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Preface

About This Guide

This user guide provides guidance on how customers can use the architectural features of
each platform in the Spartan®-3 generation: the Extended Spartan-3A family, which
includes the Spartan-3A, Spartan-3AN, and Spartan-3A DSP platforms, and the Spartan-3
and Spartan-3E families. By combining documentation for these families, similarities and
differences are easier to learn, and less material needs to be duplicated in multiple sources.
For an overview of how these platforms compare, see “Section I: Designing with Spartan-
3 Generation FPGAs”.

This user guide includes much of the information previously included in Module 2
(Functional Description) of the Spartan FPGA data sheets and in device application notes.
The data sheets should still be referenced for the platform-specific DC and Switching
Characteristics (located in Module 3) and the pinout information (located in Module 4). All
features of the Spartan-3E and Extended Spartan-3A family are described in this user
guide, but some differences in the Spartan-3 family, such as DCI or the clocking structure,
are discussed in Module 2 of the Spartan-3 FPGA data sheet or in the device application
notes.

Information on the configuration features of the Spartan-3 generation FPGAs is located in
UG332, the Spartan-3 Generation Configuration User Guide. Information on using the internal
SPI flash of the Spartan-3AN FPGAs is located in UG333, Spartan-3AN FPGA In-System
Flash User Guide. Together with the device specifications in the data sheets, these user
guides provide complete documentation on the Spartan-3 generation architecture.

Check for updates on xilinx.com at:
http://www.xilinx.com/support/documentation/spartan-3a.htm. To get an automatic
notification of any updates to this document, click the “Subscribe to Alerts” link on the top
of the page.

Guide Contents

This user guide contains the following chapters:

®  “Section I: Designing with Spartan-3 Generation FPGAs”
e Chapter 1, “Overview”
¢ Chapter 2, “Using Global Clock Resources”
¢ Chapter 3, “Using Digital Clock Managers (DCMs)”
e Chapter 4, “Using Block RAM”
* Chapter 5, “Using Configurable Logic Blocks (CLBs)”
e Chapter 6, “Using Look-Up Tables as Distributed RAM”
e Chapter 7, “Using Look-Up Tables as Shift Registers (SRL16)”
* Chapter 8, “Using Dedicated Multiplexers”
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¢ Chapter 9, “Using Carry and Arithmetic Logic”

e Chapter 10, “Using I/O Resources”

¢ Chapter 11, “Using Embedded Multipliers”

e Chapter 12, “Using Interconnect”
e “Section II: Design Software”

¢ Chapter 13, “Using ISE Design Tools”

¢ Chapter 14, “Using IP Cores”

e Chapter 15, “Embedded Processing and Control Solutions”
®  “Section III: PCB Design Considerations”

e Chapter 16, “Packages and Pinouts”

e Chapter 17, “Package Drawings”

¢ Chapter 18, “Powering Spartan-3 Generation FPGAs”

e Chapter 19, “Power Management Solutions”

e Chapter 20, “Using IBIS Models”

¢ Chapter 21, “Using Boundary-Scan and BSDL Files”

Additional Resources

To find additional documentation, see the Xilinx website at:

http:/ /www.xilinx.com/support/documentation/index.htm.

To search the Answer Database of silicon, software, and IP questions and answers, or to
create a technical support WebCase, see the Xilinx website at:

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

Conventions

This document uses the following conventions. An example illustrates each convention.

Typographical
The following typographical conventions are used in this document:
Convention Meaning or Use Example
Messages, prompts, and
Courier font program files that the system speed grade: - 100
displays
Courier bol d Literal commands that you enter ngdbui | d design_name

in a syntactical statement

Commands that you select from

File — Open
Helvetica bold amenu
Keyboard shortcuts Ctrl+C
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Conventions

Convention

Meaning or Use

Example

Italic font

Variables in a syntax statement
for which you must supply
values

ngdbui | d design_name

References to other manuals

See the Development System
Reference Guide for more
information.

Emphasis in text

If a wire is drawn so that it
overlaps the pin of a symbol, the
two nets are not connected.

Square brackets [ ]

An optional entry or parameter.
However, in bus specifications,
such as bus[ 7: 0] , they are
required.

ngdbui | d [option_nane]
desi gn_nane

Braces { }

A list of items from which you
must choose one or more

| owpwr ={on| of f}

Vertical bar |

Separates items in a list of
choices

| owpwr ={on| of f}

Vertical ellipsis

Repetitive material that has
been omitted

| OB #1: Name = QOUT’
| OB #2: Name = CLKIN

Horizontal ellipsis ...

Repetitive material that has
been omitted

al | ow bl ock block_name loc1
loc2... locn;

Online Document

The following conventions are used in this document:

Convention Meaning or Use Example
See the section “Additional
Cross-reference link toalocation | Resources” for details.
Blue text

in the current document

Refer to “Title Formats” in
Chapter 1 for details.

Blue, underlined text

Hyperlink to a website (URL)

Go to http:/ /www.xilinx.com
for the latest speed files.
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Section I: Designing with Spartan-3 Generation
FPGAs

“Overview”

“Using Global Clock Resources”

“Using Digital Clock Managers (DCMs)”
“Using Block RAM”

“Using Configurable Logic Blocks (CLBs)”
“Using Look-Up Tables as Distributed RAM”
“Using Look-Up Tables as Shift Registers (SRL16)”
“Using Dedicated Multiplexers”

“Using Carry and Arithmetic Logic”

“Using I/0 Resources”

“Using Embedded Multipliers”

“Using Interconnect”
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Chapter 1

Overview

This chapter provides an overview of the Spartan®-3 generation platforms. Refer to the
links in Table 1-1 for more information.

Table 1-1: Spartan-3 Generation Platforms

Family Platform Product Information Technical Documentation
Spartan-3A DSP FPGAs | www.xilinx.com/spartan3adsp | www.xilinx.com/support/documentation/spartan-3a_dsp.htm
S}E));tretzglgi Spartan-3AN FPGAs | www.xilinx.com/spartan3an www.xilinx.com/support/documentation/spartan-3an.htm
Spartan-3A FPGAs www.xilinx.com/spartan3a www.xilinx.com/support/documentation/spartan-3a.htm
Spartan-3E Spartan-3E FPGAs www.xilinx.com/spartan3e www.xilinx.com/support/documentation/spartan-3e.htm
Spartan-3 Spartan-3 FPGAs www.xilinx.com/spartan3 www.xilinx.com/support/documentation/spartan-3.htm

Introduction

The Spartan-3 generation of FPGAs includes the Extended Spartan-3A family
(Spartan-3A, Spartan-3AN, and Spartan-3A DSP platforms), along with the earlier
Spartan-3 and Spartan-3E families. These families of Field Programmable Gate Arrays
(FPGAs) are specifically designed to meet the needs of high volume, cost-sensitive
electronic applications, such as consumer products. The Spartan-3 generation includes 25
devices offering densities ranging from 50,000 to 5 million system gates, as shown in
Table 1-5 through Table 1-7.

The Spartan-3 platform was the industry’s first 90 nm FPGA, delivering more functionality
and bandwidth per dollar than was previously possible, setting new standards in the
programmable logic industry. The Spartan-3E platform builds on the success of the earlier
Spartan-3 platform by adding new features that improve system performance and reduce
the cost of configuration. The Extended Spartan-3A family builds on the success of the
earlier Spartan-3E platform by further enhancing configuration and reducing power to
provide the lowest total cost. The Spartan-3AN platform provides the additional benefits
of non-volatility and large amounts of on-board user flash. The Spartan-3A DSP platform
extends the density range and adds resources often required in digital signal processing
(DSP) applications.

Because of their exceptionally low cost, Spartan-3 generation FPGAs are ideally suited to a
wide range of consumer electronics applications, including broadband access, home
networking, display/projection, and digital television equipment.

The Spartan-3 generation FPGAs provide a superior alternative to mask-programmed
ASICs. FPGAs avoid the high initial cost, the lengthy development cycles, and the inherent
inflexibility of conventional ASICs. Also, FPGA programmability permits design upgrades
in the field with no hardware replacement necessary, an impossibility with ASICs.
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Spartan-3 Generation Families

Extended Spartan-3A family:

¢ Lowest total cost
e Spartan-3A Platform

- Ideal for bridging, differential signaling, and memory interfacing
e Spartan-3A DSP Platform
- Higher density option in Extended Spartan-3A family

- DSP48A resources for digital signal processing (DSP) applications

e Spartan-3AN Platform

- Non-volatile

- Ideal for space-constrained applications

Spartan-3E family
Spartan-3 family

Table 1-2: Spartan-3 Generation Platform Selection

Spartan-3 Generation Platform
Application/Function Spartan-3 | Spartan-3E | Spartan-3A |Spartan-3AN | Spartan-3A DSP
FPGAs FPGAs FPGAs FPGAs FPGAs
Basic Design Characteristics
More than 1.5M system gates + +
500 or less I/0O pins + + ++ 4+ +
More than 500 I/O pins +
Embedded Processing
32-bit MicroBlaze Processor + + ++ ++ ++
8-bit PicoBlaze Controller + + + + +
DDR SDRAM Memory Interfaces
DDR SDRAM + + ++ ++ ++
DDR2 SDRAM ++ + ++ ++ ++
Differential 1/0
LVDS + ++ +++ +++ +++
RSDS + ++ +++ +++ +++
miniLVDS + ++ ++ T+
TMDS/PPDS + + +
PCI®/PCI Express® Interface
33 MHz PCI Interface + + ++ ++ ++
66 MHz PCI Interface + ++ 4+ ++
PCI Express PIPE Interface + + + + +
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Table 1-2: Spartan-3 Generation Platform Selection (Cont’'d)

Spartan-3 Generation Platform
Application/Function Spartan-3 | Spartan-3E | Spartan-3A |Spartan-3AN | Spartan-3A DSP
FPGAs FPGAs FPGAs FPGAs FPGAs
Power Management + + +
I/O Capabilities
Hot Swap + + ++ ++ ++
High Output Drive Current + ++ ++ ++
Programmable Input Delay + ++ +++ +++ +++
3.3V-only Applications + + ++ ++ ++
Clocking Resources
Digital Clock Managers (DCMs) + ++ ++ ++ ++
Low-Skew Global Clocks + ++ ++ ++ ++
FPGA Configuration
Platform Flash PROM + + + + +
SPI Flash Configuration + + + +
Parallel Flash Configuration + + + +
MultiBoot + + + +
Low-Cost Design Protection + ++ +++ ++
Non-Volatile +
Integrated User Flash +
Digital Signal Processing (DSP)
18x18 Hardware Multipliers + ++ ++ ++ +++
DSP48A +
Block RAM Registers + + ++ ++ o+
Notes:
1. +=supported, ++ = better, +++ = best.
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Extended Spartan-3A Family Features

Very low cost, high-performance logic solution for high-volume consumer-oriented
applications

Proven advanced 90-nanometer process technology

Dual-range Vccaux supply at 2.5V or 3.3V simplifies the power supply design and
eliminates one power rail

Suspend mode reduces system power consumption

Retains all design state and FPGA configuration data
Activated with SUSPEND pin

FPGA drops to minimal quiescent power

I/Os have user-controlled behavior

Quick wake-up time

AWAKE pin indicates present status

3.3V +£10% supply compatibility

4.6V maximum input voltage

Hot-swap compliance

FPGA I/0 can be driven externally before Vcq powers up without damage to
the device and without disturbing the external bus

FPGA does not drive out before or during power-up sequence except for
dedicated pins

Multi-voltage, multi-standard SelectlO™ interface pins

Up to 519 1/O pins or 227 differential signal pairs

LVCMOS, LVTTL, HSTL, and SSTL single-ended signal standards
3.3V, 2.5V, 1.8V, 1.5V, and 1.2V signaling

Up to 24 mA output drive

622+ Mb/s data transfer rate per I/O

True LVDS, RSDS, mini-LVDS, PPDS, HSTL/SSTL differential I/O
Double Data Rate (DDR) support with clock alignment
DDR/DDR2 SDRAM support up to 400 Mb/s

Programmable input delays for finer timing control

Abundant, flexible logic resources

Densities up to 53,712 logic cells

Optional SRL16 shift register or distributed RAM support

Efficient wide multiplexers, wide logic

Fast look-ahead carry logic

Dedicated 18 x 18 multipliers with optional pipeline for higher performance
IEEE 1149.1/1532 JTAG programming/debug port

Hierarchical SelectRAM™ memory architecture

Up to 2,268 Kbits of fast block RAM with byte write enables for efficient use in
processor applications

Up to 373 Kbits of efficient distributed RAM

32
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Extended Spartan-3A Family Features

Up to eight Digital Clock Managers (DCMs)

®  Clock skew elimination (delay locked loop)

¢ Frequency synthesis, multiplication, division

e High-resolution phase shifting

e Wide frequency range (5 MHz to over 300 MHz)

Eight global clocks, plus abundant low-skew routing

e Eight additional clocks per each half of the device

e Additional clock inputs for pinout flexibility and differential clocks
Configuration interface to low-cost Xilinx Platform Flash with JTAG
Configuration interface to industry-standard PROMs

e Low-cost, space-saving SPI serial Flash PROM

* x8 or x8/x16 parallel NOR Flash PROM

Configuration watchdog timer automatically recovers from configuration errors
Unique ID (Device DNA) in each device useful for copy protection algorithms
* Device DNA authentication restricts copying

MultiBoot automatic reconfiguration between two files

Complete Xilinx ISE® and WebPACK™ development system support
Low-cost Starter Kit development systems and advanced demo boards
32-bit MicroBlaze™ and 8-bit PicoBlaze™ embedded processor cores
Fully compliant 32-/64-bit 66 MHz PCI support

PCI Express PIPE endpoint and other IP cores

Supported by major EDA partners
Low-cost QFP and BGA packaging options

¢ Common footprints support easy density migration within each platform (except
designs using the FI256 package)

e Pb-free (RoHS) packaging options

Automotive XA platform variants

Spartan-3AN Platform Additional Features

Integrated robust configuration memory

® Saves board space

e Improves ease-of-use

e Simplifies design

® Reduces support issues

Plentiful amounts of non-volatile memory available to the user
¢ Up to 11+ Mb available

e MultiBoot support

¢ Embedded processing and code shadowing

e Scratchpad memory

Robust 100K Flash memory program/erase cycles per page

20 years Flash memory data retention
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Security features provide bitstream anti-cloning protection
® Buried configuration interface enhances Device DNA authentication

¢ Flash memory sector protection and lockdown

Spartan-3A DSP Platform Additional Features

Optimized for low-cost DSP systems

¢ High logic capacity, 33K to 47K look-up tables (LUTs)
¢ Increased block RAM of 85 to 126 blocks and 1.5 to 2.3 Mbits of memory
High-performance DSP48A blocks

* Based on Virtex®-4 FPGA DSP block architecture

¢ Full multiply-accumulate functionality

¢ Integrated 48-bit post adder

¢ Integrated 18-bit pre-adder for symmetric FIR filters
¢ Independent routing

e 250 MHz operation

Improved block RAM

¢ Internal output register

e 250 MHz operation

Spartan-3 Generation Resources

Table 1-3 through Table 1-7 show the number of resources available in each member of the
Spartan-3A DSP, Spartan-3AN, Spartan-3A, Spartan-3E, and Spartan-3 platforms.

Note: By convention, 1K bits is equivalent to 1,024 bits.
Table 1-3: Summary of Spartan-3A DSP FPGA Attributes

CLB Array
Equivalent (One CLB = Four Slices) N Block . Maximum
Device | YSMI | ogic Distributed| "o\t | pspagas | DCMs |MXIMUM | higteential
Gates Cell Total Total | RAM Bits Bit User 1/O /O Pai
€S | Rows |Columns ) s ars
CLBs | Slices
XC3SD1800A | 1800K 37,440 88 48 4,160 | 16,640 260K 1,512K 84 8 519 227
XC3SD3400A | 3400K 53,712 104 58 5,968 | 23,872 373K 2,268K 126 8 469 213
Table 1-4: Summary of Spartan-3AN FPGA Attributes
Equivalent _ Block . . Maximum
Device System Logic CLBs | Slices Dlstrlbu_ted RAM Dedl_ca_ted DCMs Maximum Differential In—Syste_m
Gates RAM Bits . Multipliers User I/O . Flash bits
Cells Bits I/0 Pairs
XC3S50AN 50K 1,584 176 704 11K 54K 3 2 108 50 ™M
XC35200AN 200K 4,032 448 1,792 28K 288K 16 4 195 90 4AM
XC35400AN 400K 8,064 896 3,584 56K 360K 20 4 311 142 4M
XC3S700AN 700K 13,248 1472 5,888 92K 360K 20 8 372 165 8M
XC3S1400AN | 1400K 25,344 2816 11,264 176K 576K 32 8 502 227 16M
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Spartan-3 Generation Resources

Table 1-5: Summary of Spartan-3A FPGA Attributes

CLB Array )
. System | Equivalent (One CLB = Four Slices) Distributed| B9k | pedicated Maximum | Maximum
Device . . RAM - DCMs Differential
Gates |Logic Cells | | | RAM Bits . Multipliers User 1/O .
Total Total Bits 1/O Pairs
Rows |Columns .
CLBs | Slices
XC3S50A 50K 1,584 16 12 176 704 11K 54K 3 2 144 64
XC3S200A 200K 4,032 32 16 448 1,792 28K 288K 16 4 248 112
XC3S400A 400K 8,064 40 24 896 3,584 56K 360K 20 4 311 142
XC3S700A 700K 13,248 48 32 1472 5,888 92K 360K 20 8 372 165
XC3S1400A | 1400K 25,344 72 40 2816 11,264 176K 576K 32 8 502 227
Table 1-6: Summary of Spartan-3E FPGA Attributes
CLB Array )
. System | Equivalent (One CLB = Four Slices) Distributed Block Dedicated Maximum MaX|mum
Device ) . RAM - DCMs Differential
Gates |Logic Cells RAM Bits . Multipliers User I/O .
Total | Total Bits I/0 Pairs
Rows |Columns -
CLBs | Slices
XC3S100E 100K 2,160 22 16 240 960 15K 72K 4 2 108 40
XC3S250E 250K 5,508 34 26 612 2,448 38K 216K 12 4 172 68
XC3S500E 500K 10,476 46 34 1,164 | 4,656 73K 360K 20 4 232 92
XC3S1200E | 1200K 19,512 60 46 2,168 8,672 136K 504K 28 8 304 124
XC3S1600E | 1600K 33,192 76 58 3,688 | 14,752 231K 648K 36 8 376 156
Table 1-7: Summary of Spartan-3 FPGA Attributes
CLB Array )
. System | Equivalent (One CLB = Four Slices) Distributed | Block | Dedicated Maximum | Maximum
Device ) . ) - DCMs Differential
Gates |Logic Cells RAM Bits |RAM Bits| Multipliers User I/O .
Total Total 1/O Pairs
Rows |Columns .
CLBs | Slices
XC3S50 50K 1,728 16 12 192 768 12K 72K 4 2 124 56
XC3S200 200K 4,320 24 20 480 1,920 30K 216K 12 4 173 76
XC35400 400K 8,064 32 28 896 3,584 56K 288K 16 4 264 116
XC3S1000 | 1000K 17,280 48 40 1,920 7,680 120K 432K 24 4 391 175
XC3S1500 | 1500K 29,952 64 52 3,328 | 13,312 208K 576K 32 4 487 221
XC3S2000 | 2000K 46,080 80 64 5120 | 20,480 320K 720K 40 4 565 270
XC354000 | 4000K 62,208 96 72 6,912 | 27,648 432K 1,728K 96 4 633 300
XC3S5000 | 5000K 74,880 104 80 8,320 33,280 520K 1,872K 104 4 633 300
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Architectural Overview

The Spartan-3 generation architecture consists of five fundamental programmable
functional elements:

¢ Configurable Logic Blocks (CLBs) contain flexible Look-Up Tables (LUTs) that
implement logic plus storage elements used as flip-flops or latches. CLBs perform a
wide variety of logical functions as well as store data.

¢ Input/Output Blocks (IOBs) control the flow of data between the I/O pins and the
internal logic of the device. IOBs support bidirectional data flow plus 3-state
operation. Supports a variety of signal standards, including several high-performance
differential standards. Double Data-Rate (DDR) registers are included.

* Block RAM provides data storage in the form of 18-Kbit dual-port blocks.

¢ Multiplier Blocks accept two 18-bit binary numbers as inputs and calculate the
product. The Spartan-3A DSP platform includes special DSP multiply-accumulate
blocks.

e Digital Clock Manager (DCM) Blocks provide self-calibrating, fully digital solutions
for distributing, delaying, multiplying, dividing, and phase-shifting clock signals.

These elements are organized as shown in Figure 1-1, using the Spartan-3A FPGA array as
an example. A dual ring of staggered IOBs surrounds a regular array of CLBs in the
Spartan-3 and Extended Spartan-3A family. The Spartan-3E family has a single ring of
inline IOBs. Each block RAM column consists of several 18-Kbit RAM blocks. Each block
RAM is associated with a dedicated multiplier. The DCMs are positioned with two at the
top and two at the bottom of the device, plus additional DCMs on the sides for the larger
devices.

The Spartan-3 generation features a rich network of traces that interconnect all five
functional elements, transmitting signals among them. Each functional element has an
associated switch matrix that permits multiple connections to the routing.
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Figure 1-1: Spartan-3A Platform Architecture

Configuration

Spartan-3 generation FPGAs are programmed by loading configuration data into robust,
reprogrammable, static CMOS configuration latches (CCLs) that collectively control all
functional elements and routing resources. The FPGA’s configuration data is stored
externally in a PROM or some other non-volatile medium, either on or off the board. The
Spartan-3AN platform contains its own internal SPI flash configuration memory. After
applying power, the configuration data is written to the FPGA using one of several
different modes:

e Master Serial from a Xilinx Platform Flash PROM
® Serial Peripheral Interface (SPI) from an industry-standard SPI serial Flash
* Spartan-3E and Extended Spartan-3A family FPGAs only

¢ Byte Peripheral Interface (BPI) from an industry-standard x8 or x8/x16 parallel NOR
Flash

* Spartan-3E and Extended Spartan-3A family FPGAs only
e Slave Serial, typically downloaded from a processor
¢ Slave Parallel, typically downloaded from a processor

¢ Boundary Scan (JTAG), typically downloaded from a processor or system tester
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I/O Capabilities

The Spartan-3 generation SelectlO interface supports many popular single-ended and
differential standards, as shown in Table 1-8 and Table 1-9. Table 1-10 through Table 1-14
show the number of user I/Os as well as the number of differential I/O pairs available for
each device/package combination for the Extended Spartan-3A family, Spartan-3E, and
Spartan-3 families, respectively. Some of the user I/Os are unidirectional input-only pins
as indicated in the tables. See “LVCMOS/LVTTL Slew Rate Control and Drive Strength”
for specific drive strengths supported.

Table 1-8: Single-Ended I/O Standards

Spartan-3 Spartan-3E Extended Spartan-3A
Standard | Veco | Class | “ppgag FPGAS FPGAS
1.2v - up to 6 mA 2mA up to 6 mA
1.5V - upto12mA | upto6mA up to 12mA
LVCMOS 1.8V - uptol6mA | upto8mA up to 16 mA
2.5V - up to 24 mA | up to 12 mA up to 24 mA
3.3V - up to 24 mA | up to 16 mA up to 24 mA
LVTTL 3.3V - up to 24 mA | up to 16 mA up to 24 mA
3.0V - v v ol
PCI33
3.3V - v v ol
3.0V - v v
PClI66
3.3V - v v
I v v v
1.8V
i} v ol
I \/ \/ v
SSTL 2.5V
| V v
I v
3.3V
I v
I V ol
1.5V
I V ol
HSTL I V V ol
1.8V | V ol
I V V ol
- i N
GTL
- Plus \
DCI option - - \
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I/O Capabilities

Table 1-9: Differential I/0O Standards
Spartan-3 Spartan-3E Extended Spartan-3A
Standard Veco FPGAs FPGAS Family FPGAs
2.5V N v v
LVDS
3.3V v
BLVDS 25V N v
25V v
MINI_LVDS
3.3V v
25V N RN v
LVPECL
3.3V v
25V N v v
RSDS
3.3V v
25V
TMDS
3.3V v
25V
PPDS
3.3V
LDT 25V N
LVDSEXT 25V N
DIFF_SSTL - N
DIFF_HSTL - N
DIFF_TERM -

Table 1-10: Spartan-3A FPGA DSP Available User I/Os and Differential (Diff) /0O Pairs

CS484 FG676
Device CSGas4 FeceTe
User Diff User Diff
309 140 519 227
XC3SD1800A (56) (78) (110) (131)
309 140 469 213
XC3SD3400A (56) (78) (60) (117)
Notes:

1. The number in bold indicates the maximum number of I/O and input-only pins. The number in italics
indicates the number of input-only pins. The differential (Diff) input-only pin count includes both
differential pairs on input-only pins and differential pairs on I/O pins within I/O banks that are
restricted to differential inputs.
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Table 1-11: Spartan-3AN Available User I/Os and Differential (Diff) I/O Pairs

| TQG144 FTG256 FGG400 FGG484 FGG676
Device User | Diff | User | Diff | User | Diff | User | Diff | User | Diff

XC3S50AN el By

XC35200AN

XC3S400AN

XC3S700AN

XC351400AN

Notes:

1. The number in bold indicates the maximum number of I/O and input-only pins. The number in italics indicates the number of
input-only pins. The differential (Diff) input-only pin count includes both differential pairs on input-only pins and differential pairs
on I/O pins within I/O banks that are restricted to differential inputs.

2. Spartan-3AN FPGAs are available in Pb-free packaging options. The Pb-free packages include a ‘G’ character in the ordering code.

Leaded (non-Pb-free) packages might be available for selected devices, with the same pinout and without the ‘G” in the ordering
code. Contact Xilinx sales for more information.
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Table 1-12: Spartan-3A FPGA Available User I/0Os and Differential (Diff) I/O Pairs
VQ100 TQ144 FT256 FG320 FG400 FG484 FG676
Device VQG100 TQG144 FTG256 FGG320 FGG400 FGG484 FGG676
User Diff User Diff User Diff User Diff User Diff User Diff User | Diff
68 60 108 50 144 64
X A
3550 a3 | ey | @ | ey | 32| 32
68 60 195 90 248 112
XC3S2008 1 g3) | (29 35 | (500 | (56) | (64)
195 90 251 112 311 142
XC354004 35 | 500 | 59 | 64 | 63 | 78
161 74 311 142 372 165
XC35700A (13) | (36) ©3) | 78 | 6o | 93
161 74 375 165 502 227
XC351400A (13) | (36) (87) | (93) | (94) | (131)
Notes:

ins. The number in ifalics indicates the number of

1. The number in bold indicates the maximum number of I/O and input-on J
erential pairs on input-only pins and differential pairs

input-only pins. The differential (Diff) input-only pin count includes both
on I/O pins within I/O banks that are restncte to differential inputs.

Table 1-13: Spartan-3E FPGA Available User I/Os and Differential (Diff) I/O Pairs
VQ100 CP132 TQ144 PQ208 FT256 FG320 FG400 FG484
Device VQG100 CPG132 TQG144 PQG208 FTG256 FGG320 FGG400 FGG484
User | Diff | User | Diff | User | Diff
66 30 83 35 | 108 | 40
XGSI0E o) o) | @ | 28 | @
66 30 92 41 | 108 | 40
XCSBE ol o @ ey | @
66 30 92 41
XGSSE 7 L o) | @ | @
XC3S1200E
XC351600E

Notes:

1. The number in bold indicates the maximum number of I/O and input-only pins. The number in italics indicates the number of
input-only pins.
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Table 1-14: Spartan-3 FPGA Available User I/Os and Differential (Diff) I/O Pairs

VQ100 TQ144 PQ208 FT256 FG320 FG456 FG676 FG900

Device VQG100 TQG144 PQG208 FTG256 FGG320 FGG456 FGG676 FGG900
User | Diff | User | Diff | User | Diff | User | Diff | User | Diff | User | Diff | User | Diff | User | Diff

XC3550 63 29 97 46 124 56 - - - - - - - - - -

XC35200 63 29 97 46 141 62 173 76 - - - - - - - -

XC35400 - - 97 46 141 62 173 76 221 | 100 | 264 | 116 - - - -

XC351000 = = = = - - 173 76 221 100 333 149 391 175 - -

XC351500 - - - - - - - - 221 | 100 | 333 | 149 | 487 | 221 - -
XC352000 - - - - - - - - - - 333 | 149 | 489 | 221 | 565 | 270
XC354000 - - - - - - - - - - - - 489 | 221 | 633 | 300
XC3S55000 - - - - - - - - - - - - 489 | 221 | 633 | 300

Package Marking

Figure 1-2 provides a top marking example for a Spartan-3A FPGA in the quad-flat
packages. Figure 1-3 shows the top marking for a Spartan-3A FPGA in a BGA package. The
markings for the BGA packages are nearly identical to those for the quad-flat packages,
except that the marking is rotated with respect to the ball Al indicator.

On Spartan-3E and Extended Spartan-3A family FPGAs, the “5C” and “41 ” part
combinations can be dual marked as “5C/ 41 .

Mask Revision Code

= = Fabrication Code
= = Process Technology
Device Type = =
Package = = Date Code
Speed Grade E ; Lot Code
Temperature Range 5 =
Pin P1 DS529-1_03_ 080406

Figure 1-2: Spartan-3A FPGA QFP Package Marking Example

) — Mask Revision Code

BGA Ball A1 (o XXlLlNX®

| | — Fabrication Code

SPARTA Process Code
Device Type XC3S5
Package FT256 AGQ0625 Date Code
D1234567A
ac AN Lot Code
Speed Grade 4 |
Temperature Range Y,

DS529-1_02_021206

Figure 1-3: Spartan-3A FPGA BGA Package Marking Example
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Ordering Information

Spartan-3 generation FPGAs are available in both standard and Pb-free packaging options
for most device/package combinations. The Pb-free packages include a ‘G’ character in the
ordering code. The automotive device part numbers begin with XA instead of XC, and the
automotive temperature ranges include both the I Industrial range and the Q Automotive
range between -40C and +125C.

Figure 1-4 shows an example of the part ordering code. The Industrial Temperature Range
is available exclusively for the Standard (-4) Speed Grade. See Table 1-10 through

Table 1-14 for specific part/package combinations, and see the XA data sheets for specific
automotive ordering codes available.

Example:  XC3S50A -4 FT G 256 C
Device Type T— Temperature Range:
C = Commercial (T, = 0°C to 85°C)
Speed Grade I = Industrial (T; = -40°C to 100°C)
-4: Standard Performance Q = Automotive (T, = -40°C to 125°C)
-5: High Performance (Commercial only) Number of Pins

Package Type Pb-free

UG331-c1_04_122208

Figure 1-4: Spartan-3A FPGA Ordering Example
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Chapter 2

Using Global Clock Resources

Summary

Introduction

This chapter describes how to take advantage of the Spartan®-3 generation global clock
resources, including the dedicated clock inputs, buffers, and routing. The clocking
infrastructure provides a series of low-capacitance, low-skew interconnect lines well-
suited to carrying high-frequency signals throughout the FPGA, minimizing clock skew
and improving performance, and should be used for all clock signals. Third-party
synthesis tools, and Xilinx synthesis and implementation tools, automatically use these
resources for high-fanout clock signals.

This chapter focuses on the global clock resources found in all Spartan-3 generation
platforms, and the quadrant clock resources found in the Spartan-3E and Extended
Spartan-3A families. The clock routing can be used in conjunction with the DCMs, which
are discussed in more detail in Chapter 3, “Using Digital Clock Managers (DCMs).” For
information on the special clock inputs used for configuration (CCLK) and Boundary-Scan
(TCK), see UG332, Spartan-3 Generation Configuration User Guide.

Each Spartan-3 generation FPGA offers eight high-speed, low-skew global clock resources
to optimize performance. These resources are used automatically by the Xilinx tools. Even
if the clock rate is relatively slow, it is still important to use the global routing resources to
eliminate any potential for timing hazards. It is important to understand how to define and
best take advantage of these resources.

Global Clock Resource Differences between Spartan-3 Generation

Families

The Spartan-3E and Extended Spartan-3A family of FPGAs have identical global clock
resources, with eight global clock inputs and an additional eight clocks on the left and right
sides of the device. The original Spartan-3 family offers only the eight global clock inputs.
Although the clock resources and routing are similar, there will be timing differences
between each platform and between different densities within a platform. This chapter
focuses on the architecture of the Spartan-3E and Extended Spartan-3 families. The
Spartan-3 family offers a simpler set of dedicated clock inputs and routing — for details, see
the Spartan-3 FPGA Family Data Sheet.
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Global Clock Resources

The global clock resources consist of three connected components: GCLK Global Clock
input pads, BUFGMUX Global Clock Multiplexers, and Global Clock routing. See
Figure 2-1.

-« | GCLK BUFGMUX

Pad > Clocks

Global

l > Routin P>
| Dpom 9

Double
-~ :

Lines

UG331_c2_01_100209
Figure 2-1: Overall View of Clock Connections

The primary clock path is shown with bold lines, with a dedicated clock pad (GCLK)
driving a global clock buffer (BUFGMUX) that connects through global routing resources
to clock inputs on flip-flops and other clocked elements. The GCLK pads can be used as
general-purpose I/0O, and include the LHCLK and RHCLK inputs described later. A DCM
can be inserted into the path between the clock pad and clock buffer to manipulate the
clock, or the DCM can acquire the clock signal from general-purpose resources. The
BUFGMUX can multiplex between two clock sources or be used as a simple BUFG clock
buffer. The clock buffer can only drive the clock routing resources, which in turn can only
drive clock inputs. However, clock inputs on flip-flops can also come from general-
purpose routing, although their use is not recommended due to higher skew.

Clocking Infrastructure

The detailed Spartan-3E and Extended Spartan-3A family clocking infrastructure is shown
in Figure 2-2.
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Global Clock Resources

4

GCLKll GCLK10

) GCLK7. | GCLK®

Global Clock Inputs

GCLK9 GCLKB

GCLK5 GCLK4 4

BUFp%’\rAUX Clock Line
\ X1Y10 X1Y11 | X2Y10 X2Y11 in Quadrant
BUFGMUX DCM 4 * * * * 4 DCM /
g - Top, Left +> H G E E 474 Top, Right .
oR-| = HE 5 55
R Top Left / Top Right A
o' Lo W
| Quadrant (TL Quadrant (TR) SR
ol 5 8 4 QR 3
E R~ G G o
2) o 2V n
2 c 2 ¢
8 & 8
DCM ) g DCM (1)
Left, Bottom 8 -~ Eo 8 Right, Bottom
& 4
2 V
y 2)
o2l [~ Fl-3 LZx
22 s - - - - 3MEs
= =y
ISR : ;
23 e X1 2T
3] _l:g: > [CS [ ——
S8 Q:'E ; Note 3 . . Note 4 . . E':é —'Jg,-?’i—i
o Left Spine 8 & Horizontal ¥ Spine 8 = — 8 Right Spine 50
=X J .2 o
F‘: gi&_ é:DB Note 3 Note 4 Eﬂ:? _:&é %
= . A5
3 %@_ N - > - > x| _2E
[SN’A'n —I-I‘ Z o0
I c & 55"
2y ) 1/ ) % o ) /1/ 2y
8 o |2 < 8
LethCTlc\)/I @ =) DCM
p j Right, Top
4 4
2 V
A - - - - 2¥
< s, —B B % A2
ol 5 S [-Xe
I ' v X
[ ' ' o
m Bottom Left 8 4 - Bottom Right 5| g2
I XA Quadrant (BL) V Quadrant (BR) A N
N
4
i D C B A ]
DCM T TT |/ TT T1 DCM
Bottom, Left X1Y0 X1Y1 X2Y0 X2Y1 Bottom, Right
P
CLK3[GCLK2 | “GCLK1|GCLKQ |.
G(:'L'K'l's'é'cikii " GCLKi3 BELK12
Global Clock Inputs UG331_c4_02_011209
Notes:

1. The diagram presents electrical connectivity. The diagram locations do not necessarily match the physical location on the device,
although the coordinate locations shown are correct.

ENEE SN

Number of DCMs and locations of these DCM varies for different device densities. See Table 2-1.

See Figure 2-13a, which shows how the eight clock lines are multiplexed on the left-hand side of the device.
See Figure 2-13b, which shows how the eight clock lines are multiplexed on the right-hand side of the device.
For best direct clock inputs to a particular clock buffer, not a DCM, see Table 2-7.
For best direct clock inputs to a particular DCM, not a BUFGMUX, see Chapter 3, “Using Digital Clock Managers (DCMs).”

Figure 2-2: Spartan-3E and Extended Spartan-3A Family Internal Quadrant-Based Clock Structure
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Table 2-1: Spartan-3E and Extended Spartan-3A Family DCM Location Designations

Top, Top, Right, Right, Bottom, Bottom, Left, Left,
Left Right Bottom Top Right Left Top Bottom

Spartan-3A DSP FPGAs

XC3SD1800A X1Y3 X2Y3 X3Y1 X3Y2 X2Y0 X1Y0 X0Y2 X0Y1
XC3SD3400A X1Y3 X2Y3 X3Y1 X3Y2 X2Y0 X1Y0 X0Y2 X0Y1
Spartan-3A/3AN FPGAs

XC3S50A /AN X0Y0 X1YO0 N/A N/A N/A N/A N/A N/A
XC3S5200A /AN X0Y1 X1Y1 N/A N/A X1Y0 X0YO0 N/A N/A
XC3S400A /AN X0Y1 X1Y1 N/A N/A X1Y0 X0YO0 N/A N/A
XC3S700A /AN X1Y3 X2Y3 X3Y1 X3Y2 X2Y0 X1Y0 X0Y2 X0Y1
XC3S1400A /AN X1Y3 X2Y3 X3Y1 X3Y2 X2Y0 X1Y0 X0Y2 X0Y1

Spartan-3E FPGAs

XC3S100E N/A X0Y1 N/A N/A X0YO N/A N/A N/A

XC35250E X0Y1 X1Y1 N/A N/A X1Y0 X0YO0 N/A N/A

XC3S500E X0Y1 X1Y1 N/A N/A X1Y0 X0YO0 N/A N/A

XC3S1200E X1Y3 X2Y3 X3Y1 X3Y2 X2Y0 X1Y0 X0Y2 X0Y1

XC3S1600E X1Y3 X2Y3 X3Y1 X3Y2 X2Y0 X1Y0 X0Y2 X0Y1
Clock Inputs

Clock pins accept external clock signals and connect directly to DCMs and BUFGMUX
elements. Clock pins can also be used as general-purpose 1/Os. Each Spartan-3E and
Extended Spartan-3A family FPGA has:

¢ 16 Global Clock inputs (GCLKO through GCLK15) located along the top and bottom
edges of the FPGA

e 8 Right-Half Clock inputs (RHCLKO through RHCLK?) located along the right edge
e 8 Left-Half Clock inputs (LHCLKO through LHCLK?) located along the left edge

Clock input pins are used automatically when external signals drive clock buffers. The
user can specify a particular pin using a LOC constraint in order to force a clock onto the
left or right regional clocks, or to force a clock into a particular clock buffer and then into a
desired clock routing resource. Table 2-2, page 49 through Table 2-4, page 51 show the
clock inputs for each package with the Extended Spartan-3A family, Spartan-3E, and
Spartan-3 families, respectively.

Extended Spartan-3A Family Clock Inputs

The Extended Spartan-3A family clock inputs are all on bidirectional I/O pins, and none
are shared with configuration functions. The VQ100 package offers only 23 global clock
inputs. The XC3S50A /AN in the TQQ144 package has only six global clock inputs on the
bottom edge, with GCLK12 and GCLK13 not available in the package.
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Table 2-2: Global Clock Input Pads for Extended Spartan-3A Family FPGAs
Pad Bank | VQ100 | TQl44 FT256 FG320 FG400 | CS484 FG484 FG676

GCLKO 2 P43 P57 N9 U10 Y11 U12 AA12 Y14
GCLK1 2 P44 P59 P9 T10 Vi1 V12 AB12 AAl4
GCLK2 2 N/A P58 R9 Vi1 U1l AB13 Vi2 AF14
GCLK3 2 N/A P60 T9 U1l V12 AA14 U12 AE14
GCLK4 0 P83 P124 C10 B10 D11 E12 Ci12 K14
GCLK5 0 P84 P126 D9 C9 E11 F11 E12 J14
GCLK6 0 P85 P125 C9 A10 A10 A9 Al12 B14
GCLK7 0 P86 P127 A9 B9 C10 B9 All Al4
GCLKS 0 P88 P129 C8 A8 D10 F10 B11 F13
GCLK9 0 P89 P131 D8 B7 E10 El1l Cc11 G13
GCLK10 0 N/A P130 A8 B8 A9 A8 D11 B13
GCLK11 0 P90 P132 B8 C8 A8 B8 E11 C13
GCLK12 2 N/A N/A R7(D) U8 W9 Y11 Ul1 AA13
GCLK13 2 N/A N/A 7 V8 Y9 Y10 Vi1 Y13
GCLK14 2 P40 P54 P8 U9 V10 AA12 W12 AF13
GCLK15 2 P41 P55 T8 V9 W10 AB12 Y12 AE13
LHCLKO 3 P9 P12 G2 H3 J1 L6 L5 N6
LHCLK1 3 P10 P13 H1 J3 K2 M5 L3 N7
LHCLK2 3 P12 P15 H3 ]2 K3 K1 K1 P1
LHCLK3 3 P13 P16 13 J1 L3 L1 L1 P2
LHCLK4 3 N/A P18 J2 J4 K4 L3 M1 P4
LHCLK5 3 N/A P20 J1 K5 L5 M2 M2 P3
LHCLK®6 3 P15 P19 K3 K2 L1 M6 M3 N9
LHCLK?7 3 P16 P21 K1 K3 M1 N7 M4 P10
RHCLKO 1 P59 P83 K15 L18 M19 N18 M22 P21
RHCLK1 1 P60 P85 K14 K17 M20 M17 L22 P20
RHCLK2 1 P61 P87 K16 K18 L19 N21 L21 P26
RHCLK3 1 P62 P88 J16 J17 L18 M20 L20 P25
RHCLK4 1 N/A P90 J14 J16 K18 L21 M18 P23
RHCLKS5 1 N/A P92 H14 K15 L17 L.20 M20 N24
RHCLK6 1 P64 P91 H15 H18 K20 M18 K20 P18
RHCLK? 1 P65 P93 H16 H17 J20 L17 K19 N19

Notes:

1. N/A in XC3S50A.
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Spartan-3E FPGA Clock Inputs

In the Spartan-3E family, avoid using global clock input GCLK1 as it is always shared with
the M2 mode select pin. Global clock inputs GCLKO0, GCLK2, GCLK3, GCLK12, GCLK13,
GCLK14, and GCLK15 have shared functionality in some configuration modes, and all the
RHCLK inputs share functionality with address lines for BPI mode. Make sure there is no
conflict between the pin’s use during and after configuration.

Also in the Spartan-3E family, some clock pad pins are input-only pins as indicated in the
“Pinout Descriptions” section of the data sheet. These might be more useful as clock inputs
because using them does not take away the use of an I/O pin.

Table 2-3: Global Clock Input Pads for Spartan-3E FPGAs

Pad Bank VQ100 CP132 TQ144 PQ208 FT256 FG320 FG400 FG484
GCLKO 2 P38 Mé6 P56 P80 T9 U10 P11 R12
GCLK1 2 P39 N6 P57 P81 R9 T10 P12 P12
GCLK2 2 P40 P6 P58 P82 P9 R10 V10 Y12
GCLK3 2 P41 pP7 P59 P83 N9 P10 Vil W12
GCLK4 0 P83 A10 P122 P177 E9 D10 F11 F12
GCLK5 0 P84 9 P123 P178 F9 E10 Gl1 E12
GCLK6 0 P85 B9 P125 P180 A10 B10 El1 B12
GCLK?7 0 P86 A9 P126 P181 A9 A10 E10 C12
GCLKS8 0 P88 B8 P128 P183 A8 B8 H10 H12
GCLK9 0 P89 C8 P129 P184 B8 B9 G10 H11
GCLK10 0 P90 A7 P130 P185 C8 C9 A10 C11
GCLK11 0 P91 B7 P131 P186 D8 D9 A9 B11
GCLK12 2 P32 M4 P50 P74 M8 N9 W9 Vil
GCLK13 2 P33 N4 P51 P75 L8 M9 W10 U1l
GCLK14 2 P35 M5 P53 P77 N8 U9 R10 R11
GCLK15 2 P36 N5 P54 P78 P8 V9 P10 T11
LHCLKO 3 P9 F3 P14 P22 H5 J5 K3 M5
LHCLK1 3 P10 F2 P15 P23 Hé6 J4 K2 L5
LHCLK2 3 P11 F1 P16 P24 H3 J1 K7 L8
LHCLK3 3 P12 Gl P17 P25 H4 ]2 L7 M8
LHCLK4 3 P15 G3 P20 P28 ]2 K3 M1 M1
LHCLKS5 3 P16 H1 P21 P29 J3 K4 L1 N1
LHCLK6 3 P17 H2 P22 P30 J5 K6 M31 M3
LHCLK7?7 3 P18 H3 P23 P31 J4 K5 L3 M4
RHCLKO 1 P60 K14 P85 P126 K16 K13 Mié6 N22
RHCLK1 1 P61 J12 P86 P127 J16 K12 L16 M22
RHCLK2 1 P62 J13 P87 P128 J14 K15 L15 M15
RHCLK3 1 P63 J14 P88 P129 J13 K14 L14 M16
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Table 2-3: Global Clock Input Pads for Spartan-3E FPGAs (Cont’d)

Pad Bank VQ100 CP132 TQ144 PQ208 FT256 FG320 FG400 FG484
RHCLK4 1 P65 H13 Po1 P132 H15 J17 K13 L20
RHCLK5 1 P66 H12 P92 P133 H14 J16 K14 L21
RHCLK®6 1 P67 G14 P93 P134 H12 J15 K20 L18
RHCLK? 1 P68 G13 P94 P135 H11 J14 J20 L19

Spartan-3 FPGA Clock Inputs

Spartan-3 devices have eight Global Clock input pads called GCLKO through GCLK?.
GCLKO through GCLKS3 are placed at the center of the die’s bottom edge. GCLK4 through
GCLKY are placed at the center of the die’s top edge. Any of the eight Global Clock inputs
can connect to any resource on the die. There are no restrictions by quadrant, and no
differentiation of primary and secondary clocks, simplifying I/O and logic placement. In
the Spartan-3 family, none of the clock inputs share functionality with configuration pins,
and all are on I/0O pins.

The pin locations for the global clock input pads are shown in Table 2-4.

Table 2-4: Global Clock Input Pads for Spartan-3 FPGAs

Pad Bank | VQ100 |CP132(M)| TQ144 | PQ208 | FT256 | FG320 | FG456 | FG676 | FG900 |FG1156(2)
GCLKO 4 P38 M7 P55 P79 T9 P10 AB12 AF14 | AKle6 AP18
GCLK1 4 P39 P8 P56 P80 R9 N10 AAl12 | AEl4 AJ16 AN18
GCLK2 5 P36 P6 P52 P76 N8 P9 Y11 AD13 | AHI15 AM17
GCLK3 5 P37 pP7 P53 P77 P8 N9 AA1l AE13 AJ15 AN17
GCLK4 1 P87 A9 P124 P180 D9 F10 C12 Cl14 C16 C18
GCLK5 1 P88 A8 P125 P181 9 E10 B12 B14 B16 B18
GCLK6 0 P89 C8 P128 P183 A8 F9 All Al3 Al5 Al17
GCLK7 0 P90 A7 P127 P184 B8 E9 B11 B13 B15 B17

Notes:

1. The CP(G)132 package is being discontinued and is not recommended for new designs. See

http://www.xilinx.com/support/documentation /customer_notices/xcn08011.pdf for details.

2. The FG(G)1156 package is being discontinued and is not recommended for new designs. See

http://www.xilinx.com/support/documentation/customer_notices/xcn07022.pdf for details.

Clock Inputs and DCMs

Clock inputs optionally connect directly to DCMs using dedicated connections. For more
information on the clock inputs that best feed a specific DCM within a given device in each
family, see Chapter 3, “Using Digital Clock Managers (DCMs).”

Differential Clocks Using Two Inputs

A differential clock input requires two global clock inputs. The P and N inputs follow the
same configuration as for standard inputs on those pins. The clock inputs that get paired
together are consecutive pins in clock number, an even clock number and the next higher
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odd value. For example, GCLKO and GCLK1 are a differential pair as are LHCLK6 and
LHCLK?.

In the Spartan-3E and Extended Spartan-3A families, two clock inputs are available for
each clock buffer, allowing up to twelve differential global clock inputs. In the Spartan-3
family, only four differential clock inputs are allowed.

Using Dedicated Clock Inputs in a Design

All clock input pins, including the LHCLK and RHCLK pins, are represented in a design
by the IBUFG component. In general, an IBUFG is inferred by the synthesis tool on any
top-level clock port. If it is desired to have more control over this process, an IBUFG can be
instantiated. The I port should be connected directly to the top-level port and the O port
should be connected to a DCM, BUFG, or general logic. Most synthesis tools can infer the
BUFG automatically when connecting an IBUFG to the clock resources of the FPGA.

IBUFG

IBUFG (see Figure 2-3) represents the dedicated input buffers for driving the BUFGMUX
or its alternatives, or the DCM.

IBUFG

I O]

UG331_c4_03_080906

Figure 2-3: IBUFG Component

IBUFGDS

IBUFGDS (see Figure 2-4) is a dedicated differential signaling input buffer for connection
to the clock buffer (BUFG) or DCM. In IBUFGDS, a design level interface signal is
represented as two distinct ports (I and IB), one called the master and the other called the
slave. The master and the slave are opposite phases of the same logical signal (for example,
MYNET and MYNETB).
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IB °
UG331_c4_04_080906
Inputs Outputs
| 1B 0]
0 0 -
0 1 0
1 0 1
1 1 -

Notes:
1. The dash (-) means no change.

Figure 2-4: IBUFGDS Component and Truth Table

The default IBUFGDS I/0 standard is LVDS_25.

Clock Buffers/Multiplexers

Clock buffers/multiplexers either drive clock input signals directly onto a clock line
(BUFG) or optionally provide a multiplexer to switch between two unrelated, possibly

asynchronous clock signals (BUFGMUX).

Each BUFGMUX element, shown in Figure 2-5, is a 2-to-1 multiplexer. The select line, S,
chooses which of the two inputs, 10 or I1, drives the BUFGMUX output signal, O, as

described in Table 2-5. As specified in each data sheet’s “DC and Switching
Characteristics” section, the S input has a setup time requirement. It also has

programmable polarity.

BUFGMUX

10 —

11—

S

UG331_c4_05_080906

Figure 2-5: BUFGMUX Clock Multiplexer

Table 2-5: BUFGMUX Select Mechanism

S Input O Output
0 I0 Input
1 I1 Input
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BUFGMUX Multiplexing Details

The BUFGMUX not only multiplexes two clock signals but does it in a way that eliminates
any timing hazards. This allows switching from one clock source to a completely
asynchronous clock source without glitches. The element guarantees that when the select
line S is toggled to choose the other clock source, the output remains in the inactive state
until the next active clock edge on either input. The output can be either High or Low when
disabled (when toggling between clock inputs). The default is Low. A cross-coupled
register pair ensures the BUFGMUX output does not inadvertently generate a clock edge.

When the S input changes, the BUFGMUX does not drive the new input to the output until
the previous clock input is Low and the new clock input has a High-to-Low transition. By
not toggling on the first Low-to-High transition of the input, the output clock pulse is
never shorter than the shortest input clock pulse.

Table 2-6: BUFGMUX Functionality

Inputs Outputs
10 11 S O
10 X 0 10
X 11 1 11
X X T 0
X X 2 0

The S input selects clock input 10 when Low and I1 when High, but also has built-in
programmable polarity, equivalent to swapping I0 and I1. Programmable polarity on the
clock signal is available at each flip-flop, which can be rising-edge or falling-edge
triggered, avoiding having to generate and propagate two separate clock signals.

If only one clock input is needed the second clock input and select lines do not need to be
used.

The BUFGMUX is initialized with 10 selected at power-up and after the assertion of the
Global Set/Reset (GSR). Simulation should also start with S = 0 at time 0. If S = 1 at time O,
the output is unknown until the next falling edge of I1.

The select line can change at almost any time, independent of the clock states or transitions.
The only exception is a short setup time prior to a Low-to-High transition on the selected
clock input, which can result in an undefined runt pulse output.

Figure 2-6 shows a switchover from CLKO to CLK1.

Wait for Low

UG331_c2_02_111909

Figure 2-6: BUFGMUX Waveform Diagram
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¢ The current clock is CLKO.
e Sisactivated High.
¢ If CLKO is currently High, the multiplexer waits for CLKO to go Low.

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

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

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

Using Clock Buffers/Multiplexers in a Design

Most synthesis tools infer clock buffers on the highest fanout clock nets, especially if they
have inputs in the top-level design. If there are more clocks than buffers, the most-utilized
clocks get priority for the buffers. The library components are used to specify the buffers
explicitly or to use the multiplexer functionality.

BUFGMUX and BUFGMUX_1

BUFGMUX and BUFGMUX_1 are distinguished by which state the output assumes when
it switches between clocks in response to a change in its select input. BUFGMUX assumes
output state 0 and BUFGMUX_1 assumes output state 1.

BUFG

The BUFGMUX is the physical clock buffer in the device, but it can be used as a simple
single-input clock buffer. The BUFG clock buffer primitive (see Figure 2-7) drives a single
clock signal onto the clock network and is essentially the same element as a BUFGMUX,
just without the clock select mechanism. BUFG is the generic primitive for clock buffers
across multiple architectures.

BUFG
I 0]

UG331_c4_06_080906

Figure 2-7: BUFG Component
The BUFG is built from the BUFGMUX as shown in Figure 2-8.

10

11

"= UG331_c4_07_011008

Figure 2-8: BUFG Built from BUFGMUX

The dedicated zero on the select line is actually implemented with a dedicated VCC source
and using the programmable polarity on the S input.
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BUFGCE and BUFGCE_1

The BUFGCE primitive creates an enabled clock buffer using the BUFGMUX select
mechanism. BUFGCE is a global clock buffer with a single gated input. Its O output is "0"
when clock enable (CE) is Low (inactive). When clock enable (CE) is High, the I input is
transferred to the O output.

BUFGCE
CE
I 0]
UG331_c4_08_080906
Inputs Outputs
| CE O
X 0 0
I 1 I

Figure 2-9: BUFGCE Component and Truth Table

The BUFGCE is built from the BUFGMUX by multiplexing a fixed value for one input. The
default value is Low when disabled. The BUFGCE_1 primitive is similar with VCC
connected to I1, making the output High when disabled. It also uses the BUFGMUX_1
primitive to guarantee there are no glitches during the transition between inputs.

Figure 2-10 shows the equivalent functionality, although the library component truly is a
primitive. The CE inversion is built into the BUFGMUX functionality. The "0" source can be
fed from any convenient unused LUT.

BUFGMUX
. 10
@) (@) .
XGND 11
. DO CE_IN S
INV
GND — UG331_c4_09_080906

Figure 2-10: Equivalent Functionality of BUFGCE

XST Synthesis of Clock Buffers

XST automatically infers clock buffers on the highest fanout clock nets up to the device or
user limits, but synthesis constraints can be used to control the usage of clock buffers.

BUFFER_TYPE selects the type of buffer to be inserted on the input port. The default is
BUFGP, which is equivalent to a BUFG.

NET “signal _nane” buffer_type={bufgdll|ibufg|bufgp|ibuf|bufr|none};

The BUFFER_TYPE parameter can be used on a generic input to make sure that the global
clock buffer is used (= BUFGP). It can also be set to NONE to prevent the automatic usage
of a global clock buffer. This replaces the older constraint CLOCK_BUFFER, which should
not be used in new designs.
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BUFGMUX Connection Details

If a common clock enable is used for all loads on a clock net, the BUFGCE = YES constraint
can be used to move the high-fanout clock enable to a single line on a BUFGCE:

NET “primary_cl ock_signal” bufgce={yes|no|true|false};

CLOCK_SIGNAL is a synthesis constraint. In the case where a clock signal goes through
combinatorial logic before being connected to the clock input of a flip-flop, XST cannot
identify what input pin is the real clock pin. This constraint can be used to define the clock

pin:
NET “primary_cl ock_signal” cl ock_signal ={yes|no|true|fal se};

BUFGMUX Connection Details

BUFGMUX Inputs

The 10 and I1 inputs to a BUFGMUX element originate from clock input pins, DCMs, or
Double-Line interconnect, as shown in Figure 2-11. As shown in Figure 2-2, page 47, there
are 24 BUFGMUX elements distributed around the four edges of the device. Clock signals
from the four BUFGMUX elements at the top edge and the four at the bottom edge are
truly global and connect to all clocking quadrants. The eight left-edge BUFGMUX
elements only connect to the two clock quadrants in the left half of the device. Similarly, the
eight right-edge BUFGMUX elements only connect to the right half of the device.

Left-/Right-Half BUFGMUX Top/Bottom (Global) BUFGMUX
CLK Switch CLK Switch
Matrix Matrix BUFGMUX

BUFGMUX

LHCLK or
RHCLK input

Double Line

DCM output*

1st GCLK pin
1st DCM output
Double Line
2nd DCM output
2nd GCLK pin

*(Only devices with
left/right DCMs) UG331_c4_10_080906

Figure 2-11: Spartan-3E and Extended Spartan-3A Family Clock Switch Matrix for
BUFGMUX Pair Connectivity

BUFGMUX elements are organized in pairs and share 10 and I1 connections with adjacent
BUFGMUX elements from a common clock switch matrix as shown in Figure 2-11. For
example, the input on 10 of one BUFGMUX is also a shared input to I1 of the adjacent
BUFGMUX.

The clock switch matrix for the left- and right-edge BUFGMUX elements receive signals
from any of the three following sources: an LHCLK or RHCLK pin as appropriate, a
Double-Line interconnect, or a DCM in the larger devices. These devices include the
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XC351200E and XC3S1600E devices in the Spartan-3E family, and the XC35700A /AN,
XC351400A /AN, XC3SD1800A, and XC3SD3400A devices in the Extended Spartan-3A

family.

By contrast, the clock switch matrixes on the top and bottom edges receive signals from
any of the five following sources: two GCLK pins, two DCM outputs, or one Double-Line

interconnect.

Table 2-7 indicates permissible connections between clock inputs and BUFGMUX

elements. The I0 input provides the best input path to a clock buffer. The I1 input provides
the secondary input for the clock multiplexer function.

Table 2-7: Spartan-3E and Extended Spartan-3A Family Connections from Clock Inputs to BUFGMUX
Elements and Associated Quadrant Clock

Quadrant Left-Half BUFGMUX Top or Bottom BUFGMUX Right-Half BUFGMUX
Clock
Line® |Location®| 10 Input | I1 Input |Location® 10 Input I1 Input Location®| 10 Input | I1 Input
Extended Extended
Spartan-3A FPGAs: Spartan-3A FPGAs:
X0Y9 | LHCLK? | LHCLK6 | X1Y10 | GCLK6or GCLK10 | GCLK? or GCLK11 X3Y9 | RHCLK3 | RHCLK2
Spartan-3E FPGAs: Spartan-3E FPGAs:
GCLK7? or GCLK11 GCLK6 or GCLK10
Extended Extended
Spartan-3A FPGAs: Spartan-3A FPGAs:
X0Y8 LHCLK6 | LHCLK?7 | X1Y11 GCLK? or GCLK11 GCLK6 or GCLK10 X3Y8 RHCLK?2 | RHCLK3
Spartan-3E FPGAs: Spartan-3E FPGAs:
GCLK6 or GCLK10 GCLK7 or GCLK11
Extended Extended
Spartan-3A FPGAs: Spartan-3A FPGAs:
X0Y7 LHCLKS5 | LHCLK4 X2Y10 GCLK4 or GCLK8 GCLKS5 or GCLK9 X3Y7 RHCLK1 | RHCLKO
Spartan-3E FPGAs: Spartan-3E FPGAs:
GCLKS5 or GCLK9 GCLK4 or GCLK8
Extended Extended
Spartan-3A FPGAs: Spartan-3A FPGAs:
E X0Y6 LHCLK4 | LHCLK5 X2Y11 GCLKS5 or GCLK9 GCLK4 or GCLKS8 X3Y6 RHCLKO | RHCLK1
Spartan-3E FPGAs: Spartan-3E FPGAs:
GCLK4 or GCLKS8 GCLKS5 or GCLK9
D X0Y5 LHCLK3 | LHCLK2 X1Y0 GCLK3 or GCLK15 GCLK2 or GCLK14 X3Y5 RHCLK? | RHCLK6
C X0Y4 LHCLK2 | LHCLK3 X1Y1 GCLK2 or GCLK14 GCLK3 or GCLK15 X3Y4 RHCLK6 | RHCLK?7
B X0Y3 LHCLK1 | LHCLKO X2Y0 GCLK1 or GCLK13 GCLKO or GCLK12 X3Y3 RHCLK5 | RHCLK4
A X0Y2 LHCLKO | LHCLK1 X2Y1 GCLKO or GCLK12 GCLK1 or GCLK13 X3Y2 RHCLK4 | RHCLK5

1. See “Quadrant Clock Routing,” page 59 for connectivity details for the eight quadrant clocks.

2. See Figure 2-2 for specific BUFGMUX locations, and Figure 2-13 for information on how BUFGMUX elements drive onto a specific clock line

within a quadrant.
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Quadrant Clock Routing

The four BUFGMUX elements on the top edge are paired together and share inputs from
the eight global clock inputs along the top edge. Each BUFGMUX pair connects to four of
the eight global clock inputs, as shown in Figure 2-2, page 47. This optionally allows
differential inputs to the global clock inputs without wasting a BUFGMUX element.

The connections for the bottom-edge BUFGMUX elements are similar to the top-edge
connections (see Figure 2-11). On the left and right edges, only two clock inputs feed each
pair of BUFGMUX elements.

BUFGMUX Outputs

The BUFGMUX drives the global clock routing, which in turn connects to clock inputs on
device resources. The BUFGMUX can also connect to a DCM, typically used for internal
feedback to the DCM CLKEFB input, as shown in Figure 2-12.

Global i Global
Buffer Input Dl,aléﬂacg:ffk Clock Buffer
IBUFG BUFG

[ 0 I 0] Low-Skew
GCLK CLKIN Output — Global Clock
Network
DCM
|/ CLKFB

Figure 2-12: Using a DCM to Eliminate Clock Skew

UG331_c4_11_080906

For more details on using the DCMs, see Chapter 3, “Using Digital Clock Managers
(DCMs).”

Spartan-3 Global Clock Buffers

The Spartan-3 family has only eight global clock buffers. Four BUFGMUX elements are
placed at the center of the die’s bottom edge, just above the GCLKO - GCLK3 inputs. The
remaining four BUFGMUX elements are placed at the center of the die’s top edge, just
below the GCLK4 - GCLKY inputs. Each pair of BUFGMUX elements shares two sources;
each source feeds the I0 input of one BUFGMUX and the I1 input of the adjacent
BUFGMUX. Thus two completely independent pairs of clock inputs to be multiplexed
could be on the same side of the die but not on the adjacent BUFGMUX elements. For more
details, see the Spartan-3 FPGA data sheet.

Quadrant Clock Routing

The clock routing within the Spartan-3E and Extended Spartan-3A family is quadrant-
based, as shown in Figure 2-2, page 47. Each clock quadrant supports eight total clock
signals, labeled A through H in Table 2-7 and Figure 2-13. The clock source for an
individual clock line originates either from a global BUFGMUX element along the top and
bottom edges or from a BUFGMUX element along the associated left/right edge, as shown
in Figure 2-13. The clock lines feed the synchronous resource elements (CLBs, IOBs, block
RAM, multipliers, and DCMs) within the quadrant. Those resources have programmable
polarity on the clock input.
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BUFGMUX Output

X1Y10 (Global)
X0Y9 (Left Half)

X1Y11 (Global)
X0Y8 (Left Half)

X2Y10 (Global)
X0Y7 (Left Half)

X2Y11 (Global)
X0Y6 (Left Half)

X1YO (Global)
X0Y5 (Left Half)

X1Y1 (Global)
X0Y4 (Left Half)

X2YO (Global)
X0Y3 (Left Half)

X2Y1 (Global)
X0Y2 (Left Half)

a. Left (TL and BL Quadrants) Half of Die

Clock Line

BUFGMUX Output

X1Y10 (Global)
X3Y9 (Right Half)

X1Y11 (Global)
X3Y8 (Right Half)

X2Y10 (Global)
X3Y7 (Right Half)

X2Y11 (Global)
X3Y6 (Right Half)

X1YO (Global)
X3Y5 (Right Half)

X1Y1 (Global)
X3Y4 (Right Half)

X2YO (Global)
X3Y3 (Right Half)

X2Y1 (Global)
X3Y2 (Right Half)

b. Right (TR and BR Quadrants) Half of Die

Figure 2-13: Spartan-3E and Extended Spartan-3A Family Clock Sources for the Eight Clock Lines within
a Clock Quadrant

The four quadrants of the device are:
e Top Right (TR)

* Bottom Right (BR)
¢ Bottom Left (BL)

e Top Left (TL)

The quadrant clock notation (TR, BR, BL, TL) is separate from that used for similar IOB
placement constraints.

The outputs of the top or bottom BUFGMUX elements connect to two vertical spines, each
comprising four vertical clock lines as shown in Figure 2-2, page 47. At the center of the
die, these clock signals connect to the eight-line horizontal clock spine. By bringing the
clock to the center of the device and then radiating outward, the skew is minimized across
the device.

Outputs of the left and right BUFGMUX elements are routed onto the left or right

horizontal spines, each comprising eight horizontal clock lines.

Each of the eight clock signals in a clock quadrant derives either from a global clock signal
or a half clock signal. In other words, there are up to 24 total potential clock inputs to the
FPGA, eight of which can connect to clocked elements in a single clock quadrant.

Figure 2-13 shows how the clock lines in each quadrant are selected from associated
BUFGMUX sources. For example, if quadrant clock A in the bottom left (BL) quadrant
originates from BUFGMUX_X2Y1, then the clock signal from BUFGMUX_X0Y2 is
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Other Information

unavailable in the bottom left quadrant. However, the top left (TL) quadrant clock A can
still solely use the output from either BUFGMUX_X2Y1 or BUFGMUX_X0Y?2 as the source.

To estimate the quadrant location for a particular I/O, see the footprint diagrams in the
device data sheets. For