I0_L38N_1 C11
1 IO_L38P_1 D11
1 I0_L37N_1 F12
1 I0_L37P_1 G12
1 I0_L27N_1/VREF_1 Ji4
1 I0_L27P_1 K14
1 I0_L26N_1 D10
1 I0_L26P_1 E10
1 I0_L25N_1 E1ll
1 IO_L25P_1 F11
1 I0_L21IN_1 H13
1 I0_L21P 1 J13
1 I0_L20N_1 D9
1 I0_L20P_1 E9
1 IO_L19N_1 F10
1 IO_L19P_1 G10
1 I0_LO9N_1/VREF_1 H12
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Bank Pin Description Pin Number
1 IO_LO9P_1 Ji2
1 IO_LO8N_1 Cc8
1 IO_LO8P_1 D8
1 IO_LO7N_1 F9
1 IO_LO7P_1 G9
1 IO_LO6N_1 Gl1
1 IO_LO6P_1 H11
1 I0_LO05_1/No_Pair H10
1 IO_LO3N_1/VREF_1 K13
1 IO_LO3P_1 K12
1 I0_LO2N_1 J11
1 IO_LO2P_1 K11
1 IO_LOIN_1/VRP_1 E8
1 IO_LO1P_1/VRN_1 F8
2 IO_LOIN_2/VRP_2 E4
2 IO_LO1P_2/VRN_2 E3
2 IO_LO2N_2 G8
2 I0_LO2P_2 H7
2 IO_LO3N_2 C5
2 IO_LO3P_2 D5
2 IO_LO4N_2/VREF_2 D2
2 IO_LO4P_2 D1
2 IO_LO5N_2 J8
2 IO_LO5P_2 J7
2 IO_LO6N_2 E6
2 IO_LO6P_2 F5
2 IO_LO7N_2 E2
2 IO_LO7P_2 El
2 IO_LO8N_2 K9
2 IO_LO8P_2 K8
2 IO_LO9N_2 G6
2 IO_LO9P_2 G5
2 IO_L10ON_2/VREF_2 G4
2 IO_L10P_2 G3
2 IO_L11IN_2 N12
2 IO_L11P_2 N11
2 IO_L12N_2 F4

Module 4 of 4
280

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

DS083-4 (v1.0) January 31, 2002
Advance Product Specification


http://www.xilinx.com

SXILINX®

Virtex-lIl Pro™ Platform FPGASs: Pinout Information

Table 11: FF1517 — XC2VP50

Bank Pin Description Pin Number
2 I0_L12P_2 F3
2 IO_L13N_2 F2
2 IO_L13P_2 F1
2 I0_L14N_2 L8
2 I0_L14P 2 L7
2 I0_L15N_2 H6
2 IO_L15P_2 H5
2 I0_L16N_2/VREF_2 H4
2 IO_L16P_2 H3
2 I0_L17N_2 P12
2 I0_L17P_2 P11
2 I0_L18N_2 J6
2 IO_L18P_2 J5
2 I0_L19N_2 G2
2 I0_L19P_2 Gl
2 I0_L20N_2 N10
2 I0_L20P_2 N9
2 I0_L21IN_2 K7
2 I0_L21P 2 K6
2 I0_L22N_2/VREF_2 H2
2 I0_L22P_2 H1
2 I0_L23N_2 R12
2 I0_L23P_2 R11
2 I0_L24N_2 J4
2 I0_L24P 2 J3
2 I0_L25N_2 J2
2 IO_L25P_2 J1
2 I0_L26N_2 P10
2 I0_L26P_2 P9
2 I0_L27N_2 K5
2 I0_L27P_2 K4
2 I0_L28N_2/VREF_2 K2
2 I0_L28P_2 K1
2 I0_L29N_2 P8
2 I0_L29P_2 P7
2 I0_L30N_2 L6
2 IO_L30P_2 L5
2 I0_L31N_2 L3
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Bank Pin Description Pin Number
2 I0_L31P_2 L2
2 IO_L32N_2 R10
2 I0_L32P_2 R9
2 IO_L33N_2 N8
2 I0_L33P_2 N7
2 I0_L34N_2/VREF_2 M4
2 I0_L34P_2 M3
2 IO_L35N_2 T12
2 IO_L35P_2 T11
2 IO_L36N_2 M6
2 I0_L36P_2 M5
2 IO_L37N_2 M2
2 I0_L37P_2 M1
2 IO_L38N_2 T10
2 I0_L38P_2 T9
2 IO_L39N_2 N6
2 IO_L39P_2 N5
2 IO_L40ON_2/VREF_2 N4
2 I0_L40P_2 N3
2 IO_L41N_2 U1z
2 I0_L41P_2 ull
2 IO_L42N_2 P5
2 I0_L42P_2 P4
2 IO_L43N_2 N2
2 I0_L43P_2 N1
2 IO_L44N_2 T8
2 I0_L44P_2 T7
2 IO_L45N_2 R7
2 IO_L45P_2 R6
2 IO_L46N_2/VREF_2 P2
2 IO_L46P_2 P1
2 IO_L47N_2 u10
2 I0_L47P_2 U9
2 IO_L48N_2 R5
2 I0_L48P_2 R4
2 IO_L49N_2 R3
2 IO_L49P_2 R2
2 IO_L50N_2 V12
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Bank Pin Description Pin Number
2 IO_L50P_2 V11l
2 I0_L51IN_2 T6
2 IO_L51P_2 T5
2 I0_L52N_2/VREF_2 T2
2 I0_L52P_2 T1
2 I0_L53N_2 V10
2 IO_L53P_2 V9
2 I0_L54N_2 T4
2 IO_L54P_2 T3
2 I0_L55N_2 U4
2 IO_L55P_2 U3
2 I0_L56N_2 V8
2 IO_L56P_2 V7
2 I0_L57N_2 u7
2 IO_L57P_2 U6
2 I0_L58N_2/VREF_2 U2
2 IO_L58P_2 Ul
2 I0_L59N_2 W12
2 IO_L59P_2 W11l
2 I0_L60N_2 V6
2 IO_L60P_2 V5
2 I0_L85N_2 V4
2 IO_L85P_2 V3
2 I0_L86N_2 W10
2 I0_L86P_2 W9
2 I0_L87N_2 W6
2 IO_L87P_2 W5
2 I0_L88N_2/VREF_2 V2
2 I0_L88P_2 V1
2 I0_L89N_2 w8
2 IO_L89P_2 W7
2 I0_L90ON_2 w4
2 I0_L90P_2 W3
3 I0_L90N_3 AA3
3 IO_L90P_3 AA4
3 I0_L89N_3 AA7
3 IO_L89P_3 AA8
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Bank Pin Description Pin Number
3 I0_L88N_3 AA5
3 I0_L88P_3 AAB
3 IO_L87N_3/VREF_3 AB1
3 I0_L87P_3 AB2
3 IO_L86N_3 AA9
3 I0_L86P_3 AA10
3 IO_L85N_3 AB3
3 IO_L85P_3 AB4
3 IO_L60N_3 AC1
3 IO_L60P_3 AC2
3 IO_L59N_3 AAll
3 IO_L59P_3 AA12
3 IO_L58N_3 AB5
3 IO_L58P_3 AB6
3 IO_L57N_3/VREF_3 AC3
3 I0_L57P_3 AC4
3 IO_L56N_3 AB7
3 I0_L56P_3 AB8
3 IO_L55N_3 AC6
3 IO_L55P_3 AC7
3 IO_L54N_3 AD1
3 I0_L54P_3 AD2
3 IO_L53N_3 AB9
3 IO_L53P_3 AB10
3 I0_L52N_3 AD5
3 I0_L52P_3 ADG6
3 IO_L51N_3/VREF_3 AD3
3 IO_L51P_3 AD4
3 IO_L50N_3 AB11
3 IO_L50P_3 AB12
3 IO_L49N_3 AE4
3 IO_L49P_3 AE5
3 IO_L48N_3 AE2
3 I0_L48P_3 AE3
3 I0_L47N_3 AC9
3 I0_L47P_3 AC10
3 IO_L46N_3 AE6
3 I0_L46P_3 AE7
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Bank Pin Description Pin Number
3 I0_L45N_3/VREF_3 AF1
3 IO_L45P_3 AF2
3 I0_L44N_3 AD7
3 I0_L44P_3 ADS8
3 10_L43N_3 AF4
3 I0_L43P_3 AF5
3 I0_L42N_3 AG1
3 I0_L42P_3 AG2
3 I0_L41N_3 AC11
3 I0_L41P_3 AC12
3 10_L40N_3 AG3
3 IO_L40P_3 AG4
3 I0_L39N_3/VREF_3 AH1
3 I0_L39P_3 AH2
3 10_L38N_3 AD9
3 I0_L38P_3 AD10
3 I0_L37N_3 AF7
3 IO_L37P_3 AF8
3 I0_L36N_3 AH3
3 I0_L36P_3 AH4
3 I0_L35N_3 AD11
3 IO_L35P_3 AD12
3 I0_L34N_3 AG5
3 I0_L34P_3 AG6
3 I0_L33N_3/VREF_3 AJ2
3 IO_L33P_3 AJ3
3 I0_L32N_3 AE9
3 I0_L32P_3 AE10
3 I0_L31N_3 AHS5
3 I0_L31P_3 AH6
3 I0_L30N_3 AK1
3 IO_L30P_3 AK2
3 I0_L29N_3 AG7
3 I0_L29P_3 AG8
3 I0_L28N_3 AJ5
3 I0_L28P_3 AJ6
3 I0_L27N_3/VREF_3 ALl
3 I0_L27P_3 AL2
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Bank Pin Description Pin Number
3 IO_L26N_3 AF9
3 I0_L26P_3 AF10
3 IO_L25N_3 AK4
3 I0_L25P_3 AK5
3 I0_L24N_3 AM1
3 I0_L24P_3 AM2
3 I0_L23N_3 AE11l
3 I0_L23P_3 AE12
3 I0_L22N_3 AM3
3 I0_L22P_3 AM4
3 IO_L21N_3/VREF_3 AL3
3 I0_L21P_3 AL4
3 IO_L20N_3 AG9
3 I0_L20P_3 AG10
3 IO_L19N_3 AK6
3 I0_L19P_3 AK7
3 IO_L18N_3 AN1
3 IO_L18P_3 AN2
3 IO_L17N_3 AF11
3 I0_L17P_3 AF12
3 IO_L16N_3 AL5
3 IO_L16P_3 AL6
3 IO_L15N_3/VREF_3 AP1
3 IO_L15P_3 AP2
3 I0_L14N_3 AJ7
3 IO_L14P_3 AJ8
3 IO_L13N_3 AM5
3 I0_L13P_3 AM6
3 I0O_L12N_3 AN3
3 I0_L12P_3 AN4
3 IO_L11N_3 AG11
3 IO_L11P_3 AG12
3 IO_L10N_3 AN5
3 IO_L10P_3 ANG6
3 IO_LO9N_3/VREF_3 AR1
3 IO_LO9P_3 AR2
3 IO_LO8N_3 AK8
3 IO_LO8P_3 AK9
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Bank Pin Description Pin Number
3 I0_LO7N_3 AR3
3 IO_LO7P_3 AR4
3 I0_LO6N_3 AP3
3 IO_LO6P_3 AP4
3 I0_LO5N_3 AL7
3 IO_LO5P_3 AL8
3 I0_LO4N_3 AP5
3 IO_LO4P_3 ARG
3 I0_LO3N_3/VREF_3 AT1
3 I0_LO3P_3 AT2
3 I0_LO2N_3 AM7
3 IO_LO2P_3 ANS8
3 IO_LOIN_3/VRP_3 ATS
3 IO_LO1P_3/VRN_3 AUS5
4 IO_LO1N_4/DOUT AP7
4 I0_LO1P_4/INIT_B AR7
4 I0_LO02N_4/D0 AP8
4 10_L02P_4/D1 ARS8
4 I0_LO3N_4/D2 AT8
4 I0_LO3P_4/D3 AU8
4 I0_LO5_4/No_Pair AM10
4 IO_LO6N_4/VRP_4 AR9
4 IO_LO6P_4/VRN_4 AT9
4 I0_LO7N_4 AK11
4 I0_LO7P_4/VREF_4 AL11
4 I0_LO8N_4 AN9
4 IO_LO8P_4 AP9
4 I0_LO9N_4 AR10
4 I0_LO9P_4/VREF_4 AT10
4 IO_L19N_4 AK12
4 IO_L19P_4 AK13
4 I0_L20N_4 AN10
4 IO_L20P_4 AP10
4 I0_L21N 4 AP11
4 I0_L21P_4 AR11
4 I0_L25N_4 AL12
4 IO_L25P 4 AM12
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Bank Pin Description Pin Number
4 IO_L26N_4 AM11
4 IO_L26P_4 AN11
4 IO_L27N_4 AT11
4 I0_L27P_4/VREF_4 AU11
4 IO_L37N_4 AL13
4 IO_L37P_4 AM13
4 IO_L38N_4 AN12
4 IO_L38P_4 AP12
4 IO_L39N_4 AT12
4 IO_L39P_4 AU12
4 IO_L43N_4 AK14
4 IO_L43P_4 AL14
4 IO_L44N_4 AN13
4 I0_L44P_4 AP13
4 IO_L45N_4 AR13
4 I0_L45P_4/VREF_4 AT13
4 IO_L46N_4 AK15
4 IO_L46P_4 AL15
4 IO_LA7N_4 AM14
4 I0_L47P_4 AN14
4 IO_L48N_4 AR14
4 IO_L48P_4 AT14
4 IO_L49N_4 AJ16
4 IO_L49P_4 AK16
4 I0_L50_4/No_Pair AP15
4 I0_L53_4/No_Pair AR15
4 IO_L54N_4 AT15
4 IO_L54P_4 AU15
4 IO_L55N_4 AM15
4 IO_L55P_4 AN15
4 IO_L56N_4 AN16
4 IO_L56P_4 AP16
4 IO_L57N_4 AR16
4 I0_L57P_4/VREF_4 AT16
4 IO_L58N_4 AL16
4 IO_L58P_4 AM16
4 IO_L59N_4 AN17
4 IO_L59P_4 AP17
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Bank Pin Description Pin Number
4 I0_L60N_4 AT17
4 IO_L60P_4 AU17
4 I0_L64N_4 AK17
4 IO_L64P_4 AL17
4 I0_L65N_4 AM18
4 IO_L65P _4 AN18
4 I0_L66N_4 AP18
4 I0_L66P_4/VREF_4 AR18
4 I0_L67N_4 AK18
4 IO_L67P_4 AL18
4 I0_L68N_4 AM19
4 IO_L68P_4 AN19
4 IO_L69N_4 AT18
4 I0_L69P_4/VREF_4 AU18
4 I0_L73N_4 AK19
4 IO_L73P_4 AL19
4 IO_L74N_4/GCLK3S AP19
4 IO_L74P_4/GCLK2P AR19
4 IO_L75N_4/GCLK1S AT19
4 IO_L75P_4/GCLKOP AU19
5 IO_L75N_5/GCLK7S AU21
5 IO_L75P_5/GCLK6P AT21
5 IO_L74N_5/GCLK5S AR21
5 IO_L74P_5/GCLK4P AP21
5 I0_L73N_5 AL21
5 IO_L73P_5 AK21
5 I0_L69N_5/VREF_5 AU22
5 IO_L69P_5 AT22
5 I0_L68N_5 AN21
5 IO_L68P_5 AM21
5 I0_L67N_5 AL22
5 IO_L67P_5 AK22
5 I0_L66N_5/VREF_5 AR22
5 IO_L66P_5 AP22
5 I0_L65N_5 AN22
5 IO_L65P_5 AM22
5 I0_L64N_5 AL23
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Bank Pin Description Pin Number
5 IO_L64P_5 AK23
5 IO_L60N_5 AU23
5 IO_L60P_5 AT23
5 IO_L59N_5 AP23
5 IO_L59P_5 AN23
5 IO_L58N_5 AM24
5 IO_L58P_5 AL24
5 IO_L57N_5/VREF_5 AT24
5 IO_L57P_5 AR24
5 IO_L56N_5 AP24
5 IO_L56P_5 AN24
5 IO_L55N_5 AN25
5 IO_L55P_5 AM25
5 I0_L54N_5 AU25
5 IO_L54P_5 AT25
5 I0_L53_5/No_Pair AR25
5 I0_L50_5/No_Pair AP25
5 IO_L49N_5 AK24
5 I0_L49P_5 AJ24
5 IO_L48N_5 AT26
5 IO_L48P_5 AR26
5 IO_L47N_5 AN26
5 IO_L47P_5 AM26
5 IO_L46N_5 AL25
5 IO_L46P_5 AK25
5 IO_L45N_5/VREF_5 AT27
5 IO_L45P_5 AR27
5 I0_L44N_5 AP27
5 IO_L44P_5 AN27
5 I0_L43N_5 AL26
5 IO_L43P_5 AK26
5 IO_L39N_5 AU28
5 IO_L39P_5 AT28
5 IO_L38N_5 AP28
5 IO_L38P_5 AN28
5 IO_L37N_5 AM27
5 IO_L37P_5 AL27
5 IO_L27N_5/VREF_5 AU29
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Bank Pin Description Pin Number
5 I0_L27P_5 AT29
5 I0_L26N_5 AN29
5 I0_L26P_5 AM29
5 I0_L25N_5 AM28
5 IO_L25P_5 AL28
5 I0_L21N 5 AR29
5 I0O_L21P_5 AP29
5 I0_L20N_5 AP30
5 I0_L20P_5 AN30
5 I0_L19N_5 AK27
5 IO_L19P_5 AK28
5 I0_LO9N_5/VREF_5 AT30
5 IO_LO9P_5 AR30
5 I0_LO8N_5 AP31
5 IO_LO8P_5 AN31
5 I0_LO7N_5/VREF_5 AL29
5 IO_LO7P_5 AK29
5 IO_LO6N_5/VRP_5 AT31
5 IO_LO6P_5/VRN_5 AR31
5 I0_L05_5/No_Pair AM30
5 I0_LO3N_5/D4 AU32
5 I0_LO3P_5/D5 AT32
5 I0_LO02N_5/D6 AR32
5 10_L02P_5/D7 AP32
5 I0_LO1IN_5/RDWR_B ARS33
5 I0_LO1P_5/CS_B AP33
6 IO_LO1P_6/VRN_6 AU35
6 IO_LO1IN_6/VRP_6 AT35
6 IO_LO2P_6 AN32
6 I0_LO2N_6 AM33
6 IO_LO3P_6 AT38
6 I0_LO3N_6/VREF_6 AT39
6 IO_LO4P_6 AR34
6 I0_LO4N_6 AP35
6 IO_LO5P_6 AL32
6 I0_LO5N_6 AL33
6 IO_LO6P_6 AP36
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6 IO_LO6N_6 AP37
6 IO_LO7P_6 AR36
6 IO_LO7N_6 AR37
6 IO_LO8P_6 AK31
6 IO_LO8N_6 AK32
6 IO_LO9P_6 AR38
6 IO_LO9N_6/VREF_6 AR39
6 IO_L10P_6 AN34
6 IO_L10ON_6 AN35
6 IO_L11P_6 AG28
6 IO_L11IN_6 AG29
6 IO_L12P_6 AN36
6 IO_L12N_6 AN37
6 IO_L13P_6 AM34
6 IO_L13N_6 AM35
6 IO_L14P_6 AJ32
6 IO_L14N_6 AJ33
6 IO_L15P_6 AP38
6 IO_L15N_6/VREF_6 AP39
6 IO_L16P_6 AL34
6 IO_L16N_6 AL35
6 IO_L17P_6 AF28
6 IO_L17N_6 AF29
6 IO_L18P_6 AN38
6 IO_L18N_6 AN39
6 IO_L19P_6 AK33
6 IO_L19N_6 AK34
6 IO_L20P_6 AG30
6 IO_L20N_6 AG31
6 IO_L21P_6 AL36
6 IO_L21N_6/VREF_6 AL37
6 I0_L22P_6 AM36
6 IO_L22N_6 AM37
6 IO_L23P_6 AE28
6 IO_L23N_6 AE29
6 I0_L24P_6 AM38
6 IO_L24N_6 AM39
6 IO_L25P_6 AK35
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6 I0_L25N_6 AK36
6 IO_L26P_6 AF30
6 I0_L26N_6 AF31
6 I0_L27P_6 AL38
6 I0_L27N_6/VREF_6 AL39
6 I0_L28P_6 AJ34
6 I0_L28N_6 AJ35
6 IO_L29P_6 AG32
6 I0_L29N_6 AG33
6 IO_L30P_6 AK38
6 I0_L30N_6 AK39
6 IO_L31P_6 AH34
6 I0_L31IN_6 AH35
6 I0_L32P_6 AE30
6 I0_L32N_6 AE31
6 I0_L33P_6 AJ37
6 I0_L33N_6/VREF_6 AJ38
6 IO_L34P_6 AG34
6 I0_L34N_6 AG35
6 IO_L35P_6 AD28
6 I0_L35N_6 AD29
6 IO_L36P_6 AH36
6 I0_L36N_6 AH37
6 I0_L37P_6 AF32
6 I0_L37N_6 AF33
6 IO_L38P_6 AD30
6 I0_L38N_6 AD31
6 IO_L39P_6 AH38
6 I0_L39N_6/VREF_6 AH39
6 IO_L40P_6 AG36
6 I0_L40ON_6 AG37
6 IO_L41P_6 AC28
6 I0_L41N_6 AC29
6 I0_L42P_6 AG38
6 I0_L42N_6 AG39
6 IO_L43P_6 AF35
6 I0_L43N_6 AF36
6 I0_L44P 6 AD32
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6 IO_L44N_6 AD33
6 IO_L45P_6 AF38
6 IO_L45N_6/VREF_6 AF39
6 IO_L46P_6 AE33
6 IO_L46N_6 AE34
6 IO_LA7P_6 AC30
6 IO_L47N_6 AC31
6 IO_L48P_6 AE37
6 IO_L48N_6 AE38
6 IO_L49P_6 AE35
6 IO_L49N_6 AE36
6 IO_L50P_6 AB28
6 IO_L50N_6 AB29
6 IO_L51P_6 AD36
6 IO_L51N_6/VREF_6 AD37
6 IO_L52P_6 AD34
6 IO_L52N_6 AD35
6 IO_L53P_6 AB30
6 IO_L53N_6 AB31
6 IO_L54P_6 AD38
6 IO_L54N_6 AD39
6 IO_L55P_6 AC33
6 IO_L55N_6 AC34
6 IO_L56P_6 AB32
6 IO_L56N_6 AB33
6 IO_L57P_6 AC36
6 IO_L57N_6/VREF_6 AC37
6 IO_L58P_6 AB34
6 IO_L58N_6 AB35
6 IO_L59P_6 AA28
6 IO_L59N_6 AA29
6 IO_L60P_6 AC38
6 IO_L6ON_6 AC39
6 IO_L85P_6 AB36
6 IO_L85N_6 AB37
6 IO_L86P_6 AA30
6 IO_L86N_6 AA31
6 IO_L87P_6 AB38
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6 I0_L87N_6/VREF_6 AB39
6 IO_L88P_6 AA34
6 I0_L88N_6 AA35
6 IO_L89P_6 AA32
6 I0_L89N_6 AA33
6 IO_L90P_6 AA36
6 I0_L90ON_6 AA37
7 IO_L90OP_7 w37
7 I0_L90N_7 W36
7 I0_L89P_7 W33
7 I0_L89N_7 W32
7 IO_L88P_7 V39
7 I0_L88N_7/VREF_7 V38
7 I0_L87P_7 W35
7 I0_L87N_7 W34
7 IO_L86P_7 w31
7 I0_L86N_7 W30
7 IO_L85P_7 V37
7 I0_L85N_7 V36
7 IO_L60P_7 V35
7 I0_L60N_7 V34
7 IO_L59P_7 W29
7 I0_L59N_7 w28
7 I0_L58P_7 U39
7 IO_L58N_7/VREF_7 u38
7 IO_L57P_7 u34
7 I0_L57N_7 U333
7 I0O_L56P_7 V33
7 I0_L56N_7 V32
7 IO_L55P_7 u37
7 I0O_L55N_7 u36
7 I0_L54P_7 T37
7 I0_L54N_7 T36
7 I0_L53P_7 V31l
7 I0_L53N_7 V30
7 I0_L52P_7 T39
7 I0_L52N_7/VREF_7 T38
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7 IO_L51P_7 T35
7 IO_L51IN_7 T34
7 IO_L50P_7 V29
7 IO_L50N_7 V28
7 I0_L49P_7 R38
7 IO_L49N_7 R37
7 IO_L48P_7 R36
7 IO_L48N_7 R35
7 IO_L47P_7 U3l
7 IO_LA7N_7 U30
7 I0_L46P_7 P39
7 IO_L46N_7/VREF_7 P38
7 IO_L45P_7 R34
7 IO_L45N_7 R33
7 I0_L44P_7 T33
7 I0_L44N_7 T32
7 IO_L43P_7 N39
7 IO_L43N_7 N38
7 I0_L42P_7 P36
7 IO_L42N_7 P35
7 IO_L41P_7 u29
7 IO_L41IN_7 u28
7 IO_L40P_7 N37
7 IO_LAON_7/VREF_7 N36
7 I0_L39P_7 N35
7 IO_L39N_7 N34
7 IO_L38P_7 T31
7 I0_L38N_7 T30
7 I0_L37P_7 M39
7 IO_L37N_7 M38
7 IO_L36P_7 M35
7 IO_L36N_7 M34
7 IO_L35P_7 T29
7 IO_L35N_7 T28
7 I0_L34P_7 M37
7 IO_L34N_7/VREF_7 M36
7 IO_L33P_7 N33
7 I0_L33N_7 N32
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7 I0_L32P_7 R31
7 I0_L32N_7 R30
7 IO_L31P_7 L38
7 I0_L3IN_7 L37
7 I0_L30P_7 L35
7 I0_L30N_7 L34
7 I0_L29P_7 P33
7 I0_L29N_7 P32
7 I0_L28P_7 K39
7 I0_L28N_7/VREF_7 K38
7 I0_L27P_7 K36
7 I0_L27N_7 K35
7 I0_L26P_7 P31
7 I0_L26N_7 P30
7 I0_L25P_7 J39
7 I0_L25N_7 J38
7 I0_L24P_7 J37
7 I0_L24N_7 J36
7 I0_L23P_7 R29
7 I0_L23N_7 R28
7 I0_L22P_7 H39
7 I0_L22N_7/VREF_7 H38
7 I0_L21P_7 K34
7 I0_L21IN_7 K33
7 I0_L20P_7 N31
7 I0_L20N_7 N30
7 IO_L19P_7 G39
7 I0_L19N_7 G38
7 I0_L18P_7 J35
7 I0_L18N_7 J34
7 IO_L17P_7 P29
7 IO_L17N_7 P28
7 IO_L16P_7 H37
7 I0_L16N_7/VREF_7 H36
7 IO_L15P_7 H35
7 IO_L15N_7 H34
7 IO_L14P_7 L33
7 I0_L14N_7 L32
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7 I0_L13P_7 F39
7 IO_L13N_7 F38
7 I0_L12P_7 F37
7 IO_L12N_7 F36
7 I0_L11P_7 N29
7 IO_L11N_7 N28
7 IO_L10P_7 G37
7 IO_L1ON_7/VREF_7 G36
7 IO_LO9P_7 G35
7 IO_LO9N_7 G34
7 IO_LO8P_7 K32
7 IO_LO8N_7 K31
7 IO_LO7P_7 E39
7 IO_LO7N_7 E38
7 IO_LO6P_7 F35
7 IO_LO6N_7 E34
7 IO_LO5P_7 J33
7 IO_LO5N_7 J32
7 IO_LO4P_7 D39
7 IO_LO4AN_7/VREF_7 D38
7 IO_LO3P_7 D35
7 IO_LO3N_7 C35
7 IO_LO2P_7 H33
7 I0_LO2N_7 G32
7 IO_LO1P_7/VRN_7 E37
7 IO_LOIN_7/VRP_7 E36
0 VCCO_0 P25
0 VCCO_0 P24
0 VCCO_0 P23
0 VCCO_O0 P22
0 VCCO_O0 P21
0 VCCO_0 N26
0 VCCO_0 N25
0 VCCO_0 N24
0 VCCO_O0 N23
0 VCCO_O0 N22
0 VCCO_0 N21
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0 VCCO_O0 N20
0 VCCO_0 H23
0 VCCO_O0 F26
0 VCCO_0 E28
1 VCCO_1 P20
1 VCCO_1 P19
1 VCCO_1 P18
1 VCCO_1 P17
1 VCCO_1 P16
1 VCCO_1 P15
1 VCCO_1 N19
1 VCCO_1 N18
1 VCCO_1 N17
1 VCCO_1 N16
1 VCCO_1 N15
1 VCCO_1 N14
1 VCCO_1 H17
1 VCCO_1 F14
1 VCCO_1 E12
2 VCCO_2 Y13
2 VCCO_2 w14
2 VCCO_2 W13
2 VCCO_2 V14
2 VCCO_2 V13
2 VCCO_2 ul4
2 VCCO_2 ui3
2 VCCO_2 T14
2 VCCO_2 T13
2 VCCO_2 R14
2 VCCO_2 R13
2 VCCO_2 R8
2 VCCO_2 P13
2 VCCO_2 M7
2 VCCO_2 L4
3 VCCO_3 AJ4
3 VCCO_3 AH7
3 VCCO_3 AF13
3 VCCO_3 AE14
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3 VCCO_3 AE13
3 VCCO_3 AES8
3 VCCO_3 AD14
3 VCCO_3 AD13
3 VCCO_3 AC14
3 VCCO_3 AC13
3 VCCO_3 AB14
3 VCCO_3 AB13
3 VCCO_3 AAl4
3 VCCO_3 AA13
3 VCCO_3 Y14
4 VCCO_4 AR12
4 VCCO_4 AP14
4 VCCO_4 AM17
4 VCCO_4 AG20
4 VCCO_4 AG19
4 VCCO_4 AG18
4 VCCO_4 AG17
4 VCCO_4 AG16
4 VCCO_4 AG15
4 VCCO_4 AG14
4 VCCO_4 AF19
4 VCCO_4 AF18
4 VCCO_4 AF17
4 VCCO_4 AF16
4 VCCO_4 AF15
5 VCCO_5 AR28
5 VCCO_5 AP26
5 VCCO_5 AM23
5 VCCO_5 AG26
5 VCCO_5 AG25
5 VCCO_5 AG24
5 VCCO_5 AG23
5 VCCO_5 AG22
5 VCCO_5 AG21
5 VCCO_5 AF25
5 VCCO_5 AF24
5 VCCO_5 AF23
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5 VCCO_5 AF22
5 VCCO_5 AF21
5 VCCO_5 AF20
6 VCCO_6 AJ36
6 VCCO_6 AH33
6 VCCO_6 AF27
6 VCCO_6 AE32
6 VCCO_6 AE27
6 VCCO_6 AE26
6 VCCO_6 AD27
6 VCCO_6 AD26
6 VCCO_6 AC27
6 VCCO_6 AC26
6 VCCO_6 AB27
6 VCCO_6 AB26
6 VCCO_6 AA27
6 VCCO_6 AA26
6 VCCO_6 Y27
7 VCCO_7 Y26
7 VCCO_7 w27
7 VCCO_7 W26
7 VCCO_7 V27
7 VCCO_7 V26
7 VCCO_7 u27
7 VCCO_7 U26
7 VCCO_7 T27
7 VCCO_7 T26
7 VCCO_7 R32
7 VCCO_7 R27
7 VCCO_7 R26
7 VCCO_7 P27
7 VCCO_7 M33
7 VCCO_7 L36

N/A CCLK AT6
N/A PROG_B E33
N/A DONE AL10
N/A MO AT33
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N/A M1 AT34
N/A M2 AL30
N/A TCK E7
N/A TDI F33
N/A TDO F7
N/A T™MS D6
N/A PWRDWN_B AT7
N/A HSWAP_EN D34
N/A RSVD D7
N/A VBATT J10
N/A DXP J30
N/A DXN D33
N/A AVCCAUXTX2 B35
N/A VTTXPAD2 B36
N/A TXNPAD2 A36
N/A TXPPAD2 A35
N/A GNDA2 C34
N/A GNDA2 C34
N/A RXPPAD2 A34
N/A RXNPAD2 A33
N/A VTRXPAD2 B34
N/A AVCCAUXRX2 B33
N/A AVCCAUXTX4 B31
N/A VTTXPAD4 B32
N/A TXNPAD4 A32
N/A TXPPAD4 A3l
N/A GNDA4 C31
N/A GNDA4 C31
N/A RXPPAD4 A30
N/A RXNPAD4 A29
N/A VTRXPAD4 B30
N/A AVCCAUXRX4 B29
N/A AVCCAUXTX5 B27
N/A VTTXPADS B28
N/A TXNPADS5S A28
N/A TXPPADS A27
N/A GNDA5 c27
N/A GNDAS5 c27
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N/A RXPPADS5 A26
N/A RXNPADS A25
N/A VTRXPADS B26
N/A AVCCAUXRX5 B25
N/A AVCCAUXTX6 B23
N/A VTTXPADG6 B24
N/A TXNPADG6 A24
N/A TXPPADG6 A23
N/A GNDAG6 C24
N/A GNDAG6 c24
N/A RXPPADG A22
N/A RXNPADG6 A21
N/A VTRXPADG6 B22
N/A AVCCAUXRX6 B21
N/A AVCCAUXTX7 B18
N/A VTTXPAD7 B19
N/A TXNPAD7 Al19
N/A TXPPAD7 Al8
N/A GNDA7 C1l6
N/A GNDA7 C1l6
N/A RXPPAD7 Al7
N/A RXNPAD7 Al6
N/A VTRXPAD7 B17
N/A AVCCAUXRX7 B16
N/A AVCCAUXTXS8 B14
N/A VTTXPADS8 B15
N/A TXNPADS Al5
N/A TXPPADS Al4
N/A GNDAS8 C13
N/A GNDAS8 C13
N/A RXPPADS Al13
N/A RXNPADS Al12
N/A VTRXPADS8 B13
N/A AVCCAUXRX8 B12
N/A AVCCAUXTX9 B10
N/A VTTXPAD9 B11
N/A TXNPAD9 All
N/A TXPPAD9 Al0
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N/A GNDA9 C9
N/A GNDA9 C9
N/A RXPPAD9 A9
N/A RXNPAD9 A8
N/A VTRXPAD9 B9
N/A AVCCAUXRX9 B8
N/A AVCCAUXTX11 B6
N/A VTTXPAD11 B7
N/A TXNPAD11 A7
N/A TXPPAD11 A6
N/A GNDA11 C6
N/A GNDA11 C6
N/A RXPPAD11 A5
N/A RXNPAD11 Ad
N/A VTRXPAD11 B5
N/A AVCCAUXRX11 B4
N/A AVCCAUXRX14 AV4
N/A VTRXPAD14 AV5
N/A RXNPAD14 AW4
N/A RXPPAD14 AW5
N/A GNDA14 AUG
N/A GNDA14 AUG
N/A TXPPAD14 AW6
N/A TXNPAD14 AW7
N/A VTTXPAD14 AV7
N/A AVCCAUXTX14 AV6
N/A AVCCAUXRX16 AV8
N/A VTRXPAD16 AV9
N/A RXNPAD16 AWS8
N/A RXPPAD16 AW9
N/A GNDA16 AU9
N/A GNDA16 AU9
N/A TXPPAD16 AW10
N/A TXNPAD16 AW11
N/A VTTXPAD16 AV11
N/A AVCCAUXTX16 AV10
N/A AVCCAUXRX17 AV12
N/A VTRXPAD17 AV13
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Bank Pin Description Pin Number
N/A RXNPAD17 AW12
N/A RXPPAD17 AW13
N/A GNDA17 AU13
N/A GNDA17 AU13
N/A TXPPAD17 AW14
N/A TXNPAD17 AW15
N/A VTTXPAD17 AV15
N/A AVCCAUXTX17 AV14
N/A AVCCAUXRX18 AV16
N/A VTRXPAD18 AV17
N/A RXNPAD18 AW16
N/A RXPPAD18 AW17
N/A GNDA18 AU16
N/A GNDA18 AU16
N/A TXPPAD18 AW18
N/A TXNPAD18 AW19
N/A VTTXPAD18 AV19
N/A AVCCAUXTX18 AV18
N/A AVCCAUXRX19 Av21
N/A VTRXPAD19 AV22
N/A RXNPAD19 AW21
N/A RXPPAD19 AW22
N/A GNDA19 AU24
N/A GNDA19 AU24
N/A TXPPAD19 AW23
N/A TXNPAD19 AW24
N/A VTTXPAD19 AV24
N/A AVCCAUXTX19 AV23
N/A AVCCAUXRX20 AV25
N/A VTRXPAD20 AV26
N/A RXNPAD20 AW25
N/A RXPPAD20 AW26
N/A GNDA20 AU27
N/A GNDA20 AU27
N/A TXPPAD20 AW27
N/A TXNPAD20 AW28
N/A VTTXPAD20 AV28
N/A AVCCAUXTX20 AV27
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N/A AVCCAUXRX21 AV29
N/A VTRXPAD21 AV30
N/A RXNPAD21 AW29
N/A RXPPAD21 AW30
N/A GNDA21 AU31
N/A GNDA21 AU31
N/A TXPPAD21 AW31
N/A TXNPAD21 AW32
N/A VTTXPAD21 AV32
N/A AVCCAUXTX21 AV31
N/A AVCCAUXRX23 AV33
N/A VTRXPAD23 AV34
N/A RXNPAD23 AW33
N/A RXPPAD23 AW34
N/A GNDA23 AU34
N/A GNDA23 AU34
N/A TXPPAD23 AW35
N/A TXNPAD23 AW36
N/A VTTXPAD23 AV36
N/A AVCCAUXTX23 AV35
N/A VCCINT AH28
N/A VCCINT AH12
N/A VCCINT AG27
N/A VCCINT AG13
N/A VCCINT AF26
N/A VCCINT AF14
N/A VCCINT AE25
N/A VCCINT AE24
N/A VCCINT AE23
N/A VCCINT AE22
N/A VCCINT AE21
N/A VCCINT AE20
N/A VCCINT AE19
N/A VCCINT AE18
N/A VCCINT AE17
N/A VCCINT AE16
N/A VCCINT AE15
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N/A VCCINT AD25
N/A VCCINT AD24
N/A VCCINT AD16
N/A VCCINT AD15
N/A VCCINT AC25
N/A VCCINT AC15
N/A VCCINT AB25
N/A VCCINT AB15
N/A VCCINT AA25
N/A VCCINT AA15
N/A VCCINT Y25
N/A VCCINT Y15
N/A VCCINT W25
N/A VCCINT W15
N/A VCCINT V25
N/A VCCINT V15
N/A VCCINT u25
N/A VCCINT Ul5
N/A VCCINT T25
N/A VCCINT T24
N/A VCCINT T16
N/A VCCINT T15
N/A VCCINT R25
N/A VCCINT R24
N/A VCCINT R23
N/A VCCINT R22
N/A VCCINT R21
N/A VCCINT R20
N/A VCCINT R19
N/A VCCINT R18
N/A VCCINT R17
N/A VCCINT R16
N/A VCCINT R15
N/A VCCINT P26
N/A VCCINT P14
N/A VCCINT N27
N/A VCCINT N13
N/A VCCINT M28
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N/A VCCINT M12
N/A VCCAUX AV20
N/A VCCAUX AU36
N/A VCCAUX AU20
N/A VCCAUX AU4
N/A VCCAUX AT37
N/A VCCAUX AT3
N/A VCCAUX AL31
N/A VCCAUX AL9
N/A VCCAUX AK30
N/A VCCAUX AK10
N/A VCCAUX AA39
N/A VCCAUX AAl
N/A VCCAUX Y39
N/A VCCAUX Y38
N/A VCCAUX Y2
N/A VCCAUX Y1
N/A VCCAUX W39
N/A VCCAUX w1
N/A VCCAUX K30
N/A VCCAUX K10
N/A VCCAUX J31
N/A VCCAUX J9
N/A VCCAUX D37
N/A VCCAUX D3
N/A VCCAUX C36
N/A VCCAUX C20
N/A VCCAUX C4
N/A VCCAUX B20
N/A GND AW38
N/A GND AW37
N/A GND AW20
N/A GND AW3
N/A GND AW?2
N/A GND AV39
N/A GND AV38
N/A GND AV37
N/A GND AV3
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SXILINX®

Virtex-lIl Pro™ Platform FPGASs: Pinout Information

Table 11: FF1517 — XC2VP50

Bank Pin Description Pin Number
N/A GND AV2
N/A GND AVl
N/A GND AU39
N/A GND AU38
N/A GND AU37
N/A GND AU30
N/A GND AU26
N/A GND AU14
N/A GND AU10
N/A GND AU3
N/A GND AU2
N/A GND AU1
N/A GND AT36
N/A GND AT20
N/A GND AT4
N/A GND AR35
N/A GND AR23
N/A GND AR17
N/A GND AR5
N/A GND AP34
N/A GND AP6
N/A GND AN33
N/A GND ANZ20
N/A GND AN7
N/A GND AM32
N/A GND AMS8
N/A GND AK37
N/A GND AK20
N/A GND AK3
N/A GND AJ39
N/A GND AJl
N/A GND AF37
N/A GND AF34
N/A GND AF6
N/A GND AF3
N/A GND AE39
N/A GND AE1
N/A GND AD23
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Virtex-lIl Pro™ Platform FPGASs: Pinout Information

SXILINX®

Table 11: FF1517 — XC2VP50

Bank Pin Description Pin Number
N/A GND AD22
N/A GND AD21
N/A GND AD20
N/A GND AD19
N/A GND AD18
N/A GND AD17
N/A GND AC35
N/A GND AC32
N/A GND AC24
N/A GND AC23
N/A GND AC22
N/A GND AC21
N/A GND AC20
N/A GND AC19
N/A GND AC18
N/A GND AC17
N/A GND AC16
N/A GND ACS8
N/A GND AC5
N/A GND AB24
N/A GND AB23
N/A GND AB22
N/A GND AB21
N/A GND AB20
N/A GND AB19
N/A GND AB18
N/A GND AB17
N/A GND AB16
N/A GND AA38
N/A GND AA24
N/A GND AA23
N/A GND AA22
N/A GND AA21
N/A GND AA20
N/A GND AA19
N/A GND AA18
N/A GND AAL17
N/A GND AA16
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SXILINX®

Virtex-lIl Pro™ Platform FPGASs: Pinout Information

Table 11: FF1517 — XC2VP50

Bank Pin Description Pin Number
N/A GND AA2
N/A GND Y37
N/A GND Y36
N/A GND Y33
N/A GND Y30
N/A GND Y24
N/A GND Y23
N/A GND Y22
N/A GND Y21
N/A GND Y20
N/A GND Y19
N/A GND Y18
N/A GND Y17
N/A GND Y16
N/A GND Y10
N/A GND Y7
N/A GND Y4
N/A GND Y3
N/A GND W38
N/A GND w24
N/A GND W23
N/A GND w22
N/A GND w21
N/A GND W20
N/A GND W19
N/A GND w18
N/A GND W17
N/A GND W16
N/A GND w2
N/A GND V24
N/A GND V23
N/A GND V22
N/A GND V21
N/A GND V20
N/A GND V19
N/A GND V18
N/A GND V17
N/A GND V16
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Virtex-lIl Pro™ Platform FPGASs: Pinout Information

SXILINX®

Table 11: FF1517 — XC2VP50

Bank Pin Description Pin Number
N/A GND U35
N/A GND u32
N/A GND u24
N/A GND u23
N/A GND u22
N/A GND u21
N/A GND u20
N/A GND u19
N/A GND u18
N/A GND u17
N/A GND ul6
N/A GND us
N/A GND us
N/A GND T23
N/A GND T22
N/A GND T21
N/A GND T20
N/A GND T19
N/A GND T18
N/A GND T17
N/A GND R39
N/A GND R1
N/A GND P37
N/A GND P34
N/A GND P6
N/A GND P3
N/A GND L39
N/A GND L1
N/A GND K37
N/A GND K20
N/A GND K3
N/A GND H32
N/A GND H8
N/A GND G33
N/A GND G20
N/A GND G7
N/A GND F34
N/A GND F6
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SXILINX®

Virtex-lIl Pro™ Platform FPGASs: Pinout Information

Table 11: FF1517 — XC2VP50

Bank Pin Description Pin Number
N/A GND E35
N/A GND E23
N/A GND E17
N/A GND ES5
N/A GND D36
N/A GND D20
N/A GND D4
N/A GND C39
N/A GND C38
N/A GND C37
N/A GND C30
N/A GND C26
N/A GND Cl4
N/A GND C10
N/A GND C3
N/A GND Cc2
N/A GND C1
N/A GND B39
N/A GND B38
N/A GND B37
N/A GND B3
N/A GND B2
N/A GND B1
N/A GND A38
N/A GND A37
N/A GND A20
N/A GND A3
N/A GND A2
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Virtex-lIl Pro™ Platform FPGASs: Pinout Information

SXILINX®

FF1517 Flip-Chip Fine-Pitch BGA Package Specifications (1.00mm pitch)
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Figure 6: FF1517 Flip-Chip Fine-Pitch BGA Package Specifications
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SXILINX®

Virtex-lIl Pro™ Platform FPGASs: Pinout Information

BF957 Flip-Chip BGA Package

As shown in Table 12, XC2VP20 and XC2VP50 Virtex-Il Pro devices are available in the BF957 flip-chip BGA package. Pins
in each of these devices are the same, except for the differences shown in the "No Connects" column. Following this table
are the BF957 Flip-Chip BGA Package Specifications (1.27mm pitch).

Table 12: BF957 — XC2VP20 and XC2VP50

No Connects

XC2v XC2v
Bank Pin Description Pin Number P20 P50
0 IO_LOIN_O/VRP_O E26
0 IO_LO1P_O/VRN_O E25
0 I0_LO2N_O H23
0 I0_LO2P_0 G23
0 I0_LO3N_O F25
0 I0_LO3P_O/VREF_O F24
0 I0_LO5_0/No_Pair G24
0 I0_LO6N_O J22
0 IO_LO6P_O H22
0 I0_LO7N_O F23
0 I0_LO7P_O E23
0 I0_LO8N_O D25
0 IO_LO8P_O C25
0 I0_LO9N_O K21
0 I0_LO9P_O/VREF_O J21
0 IO_L19N_O G22 NC
0 I0_L19P_0 F22 NC
0 I0_L37N_O H21
0 I0_L37P_0 Gz21
0 I0_L38N_0 E24
0 IO_L38P_0 D24
0 I0_L39N_0 K20
0 IO_L39P_0 J20
0 I0_L43N_0 F21
0 I0_L43P_0 E21
0 I0_L44N_0 D23
0 I0_L44P_0 D22
0 I0_L45N_0 H20
0 I0_L45P_O/VREF_O G20
0 I0_L46N_0O F20
0 I0_L46P_0 E20
0 I0_L47N_O C22
0 I0_L47P_0 Cc21
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SXILINX®

Table 12: BF957 — XC2VP20 and XC2VP50

No Connects
XC2V XC2v
Bank Pin Description Pin Number P20 P50
0 I0_L48N_O K19
0 I0_L48P_0 J19
0 I0_L49N_O H19
0 IO_L49P_0 G19
0 I0_L50_0/No_Pair D21
0 10_L53_0/No_Pair D20
0 I0_L54N_0O K18
0 IO_L54P_0 J18
0 I0_L55N_0O F18
0 IO_L55P_0 E18
0 I0_L56N_0O E19
0 IO_L56P_0 D19
0 I0_L57N_O H18
0 I0_L57P_O/VREF_O G18
0 I0_L67N_O H17
0 IO_L67P_0 G17
0 I0_L68N_0O D18
0 IO_L68P_O C18
0 I0_L69N_O K17
0 I0_L69P_O/VREF_O J17
0 I0_L73N_0O F17
0 IO_L73P_0 E17
0 I0_L74N_0/GCLK7P D17
0 IO_L74P_0/GCLK6S C17
0 I0_L75N_0/GCLK5P F16
0 IO_L75P_0/GCLK4S E16
1 I0_L75N_1/GCLK3P H16
1 IO_L75P_1/GCLK2S J16
1 I0_L74N_1/GCLK1P C15
1 IO_L74P_1/GCLKOS D15
1 I0_L73N_1 E15
1 IO_L73P_1 F15
1 IO_L69N_1/VREF 1 J15
1 I0_L69P_1 K15
1 I0_L68N_1 Cl4
1 I0_L68P_1 D14
1 I0_L67N_1 G15
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects

XC2V XC2v
Bank Pin Description Pin Number P20 P50

1 IO_L67P_1 H15

1 IO0_L57N_1/VREF_1 G14

1 IO_L57P_1 H14

1 I0_L56N_1 D13

1 IO_L56P_1 E13

1 I0_L55N_1 E14

1 IO_L55P_1 F14

1 I0_L54N_1 J14

1 I0_L54P_1 K14

1 I0_L53_1/No_Pair D12

1 I0_L50_1/No_Pair D11

1 I0_L49N_1 G13

1 I0_L49P 1 H13

1 I0_L48N_1 J13

1 I0_L48P_1 K13

1 I0_L47N_1 Cl1

1 I0_L47P_1 C10

1 I0_L46N_1 E12

1 I0_L46P_1 F12

1 IO_L45N_1/VREF_1 G12

1 I0_L45P 1 H12

1 I0_L44N_1 D10

1 I0_L44P 1 D9

1 10_L43N_1 E11

1 I0_L43P_1 F11

1 I0_L39N_1 J12

1 IO_L39P_1 K12

1 10_L38N_1 D8

1 IO_L38P_1 ES8

1 I0_L37N_1 G1l1

1 I0_L37P_1 H11

1 I0_L19N_1 F10 NC
1 IO_L19P_1 G10 NC
1 IO_LO9N_1/VREF_1 J11

1 I0_LO9P_1 K11

1 I0_LO8N_1 Cc7

1 I0_LO8P_1 D7

1 I0_LO7N_1 E9

DS083-4 (v1.0) January 31, 2002 www.xilinx.com Module 4 of 4

Advance Product Specification

1-800-255-7778

317


http://www.xilinx.com

Virtex-lIl Pro™ Platform FPGASs: Pinout Information

SXILINX®

Table 12: BF957 — XC2VP20 and XC2VP50

No Connects

XC2V XC2V
Bank Pin Description Pin Number P20 P50

1 IO_LO7P_1 F9

1 I0_LO6N_1 H10

1 IO_LO6P_1 J10

1 I0_LO5_1/No_Pair G8

1 IO_LO3N_1/VREF_1 F8

1 IO_LO3P_1 F7

1 I0_LO2N_1 G9

1 I0_LO2P_1 H9

1 IO_LOIN_1/VRP_1 E7

1 IO_LO1P_1/VRN_1 E6

2 IO_LOIN_2/VRP_2 D2

2 IO_LO1P_2/VRN_2 D1

2 I0_LO2N_2 K9

2 I0_LO2P_2 K8

2 IO_LO3N_2 C4

2 IO_LO3P_2 D3

2 IO_LO4N_2/VREF_2 E2

2 I0_L04P_2 El

2 IO_LO5N_2 L10

2 IO_LO5P_2 L9

2 IO_LO6N_2 E4

2 IO_LO6P_2 E3

2 I0O_L18N_2 F5 NC
2 IO_L18P_2 F4 NC
2 I0_L31IN_2 G4

2 I0_L31P_2 G3

2 I0_L32N_2 J7

2 I0_L32P_2 J6

2 I0_L33N_2 G6

2 I0_L33P_2 G5

2 I0_L34N_2/VREF_2 F2

2 I0_L34P_2 F1

2 IO_L35N_2 K7

2 IO_L35P_2 K6

2 IO_L36N_2 H5

2 I0_L36P_2 H4

2 IO_L37N_2 G2
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects

XC2V XC2v
Bank Pin Description Pin Number P20 P50
2 I0_L37P_2 G1
2 I0_L38N_2 M10
2 IO_L38P_2 M9
2 I0_L39N_2 J4
2 IO_L39P_2 J3
2 IO_L4AON_2/VREF_2 H2
2 IO_L40P_2 H1l
2 I0_L41N_2 L8
2 I0_L41P_2 L7
2 10_L42N_2 K5
2 I0_L42P_2 K4
2 I0_L43N_2 J2
2 I0_L43P_2 J1
2 I0_L44N_2 M8
2 I0_L44P 2 M7
2 I0_L45N_2 L6
2 I0_L45P_2 L5
2 IO_L46N_2/VREF_2 K2
2 I0_L46P_2 K1
2 I0_L47N_2 N10
2 I0_L47P_2 N9
2 I0_L48N_2 L4
2 I0_L48P_2 L3
2 I0_L49N_2 L2
2 I0_L49P_2 L1
2 I0_L50N_2 M6
2 IO_L50P_2 M5
2 I0_L51IN_2 M4
2 IO_L51P_2 M3
2 I0_L52N_2/VREF_2 M2
2 IO_L52P_2 M1
2 I0_L53N_2 N8
2 IO_L53P_2 N7
2 I0_L54N_2 N5
2 I0O_L54P_2 N4
2 I0_L55N_2 N2
2 IO_L55P_2 N1
2 I0_L56N_2 P10
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects

XC2V XC2v
Bank Pin Description Pin Number P20 P50
2 IO_L56P_2 P9
2 I0_L57N_2 P6
2 IO_L57P_2 P5
2 IO0_L58N_2/VREF_2 P4
2 IO_L58P_2 P3
2 I0_L59N_2 P8
2 IO_L59P_2 P7
2 I0_L60N_2 R6
2 IO_L60P_2 R5
2 I0_L85N_2 P2
2 IO_L85P_2 P1
2 I0_L86N_2 R10
2 I0_L86P_2 R9
2 I0_L87N_2 R4
2 I0_L87P_2 R3
2 IO_L88N_2/VREF_2 R2
2 I0_L88P_2 R1
2 I0_L89N_2 R8
2 I0_L89P_2 R7
2 I0_L90ON_2 T5
2 IO_L90P_2 T6
3 I0_L90N_3 Ul
3 IO_L90P_3 U2
3 I0_L89N_3 T8
3 I0_L89P_3 T9
3 I0_L88N_3 u3
3 I0_L88P_3 u4
3 IO_L87N_3/VREF_3 V1
3 I0_L87P_3 V2
3 I0_L86N_3 u7
3 I0_L86P_3 us
3 I0_L85N_3 us
3 IO_L85P_3 U6
3 I0_L60N_3 V3
3 IO_L60P_3 V4
3 I0_L59N_3 U9
3 IO_L59P_3 u10
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects

XC2V XC2v
Bank Pin Description Pin Number P20 P50
3 I0_L58N_3 V5
3 IO_L58P_3 V6
3 IO_L57N_3/VREF_3 w1
3 I0_L57P_3 W2
3 I0_L56N_3 V7
3 IO_L56P_3 V8
3 I0_L55N_3 W4
3 IO_L55P_3 W5
3 I0_L54N_3 Y1l
3 I0_L54P_3 Y2
3 I0_L53N_3 V9
3 IO_L53P_3 V10
3 I0_L52N_3 Y3
3 I0_L52P_3 Y4
3 IO_L51N_3/VREF_3 AAl
3 IO_L51P_3 AA2
3 I0_L50N_3 W7
3 IO_L50P_3 w8
3 I0_L49N_3 Y5
3 I0_L49P_3 Y6
3 10_L48N_3 AB1
3 I0_L48P_3 AB2
3 I0_L47N_3 W9
3 I0_L47P_3 W10
3 I0_L46N_3 AA3
3 I0_L46P_3 AA4
3 IO_L45N_3/VREF_3 AC1
3 I0_L45P_3 AC2
3 I0_L44N_3 Y7
3 I0_L44P_3 Y8
3 I0_L43N_3 AA5
3 I0_L43P_3 AAB
3 I0_L42N_3 AD1
3 I0_L42P_3 AD2
3 I0_L41N_3 AA7
3 I0_L41P_3 AA8
3 10_L40N_3 AB4
3 IO_L40P_3 AB5
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects

XC2V XC2v
Bank Pin Description Pin Number P20 P50
3 IO_L39N_3/VREF_3 AC3
3 I0_L39P_3 AC4
3 I0_L38N_3 Y9
3 I0_L38P_3 Y10
3 I0_L37N_3 AD4
3 I0_L37P_3 AD5
3 I0_L36N_3 AE1l
3 I0_L36P_3 AE2
3 I0_L35N_3 AB6
3 I0_L35P_3 AB7
3 I0_L34N_3 AES3
3 I0_L34P_3 AE4
3 I0_L33N_3/VREF_3 AF1
3 IO_L33P_3 AF2
3 10_L32N_3 ACG6
3 I0_L32P_3 AC7
3 I0_L31N_3 AES5
3 IO_L31P_3 AE6
3 I0_L18N_3 AG1l NC
3 IO_L18P_3 AG2 NC
3 I0_L17N_3 AA9 NC
3 I0_L17P_3 AA10 NC
3 I0_LO6N_3 AH1
3 IO_LO6P_3 AH2
3 I0_LO5N_3 ABS8
3 IO_LO5P_3 AB9
3 I0_LO4N_3 AF4
3 IO_LO4P_3 AF5
3 IO_LO3N_3/VREF_3 AG3
3 IO_LO3P_3 AG4
3 I0_LO2N_3 AD6
3 I0_LO2P_3 AD7
3 IO_LOIN_3/VRP_3 AH3
3 IO_LO1P_3/VRN_3 AJ4
4 IO_LO1N_4/DOUT AG6
IO_LO1P_4/INIT_B AG7
I0_LO02N_4/D0 AF7
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects

XC2Vv XC2v
Bank Pin Description Pin Number P20 P50

4 I0_L02P_4/D1 AF8

4 I0_LO3N_4/D2 AH7

4 I0_LO3P_4/D3 AJ7

4 I0_L05_4/No_Pair AES8

4 IO_LO6N_4/VRP_4 AGS8

4 IO_LO6P_4/VRN_4 AHS8

4 I0_LO7N_4 AC10

4 I0_LO7P_4/VREF_4 AD10

4 I0_LO8N_4 AD9

4 IO_LO8P_4 AE9

4 I0_LO9N_4 AF9

4 I0_LO9P_4/VREF_4 AG9

4 I0_L19N 4 AB11 NC
4 IO_L19P_4 AC11 NC
4 I0_L37N_4 AB12

4 IO_L37P_4 AC12

4 I0_L38N_4 AE10

4 IO_L38P_4 AF10

4 I0_L39N_4 AH9

4 IO_L39P_4 AH10

4 I0_L43N_4 AD11

4 IO_L43P_4 AE11l

4 I0_L44N_4 AF11

4 I0_L44P 4 AG11

4 I0_L45N_4 AJ10

4 I0_L45P_4/VREF_4 AJ11

4 I0_L46N_4 AB13

4 IO_L46P_4 AC13

4 I0_L47N_4 AD12

4 IO_L47P _4 AE12

4 I0_L48N_4 AH11

4 IO_L48P 4 AH12

4 I0_L49N_4 AB14

4 IO_L49P 4 AC14

4 I0_L50_4/No_Pair AF12

4 10_L53_4/No_Pair AG12

4 I0_L54N_4 AG13

4 I0_L54P_4 AH13
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects
XC2V XC2v
Bank Pin Description Pin Number P20 P50
4 I0O_L55N_4 AD14
4 IO_L55P_4 AE14
4 I0_L56N_4 AD13
4 IO_L56P_4 AE13
4 I0_L57N_4 AF14
4 I0_L57P_4/VREF_4 AG14
4 I0_L67N_4 AB15
4 IO_L67P_4 AC15
4 I0_L68N_4 AD15
4 IO_L68P_4 AE15
4 I0_L69N_4 AH14
4 I0_L69P_4/VREF_4 AJl4
4 I0_L73N_4 AC16
4 IO_L73P_4 AD16
4 I0_L74N_4/GCLK3S AF15
4 IO_L74P_4/GCLK2P AG15
4 I0_L75N_4/GCLK1S AH15
4 IO_L75P_4/GCLKOP AJ15
5 I0_L75N_5/GCLK7S AJ17
5 IO_L75P_5/GCLK6P AH17
5 I0_L74N_5/GCLK5S AG17
5 IO_L74P_5/GCLK4P AF17
5 I0_L73N_5 AG16
5 IO_L73P_5 AF16
5 IO_L69N_5/VREF_5 AJ18
5 IO_L69P_5 AH18
5 I0_L68N_5 AE17
5 IO_L68P_5 AD17
5 I0_L67N_5 AC17
5 IO_L67P_5 AB17
5 I0_L57N_5/VREF_5 AG18
5 IO_L57P_5 AF18
5 I0_L56N_5 AE19
5 IO_L56P_5 AD19
5 I0_L55N_5 AE18
5 IO_L55P_5 AD18
5 I0_L54N_5 AH19
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Virtex-lIl Pro™ Platform FPGASs: Pinout Information

Table 12: BF957 — XC2VP20 and XC2VP50

No Connects

XC2V XC2v
Bank Pin Description Pin Number P20 P50
5 IO_L54P_5 AG19
5 10_L53_5/No_Pair AG20
5 I0_L50_5/No_Pair AF20
5 I0_L49N_5 AC18
5 IO_L49P_5 AB18
5 I0_L48N_5 AH20
5 IO_L48P_5 AH21
5 I0_L47N_5 AE20
5 I0_L47P_5 AD20
5 I0_L46N_5 AC19
5 IO_L46P_5 AB19
5 IO_L45N_5/VREF_5 AJ21
5 I0_L45P_5 AJ22
5 I0_L44N_5 AG21
5 I0_L44P 5 AF21
5 I0_L43N_5 AE21
5 I0_L43P_5 AD21
5 I0_L39N_5 AH22
5 I0_L39P_5 AH23
5 I0_L38N_5 AF22
5 I0_L38P_5 AE22
5 I0_L37N_5 AC20
5 I0_L37P_5 AB20
5 I0_L19N_5 AC21 NC
5 IO_L19P_5 AB21 NC
5 IO_LO9N_5/VREF_5 AG23
5 IO_LO9P_5 AF23
5 I0_LO8N_5 AE23
5 IO_LO8P_5 AD23
5 IO_LO7N_5/VREF_5 AD22
5 IO_LO7P_5 AC22
5 IO_LO6N_5/VRP_5 AH24
5 IO_LO6P_5/VRN_5 AG24
5 I0_L05_5/No_Pair AE24
5 I0_LO3N_5/D4 AJ25
5 I0_LO3P_5/D5 AH25
5 I0_LO2N_5/D6 AF24
5 I0_LO02P_5/D7 AF25
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects

XC2V XC2V
Bank Pin Description Pin Number P20 P50

5 IO_LO1IN_5/RDWR_B AG25

5 I0O_LO1P_5/CS B AG26

6 IO_LO1P_6/VRN_6 AJ28

6 IO_LO1IN_6/VRP_6 AH29

6 IO_LO2P_6 AD25

6 IO_LO2N_6 AD26

6 IO_LO3P_6 AG28

6 IO_LO3N_6/VREF_6 AG29

6 IO_L04P_6 AF27

6 IO_LO4N_6 AF28

6 IO_LO5P_6 AB23

6 IO_LO5N_6 AB24

6 IO_LO6P_6 AH30

6 IO_LO6N_6 AH31

6 IO_L17P_6 AA22 NC
6 IO_L17N_6 AA23 NC
6 IO_L18P_6 AG30 NC
6 IO_L18N_6 AG31 NC
6 I0_L31P_6 AE26

6 IO_L31IN_6 AE27

6 I0_L32P_6 AC25

6 I0O_L32N_6 AC26

6 IO_L33P_6 AF30

6 IO_L33N_6/VREF_6 AF31

6 I0_L34P_6 AE28

6 IO_L34N_6 AE29

6 IO_L35P_6 AB25

6 IO_L35N_6 AB26

6 IO_L36P_6 AE30

6 IO_L36N_6 AE31

6 I0_L37P_6 AD27

6 IO_L37N_6 AD28

6 IO_L38P_6 Y22

6 IO_L38N_6 Y23

6 IO_L39P_6 AC28

6 I0_L39N_6/VREF_6 AC29

6 IO_L40P_6 AB27
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects

XC2V XC2v
Bank Pin Description Pin Number P20 P50
6 I0_L40ON_6 AB28
6 I0_L41P_6 AA24
6 I0_L41N_6 AA25
6 I0_L42P_6 AD30
6 I0_L42N_6 AD31
6 I0_L43P_6 AA26
6 I0_L43N_6 AA27
6 IO _L44P_6 Y24
6 I0_L44N_6 Y25
6 IO_L45P_6 AC30
6 IO_L45N_6/VREF_6 AC31
6 IO_L46P_6 AA28
6 I0_L46N_6 AA29
6 IO_L47P_6 W22
6 I0_L47N_6 W23
6 IO_L48P_6 AB30
6 I0_L48N_6 AB31
6 IO_L49P_6 Y26
6 I0_L49N_6 Y27
6 IO_L50P_6 W24
6 I0_L50N_6 W25
6 IO_L51P_6 AA30
6 IO_L51N_6/VREF_6 AA31
6 IO_L52P_6 Y28
6 I0_L52N_6 Y29
6 IO_L53P_6 V22
6 I0_L53N_6 V23
6 IO_L54P_6 Y30
6 I0_L54N_6 Y31
6 IO_L55P_6 W27
6 I0_L55N_6 w28
6 IO_L56P_6 V24
6 I0_L56N_6 V25
6 IO_L57P_6 W30
6 IO_L57N_6/VREF_6 W31
6 IO_L58P_6 V26
6 I0_L58N_6 V27
6 IO_L59P_6 u22
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects

XC2Vv XC2V
Bank Pin Description Pin Number P20 P50
6 IO_L59N_6 u23
6 IO_L60P_6 V28
6 IO_L60ON_6 V29
6 IO_L85P_6 uU26
6 IO_L85N_6 u27
6 IO_L86P_6 u24
6 IO_L86N_6 u25
6 IO_L87P_6 V30
6 IO_L87N_6/VREF_6 V31
6 IO_L88P_6 u28
6 IO_L88N_6 u29
6 IO_L89P_6 T23
6 IO_L89N_6 T24
6 IO_L90P_6 uU30
6 IO_L9ON_6 U3l
7 IO_L90P_7 T26
7 IO_L90ON_7 T27
7 I0_L89P_7 R25
7 IO_L89N_7 R24
7 I0_L88P_7 R31
7 IO_L88N_7/VREF_7 R30
7 I0_L87P_7 R29
7 I0_L87N_7 R28
7 I0_L86P_7 R23
7 I0_L86N_7 R22
7 IO_L85P_7 P31
7 IO_L85N_7 P30
7 IO_L60P_7 R27
7 IO_L60ON_7 R26
7 I0_L59P_7 P25
7 IO_L59N_7 P24
7 IO_L58P_7 P29
7 IO_L58N_7/VREF_7 P28
7 I0_L57P_7 p27
7 IO_L57N_7 P26
7 I0_L56P_7 P23
7 IO_L56N_7 P22
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects

XC2V XC2v
Bank Pin Description Pin Number P20 P50
7 IO_L55P_7 N31
7 I0_L55N_7 N30
7 IO_L54P_7 N28
7 I0_L54N_7 N27
7 IO_L53P_7 N25
7 I0_L53N_7 N24
7 I0_L52P_7 M31
7 I0_L52N_7/VREF_7 M30
7 IO_L51P_7 M29
7 I0_L51IN_7 M28
7 IO_L50P_7 M27
7 I0_L50N_7 M26
7 I0_L49P 7 L31
7 I0_L49N_7 L30
7 I0_L48P_7 L29
7 I0_L48N_7 L28
7 I0_L47P_7 N23
7 I0_L47N_7 N22
7 I0_L46P_7 K31
7 IO_L46N_7/VREF_7 K30
7 I0_L45P_7 L27
7 I0_L45N_7 L26
7 I0_L44P 7 M25
7 IO _L44N _7 M24
7 I0_L43P_7 J31
7 10_L43N_7 J30
7 I0_L42P_7 K28
7 I0_L42N_7 K27
7 I0_L41P_7 L25
7 I0_L41N_7 L24
7 IO_L40P_7 H31
7 IO_LAON_7/VREF _7 H30
7 IO_L39P_7 J29
7 I0_L39N_7 J28
7 I0_L38P_7 M23
7 I0_L38N_7 M22
7 I0_L37P_7 G31
7 I0_L37N_7 G30
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects
XC2V XC2v
Bank Pin Description Pin Number P20 P50
7 IO_L36P_7 H28
7 I0_L36N_7 H27
7 IO_L35P_7 K26
7 I0_L35N_7 K25
7 I0_L34P_7 F31
7 I0_L34N_7/VREF _7 F30
7 IO_L33P_7 G27
7 I0_L33N_7 G26
7 I0_L32P_7 J26
7 I0_L32N_7 J25
7 IO_L31P_7 G29
7 I0_L31IN_7 G28
7 IO_L18P_7 F28 NC
7 I0_L18N_7 F27 NC
7 IO_LO6P_7 E29
7 I0_LO6N_7 E28
7 IO_LO5P_7 L23
7 I0_LO5N_7 L22
7 IO_LO4P_7 E31
7 IO_LO4AN_7/VREF_7 E30
7 IO_LO3P_7 D29
7 I0_LO3N_7 Cc28
7 IO_LO2P_7 K24
7 I0_LO2N_7 K23
7 IO_LO1P_7/VRN_7 D31
7 IO_LOIN_7/VRP_7 D30
0 VCCO_0 M19
0 VCCO_O0 M18
0 VCCO_0 M17
0 VCCO_O0 L20
0 VCCO_0 L19
0 VCCO_O0 L18
0 VCCO_0 L17
0 VCCO_0 E22
0 VCCO_O0 C26
0 VCCO_0 C19
1 VCCO_1 M15
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects
XC2V XC2v
Bank Pin Description Pin Number P20 P50
1 VCCO_1 M14
1 VCCO_1 M13
1 VCCO_1 L15
1 VCCO_1 L14
1 VCCO_1 L13
1 VCCO_1 L12
1 VCCO_1 E10
1 VCCO_1 C13
1 VCCO_1 C6
2 VCCO_2 R12
2 VCCO_2 R11
2 VCCO_2 P12
2 VCCO_2 P11
2 VCCO_2 N12
2 VCCO_2 N11
2 VCCO_2 N3
2 VCCO_2 M11
2 VCCO_2 J5
2 VCCO_2 F3
3 VCCO_3 AF3
3 VCCO_3 AC5
3 VCCO_3 Y11
3 VCCO_3 w12
3 VCCO_3 w11
3 VCCO_3 W3
3 VCCO_3 V12
3 VCCO_3 V11
3 VCCO_3 Uiz
3 VCCO_3 ull
4 VCCO_4 AJ13
4 VCCO_4 AJ6
4 VCCO_4 AG10
4 VCCO_4 AA15
4 VCCO_4 AAl4
4 VCCO_4 AA13
4 VCCO_4 AA12
4 VCCO_4 Y15
4 VCCO_4 Y14
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects

XC2V XC2v
Bank Pin Description Pin Number P20 P50
4 VCCO_4 Y13
5 VCCO_5 AJ26
5 VCCO_5 AJ19
5 VCCO_5 AG22
5 VCCO_5 AA20
5 VCCO_5 AA19
5 VCCO_5 AA18
5 VCCO_5 AA17
5 VCCO_5 Y19
5 VCCO_5 Y18
5 VCCO_5 Y17
6 VCCO_6 AF29
6 VCCO_6 AC27
6 VCCO_6 Y21
6 VCCO_6 W29
6 VCCO_6 w21
6 VCCO_6 w20
6 VCCO_6 V21
6 VCCO_6 V20
6 VCCO_6 uz21
6 VCCO_6 u20
7 VCCO_7 R21
7 VCCO_7 R20
7 VCCO_7 P21
7 VCCO_7 P20
7 VCCO_7 N29
7 VCCO_7 N21
7 VCCO_7 N20
7 VCCO_7 M21
7 VCCO_7 J27
7 VCCO_7 F29
N/A CCLK AC8
N/A PROG_B J24
N/A DONE AHG6
N/A MO AH27
N/A M1 AC24
N/A M2 AH26
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects
XC2V XC2v
Bank Pin Description Pin Number P20 P50

N/A TCK J8

N/A TDI H26

N/A TDO H6

N/A TMS H7

N/A PWRDWN_B AH5

N/A HSWAP_EN H25

N/A RSVD D6

N/A VBATT D5

N/A DXP D27

N/A DXN D26

N/A AVCCAUXTX2 B27 NC
N/A VTTXPAD2 B28 NC
N/A TXNPAD2 A28 NC
N/A TXPPAD2 A27 NC
N/A GNDA2 c27 NC
N/A GNDA2 c27 NC
N/A RXPPAD2 A26 NC
N/A RXNPAD2 A25 NC
N/A VTRXPAD2 B26 NC
N/A AVCCAUXRX2 B25 NC
N/A AVCCAUXTX4 B23

N/A VTTXPAD4 B24

N/A TXNPAD4 A24

N/A TXPPADA4 A23

N/A GNDA4 C24

N/A GNDA4 C24

N/A RXPPAD4 A22

N/A RXNPADA4 A21

N/A VTRXPAD4 B22

N/A AVCCAUXRX4 B21

N/A AVCCAUXTX6 B19

N/A VTTXPADG6 B20

N/A TXNPADG6 A20

N/A TXPPADG6 Al19

N/A GNDAG6 C20

N/A GNDAG6 C20

N/A RXPPADG6 Al8

N/A RXNPADG6 Al7

DS083-4 (v1.0) January 31, 2002 www.xilinx.com Module 4 of 4

Advance Product Specification

1-800-255-7778

333


http://www.xilinx.com

Virtex-lIl Pro™ Platform FPGASs: Pinout Information

SXILINX®

Table 12: BF957 — XC2VP20 and XC2VP50

No Connects

XC2V XC2v

Bank Pin Description Pin Number P20 P50
N/A VTRXPADG B18

N/A AVCCAUXRX6 B17

N/A AVCCAUXTX7 B14

N/A VTTXPAD7 B15

N/A TXNPAD7 Al5

N/A TXPPAD7 Al4d

N/A GNDA7 C12

N/A GNDA7 C12

N/A RXPPAD7 A13

N/A RXNPAD7 Al2

N/A VTRXPAD7 B13

N/A AVCCAUXRX7 B12

N/A AVCCAUXTX9 B10

N/A VTTXPAD9 B11

N/A TXNPAD9 All

N/A TXPPAD9 A10

N/A GNDA9 C8

N/A GNDA9 C8

N/A RXPPAD9 A9

N/A RXNPAD9 A8

N/A VTRXPAD9 B9

N/A AVCCAUXRX9 B8

N/A AVCCAUXTX11 B6 NC
N/A VTTXPAD11 B7 NC
N/A TXNPAD11 A7 NC
N/A TXPPAD11 A6 NC
N/A GNDA11 C5 NC
N/A GNDA11l C5 NC
N/A RXPPAD11 A5 NC
N/A RXNPAD11 A4 NC
N/A VTRXPAD11 BS NC
N/A AVCCAUXRX11 B4 NC
N/A AVCCAUXRX14 AK4 NC
N/A VTRXPAD14 AK5 NC
N/A RXNPAD14 AL4 NC
N/A RXPPAD14 ALS NC
N/A GNDA14 AJ5 NC
N/A GNDA14 AJ5 NC
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects
XC2Vv XC2v
Bank Pin Description Pin Number P20 P50

N/A TXPPAD14 AL6 NC
N/A TXNPAD14 AL7 NC
N/A VTTXPAD14 AK7 NC
N/A AVCCAUXTX14 AK6 NC
N/A AVCCAUXRX16 AK8

N/A VTRXPAD16 AK9

N/A RXNPAD16 AL8

N/A RXPPAD16 AL9

N/A GNDA16 AJ8

N/A GNDA16 AJ8

N/A TXPPAD16 AL10

N/A TXNPAD16 AL11

N/A VTTXPAD16 AK11

N/A AVCCAUXTX16 AK10

N/A AVCCAUXRX18 AK12

N/A VTRXPAD18 AK13

N/A RXNPAD18 AL12

N/A RXPPAD18 AL13

N/A GNDA18 AJ12

N/A GNDA18 AJ12

N/A TXPPAD18 AL14

N/A TXNPAD18 AL15

N/A VTTXPAD18 AK15

N/A AVCCAUXTX18 AK14

N/A AVCCAUXRX19 AK17

N/A VTRXPAD19 AK18

N/A RXNPAD19 AL17

N/A RXPPAD19 AL18

N/A GNDA19 AJ20

N/A GNDA19 AJ20

N/A TXPPAD19 AL19

N/A TXNPAD19 AL20

N/A VTTXPAD19 AK20

N/A AVCCAUXTX19 AK19

N/A AVCCAUXRX21 AK21

N/A VTRXPAD21 AK22

N/A RXNPAD21 AL21

N/A RXPPAD21 AL22
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects
XC2V XC2v
Bank Pin Description Pin Number P20 P50

N/A GNDA21 AJ24

N/A GNDA21 AJ24

N/A TXPPAD21 AL23

N/A TXNPAD21 AL24

N/A VTTXPAD21 AK24

N/A AVCCAUXTX21 AK23

N/A AVCCAUXRX23 AK25 NC
N/A VTRXPAD23 AK26 NC
N/A RXNPAD23 AL25 NC
N/A RXPPAD23 AL26 NC
N/A GNDA23 AJ27 NC
N/A GNDA23 AJ27 NC
N/A TXPPAD23 AL27 NC
N/A TXNPAD23 AL28 NC
N/A VTTXPAD23 AK28 NC
N/A AVCCAUXTX23 AK27 NC
N/A VCCAUX AK29

N/A VCCAUX AK16

N/A VCCAUX AK3

N/A VCCAUX AJ30

N/A VCCAUX AJ16

N/A VCCAUX AJ2

N/A VCCAUX T30

N/A VCCAUX T29

N/A VCCAUX T3

N/A VCCAUX T2

N/A VCCAUX C30

N/A VCCAUX C16

N/A VCCAUX Cc2

N/A VCCAUX B29

N/A VCCAUX B16

N/A VCCAUX B3

N/A VCCINT AA21

N/A VCCINT AA16

N/A VCCINT AAl1l

N/A VCCINT Y20

N/A VCCINT Y16
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects
XC2V XC2v
Bank Pin Description Pin Number P20 P50
N/A VCCINT Y12
N/A VCCINT w19
N/A VCCINT w18
N/A VCCINT w17
N/A VCCINT W16
N/A VCCINT w15
N/A VCCINT W14
N/A VCCINT w13
N/A VCCINT V19
N/A VCCINT V13
N/A VCCINT u19
N/A VCCINT u13
N/A VCCINT T21
N/A VCCINT T20
N/A VCCINT T19
N/A VCCINT T13
N/A VCCINT T12
N/A VCCINT T11
N/A VCCINT R19
N/A VCCINT R13
N/A VCCINT P19
N/A VCCINT P13
N/A VCCINT N19
N/A VCCINT N18
N/A VCCINT N17
N/A VCCINT N16
N/A VCCINT N15
N/A VCCINT N14
N/A VCCINT N13
N/A VCCINT M20
N/A VCCINT M16
N/A VCCINT M12
N/A VCCINT L21
N/A VCCINT L16
N/A VCCINT L11
N/A GND AL30
N/A GND AL29
N/A GND AL16
DS083-4 (v1.0) January 31, 2002 www.xilinx.com Module 4 of 4
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects
XC2V XC2v
Bank Pin Description Pin Number P20 P50
N/A GND AL3
N/A GND AL2
N/A GND AK31
N/A GND AK30
N/A GND AK2
N/A GND AK1
N/A GND AJ31
N/A GND AJ29
N/A GND AJ23
N/A GND AJ9
N/A GND AJ3
N/A GND AJl
N/A GND AH28
N/A GND AH16
N/A GND AH4
N/A GND AG27
N/A GND AG5
N/A GND AF26
N/A GND AF19
N/A GND AF13
N/A GND AF6
N/A GND AE25
N/A GND AE16
N/A GND AE7
N/A GND AD29
N/A GND AD24
N/A GND ADS8
N/A GND AD3
N/A GND AC23
N/A GND AC9
N/A GND AB29
N/A GND AB22
N/A GND AB16
N/A GND AB10
N/A GND AB3
N/A GND W26
N/A GND w6
N/A GND V18
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects
XC2V XC2v
Bank Pin Description Pin Number P20 P50
N/A GND V17
N/A GND V16
N/A GND V15
N/A GND V14
N/A GND uis
N/A GND U1z
N/A GND ul6
N/A GND ui1s
N/A GND ui4
N/A GND T31
N/A GND T28
N/A GND T25
N/A GND T22
N/A GND T18
N/A GND T17
N/A GND T16
N/A GND T15
N/A GND T14
N/A GND T10
N/A GND T7
N/A GND T4
N/A GND T1
N/A GND R18
N/A GND R17
N/A GND R16
N/A GND R15
N/A GND R14
N/A GND P18
N/A GND P17
N/A GND P16
N/A GND P15
N/A GND P14
N/A GND N26
N/A GND N6
N/A GND K29
N/A GND K22
N/A GND K16
N/A GND K10
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Table 12: BF957 — XC2VP20 and XC2VP50

No Connects
XC2Vv XC2v
Bank Pin Description Pin Number P20 P50
N/A GND K3
N/A GND J23
N/A GND J9
N/A GND H29
N/A GND H24
N/A GND H8
N/A GND H3
N/A GND G25
N/A GND G16
N/A GND G7
N/A GND F26
N/A GND F19
N/A GND F13
N/A GND F6
N/A GND E27
N/A GND E5
N/A GND D28
N/A GND D16
N/A GND D4
N/A GND C31
N/A GND C29
N/A GND Cc23
N/A GND C9
N/A GND C3
N/A GND C1
N/A GND B31
N/A GND B30
N/A GND B2
N/A GND Bl
N/A GND A30
N/A GND A29
N/A GND Al6
N/A GND A3
N/A GND A2
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BF957 Flip-Chip BGA Package Specifications (1.27mm pitch)
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Revision History

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

Date Version Revision
1/31/02 1.0 Initial Xilinx release.
Virtex-Il Pro Data Sheet Modules
The Virtex-Il 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-1l Pro™ Platform FPGAs: Functional

Description (Module 2)

Characteristics (Module 3)

¢ Virtex-ll Pro Platform FPGAs: Pinout Information

(Module 4)
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Preface

About This Book

This document is intended to serve as a stand-alone reference for application and system
programmers of the PowerPC® 405D5 processor. It combines information from the
following documents:

PowerPC 405 Embedded Processor Core User’s Manual published by IBM Corporation
(IBM order number SA14-2339-01).

The IBM PowerPC Embedded Environment Architectural Specifications for IBM PowerPC
Embedded Controllers, published by IBM Corporation.

PowerPC Microprocessor Family: The Programming Environments published by IBM
Corporation (IBM order number G522-0290-01).

IBM PowerPC Embedded Processors Application Note: PowerPC 400 Series Caches:
Programming and Coherency Issues.

IBM PowerPC Embedded Processors Application Note: PowerPC 40x Watch Dog Timer.

IBM PowerPC Embedded Processors Application Note: Programming Model Differences
of the IBM PowerPC 400 Family and 600/700 Family Processors.

Document Organization

Chapter 1, Introduction to the PPC405, provides a general understanding of the
PPC405 as an implementation of the PowerPC embedded-environment architecture.
This chapter also contains an overview of the features supported by the PPC405.

Chapter 2, Operational Concepts, introduces the processor operating modes,
execution model, synchronization, operand conventions, and instruction conventions.
Chapter 3, User Programming Model, describes the registers and instructions
available to application software.

Chapter 4, PPC405 Privileged-Mode Programming Model, introduces the registers
and instructions available to system software.

Chapter 5, Memory-System Management, describes the operation of the memory
system, including caches. Real-mode storage control is also described in this chapter.
Chapter 6, Virtual-Memory Management, describes virtual-to-physical address
translation as supported by the PPC405. Virtual-mode storage control is also
described in this chapter.

Chapter 7, Exceptions and Interrupts, provides details of all exceptions recognized by
the PPC405 and how software can use the interrupt mechanism to handle exceptions.

Chapter 8, Timer Resources, describes the timer registers and timer-interrupt controls
available in the PPC405.

Chapter 9, Debugging, describes the debug resources available to software and
hardware debuggers.

Chapter 10, Reset and Initialization, describes the state of the PPC405 following reset
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and the requirements for initializing the processor.

Chapter 11, Instruction Set, provides a detailed description of each instruction
supported by the PPC405.

Appendix A, Register Summary, is a reference of all registers supported by the
PPC405.

Appendix B, Instruction Summary, lists all instructions sorted by mnemonic, opcode,
function, and form. Each entry for an instruction shows its complete encoding.
General instruction-set information is also provided.

Appendix C, Simplified Mnemonics, lists the simplified mnemonics recognized by
many PowerPC assemblers. These mnemonics provide a shorthand means of
specifying frequently-used instruction encodings and can greatly improve assembler
code readability.

Appendix D, Programming Considerations, provides information on improving
performance of software written for the PPC405.

Appendix E, PowerPC® 6xx/7xx Compatibility, describes the programming model
differences between the PPC405 and PowerPC 6xx and 7xx series processors.

Appendix F, PowerPC® Book-E Compatibility, describes the programming model
differences between the PPC405 and PowerPC Book-E processors.

Document Conventions

General Conventions

Table 1 lists the general notational conventions used throughout this document.

Table P-1: General Notational Conventions

Convention Definition
mnemonic Instruction mnemonics are shown in lower-case bold.
. (period) Update. When used as a character in an instruction

mnemonic, a period (.) means that the instruction
updates the condition-register field.

! (exclamation) In instruction listings, an exclamation (!) indicates the

start of a comment.

variable Variable items are shown in italic.
<optional> Optional items are shown in angle brackets.
ActiveLow An overbar indicates an active-low signal.

A decimal number.

Oxn A hexadecimal number.

Obn A binary number.

(rn) The contents of GPR 1.

(rA|0) The contents of the register rA, or 0 if the rA instruction
field is 0.

cr_bit Used in simplified mnemonics to specify a CR-bit

position (0 to 31) used as an operand.
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Table P-1: General Notational Conventions (Continued)

Convention Definition

cr_field Used in simplified mnemonics to specify a CR field
(0 to 7) used as an operand.

OBJECT,, A single bit in any object (a register, an instruction, an
address, or a field) is shown as a subscripted number or
name.

OBJECT, 4, A range of bits in any object (a register, an instruction,
an address, or a field).

OBJECTyp, ... A list of bits in any object (a register, an instruction, an
address, or a field).

REGISTER[FIELD] Fields within any register are shown in square brackets.

REGISTER[FIELD, FIELD ] | Alist of fields in any register.

REGISTER[FIELD:FIELD] A range of fields in any register.

Instruction Fields

Table 2 lists the instruction fields used in the various instruction formats. They are found in
the instruction encodings and pseudocode, and are referred to throughout this document
when describing instructions. The table includes the bit locations for the field within the

instruction encoding.

Table P-2:

Instruction Field Definitions

Field

Location

Description

AA

30

Absolute-address bit (branch instructions).

0—The immediate field represents an address relative to the
current instruction address (CIA). The effective address (EA) of
the branch is either the sum of the LI field sign-extended to 32
bits and the branch instruction address, or the sum of the BD
field sign-extended to 32 bits and the branch instruction address.

1—The immediate field represents an absolute address. The EA of
the branch is either the LI field or the BD field, sign-extended to
32 bits.

BD

16:29

An immedjiate field specifying a 14-bit signed two’s-complement
branch displacement. This field is concatenated on the right with
0b00 and sign-extended to 32 bits.

BI

11:15

Specifies a bit in the CR used as a source for the condition of a
conditional-branch instruction.

BO

6:10

Specifies options for conditional-branch instructions. See
Conditional Branch Control, page 367

ctbA

11:15

Specifies a bit in the CR used as a source of a CR-logical instruction.

crbB

16:20

Specifies a bit in the CR used as a source of a CR-logical instruction.

crbD

6:10

Specifies a bit in the CR used as a destination of a CR-Logical
instruction.
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Table P-2: Instruction Field Definitions (Continued)
Field | Location Description

crfD 6:8 Specifies a field in the CR used as a target in a compare or mcrf
instruction.

crfS 11:13 Specifies a field in the CR used as a source in a mcrf instruction.

CRM 12:19 The field mask used to identify CR fields to be updated by the
mtcrf instruction.

d 16:31 Specifies a 16-bit signed two’s-complement integer displacement
for load/store instructions.

DCRF | 11:20 A split field used to specify a device control register (DCR). The
field is used to form the DCR number (DCRN).

E 16 A single-bitimmediate field in the wrteei instruction specifying the
value to be written to the MSR[EE] bit.

LI 6:29 An immediate field specifying a 24-bit signed two’s-complement
branch displacement. This field is concatenated on the right with
0b00 and sign-extended to 32 bits.

LK 31 Link bit.

0—Do not update the link register (LR).
1—Update the LR with the address of the next instruction.

MB 21:25 Mask begin. Used in rotate-and-mask instructions to specify the
beginning bit of a mask.

ME 26:30 Mask end. Used in rotate-and-mask instructions to specify the
ending bit of a mask.

NB 16:20 Specifies the number of bytes to move in an immediate-string load
or immediate-string store.

OE 21 Enables setting the OV and SO fields in the fixed-point exception
register (XER) for extended arithmetic.

OPCD | 0:5 Primary opcode. Primary opcodes, in decimal, appear in the
instruction format diagrams presented with individual
instructions. The OPCD field name does not appear in instruction
descriptions.

rA 11:15 Specifies a GPR source operand and/or destination operand.

rB 16:20 Specifies a GPR source operand.

Rc 31 Record bit.

O0—Instruction does not update the CR.
1—Instruction updates the CR to reflect the result of an
operation.
See Condition Register (CR), page 361 for a further discussion of
how the CR bits are set.

rD 6:10 Specifies a GPR destination operand.

S 6:10 Specifies a GPR source operand.

SH 16:20 Specifies a shift amount.
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Table P-2: Instruction Field Definitions (Continued)

Field | Location Description

SIMM | 16:31 An immediate field used to specify a 16-bit signed-integer value.

SPRF 11:20 A split field used to specify a special purpose register (SPR). The
field is used to form the SPR number (SPRN).

TBRF | 11:20 A split field used to specify a time-base register (TBR). The field is
used to form the TBR number (TBRN).

TO 6:10 Specifies the trap conditions, as defined in the tw and twi
instruction descriptions.

UIMM | 16:31 An immediate field used to specify a 16-bit unsigned-integer value.

XO 21:30 Extended opcode for instructions without an OE field. Extended

opcodes, in decimal, appear in the instruction format diagrams
presented with individual instructions. The XO field name does
not appear in instruction descriptions.

XO 22:30 Extended opcode for instructions with an OE field. Extended
opcodes, in decimal, appear in the instruction format diagrams
presented with individual instructions. The XO field name does
not appear in instruction descriptions.

Pseudocode Conventions

Table 3 lists additional conventions used primarily in the pseudocode describing the
operation of each instruction.

Table P-3: Pseudocode Conventions

Convention Definition
- Assignment
O AND logical operator
- NOT logical operator
O OR logical operator
O Exclusive-OR (XOR) logical operator
+ Two’s-complement addition
- Two’s-complement subtraction, unary minus
x Multiplication
+ Division yielding a quotient
% Remainder of an integer division. For example, (33 % 32) = 1.
Il Concatenation
= # Equal, not-equal relations
<, > Signed comparison relations
g, s Unsigned comparison relations
Co:3 A four-bit object used to store condition results in compare
instructions.
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Table P-3: Pseudocode Conventions (Continued)

Convention Definition

b The bit or bit value b is replicated n times.

X Bit positions that are don’t-cares.

CEIL(n) Least integer = n.

CIA Current instruction address. The 32-bit address of the instruction
being described by a sequence of pseudocode. This address is
used to set the next instruction address (NIA). Does not
correspond to any architected register.

DCR(DCRN) A specific device control register, as indicated by DCRN.

DCRN The device control register number formed using the split DCRF
field in a mfdcr or mtdcr instruction.

do Do loop. “to” and “by” clauses specify incrementing an iteration
variable. “while” and “until” clauses specify terminating
conditions. Indenting indicates the scope of a loop.

EA Effective address. The 32-bit address that specifies a location in
main storage. Derived by applying indexing or indirect
addressing rules to the specified operand.

EXTS(n) The result of extending # on the left with sign bits.

if...then...else...

Conditional execution: if condition then a else b, where a and b
represent one or more pseudocode statements. Indenting
indicates the ranges of a and b. If b is null, the else does not

appear.

instruction(EA) An instruction operating on a data-cache block or instruction-
cache block associated with an EA.

leave Leave innermost do-loop or the do-loop specified by the leave
statement.

MASK(MB,ME) Mask having 1’s in positions MB through ME (wrapping if
MB > ME) and 0’s elsewhere.

MS(addr, n) The number of bytes represented by n at the location in main
storage represented by addr.

NIA Next instruction address. The 32-bit address of the next
instruction to be executed. In pseudocode, a successful branch is
indicated by assigning a value to NIA. For instructions that do
not branch, the NIA is CIA +4.

RESERVE Reserve bit. Indicates whether a process has reserved a block of
storage.

ROTL((RS),n) Rotate left. The contents of RS are shifted left the number of bits
specified by n.

SPR(SPRN) A specific special-purpose register, as indicated by SPRN.
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Table P-3: Pseudocode Conventions (Continued)

Convention Definition
SPRN The special-purpose register number formed using the split
SPREF field in a mfspr or mtspr instruction
TBR(TBRN) A specific time-base register, as indicated by TBRN.
TBRN The time-base register number formed using the split TBRF field

in a mftb instruction.

Operator Precedence

Table 4 lists the pseudocode operators and their associativity in descending order of
precedence

Table P-4: Operator Precedence

Operators Associativity

REGISTERy,, REGISTER[FIELD], function evaluation Left to right
b Right to left
=1, — (unary minus) Right to left
X, + Left to right
+, - Left to right
[l Left to right
= %,<,>, 4,5 Left to right
go Left to right
0 Left to right
- None

Registers
Table 5 lists the PPC405 registers and their descriptive names.
Table P-5: PPC405 Registers
Register Descriptive Name
CCRO Core-configuration register 0
CR Condition register
CTR Count register
DACn Data-address compare n
DBCRn Debug-control register n
DBSR Debug-status register
DCCR Data-cache cacheability register
DCWR Data-cache write-through register
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Table P-5: PPC405 Registers (Continued)

Register Descriptive Name
DEAR Data-error address register
DVCn Data-value compare n
ESR Exception-syndrome register
EVPR Exception-vector prefix register
GPR General-purpose register. Specific GPRs are identified using the
notational convention rn (see below)
IACn Instruction-address compare n
ICCR Instruction-cache cacheability register
ICDBDR Instruction-cache debug-data register
LR Link register
MSR Machine-state register
PID Process ID
PIT Programmable-interval timer
PVR Processor-version register
m Specifies GPR n (r15, for example)
SGR Storage-guarded register
SLER Storage little-endian register
SPRGn SPR general-purpose register n
SRRn Save/restore register n
SUOR Storage user-defined 0 register
TBL Time-base lower
TBU Time-base upper
TCR Timer-control register
TSR Timer-status register
USPRGn User SPR general-purpose register n
XER Fixed-point exception register
ZPR Zone-protection register

atomic access

big endian

A memory access that attempts to read from and write to the
same address uninterrupted by other accesses to that address.
The term refers to the fact that such transactions are indivisible.

A memory byte ordering where the address of an item
corresponds to the most-significant byte.
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cache block

cacheline

clear
cache set
congruence class

dirty

doubleword
effective address

exception

fill buffer

flush

GB
halfword
hit

interrupt

invalidate

KB

line buffer

little endian

logical address
MB
memory

miss

An version of the PowerPC architecture designed specifically
for embedded applications.

Synonym for cacheline.

A portion of a cache array that contains a copy of contiguous
system-memory addresses. Cachelines are 32-bytes long and
aligned on a 32-byte address.

To write a bit value of 0.
Synonym for congruence class.
A collection of cachelines with the same index.

An indication that cache information is more recent than the
copy in memory.

Eight bytes, or 64 bits.
The untranslated memory address as seen by a program.

An abnormal event or condition that requires the processor’s
attention. They can be caused by instruction execution or an
external device. The processor records the occurrence of an
exception and they often cause an interrupt to occur.

A buffer that receives and sends data and instructions between
the processor and PLB. It is used when cache misses occur and
when access to non-cacheable memory occurs.

A cache or TLB operation that involves writing back a modified
entry to memory, followed by an invalidation of the entry.

Gigabyte, or one-billion bytes.
Two bytes, or 16 bits.

For cache arrays and TLB arrays, an indication that requested
information exists in the accessed array.

The process of stopping the currently executing program so that
an exception can be handled.

A cache or TLB operation that causes an entry to be marked as
invalid. An invalid entry can be subsequently replaced.

Kilobyte, or one-thousand bytes.

Abulffer located in the cache array that can temporarily hold the
contents of an entire cacheline. It is loaded with the contents of
a cacheline when a cache hit occurs.

A memory byte ordering where the address of an item
corresponds to the least-significant byte.

Synonym for effective address.
Megabyte, or one-million bytes.
Collectively, cache memory and system memory.

For cache arrays and TLB arrays, an indication that requested
information does not exist in the accessed array.
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OEA

on chip

pending

physical address

PLB

privileged mode

process

problem state
real address

scalar
set

sticky

string
supervisor state

system memory

tag

UISA

user mode

The PowerPC operating-environment architecture, which
defines the memory-management model, supervisor-level
registers and instructions, synchronization requirements, the
exception model, and the time-base resources as seen by
supervisor programs.

In system-on-chip implementations, this indicates on the same
chip as the processor core, but external to the processor core.

As applied to interrupts, this indicates that an exception
occurred, but the interrupt is disabled. The interrupt occurs
when it is later enabled.

The address used to access physically-implemented memory.
This address can be translated from the effective address. When
address translation is not used, this address is equal to the
effective address.

Processor local bus.

The operating mode typically used by system software.
Privileged operations are allowed and software can access all
registers and memory.

A program (or portion of a program) and any data required for
the program to run.

Synonym for user mode.
Synonym for physical address.

Individual data objects and instructions. Scalars are of arbitrary
size.

To write a bit value of 1.

A bit that can be set by software, but cleared only by the
processor. Alternatively, a bit that can be cleared by software,
but set only by the processor.

A sequence of consecutive bytes.
Synonym for privileged mode.

Physical memory installed in a computer system external to the
processor core, such RAM, ROM, and flash.

As applied to caches, a set of address bits used to uniquely
identify a specific cacheline within a congruence class. As
applied to TLBs, a set of address bits used to uniquely identify
a specific entry within the TLB.

The PowerPC user instruction-set architecture, which defines
the base user-level instruction set, registers, data types, the
memory model, the programming model, and the exception
model as seen by user programs.

The operating mode typically used by application software.
Privileged operations are not allowed in user mode, and
software can access a restricted set of registers and memory.
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VEA The PowerPC virtual-environment architecture, which defines
a multi-access memory model, the cache model, cache-control
instructions, and the time-base resources as seen by user
programs.

virtual address An intermediate address used to translate an effective address
into a physical address. It consists of a process ID and the
effective address. It is only used when address translation is
enabled.

word Four bytes, or 32 bits.

Additional Reading

In addition to the source documents listed on page 311, the following documents contain
additional information of potential interest to readers of this manual:

®  The PowerPC Architecture: A Specification for a New Family of RISC Processors, IBM
5/1994. Published by Morgan Kaufmann Publishers, Inc. San Francisco (ASIN:
1558603166).

e Book E: Enhanced PowerPC Architecture, IBM 3/2000.

®  The PowerPC Compiler Writer’s Guide, IBM 1/1996. Published by Warthman Associates,
Palo Alto, CA (ISBN 0-9649654-0-2).

*  Optimizing PowerPC Code : Programming the PowerPC Chip in Assembly Language, by
Gary Kacmarcik (ASIN: 0201408392)

e PowerPC Programming Pocket Book, by Steve Heath (ISBN 0750621117).

o Computer Architecture: A Quantitative Approach, by John L. Hennessy and David A.
Patterson.
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Introduction to the PPC405

The PPC405 is a 32-bit implementation of the PowerPC® embedded-environment architecture
that is derived from the PowerPC architecture. Specifically, the PPC405 is an embedded
PowerPC 405D5 processor core.

The PowerPC architecture provides a software model that ensures compatibility between
implementations of the PowerPC family of microprocessors. The PowerPC architecture
defines parameters that guarantee compatible processor implementations at the
application-program level, allowing broad flexibility in the development of derivative
PowerPC implementations that meet specific market requirements.

This chapter provides an overview of the PowerPC architecture and an introduction to the
features of the PPC405 core.

PowerPC Architecture Overview
The PowerPC architecture is a 64-bit architecture with a 32-bit subset. The material in this
document only covers aspects of the 32-bit architecture implemented by the PPC405.
In general, the PowerPC architecture defines the following:
¢ Instruction set
¢ Programming model
* Memory model
*  Exception model
* Memory-management model
¢ Time-keeping model

Instruction Set

The instruction set specifies the types of instructions (such as load /store, integer arithmetic,
and branch instructions), the specific instructions, and the encoding used for the
instructions. The instruction set definition also specifies the addressing modes used for
accessing memory.

Programming Model

The programming model defines the register set and the memory conventions, including
details regarding the bit and byte ordering, and the conventions for how data are stored.

Memory Model

The memory model defines the address-space size and how it is subdivided into pages. It
also defines attributes for specifying memory-region cacheability, byte ordering (big-
endian or little-endian), coherency, and protection.
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Exception Model

The exception model defines the set of exceptions and the conditions that can cause those
exceptions. The model specifies exception characteristics, such as whether they are precise
or imprecise, synchronous or asynchronous, and maskable or non-maskable. The model
defines the exception vectors and a set of registers used when interrupts occur as a result of
an exception. The model also provides memory space for implementation-specific

exceptions.

Memory-Management Model

The memory-management model defines how memory is partitioned, configured, and
protected. The model also specifies how memory translation is performed, defines special
memory-control instructions, and specifies other memory-management characteristics.

Time-Keeping Model

The time-keeping model defines resources that permit the time of day to be determined and
the resources and mechanisms required for supporting timer-related exceptions.

PowerPC Architecture Levels

These above aspects of the PowerPC architecture are defined at three levels . This layering
provides flexibility by allowing degrees of software compatibility across a wide range of
implementations. For example, an implementation such as an embedded controller can
support the user instruction set, but not the memory management, exception, and cache
models where it might be impractical to do so.

The three levels of the PowerPC architecture are defined in Table 1-1.

Table 1-1: Three Levels of PowerPC Architecture

User Instruction-Set Architecture

(UISA)

Virtual Environment Architecture

(VEA)

Operating Environment
Architecture (OEA)

Defines the architecture level to
which user-level (sometimes
referred to as problem state)
software should conform

Defines the base user-level
instruction set, user-level
registers, data types, floating-
point memory conventions,
exception model as seen by user
programs, memory model, and
the programming model

Note: All PowerPC implementations
adhere to the UISA.

Defines additional user-level
functionality that falls outside
typical user-level software
requirements

Describes the memory model for
an environment in which
multiple devices can access
memory

Defines aspects of the cache
model and cache-control
instructions

Defines the time-base resources
from a user-level perspective

Note: Implementations that conform
to the VEA level are guaranteed to
conform to the UISA level.

Defines supervisor-level
resources typically required by
an operating system

Defines the memory-
management model, supervisor-
level registers, synchronization
requirements, and the exception
model

Defines the time-base resources
from a supervisor-level
perspective

Note: Implementations that conform
to the OEA level are guaranteed to
conform to the UISA and VEA levels.

The PowerPC architecture requires that all PowerPC implementations adhere to the UISA,
offering compatibility among all PowerPC application programs. However, different
versions of the VEA and OEA are permitted.

Embedded applications written for the PPC405 are compatible with other PowerPC
implementations. Privileged software generally is not compatible. The migration of
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privileged software from the PowerPC architecture to the PPC405 is in many cases
straightforward because of the simplifications made by the PowerPC embedded-
environment architecture. Software developers who are concerned with cross-
compatibility of privileged software between the PPC405 and other PowerPC
implementations should refer to Appendix E, PowerPC® 6xx/7xx Compatibility.

Latitude Within the PowerPC Architecture Levels

Although the PowerPC architecture defines parameters necessary to ensure compatibility
among PowerPC processors, it also allows a wide range of options for individual
implementations. These are:

* Some resources are optional, such as certain registers, bits within registers,
instructions, and exceptions.

e Implementations can define additional privileged special-purpose registers (SPRs),
exceptions, and instructions to meet special system requirements, such as power
management in processors designed for very low-power operation.

¢ Implementations can define many operating parameters. For example, the PowerPC
architecture can define the possible condition causing an alignment exception. A
particular implementation can choose to solve the alignment problem without
causing an exception.

* Processors can implement any architectural resource or instruction with assistance
from software (that is, they can trap and emulate) as long as the results (aside from
performance) are identical to those specified by the architecture. In this case, a
complete implementation requires both hardware and software.

* Some parameters are defined at one level of the architecture and defined more
specifically at another. For example, the UISA defines conditions that can cause an
alignment exception and the OEA specifies the exception itself.

Features Not Defined by the PowerPC Architecture

Because flexibility is an important feature of the PowerPC architecture, many aspects of
processor design (typically relating to the hardware implementation) are not defined,
including the following;:

System-Bus Interface

Although many implementations can share similar interfaces, the PowerPC architecture
does not define individual signals or the bus protocol. For example, the OEA allows each
implementation to specify the signal or signals that trigger a machine-check exception.

Cache Design

The PowerPC architecture does not define the size, structure, replacement algorithm, or
mechanism used for maintaining cache coherency. The PowerPC architecture supports,
but does not require, the use of separate instruction and data caches.

Execution Units

The PowerPC architecture is a RISC architecture, and as such has been designed to
facilitate the design of processors that use pipelining and parallel execution units to
maximize instruction throughput. However, the PowerPC architecture does not define the
internal hardware details of an implementation. For example, one processor might
implement two units dedicated to executing integer-arithmetic instructions and another
might implement a single unit for executing all integer instructions.

Other Internal Microarchitecture Issues

The PowerPC architecture does not specify the execution unit responsible for executing a
particular instruction. The architecture does not define details regarding the instruction-
fetch mechanism, how instructions are decoded and dispatched, and how results are
written to registers. Dispatch and write-back can occur in-order or out-of-order. Although
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the architecture specifies certain registers, such as the GPRs and FPRs, implementations
can use register renaming or other schemes to reduce the impact of data dependencies and
register contention.

Implementation-Specific Registers

Each implementation can have its own unique set of implementation registers that are not
defined by the architecture.

PowerPC Embedded-Environment Architecture

The PowerPC embedded-environment architecture is optimized for embedded controllers.
This architecture is a forerunner to the PowerPC Book-E architecture. The PowerPC
embedded-environment architecture provides an alternative definition for certain features
specified by the PowerPC VEA and OIA. Implementations that adhere to the PowerPC
embedded-environment architecture also adhere to the PowerPC UISA. PowerPC
embedded-environment processors are 32-bit only implementations and thus do not
include the special 64-bit extensions to the PowerPC UISA. Also, floating-point support
can be provided either in hardware or software by PowerPC embedded-environment
processors.

Figure 1-1 shows the relationship between the PowerPC embedded-environment
architecture, the PowerPC architecture, and the PowerPC Book-E architecture.

PowerPC
Embedded-Environment Architecture

32-Bit Only
PowerPC
Architecture

VEA Enhancements

- True Little-Endian Support

- Enhanced Cache Management
OEA Enhancements

- Simplified Memory Management

- Software-Managed TLB

- Variable Page Sizes
- Interrupt Extensions

- Critical/Non-Critical

- Virtual-Memory Relocatable
- Timer Extensions
- Debug Extensions

32-Bit/64-Bit Modes
OEA

- Hashed Paging
- Segments, BATs

64-Bit UISA Extensions
Synchronization Using Memory Barriers

PowerPC
Book-E Architecture

UGO011_38_090701

Figure 1-1: Relationship of PowerPC Architectures

The PowerPC embedded-environment architecture features:
* Memory management optimized for embedded software environments.

¢ Cache-management instructions for optimizing performance and memory control in
complex applications that are graphically and numerically intensive.

* Storage attributes for controlling memory-system behavior.
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* Special-purpose registers for controlling the use of debug resources, timer resources,
interrupts, real-mode storage attributes, memory-management facilities, and other
architected processor resources.

* A device-control-register address space for managing on-chip peripherals such as
memory controllers.

* A dual-level interrupt structure and interrupt-control instructions.

*  Multiple timer resources.

* Debug resources that enable hardware-debug and software-debug functions such as
instruction breakpoints, data breakpoints, and program single-stepping.

Virtual Environment

The virtual environment defines architectural features that enable application programs to
create or modify code, to manage storage coherency, and to optimize memory-access
performance. It defines the cache and memory models, the timekeeping resources from a
user perspective, and resources that are accessible in user mode but are primarily used by
system-library routines. The following summarizes the virtual-environment features of the
PowerPC embedded-environment architecture:

* Storage model:

- Storage-control instructions as defined in the PowerPC virtual-environment
architecture. These instructions are used to manage instruction caches and data
caches, and for synchronizing and ordering instruction execution.

- Storage attributes for controlling memory-system behavior. These are: write-
through, cacheability, memory coherence (optional), guarded, and endian.

- Operand-placement requirements and their effect on performance.

* The time-base function as defined by the PowerPC virtual-environment architecture,
for user-mode read access to the 64-bit time base.
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Operating Environment

The operating environment describes features of the architecture that enable operating
systems to allocate and manage storage, to handle errors encountered by application
programs, to support I/O devices, and to provide operating-system services. It specifies
the resources and mechanisms that require privileged access, including the memory-
protection and address-translation mechanisms, the exception-handling model, and
privileged timer resources. Table 1-2 summarizes the operating-environment features of
the PowerPC embedded-environment architecture.

Table 1-2: Operating-Environment Features of the PowerPC Embedded-Environment Architecture

Operating
Environment

Features

Register model

e Privileged special-purpose registers (SPRs) and instructions for accessing those
registers

* Device control registers (DCRs) and instructions for accessing those registers

Storage model

e Privileged cache-management instructions
* Storage-attribute controls
* Address translation and memory protection

¢ Privileged TLB-management instructions

Exception model

* Dual-level interrupt structure supporting various exception types
* Specification of interrupt priorities and masking

e Privileged SPRs for controlling and handling exceptions

¢ Interrupt-control instructions

* Specification of how partially executed instructions are handled when an interrupt
occurs

Debug model

* Privileged SPRs for controlling debug modes and debug events
* Specification for seven types of debug events
* Specification for allowing a debug event to cause a reset

* The ability of the debug mechanism to freeze the timer resources

Time-keeping model

*  64-bit time base
e 32-bit decrementer (the programmable-interval timer)
* Three timer-event interrupts:
- Programmable-interval timer (PIT)
- Fixed-interval timer (FIT)
- Watchdog timer (WDT)
* Privileged SPRs for controlling the timer resources

e The ability to freeze the timer resources using the debug mechanism

Synchronization
requirements

* Requirements for special registers and the TLB
* Requirements for instruction fetch and for data access

* Specifications for context synchronization and execution synchronization

Reset and initialization

e Specification for two internal mechanisms that can cause a reset:

requirements - Debug-control register (DBCR)
- Timer-control register (TCR)
* Contents of processor resources after a reset
e The software-initialization requirements, including an initialization code example
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PowerPC Book-E Architecture

The PowerPC Book-E architecture extends the capabilities introduced in the PowerPC
embedded-environment architecture. Although not a PowerPC Book-E implementation,
many of the features available in the 32-bit subset of the PowerPC Book-E architecture are
available in the PPC405. The PowerPC Book-E architecture and the PowerPC embedded-
environment architecture differ in the following general ways:

*  64-bit addressing and 64-bit operands are available. Unlike 64-bit mode in the
PowerPC UISA, 64-bit support in PowerPC Book-E architecture is non-modal and
instead defines new 64-bit instructions and flags.

* Real mode is eliminated, and the memory-management unit is active at all times. The
elimination of real mode results in the elimination of real-mode storage-attribute
registers.

* Memory synchronization requirements are changed in the architecture and a
memory-barrier instruction is introduced.

¢ A small number of new instructions are added to the architecture and several
instructions are removed.

* Several SPR addresses and names are changed in the architecture, as are the
assignment and meanings of some bits within certain SPRs.

Embedded applications written for the PPC405 are compatible with PowerPC Book-E
implementations. Privileged software is, in general, not compatible, but the differences are
relatively minor. Software developers who are concerned with cross-compatibility of
privileged software between the PPC405 and PowerPC Book-E implementations should
refer to Appendix F, PowerPC® Book-E Compatibility.

PPC405 Features

The PPC405 processor core is an implementation of the PowerPC embedded-environment
architecture. The processor provides fixed-point embedded applications with high
performance at low power consumption. It is compatible with the PowerPC UISA. Much
of the PPC405 VEA and OEA support is also available in implementations of the PowerPC
Book-E architecture. Key features of the PPC405 include:

* A fixed-point execution unit fully compliant with the PowerPC UISA:
- 32-bit architecture, containing thirty-two 32-bit general purpose registers (GPRs).

e PowerPC embedded-environment architecture extensions providing additional
support for embedded-systems applications:

- True little-endian operation

- Flexible memory management

- Multiply-accumulate instructions for computationally intensive applications
- Enhanced debug capabilities

- 64-bit time base

- 3timers: programmable interval timer (PIT), fixed interval timer (FIT), and
watchdog timer (All are synchronous with the time base)

¢ Performance-enhancing features, including:
- Static branch prediction

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

- Multiply-accumulate instructions

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

- Enhanced string and multiple-word handling

March 2002 Release

www.Xilinx.com 329

Virtex-ll Pro™ Platform FPGA Documentation 1-800-255-7778


http://www.xilinx.com

SIX"JNX® Chapter 1: Introduction to the PPC405

- Support for unaligned loads and unaligned stores to cache arrays, main memory,
and on-chip memory (OCM)

- Minimized interrupt latency
* Integrated instruction-cache:
- 16 KB, 2-way set associative
- Eight words (32 bytes) per cacheline
- Fetch line buffer
- Instruction-fetch hits are supplied from the fetch line buffer
- Programmable prefetch of next-sequential line into the fetch line buffer

- Programmable prefetch of non-cacheable instructions: full line (eight words) or
half line (four words)

- Non-blocking during fetch line fills
* Integrated data-cache:
- 16 KB, 2-way set associative
- Eight words (32 bytes) per cacheline
- Read and write line buffers
- Load and store hits are supplied from/to the line buffers
- Write-back and write-through support
- Programmable load and store cacheline allocation
- Operand forwarding during cacheline fills
- Non-blocking during cacheline fills and flushes

* Support for on-chip memory (OCM) that can provide memory-access performance
identical to a cache hit

¢ Flexible memory management:
- Translation of the 4 GB logical-address space into the physical-address space

- Independent control over instruction translation and protection, and data
translation and protection

- Page-level access control using the translation mechanism
- Software control over the page-replacement strategy

- Write-through, cacheability, user-defined 0, guarded, and endian (WIUOGE)
storage-attribute control for each virtual-memory region

- WIUOGE storage-attribute control for thirty-two 128 MB regions in real mode
- Additional protection control using zones
* Enhanced debug support with logical operators:
- Four instruction-address compares
- Two data-address compares
- Two data-value compares
- JTAG instruction for writing into the instruction cache
- Forward and backward instruction tracing

* Advanced power management support

Privilege Modes

Software running on the PPC405 can do so in one of two privilege modes: privilieged and
user. The privilege modes supported by the PPC405 are described in Processor Operating
Modes, page 343.
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Privileged Mode

Privileged mode allows programs to access all registers and execute all instructions
supported by the processor. Normally, the operating system and low-level device drivers
operate in this mode.

User Mode

User mode restricts access to some registers and instructions. Normally, application
programs operate in this mode.

Address Translation Modes

The PPC405 also supports two modes of address translation: real and virtual. Refer to
Chapter 6, Virtual-Memory Management, for more information on address translation.

Real Mode

In real mode, programs address physical memory directly.

Virtual Mode

In virtual mode, programs address virtual memory and virtual-memory addresses are
translated by the processor into physical-memory addresses. This allows programs to
access much larger address spaces than might be implemented in the system.

Addressing Modes
Whether the PPC405 is running in real mode or virtual mode, data addressing is supported

by the load and store instructions using one of the following addressing modes:

* Register-indirect with immediate index—A base address is stored in a register, and a
displacement from the base address is specified as an immediate value in the
instruction.

* Register-indirect with index—A base address is stored in a register, and a
displacement from the base address is stored in a second register.

* Register indirect—The data address is stored in a register.

Instructions that use the two indexed forms of addressing also allow for automatic updates
to the base-address register. With these instruction forms, the new data address is
calculated, used in the load or store data access, and stored in the base-address register.

The data-addressing modes are described in Operand-Address Calculation, page 378.

With sequential-instruction execution, the next-instruction address is calculated by adding
four bytes to the current-instruction address. In the case of branch instructions, however,
the next-instruction address is determined using one of four branch-addressing modes:

e Branch to relative—The next-instruction address is at a location relative to the current-
instruction address.

e Branch to absolute—The next-instruction address is at an absolute location in
memory.

* Branch to link register—The next-instruction address is stored in the link register.
* Branch to count register—The next-instruction address is stored in the count register.

The branch-addressing modes are described in Branch-Target Address Calculation,
page 372.

Data Types

PPC405 instructions support byte, halfword, and word operands. Multiple-word operands
are supported by the load/store multiple instructions and byte strings are supported by
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the load/store string instructions. Integer data are either signed or unsigned, and signed
data is represented using two’s-complement format.

The address of a multi-byte operand is determined using the lowest memory address
occupied by that operand. For example, if the four bytes in a word operand occupy
addresses 4, 5, 6, and 7, the word address is 4. The PPC405 supports both big-endian (an
operand’s most-significant byte is at the lowest memory address) and little-endian (an
operand’s least-significant byte is at the lowest memory address) addressing.

See Operand Conventions, page 347, for more information on the supported data types
and byte ordering.

Register Set Summary

Figure 1-2, page 333 shows the registers contained in the PPC405. Descriptions of the
registers are in the following sections.
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Figure 1-2: PPC405 Registers

General-Purpose Registers

The processor contains thirty-two 32-bit general-purpose registers (GPRs), identified as r0
through r31. The contents of the GPRs are read from memory using load instructions and
written to memory using store instructions. Computational instructions often read
operands from the GPRs and write their results in GPRs. Other instructions move data
between the GPRs and other registers. GPRs can be accessed by all software. See General-
Purpose Registers (GPRs), page 360, for more information.
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Special-Purpose Registers

The processor contains a number of 32-bit special-purpose registers (SPRs). SPRs provide
access to additional processor resources, such as the count register, the link register, debug
resources, timers, interrupt registers, and others. Most SPRs are accessed only by
privileged software, but a few, such as the count register and link register, are accessed by
all software. See User Registers, page 359, and Privileged Registers, page 429 for more
information.

Machine-State Register

The 32-bit machine-state register (MSR) contains fields that control the operating state of the
processor. This register can be accessed only by privileged software. See Machine-State
Register, page 431, for more information.

Condition Register

The 32-bit condition register (CR) contains eight 4-bit fields, CRO-CR?7. The values in the CR
fields can be used to control conditional branching. Arithmetic instructions can set CR0O
and compare instructions can set any CR field. Additional instructions are provided to
perform logical operations and tests on CR fields and bits within the fields. The CR can be
accessed by all software. See Condition Register (CR), page 361, for more information.

Device Control Registers

The 32-bit device control registers (not shown) are used to configure, control, and report
status for various external devices that are not part of the PPC405 processor. Although the
DCRs are not part of the PPC405 implementation, they are accessed using the mtdcr and
mfdcr instructions. The DCRs can be accessed only by privileged software. See the PPC405
Processor Block Manual for more information on implementing DCRs.

PPC405 Organization

As shown in Figure 1-3, the PPC405 processor contains the following elements:

* A 5-stage pipeline consisting of fetch, decode, execute, write-back, and load write-
back stages

e A virtual-memory-management unit that supports multiple page sizes and a variety
of storage-protection attributes and access-control options

* Separate instruction-cache and data-cache units
* Debug support, including a JTAG interface
¢ Three programmable timers

The following sections provide an overview of each element.
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Figure 1-3: PPC405 Organization

Central-Processing Unit

The PPC405 central-processing unit (CPU) implements a 5-stage instruction pipeline
consisting of fetch, decode, execute, write-back, and load write-back stages.

The fetch and decode logic sends a steady flow of instructions to the execute unit. All
instructions are decoded before they are forwarded to the execute unit. Instructions are
queued in the fetch queue if execution stalls. The fetch queue consists of three elements:
two prefetch buffers and a decode bulffer. If the prefetch buffers are empty instructions
flow directly to the decode buffer.

Up to two branches are processed simultaneously by the fetch and decode logic. If a branch
cannot be resolved prior to execution, the fetch and decode logic predicts how that branch
is resolved, causing the processor to speculatively fetch instructions from the predicted
path. Branches with negative-address displacements are predicted as taken, as are
branches that do not test the condition register or count register. The default prediction can
be overridden by software at assembly or compile time. This capability is described further
in Branch Prediction, page 370.

The PPC405 has a single-issue execute unit containing the general-purpose register file
(GPR), arithmetic-logic unit (ALU), and the multiply-accumulate unit (MAC). The GPRs
consist of thirty-two 32-bit registers that are accessed by the execute unit using three read
ports and two write ports. During the decode stage, data is read out of the GPRs for use by
the execute unit. During the write-back stage, results are written to the GPR. The use of five
read/write ports on the GPRs allows the processor to execute load/store operations in
parallel with ALU and MAC operations.
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The execute unit supports all 32-bit PowerPC UISA integer instructions in hardware, and is
compliant with the PowerPC embedded-environment architecture specification. Floating-
point operations are not supported.

The MAC unit supports implementation-specific multiply-accumulate instructions and
multiply-halfword instructions. MAC instructions operate on either signed or unsigned
16-bit operands, and they store their results in a 32-bit GPR. These instructions can
produce results using either modulo arithmetic or saturating arithmetic. All MAC
instructions have a single cycle throughput. See Multiply-Accumulate Instruction-Set
Extensions, page 405 for more information.

Exception Handling Logic

Exceptions are divided into two classes: critical and noncritical. The PPC405 CPU services
exceptions caused by error conditions, the internal timers, debug events, and the external
interrupt controller (EIC) interface. Across the two classes, a total of 19 possible exceptions
are supported, including the two provided by the EIC interface.

Each exception class has its own pair of save/restore registers. SRR0 and SRR1 are used for
noncritical interrupts, and SRR2 and SRR3 are used for critical interrupts. The exception-
return address and the machine state are written to these registers when an exception
occurs, and they are automatically restored when an interrupt handler exits using the
return-from-interrupt (rfi) or return-from critical-interrupt (rfci) instruction. Use of
separate save/restore registers allows the PPC405 to handle critical interrupts
independently of noncritical interrupts.

See Chapter 7, Exceptions and Interrupts, for information on exception handling in the
PPC405.

Memory Management Unit

The PPC405 supports 4 GB of flat (non-segmented) address space. The memory-
management unit (MMU) provides address translation, protection functions, and storage-
attribute control for this address space. The MMU supports demand-paged virtual
memory using multiple page sizes of 1 KB, 4 KB, 16 KB, 64 KB, 256 KB, 1 MB, 4 MB and
16 MB. Multiple page sizes can improve memory efficiency and minimize the number of
TLB misses. When supported by system software, the MMU provides the following
functions:

e Translation of the 4 GB logical-address space into a physical-address space.

¢ Independent enabling of instruction translation and protection from that of data
translation and protection.

* Page-level access control using the translation mechanism.

* Software control over the page-replacement strategy.

e Additional protection control using zones.

* Storage attributes for cache policy and speculative memory-access control.

The translation look-aside buffer (TLB) is used to control memory translation and
protection. Each one of its 64 entries specifies a page translation. It is fully associative, and
can simultaneously hold translations for any combination of page sizes. To prevent TLB
contention between data and instruction accesses, a 4-entry instruction and an 8-entry data
shadow-TLB are maintained by the processor transparently to software.

Software manages the initialization and replacement of TLB entries. The PPC405 includes
instructions for managing TLB entries by software running in privileged mode. This
capability gives significant control to system software over the implementation of a page
replacement strategy. For example, software can reduce the potential for TLB thrashing or
delays associated with TLB-entry replacement by reserving a subset of TLB entries for
globally accessible pages or critical pages.

Storage attributes are provided to control access of memory regions. When memory
translation is enabled, storage attributes are maintained on a page basis and read from the
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TLB when a memory access occurs. When memory translation is disabled, storage
attributes are maintained in storage-attribute control registers. A zone-protection register
(ZPR) is provided to allow system software to override the TLB access controls without
requiring the manipulation of individual TLB entries. For example, the ZPR can provide a
simple method for denying read access to certain application programs.

Chapter 6, Virtual-Memory Management, describes these memory-management
resources in detail.

Instruction and Data Caches

The PPC405 accesses memory through the instruction-cache unit (ICU) and data-cache
unit (DCU). Each cache unit includes a PLB-master interface, cache arrays, and a cache
controller. Hits into the instruction cache and data cache appear to the CPU as single-cycle
memory accesses. Cache misses are handled as requests over the PLB bus to another PLB
device, such as an external-memory controller.

The PPC405 implements separate instruction-cache and data-cache arrays. Each is 16 KB in
size, is two-way set-associative, and operates using 8-word (32 byte) cachelines. The caches
are non-blocking, allowing the PPC405 to overlap instruction execution with reads over
the PLB (when cache misses occur).

The cache controllers replace cachelines according to a least-recently used (LRU)
replacement policy. When a cacheline fill occurs, the most-recently accessed line in the
cache set is retained and the other line is replaced. The cache controller updates the LRU
during a cacheline fill.

The ICU supplies up to two instructions every cycle to the fetch and decode unit. The ICU
can also forward instructions to the fetch and decode unit during a cacheline fill,
minimizing execution stalls caused by instruction-cache misses. When the ICU is accessed,
four instructions are read from the appropriate cacheline and placed temporarily in a line
buffer. Subsequent ICU accesses check this line buffer for the requested instruction prior to
accessing the cache array. This allows the ICU cache array to be accessed as little as once
every four instructions, significantly reducing ICU power consumption.

The DCU can independently process load /store operations and cache-control instructions.
The DCU can also dynamically reprioritize PLB requests to reduce the length of an
execution stall. For example, if the DCU is busy with a low-priority request and a
subsequent storage operation requested by the CPU is stalled, the DCU automatically
increases the priority of the current (low-priority) request. The current request is thus
finished sooner, allowing the DCU to process the stalled request sooner. The DCU can
forward data to the execute unit during a cacheline fill, further minimizing execution stalls
caused by data-cache misses.

Additional features allow programmers to tailor data-cache performance to a specific
application. The DCU can function in write-back or write-through mode, as determined by
the storage-control attributes. Loads and stores that do not allocate cachelines can also be
specified. Inhibiting certain cacheline fills can reduce potential pipeline stalls and
unwanted external-bus traffic.

See Chapter 5, Memory-System Management, for details on the operation and control of
the PPC405 caches.

Timer Resources

The PPC405 contains a 64-bit time base and three timers. The time base is incremented
synchronously using the CPU clock or an external clock source. The three timers are
incremented synchronously with the time base. (See Chapter 8, Timer Resources, for more
information on these features.) The three timers supported by the PPC405 are:

e Programmable Interval Timer

¢ Fixed Interval Timer

e  Watchdog Timer
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Programmable Interval Timer

The programmable interval timer (PIT) is a 32-bit register that is decremented at the time-base
increment frequency. The PIT register is loaded with a delay value. When the PIT count
reaches 0, a PIT interrupt occurs. Optionally, the PIT can be programmed to automatically
reload the last delay value and begin decrementing again.

Fixed Interval Timer

The fixed interval timer (FIT) causes an interrupt when a selected bit in the time-base register
changes from 0 to 1. Programmers can select one of four predefined bits in the time-base
for triggering a FIT interrupt.

Watchdog Timer

The watchdog timer causes a hardware reset when a selected bit in the time-base register
changes from 0 to 1. Programmers can select one of four predefined bits in the time-base
for triggering a reset, and the type of reset can be defined by the programmer.

Note: The time-base register alone does not cause interrupts to occur.

Debug

The PPC405 debug resources include special debug modes that support the various types
of debugging used during hardware and software development. These are:

* Internal-debug mode for use by ROM monitors and software debuggers
* External-debug mode for use by JTAG debuggers

*  Debug-wait mode, which allows the servicing of interrupts while the processor appears
to be stopped

*  Real-time trace mode, which supports event triggering for real-time tracing

Debug events are supported that allow developers to manage the debug process. Debug
modes and debug events are controlled using debug registers in the processor. The debug
registers are accessed either through software running on the processor or through the
JTAG port. The JTAG port can also be used for board tests.

The debug modes, events, controls, and interfaces provide a powerful combination of
debug resources for hardware and software development tools. Chapter 9, Debugging,
describes these resources in detail.

PPC405 Interfaces

The PPC405 provides a set of interfaces that supports the attachment of cores and user
logic. The software resources used to manage the PPC405 interfaces are described in the
Core-Configuration Register, page 459 . For information on the hardware operation, use,
and electrical characteristics of these interfaces, refer to the PPC405 Processor Block
Manual. The following interfaces are provided:

* Processor local bus interface

e Device control register interface

¢ Clock and power management interface

e JTAG port interface

*  On-chip interrupt controller interface

*  On-chip memory controller interface

Processor Local Bus

The processor local bus (PLB) interface provides a 32-bit address and three 64-bit data buses
attached to the instruction-cache and data-cache units. Two of the 64-bit buses are attached
to the data-cache unit, one supporting read operations and the other supporting write
operations. The third 64-bit bus is attached to the instruction-cache unit to support
instruction fetching.
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Device Control Register

The device control register (DCR) bus interface supports the attachment of on-chip registers
for device control. Software can access these registers using the mfdcr and mtdcr
instructions.

Clock and Power Management

The clock and power-management interface supports several methods of clock distribution
and power management.

JTAG Port

The JTAG port interface supports the attachment of external debug tools. Using the JTAG
test-access port, a debug tool can single-step the processor and examine internal-processor
state to facilitate software debugging. This capability complies with the IEEE 1149.1
specification for vendor-specific extensions, and is therefore compatible with standard
JTAG hardware for boundary-scan system testing.

On-Chip Interrupt Controller

The on-chip interrupt controller interface is an external interrupt controller that combines
asynchronous interrupt inputs from on-chip and off-chip sources and presents them to the
core using a pair of interrupt signals (critical and noncritical). Asynchronous interrupt
sources can include external signals, the JTAG and debug units, and any other on-chip
peripherals.

On-Chip Memory Controller

An on-chip memory (OCM) interface supports the attachment of additional memory to the
instruction and data caches that can be accessed at performance levels matching the cache
arrays.
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Operational Concepts

This chapter describes the operational concepts governing the PPC405 programming
model. These concepts include the execution and memory-access models, processor
operating modes, memory organization and management, and instruction conventions.

Execution Model

From a software viewpoint, PowerPC® processors implement a sequential-execution model.
That is, the processors appear to execute instructions in program order. Internally and
invisible to software, PowerPC processors can execute instructions out-of-order and can
speculatively execute instructions. The processor is responsible for maintaining an in-
order execution state visible to software. The execution of an instruction sequence can be
interrupted by an exception caused by one of the executing instructions or by an
asynchronous event. The PPC405 does not support out-of-order instruction execution.
However, the processor does support speculative instruction execution, typically by
predicting the outcome of branch instructions.

As described in Ordering Memory Accesses, page 448, the PowerPC architecture specifies
a weakly consistent memory model for shared-memory multiprocessor systems. The
weakly consistent memory model allows system bus operations to be reordered
dynamically. The goal of reordering bus operations is to reduce the effect of memory
latency and improving overall performance. In single-processor systems, loads and stores
can be reordered dynamically to allow efficient utilization of the processor bus. Loads can
be performed speculatively to enhance the speculative-execution capabilities. This model
provides an opportunity for significantly improved performance over a model that has
stronger memory-consistency rules, but places the responsibility for access ordering on the
programmer.

When a program requires strict instruction-execution ordering or memory-access ordering
for proper execution, the programmer must insert the appropriate ordering or
synchronization instructions into the program. These instructions are described in
Synchronizing Instructions, page 424. The concept of synchronization is described in the
Synchronization Operations section that follows.

The PPC405 supports many aspects of the weakly consistent model but not all of them.
Specifically, the PPC405 does not provide hardware support for multiprocessor memory
coherency and does not support speculative loads. If the order of memory accesses is
important to the correct operation of a program, care must be taken in porting such a
program from the PPC405 to a processor that supports multiprocessor memory coherency
and speculative loads.
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Synchronization Operations

Various forms of synchronizing operations can be used by programs executing on the
PPC405 processor to control the behavior of instruction execution and memory accesses.
Synchronizing operations fall into the following three categories:

* Context synchronization
e Execution synchronization
* Storage synchronization

Each synchronization category is described in the following sections. Instructions
provided by the PowerPC architecture for synchronization purposes are described on
page 424.

Context Synchronization

The state of the execution environment (privilege level, translation mode, and memory
protection) defines a program’s context. An instruction or event is context synchronizing if
the operation satisfies all of the following conditions:

* Instruction dispatch is halted when the operation is recognized by the processor. This
means the instruction-fetch mechanism stops issuing (sending) instructions to the
execution units.

* The operation is not initiated (for instructions, this means dispatched) until all prior
instructions complete execution to a point where they report any exceptions they
cause to occur. In the case of an instruction-synchronize (isync) instruction, the isync
does not complete execution until all prior instructions complete execution to a point
where they report any exceptions they cause to occur.

* Allinstructions that precede the operation complete execution in the context they
were initiated. This includes privilege level, translation mode, and memory
protection.

e Allinstructions following the operation complete execution in the new context
established by the operation.

* If the operation is an exception, or directly causes an exception to occur (for example,
the sc instruction causes a system-call exception), the operation is not initiated until
all higher-priority exceptions are recognized by the exception mechanism.

The system-call instruction (sc), return-from-interrupt instructions (rfi and rfci), and most
exceptions are examples of context-synchronizing operations.

Context-synchronizing operations do not guarantee that subsequent memory accesses are
performed using the memory context established by previous instructions. When
memory-access ordering must be enforced, storage-synchronizing instructions are
required.

Execution Synchronization

An instruction is execution synchronizing if it satisfies the conditions of the first two items
(as described above) for context synchronization:

* Instruction dispatch is halted when the operation is recognized by the processor. This
means the instruction-fetch mechanism stops issuing (sending) instructions to the
execution units.

* The operation is not initiated until all instructions in execution complete to a point
where they report any exceptions they cause to occur. In the case of a synchronize
(sync) instruction, the sync does not complete execution until all prior instructions
complete execution to a point where they report any exceptions they cause to occur.

The sync and move-to machine-state register (mtmsr) instructions are examples of execution-
synchronizing instructions.
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All context-synchronizing instructions are execution synchronizing. However, unlike a
context-synchronizing operation, there is no guarantee that subsequent instructions
execute in the context established by an execution-synchronizing instruction. The new
context becomes effective sometime after the execution-synchronizing instruction
completes and before or during a subsequent context-synchronizing operation.

Storage Synchronization

The PowerPC architecture specifies a weakly consistent memory model for shared-
memory multiprocessor systems. With this model, the order that the processor performs
memory accesses, the order that those accesses complete in memory, and the order that
those accesses are viewed as occurring by another processor can all differ. The PowerPC
architecture supports storage-synchronizing operations that provide a capability for
enforcing memory-access ordering, allowing programs to share memory. Support is also
provided to allow programs executing on a processor to share memory with some other
mechanism that can access memory, such as an I/0O device.

Device control registers (DCRs) are treated as memory-mapped registers from a
synchronization standpoint. Storage-synchronization operations must be used to enforce
synchronization of DCR reads and writes.

Processor Operating Modes

The PowerPC architecture defines two levels of privilege, each with an associated
processor operating mode:

¢ Privileged mode
e User mode

The processor operating mode is controlled by the privilege-level field in the machine-state
register (MSR[PR]). When MSR[PR] = 0, the processor operates in privileged mode. When
MSR[PR] = 1, the processor operates in user mode. MSR[PR] = 0 following reset, placing
the processor in privileged mode. See Machine-State Register, page 431 for more
information on this register.

Attempting to execute a privileged instruction when in user mode causes a privileged-
instruction program exception (see Program Interrupt (0x0700), page 511).

Throughout this book, the terms privileged and system are used interchangeably to refer to
software that operates under the privileged-programming model. Likewise, the terms user
and application are used to refer to software that operates under the user-programming
model. Registers and instructions are defined as either privileged or user, indicating which
of the two programming models they belong to. User registers and user instructions
belong to both the user-programming and privileged-programming models.

Privileged Mode

Privileged mode allows programs to access all registers and execute all instructions
supported by the processor. The privileged-programming model comprises the entire register
set and instruction set supported by the PPC405. Operating systems are typically the only
software that runs in privileged mode.

The registers available only in privileged mode are shown in Figure 4-1, page 430. Refer to
the corresponding section describing each register for more information. The instructions
available only in privileged mode are shown in Table 4-3, page 434. The operation of each
instruction is described in Chapter 11, Instruction Set.

Privileged mode is sometimes referred to as supervisor state.
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User Mode

User mode restricts access to some registers and instructions. The user-programming model
comprises the register set and instruction set supported by the processor running in user
mode, and is a subset of the privileged-programming model. Operating systems typically
confine the execution of application programs to user mode, thereby protecting system
resources and other software from the effects of errant applications.

The registers available in user mode are shown in Figure 3-1, page 360. Refer to the
corresponding section in Chapter 3 for a description of each register. All instructions are
available in user mode except as shown in Table 4-3, page 434.

User mode is sometimes referred to as problem state.

Memory Organization

PowerPC programs reference memory using an effective address computed by the
processor when executing a load, store, branch, or cache-control instruction, and when
fetching the next-sequential instruction. Depending on the address-relocation mode, this
effective address is either used to directly access physical memory or is treated as a virtual
address that is translated into physical memory.

Effective-Address Calculation

Programs reference memory using an effective address (also called a logical address). An
effective address (EA) is the 32-bit unsigned sum computed by the processor when
accessing memory, executing a branch instruction, or fetching the next-sequential
instruction. An EA is often referred to as the next-instruction address (NIA) when it is used
to fetch an instruction (sequentially or as the result of a branch). The input values and
method used by the processor to calculate an EA depend on the instruction that is
executed.

When accessing data in memory, effective addresses are calculated in one of the following
ways:
e EA = (rA|0)—this is referred to as register-indirect addressing.

e EA =(rA|0) + offset—this is referred to as register-indirect with immediate-index
addressing.

e EA =(rA|0) + (rB)—this is referred to as register-indirect with index addressing.
Note: In the above, the notation (rA | 0) specifies the following:
If the rA instruction field is 0, the base address is 0.
If the rA instruction field is not 0, the contents of register rA are used as the base address.

When instructions execute sequentially, the next-instruction effective address is the
current-instruction address (CIA) + 4. This is because all instructions are four bytes long.
When branching to a new address, the next-instruction effective address is calculated in
one of the following ways:

e NIA = CIA + displacement—this is referred to as branch-to-relative addressing.

* NIA = displacement—this is referred to as branch-to-absolute addressing.

* NIA = (LR)—this is referred to as branch to link-register addressing.

* NIA = (CTR)—this is referred to as branch to count-register addressing.

When the NIA is calculated for a branch instruction, the two low-order bits (30:31) are

always cleared to 0, forcing word-alignment of the address. This is true even when the
address is contained in the LR or CR, and the register contents are not word-aligned.

All effective-address computations are performed by the processor using unsigned binary
arithmetic. Carries from bit 0 are ignored and the effective address wraps from the
maximum address (232-1) to address 0 when the calculation overflows.
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Physical Memory

Physical memory represents the address space of memory installed in a computer system,
including memory-mapped I/O devices. Generally, the amount of physical memory
actually available in a system is smaller than that supported by the processor. When
address translation is supported by the operating system—as it is in virtual-memory
systems—the very-large virtual-address space is translated into the smaller physical-
address space using the memory-management resources supported by the processor.

The PPC405 supports up to four gigabytes of physical memory using a 32-bit physical
address. A hierarchical-memory system involving external (system) memory and the
caches internal to the processor are employed to support that address space. The PPC405
supports separate level-1 (L1) caches for instructions and data. The operation and control
of these caches is described in Chapter 5, Memory-System Management.

Virtual Memory

Virtual memory is a relocatable address space that is generally larger than the physical-
memory space installed in a computer system. Operating systems relocate (map)
applications and data in virtual memory so it appears that more memory is available than
actually exists. Virtual memory software moves unused instructions and data between
physical memory and external storage devices (such as a hard drive) when insufficient
physical memory is available. The PPC405 supports a 40-bit virtual address that allows
privileged software to manage a one-terabyte virtual-memory space.

Memory Management

Memory management describes the collection of mechanisms used to translate the addresses
generated by programs into physical-memory addresses. Memory management also
consists of the mechanisms used to characterize memory-region behavior, also referred to
as storage control. Memory management is performed by privileged-mode software and is
completely transparent to user-mode programs running in virtual mode.

The PPC405 is a PowerPC embedded-environment implementation. The memory-
management resources defined by the PowerPC embedded-environment architecture (and
its successor, the PowerPC Book-E architecture) differ significantly from the resources
defined by the PowerPC architecture. The resources defined by the PowerPC embedded
environment architecture are well-suited for the special requirements of embedded-system
applications. The resources defined by the PowerPC architecture better meet the
requirements of desktop and commercial-workstation systems.

Generally, the differences between the two memory-management mechanisms are as
follows:

* The PPC405 supports software page translation and provides special instructions for
managing the page tables and the translation look-aside buffer (TLB) internal to the
processor. The page-translation table format, organization, and search algorithms are
software-dependent and transparent to the PPC405 processor. The PowerPC
architecture, on the other hand, defines the page-translation table organization,
format, and search algorithms. It does not define support for the special page table
and TLB instructions but instead assumes the processor hardware is responsible for
searching page tables and updating the TLB.

¢ The PPC405 supports variable-sized pages. The PowerPC architecture defines fixed-size
pages of 4 KB.

*  The PPC405 does not support the segment-translation mechanism defined by the
PowerPC architecture.

¢ The PPC405 does not support the block-address-translation (BAT) mechanism defined
by the PowerPC architecture.
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* Additional storage-control attributes not defined by the PowerPC architecture are
supported by the PPC405. The methods for using these attributes to characterize
memory regions also differ.

At a high level, Figure 2-1 shows the differences between 32-bit memory management in
the PowerPC embedded-environment architecture (and PowerPC Book-E architecture)
and in the PowerPC architecture. See Chapter 6, Virtual-Memory Management for more
information on the resources supported by the PPC405. Additional information on the
differences with the PowerPC architecture is described in Appendix E, PowerPC® 6xx/7xx
Compatibility. PowerPC Book-E architecture extends the resources first defined by the
PowerPC embedded-environment architecture. A description of those extensions is in
Appendix F, PowerPC® Book-E Compatibility.

PowerPC Embedded Environment
PowerPC Book-E

PowerPC Architecture

32-Bit Effective Address | | 32-Bit Effective Address
I
Segment
PID Translation
Block
40-Bit Virtual Address 51-Bit Virtual Address Address
Translation
Page Page
Translation Translation
[

32-Bit Physical Address 32-Bit Physical Address

UGO011_13 033101

Figure 2-1: PowerPC 32-Bit Memory Management

Addressing Modes

Programs can use 32-bit effective addresses to reference the 4 GB physical-address space
using one of two addressing modes:

e Real mode
e Virtual mode

Real mode and virtual mode are enabled and disabled independently for instruction
fetches and data accesses. The instruction-fetch address mode is controlled using the
instruction-relocate (IR) field in the machine-state register (MSR). When MSR[IR] = 0,
instruction fetches are performed in real mode. When MSR[IR] = 1, instruction fetches are
performed in virtual mode. Similarly, the data-access address mode is controlled using the
data-relocate (DR) field in the MSR. When MSR[DR] = 0, data accesses are performed in
real mode. Setting MSR[DR] = 1 enables virtual mode for data accesses. See Virtual Mode,
page 472 for more information on these fields.
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Real Mode

In real mode, an effective address is used directly as the physical address into the 4 GB
address space. Here, the logical-address space is mapped directly onto the physical-
address space.

Virtual Mode

In virtual mode, address translation is enabled. Effective addresses are translated into
physical addresses using the memory-management unit, as shown in Figure 2-1, page 346.
In this mode, pages within the logical-address space are mapped onto pages in the
physical-address space. An overview of memory management is provided in the following
section.

Operand Conventions

Bit positions within registers and memory operands (bytes, halfwords, and words) are
numbered consecutively from left to right, starting with zero. The most-significant bit is
always numbered 0. The number assigned to the least-significant bit depends on the size of
the register or memory operand, as follows:

* Byte—the least-significant bit is numbered 7.
¢ Halfword—the least-significant bit is numbered 15.
e Word—the least-significant bit is numbered 31.

A bit set to 1 has a numerical value associated with its position (b) relative to the least-
significant bit (Isb). This value is equal to 2(lsb-b). For example, if bit 5 is set to 1 in a byte,
halfword, or word memory operand, its value is determined as follows:

* Byte—the value is 2(7-5), or 4.
e Halfword—the value is 2(15-5), or 1024 .
*  Word—the value is 2(31-5), or 67108864 .

Bytes in memory are addressed consecutively starting with zero. The PPC405 supports
both big-endian and little-endian byte ordering, with big-endian being the default byte
ordering. Bit ordering within bytes and registers is always big endian.

The operand length is implicit for each instruction. Memory operands can be bytes (eight
bits), halfwords (two bytes), words (four bytes), or strings (one to 128 bytes). For the
load/store multiple instructions, memory operands are a sequence of words. The address
of any memory operand is the address of its first byte (that is, of its lowest-numbered byte).
Figure 2-2 shows how word, halfword, and byte operands appear in memory (using big-
endian ordering) and in a register. The memory operand appears on the left in this diagram
and the equivalent register representation appears on the right.

The following sections describe the concepts of byte ordering and data alignment, and
their significance to the PowerPC PPC405.
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Memory Content
Word Y
0x04
LSB Byte 3 | 0x03
Byte 2 0x02
Byte 1 0x01
MSB | Byte0 | 0x00
27— 20

Halfword Memory Content
0x04
0x03
0x02
LSB Byte 1 0x01
MSB Byte 0 0x00

27— 20

Byte Memory Content
0x04
0x03
0x02
0x01
MSB | ByteO | Ox00

2720

Bit Weight

r Bit Number

Register Content

0 31

| Byte O | Byte 1 | Byte 2 | Byte 3 |

—>2 31 2 0
Memory Address

0 Register Content 31

Byte O Byte 1

2 15 2 0
Memory Address
Register Content
0 31
Byte O
2 7 -— 2 0
Memory Address

UG011_14_100901

Figure 2-2: Operand Data Types
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Byte Ordering

The order that addresses are assigned to individual bytes within a scalar (a single data
object or instruction) is referred to as endianness. Halfwords, words, and doublewords all
consist of more than one byte, so it is important to understand the relationship between the
bytes in a scalar and the addresses of those bytes. For example, when the processor loads a
register with a value from memory, it needs to know which byte in memory holds the high-
order byte, which byte holds the next-highest-order byte, and so on.

Computer systems generally use one of the following two byte orders to address data:

*  Big-endian ordering assigns the lowest-byte address to the highest-order (“left-most”)
byte in the scalar. The next sequential-byte address is assigned to the next-highest
byte, and so on. The term “big endian” is used because the “big end” of the scalar
(when considered as a binary number) comes first in memory.

* Little-endian ordering assigns the lowest-byte address to the lowest-order (“right-
most”) byte in the scalar. The next sequential-byte address is assigned to the next-
lowest byte, and so on. The term “little endian” is used because the “little end” of the
scalar (when considered as a binary number) comes first in memory.

The following sections further describe the differences between big-endian and little-
endian byte ordering. The default byte ordering assumed by the PPC405 is big-endian.
However, the PPC405 also fully supports little-endian peripherals and memory.

Structure-Mapping Examples

The following C language structure, s, contains an assortment of scalars and a character
string. The comments show the values assumed in each structure element. These values
show how the bytes comprising each structure element are mapped into memory.

struct {
int a; /* 0x1112_1314 word */
long long b; /* 0x2122_ 2324 2526 _2728 doubl eword */
char *c; /* 0x3132_3334 word */
char d[7]; /* "A,'B,'C,'D,'E,'"F,"G array of bytes */
short e; /* 0x5152 hal fword */
int f; /* 0x6162_6364 word */
}os;

C structure-mapping rules permit the use of padding (skipped bytes) to align scalars on
desirable boundaries. The structure-mapping examples show how each scalar aligns on its
natural boundary (the alignment boundary is equal to the scalar size). This alignment
introduces padding of four bytes between a and b, one byte between d and e, and two bytes
between e and f. The same amount of padding is present in both big-endian and little-
endian mappings.
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Big-Endian Mapping

The big-endian mapping of structure s follows. The contents of each byte, as defined in
structure s, is shown as a (hexadecimal) number or character (for the string elements). Data
addresses (in hexadecimal) are shown below the corresponding data value.

11 12 13 14

0x00 0x01 0x02 0x03 0x04 0x05 0x06 0x07
21 22 23 24 25 26 27 28

0x08 0x09 0x0A 0x0B 0x0C 0x0D 0x0E 0xO0F
31 32 33 34 'A' 'B' 'C' 'D'

0x10 0x11 0x12 0x13 0x14 0x15 0x16 0x17
'E' 'F' 'G' 51 52

0x18 0x19 Ox1A 0x1B 0x1C 0x1D 0x1E 0x1F
61 62 63 64

0x20 0x21 0x22 0x23 0x24 0x25 0x26 0x27

Little-Endian Mapping

The little-endian mapping of structure s follows.

14 13 12 11

0x00 0x01 0x02 0x03 0x04 0x05 0x06 0x07
28 27 26 25 24 23 22 21

0x08 0x09 0x0A 0x0B 0x0C 0x0D 0x0E 0x0F
34 33 32 31 'A' 'B' 'C 'D'

0x10 0x11 0x12 0x13 0x14 0x15 0x16 0x17
'E' 'F 'G' 52 51

0x18 0x19 Ox1A 0x1B 0x1C 0x1D 0x1E 0x1F
64 63 62 61

0x20 0x21 0x22 0x23 0x24 0x25 0x26 0x27

Little-Endian Byte Ordering Support

Except as noted, this book describes the processor from the perspective of big-endian
operations. However, the PPC405 processor also fully supports little-endian operations.
This support is provided by the endian (E) storage attribute described in the following
sections. The endian-storage attribute is defined by both the PowerPC embedded-
environment architecture and PowerPC Book-E architecture.

Little-endian mode, defined by the PowerPC architecture, is not implemented by the PPC405.
Little-endian mode does not support frue little-endian memory accesses. This is because
little-endian mode modifies memory addresses rather than reordering bytes as they are
accessed. Memory-address modification restricts how the processor can access misaligned
data and I/O. The PPC405 little-endian support does not have these restrictions.
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Endian (E) Storage Attribute

The endian (E) storage attribute allows the PPC405 to support direct connection of little-
endian peripherals and memory containing little-endian instructions and data. An E
storage attribute is associated with every memory reference—instruction fetch, data load,
and data store. The E attribute specifies whether the memory region being accessed should
be interpreted as big endian (E = 0) or little endian (E = 1).

If virtual mode is enabled (MSR[IR] = 1 or MSR[DR] = 1), the E field in the corresponding
TLB entry defines the endianness of a memory region. When virtual mode is disabled
(MSR[IR] = 0 and MSR[DR] = 0), the SLER defines the endianness of a memory region. See
Chapter 6, Virtual-Memory Management for more information on virtual memory, and
Storage Little-Endian Register (SLER), page 455 for more information on the SLER.

When a memory region is defined as little endian, the processor accesses those bytes as if
they are arranged in true little-endian order. Unlike the little-endian mode defined by the
PowerPC architecture, no address modification is performed when accessing memory
regions designated as little endian. Instead, the PPC405 reorders the bytes as they are
transferred between the processor and memory.

On-the-fly reversal of bytes in little-endian memory regions is handled in one of two ways,
depending on whether the memory access is an instruction fetch or a data access (load or
store). The following sections describe byte reordering for both types of memory accesses.

Little-Endian Instruction Fetching

Instructions are word (four-byte) data types that are always aligned on word boundaries in
memory. Instructions stored in a big-endian memory region are arranged with the most-
significant byte (MSB) of the instruction word at the lowest byte address.

Consider the big-endian mapping of instruction p at address 0x00, where, for example, p is
an add r7,r7,r4 instruction (instruction opcode bytes are shown in hexadecimal on top,
with the corresponding byte address shown below):

MSB LSB

7C E7 22 14

0x00 0x01 0x02 0x03

In the little-endian mapping, instruction p is arranged with the least-significant byte (LSB)
of the instruction word at the lowest byte address:

LSB MSB

14 22 E7 7C

0x00 0x01 0x02 0x03

The instruction decoder on the PPC405 assumes the instructions it receives are in big-
endian order. When an instruction is fetched from memory, the instruction must be placed
in the instruction queue in big-endian order so that the instruction is properly decoded.
When instructions are fetched from little-endian memory regions, the four bytes of an
instruction word are reversed by the processor before the instruction is decoded. This byte
reversal occurs between memory and the instruction-cache unit (ICU) and is transparent to
software. The ICU always stores instructions in big-endian order regardless of whether the
instruction-memory region is defined as big endian or little endian. This means the bytes
are already in the proper order when an instruction is transferred from the ICU to the
instruction decoder.

If the endian-storage attribute is changed, the affected memory region must be reloaded
with program and data structures using the new endian ordering. If the endian ordering of
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instruction memory changes, the ICU must be made coherent with the updates. This is
accomplished by invalidating the ICU and updating the instruction memory with
instructions using the new endian ordering. Subsequent fetches from the updated memory
region are interpreted correctly before they are cached and decoded. See Instruction-
Cache Control Instructions, page 456 for information on instruction-cache invalidation.

Little-Endian Data Accesses

Unlike instruction fetches, data accesses from little-endian memory regions are not byte-
reversed between memory and the data-cache unit (DCU). The data-byte ordering stored
in memory depends on the data size (byte, halfword, or word). The data size is not known
until the data item is moved between memory and a general-purpose register. In the
PPC405, byte reversal of load and store accesses is performed between the DCU and the
GPRs.

When accessing data in a little-endian memory region, the processor automatically does
the following regardless of data alignment:

* For byte loads/stores, no reordering occurs
e For halfword loads/stores, bytes are reversed within the halfword
* For word loads/stores, bytes are reversed within the word

The big-endian and little-endian mappings of the structure s, shown in Structure-
Mapping Examples, page 349, demonstrate how the size of a data item determines its byte
ordering. For example:

e The word a has its four bytes reversed within the word spanning addresses 0x00-0x03

* The halfword e has its two bytes reversed within the halfword spanning addresses
0x1C-0x1D

* The array of bytes d (where each data item is a byte) is not reversed when the big-
endian and little-endian mappings are compared (For example, the character 'A’ is
located at address 14 in both the big-endian and little-endian mappings)

In little-endian memory regions, data alignment is treated as it is in big-endian memory
regions. Unlike little-endian mode in the PowerPC architecture, no special alignment
exceptions occur when accessing data in little-endian memory regions versus big-endian
regions.

Load and Store Byte-Reverse Instructions

When accessing big-endian memory regions, load/store instructions move the more-
significant register bytes to and from the lower-numbered memory addresses and the less-
significant register bytes are moved to and from the higher-numbered memory addresses.
The load/store with byte-reverse instructions, as described in Load and Store with Byte-
Reverse Instructions, page 385, do the opposite. The more-significant register bytes are
moved to and from the higher-numbered memory addresses, and the less-significant
register bytes are moved to and from the lower-numbered memory addresses.

Even though the load/store with byte-reverse instructions can be used to access little-
endian memory, the E storage attribute provides two advantages over using those
instructions:

* The load/store with byte-reverse instructions do not solve the problem of fetching
instructions from a little-endian memory region. Only the E storage attribute
mechanism supports little-endian instruction fetching.

e Typical compilers cannot make general use of the load/store with byte-reverse
instructions, so these instructions are normally used only in device drivers written in
hand-coded assembler. However, compilers can take full advantage of the E storage-
attribute mechanism, allowing application programmers working in a high-level
language, such as C, to compile programs and data structures using little-endian
ordering.
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Operand Alignment

The operand of a memory-access instruction has a natural alignment boundary equal to
the operand length. In other words, the natural address of an operand is an integral
multiple of the operand length. A memory operand is said to be aligned if it is aligned on
its natural boundary, otherwise it is misaligned.

All instructions are words and are always aligned on word boundaries.

Table 2-1 shows the value required by the least-significant four address bits (bits 28:31) of
each data type for it to be aligned in memory. A value of x in a given bit position indicates
the address bit can have a value of 0 or 1.

Table 2-1: Memory Operand Alignment Requirements

Data Type Size A“ani?s Qggiess
Byte 8 Bits xXXxXx
Halfword 2 Bytes xxx0
Word 4 Bytes xx00
Doubleword 8 Bytes x000

The concept of alignment can be generally applied to any data in memory. For example, a
12-byte data item is said to be word aligned if its address is a multiple of four.

Some instructions require aligned memory operands. Also, alignment can affect
performance. For single-register memory access instructions, the best performance is
obtained when memory operands are aligned.

Alignment and Endian Storage Control

The endian storage-control attribute (E) does not affect how the processor handles operand
alignment. Data alignment is handled identically for accesses to big-endian and little-
endian memory regions. No special alignment exceptions occur when accessing data in
little-endian memory regions. However, alignment exceptions that apply to big-endian
memory accesses also apply to little-endian memory accesses.

Performance Effects of Operand Alignment

The performance of accesses varies depending on the following parameters:
* Operand size
* Operand alignment
* Boundary crossing:
- None
- Cache block
- DPage

To obtain the best performance across the widest range of PowerPC embedded-
environment implementations and PowerPC Book-E processor implementations,
programmers should assume the alignment performance effects described in Figure 2-2.
This table applies to both big-endian and little-endian accesses. Figure 2-2 also applies to
PowerPC processors running in the default big-endian mode. However, those same
processors suffer further performance degradation when running in PowerPC little-
endian mode.
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Table 2-2: Performance Effects of Operand Alignment

Operand Boundary Crossing
Size Byte Alignment None Cache Block Page
Byte 1 Optimal Not Applicable
Halfword 2 Optimal Not Applicable
1 Good Good Poor
Word 4 Optimal Not Applicable
<4 Good Good Poor
Multiple Word | 4 Good Good Good!
Byte String 1 Good Good Poor
Note: Assumes both pages have identical storage-control attributes. Performance is poor
otherwise.

Alignment Exceptions

Misalignment occurs when addresses are not evenly divided by the data-object size. The
PPC405 automatically handles misalignments within word boundaries and across word
boundaries, generally at a cost in performance. Some instructions cause an alignment
exception if their operand is not properly aligned, as shown in Table 2-3.

Table 2-3: Instructions Causing Alignment Exceptions

Mnemonic Condition
dcbz EA is in non-cacheable or write-through memory.
dcread, lwarx, stwcx EA is not word aligned.

Cache-control instructions ignore the four least-significant bits of the EA. No alignment
restrictions are placed on an EA when executing a cache-control instruction. However,
certain storage-control attributes can cause an alignment exception to occur when a cache-
control instruction is executed. If data-address translation is disabled (MSR[DR]=0) and a
dcbz instruction references a non-cacheable memory region, or the memory region uses a
write-through caching policy, an alignment exception occurs. The alignment exception
allows the operating system to emulate the write-through caching policy. See Alignment
Interrupt (0x0600), page 510 for more information.

Instruction Conventions

Instruction Forms

Opcode tables and instruction listings often contain information regarding the instruction
form. This information refers to the type of format used to encode the instruction. Grouping
instructions by format is useful for programmers that must deal directly with machine-
level code, particularly programmers that write assemblers and disassemblers.

The formats used for the instructions of the PowerPC embedded-environment architecture
are shown in Instructions Grouped by Form, page 792. The Instruction Set Information,
page 797 also shows the form used by each instruction, listed alphabetically by mnemonic.
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Instruction Classes

PowerPC instructions belong to one of the following three classes:
e Defined
¢ Illegal

e Reserved

An instruction class is determined by examining the primary opcode, and the extended
opcode if one exists. If the opcode and extended opcode combination does not specify a
defined instruction or reserved instruction, the instruction is illegal. Although the
definitions of these terms are consistent among PowerPC processor implementations, the
assignment of these classifications is not. For example, an instruction specific to 64-bit
implementations is considered defined for 64-bit implementations but illegal for 32-bit
implementations.

In future versions of the PowerPC architecture, instruction encodings that are now illegal
or reserved can become defined (by being added to the architecture) or reserved (by being
assigned a special purpose in an implementation).

Boundedly Undefined

The results of executing an instruction are said to be boundedly undefined if those results
could be achieved by executing an arbitrary sequence of instructions, starting in the
machine state prior to executing the given instruction. Boundedly-undefined results for an
instruction can vary between implementations and between different executions on the
same implementation.

Defined Instruction Class

Defined instructions contain all the instructions defined by the PowerPC architecture.
Defined instructions are guaranteed to be supported by all implementations of the
PowerPC architecture. The only exceptions are the instructions defined only for 64-bit
implementations, instructions defined only for 32-bit implementations, and instructions
defined only for embedded implementations. A PowerPC processor can invoke the illegal-
instruction error handler (through the program-interrupt handler) when an
unimplemented instruction is encountered, allowing emulation of the instruction in
software.

A defined instruction can have preferred forms and invalid forms as described in the
following sections.
Preferred Instruction Forms

A preferred form of a defined instruction is one in which the instruction executes in an
efficient manner. Any form other than the preferred form can take significantly longer to
execute. The following instructions have preferred forms:

e Load-multiple and store-multiple instructions
¢ Load-string and store-string instructions

* OR-immediate instruction (preferred form of no-operation)

Invalid Instruction Forms

An invalid form of a defined instruction is one in which one or more operands are coded
incorrectly and in a manner that can be deduced only by examining the instruction
encoding (primary and extended opcodes). For example, coding a value of 1 in a reserved
bit (normally cleared to 0) produces an invalid instruction form.

The following instructions have invalid forms:

¢ Branch-conditional instructions

* Load with update and store with update instructions
* Load multiple instructions
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* Load string instructions

* Integer compare instructions

On the PPC405, attempting to execute an invalid instruction form generally yields a
boundedly-undefined result, although in some cases a program exception (illegal-
instruction error) can occur.

Optional Instructions

The PowerPC architecture allows implementations to optionally support some defined
instructions. The PPC405 does not implement the following instructions:

¢ Floating-point instructions
e External-control instructions (eciwx, ecowx)
e Invalidate TLB entry (tlbie)

lllegal Instruction Class

Illegal instructions are grouped into the following categories:

e Unused primary opcodes. The following primary opcodes are defined as illegal but
can be defined by future extensions to the architecture:

1,5,6,56,57,60, 61

* Unused extended opcodes. Unused extended opcodes can be derived from
information in Instructions Sorted by Opcode, page 781. The following primary
opcodes have unused extended opcodes:

19, 31, 59, 63

* Aninstruction consisting entirely of zeros is guaranteed to be an illegal instruction.
This increases the probability that an attempt to execute data or uninitialized memory
causes an illegal-instruction error. If only the primary opcode consists of all zeros, the
instruction is considered a reserved instruction, as described in the following section.

An attempt to execute an illegal instruction causes an illegal-instruction error (program
exception). With the exception of an instruction consisting entirely of zeros, illegal
instructions are available for future addition to the PowerPC architecture.

Reserved Instruction Class

Reserved instructions are allocated to specific implementation-dependent purposes not

defined by the PowerPC architecture. An attempt to execute an unimplemented reserved

instruction causes an illegal-instruction error (program exception). The following types of

instructions are included in this class:

e Instructions for the POWER architecture that have not been included in the PowerPC
architecture.

¢ Implementation-specific instructions used to conform to the PowerPC architecture
specification. For example, load data-TLB entry (tlbld) and load instruction-TLB entry
(tIbli) instructions in the PowerPC 603™.

e The instruction with primary opcode 0, when the instruction does not consist entirely
of binary zeros.

* Any other implementation-specific instruction not defined by the PowerPC
architecture.

PowerPC Embedded-Environment Instructions

To support functions required in embedded-system applications, the PowerPC embedded-
environment architecture defines instructions that are not part of the PowerPC
architecture. Table 2-4 lists the instructions specific to the PPC405 and other PowerPC
embedded-environment family implementations. From the standpoint of the PowerPC
architecture, these instructions are part of the reserved class and are implementation
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dependent. Programs using these instructions are not portable to implementations that do
not support the PowerPC embedded-environment architecture.

Instruction Conventions

In the table, the syntax “[0]” indicates the instruction has an overflow-enabled form that
updates XER[OV,SO] as well as a non-overflow-enabled form. The syntax “[.]” indicates
the instruction has a record form that updates CR[CRO] as well as a non-record form. The
headings “defined” and “allocated”, as they are used in Table 2-4, are described in the
following section, PowerPC Book-E Instruction Classes.

Table 2-4: PowerPC Embedded-Environment Instructions

Defined (Book-E) Allocated (Book-E)

mfdcr tlbre dccci macchwlo][.] nmacchwlo][.]
mtdcr tibsxl[.] dcread macchws[o][.] nmacchws|o][.]
rfci tibwe iccci macchwsulo][.] nmachhw{o][.]
wrtee icread macchwulo][.] nmachhwsl[o][.]
wrteei machhwl[o][.] nmaclhwlol][.]

machhws[o][.]

machhwsul[ol]l.] mulchwl[.]
machhwulo][.] mulchwul.]
maclhw(o][.] mulhhwl[.]
maclhws[o]l.] mulhhwul.]
maclhwsu[o][.] mullhwl[.]
maclhwulol][.] mullhwul.]

nmaclhwslol[.]

PowerPC Book-E Instruction Classes
The PowerPC Book-E architecture defines four instruction classes:
e Defined
* Allocated
* Reserved
* Preserved

Referring to Table 2-4, the first two columns indicate which PPC405 instructions are part of
the defined instruction class and are guaranteed support in PowerPC Book-E processor
implementations. The last three columns indicate which PPC405 instructions are part of
the allocated instruction class. Support of these instructions by PowerPC Book-E
processors is implementation-dependent.

Defined Book-E Instruction Class

The defined instruction class consists of all instructions defined by the PowerPC Book E
architecture. In general, defined instructions are guaranteed to be supported by a PowerPC
Book E processor as specified by the architecture, either within the processor
implementation itself or within emulation software supported by the operating system.

Allocated Book-E Instruction Class

The allocated instruction class contains the set of instructions used for implementation-
dependent and application-specific use, outside the scope of the PowerPC Book E
architecture.
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Reserved Book-E Instruction Class

The reserved instruction class consists of all instruction primary opcodes (and associated
extended opcodes, if applicable) that do not belong to either the defined class or the
allocated class.

Preserved Book-E Instruction Class

The preserved instruction class is provided to support backward compatibility with previous
generations of this architecture.

358 www.Xilinx.com March 2002 Release
1-800-255-7778 Virtex-ll Pro™ Platform FPGA Documentation


http://www.xilinx.com

& XILINX®

Chapter 3

User Programming Model

This chapter describes the processor resources and instructions available to all programs
running on the PPC405, whether they are running in user mode or privileged mode. These
resources and instructions are referred to as the user-programming model, which is a subset
of the privileged-programming model. Applications are typically restricted to running in
user mode. System software runs in privileged mode and has access to all register
processor resources, and can execute all instructions supported by the PPC405. System
software typically creates a context (execution environment) that protects itself and other
applications from the effects of an errant application program.

The remaining chapters in this book generally describe aspects of the privileged-

programming model and are not relevant to application programmers. There are two

exceptions:

¢ Chapter 5, Memory-System Management, describes cache management features
available to both system and application programs.

e Chapter 8, Timer Resources, describes the time base, which can be read by
application programs.

User Registers

Figure 3-1 shows the user registers supported by the PPC405, all of which are available to
software running in user mode and privileged mode. In the PPC405, all user registers are
32-bits wide, except for the time base as described in Time Base, page 524. Floating-point
registers are not supported by the PPC405.
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General-Purpose Registers Fixed-Point Exception Register User-SPR General-Purpose
0 SPR 0x001 Registers
PR 0x1
- XER | (SPR 0x100)
| USPRGO |
Link Register
r3i SPR 0x008 SPR General-Purpose
LR Registers (read only)
SPR 0x104
Condition Register _ | SPRG4 |
Count Register
CR SPR 0x009 SPR 0x105
| CTR | SPRG5 |
SPR 0x106
Time-Base Registers
(read only) | SPRG6 |
TBR 0x10C TBR 0x10D SPR 0x107
TBU | TBL | | SPRG7 |

UG011_30_033101

Figure 3-1: PPC405 User Registers

Special-Purpose Registers (SPRS)

Most registers in the PPC405 are special-purpose registers, or SPRs. SPRs control the
operation of debug facilities, timers, interrupts, storage control attributes, and other
processor resources. All SPRs can be accessed explicitly using the move to special-purpose
register (mtspr) and move from special-purpose register (mfspr) instructions. See Special-
Purpose Register Instructions, page 424 for more information on these instructions. A few
registers are accessed as a by-product of executing certain instructions. For example, some
branch instructions access and update the link register.

The PPC405 SPRs in the user-programming model are shown in Figure 3-1. The SPR
number (SPRN) for each SPR is shown above the corresponding register. See Appendix A,
Special-Purpose Registers, page 770 for a complete list of all SPRs (user and privileged)
supported by the PPC405.

Simplified instruction mnemonics are available for the mtspr and mfspr instructions for
some SPRs. See Special-Purpose Registers, page 830 for more information.

General-Purpose Registers (GPRS)

The PPC405 contains thirty-two 32-bit general-purpose registers (GPRs), numbered r0
through 131, as shown in Figure 3-2. Data from memory are read into GPRs using load
instructions and the contents of GPRs are written to memory using store instructions. Most
integer instructions use the GPRs for source and destination operands.

Figure 3-2: General Purpose Registers (R0-R31)
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Condition Register (CR)

The condition register (CR) is a 32-bit register that reflects the result of certain instructions
and provides a mechanism for testing and conditional branching. The bits in the CR are
grouped into eight 4-bit fields, CRO-CR7, as shown in Figure 3-3. The bits within an
arbitrary CRn field are shown in Figure 3-4. In this figure, the bit positions shown are
relative positions within the field rather than absolute positions within the CR register.

7 8 11 12 15 16 19 20 23 24 27 28 31

CRO

CR1

CR2 CR3 CR4 CR5 CR6 CR7

Figure 3-3: Condition Register (CR)

0 1 2 3
| T | 6T | EQ | so |
Figure 3-4: CRn Field

In the PPC405, the CR fields are modified in the following ways:

* The mtcrf instruction can update specific fields in the CR from a GPR.

* The mcrxr instruction can update a CR field with the contents of XER[0:3].

¢ The mcrf instruction can copy one CR field into another CR field.

* The condition-register logical instructions can update specific bits in the CR.

¢ The integer-arithmetic instructions can update CRO to reflect their result.

* The integer-compare instructions can update a specific CR field to reflect their result.

Conditional-branch instructions can test bits in the CR and use the results of such a test as
the branch condition.

CRO Field

The CRO field is updated to reflect the result of an integer instruction if the Rc opcode field
(record bit) is set to 1. The addic., andi., and andis. instructions also update CRO to reflect
the result they produce. For all of these instructions, CRO is updated as follows:

e The instruction result is interpreted as a signed integer and algebraically compared to
0. The first three bits of CR0 (CRO[0:2]) are updated to reflect the result of the algebraic
comparison.

* The fourth bit of CRO (CRO[3]) is copied from XER[SO].

The CRO bits are interpreted as described in Table 3-1. If any portion of the result is
undefined, the value written into CR0[0:2] is undefined.
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Table 3-1: CRO-Field Bit Settings
Bit Name Function Description
0 LT Negative This bit is set when the result is negative, otherwise it is cleared.
0—Result is not negative.
1—Result is negative.
1 GT Positive This bit is set when the result is positive (and not zero), otherwise
0—Result is not positive. itis cleared.
1—Result is positive.
2 EQ Zero This bit is set when the result is zero, otherwise it is cleared.
0—Result is not equal to zero.
1—Result is equal to zero.
3 SO Summary overflow This is a copy of the final state of XER[SO] at the completion of the
0—No overflow occurred. instruction.
1—Overflow occurred.
CR1 Field
In PowerPC® implementations that support floating-point operations, the CR1 field can be
updated by the processor to reflect the result of those operations. Because the PPC405 does
not support floating-point operations in hardware, CR1 is not updated in this manner.
CRn Fields (Compare Instructions)
Any one of the eight CRxn fields (including CRO and CR1) can be updated to reflect the
result of a compare instruction. The CRn-field bits are interpreted as described in Table 3-2.
Table 3-2: CRu-Field Bit Settings
Bit Name Function Description
0 LT Less than This bit is set when
0—rA is not less than. rA <SIMM or 1B (signed comparison), or
1—rA is less than. rA <UIMM or B (unsigned comparison),
otherwise it is cleared.
1 GT Greater than This bit is set when
0—rA is not greater than. rA > SIMM or rB (signed comparison), or
1—rA is greater than. rA > UIMM or 1B (unsigned comparison),
otherwise it is cleared.
2 EQ Equal to This bit is set when
0—rA is not equal. rA = SIMM or rB (signed comparison), or
1—rA is equal. rA = UIMM or 1B (unsigned comparison),
otherwise it is cleared.
3 SO Summary overflow This is a copy of the final state of XER[SO] at the completion of the
0—No overflow occurred. instruction.
1—Overflow occurred.
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Fixed-Point Exception Register (XER)

The fixed-point exception register (XER) is a 32-bit register that reflects the result of
arithmetic operations that have resulted in an overflow or carry. This register is also used
to indicate the number of bytes to be transferred by load/store string indexed instructions.
Figure 3-5 shows the format of the XER. The bits in the XER are defined as shown in

Table 3-3.
0 1 2 3 24 25 31
'so|ov|cA] | TBC
Figure 3-5: Fixed Point Exception Register (XER)
Table 3-3: Fixed Point Exception Register (XER) Bit Definitions
Bit Name Function Description

0 SO Summary overflow SO is set to 1 whenever an instruction (except mtspr) sets the

0—No overflow occurred. overflow bit (XER[OV]). Once set, the SO bit remains set until it is
cleared to 0 by an mtspr instruction (specifying the XER) or an

1—Overflow occurred. mcrxr instruction. SO can be cleared to 0 and OV set to 1 using an
mtspr instruction.

1 ov Overflow OV can be modified by instructions when the overflow-enable bit
0—No overflow occurred. in the instruction encoding is set (OE=1). Add, subtract, and negate
1—Overfl d instructions set OV=1 if the carry out from the result msb is not

—vertiow occurred. equal to the carry out from the result msb + 1. Otherwise, they clear
OV=0. Multiply and divide set OV=1 if the result cannot be
represented in 32 bits. mtspr can be used to set OV=1, and mtspr
and mcrxr can be used to clear OV=0.

2 CA Carry CA can be modified by add-carrying, subtract-from-carrying, add-
0—Carry did not occur. extended, and subtract-from-extended instructions. These instructions
1—C d set CA=1 when there is a carry out from the result msb. Otherwise,

—-arty occurred. they clear CA=0. Shift-right algebraic instructions set CA=1 if any 1
bits are shifted out of a negative operand. Otherwise, they clear
CA=0. mtspr can be used to set CA=1, and mtspr and mcrxr can be
used to clear CA=0.

3:24 Reserved

25:31 TBC Transfer-byte count TBC is modified using the mtspr instruction. It specifies the
number of bytes to be transferred by a load-string word indexed
(Iswx) or store-string word indexed (stswx) instruction.

The XER is an SPR with an address of 1 (0x001) and can be read and written using the
mfspr and mtspr instructions. The mcrxr instruction can be used to move XER[0:3] into
one of the seven CR fields.

Link Register (LR)

The link register (LR) is a 32-bit register that is used by branch instructions, generally for
the purpose of subroutine linkage. Two types of branch instructions use the link register:

*  Branch-conditional to link-register (bclrx) instructions read the branch-target address from
the LR.

e Branch instructions with the link-register update-option enabled load the LR with the
effective address of the instruction following the branch instruction. The link-register
update-option is enabled when the branch-instruction LK opcode field (bit 31) is set
tol.

The format of LR is shown in Figure 3-6.
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31

Branch Address ‘

Figure 3-6: Link Register (LR)

The LR is an SPR with an address of 8 (0x008) and can be read and written using the mfspr
and mtspr instructions. It is possible for the processor to prefetch instructions along the
target path specified by the LR provided the LR is loaded sufficiently ahead of the branch
to link-register instruction, giving branch-prediction hardware time to calculate the branch
address.

The two least-significant bits (LR[30:31]) can be written with any value. However, those
bits are ignored and assumed to have a value of 0 when the LR is used as a branch-target
address.

Some PowerPC processors implement a software-invisible link-register stack for
performance reasons. Although the PPC405 processor does not implement such a stack,
certain programming conventions should be followed so that software running on
multiple PowerPC processors can benefit from this stack. See Link-Register Stack,
page 371 for more information.

Count Register (CTR)

The count register (CTR) is a 32-bit register that can be used by branch instructions in the

following two ways:

* The CTR can hold a loop count that is decremented by a conditional-branch
instruction with an appropriately coded BO opcode field. The value in the CTR wraps
to OxFFFF_FFFF if the value in the register is 0 prior to the decrement. See
Conditional Branch Control, page 367 for information on encoding the BO opcode
field.

* The CTR can hold the branch-target address used by branch-conditional to count-register
(bcctrx) instructions.

The format of CTR is shown in Figure 3-7.

31

Count ‘

Figure 3-7: Count Register (CTR)

The CTR is an SPR with an address of 9 (0x009) and can be read and written using the
mfspr and mtspr instructions. It is possible for the processor to prefetch instructions along
the target path specified by the CTR provided the CTR is loaded sufficiently ahead of the
branch to count-register instruction, giving branch-prediction hardware time to calculate
the branch address.

The two least-significant bits (CTR[30:31]) can be written with any value. However, those
bits are ignored and assumed to have a value of 0 when the CTR is used as a branch-target
address.

User-SPR General-Purpose Register

The user-SPR general-purpose register (USPRGO) is a 32-bit register that can be used by
application software for any purpose. The value stored in this register does not have an
effect on the operation of the PPC405 processor.

The format of USPRGO is shown in Figure 3-8.
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0 31
General-Purpose Application-Software Data ‘
Figure 3-8: User SPR General-Purpose Register (USPRGO)
The USPRGO is an SPR with an address of 256 (0x100) and can be read and written using
the mfspr and mtspr instructions.
SPR General-Purpose Registers
The SPR general-purpose registers (SPRG0-SPRG?7) are 32-bit registers that can be used by
system software for any purpose. Four of the registers (SPRG4-SPRG?7) are available from
user mode with read-only access. Application software can read the contents of SPRG4-
SPRG7, but cannot modify them. The values stored in these registers do not affect the
operation of the PPC405 processor.
The format of all SPRGn registers is shown in Figure 3-9.
0 31
General-Purpose System-Software Data
Figure 3-9: SPR General-Purpose Registers (SPRG4-SPRG7)
The SPRGn registers are SPRs with the following addresses:
e SPRG4—260 (0x104).
* SPRG5—261 (0x105).
e SPRG6—262 (0x106).
* SPRG7—263 (0x107).
These registers can be read using the mfspr instruction. In privileged mode, system
software accesses these registers using different SPR numbers (see page 432).
Time-Base Registers
The time base is a 64-bit incrementing counter implemented as two 32-bit registers. The
time-base upper register (TBU) holds time-base bits 0:31, and the time-base lower register
(TBL) holds time-base bits 32:63. Figure 3-10 shows the format of the time base.
0 31
\ TBU (Time Base [0:31]) \
0 31

TBL (Time Base [32:63]) \

Figure 3-10: Time-Base Register

The TBU and TBL registers are SPRs with user-mode read access and privileged-mode

write access. Reading the time-base registers requires use of the mftb instruction with the
following addresses:

e TBU—269 (0x10D).
¢ TBL—268 (0x10C).

See Time Base, page 524, for information on using the time base.
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Exception Summary

An exception is an event that can be caused by a number of sources, including:
¢ Error conditions arising from instruction execution.

* Internal timer resources.

* Internal debug resources.

e External peripherals.

When an exception occurs, the processor can interrupt the currently executing program so
that system software can deal with the exception condition. The action taken by an
interrupt includes saving the processor context and transferring control to a
predetermined exception-handler address operating under a new context. When the
interrupt handler completes execution, it can return to the interrupted program by
executing a return-from-interrupt instruction.

Exceptions are handled by privileged software. The exception mechanism is described in
Chapter 7, Exceptions and Interrupts. Following is a list of exceptions that can be caused
by the execution of an instruction in user mode.

¢ Data-Storage Exception.
An attempt to access data in memory that results in a memory-protection violation
causes the data-storage interrupt handler to be invoked.

¢ Instruction-Storage Exception.
An attempt to access instructions in memory that result in a memory-protection
violation causes the instruction-storage interrupt handler to be invoked.

e Alignment Exception.
An attempt to access memory with an invalid effective-address alignment (for the
specific instruction) causes the alignment-interrupt handler to be invoked.

* Program Exception.
Three different types of interrupt handlers can be invoked when a program exception

occurs: illegal instruction, privileged instruction, and system trap. The conditions
causing a program interrupt include:

- Anattempt to execute an illegal instruction causes the illegal-instruction interrupt
handler to be invoked.

- An attempt to execute an optional instruction not implemented by the PPC405
causes the illegal-instruction interrupt handler to be invoked.

- An attempt by a user-level program to execute a supervisor-level instruction
causes the privileged-instruction interrupt handler to be invoked.

- Anattempt to execute a defined instruction with an invalid form causes either the
illegal-instruction interrupt handler or the privileged-instruction interrupt
handler to be invoked.

- Executing a trap instruction can cause the system-trap interrupt handler to be
invoked.

¢ Floating-Point Unavailable Exception.

On processors that support floating-point instructions, executing such instructions
when the floating-point unit is disabled (MSR[FP]=0) invokes the floating-point-
unavailable interrupt handler.

e System-Call Exception.

The execution of an sc instruction causes the system-call interrupt handler to be
invoked. The interrupt handler can be used to call a system-service routine.

* Data TLB-Miss Exception.
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If data translation is enabled, an attempt to access data in memory when a valid TLB
entry is not present causes the data TLB-miss interrupt handler to be invoked.

¢ Instruction TLB-Miss Exception.

If instruction translation is enabled, an attempt to access instructions in memory when
avalid TLB entry is not present causes the instruction TLB-miss interrupt handler to be
invoked.

Other exceptions can occur during user-mode program execution that are not directly
caused by instruction execution. These are also described in Chapter 7:

* Machine-check exceptions.
* Exceptions caused by external devices.
* Exceptions caused by a timer.

¢ Debug exceptions.

Branch and Flow-Control Instructions

Branch instructions redirect program flow by altering the next-instruction address non-
sequentially. Branches unconditionally or conditionally alter program flow forward or
backward using either an absolute address or an address relative to the branch-instruction
address. Branches calculate the target address using the contents of the CTR, LR, or fields
within the branch instruction. Optionally, a branch-return address can be automatically
loaded into the LR by setting the LK instruction-opcode bit to 1. This option is useful for
specifying the return address for subroutine calls and causes the address of the instruction
following the branch to be loaded in the LR. Branches are used for all non-sequential
program flow including jumps, loops, calls and returns.

Branch-conditional instructions redirect program flow if a tested condition is true. These
instructions can test a bit value within the CR, the value of the CTR, or both. Condition-
register logical instructions are provided to set up the tests for branch-conditional
instructions.

Conditional Branch Control

With branch-conditional instructions, the BO opcode field specifies the branch-control
conditions and how the branch affects the CTR. The BO field can specify a test of the CR
and it can specify that the CTR be decremented and tested. The BO field can also be
initialized to reverse the default prediction performed by the processor. The bits within the
BO field are defined as shown in Table 3-4.

Table 3-4: BO Field Bit Definitions
BO Bit Description

BO[0] | CR Test Control
0—Test the CR bit specified by the BI opcode field for the value indicated by BO[1].
1—Do not test the CR.

BO[1] | CR Test Value
0—Test for CR[BI]=0.
1—Test for CR[BI]=1.
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Table 3-4; BO Field Bit Definitions (Continued)
BO Bit Description

BO[2] CTR Test Control

0—Decrement CTR by one, and test whether CTR satisfies the condition specified by
BO[3].

1—Do not change or test CTR.

BO[3] | CTR Test Value
0—Test for CTR # 0.
1—Test for CTR=0.

BO[4] | Branch Prediction Reversal
0—Apply standard branch prediction.

1—Reverse the standard branch prediction.

The 5-bit Bl opcode field in branch-conditional instructions specifies which of the 32 bits in
the CR are used in the branch-condition test. For example, if BI=0b01010, CR;( is used in
the test.

In some encodings of the BO field, certain BO bits are ignored. Ignored bits can be assigned
a meaning in future extensions of the PowerPC architecture and should be cleared to 0.
Valid BO field encodings are shown in Table 3-5. In this table, z indicates the ignored bits
that should be cleared to 0. The y bit (BO[4]) specifies the branch-prediction behavior for
the instruction as described in Specifying Branch-Prediction Behavior, page 370.

Table 3-5:  Valid BO Opcode-Field Encoding

BO[0:4] Description
0000y Decrement the CTR. Branch if the decremented CTR # 0 and CR[BI]=0.
0001y Decrement the CTR. Branch if the decremented CTR =0 and CR[BI]=0.
001zy Branch if CR[BI]=0.
0100y Decrement the CTR. Branch if the decremented CTR # 0 and CR[BI]=1.
0101y Decrement the CTR. Branch if the decremented CTR=0 and CR[BI]=1.
011zy Branch if CR[BI]=1.
1z00y Decrement the CTR. Branch if the decremented CTR # 0.
1z01y Decrement the CTR. Branch if the decremented CTR =0.
1z1zz Branch always.

Branch Instructions

The following sections describe the branch instructions defined by the PowerPC
architecture. A number of simplified mnemonics are defined for the branch instructions.
See Branch Instructions, page 821 for more information.

Branch Unconditional

Table 3-6 lists the PowerPC unconditional branch instructions. These branches specify a 26-
bit signed displacement to the branch-target address by appending the 24-bit LI instruction
field with Ob00. The displacement value gives unconditional branches the ability to cover
an address range of +32 MB.

368 www.Xilinx.com March 2002 Release
1-800-255-7778 Virtex-ll Pro™ Platform FPGA Documentation



http://www.xilinx.com

Branch and Flow-Control Instructions 2:)(||_|NX®

Table 3-6: Branch-Unconditional Instructions

Mnemonic Name Operation Operand
Syntax
b Branch Branch to relative address.. tgt_addr
ba Branch Absolute Branch to absolute address.
bl Branch and Link Branch to relative address. LR is updated with the
address of the instruction following the branch.
bla Branch Absolute and Link Branch to absolute address. LR is updated with the
address of the instruction following the branch.

Branch Conditional

Table 3-7 lists the PowerPC branch-conditional instructions. The BO field specifies the
condition tested by the branch, as shown in Table 3-5, page 368. The BI field specifies the
CR bit used in the test. These branches specify a 16-bit signed displacement to the branch-
target address by appending the 14-bit BD instruction field with 0b00. The displacement
value gives conditional branches the ability to cover an address range of +32 KB.

Table 3-7: Branch-Conditional Instructions

Mnemonic Name Operation O;ye;g]xd
bc Branch Conditional Branch-conditional to relative address.. BO,BLtgt_addr
bca Branch Conditional Absolute Branch-conditional to absolute address.
bcl Branch Conditional and Link Branch-conditional to relative address. LR is

updated with the address of the instruction
following the branch.

bcla Branch Conditional Absolute and Branch-conditional to absolute address. LR is
Link updated with the address of the instruction
following the branch.

Branch Conditional to Link Register

Table 3-8 lists the PowerPC branch-conditional to link-register instructions. The BO field
specifies the condition tested by the branch, as shown in Table 3-5, page 368. The BI field
specifies the CR bit used in the test. The branch-target address is read from the LR, with
LR[30:31] cleared to zero to form a word-aligned address. Using the 32-bit LR as a branch
target gives these branches the ability to cover the full 4 GB address range.

Table 3-8: Branch-Conditional to Link-Register Instructions

Mnemonic Name Operation Operand
Syntax
bclr Branch Conditional to Link Register | Branch-conditional to address in LR. BO,BI
bclrl Branch Conditional to Link Register | Branch-conditional to address in LR. LR is updated
and Link with the address of the instruction following the
branch.
March 2002 Release www.xilinx.com 369

Virtex-ll Pro™ Platform FPGA Documentation 1-800-255-7778


http://www.xilinx.com

S XILINX®

Chapter 3: User Programming Model

Branch Conditional to Count Register

Table 3-9 lists the PowerPC branch-conditional to count-register instructions. The BO field
specifies the condition tested by the branch, as shown in Table 3-5, page 368. The BI field
specifies the CR bit used in the test. The branch-target address is read from the CTR, with
CTR[30:31] cleared to zero to form a word-aligned address. Using the 32-bit CTR as a
branch target gives these branches the ability to cover the full 4 GB address range.

Table 3-9: Branch-Conditional to Count-Register Instructions

Mnemonic Name Operation Operand
Syntax
bcctr Branch Conditional to Count Register | Branch-conditional to address in CTR. BO,BI
bectrl Branch Conditional to Count Register | Branch-conditional to address in CTR. LR is
and Link updated with the address of the instruction
following the branch.

Branch Prediction

Conditional branches alter program flow based on the value of bits in the CR. If a condition
is met by the CR bits, the branch instruction alters the next-instruction address non-
sequentially. Otherwise, the next-sequential instruction following the branch is executed.
When the processor encounters a conditional branch, it scans the execution pipelines to
determine whether an instruction in progress can affect the CR bit tested by the branch. If
no such instruction is found, the branch can be resolved immediately by checking the bit in
the CR and taking the action defined by the branch instruction.

However, if a CR-altering instruction is detected, the branch is considered unresolved until
the CR-altering instruction completes execution and writes its result to the CR. Prior to that
time, the processor can predict how the branch is resolved. First, the processor uses special
dynamic prediction hardware to analyze instruction flow and branch history to predict
resolution of the current branch. If branches are predicted correctly, performance
improvements can be realized because instruction execution does not stall waiting for the
branch to be resolved. The PowerPC architecture provides software with the ability to
override (reverse) the dynamic prediction using a static prediction hint encoded in the
instruction opcode. This can be useful when it is known at compile time that a branch is
likely to behave contrary to what the processor expects. The use of static prediction is
described in the next section, Specifying Branch-Prediction Behavior.

When a prediction is made, instructions are fetched from the predicted execution path. If
the processor determines the prediction was incorrect after the CR-altering instruction
completes execution, all instructions fetched as a result of the prediction are discarded by
the processor. Instruction fetch is restarted along the correct path. If the prediction was
correct, instruction fetch and execution proceed normally along the predicted (and now
resolved) path.

Branch prediction is most effective when the branch-target address is computed well in
advance of resolving the branch. If a branch instruction contains immediate addressing
operands, the processor can compute the branch-target address ahead of branch
resolution. If the branch instruction uses the LR or CTR for addressing, it is important that
the register is loaded by software sufficiently ahead of the branch instruction.

Specifying Branch-Prediction Behavior

All PowerPC processors predict a conditional branch as taken using the following rules:

e For the bex instruction with a negative value in the displacement operand, the branch
is predicted taken.

¢ For all other branch-conditional instructions (bcx with a non-negative value in the
displacement operand, bclrx, or bectrx), the branch is predicted not taken.
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Algorithmically, a branch is predicted taken if:
((BJO] OBJ2]) Os) =1

where s is the sign bit of the displacement operand, if the instruction has a displacement
operand (bit 16 of the branch-conditional instruction encoding).

When the result of the above equation is 0, the branch is predicted not-taken and the
processor speculatively fetches instructions that sequentially follow the branch
instruction.

Examining the above equation, BO[0] OBO[2]=1 only when the conditional branch tests
nothing, meaning the branch is always taken. In this case, the processor predicts the branch
as taken.

If the conditional branch tests anything (BO[0] D BO[2]=0), s controls the prediction. In the
bclrx and bectrx instructions, bit 16 (s) is reserved and always 0. In this case those
instructions are predicted not-taken.

Only the bex instructions can specify a displacement value. The bex instructions are
commonly used at the end of loops to control the number of times a loop is executed. Here,
the branch is taken every time the loop is executed except the last time, so a branch should
normally be predicted as taken. Because the branch target is at the beginning of the loop,
the branch displacement is negative and s=1, so the processor predicts the branch as taken.
Forward branches have a positive displacement and are predicted not-taken.

When the y bit (BO[4]) is cleared to 0, the default branch prediction behavior described
above is followed by the processor. Setting the y bit to 1 reverses the above behavior. For
branch always encoding (BO[0], BO[2]), branch prediction cannot be reversed (no y bit is
recognized).

The sign of the displacement operand (s) is used as described above even when the target
is an absolute address. The default value for the y bit should be 0. Compilers can set this bit
if it they determine that the prediction corresponding to y=1 is more likely to be correct
than the prediction corresponding to y=0. Compilers that do not statically predict branches
should always clear the y bit.

Link-Register Stack

Some processor implementations keep a stack (history) of the LR values most recently
used by branch-and-link instructions. Those processors use this software-invisible stack to
predict the target address of nested-subroutine returns. Although the PPC405 processor
does not implement such a stack, the following programming conventions should be
followed so that software running on multiple PowerPC processors can benefit from this
stack.

In the following examples, let A, B, and Glue represent subroutine labels:

¢ When obtaining the address of the next instruction, use the following form of branch-
and-link:

bcl 20,31,$+4
¢ Loop counts:

Keep loop counts in the CTR, and use one of the branch-conditional instructions to
decrement the count and to control branching (for example, branching back to the start
of a loop if the decremented CTR value is nonzero).

¢ Computed “go to”, case statements, etc.:

Use the CTR to hold the branch-target address, and use the bectr instruction with the
link register option disabled (LK=0) to branch to the selected address.

e Direct subroutine linkage, where A calls B and B returns to A:
- A calls B—use a branch instruction that enables the LR (LK=1).
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- Breturns to A—use the bclr instruction with the link-register option disabled
(LK=0). The return address is in, or can be restored to, the LR.

* Indirect subroutine linkage, where A calls Glue, Glue calls B, and B returns to A rather
than to Glue.

Such a calling sequence is common in linkage code where the subroutine that the
programmer wants to call, B, is in a different module than the caller, A. The binder
inserts “glue” code to mediate the branch:

- A calls Glue—use a branch instruction that sets the LR with the link-register
option enabled (LK=1).

- Glue calls B—write the address of B in the CTR, and use the bcctr instruction with
the link-register option disabled (LK=0).

- Breturns to A—use the bclr instruction with the link-register option disabled
(LK=0). The return address is in, or can be restored to, the LR.

Branch-Target Address Calculation

Branch instructions compute the effective address (EA) of the next instruction using the
following addressing modes:

e Branch to relative (conditional and unconditional).
e Branch to absolute (conditional and unconditional).
¢ Branch to link register (conditional only).

* Branch to count register (conditional only).

Instruction addresses are always assumed to be word aligned. PowerPC processors ignore
the two low-order bits of the generated branch-target address.

Branch to Relative

Instructions that use branch-to-relative addressing generate the next-instruction address by
right-extending 0b00 to the immediate-displacement operand (LI), and then sign-
extending the result. That result is added to the current-instruction address to produce the
next-instruction address. Branches using this addressing mode must have the absolute-
addressing option disabled by clearing the AA instruction field (bit 30) to 0. The link-
register update option is enabled by setting the LK instruction field (bit 31) to 1. This
option causes the effective address of the instruction following the branch instruction to be
loaded into the LR.

Figure 3-11 shows how the branch-target address is generated when using the branch-to-
relative addressing mode.
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0 6 30 31
Instruction Encoding | 18 LI |aa|Lk|
0 6 30 31
Sign Extension| LI lo]o]
0 31
Current Instruction Address I C-D
0 31
Branch Target Address

Figure 3-11: Branch-to-Relative Addressing

Branch-Conditional to Relative

UG011_11_033101

If the branch conditions are met, instructions that use branch-conditional to relative
addressing generate the next-instruction address by appending 0b00 to the immediate-
displacement operand (BD) and sign-extending the result. That result is added to the
current-instruction address to produce the next-instruction address. Branches using this
addressing mode must have the absolute-addressing option disabled by clearing the AA
instruction field (bit 30) to 0. The link-register update option is enabled by setting the LK
instruction field (bit 31) to 1. This option causes the effective address of the instruction
following the branch instruction to be loaded into the LR.

Figure 3-12 shows how the branch-target address is generated when using the branch-

conditional to relative addressing mode.

0 6 11 16 30 31
Instruction Encoding | 16 | BO | BI | BD |aa|LK|
Yes 0 16 30 31
Co’\rlllgltgon I Sign Extension BD | 0 | 0 |
0 31
| Next Sequential Instruction Address
0 31
| Current Instruction Address I CD
0 31
| Branch Target Address
UG011_07_033101
Figure 3-12: Branch-Conditional to Relative Addressing
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Branch to Absolute

Instructions that use branch-to-absolute addressing generate the next-instruction address by
appending 0b00 to the immediate-displacement operand (LI) and sign-extending the
result. Branches using this addressing mode must have the absolute-addressing option
enabled by setting the AA instruction field (bit 30) to 1. The link-register update option is
enabled by setting the LK instruction field (bit 31) to 1. This option causes the effective
address of the instruction following the branch instruction to be loaded into the LR.

Figure 3-13 shows how the branch-target address is generated when using the branch-to-
absolute addressing mode.

0 6 30 31
Instruction Encoding | 18 LI |aa|Lk|
0 6 30 31
|Sign Extension LI | 0 | 0 |
0 31
| Branch Target Address |

UG011_12_033101

Figure 3-13: Branch-to-Absolute Addressing

Branch-Conditional to Absolute

If the branch conditions are met, instructions that use branch-conditional to absolute
addressing generate the next-instruction address by appending 0b00 to the immediate-
displacement operand (BD) and sign-extending the result. Branches using this addressing
mode must have the absolute-addressing option enabled by setting the AA instruction
field (bit 30) to 1. The link-register update option is enabled by setting the LK instruction
field (bit 31) to 1. This option causes the effective address of the instruction following the
branch instruction to be loaded into the LR.

Figure 3-14 shows how the branch-target address is generated when using the branch-
conditional to absolute-addressing mode.

0 6 11 16 30 31
Instruction Encoding | 16 | BO | BI | BD |aa|LK|
Yes 0 16 30 31
Col\r/}(ejltgon I Sign Extension BD | 0 | 0 |
No
0 31 0 31
Next Sequential Instruction Address Branch Target Address

UG011_08_033101

Figure 3-14: Branch-Conditional to Absolute Addressing
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If the branch conditions are met, the branch-conditional to link-register instruction generates
the next-instruction address by reading the contents of the LR and clearing the two low-

order bits to zero. The link-register update option is enabled by setting the LK instruction
field (bit 31) to 1. This option causes the effective address of the instruction following the
branch instruction to be loaded into the LR.

Figure 3-15 shows how the branch-target address is generated when using the branch-
conditional to link-register addressing mode.

0 6 11 16 21 31
Instruction Encoding | 19 | Bo | B [00000| 16 |LK|
Yes 0 29 30 31
Condition |
Met? I LR [o]o]
0 31 0 31
Next Sequential Instruction Address | Branch Target Address
UG011_09_033101
Figure 3-15: Branch-Conditional to Link-Register Addressing
Branch-Conditional to Count Register
If the branch conditions are met, the branch-conditional to count-register instruction
generates the next-instruction address by reading the contents of the CTR and clearing the
two low-order bits to zero. The link-register update option is enabled by setting the LK
instruction field (bit 31) to 1. This option causes the effective address of the instruction
following the branch instruction to be loaded into the LR.
Figure 3-16 shows how the branch-target address is generated when using the branch-
conditional to count-register addressing mode.
0 6 11 16 21 31
Instruction Encoding | 129 | Bo | B [00000| 528 |LK|
N\ vyes 0 29 30 31
| [oo]
0 31 0 31
Next Sequential Instruction Address | | Branch Target Address
UG011_10_033101
Figure 3-16: Branch-Conditional to Count-Register Addressing
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Condition-Register Logical Instructions

Table 3-10 lists the PowerPC condition-register logical instructions. The condition-register
logical instructions perform logical operations on any two bits within the CR and store the
result of the operation in any CR bit. The move condition-register field instruction is used to
move any CR field (each field comprising four bits) to any other CR-field location. All of
these instructions are considered flow-control instructions because they are generally used
to set up conditions for testing by the branch-conditional instructions and to reduce the

number of branches in a code sequence. Simplified mnemonics are defined for the
condition-register logical instructions. See CR-Logical Instructions, page 828 for more

information.

In Table 3-10, the instruction-operand fields crbA, crbB, and crbD all specify a single bit
within the CR. The instruction-operand fields crfD and crfS specify a 4-bit field within the

CR.

Table 3-10: Condition-Register Logical Instructions

Mnemonic Name Operation Operand
Syntax
crand Condition Register AND CR-bit crbA is ANDed with CR-bit crbB and the crbD,crb A, ctbB
result is stored in CR-bit crbD.
crandc Condition Register AND with CR-bit crbA is ANDed with the complement of CR-
Complement bit crbB and the result is stored in CR-bit crbD.
creqv Condition Register Equivalent CR-bit crbA is XORed with CR-bit crbB and the
complemented result is stored in CR-bit crbD.
crnand Condition Register NAND CR-bit crbA is ANDed with CR-bit crbB and the
complemented result is stored in CR-bit crbD.
crnor Condition Register NOR CR-bit crbA is ORed with CR-bit crbB and the
complemented result is stored in CR-bit crbD.
cror Condition Register OR CR-bit crbA is ORed with CR-bit crbB and the
result is stored in CR-bit crbD.
crorc Condition Register OR with CR-bit crbA is ORed with the complement of CR-
Complement bit crbB and the result is stored in CR-bit crbD.
crxor Condition Register XOR CR-bit crbA is XORed with CR-bit crbB and the
result is stored in CR-bit crbD.
merf Move Condition Register Field CR-field crfS is copied into CR-field crfD. No other crfD,crfS
CR fields are modified.
System Call
Table 3-11 lists the PowerPC system-call instruction. The sc instruction is a user-level
instruction that can be used by a user-mode program to transfer control to a privileged-
mode program (typically a system-service routine). Executing the sc instruction causes a
system-call exception to occur. See System-Call Interrupt (0x0C00), page 514 for more
information on the operation of this instruction.
Table 3-11: System-Call Instruction
Mnemonic Name Operation Operand
Syntax
sc System Call Causes a system-call exception to occur. —
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System Trap

Table 3-12 lists the PowerPC system-trap instructions. System-trap instructions are
normally used by software-debug applications to set breakpoints. These instructions test
for a specified set of conditions and cause a program exception to occur if any of the
conditions are met. If the tested conditions are not met, instruction execution continues
normally with the instruction following the system-trap instruction (a program exception
does not occur). The system-trap handler can be called from the program-interrupt handler
when it is determined that a system-trap instruction caused the exception. See Program
Interrupt (0x0700), page 511 for more information on program exceptions caused by the
system-trap instructions.

Trap instructions can also be used to cause a debug exception. See Trap-Instruction Debug
Event, page 546 for more information.

Simplified mnemonics are defined for the system-trap instructions. See Trap Instructions,
page 832 for more information.

Table 3-12: System-Trap Instructions

Mnemonic Name Operation Operand
Syntax

tw Trap Word The contents of rA are compared with rB. A TO,rA 1B
program exception occurs if the comparison meets
any test condition enabled by the TO operand.

twi Trap Word Immediate The contents of rA are compared with the sign- TO,rA,SIMM
extended SIMM operand. A program exception
occurs if the comparison meets any test condition
enabled by the TO operand.

The TO operand field in the system-trap instructions specifies the test conditions
performed on the remaining two operands. Multiple test conditions can be set
simultaneously, expanding the number of possible conditions that can cause the trap
(program exception). If all bits in the TO operand field are set, the trap always occurs
because one of the trap conditions is always met. The bits within the TO field are defined
as shown in Table 3-13.

Table 3-13: TO Field Bit Definitions
TO Bit Description

TO[0] | Less-than arithmetic comparison.
0—Ignore trap condition.

1—Trap if first operand is arithmetically less-than second operand.

TO[1] Greater-than arithmetic comparison.
0—Ignore trap condition.

1—Trap if first operand is arithmetically greater-than second operand.
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Table 3-13: TO Field Bit Definitions (Continued)
TO Bit Description

TO[2] Equal-to arithmetic comparison.
0—Ignore trap condition.

1—Trap if first operand is arithmetically equal-to second operand.

TOI[3] | Less-than unsigned comparison.
0—Ignore trap condition.

1—Trap if first operand is less-than second operand.

TO[4] | Greater-than unsigned comparison.
0—Ignore trap condition.
1—Trap if first operand is greater-than second operand.

Integer Load and Store Instructions

The integer load and store instructions move data between the general-purpose registers
and memory. Several types of loads and stores are supported by the PowerPC instruction
set:

¢ Load and zero

* Load algebraic

e Store

* Load with byte reverse and store with byte reverse
* Load multiple and store multiple

* Load string and store string

* Memory synchronization instructions

Memory accesses performed by the load and store instructions can occur out of order.
Synchronizing instructions are provided to enforce strict memory-access ordering. See
Synchronizing Instructions, page 424 for more information.

In general, the PowerPC architecture defines a sequential-execution model. When a store
instruction modifies an instruction-memory location, software synchronization is required
to ensure subsequent instruction fetches from that location obtain the modified version of
the instruction. See Self-Modifying Code, page 467 for more information.

Operand-Address Calculation

Integer load and store instructions generate effective addresses using one of three
addressing modes: register-indirect with immediate index, register-indirect with index, or
register indirect. These addressing modes are described in the following sections. For some
instructions, update forms that load the calculated effective address into rA are also
provided.

In the PPC405 processor, loads and stores to unaligned addresses can suffer from
performance degradation. Refer to Performance Effects of Operand Alignment, page 353
for more information.

Register-Indirect with Immediate Index

Load and store instructions using this addressing mode contain a signed, 16-bit immediate
index (d operand) and a general-purpose register operand, rA. The index is sign-extended
to 32 bits and added to the contents of rA to generate the effective address. If the rA
instruction field is 0 (specifying r0), a value of zero—rather than the contents of r0—is
added to the sign-extended immediate index. The option to specify rA or 0 is shown in the
instruction description as (rA | 0).
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Figure 3-17 shows how an effective address is generated when using register-indirect with
immediate-index addressing.

0 6 11 16 31
Instruction Encoding | opcode | rors | ra | d
0 16 31
| Sign Extension d
y 0 31
es
<=0? 0000 0000 0000 0000 0000 0000 0000 0000  |——
O
No 0 31
4—| (rA) |
0 31

| Effective Address

UG011_02_033101

Figure 3-17: Register-Indirect with Immediate-Index Addressing

Register-Indirect with Index

Load and store instructions using this addressing mode contain two general-purpose
register operands, rA and rB. The contents of these two registers are added to generate the
effective address. If the rA instruction field is 0 (specifying 10), a value of zero—rather than
the contents of r0—is added to rB. The option to specify rA or 0 is shown in the instruction
description as (rA | 0).

Figure 3-18 shows how an effective address is generated when using register-indirect with
index addressing.
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0 6 11 16 20 31
Instruction Encoding | Opcode | rDIrS | rA | rB | Subopcode |0|
0 31
| (B)
v 0 31
es
<:>——| 0000 0000 0000 0000 0000 0000 0000 0000 I—
o
No 0 31
4.' (rA) |_
0 31

| Effective Address

UG011_01_ 033101

Figure 3-18: Register-Indirect with Index Addressing

Register Indirect

Only load-string and store-string instructions can use this addressing mode. This mode
uses only the contents of the general-purpose register specified by the rA operand as the
effective address. Rather than using the contents of 10, a zero in the rA operand causes an
effective address of zero to be generated. The option to specify rA or 0 is shown in the
instruction descriptions as (rA | 0).

Figure 3-19 shows how an effective address is generated when using register-indirect

addressing.

0 6 11 16 20 31
Instruction Encoding | Opcode | rors [ ra | nB | subopcode o]
0 31
Yes I
rA=0? | 0000 0000 0000 0000 0000 0000 0000 0000
No
0 31

(rA)
0 31
I Effective Address

UG011_03_033101

Figure 3-19: Register-Indirect Addressing

380 www.Xilinx.com March 2002 Release
1-800-255-7778 Virtex-ll Pro™ Platform FPGA Documentation


http://www.xilinx.com

Integer Load and Store Instructions 2:)(||_|NX®

Load Instructions

Integer-load instructions read an operand from memory and store it in a GPR destination
register, rD. Each type of load is characterized by what they do with unused high-order
bits in rD when the operand size is less than a word (32 bits). Load-and-zero instructions
clear the unused high-order bits in rD to zero. Load-algebraic instructions fill the unused
high-order bits in rD with a copy of the most-significant bit in the operand.

Load-with-update instructions are provided, but the following two rules apply:

e rA must not be equal to 0. If rA =0, the instruction form is invalid.

* rA must not be equal to rD. If rA =D, the instruction form is invalid.

In the PPC405, the above invalid instruction forms produce a boundedly-undefined result.

In other PowerPC implementations, those forms can cause a program exception.

Load Byte and Zero

Table 3-14 lists the PowerPC load byte and zero instructions. These instructions load a byte
from memory into the lower-eight bits of rD and clear the upper-24 bits of rD to 0.

Table 3-14: Load Byte and Zero Instructions

Operand

Mnemonic Name Addressing Mode
Syntax

Ibz Load Byte and Zero Register-indirect with immediate index rD,d(rA)
EA=(tA|0)+d

Ibzu Load Byte and Zero with Update Register-indirect with immediate index
EA=(rA) +d

rA « EA

rA#0, rA #rD

1bzx Load Byte and Zero Indexed Register-indirect with index rD,rArB
EA = (rA|0) + (rB)

Ibzux Load Byte and Zero with Update Register-indirect with index
Indexed EA = (rA) + (tB)

rA — EA

rA #0, rA #rD

Load Halfword and Zero

Table 3-15 lists the PowerPC load halfword and zero instructions. These instructions load a
halfword from memory into the lower-16 bits of rD and clear the upper-16 bits of rD to 0.
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Table 3-15: Load Halfword and Zero Instructions

Indexed

EA =(rA) + (rB)
rA « EA
rA#0, rA #rD

Mnemonic Name Addressing Mode Operand
Syntax
lhz Load Halfword and Zero Register-indirect with immediate index rD,d(rA)

EA=(rA|0)+d

lhzu Load Halfword and Zero with Update | Register-indirect with immediate index
EA=(rA) +d
rA « EA
rA#0, rA #rD

lThzx Load Halfword and Zero Indexed Register-indirect with index rD,rArB
EA =(rA|0) + (rB)

lThzux Load Halfword and Zero with Update | Register-indirect with index

Load Word and Zero

Table 3-16 lists the PowerPC load word and zero instructions. These instructions load a word

from memory into rD.

Table 3-16: Load-Word and Zero Instructions

Mnemonic Name Addressing Mode Operand
Syntax
lwz Load Word and Zero Register-indirect with immediate index rD,d(rA)
EA=(A|0)+d
lwzu Load Word and Zero with Update Register-indirect with immediate index
EA=(xA) +d
rA « EA
rA#0, rA #rD
lwzx Load Word and Zero Indexed Register-indirect with index rD,rArB
EA=(xrA|0) + (rB)
Iwzux Load Word and Zero with Update Register-indirect with index
Indexed EA = (rA) + (rB)
rA « EA
rA #0, rA #rD
Load Halfword Algebraic
Table 3-17 lists the PowerPC load halfword algebraic instructions. These instructions load a
halfword from memory into the lower-16 bits of rD. The upper-16 bits of rD are filled with
a copy of the most-significant bit (bit 16) of the operand.
382 www.xilinx.com March 2002 Release

1-800-255-7778

Virtex-ll Pro™ Platform FPGA Documentation



http://www.xilinx.com

Integer Load and Store Instructions

S XILINX®

Table 3-17: Load Halfword Algebraic Instructions

Mnemonic Name Addressing Mode Operand
Syntax
lha Load Halfword Algebraic Register-indirect with immediate index rD,d(rA)
EA=(rA|0) +d
lhau Load Halfword Algebraic with Register-indirect with immediate index
Update EA=(rA) +d
rA — EA
rA #0, rA #rD
lhax Load Halfword Algebraic Indexed Register-indirect with index rD,rA 1B
EA =(rA|0) + (rB)
lhaux Load Halfword Algebraic with Register-indirect with index
Update Indexed EA = (rA) + (rB)
rA < EA
rA#0, rA #rD
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Store Instructions

Integer-store instructions read an operand from a GPR source register, 1S, and write it into
memory. Store-with-update instructions are provided, but the following two rules apply:

e rA must not be equal to 0. If rA =0, the instruction form is invalid.

o IfrS=rA, 1S is written to memory first, and then the effective address is loaded into

1S.

In the PPC405, the above invalid instruction form produces a boundedly-undefined result.
In other PowerPC implementations, that form can cause a program exception.

Store Byte

Table 3-18 lists the PowerPC store byte instructions. These instructions store the lower-eight
bits of 1S into the specified byte location in memory.

Table 3-18: Store Byte Instructions

Mnemonic Name Addressing Mode Operand
Syntax
stb Store Byte Register-indirect with immediate index 1S,d(rA)
EA=(rA|0) +d
stbu Store Byte with Update Register-indirect with immediate index
EA =(rA) +d
rA « EA
rA#0
stbx Store Byte Indexed Register-indirect with index 1S,rA,rB
EA = (rA|0) + (rB)
stbux Store Byte with Update Indexed Register-indirect with index
EA = (rA) + (rB)
rA « EA
rAz0
Store Halfword
Table 3-19 lists the PowerPC store halfword instructions. These instructions store the lower-
16 bits of 1S into the specified halfword location in memory.
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Table 3-19: Store Halfword Instructions

Mnemonic

Name

Addressing Mode

Operand
Syntax

sth

Store Halfword

Register-indirect with immediate index
EA=(tA|0)+d

sthu

Store Halfword with Update

Register-indirect with immediate index
EA=(rA) +d
rA — EA
rA#0

1S,d(rA)

sthx

Store Halfword Indexed

Register-indirect with index
EA =(rA|0) + (rB)

sthux

Store Halfword with Update Indexed

Register-indirect with index
EA = (rA) + (rB)
rA — EA
rA#0

1S,rA,rB

Store Word

Table 3-20 lists the PowerPC store word instructions. These instructions store the entire
contents of 1S into the specified word location in memory.

Table 3-20: Store Word Instructions

Mnemonic

Name

Addressing Mode

Operand
Syntax

stw

Store Word

Register-indirect with immediate index
EA=(rA|0)+d

stwu

Store Word with Update

Register-indirect with immediate index
EA=(rA) +d
rA — EA
rA#0

15,d(rA)

stwx

Store Word Indexed

Register-indirect with index
EA = (rA|0) + (rB)

stwux

Store Word with Update Indexed

Register-indirect with index
EA =(rA) + (tB)
rA — EA
rA#0

1S,rA,rB

Load and Store with Byte-Reverse Instructions

Table 3-21 lists the PowerPC load and store with byte-reverse instructions. Figure 3-20 shows
(using big-endian memory) how bytes are moved between memory and the GPRs for each
of the byte-reverse instructions. When an lhbrx instruction is executed, the unloaded bytes

in rD are cleared to 0.

When used in a system operating with the default big-endian byte order, these instructions
have the effect of loading and storing data in little-endian order. Likewise, when used in a
system operating with little-endian byte order, these instructions have the effect of loading
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and storing data in big-endian order. For more information about big-endian and little-
endian byte ordering, see Byte Ordering, page 349.

Table 3-21: Load and Store with Byte-Reverse Instructions

. . Operand
Mnemonic Name Addressing Mode P
Syntax
Thbrx Load Halfword Byte-Reverse Indexed | Register-indirect with index rD,rArB
Iwbrx Load Word Byte-Reverse Indexed EA = (rA|0) +(rB)
sthbrx Store Halfword Byte-Reverse Indexed | Register-indirect with index 1S,rA,rB
stwbrx Store Word Byte-Reverse Indexed EA =(rA|0) + (B)
Iwbrx stwbrx
Memory Word Memory Word
0 8 16 24 31 0 8 16 24 31
Byte 0 Bytel | Byte2 Byte3 | Big-Endian [ Byte s Byte2 | Bytel Byte 0
0 8 16 24 31 0 8 16 24 31
Byte 3 Byte 2 Byte 1 Byte 0| Little-Endian| Byte 0 Byte 1 Byte 2 Byte 3
rD rs
Ihbrx sthbrx
Memory Halfword Memory Halfword
0 8 15 0 8 15
Byte 0 Byte1 | Byte 3 Byte2 |
0 8 16 24 31 0 8 16 24 31
0000_0000 | 0000_0000 | Byte 1 Byte 0 Byte 0 Byte 1 Byte 2 Byte 3

rD rsS

UG011_04_091301

Figure 3-20: Load and Store with Byte-Reverse Instructions

Load and Store Multiple Instructions

Table 3-22 lists the PowerPC load and store multiple instructions and their operation.

Figure 3-21 shows how bytes are moved between memory and the GPRs for each of these
instructions.

These instructions are used to move blocks of data between memory and the GPRs. When
the load multiple word instruction (Imw) is executed, rD through r31 are loaded with n
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consecutive words from memory, where n=32-rD. For the Imw instruction, if rA is in the
range of registers to be loaded, or if rD=0, the instruction form is invalid. When the store
multiple word instruction (stmw) is executed, the n consecutive words in rS through 131 are

stored into memory, where n=32-1S.

Table 3-22: Load and Store Multiple Instructions

Mnemonic Name Addressing Mode Operand
Syntax
Imw Load Multiple Word Register-indirect with immediate index rD,d(rA)
EA=(rA|0) +d
stmw Store Multiple Word Register-indirect with immediate index 1S,d(rA)
EA=(rA|0)+d
Imw
EA Word 0 \ ro
EA + 4(n-1) Word n-1 %\ Word 0 rD
Word n-1 r3l
Memory GPRs
stmw
ro / Word 0 EA
rD Word 0 % Word n-1 EA + 4(n-1)
r3l Word n-1
GPRs Memory
UG011_05_033101
Figure 3-21: Load and Store Multiple Instructions

Load and Store String Instructions

Table 3-23 lists the PowerPC load and store string instructions and their addressing modes.
See the individual instruction listings in Chapter 11, Instruction Set for more information
on their operation and restrictions on the instruction forms.
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Table 3-23: Load and Store String Instructions

Mnemonic

Operand

Name Addressing Mode Syntax

Iswi

Load String Word Immediate Register-indirect rD,rA,NB

EA = (rA|0)

Iswx

Load String Word Indexed Register-indirect with index rD,rArB

EA =(rA|0) + (rB)

stswi

Store String Word Immediate Register-indirect 1S,rA,NB

EA = (rA|0)

stswx

Store String Word Indexed Register-indirect with index 1S,rA 1B

EA =(rA|0) + (rB)

These instructions are used to move up to 32 consecutive bytes of data between memory
and the GPRs without concern for alignment. The instructions can be used for short moves
between arbitrary memory locations or for long moves between misaligned memory
fields. Performance of these instructions is degraded if the leading and/or trailing bytes
are not aligned on a word boundary (see Performance Effects of Operand Alignment,
page 353 for more information).

The immediate form of the instructions take the byte count, #, from the NB instruction
field. If NB=0, then n=32. The indexed forms take the byte count from XER[25:31]. Unlike
the immediate forms, if XER[25:31]=0, then n=0. For the Iswx instruction, the contents of
rD are undefined if n=0.

The n bytes are loaded into and stored from registers beginning with the most-significant
register byte. For loads, any unfilled low-order register bytes are cleared to 0. The sequence
of registers loaded or stored wraps through r0 if necessary. Figure 3-22 shows an example
of the string-instruction operation.
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Load String Example

0 7 0 8 16 24 31
ro
EA Byte 0 \
Byte 1 Byte 0 Byte 1 Byte 2 Byte 3 rD
Byte n-2 | Byte n-2 Byte n-1 | 0000_0000 | 0000_0000
EA + (n-1) Byte n-1
r31
Memory GPRs
Store String Example
0 8 16 24 31 0
ro
/ Byte 0 EA
D Byte 0 Byte 1 Byte 2 Byte 3 Byte 1
Byte n-2 Byte n-1 Byte n-2
[ Byte n-1 EA + (n-1)
r31
GPRs Memory
UG011_06_033101
Figure 3-22: Load and Store String Instructions

Integer Instructions

Integer instructions operate on the contents of GPRs. They use the GPRs (and sometimes
immediate values coded in the instruction) as source operands. Results are written into
GPRs. These instructions do not operate on memory locations. Integer instructions treat
the source operands as signed integers unless the instruction is explicitly identified as
performing an unsigned operation. For example, the multiply high-word unsigned (mulhwu)
and divide-word unsigned (divwu) instructions interpret both operands as unsigned
integers.

The following types of integer instructions are supported by the PowerPC architecture:

Arithmetic Instructions

Logical Instructions

Compare Instructions

Rotate Instructions

Shift Instructions

The arithmetic, shift, and rotate instructions can update and/or read bits from the XER.
Those instructions, plus the integer-logical instructions, can also update bits in the CR.
Unless otherwise noted, when XER and/or CR are updated, they reflect the value written
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to the destination register. XER and CR can be updated by the integer instructions in the
following ways:

e The XER[CA] bit is updated to reflect the carry out of bit 0 in the result.

e The XER[OV] bit is set or cleared to reflect a result overflow. When XER[OV] is set,
XER[SO] is also set to reflect a summary overflow. XER[SO] can only be cleared using
the mtspr and mcrxr instructions. Instructions that update these bits have the
overflow-enable (OE) bit set to 1 in the instruction encoding. This is indicated by the
“0” suffix in the instruction mnemonic.

e Bits in CRO (CR[0:3]) are updated to reflect a signed comparison of the result to zero.
Instructions that update CRO have the record (Rc) bit set to 1 in the instruction

encoding. This is indicated by the “.” suffix in the instruction mnemonic. See CR0
Field, page 361, for information on how these bits are updated.

Instructions that update XER[OV] or XER[CA] can delay the execution of subsequent
instructions. See Fixed-Point Exception Register (XER), page 363 for more information on
these register bits.

Arithmetic Instructions

The integer-arithmetic instructions support addition, subtraction, multiplication, and
division between operands in the GPRs and in some cases between GPRs and signed-
immediate values.

Integer-Addition Instructions

Table 3-24 shows the PowerPC integer-addition instructions. The instructions in this table
are grouped by the type of addition operation they perform. For each type of instruction
shown, the “Operation” column indicates the addition-operation performed, and on an
instruction-by-instruction basis, how the XER and CR registers are updated (if at all).
“SIMM” indicates an immediate value that is sign-extended prior to being used in the
operation.

The add-extended instructions can be used to perform addition on integers larger than 32
bits. For example, assume a 64-bit integer i is represented by the register pair 13:r4, where
r3 contains the most-significant 32 bits of 7, and r4 contains the least-significant 32 bits. The
64-bit integer j is similarly represented by the register pair r5:r6. The 64-bit result i+j=r
(represented by the pair r7:r8) is produced by pairing adde with addc as follows:

addc r8,r6,r4 ! Add the least-significant words and record a
I carry.
adde r7,r5,r3 ! Add the nost-significant words, using

!

previous carry.

Table 3-24: Integer-Addition Instructions

Mnemonic Name Operation Osr;enrf\ar:(d
Add Instructions 1D is loaded with the sum (rA) + (rB).
add Add XER and CRO are 1ot updated. rDrA,rB
add. Add and Record CRO is updated to reflect the result.
addo Add with Overflow Enabled XER[OV,SO] are updated to reflect the result.
addo. Add with Overflow Enabled and XER[OV,SO] and CRO are updated to reflect the
Record result.
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Table 3-24: Integer-Addition Instructions (Continued)
Mnemonic Name Operation Operand
Syntax
Add-Carrying Instructions 1D is loaded with the sum (rA) + (rB).
addc Add Carrying XER[CA] is updated to reflect the result. tD,rA 1B
addc. Add Carrying and Record XER[CA] and CRO are updated to reflect the re-
sult.
addco Add Carrying with Overflow Enabled XER[CA,OV,SO] are updated to reflect the result.
addco. Add Carrying with Overflow Enabled XER[CA,0V,S0] and CRO0 are updated to reflect
and Record the result.
Add-Immediate Instructions tD is loaded with the sum (rA | 0) + SIMM.
addi Add Immediate XER and CRO are 1ot updated. rD,rA,SIMM
addic Add Immediate Carrying XER[CA] is updated to reflect the result.
addic. Add Immediate Carrying and Record XER[CA] and CRO are updated to reflect the re-
sult.
Add Immediate-Shifted Instructions tD is loaded with the sum (rA | 0) + (SIMM || 0x0000).
addis Add Immediate Shifted XER and CRO are 10t updated. rD,rA,SIMM
Add-Extended Instructions 1D is loaded with the sum (rA) + (rB) + XER[CA].
adde Add Extended XER[CA] is updated to reflect the result. rDrA,rB
adde. Add Extended and Record XER[CA] and CRO are updated to reflect the re-
sult.
addeo Add Extended with Overflow XER[CA,0V,SQO] are updated to reflect the result.
Enabled
addeo. Add Extended with Overflow

Enabled and Record

XER[CA,OV,SO] and CRO are updated to reflect
the result.

Add to Minus-One-Extended Instructions

D is loaded with the sum (rA) + XER[CA] + OxFFFF_FFFF.

addme Add to Minus One Extended XER[CA] is updated to reflect the result. D,rA

addme. Add to Minus One Extended and XER[CA] and CRO are updated to reflect the re-
Record sult.

addmeo Add to Minus One Extended with XER[CA,0V,SO] are updated to reflect the result.
Overflow Enabled

addmeo. Add to Minus One Extended with XER[CA,0V,S0O] and CRO are updated to reflect
Overflow Enabled and Record the result.
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Table 3-24:

Integer-Addition Instructions (Continued)

Mnemonic

Operand

Name Syntax

Operation

Add to Zero-Ex

tended Instructions

1D is loaded with the sum (rA) + XER[CA].

addze

Add to Zero Extended

XER[CA] is updated to reflect the result. rD,rA

addze.

Add to Zero Extended and Record

XER[CA] and CRO are updated to reflect the re-
sult.

addzeo

Add to Zero Extended with Overflow

Enabled

XER[CA,OV,SO] are updated to reflect the result.

addzeo.

Add to Zero Extended with Overflow

Enabled

XER[CA,OV,SO] and CRO are updated to reflect

and Record the result.

Table 3-25:

Integer-Subtraction Instructions

Table 3-25 shows the PowerPC integer-subtraction instructions. The instructions in this table
are grouped by the type of subtraction operation they perform. For each type of instruction
shown, the “Operation” column indicates the subtraction-operation performed. The
column also shows, on an instruction-by-instruction basis, how the XER and CR registers
are updated (if at all). The subtraction operation is expressed as addition so that the two’s-
complement operation is clear. “SIMM” indicates an immediate value that is sign-
extended prior to being used in the operation.

The integer-subtraction instructions subtract the second operand (rA) from the third
operand (rB). Simplified mnemonics are provided with a more familiar operand ordering,
whereby the third operand is subtracted from the second. Simplified mnemonics are also
defined for the addi instruction to provide a subtract-immediate operation. See Subtract
Instructions, page 831 for more information.

The subtract-from extended instructions can be used to perform subtraction on integers
larger than 32 bits. For example, assume a 64-bit integer i is represented by the register pair
r3:r4, where r3 contains the most-significant 32 bits of i, and r4 contains the least-significant
32 bits. The 64-bit integer j is similarly represented by the register pair r5:r6. The 64-bit
result i—j=r (represented by the pair 17:r8) is produced by pairing subfe with subfc as
follows:

subfc r8,r6,r4 Subtract the least-significant words and record a
carry.
Subtract the nost-significant words,

previous carry.

subfe r7,r5,r3 usi ng

Integer-Subtraction Instructions

Mnemonic

Operand

Name Syntax

Operation

Subtract-From Instructions

D is loaded with the sum = (rA) + (rB) + 1.

subf

Subtract from

XER and CRO are not updated. rD,rA,;xB

subf.

Subtract from and Record

CRO is updated to reflect the result.

subfo

Subtract

from with Overflow Enabled XER[OV,SO] are updated to reflect the result.

subfo.

Subtract

and Record

from with Overflow Enabled XER[OV,SO] and CRO are updated to reflect the

result.
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Table 3-25: Integer-Subtraction Instructions (Continued)
Mnemonic Name Operation Operand
Syntax
Subtract- From Carrying Instructions 1D is loaded with the sum =1 (rA) + (rB) + 1.
subfc Subtract from Carrying XER[CA] is updated to reflect the result. tD,rA 1B
subfc. Subtract from Carrying and Record XER[CA] and CRO are updated to reflect the re-
sult.
subfco Subtract from Carrying with XER[CA,0OV,SO] are updated to reflect the result.
Overflow Enabled
subfco. Subtract from Carrying with XER[CA,0V,S0] and CRO0 are updated to reflect
Overflow Enabled and Record the result.
Subtract-From Immediate Instructions 1D is loaded with the sum = (rA) + SIMM + 1.
subfic Subtract from Immediate Carrying XER[CA] is updated to reflect the result. rD,rA,SIMM
Subtract-From Extended Instructions 1D is loaded with the sum =1 (rA) + (rB) + XER[CA].
subfe Subtract from Extended XER[CA] is updated to reflect the result. rDrA,rB
subfe. Subtract from Extended and Record XER[CA] and CRO0 are updated to reflect the re-
sult.
subfeo Subtract from Extended with XER[CA,0OV,SO] are updated to reflect the result.
Overflow Enabled
subfeo. Subtract from Extended with XER[CA,0V,S0] and CRO are updated to reflect

Overflow Enabled and Record

the result.

Subtract-From Minus-One-Extended Instructions

D is loaded with the sum = (rA) + XER[CA] + OxFFFF_FFFE.

Overflow Enabled and Record

subfme Subtract from Minus One Extended XER[CA] is updated to reflect the result. rD,rA
subfme. Subtract from Minus One Extended XER[CA] and CRO are updated to reflect the re-
and Record sult.
subfmeo Subtract from Minus One Extended XER[CA,0V,S0] are updated to reflect the result.
with Overflow Enabled
subfmeo. Subtract from Minus One Extended XER[CA,0OV,S0] and CRO are updated to reflect
with Overflow Enabled and Record the result.
Subtract-From Zero-Extended Instructions 1D is loaded with the sum = (rA) + XER[CA].
subfze Subtract from Zero Extended XER[CA] is updated to reflect the result. D,rA
subfze. Subtract from Zero Extended and XER[CA] and CRO are updated to reflect the re-
Record sult.
subfzeo Subtract from Zero Extended with XER[CA,0V,SO] are updated to reflect the result.
Overflow Enabled
subfzeo. Subtract from Zero Extended with XER[CA,0V,S0] and CRO0 are updated to reflect

the result.

Negation Instructions

Table 3-26 shows the PowerPC integer-negation instructions. Negation takes the operand
specified by rA and writes the two’s-compliment equivalent in rD. For each instruction
shown, the “Operation” column indicates (on an instruction-by-instruction basis) how the
XER and CR registers are updated (if at all).
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Table 3-26: Negation Instructions

Mnemonic Name Operation Operand
Syntax
Negation Instructions 1D is loaded with the sum =1 (rA) + 1.
neg Negate XER and CRO are 1ot updated. DA
neg. Negate and Record CRO is updated to reflect the result.
nego Negate with Overflow Enabled XER[OV,SO] are updated to reflect the result.
nego. Negate with Overflow Enabled and XER[OV,S0] and CRO are updated to reflect the
Record result.
Multiply Instructions
Table 3-27 shows the PowerPC integer-multiply instructions. Multiplication of two 32-bit
values can result in a 64-bit result. The multiply low-word instructions are used with the
multiply high-word instructions to calculate the full 64-bit product. For each type of
instruction shown, the “Operation” column indicates the multiplication-operation
performed. The column also shows, on an instruction-by-instruction basis, how the XER
and CR registers are updated (if at all). “SIMM” indicates an immediate value that is sign-
extended prior to being used in the operation.
Table 3-27: Multiply Instructions
Mnemonic Name Operation Operand
Syntax

Multiply Low-Word Instructions

1D is loaded with the low-32 bits of the product (rA) X (rB).

Enabled and Record

mullw Multiply Low Word XER and CRO are 1ot updated.
mullw. Multiply Low Word and Record CRO is updated to reflect the result.
mullwo Multiply Low Word with Overflow XER[OV,SO] are updated to reflect the result.
Enabled
mullwo. Multiply Low Word with Overflow XER[OV,SO] and CRO are updated to reflect the

result.

rD,rA rB

Multiply Low-Word Immediate Instructions

1D is loaded with the low-32 bits of the product (rA) x SIMM.

mulli Multiply Low Immediate XER and CRO are not updated. rD,rA,SIMM
Multiply High-Word Instructions rD is loaded with the high-32 bits of the product (rA) X (¢B).
mulhw Multiply High Word XER and CRO are 1ot updated. rDrA,rB
mulhw. Multiply High Word and Record CRO is updated to reflect the result.
Multiply High-Word Unsigned Instructions rD is loaded with the high-32 bits of the product (rA) X (rB). The
contents of rA and rB are interpreted as unsigned integers.
mulhwu Multiply High Word XER and CRO are 10t updated. rD,rA 1B
mulhwu. Multiply High Word and Record CRO is updated to reflect the result.
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Divide Instructions

Table 3-28 shows the PowerPC integer-divide instructions. Only the low-32 bits of the
quotient are returned. The remainder is not supplied as a result of executing these
instructions. For each type of instruction shown, the “Operation” column indicates the
divide-operation performed. The column also shows, on an instruction-by-instruction
basis, how the XER and CR registers are updated (if at all).

Table 3-28: Divide Instructions

Mnemonic Name Operation Operand
Syntax
Divide-Word Instructions rD is loaded with the low-32 bits of the 64-bit quotient (rA) + (rB).
divw Divide Word XER and CRO are 1ot updated. rDrA,rB
divw. Divide Word and Record CRO is updated to reflect the result.
divwo Divide Word with Overflow Enabled XER[OV,SO] are updated to reflect the result.
divwo. Divide Word with Overflow Enabled XER[OV,SO] and CRO are updated to reflect the
and Record result.
Divide-Word Unsigned Instructions 1D is loaded with the low-32 bits of the 64-bit quotient (rA) + (rB).
The contents of rA and rB are interpreted as unsigned integers.
divwu Divide Word Unsigned XER and CRO are 10t updated. rD,rA,rB
divwu. Divide Word Unsigned and Record CRO is updated to reflect the result.

divwuo Divide Word Unsigned with Overflow XER[OV,SO] are updated to reflect the result.
Enabled

divwuo. Divide Word Unsigned with Overflow XER[OV,SO] and CRO are updated to reflect the
Enabled and Record result.

Logical Instructions

The logical instructions perform bit operations on the 32-bit operands. If an immediate
value is specified as an operand, the processor either zero-extends or left-shifts it prior to
performing the operation, depending on the instruction. If the instruction has the record
(Rc) bit set to 1 in the instruction encoding, CRO (CR[0:3]) is updated to reflect the result of

"o

the operation. A set Rc bit is indicated by the “.” suffix in the instruction mnemonic.
The logical instructions do not update any bits in the XER register.

In the operand syntax for logical instructions, the rA operand specifies a destination register
rather than a source register. rS is used to specify one of the source registers.

AND and NAND Instructions

Table 3-29 shows the PowerPC AND and NAND instructions. For each type of instruction
shown, the “Operation” column indicates the Boolean operation performed. The column
also shows, on an instruction-by-instruction basis, whether the CRO field is updated.
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Table 3-29: AND and NAND Instructions

Mnemonic Name Operation ()Sr;/er:f\ar:(d
AND Instructions rA is loaded with the logical result (rS) AND (rB).
and AND CRO is not updated. rAx51B
and. AND and Record CRO is updated to reflect the result.
AND-Immediate Instructions rA is loaded with the logical result (rS) AND UIMM.
andi. AND Immediate and Record CRO is updated to reflect the result. rA,rS,UIMM
AND Immediate-Shifted Instructions rA is loaded with the logical result (rS) AND (UIMM || 0x0000)
andis. AND Immediate Shifted and Record CRO is updated to reflect the result. rA,rS,UIMM
AND with Complement Instructions rA is loaded with the logical result (rS) AND - (rB).
andc AND with Complement CRO is not updated. rArS,1B
andc. AND with Complement and Record CRO is updated to reflect the result.
NAND Instructions rA is loaded with the logical result =1 ((rS) AND (1B)).
nand NAND CRO is not updated. rA,r5,1B
nand. NAND and Record CRO is updated to reflect the result.

OR and NOR Instructions

Table 3-30 shows the PowerPC OR and NOR instructions. For each type of instruction
shown, the “Operation” column indicates the Boolean operation performed. The column
also shows, on an instruction-by-instruction basis, whether the CRO field is updated.

Simplified mnemonics are provided for some common operations that use the OR and
NOR instructions, such as move register and complement (not) register. See Other
Simplified Mnemonics, page 834 for more information.

Table 3-30: OR and NOR Instructions

Mnemonic Name Operation C)S%enr;r;d
NOR Instructions rA is loaded with the logical result = ((rS) OR (¢B)).
nor NOR CRO is not updated. rAxS1B
nor. NOR and Record CRO is updated to reflect the result.
OR Instructions rA is loaded with the logical result (rS) OR (rB).
or OR CRO is not updated. rA,1S,rB
or. OR and Record CRO is updated to reflect the result.
OR-Immediate Instructions rA is loaded with the logical result (rS) OR UIMM.
ori OR Immediate CRO is 110t updated. rA,xrS,UIMM
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Table 3-30: OR and NOR Instructions (Continued)

Mnemonic Name

Operation

Operand
Syntax

OR Immediate-Shifted Instructions

rA is loaded with the logical result (rS) OR (UIMM || 0x0000)

oris OR Immediate Shifted CRO is not updated. 1A xS,UIMM
OR with Complement Instructions rA is loaded with the logical result (rS) OR - (rB).

orc OR with Complement CRO is 170t updated. rA,1S,rB

orc. OR with Complement and Record CRO is updated to reflect the result.

XOR and Equivalence Instructions

Table 3-31 shows the PowerPC XOR and equivalence (XNOR) instructions. For each type of
instruction shown, the “Operation” column indicates the Boolean operation performed.
The column also shows, on an instruction-by-instruction basis, whether the CRO field is

updated.

Table 3-31: XOR and Equivalence Instructions

Mnemonic Name Operation ()Sr;/er:f\ar:(d
Equivalence Instructions rA is loaded with the logical result = ((rS) XOR (rB)).
eqv Equivalent CRO is not updated. rA,rS5,1B
eqv. Equivalent and Record CRO is updated to reflect the result.
XOR Instructions rA is loaded with the logical result (rS) XOR (rB).
xor XOR CRO is not updated. rAx51B
xor. XOR and Record CRO is updated to reflect the result.
XOR-Immediate Instructions rA is loaded with the logical result (rS) XOR UIMM.
xori XOR Immediate CRO is not updated. rA,rS,UIMM
XOR Immediate-Shifted Instructions rA is loaded with the logical result (rS) XOR (UIMM || 0x0000)
Xoris XOR Immediate Shifted CRO is not updated. 1A xS,UIMM

Sign-Extension Instructions

Table 3-32 shows the sign-extension instructions. These instructions sign-extend the value

in the 1S register and write the result in the rA register. For each type of instruction shown,
the “Operation” column indicates the operation performed. The column also shows, on an
instruction-by-instruction basis, whether the CRO field is updated.
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Table 3-32: Sign-Extension Instructions

Mnemonic Name Operation Operand
Syntax
Extend-Sign Byte Instructions rA[24:31] is loaded with (rS[24:31]). The remaining bits rA[0:23] are
each loaded with a copy of (r5[24]).
extsb Extend Sign Byte CRO is 110t updated. rA 1S
extsb. Extend Sign Byte and Record CRO is updated to reflect the result.

Extend-Sign Halfword Instructions

rA[16:31] is loaded with (rS[16:31]). The remaining bits rA[0:15] are

each loaded with a copy of (rS[16]).

extsh Extend Sign Halfword

CRO is not updated.

rA 1S

extsh.

Extend Sign Halfword and Record

CRO is updated to reflect the result.

Count Leading-Zeros Instructions

Table 3-33 shows the count leading-zeros instructions. These instructions count the number
of consecutive zero bits in the 15 register starting at bit 0. The count result is written to the
rA register. For each type of instruction shown, the “Operation” column indicates the
operation performed. The column also shows, on an instruction-by-instruction basis,
whether the CRO field is updated.

Table 3-33: Count Leading-Zeros Instructions

Record

ways cleared to 0.

Mnemonic Name Operation Osr;enrf\ar:(d
Count Leading-Zeros Instructions rA is loaded with a count of leading zeros in rS.
cntlzw Count Leading Zeros Word CRO is not updated. rAxS
cntlzw. Count Leading Zeros Word and CRO is updated to reflect the result. CRO[LT] is al-

Compare Instructions

The integer-compare instructions support algebraic and logical comparisons between
operands in the GPRs and between GPRs and immediate values. Immediate values are
signed in algebraic comparisons and unsigned in logical comparisons.

All compare instructions have four operands. The first operand, crfD, specifies the field in
the CR register that is updated with the comparison result. The left-most three bits in the
CR field are updated to reflect a less-than, greater-than, or equal comparison. The fourth
(least-significant) bit is updated with a copy of XER[SO]. The crfD operand can be omitted
if the comparison results are written to CR0. See CRn Fields (Compare Instructions),
page 362 for more information on the CR fields.

The second operand specifies the operand length. This is referred to the “L” bit in the
compare-instruction encoding. When using the compare instructions on 32-bit PowerPC
implementations like the PPC405, this bit must always be coded as 0. It cannot be omitted
from the standard instruction syntax. Simplified mnemonics are provided that omit this
operand. See Compare Instructions, page 828 for more information.

The last two operands specify the quantities to be compared (the contents of a register and
a register or immediate value).
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Algebraic-Comparison Instructions

Table 3-34 shows the PowerPC algebraic-comparison instructions. During comparison, both
operands are treated as signed integers. If a comparison is made with a signed-immediate
value (SIMM), that value is sign-extended by the processor prior to performing the
comparison.

Table 3-34: Algebraic-Comparison Instructions

Mnemonic Name Operation Operand
Syntax

cmp Compare crfD[LT,GT,EQ)] are loaded with the result of crfD,0,rArB
algebraically comparing (rA) with (rB). CR[SO] is
loaded with a copy of XER[SO].

cmpi Compare Immediate crfD[LT,GT,EQ] are loaded with the result of crfD,0,rA,SIMM
algebraically comparing (rA) with SIMM. CR[SO]
is loaded with a copy of XER[SO].

Logical-Comparison Instructions

Table 3-35 shows the PowerPC logical-comparison instructions. During comparison, both
operands are treated as unsigned integers. If a comparison is made with an unsigned-
immediate value (UIMM), that value is zero extended by the processor prior to performing
the comparison.

Table 3-35: Logical-Comparison Instructions

Mnemonic Name Operation Operand
Syntax

cmpl Compare Logical crfD[LT,GT,EQ)] are loaded with the result of crfD,0,rArB
logically comparing (rA) with (rB). CR[SO] is
loaded with a copy of XER[SO].

cmpli Compare Logical Inmediate crfD[LT,GT,EQ)] are loaded with the result of crfD,0,rA, UIMM
logically comparing (rA) with UIMM. CR[SO] is
loaded with a copy of XER[SO].

Rotate Instructions

Rotate instructions operate on 32-bit data in the GPRs, returning the result in a second
GPR. These instructions rotate data to the left—the direction of least-significant bit to most-
significant bit. Bits rotated out of the most-significant bit (bit 0) are rotated into the least-
significant bit (bit 31). Programmers can achieve apparent right rotation using these left-
rotation instructions by specifying a rotation amount of 32-n, where 7 is the number of bits
to rotate right.

If the rotate instruction has the record (Rc) bit set to 1 in the instruction encoding, CR0O
(CR[0:3]) is updated to reflect the result of the operation. A set Rc bit is indicated by the “.”
suffix in the instruction mnemonic. Rotate instructions do not update any bits in the XER
register.

In the operand syntax for rotate instructions, the rA operand specifies the destination
register rather than a source register. 1S is used to specify the source register.

Simplified mnemonics using the rotate instructions are provided for easy coding of
extraction, insertion, left or right justification, and other bit-manipulation operations. See
Rotate and Shift Instructions, page 829 for more information.
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Mask Generation

The rotate instructions write their results into the destination register under the control of
a mask specified in the rotate-instruction encoding. The mask is used to write or insert a
partial result into the destination register.

Rotate masks are 32-bits long. Two instruction-opcode fields are used to specify the mask:
MB and ME. MB is a 5-bit field specifying the starting bit position of the mask and ME is a
5-bit field specifying the ending bit position of the mask. The mask consists of all 1’s from
MB to ME inclusive and all 0’s elsewhere. If MB > ME, the string of 1’s wraps around from
bit 31 to bit 0. In this case, 0’s are found from ME to MB exclusive. The generation of an all-
zero mask is not possible.
The function of the MASK(MB,ME) generator is summarized as:
if MB < ME then
mask[ MB: ME] =1's
mask[al | remaining bits] =0"s
el se
mask[ MB: 31] =ones
mask[ O0: ME] =ones
mask[al |l remaining bits] =0"s

Figure 3-23 shows the generated mask for both cases.

0 MB ME 31
MB < ME [00...0] 11...1 00...0

0 ME MB 31
MB > ME [ 11...1 00...0 11...1

UG011_15_033101

Figure 3-23: Rotate Mask Generation

Rotate Left then AND-with-Mask Instructions

Table 3-36 shows the PowerPC rotate left then AND-with-mask instructions. For each type of
instruction shown, the “Operation” column indicates the rotate operation performed. The
column also shows, on an instruction-by-instruction basis, whether the CRO field is
updated.

Table 3-36: Rotate Left then AND-with-Mask Instructions

Mnemonic Name Operation Operand
Syntax
Rotate Left then AND-with-Mask Immediate rA is loaded with the masked result of left-rotating (rS) the number of
Instructions bits specified by SH. The mask is specified by operands MB and ME.
rlwinm Rotate Left Word Immediate then CRO is not updated. rA,rS,SH,MBME
AND with Mask
rlwinm. Rotate Left Word Immediate then CRO is updated to reflect the result.
AND with Mask and Record
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Table 3-36: Rotate Left then AND-with-Mask Instructions (Continued)

Operand

Mnemonic Name Operation
Syntax

Rotate Left then AND-with-Mask Instructions rA is loaded with the masked result of left-rotating (¢S) the number of
bits specified by (rB). The mask is specified by operands MB and ME.

rlwnm Rotate Left Word then AND with CRO is 110t updated. rA,rS,rB,MB ME
Mask

rlwnm. Rotate Left Word then AND with CRO is updated to reflect the result.
Mask and Record

These instructions left rotate GPR contents and logically AND the result with the mask
prior to writing it into the destination GPR. The destination register contains the rotated
result in the unmasked bit positions (mask bits with 1’s), and 0’s in the masked bit
positions (mask bits with 0’s). Rotation amounts are specified using an immediate field in
the instruction (the SH opcode field) or using a value in a register.

Figure 3-24 shows an example of a rotate left then AND-with-mask immediate instruction.
In this example, the rotation amount is 16 bits as specified by the SH field in the instruction.
The mask specifies an unmasked byte in bit positions 16:23 (MB=16, ME=23) and masks all
other bit positions. The example shows the original contents of the destination register, rA,
and the source register, 1S. 1S is left-rotated 16 bits and the result is written to rA after
ANDing with the mask. This has the effect of extracting byte 0 from rS (rS[0:7]) and placing
it in byte 2 of rA (rA[16:23]).

rA OXFF OXEE 0xDD 0xCC

rs [ oxes | oxr7 0x66 | Ox55 |

r 0 31

otate

e ’—| 0x66 | Ox55 | 0x88 | 0x77 |]
Rotate by SH=16 bits

Mask 0 16 23 31

MB=16 | 0000_0000_0000 0000 | 1111 1111 | 0000_0000 |
ME=23

0 31

rA [ ox00 | oxo0 | oxe8 | oxo0 |

UG011_16_033101

Figure 3-24. Rotate Left then AND-with-Mask Immediate Example

Rotate Left then Mask-Insert Instructions

Table 3-36 shows the PowerPC rotate left then mask-insert instructions. For each type of
instruction shown, the “Operation” column indicates the rotate operation performed. The

March 2002 Release www.Xilinx.com 401
Virtex-ll Pro™ Platform FPGA Documentation 1-800-255-7778


http://www.xilinx.com

2:X||_|NX® Chapter 3: User Programming Model

column also shows, on an instruction-by-instruction basis, whether the CRO field is
updated.

Table 3-37: Rotate Left then Mask-Insert Instructions

Mnemonic Name Operation Operand
Syntax
Rotate Left then Mask-Insert Immediate The masked result of left-rotating (rS) the number of bits specified by
Instructions SH is inserted into rA. The mask is specified by operands MB and ME.
rlwimi Rotate Left Word Immediate then CRO is not updated. rArS,SH,MB,ME
Mask Insert
rlwimi. Rotate Left Word Immediate then CRO is updated to reflect the result.
Mask Insert and Record

These instructions left rotate GPR contents and insert the results into the destination GPR
under control of the mask. The destination register contains the rotated result in the
unmasked bit positions (mask bits with 1’s) and the original contents of the destination
register in the masked bit positions (mask bits with 0’s). Rotation amounts are specified
using an immediate field in the instruction (the SH opcode field).

Figure 3-25 shows an example of a rotate left then mask-insert immediate instruction. In
this example, the rotation amount is 16 bits as specified by the SH field in the instruction.
The mask specifies an unmasked byte in bit positions 16:23 (MB=16, ME=23) and masks all
other bit positions. The example shows the original contents of the destination register, rA,
and the source register, 1S. 1S is rotated 16 bits and the result is inserted into rA after
ANDing with the mask. This has the effect of extracting byte 0 from rS (¥rS[0:7]) and
inserting it into byte 2 of rA (rA[16:23]), leaving all remaining bytes in rA unmodified.

0 31
rA OxFF OXEE 0xDD 0xCC

0 31
rs [ oxes | ox7 ox66 | O0xs5 |

0 31

Rotate
e ’—| ox66 | Oxs5 | ox88 | Ox77 |]
Rotate by SH=16 bits

Mask 0 16 23 31

MB=16 | 0000_0000_0000 0000 | 1111 1111 | 0000_0000 |
ME=23

0 31

rA OXFF | OxkE | oxe8 | oxcc |

UGO011_17_033101

Figure 3-25: Rotate Left then Mask-Insert Imnmediate Example
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Shift Instructions

Shift instructions operate on 32-bit data in the GPRs and return the result in a GPR. Both
logical and algebraic shifts are provided:

*  Logical left-shift instructions shift bits from the direction of least-significant bit to most-
significant bit. Bits shifted out of bit 0 are lost. The vacated bit positions on the right
are filled with zeros.

*  Logical right-shift instructions shift bits from the direction of most-significant bit to
least-significant bit. Bits shifted out of bit 31 are lost. The vacated bit positions on the
left are filled with zeros.

*  Algebraic right-shift instructions shift bits from the direction of most-significant bit to
least-significant bit. Bits shifted out of bit 31 are lost. The vacated bit positions on the
left are filled with a copy of the original bit 0 (the value prior to starting the shift).

If the shift instruction has the record (Rc) bit set to 1 in the instruction encoding, CR0O
(CR[0:3]) is updated to reflect the result of the operation. A set Rc bit is indicated by the “.”
suffix in the instruction mnemonic. Algebraic right-shift instructions update XER[CA] to
reflect the result of the operation but the other shift instructions do not modify XER[CA].
XER[OV,50] are not modified by any shift instructions.

In the operand syntax for shift instructions, the rA operand specifies the destination register
rather than a source register. rS is used to specify the source register.

Simplified mnemonics using the rotate instructions are provided for coding of logical shift-
left immediate and logical shift-right immediate operations. See Rotate and Shift
Instructions, page 829 for more information.

Logical-Shift Instructions

Table 3-38 shows the PowerPC logical-shift instructions. For each type of instruction shown,
the “Operation” column indicates the shift operation performed. The column also shows,
on an instruction-by-instruction basis, whether the CRO field is updated. XER is not
updated by these instructions.

Table 3-38: Logical-Shift Instructions

Mnemonic Name Operation Operand
Syntax
Shift-Left-Logical Instructions rA is loaded with the result of logically left-shifting (rS) the number
of bits specified by (rB).
slw Shift Left Word CRO is not updated. rA,rS,rB
slw. Shift Left Word and Record CRO is updated to reflect the result.
Shift-Right-Logical Instructions rA is loaded with the result of logically right-shifting (rS) the
number of bits specified by (rB).
STwW Shift Right Word CRO is not updated. rA1S,rB
SIW. Shift Right Word and Record CRO is updated to reflect the result.

Figure 3-26 shows two examples of logical-shift operations. The top example shows a left
shift of seven bits, and the bottom example shows a right shift of seven bits. As is seen in
these examples, bits shifted out of the register are lost and vacated bits are filled with zeros.
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Left Shift

0 31
rS | 1000 0111 0110 0101 0100 0011 0010_0001 |

0 '

31
1000_011 <— 1011 0010_1010_0001 1001 0000_1000_0000 [« Shift by 7 bits

0 l 31

rA | 1011 0010_1010_0001 1001 0000_1000_0000 |
Right Shift

0 31

rS | 1000 0111 0110 0101 0100 0011 0010_0001 |

0 '

31
Shift by 7 bits —={  0000_0001_0000_1110_1100_1010_1000_0110 |—= 010_0001

0 l 31
rA | 0000 0001 0000 1110 1100_1010_1000_0110 |

UG011_18 033101

Figure 3-26: Logical-Shift Examples

Algebraic-Shift Instructions

Table 3-39 shows the PowerPC algebraic-shift instructions. For each type of instruction
shown, the “Operation” column indicates the shift operation performed. The column also
shows, on an instruction-by-instruction basis, whether the CRO field is updated. XER[CA]
is always updated by these instructions to reflect the result.

The shift-right-algebraic instructions can be followed by an addze instruction to
implement a divide-by-2" operation. See Multiple-Precision Shifts, page 840, for more
information.

Table 3-39:  Algebraic-Shift Instructions

Mnemonic Name Operation Operand
Syntax
Shift-Right-Algebraic Immediate Instructions rA is loaded with the result of algebraically right-shifting (¢rS) the
number of bits specified by SH.
srawi Shift Right Algebraic Word Immediate CRO s ot updated. XER[CA] is updated to reflect rA,rS,SH
the result.
srawi. Shift Right Algebraic Word Immediate CRO and XER[CA] are updated to reflect the re-
and Record sult.
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Table 3-39:  Algebraic-Shift Instructions (Continued)

Mnemonic Name Operation Operand

Syntax
Shift-Right-Algebraic Instructions rA is loaded with the result of algebraically right-shifting (¢S) the

number of bits specified by (rB).
sraw Shift Right Algebraic Word CROis not updated. XER[CA] is updated to reflect rA,rS1B
the result.
sraw. Shift Right Algebraic Word and CRO and XER[CA] are updated to reflect the re-
Record sult.

Figure 3-27 shows an example of an algebraic-shift operation. In this example, a shift of
seven bits is performed. Bits shifted out of the least-significant register bit are lost and
vacated bits on the left side are filled with a copy of the original bit O (prior to the shift). In
this example, the original value of bit 0 is Ob1.

0 31
rS | 1000 0111 0110 0101 0100 0011 0010 0001 |

l

0 31
Shift by 7 bits —| 1111 1111 0000_1110_1100_1010_1000_0110 |—= 010_0001

0 31
rA | 1111 1111 0000 1110 1100_1010_1000_0110 |

UGO011_19_033101

Figure 3-27: Algebraic-Shift Example

Multiply-Accumulate Instruction-Set Extensions

The PPC405 supports an integer multiply-accumulate instruction-set extension that provides
functions usable by certain computationally intensive applications, such as those that
implement DSP algorithms. These instructions comply with the architectural requirements
for auxiliary-processor units (APUs) defined by the PowerPC embedded-environment
architecture and the PowerPC Book-E architecture. They are considered implementation-
dependent instructions and are not part of the PowerPC architecture, the PowerPC
embedded-environment architecture, or the PowerPC Book-E architecture. Programs that
use these instructions are not portable to all PowerPC implementations.

The multiply-accumulate instruction-set extensions include multiply-accumulate
instructions, negative multiply-accumulate instructions, and multiply-halfword
instructions.

Modulo and Saturating Arithmetic

The multiply-accumulate and negative multiply-accumulate instructions produce a 33-bit
intermediate result. The method used to store this result in the 32-bit destination register
depends on whether the instruction performs modulo arithmetic or saturating arithmetic.

With modulo-arithmetic instructions, the most-significant bit in the intermediate result is
discarded and the low-32 bits of this result are stored in the destination register.

With saturating-arithmetic instructions, the low 32-bits of the intermediate result are
stored in the destination register if the intermediate result does not overflow 32-bits.
However, if the intermediate result overflows what is representable in 32-bits, the
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instruction loads the nearest representable value into the destination register. For the
various instruction forms, these results are:

* Signed arithmetic—if the result exceeds 2311 (> Ox7FFF_FFFF), the instruction loads
the destination register with 231-1.

* Signed arithmetic—if the result is less than —231 (< 0x8000_0000), the instruction loads
the destination register with —231.

* Unsigned arithmetic—if the result exceeds 232-1 (> OxFFFF_FFFF), the instruction
loads the destination register with 232-1.

Multiply-Accumulate Instructions

Multiply-Accumulate Cross-Halfword to Word Instructions

Table 3-40 shows the PPC405 integer multiply-accumulate cross-halfword to word instructions.
These instructions take the lower halfword of the first source operand (rA[16:31]) and
multiply it with the upper halfword of the second source operand (rB[0:15]), producing a
32-bit product. The product is signed or unsigned, depending on the instruction. This
product is added to the value in the destination register, rD, producing a 33-bit
intermediate result. Generally, rD is loaded with the lower-32 bits of the 33-bit
intermediate result. However, if the instruction performs saturating arithmetic and the
intermediate result overflows, rD is loaded with the nearest representable value (see
Modulo and Saturating Arithmetic, above).

For each type of instruction shown in Table 3-40, the “Operation” column indicates the
multiply-accumulate operation performed. The column also shows, on an instruction-by-
instruction basis, how the XER and CR registers are updated (if at all).

Table 3-40: Multiply-Accumulate Cross-Halfword to Word Instructions

Mnemonic Name Operation Operand
Syntax
Multiply-Accumulate Cross-Halfword to Word rD is added to the signed product (rA[16:31]) x (rB[0:15]),
Modulo Signed Instructions producing a 33-bit result. The low-32 bits of this result are stored in
rD.
macchw Multiply Accumulate Cross Halfword XER and CRO are 10t updated. rD,rA,rB
to Word Modulo Signed
macchw. Multiply Accumulate Cross Halfword CRO is updated to reflect the result.
to Word Modulo Signed and Record
macchwo Multiply Accumulate Cross Halfword XER[OV,SO] are updated to reflect the result.
to Word Modulo Signed with
Overflow Enabled
macchwo. Multiply Accumulate Cross Halfword XER[OV,SO] and CRO are updated to reflect the
to Word Modulo Signed with result.
Overflow Enabled and Record
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Table 3-40: Multiply-Accumulate Cross-Halfword to Word Instructions (Continued)

Mnemonic

Name

Operation

Operand
Syntax

Multiply-Accumulate Cross-Halfword to Word
Saturate Signed Instructions

rD is added to the signed product (rA[16:31]) X (rB[0:15]),
producing a 33-bit result. If the result does not overflow, the low-32
bits of this result are stored in rD. Otherwise, the nearest-

representable value is stored in rD.

to Word Saturate Signed with
Overflow Enabled and Record

macchws Multiply Accumulate Cross Halfword XER and CRO are 10t updated.

to Word Saturate Signed

macchws. Multiply Accumulate Cross Halfword CRO is updated to reflect the result.
to Word Saturate Signed and Record

macchwso Multiply Accumulate Cross Halfword XER[OV,SO] are updated to reflect the result.
to Word Saturate Signed with
Overflow Enabled

macchwso. | Multiply Accumulate Cross Halfword XER[OV,SO] and CRO are updated to reflect the

result.

rD,rA,rB

Multiply-Accumulate Cross-Halfword to Word
Saturate Unsigned Instructions

D is added to the unsigned product (rA[16:31]) % (rB[0:15]),
producing a 33-bit result. If the result does not overflow, the low-32
bits of this result are stored in rD. Otherwise, the nearest-

representable value is stored in rD.

macchwsu

Multiply Accumulate Cross Halfword
to Word Saturate Unsigned

XER and CRO are not updated.

macchwsu.

Multiply Accumulate Cross Halfword
to Word Saturate Unsigned and
Record

CRO is updated to reflect the result.

macchwsuo

Multiply Accumulate Cross Halfword
to Word Saturate Unsigned with
Overflow Enabled

XER[OV,SO] are updated to reflect the result.

macchwsuo.

Multiply Accumulate Cross Halfword
to Word Saturate Unsigned with
Overflow Enabled and Record

XER[OV,SO] and CRO are updated to reflect the
result.

rD,rA,rB

Multiply-Accumulate Cross-Halfword to Word
Modulo Unsigned Instructions

rD is added to the unsigned product (rA[16:31]) % (rB[0:15]),
producing a 33-bit result. The low-32 bits of this result are stored in

to Word Modulo Unsigned with
Overflow Enabled and Record

rD.
macchwu Multiply Accumulate Cross Halfword XER and CRO are 10t updated.

to Word Modulo Unsigned

macchwu. Multiply Accumulate Cross Halfword CRO is updated to reflect the result.
to Word Modulo Unsigned and
Record

macchwuo | Multiply Accumulate Cross Halfword XER[OV,SO] are updated to reflect the result.
to Word Modulo Unsigned with
Overflow Enabled

macchwuo. | Multiply Accumulate Cross Halfword XER[OV,SO] and CRO are updated to reflect the

result.

rD,rA,rB

Figure 3-28 shows the operation of the integer multiply-accumulate cross-halfword to

word instructions.
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Figure 3-28: Multiply-Accumulate Cross-Halfword to Word Operation

Multiply-Accumulate High-Halfword to Word Instructions

Table 3-41 shows the PPC405 multiply-accumulate high-halfword to word instructions. These
instructions multiply the high halfword of both source operands, rA[0:15] and rB[0:15],
producing a 32-bit product. The product is signed or unsigned, depending on the
instruction. This product is added to the value in the destination register, rD, producing a
33-bit intermediate result. Generally, rD is loaded with the lower-32 bits of the 33-bit
intermediate result. However, if the instruction performs saturating arithmetic and the
intermediate result overflows, rD is loaded with the nearest representable value (see
Modulo and Saturating Arithmetic, page 405).

For each type of instruction shown in Table 3-41, the “Operation” column indicates the
multiply-accumulate operation performed. The column also shows, on an instruction-by-
instruction basis, how the XER and CR registers are updated (if at all).

Table 3-41: Multiply-Accumulate High-Halfword to Word Instructions

Mnemonic

Name

Operation

Operand
Syntax

Multiply-Accumulate High-Halfword to Word

rD is added to the signed product (rA[0:15]) X (rB[0:15]), producing

Modulo Signed Instructions a 33-bit result. The low-32 bits of this result are stored in rD.
machhw Multiply Accumulate High Halfword XER and CRO are 10t updated. rD,rA,rB
to Word Modulo Signed
machhw. Multiply Accumulate High Halfword CRO is updated to reflect the result.
to Word Modulo Signed and Record
machhwo Multiply Accumulate High Halfword XER[OV,SO] are updated to reflect the result.
to Word Modulo Signed with
Overflow Enabled
machhwo. Multiply Accumulate High Halfword XER[OV,SO] and CRO are updated to reflect the
to Word Modulo Signed with result.
Overflow Enabled and Record
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Table 3-41: Multiply-Accumulate High-Halfword to Word Instructions (Continued)

Mnemonic

Name

Operation

Operand
Syntax

Multiply-Accumulate High-Halfword to Word
Saturate Signed Instructions

rD is added to the signed product (rA[0:15]) X (rB[0:15]), producing
a 33-bit result. If the result does not overflow, the low-32 bits of this
result are stored in rD. Otherwise, the nearest-representable value

is stored in rD.

to Word Saturate Signed with
Overflow Enabled and Record

machhws Multiply Accumulate High Halfword XER and CRO are 10t updated.

to Word Saturate Signed

machhws. Multiply Accumulate High Halfword CRO is updated to reflect the result.
to Word Saturate Signed and Record

machhwso | Multiply Accumulate High Halfword XER[OV,SO] are updated to reflect the result.
to Word Saturate Signed with
Overflow Enabled

machhwso. | Multiply Accumulate High Halfword XER[OV,SO] and CRO are updated to reflect the

result.

rD,rA,rB

Multiply-Accumulate High-Halfword to Word
Saturate Unsigned Instructions

D is added to the unsigned product (rA[0:15]) % (rB[0:15]),
producing a 33-bit result. If the result does not overflow, the low-32
bits of this result are stored in rD. Otherwise, the nearest-

representable value is stored in rD.

machhwsu

Multiply Accumulate High Halfword
to Word Saturate Unsigned

XER and CRO are 1ot updated.

machhwsu.

Multiply Accumulate High Halfword
to Word Saturate Unsigned and
Record

CRO is updated to reflect the result.

machhwsuo

Multiply Accumulate High Halfword
to Word Saturate Unsigned with
Overflow Enabled

XER[OV,SO] are updated to reflect the result.

machhwsuo.

Multiply Accumulate High Halfword
to Word Saturate Unsigned with
Overflow Enabled and Record

XER[OV,SO] and CRO are updated to reflect the
result.

rD,rA,rB

Multiply-Accumulate High-Halfword to Word
Modulo Unsigned Instructions

D is added to the unsigned product (rA[0:15]) % (rB[0:15]),
producing a 33-bit result. The low-32 bits of this result are stored in

to Word Modulo Unsigned with
Overflow Enabled and Record

rD.
machhwu Multiply Accumulate High Halfword XER and CRO are 10t updated.

to Word Modulo Unsigned

machhwu. Multiply Accumulate High Halfword CRO is updated to reflect the result.
to Word Modulo Unsigned and
Record

machhwuo | Multiply Accumulate High Halfword XER[OV,SO] are updated to reflect the result.
to Word Modulo Unsigned with
Overflow Enabled

machhwuo. | Multiply Accumulate High Halfword XER[OV,SO] and CRO are updated to reflect the

result.

rD,rA,rB

Figure 3-29 shows the operation of the multiply-accumulate high-halfword to word

instructions.
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Intermediate Result | | |
0 31
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Figure 3-29: Multiply-Accumulate High-Halfword to Word Operation

Multiply-Accumulate Low-Halfword to Word Instructions

Table 3-42 shows the PPC405 multiply-accumulate low-halfword to word instructions. These
instructions multiply the low halfword of both source operands, rA[16:31] and rB[16:31],
producing a 32-bit product. The product is signed or unsigned, depending on the
instruction. This product is added to the value in the destination register, rD, producing a
33-bit intermediate result. Generally, rD is loaded with the lower-32 bits of the 33-bit
intermediate result. However, if the instruction performs saturating arithmetic and the
intermediate result overflows, rD is loaded with the nearest representable value (see
Modulo and Saturating Arithmetic, page 405).

For each type of instruction shown in Table 3-42, the “Operation” column indicates the
multiply-accumulate operation performed. The column also shows, on an instruction-by-
instruction basis, how the XER and CR registers are updated (if at all).
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Table 3-42: Multiply-Accumulate Low-Halfword to Word Instructions

Mnemonic

Name

Operand

Operation Syntax

Multiply-Accumulate Low-Halfword to Word Modulo
Signed Instructions

D is added to the signed product (rA[16:31]) X (xB[16:31]),
producing a 33-bit result. The low-32 bits of this result are stored in
rD.

rD,rA,rB

maclhw Multiply Accumulate Low Halfword XER and CRO are 10t updated.
to Word Modulo Signed

maclhw. Multiply Accumulate Low Halfword CRO is updated to reflect the result.
to Word Modulo Signed and Record

maclhwo Multiply Accumulate Low Halfword XER[OV,SO] are updated to reflect the result.
to Word Modulo Signed with
Overflow Enabled

maclhwo. Multiply Accumulate Low Halfword XER[OV,SO] and CRO are updated to reflect the

to Word Modulo Signed with
Overflow Enabled and Record

result.

Multiply-Accumulate Low-Halfword to Word
Saturate Signed Instructions

D is added to the signed product (rA[16:31]) X (xB[16:31]),
producing a 33-bit result. If the result does not overflow, the low-32
bits of this result are stored in rD. Otherwise, the nearest-
representable value is stored in rD.

rD,rA,rB

maclhws Multiply Accumulate Low Halfword XER and CRO are 10t updated.
to Word Saturate Signed

maclhws. Multiply Accumulate Low Halfword CRO is updated to reflect the result.
to Word Saturate Signed and Record

maclhwso Multiply Accumulate Low Halfword XER[OV,SO] are updated to reflect the result.
to Word Saturate Signed with
Overflow Enabled

maclhwso. | Multiply Accumulate Low Halfword XER[OV,SO] and CRO are updated to reflect the

to Word Saturate Signed with
Overflow Enabled and Record

result.

Multiply-Accumulate Low-Halfword to Word
Saturate Unsigned Instructions

D is added to the unsigned product (rA[16:31]) % (rB[16:31]),
producing a 33-bit result. If the result does not overflow, the low-32
bits of this result are stored in rD. Otherwise, the nearest-
representable value is stored in rD.

maclhwsu Multiply Accumulate Low Halfword XER and CRO are 10t updated. rD,rA,rB
to Word Saturate Unsigned

maclhwsu. | Multiply Accumulate Low Halfword CRO is updated to reflect the result.
to Word Saturate Unsigned and
Record

maclhwsuo | Multiply Accumulate Low Halfword XER[OV,SO] are updated to reflect the result.
to Word Saturate Unsigned with
Overflow Enabled

maclhwsuo. | Multiply Accumulate Low Halfword XER[OV,SO] and CRO are updated to reflect the
to Word Saturate Unsigned with result.
Overflow Enabled and Record

March 2002 Release www.xilinx.com 411

Virtex-ll Pro™ Platform FPGA Documentation

1-800-255-7778


http://www.xilinx.com

2:X||_|NX® Chapter 3: User Programming Model

Table 3-42: Multiply-Accumulate Low-Halfword to Word Instructions (Continued)

Mnemonic Name Operation Operand
Syntax
Multiply-Accumulate Low-Halfword to Word Modulo | 1D is added to the unsigned product (rA[16:31]) X (rB[16:31]),
Unsigned Instructions producing a 33-bit result. The low-32 bits of this result are stored in
rD.
maclhwu Multiply Accumulate Low Halfword XER and CRO are 10t updated. rD,rA B
to Word Modulo Unsigned

maclhwu. Multiply Accumulate Low Halfword CRO is updated to reflect the result.
to Word Modulo Unsigned and
Record

maclhwuo Multiply Accumulate Low Halfword XER[OV,SO] are updated to reflect the result.
to Word Modulo Unsigned with
Overflow Enabled

maclhwuo. | Multiply Accumulate Low Halfword XER[OV,SO] and CRO are updated to reflect the
to Word Modulo Unsigned with result.
Overflow Enabled and Record
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Figure 3-30 shows the operation of the multiply-accumulate low-halfword to word

instructions.
0 16 31
rA | |
0 15 31
rB | |
O,
0 31
D | |—'<+>
01 32
Intermediate Result | | |
0 31

D | |
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Figure 3-30: Multiply-Accumulate Low-Halfword to Word Operation

Negative Multiply-Accumulate Instructions

Negative Multiply-Accumulate Cross-Halfword to Word Instructions

Table 3-43 shows the PPC405 negative multiply-accumulate cross-halfword to word
instructions. These instructions take the lower halfword of the first source operand
(rA[16:31]) and multiply it with the upper halfword of the second source operand
(rB[0:15]), producing a signed 32-bit product. This product is negated and added to the
value in the destination register, rD, producing a 33-bit intermediate result (this is the same
as subtracting the product from rD). Generally, 1D is loaded with the lower-32 bits of the
33-bit intermediate result. However, if the instruction performs saturating arithmetic and
the intermediate result overflows, rD is loaded with the nearest representable value (see
Modulo and Saturating Arithmetic, above).

For each type of instruction shown in Table 3-43, the “Operation” column indicates the
negative multiply-accumulate operation performed. The column also shows, on an
instruction-by-instruction basis, how the XER and CR registers are updated (if at all).

March 2002 Release www.Xilinx.com 413
Virtex-ll Pro™ Platform FPGA Documentation 1-800-255-7778


http://www.xilinx.com

S XILINX®

Chapter 3: User Programming Model

Table 3-43: Negative Multiply-Accumulate Cross-Halfword to Word Instructions

Mnemonic

Name

Operation

Operand
Syntax

Negative Multiply-Accumulate Cross-Halfword to
Word Modulo Signed Instructions

The signed product (rA[16:31]) X (rB[0:15]) is subtracted from rD,
producing a 33-bit result. The low-32 bits of this result are stored in

rD.

nmacchw

Negative Multiply Accumulate Cross
Halfword to Word Modulo Signed

XER and CRO are 1ot updated.

nmacchw.

Negative Multiply Accumulate Cross
Halfword to Word Modulo Signed
and Record

CRO is updated to reflect the result.

nmacchwo

Negative Multiply Accumulate Cross
Halfword to Word Modulo Signed
with Overflow Enabled

XER[OV,SO] are updated to reflect the result.

nmacchwo.

Negative Multiply Accumulate Cross
Halfword to Word Modulo Signed
with Overflow Enabled and Record

XER[OV,SO] and CRO are updated to reflect the

result.

rD,rA,rB

Negative Multiply-Accumulate Cross-Halfword to
Word Saturate Signed Instructions

The signed product (rA[16:31]) X (rB[0:15]) is subtracted from rD,
producing a 33-bit result. If the result does not overflow, the low-32
bits of this result are stored in rD. Otherwise, the nearest-

representable value is stored in rD.

nmacchws Negative Multiply Accumulate Cross XER and CRO are 10t updated. rD,rA,rB
Halfword to Word Saturate Signed

nmacchws. | Negative Multiply Accumulate Cross CRO is updated to reflect the result.
Halfword to Word Saturate Signed
and Record

nmacchwso | Negative Multiply Accumulate Cross XER[OV,SO] are updated to reflect the result.
Halfword to Word Saturate Signed
with Overflow Enabled

nmacchwso. | Negative Multiply Accumulate Cross XER[OV,SO] and CRO are updated to reflect the
Halfword to Word Saturate Signed result.
with Overflow Enabled and Record
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Figure 3-31 shows the operation of the negative multiply-accumulate cross-halfword to
word instructions.

0 16 31
rA | | |
0 15 31
B | | (1]
()
&
0 31
D | |—'<+>
01 32
Intermediate Result | | |
0 31

rD| |
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Figure 3-31: Negative Multiply-Accumulate Cross-Halfword to Word Operation

Negative Multiply-Accumulate High-Halfword to Word Instructions

Table 3-44 shows the PPC405 negative multiply-accumulate high-halfword to word
instructions. These instructions multiply the high halfword of both source operands,
rA[0:15] and rB[0:15], producing a signed 32-bit product. This product is negated and
added to the value in the destination register, rD, producing a 33-bit intermediate result
(this is the same as subtracting the product from rD). Generally, rD is loaded with the
lower-32 bits of the 33-bit intermediate result. However, if the instruction performs
saturating arithmetic and the intermediate result overflows, 1D is loaded with the nearest
representable value (see Modulo and Saturating Arithmetic, page 405).

For each type of instruction shown in Table 3-44, the “Operation” column indicates the
negative multiply-accumulate operation performed. The column also shows, on an
instruction-by-instruction basis, how the XER and CR registers are updated (if at all).
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Table 3-44: Negative Multiply-Accumulate High-Halfword to Word Instructions

Mnemonic

Name

Operation

Operand
Syntax

Negative Multiply-Accumulate High-Halfword to
Word Modulo Signed Instructions

The signed product (rA[0:15]) X (rB[0:15]) is subtracted from rD,
producing a 33-bit result. The low-32 bits of this result are stored in

rD.

nmachhw

Negative Multiply Accumulate High
Halfword to Word Modulo Signed

XER and CRO are 1ot updated.

nmachhw.

Negative Multiply Accumulate High
Halfword to Word Modulo Signed
and Record

CRO is updated to reflect the result.

nmachhwo

Negative Multiply Accumulate High
Halfword to Word Modulo Signed
with Overflow Enabled

XER[OV,SO] are updated to reflect the result.

nmachhwo.

Negative Multiply Accumulate High
Halfword to Word Modulo Signed
with Overflow Enabled and Record

XER[OV,SO] and CRO are updated to reflect the

result.

rD,rA,rB

Negative Multiply-Accumulate High-Halfword to
Word Saturate Signed Instructions

The signed product (rA[0:15]) X (rB[0:15]) is subtracted from rD,
producing a 33-bit result. If the result does not overflow, the low-32
bits of this result are stored in rD. Otherwise, the nearest-

representable value is stored in rD.

nmachhws Negative Multiply Accumulate High XER and CRO are 10t updated. rD,rA,rB
Halfword to Word Saturate Signed
nmachhws. Negative Multiply Accumulate High CRO is updated to reflect the result.
Halfword to Word Saturate Signed
and Record
nmachhwso | Negative Multiply Accumulate High XER[OV,SO] are updated to reflect the result.
Halfword to Word Saturate Signed
with Overflow Enabled
nmachhwso. | Negative Multiply Accumulate High XER[OV,S0] and CRO are updated to reflect the
Halfword to Word Saturate Signed result.
with Overflow Enabled and Record
Figure 3-32 shows the operation of the negative multiply-accumulate high-halfword to
word instructions.
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Figure 3-32: Negative Multiply-Accumulate High-Halfword to Word Operation

Negative Multiply-Accumulate Low-Halfword to Word Instructions

Table 3-45 shows the PPC405 negative multiply-accumulate low-halfword to word instructions.
These instructions multiply the low halfword of both source operands, rA[16:31] and
rB[16:31], producing a signed 32-bit product. This product is negated and added to the
value in the destination register, rD, producing a 33-bit intermediate result (this is the same
as subtracting the product from rD). Generally, rD is loaded with the lower-32 bits of the
33-bit intermediate result. However, if the instruction performs saturating arithmetic and
the intermediate result overflows, rD is loaded with the nearest representable value (see
Modulo and Saturating Arithmetic, page 405).

For each type of instruction shown in Table 3-45, the “Operation” column indicates the
negative multiply-accumulate operation performed. The column also shows, on an
instruction-by-instruction basis, how the XER and CR registers are updated (if at all).
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Table 3-45: Negative Multiply-Accumulate Low-Halfword to Word Instructions

Mnemonic Name

Operand

Operation Syntax

Negative Multiply-Accumulate Low-Halfword to
Word Modulo Signed Instructions

rD.

The signed product (rA[16:31]) X (xB[16:31]) is subtracted from rD,
producing a 33-bit result. The low-32 bits of this result are stored in

nmaclhw Negative Multiply Accumulate Low
Halfword to Word Modulo Signed

XER and CRO are not updated. rD,rA,xB

nmaclhw. Negative Multiply Accumulate Low
Halfword to Word Modulo Signed
and Record

CRO is updated to reflect the result.

nmaclhwo Negative Multiply Accumulate Low
Halfword to Word Modulo Signed
with Overflow Enabled

XER[OV,SO] are updated to reflect the result.

nmaclhwo. | Negative Multiply Accumulate Low
Halfword to Word Modulo Signed
with Overflow Enabled and Record

result.

XER[OV,SO] and CRO are updated to reflect the

Negative Multiply-Accumulate Low-Halfword to
Word Saturate Signed Instructions

The signed product (rA[16:31]) X (xB[16:31]) is subtracted from rD,
producing a 33-bit result. If the result does not overflow, the low-32
bits of this result are stored in rD. Otherwise, the nearest-
representable value is stored in rD.

nmaclhws Negative Multiply Accumulate Low
Halfword to Word Saturate Signed

XER and CRO are 70t updated. rD,rA,rB

nmaclhws. Negative Multiply Accumulate Low
Halfword to Word Saturate Signed
and Record

CRO is updated to reflect the result.

nmaclhwso Negative Multiply Accumulate Low
Halfword to Word Saturate Signed
with Overflow Enabled

XER[OV,SO] are updated to reflect the result.

nmaclhwso. | Negative Multiply Accumulate Low
Halfword to Word Saturate Signed
with Overflow Enabled and Record

result.

XER[OV,SO] and CRO are updated to reflect the
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Figure 3-33 shows the operation of the negative multiply-accumulate low-halfword to
word instructions.

0 16 31
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Figure 3-33: Negative Multiply-Accumulate Low-Halfword to Word Operation

Multiply Halfword to Word Instructions

Multiply Cross-Halfword to Word Instructions

Table 3-46 shows the PPC405 multiply cross-halfword to word instructions. These instructions
take the lower halfword of the first source operand (rA[16:31]) and multiply it with the
upper halfword of the second source operand (rB[0:15]), producing a 32-bit product. The
product is signed or unsigned, depending on the instruction.

For each type of instruction shown in Table 3-46, the “Operation” column indicates the
multiply operation performed. The column also shows, on an instruction-by-instruction
basis, how the CR register is updated (if at all). The XER register is not updated by these
instructions.

Table 3-46: Multiply Cross-Halfword to Word Instructions

Operand

Mnemonic Name Operation
Syntax

Multiply Cross-Halfword to Word Signed Instructions | 1D is loaded with the signed product (rA[16:31]) X (rB[0:15]).

mulchw Multiply Cross Halfword to Word CRO is not updated. rD,rA,rB
Signed
mulchw. Multiply Cross Halfword to Word CRO is updated to reflect the result.
Signed and Record
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Table 3-46: Multiply Cross-Halfword to Word Instructions (Continued)

Unsigned and Record

CRO is updated to reflect the result.

Mnemonic Name Operation Operand
Syntax
Multiply Cross-Halfword to Word Unsigned rD is loaded with the unsigned product (rA[16:31]) x (rB[0:15]).
Instructions
mulchwu Multiply Cross Halfword to Word CRO is not updated. rD,rA 1B
Unsigned
mulchwu. Multiply Cross Halfword to Word

Figure 3-34 shows the operation of the multiply cross-halfword to word instructions.

rA| |

15 31

rB

©)

rD|
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Figure 3-34: Multiply Cross-Halfword to Word Operation

Multiply High-Halfword to Word Instructions

Table 3-47 shows the PPC405 multiply high-halfword to word instructions. These instructions
multiply the high halfword of both source operands, rA[0:15] and rB[0:15], producing a 32-
bit product. The product is signed or unsigned, depending on the instruction.

For each type of instruction shown in Table 3-47, the “Operation” column indicates the
multiply operation performed. The column also shows, on an instruction-by-instruction
basis, how the CR register is updated (if at all). The XER register is not updated by these

instructions.

Table 3-47: Multiply High-Halfword to Word Instructions

Mnemonic Name Operation Operand
Syntax
Multiply High-Halfword to Word Signed Instructions | 1D is loaded with the signed product (rA[0:15]) X (rB[0:15]).

mulhhw Multiply High Halfword to Word CRO is not updated. rD,rA,rB
Signed

mulhhw. Multiply High Halfword to Word CRO is updated to reflect the result.
Signed and Record

420 www.xilinx.com March 2002 Release

1-800-255-7778

Virtex-ll Pro™ Platform FPGA Documentation



http://www.xilinx.com

Multiply-Accumulate Instruction-Set Extensions

S XILINX®

Table 3-47: Multiply High-Halfword to Word Instructions (Continued)

Mnemonic

Operand

Name Syntax

Operation

Multiply High-
Instructions

Halfword to Word Unsigned rD is loaded with the unsigned product (rA[0:15]) x (rB[0:15]).

mulhhwu

Multiply High Halfword to Word
Unsigned

CRO is not updated. rD,rArB

mulhhwu.

Multiply High Halfword to Word
Unsigned and Record

CRO is updated to reflect the result.

Table 3-48: M

Figure 3-35 shows the operation of the multiply high-halfword to word instructions.

15

rB

rA

rD
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Figure 3-35: Multiply High-Halfword to Word Operation

Multiply Low-Halfword to Word Instructions

Table 3-48 shows the PPC405 multiply low-halfword to word instructions. These instructions
multiply the low halfword of both source operands, rA[16:31] and rB[16:31], producing a
32-bit product. The product is signed or unsigned, depending on the instruction.

For each type of instruction shown in Table 3-48, the “Operation” column indicates the
multiply operation performed. The column also shows, on an instruction-by-instruction
basis, how the CR register is updated (if at all). The XER register is not updated by these
instructions.

ultiply Low-Halfword to Word Instructions

Mnemonic

Operand

Name Syntax

Operation

Multiply Low-Halfword to Word Signed Instructions

1D is loaded with the signed product (rA[16:31]) X (rB[16:31]).

mullhw Multiply Low Halfword to Word CRO is ot updated. rD,rA,rB
Signed
mullhw. Multiply Low Halfword to Word CRO is updated to reflect the result.
Signed and Record
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Table 3-48: Multiply Low-Halfword to Word Instructions (Continued)

Mnemonic Name Operation Operand
Syntax
Multiply Low-Halfword to Word Unsigned rD is loaded with the unsigned product (rA[16:31]) x (rB[16:31]).
Instructions
mullhwu Multiply Low Halfword to Word CRO is not updated. rD,rA 1B
Unsigned
mullhwu. Multiply Low Halfword to Word CRO is updated to reflect the result.

Unsigned and Record

Figure 3-36 shows the operation of the multiply low-halfword to word instructions.

rA| |

rB | |

©)

rD|

UG011_28 033101

Figure 3-36: Multiply Low-Halfword to Word Operation

Floating-Point Emulation

The PPC405 is an integer processor and does not support the execution of floating-point
instructions in hardware. System software can provide floating-point emulation support
using one of two methods.

The preferred method is to supply a call interface to subroutines within a floating-point
run-time library. The individual subroutines can emulate the operation of floating-point
instructions. This method requires the recompilation of floating-point software in order to
add the call interface and link in the library routines.

Alternatively, system software can use the program interrupt. Attempted execution of
floating-point instructions on the PPC405 causes a program interrupt to occur due to an
illegal instruction. The interrupt handler must be able to decode the illegal instruction and
call the appropriate library routines to emulate the floating-point instruction using integer
instructions. This method is not preferred due to the overhead associated with executing
the interrupt handler. However, this method supports software containing PowerPC
floating-point instructions without requiring recompilation. See Program Interrupt
(0x0700), page 511, for more information.

Processor-Control Instructions

In user mode, processor-control instructions are used to read from and write to the
condition register (CR) and the special-purpose registers (SPRs). Instructions that access
the time base are also considered processor-control instructions, but are discussed
separately in Chapter 8, Timer Resources.
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Condition-Register Move Instructions

The condition-register move instructions shown in Table 3-49 are used to read and write the
condition register using a GPR as a destination or source register, and for writing a CR field
from the XER register. Not included in this category are other instructions that access the
CR. See Condition-Register Logical Instructions, page 376, for information on
instructions used to manipulate bits and fields in the CR. See Conditional Branch Control,
page 367, for information on how certain branch instructions use values in the CR as
branch conditions.

Table 3-49: Condition-Register Move Instructions

Mnemonic Name Operation Operand
Syntax
mcrxr Move to Condition Register from XER The CR field specified by the crfD operand is crfD
loaded with XER[0:3]. The remaining bits in the
CR are not modified. The contents of XER[0:3] are
cleared to 0.
mfcr Move from Condition Register 1D is loaded with the contents of CR. rD
mtcrf Move to Condition Register Fields CR is loaded with the contents of 1S under the CRM,1S
control of a field mask specified by the CRM op-
erand.

mtcrf Field Mask (CRM)

The mtcrf instruction uses an 8-bit field mask (CRM) specified in the instruction encoding
to control which CR fields are loaded from rS. As shown in Figure 3-37, each bit in CRM
corresponds to one of the 4-bit CR fields, with the most-significant CRM bit corresponding
to CRO and the least-significant CRM bit corresponding to CR7. When mtcrf is executed, a
CR field is loaded with the corresponding bits in rS only when the associated CRM mask
bit is set to 1. If the mask bit is cleared to 0, the CR field is unchanged.

o 1 2 3 4 5 & 7
CRM |[cro|cri|cr2|CR3|cRra4|Crs|cre|Cr7|

UG011_31_033101

Figure 3-37: mtcrf Field Mask (CRM) Format

Figure 3-38 shows an example of how the CRM field is used. In this example,
CRM = 0b01100100, causing CR1, CR2, and CRS5 to be updated with the corresponding bits
in rS. All remaining CR fields are unchanged.
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CRM |01100100

rS

CR | | rsja7 | rsei) | | rs[20:23] |
CRO CR1 CR2 CR3 CR4 CR5 CR6 CR7

D—> Unchanged UGO11_32_033101

Figure 3-38: mtcrf Example

Special-Purpose Register Instructions

The special-purpose register instructions shown in Table 3-50 are used to read and write the
special-purpose registers (SPRs) using a GPR as a destination or source register. The SPR
number (SPRN) shown in the operand syntax column appears as a decimal value in the
assembler listing. Within the instruction opcode, this number is encoded using a split-field
notation. For more information, see Split-Field Notation, page 571.

Table 3-50: Special-Purpose Register Instructions

Mnemonic Name Operation Operand
Syntax
mfspr Move from Special Purpose Register rD is loaded with the contents of the SPR specified | D, SPRN
by SPRN.
mtspr Move to Special Purpose Register The SPR specified by SPRN is loaded with the SPRN,rS
contents of rS.

Synchronizing Instructions

Table 3-51 lists the PowerPC synchronization instructions. The types of synchronization
defined by the PowerPC architecture are described in Synchronization Operations,
page 342.
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Table 3-51: Synchronizing Instructions

Mnemonic Name

Operation

Operand
Syntax

eieio Enforce In-Order Execution of I/O

Provides an ordering function for loads and stores.
All storage accesses that precede eieio complete
before storage accesses following eieio.

isync Instruction Synchronize

Ensures all previous instructions complete before
the isync instruction completes. isync also
prevents other instructions from beginning
execution until the isync instruction completes.
Prefetched instructions are discarded so that
subsequent instructions are fetched and executed
in the context established by instructions preceding
the isync. Memory-access ordering is not
guaranteed. Memory accesses caused by previous
instructions are not necessarily ordered with
respect to memory accesses by other devices.

sync Synchronize

Ensures that all instructions preceding the sync
instruction appear to complete before the sync
instruction completes, and that no subsequent
instructions are executed until after the sync
instruction completes. Memory accesses caused by
previous instructions are completed with respect to
memory accesses by other devices.

Implementation of eieio and sync Instructions

In the PPC405, eieio and sync are implemented identically for the following reasons:

¢ The PowerPC architecture only requires the eieio instruction to perform storage
synchronization, but it does allow PowerPC processors to implement eieio as an
execution-synchronizing instruction. The PPC405 implements eieio in such a manner.

* Asdefined by the PowerPC architecture, sync is used to synchronize memory
accesses across all processors in a multiprocessor environment. Because the PPC405
does not provide hardware support for multiprocessor memory coherency, sync does
not guarantee memory ordering across multiple PPC405 processors. This results in

the same storage-synchronization capability as the eieio instruction.

In implementations that provide hardware support for multiprocessor memory coherency,

sync can take significantly longer to execute than eieio. PPC405 programmers should

consider whether their software is expected to run on other platforms and use the sync
instruction in favor of eieio only when necessary.

Synchronization Effects of PowerPC Instructions

Additional PowerPC instructions can cause synchronizing operations to occur. All
instructions that result in some form of synchronization are listed in Table 3-52.
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Table 3-52: Synchronization Effects of PowerPC Instructions

Context Synchronizing Execution Synchronizing Storage Synchronizing
isync eieio! eieio
rfciZ isync sync
rfi2 mtmsr?
sc rfci2

rfi2
sc
sync
Notes:
1. Asimplemented on the PPC405.
2. Privileged instruction.

Semaphore Synchronization

Table 3-53 lists the PowerPC semaphore-synchronization instructions. These instructions are
used to implement common semaphore operations, including test and set, compare and
swap, exchange memory, and fetch and add. Examples of these semaphore operations are
found in Synchronization Examples, page 837.

Table 3-53: Semaphore Synchronization Instructions

Mnemonic Name Operation Operand
Syntax
Iwarx Load Word and Reserve Indexed 1D is loaded with the word in memory addressed rD,rA,rB
using register-indirect with index addressing;:
EA = (rA |0) + (rB)
A reservation corresponding to the address is
maintained by the processor.
stwex. Store Word Conditional Indexed | An effective address is computed using register- 1S,rA,xB
indirect with index addressing;:
EA =(rA|0) + (rB)

If a reservation exists, the contents of 1S are stored

into the memory word specified by the effective

address, and the reservation is cleared. If a

reservation does not exist, S is not stored.

CRO[EQ] is set to 1 if the reservation exists,

otherwise it is cleared to 0.
The Iwarx and stwcx. instructions are typically used by system programs and are called by
application programs as needed. Generally, a program uses lwarx to load a semaphore
from memory, causing a reservation to be set (the processor maintains the reservation
internally). The program can compute a result based on the semaphore value and
conditionally store the result back to the same memory location using the stwcx.
instruction. The conditional store is performed based on the existence of the reservation
established by the preceding Iwarx instruction. If the reservation exists when the store is
executed, the store is performed and CRO[EQ)] is set to 1. If the reservation does not exist
when the store is executed, the target memory location is not modified and CRO[EQ)] is
cleared to 0.
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If the store is successful, the sequence of instructions from the semaphore load to the
semaphore store appear to be executed atomically—no other device modified the
semaphore location between the read and the update. Other devices can read from the
semaphore location during the operation.

For a semaphore operation to work properly, the Iwarx instruction must be paired with an
stwcex. instruction, and both must specify identical effective addresses. The reservation
granularity in the PPC405 is a word. For both instructions, the effective address must be
word aligned, otherwise an alignment exception occurs.

In the PPC405, the conditional store is always performed when a reservation exists, even if
the store address does not match the load address that set the reservation. This operation is
allowed by the PowerPC architecture, but is not guaranteed to be supported on all
PowerPC implementations. It is good programming practice to always specify identical
addresses for Iwarx and stwcex. pairs.

The PPC405 can maintain only one reservation at a time. The address associated with the
reservation can be changed by executing a subsequent Iwarx instruction. The conditional
store is performed based upon the reservation established by the last lwarx instruction
executed. Executing an stwcex. instruction always clears a reservation held by the
processor, whether the address matches that established by the lwarx.

Exceptions do not clear reservations, although an interrupt handler can clear a reservation.

Memory-Control Instructions

Table 3-54 lists the PowerPC memory-control instructions available to programs running in
user mode. See Cache Instructions, page 456 for a detailed description of each instruction.

Table 3-54: Memory-Control Instructions, User Mode

Mnemonic Name
dcba Data Cache Block Allocate
dcbf Data Cache Block Flush
dcbst Data Cache Block Store
dcbt Data Cache Block Touch
dcbtst Data Cache Block Touch for Store
dcbz Data Cache Block Set to Zero
icbi Instruction Cache Block Invalidate
icbt Instruction Cache Block Touch
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PPC405 Privileged-Mode Programming
Model

This chapter presents an overview of the processor resources and instructions available to
privileged-mode programs running on the PPC405. These resources and instructions are
part of the privileged-programming model. From privileged mode, software can access all
processor resources and can execute all instructions supported by the PPC405. Typically,
only system software runs in privileged mode and applications run in user mode.

The remaining chapters in this book present portions of the system-programming
resources in greater detail, as follows:

e Chapter 5, Memory-System Management describes the resources available for
managing the caches and memory protection.

¢ Chapter 6, Virtual-Memory Management describes the PPC405 address-translation
capabilities.

e Chapter 7, Exceptions and Interrupts describes the exception mechanism and how
the processor interrupts program execution so that exceptions can be handled.

¢ Chapter 8, Timer Resources describes the time base and timer registers.

e Chapter 9, Debugging describes the resources available in the PPC405 for debugging
software and hardware.

Privileged Registers

Figure 4-1 shows additional registers supported by the PPC405 in privileged mode. These
registers are accessed by software only when the processor is operating in privileged
mode. In the PPC405, all privileged registers are 32 bits wide except for the time base, as
described in Time Base, page 524.

The machine-state register, SPR general-purpose registers, and processor-version register
are described in the following sections of this chapter. This chapter also describes device
control registers which are implemented outside the PPC405 but are accessed by software
running on the PPC405. The remaining privileged registers are described in other chapters
as follows:

* The core-configuration register (CCRO) is described in Cache Control, page 456.

* The processor ID register (PID) is described in Virtual Mode, page 472.

¢ The zone-protection register (ZPR) is described in Virtual-Mode Access Protection,

page 482.
* The storage-attribute control registers are described in Memory-System Control,
page 451.
¢ The exception-handling registers are described in Interrupt-Handling Registers,
page 497.
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* The debug registers are described in Debug Registers, page 537.
¢ The timer registers, including the time base, are described in Timer Resources,

page 523.
Machine-State Register Storage-Attribute Control Debug Registers
| MSR | Registers SPR 0X3F0
Core-Configuration Register | DCCR |
SPR 0x3B3 SPR 0x3F2
| CCRO | | SCWR |
SPR 0x3BD
SPR General-Purpose SPR 0x3FB | DBCRL |
Registers | CCR |
SPR 0x110 SPR Ox3F6
SPR 0x3B9
| SPRGO | . | DACL |
| SGR |
SPR 0x111 SPR Ox3F7
SPR 0x3BB
| SPRG1 | . | DAC2 |
| SLER |
SPR 0x112 SPR 0x3B6
SPR 0x3BC
| SPRG2 | . | DVC1 |
| SUOR |
SPR 0x113 SPR 0x3B7
| SPRG3 | Exception-Handling Registers | DVC2 |
SPR 0x114 SPR 0x3D6 SPR 0x3F4
| SPRG4 | | EVFR | | IAC1 |
SPR 0x115 SPR 0x3D4 SPR 0x3F5
| SPRG5 | | ESR | | IAC2 |
SPR 0x116 SPR 0x3D5 SPR 0x3B4
| SPRG6 | | DEAR | | IAC3 |
SPR 0x117 SPR Ox01A SPR 0x3B5
| SPRG7 | | SRRO | | IAC4 |
SPR 0x01B
Processor-Version Register SPR 0x3D3
SPR OXL1F | SRR1 | | ICDBR |
| PVR | SPR 0x3DE
| SRR2 | Timer Registers
Memory-Management SPR 0x3DA
Registers SPR 0x3DF | TCR |
SPR 0x3B1 | SRR3 |
SPR 0x3D8
| PID | | TSR |
SPR 0x3B0
| | SPR 0x3DB
ZPR
Time-Base Registers | PIT |
SPR 0x11C SPR 0x11D
| TBU | TBL | UGO011_33_033101
Figure 4-1: PPCA405 Privileged Registers
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Special-Purpose Registers

All privileged PPC405 registers except for the machine-state register are special-purpose
registers, or SPRs. See Appendix A, Special-Purpose Registers, page 770 for a complete list
of all SPRs (user and privileged) supported by the PPC405.

SPRs are read and written using the move from special-purpose register (mfspr) and move to
special-purpose register (mtspr) instructions. See Special-Purpose Register Instructions,
page 435, for more information on these instructions. Simplified instruction mnemonics
are available for the mtspr and mfspr instructions when accessing certain SPRs. See
Special-Purpose Registers, page 830, for more information.

Machine-State Register

The machine-state register (MSR) is a 32-bit register that defines the processor state.
Figure 4-2 shows the format of the MSR. The bits in the MSR are defined as shown in
Table 4-1. All system software can read and write the MSR using the move from machine-
state register (mfmsr) and move to machine-state register (mtmsr) instructions. The external-
interrupt enable (MSR[EE]) bit can also be updated using the write external enable
instructions (wrtee and wrteei). See Machine-State Register Instructions, page 435, for
more information on these instructions.

6

The MSR is also modified during execution of the system-call instruction (sc), return-from-
interrupt instructions (rfi and rfci), and by the exception mechanism during a control
transfer to an interrupt handler.

12 13 14

16

17 18 19 20 21 22 23 26 27 31

[ P |

‘APE‘WE‘CE‘ ‘EE \ PR \ FP \ ME‘FEO‘DWE‘ DE ‘FEl‘

‘IR‘DR‘

Figure 4-2:

Machine-State Register (MSR)

Table 4-1: Machine-State Register (MSR) Bit Definitions

Bit Name Function Description
0:5 Reserved
6 AP Auxiliary Processor Available This bit is unsupported and ignored by the PPC405D5. Software
(Unsupported) should clear this bit to 0.
7:11 Reserved

12 APE APU Exception Enable This bit is unsupported and ignored by the PPC405D5. Software
(Unsupported) should clear this bit to 0.

13 WE Wait State Enable When in the wait state, the processor stops fetching and executing
0—Disabled. instructions, and no longer performs memory accesses. The
1—Enabled processor remains in the wait state until an interrupt or a reset

——rhabled. occurs, or an external debug tool clears WE. See Processor Wait
State, page 436, for more information.

14 CE Critical Interrupt Enable Controls the critical-input interrupt and the watchdog-timer
0—Disabled. interrupt. See Interrupt Reference, page 502, for more information
1—Fnabled on these interrupts.

15 Reserved

16 EE External Interrupt Enable Controls the external interrupts, the programmable-interval timer

0—Disabled.
1—Enabled.

interrupt, and the fixed-interval timer interrupt. See Interrupt
Reference, page 502, for more information on each interrupt.
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Table 4-1: Machine-State Register (MSR) Bit Definitions (Continued)

Bit Name Function Description

17 PR Privilege Level Controls the privilege level of the processor. See Processor
0—Privileged mode. Operating Modes, page 343, for more information.
1—User mode.

18 FP Floating-Point Available This bit is unsupported and ignored by the PPC405D5. Software
(Unsupported) should clear this bit to 0.

19 ME Machine-Check Enable. Controls the machine-check interrupt. See Machine-Check
0—Disabled. Interrupt (0x0200), page 504, for more information.
1—Enabled.

20 FEO Floating-Point Exception-Mode 0 | This bit is unsupported and ignored by the PPC405. Software
(Unsupported) should clear this bit to 0.

21 DWE Debug Wait Enable Controls the debug wait mode. See Debug-Wait Mode, page 537,
0—Disabled. for more information.
1—Enabled.

22 DE Debug Interrupt Enable Controls the debug interrupt. See Debug Interrupt (0x2000),
0—Disabled. page 521, for more information.
1—Enabled.

23 FE1 Floating-Point Exception-Mode 1 | This bit is unsupported and ignored by the PPC405D5. Software
(Unsupported) should clear this bit to 0.

24:25 Reserved

26 IR Instruction Relocate Controls instruction-address translation. See Chapter 6, Virtual-
O0—Instruction-address transla- | Memory Management, for more information. When address
tion is disabled. translation is disabled, the processor is running in real mode. See

. Real Mode, page 471, for an introduction.
1—Instruction-address transla-
tion is enabled.

27 DR Data Relocate Controls data-address translation. See Chapter 6, Virtual-Memory
0—Data-address translation is | Management, for more information. When address translation is
disabled. disabled, the processor is running in real mode. See Real Mode,

7 i ion.
1—Data-address translation is | & 471, for an introduction
enabled.
28:31 Reserved
The initial state of the MSR following a processor reset is described in Machine-State
Register, page 562.
SPR General-Purpose Registers
The SPR general-purpose registers (SPRG0-SPRG?7) are 32-bit registers that can be used for
any purpose by system software running in privileged mode. The values stored in these
registers do not affect the operation of the PPC405 processor.
Four of the registers (SPRG4-SPRG7) are available from user mode with read-only access.
Application software can read the contents of SPRG4-SPRG?7, but cannot modify them.
The format of all SPRGn registers is shown in Figure 4-3.
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0 31
General-Purpose System-Software Data
Figure 4-3: SPR General-Purpose Registers (SPRG0O-SPRG7)
The SPRGn registers are privileged SPRs with the following addresses:
e SPRG0