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About this Guide

Guide Contents

The Spartan-3E™ Libraries Guide for Schematic Designs is part of the ISE documentation
collection. A separate version of this guide is also available for users who prefer to
work in a hardware description language (HDL) in their circuit design activities. (See
Spartan-3E™ Libraries Guide for HDL Designs.)

This guide contains the following:

Information about additional resources and conventions used in this guide.
A general introduction to the Spartan-3E primitives and macros.

A listing of the Functional Categories into which Spartan-3E design elements are
organized.

Individual sections for each of the applicable design elements.

Referrals to additional sources of information.

Additional Resources

For additional information, go to http://www.xilinx.com/support. The following
table lists some of the resources you can access from this website. You can also directly
access these resources using the provided URLs.

Resource Description/URL

Tutorials Tutorials covering Xilinx design flows, from design entry to verification
and debugging

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

Answer Browser | Database of Xilinx solution records
http://www.xilinx.com/xInx/xil_ans_browser.jsp

Application Descriptions of device-specific design techniques and approaches
Notes http://www.xilinx.com/apps/appsweb.htm

Problem Solvers | Interactive tools that allow you to troubleshoot your design issues
http://www.xilinx.com/support/troubleshoot/psolvers.htm

Tech Tips Latest news, design tips, and patch information for the Xilinx design
environment
http://www.xilinx.com/xInx/xil_tt_home.jsp
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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

Courier font

Messages, prompts, and program
files that the system displays

speed grade: 100

Courier bold

Literal commands that you enter i
a syntactical statement

n |ngdbui | d design_name

Helvetica bold

Commands that you select froma |File - Open
menu
Keyboard shortcuts Ctrl+C

Italic font

which you must supply values

Variables in a syntax statement for

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 [ opti on_nane]
desi gn_nane

Braces {} A list of items from which you | owpwr ={on| of f}
must choose one or more
Vertical bar | Separates items in a list of choices |l owpwr ={on]| of f }
Vertical ellipsis Repetitive material that hasbeen || OB #1: Name = QOUT
omitted | OB #2: Nane = CLKIN

Horizontal ellipsis . ..

Repetitive material that has been
omitted

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

Online Document

The following conventions are used in this document:

Convention

Meaning or Use

Example

Blue text

Cross-reference link to a location
in the current document

See the section “Additional
Resources” for details.

Red text

Cross-reference link to a location
in another document

See Figure 2-5 in the Virtex-II
Handbook.

Blue, underlined text

Hyperlink to a website (URL)

Go to http://www.xilinx.com
for the latest speed files.
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Introduction

Xilinx maintains software libraries containing hundreds of functional design elements
(primitives and macros) for different device architectures. New functional elements
are assembled with each release of development system software. The catalog of
design elements is known as the Xilinx Unified Libraries. Elements in these libraries
are common to multiple Xilinx device architectures. This “unified” approach means
that you can use your circuit design created with “unified” library elements across
many current Xilinx device architectures that recognize the element you are using.

Elements that exist in multiple architectures look and function the same, but their
implementations might differ to make them more efficient for a particular
architecture. A separate library still exists for each architecture and several hundred
design elements (primitives and macros) are available across multiple device
architectures, providing a common base for programmable logic designs.

If you have active designs that were created with former Xilinx library primitives or
macros, you may need to change references to the design elements that you were
using to reflect the Unified Libraries elements.

During 2004, libraries guides began to be published only for the latest available
architectures (e.g., Virtex-4, Spartan-3E, etc.). This architecture-specific approach is
also published in a two-volume set: one for designers who prefer to use hardware
description language (HDL), and one for those who prefer to use schematics.

A compendium of the same kind of information for all the most recent architectures
continues to be provided as part of the Integrated Software Environment (ISE)
program.

The Spartan-3E Libraries Guide describes the primitive and macro logic elements
supported under the Spartan-3E architecture. Common logic functions can be
implemented with these elements and more complex functions can be built by
combining macros and primitives.

Functional Categories

The functional categories list the available design elements in each category along
with a brief description of each element that is supported under each Xilinx
architecture.

Schematic Symbols

Schematic symbols are included for each device library, and these schematics are
illustrated on the first page of the written description of each element in this guide.

Design elements with bussed or multiple 170 pins (2-, 4-, 8-, 16-bit versions) typically
include just one schematic -- generally the 8-bit version. When only one schematic is
included, implementation of the smaller and larger elements differs only in the
number of sections. In cases where an 8-bit version is very large, an appropriate
smaller element serves as the schematic example.

Naming Conventions

Examples of the general naming conventions for the unified library elements are
shown in the following figures.
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Example 1

FUNCTION SIZE CONTROL PINS
Counter, Binary 4-Bit

Clear (Asynchronous)
Load
Clock Enable
Bi-Directional

A

CB4CLED
—_—
Precedence of Control Pins

Example 2
FUNCTION SIZE CONTROL PINS
Flip-Flop, D-type 16-Bit Reset (Synchronous)
Clock Enable
/—/R
FD16RE
—
X7764 Precedence of Control Pins
Naming Conventions
AND3B?2

Logic Function ——I_

Number of Inputs
Inverting (Bubble) Inputs
Number of Inverting Inputs

X4316

Combinatorial Naming Conventions

Attributes and Constraints

Attributes are characteristics that help define the functionality of primitive elements.
Where appropriate, an "Available Attributes" table is included in the individual
descriptions of design elements. Constraints are instructions placed on components,
or nets, to indicate their placement, implementation, optimization, and so forth. The
Constraints Guide provides additional information about constraints and certain
attributes.
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BUFGMUX L .t 53
CAPTURE_SPARTANS ..t 55
CB2CE, CBACE, CBSCE, CBLBCE . ...\ .\ttt 57
CB2RE, CBARE, CB8RE, CBIORE . ...\ ...ttt 59
CB2RLE,CB4RLE, CBSRLE, CBI6RLE . ... .@\voeeeeee e 61
CCBCE, CCLBCE ...t e 63
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CDACE .. 71
CDACLE ... 75
CDARE et 77
CDARLE ... 79
CIACE, CISCE, CIBCE ...ttt 81
CIARE, CISRE, CIBRE ...\ttt 83
COMP2, 4, 8,16 oot et 85
COMPMZ, 4,8, 16 ... oot 87
COMPMCS, 16 ...t 01
CRBCE, CRIBCE ...\ttt e 03
D2 A 95
D3 BE . 97
DA LB .\ttt 99
DM e 101
DEC_CCA, 8,16 ..\t 105
DECODEZ, 8,16 . ...ttt e 107
DECODES2, B4 ...\ttt 109
D 11
FD L o 113
FDACE, FDBCE, FDLI6CE ... .. .\ttt 115
FDARE, FD8RE, FDI6RE ... ...\ttt e 119
FDC 121
= 5 o3 123
FDCE o 125
FDCE_ L oottt e e 127
FDCP . 129
FDCP L oottt e 131
FDCPE ..t 133
FDCPE_ L .ot 135
FDE .o 137
= 5] = 139
FD P 141
= 5] 3 143
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FPE ..o 145
FDPE L. 147
F R 149
FDR L et 151
FRE .. o 153
FDRE_ L ottt 155
FO RS . 157
FDRS L ot 159
FORSE . 161
FDRSE L o\ttt 163
FD S o 165
FDS L oot 167
FOSE 169
FDSE L .ot 171
FIKC 173
FIKCE o 175
FIK P 177
FIKPE o 179
FIKRSE . 181
FIKSRE . .o 183
FT 185
FTCE 187
FTCLE oo 189
FTCLEX 191
TP 193
FTPE 195
FTPLE 197
FTRSE . o 199
FTRSLE 201
FTSRE . o 203
FTSRLE 205
N D L 207
IBUR 4, 8, 16 . ... 209
IBURDS .. 211
IBURG ..o 213
IBURG DS . 215
LD D R . 217
IED, 4, 8, 10 . oo 219
1= o X 223
LR Dl 225
TED L e 227
1= 5) G 229
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IFDX, 4,8, 16 . . oot e 231
IEDXE L oo 235
=55 237
ILD L ot e 239
ILD, 4,8, 16 oot e e 241
10 o) IR 245
0 o) I 247
ILDX L oo 249
ILDX, 4, 8,16 .\ v e e e 251
ILDXI e 255
ILDXI L oo 257
INV, 4,8, 16 . oo e e 259
LOBUF . .ot 261
TOBUFDS ..ottt 263
KEEPER ... oottt e e e 265
LD o 267
LD L ot 269
L4, 8, 16 ettt e 271
LDACE, LDBCE, LDI6CE . ... '\ttt e 273
LD . 275
LDC L e e 277
LDCE ottt 279
LDCE_ L oottt 281
LD CP ottt 283
LDCP L e 285
LDCPE .ttt 287
LDCPE_L .ottt e e 289
LD e 201
LDE L ottt e 293
LD e 295
LD L ot 297
LDPE .\t 299
LDPE L.ttt 301
LUTL, 2,3, 4 oot e 303
LUTL D, LUT2 D, LUT3 D, LUTA D .ot 305
LUTL L, LUT2 L, LUT3 L, LUTA L oo 307
VI2 L e 309
M2 1B . oot 311
Y = 313
V12 L e 315
VA L e 317
VI8 L ot 319
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IMILE LE . . e e 321
MULT _AND . 323
MULTIL8X18SIO .. o 325
MU X CY 327
MUXCY D oo e 329
MUXCY L oo e 331
MUKXES 333
MUXFS D oo e e e 335
MIUXFS L e e e 337
MUXFG . 339
MUXFB D ..o e 341
MIUXFB L e e 343
MU XF T 345
MUXFT D oo e 347
MUXFT L e 349
MUXF . 351
MUXFS D ..ot e e 353
MIUXFS L ettt e e e 355
NAND - 357
NANDILZ, 16 ... o 359
NOR - 361
NORILZ, 16 . o 363
OBUFR, 4,8, 10 ... 365
OBUFRDS .. 367
OBUFRT, 4,8, 16 . ..t 369
OBUFRT DS .. 371
O D D R L 373
OFD L. 375
OFD, 4, 8, 16 .. 377
OFDE_ L .ot 379
OFDE, 4, 8, 16 . ... 381
O D . 383
OFD L o 385
OFDT L e 387
OFDT, 4,8, 16 ... 389
OFDX L ot 391
OFDX, 4, 8, 16 . .. 393
O F DX L 395
OFDXE L o 397
O R -0 399
ORI, 16 .. 401
PULLDOWN 403
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PULLUP e e 405
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RAMB2XLS ..ottt 419
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SRLIG © .ttt 457
SRLIE. L ottt e e 459
SRLIBE ...ttt 461
SRLIBE L.\ vttt e 463
SRLCIG . .ot 465
SRLCIE. L vt 467
SRLCIBE ..ottt 469
SRLCIBE. L ..ot 471
STARTUP_SPARTANSE ...\ttt 473
VCC o 475
XNOR2-9 e 477
XOR2-G . .ot 479
XORCY e 481
XORCY D ..ot 483
XORCY L et e 485
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Functional Categories

This section categorizes, by function, the design elements that are described in detail
later in this guide. The elements (primitive and macro implementations) are listed in
alphanumeric order under each functional category.

Arithmetic Functions Decoders MUXes

Clock Components General RAM/ROM
Comparators I/0 Components Registers & Latches
Config/BSCAN Internal Buffers Shift Registers
Counters Logic Gates Slice/CLB Primitives

Arithmetic Functions

Design Element Description
ACC4 Macro : 4-Bit Loadable Cascadable Accumulator with Carry-In, Carry-Out, and Synchronous Reset
ACC8 Macro : 8-Bit Loadable Cascadable Accumulator with Carry-In, Carry-Out, and Synchronous Reset
ACC16 Macro : 16-Bit Loadable Cascadable Accumulator with Carry-In, Carry-Out, and Synchronous Reset
ADD4 Macro : 4-Bit Cascadable Full Adder with Carry-In, Carry-Out, and Overflow
ADDS8 Macro : 8-Bit Cascadable Full Adder with Carry-In, Carry-Out, and Overflow
ADDI16 Macro : 16-Bit Cascadable Full Adder with Carry-In, Carry-Out, and Overflow
ADSU4 Macro : 4-Bit Cascadable Adder/Subtracter with Carry-In, Carry-Out, and Overflow
ADSU8 Macro : 8-Bit Cascadable Adder/Subtracter with Carry-In, Carry-Out, and Overflow
ADSU16 Macro : 16-Bit Cascadable Adder/Subtracter with Carry-In, Carry-Out, and Overflow
MULT18X18S10 Primitive: 18x18 Cascadable Signed Multiplier with Optional Input and Output registers, Clock Enable, and Synchronous Reset

Clock Components

Design Element Description
BUFG Primitive : Global Clock Buffer
BUFGCE Primitive : Global Clock MUX with Clock Enable and Output State 0
BUFGCE_1 Primitive : Global Clock MUX Buffer with Clock Enable and Output State 1
BUFGMUX Primitive : Global Clock MUX Buffer with Output State 0
BUFGMUX_1 Primitive : Global Clock MUX with Output State 1
DCM Primitive: Digital Clock Manager
Comparators
Design Element Description
COMP2 Macro : 2-Bit Identity Comparator
COMP4 Macro : 4-Bit Identity Comparator
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Config/BSCAN

Design Element Description
COMP8 Macro : 8-Bit Identity Comparator
COMP16 Macro : 16-Bit Identity Comparator
COMPM2 Macro : 2-Bit Magnitude Comparator
COMPM4 Macro : 4-Bit Magnitude Comparator
COMPM8 Macro : 8-Bit Magnitude Comparator
COMPM16 Macro : 16-Bit Magnitude Comparator
COMPMC8 Macro : 8-Bit Magnitude Comparator
COMPMC16 Macro : 16-Bit Magnitude Comparator
Config/BSCAN
Design Element Description

BSCAN_SPARTAN3

Primitive : Spartan-3 Boundary Scan Logic Control Circuit

CAPTURE_SPARTAN3

Primitive: Spartan-3 Register State Capture for Bitstream Readback

STARTUP_SPARTANSE

Primitive: Spartan-3E User Interface to the GSR, GTS, Configuration Startup Sequence and Multi-Boot Trigger Circuitry

Counters

Design Element Description
CB2CE Macro : 2-Bit Cascadable Binary Counter with Clock Enable and Asynchronous Clear
CB4CE Macro : 4-Bit Cascadable Binary Counter with Clock Enable and Asynchronous Clear
CB8CE Macro : 8-Bit Cascadable Binary Counter with Clock Enable and Asynchronous Clear
CB16CE Macro : 16-Bit Cascadable Binary Counter with Clock Enable and Asynchronous Clear
CB2RE Macro : 2-Bit Cascadable Binary Counter with Clock Enable and Synchronous Reset
CB4RE Macro : 4-Bit Cascadable Binary Counter with Clock Enable and Synchronous Reset
CB8RE Macro : 8-Bit Cascadable Binary Counter with Clock Enable and Synchronous Reset
CB16RE Macro : 16-Bit Cascadable Binary Counter with Clock Enable and Synchronous Reset
CB2RLE Macro : 2-Bit Loadable Cascadable Binary Counter with Clock Enable and Synchronous Reset
CB4RLE Macro : 4-Bit Loadable Cascadable Binary Counter with Clock Enable and Synchronous Reset
CB8RLE Macro : 8-Bit Loadable Cascadable Binary Counter with Clock Enable and Synchronous Reset
CB16RLE Macro : 16-Bit Loadable Cascadable Binary Counter with Clock Enable and Synchronous Reset
CC8CE Macro : 8-Bit Cascadable Binary Counter with Clock Enable and Asynchronous Clear
CC16CE Macro : 16-Bit Cascadable Binary Counter with Clock Enable and Asynchronous Clear
CC8CLE Macro : 8-Bit Loadable Cascadable Binary Counter with Clock Enable and Asynchronous Clear
CC16CLE Macro : 16-Bit Loadable Cascadable Binary Counter with Clock Enable and Asynchronous Clear
CC8CLED Macro : 8-Bit Loadable Cascadable Bidirectional Binary Counter with Clock Enable and Asynchronous Clear
CC16CLED Macro : 16-Bit Loadable Cascadable Bidirectional Binary Counter with Clock Enable and Asynchronous Clear
CC8RE Macro : 8-Bit Cascadable Binary Counter with Clock Enable and Synchronous Reset
CC16RE Macro : 16-Bit Cascadable Binary Counter with Clock Enable and Synchronous Reset
CD4CE Macro : 4-Bit Cascadable BCD Counter with Clock Enable and Asynchronous Clear
CDACLE Macro : 4-Bit Loadable Cascadable BCD Counter with Clock Enable and Asynchronous Clear
CD4RE Macro : 4-Bit Cascadable BCD Counter with Clock Enable and Synchronous Reset
CD4RLE Macro : 4-Bit Loadable Cascadable BCD Counter with Clock Enable and Synchronous Reset
CJ4CE Macro : 4-Bit Johnson Counter with Clock Enable and Asynchronous Clear
CJ5CE Macro : 5-Bit Johnson Counter with Clock Enable and Asynchronous Clear
CJ8CE Macro : 8-Bit Johnson Counter with Clock Enable and Asynchronous Clear
CJ4RE Macro : 4-Bit Johnson Counter with Clock Enable and Synchronous Reset
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Design Element Description
CJ5RE Macro : 5-Bit Johnson Counter with Clock Enable and Synchronous Reset
CJBRE Macro : 8-Bit Johnson Counter with Clock Enable and Synchronous Reset
CR8CE Macro : 8-Bit Negative-Edge Binary Ripple Counter with Clock Enable and Asynchronous Clear
CR16CE Macro : 16-Bit Negative-Edge Binary Ripple Counter with Clock Enable and Asynchronous Clear
Decoders
Design Element Description
D2_4E Macro : 2- to 4-Line Decoder/Demultiplexer with Enable
D3 _8E Macro : 3- to 8-Line Decoder/Demultiplexer with Enable
D4_16E Macro : 4- to 16-Line Decoder/Demultiplexer with Enable
DEC_CC4 Macro : 4-Bit Active Low Decoder
DEC_CC8 Macro : 8-Bit Active Low Decoder
DEC_CC16 Macro : 16-Bit Active Low Decoder
DECODE4 Macro : 4-Bit Active-Low Decoder
DECODE8 Macro : 8-Bit Active-Low Decoder
DECODE16 Macro : 16-Bit Active-Low Decoder
DECODE32 Macro : 32-Bit Active-Low Decoder
DECODE64 Macro : 64-Bit Active-Low Decoder
General
Design Element Description
GND Primitive : Ground-Connection Signal Tag
VCC Primitive: Vcc-Connection Signal Tag
I/O Components
Design Element Description
IBUF Primitive: Single-Ended Input Buffer
IBUF4 Macro: Multiple-Input Buffer
11BUF8 Macro: Multiple-Input Buffer
IBUF16 Macro: Multiple-Input Buffer
IBUFDS Primitive : Differential Signaling Input Buffer with Selectable 170 Interface
IBUFG Primitive : Dedicated Input Buffer with Selectable 1/0 Interface
IBUFGDS Primitive : Dedicated Differential Signaling Input Buffer with Selectable 1/0 Interface
IDDR2 Primitive: Double Data Rate Input D Flip-Flop with Optional Data Alignment, Clock Enable and Programmable Synchronous or
Asynchronous Set/Reset
IOBUF Primitive : Bi-Directional Buffer with Selectable 1/0 Interface (multiple primitives)
IOBUFDS Primitive : 3-State Differential Signaling 1/0 Buffer with Active Low Output Enable
KEEPER Primitive : KEEPER Symbol
OBUF Primitive : Single- and Multiple-Output Buffer
OBUF4 Macro : Multiple-Output Buffer
OBUF8 Macro : Multiple-Output Buffer
OBUF16 Macro : Multiple-Output Buffer
OBUFDS Primitive : Differential Signaling Output Buffer with Selectable 1/0 Interface
OBUFT Primitive : Single and Multiple 3-State Output Buffer with Active Low Output Enable
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Internal Buffers

Design Element

Description

OBUFT4 Macro : Single and Multiple 3-State Output Buffer with Active Low Output Enable

OBUFT8 Macro : Single and Multiple 3-State Output Buffer with Active Low Output Enable

OBUFT16 Macro : Single and Multiple 3-State Output Buffer with Active Low Output Enable

OBUFTDS Primitive : 3-State Output Buffer with Differential Signaling, Active-Low Output Enable, and Selectable 1/0 Interface

ODDR?2 Primitive: Dual Data Rate Output D Flip-Flop with Optional Data Alignment, Clock Enable and Programmable Synchronous or
Asynchronous Set/Reset

PULLDOWN Primitive : Resistor to GND for Input Pads

PULLUP Primitive : Resistor to VCC for Input PADs, Open-Drain, and 3-State Outputs

Internal Buffers

Design Element Description
BUF Primitive : General Purpose Buffer
Logic Gates
Design Element Description

AND2 Primitive : 2-Input AND Gate with Inverted and Non-Inverted Inputs
AND3 Primitive : 3-Input AND Gate with Inverted and Non-Inverted Inputs
AND4 Primitive : 4-Input AND Gate with Inverted and Non-Inverted Inputs
AND5 Primitive: 5-Input AND Gate with Inverted and Non-Inverted Inputs
AND6 Macro : 6-Input AND Gate with Inverted and Non-Inverted Inputs
AND7 Macro : 7-Input AND Gate with Inverted and Non-Inverted Inputs
AND8 Macro : 8-Input AND Gate with Inverted and Non-Inverted Inputs
AND9 Macro : 9-Input AND Gate with Inverted and Non-Inverted Inputs
AND12 Macro : 12- Input AND Gate with Non-Inverted Inputs

AND16 Macro : 16- Input AND Gate with Non-Inverted Inputs

INV Primitive : Single and Multiple Inverters

INV4 Macro : Single and Multiple Inverters

INV8 Macro : Single and Multiple Inverters

INV16 Macro : Single and Multiple Inverters

NAND2 Primitive :2-Input NAND Gate with Inverted and Non-Inverted Inputs
NAND3 Primitive : 3-Input NAND Gate with Inverted and Non-Inverted Inputs
NAND3B1 Primitive :3-Input NAND Gate with Inverted and Non-Inverted Inputs
NAND3B2 Primitive : 3-Input NAND Gate with Inverted and Non-Inverted Inputs
NAND3B3 Primitive : 3-Input NAND Gate with Inverted and Non-Inverted Inputs
NAND4 Primitive : 4-Input NAND Gate with Inverted and Non-Inverted Inputs
NAND5 Macro: 5-Input NAND Gate with Inverted and Non-Inverted Inputs
NANDG6 Macro : 6-Input NAND Gate with Inverted and Non-Inverted Inputs.
NAND7 Macro : 7-Input NAND Gate with Inverted and Non-Inverted Inputs.
NANDS8 Macro : 8-Input NAND Gate with Inverted and Non-Inverted Inputs.
NAND?9 Macro : 9-Input NAND Gate with Inverted and Non-Inverted Inputs.
NAND12 Macro : 12- Input NAND Gate with Non-Inverted Inputs.

NAND16 Macro : 16- Input NAND Gate with Non-Inverted Inputs.

NOR2 Primitive : 2- Input NOR Gate with Inverted and Non-Inverted Inputs.
NOR3 Primitive : 3- Input NOR Gate with Inverted and Non-Inverted Inputs
NOR4 Primitive : 4- Input NOR Gate with Inverted and Non-Inverted Inputs
NOR6 Macro : 6- Input NOR Gate with Inverted and Non-Inverted Inputs
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Design Element Description
NOR?7 Macro : 7- Input NOR Gate with Inverted and Non-Inverted Inputs
NORS8 Macro : 8- Input NOR Gate with Inverted and Non-Inverted Inputs
NOR9 Macro : 9- Input NOR Gate with Inverted and Non-Inverted Inputs
NOR12 Macro : 12-Input NOR Gate with Non-Inverted Inputs
NOR16 Macro : 16-Input NOR Gate with Non-Inverted Inputs
OR2 Primitive : 2-Input OR Gate with Inverted and Non-Inverted Inputs
OR3 Primitive : 3-Input OR Gate with Inverted and Non-Inverted Inputs
OR4 Primitive : 4-Input OR Gate with Inverted and Non-Inverted Inputs
OR6 Macro : 6-Input OR Gate with Inverted and Non-Inverted Inputs
OR7 Macro : 6-Input OR Gate with Inverted and Non-Inverted Inputs
OR8 Macro : 8-Input OR Gate with Inverted and Non-Inverted Inputs
OR9 Macro : 9-Input OR Gate with Inverted and Non-Inverted Inputs
OR12 Macro : 12-Input OR Gate with Inverted and Non-Inverted Inputs
OR16 Macro : 16-Input OR Gate with Inverted and Non-Inverted Inputs
SOP3 Macro : Sum of Products
SOP3B1A Macro : Sum of Products
SOP3B1B Macro : Sum of Products
SOP3B2A Macro : Sum of Products
SOP3B2B Macro : Sum of Products
SOP3B3 Macro : Sum of Products
SOP4 Macro : Sum of Products
SOP4B1 Macro : Sum of Products
SOP4B2A Macro : Sum of Products
SOP4B2B Macro : Sum of Products
SOP4B3 Macro : Sum of Products
SOP4B4 Macro : Sum of Products
XNOR2 Primitive : 2-Input XNOR Gate with Non-Inverted Inputs
XNOR3 Primitive : 3-Input XNOR Gate with Non-Inverted Inputs
XNOR4 Primitive : 4-Input XNOR Gate with Non-Inverted Inputs
XNOR9 Macro : 9-Input XNOR Gate with Non-Inverted Inputs
XOR2 Macro : 2-Input XOR Gate with Non-Inverted Inputs
XOR3 Macro : 3-Input XOR Gate with Non-Inverted Inputs
XOR4 Primitive : 4-Input XOR Gate with Non-Inverted Inputs
XOR6 Macro : 6-Input XOR Gate with Non-Inverted Inputs
XOR7 Macro : 7-Input XOR Gate with Non-Inverted Inputs
XOR9 Macro : 9-Input XOR Gate with Non-Inverted Inputs

MUXes

Design Element Description
M2_1 Macro : 2-to-1 Multiplexer
M2_1B1 Macro : 2-to-1 Multiplexer with DO Inverted
M2_1B2 Macro : 2-to-1 Multiplexer with D0 and D1 Inverted
M2_1E Macro : 2-to-1 Multiplexer with Enable
M4_1E Macro : 4-to-1 Multiplexer with Enable
M8_1E Macro : 8-to-1 Multiplexer with Enable
M16_1E Macro : 16-to-1 Multiplexer with Enable
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RAM/ROM

RAM/ROM

Design Element Description
RAM16X1D Primitive : 16-Deep by 1-Wide Static Dual Port Synchronous RAM
RAM16X1D_1 Primitive : 16-Deep by 1-Wide Static Dual Port Synchronous RAM with Negative-Edge Clock
RAM16X1S Primitive : 16-Deep by 1-Wide Static Synchronous RAM
RAM16X1S_1 Primitive : 16-Deep by 1-Wide Static Synchronous RAM with Negative-Edge Clock
RAM16X2S Macro : 16-Deep by 2-Wide Static Synchronous RAM
RAM16X4S Macro : 16-Deep by 4-Wide Static Synchronous RAM
RAM32X1S Primitive: 32-Deep by 1-Wide Static Synchronous RAM
RAM32X1S_1 Primitive: 32-Deep by 1-Wide Static Synchronous RAM with Negative-Edge Clock
RAM32X2S Primitive: 32-Deep by 2-Wide Static Synchronous RAM
RAM64X1S Primitive: 64-Deep by 1-Wide Static Synchronous RAM
RAM64X1S_1 Primitive: 64-Deep by 1-Wide Static Synchronous RAM with Negative-Edge Clock
ROM16X1 Primitive: 16-Deep by 1-Wide ROM
ROM32X1 Primitive: 32-Deep by 1-Wide ROM
ROM64X1 Primitive: 64-Deep by 1-Wide ROM
ROM128X1 Primitive: 128-Deep by 1-Wide ROM
ROM256X1 Primitive: 256-Deep by 1-Wide ROM

Registers & Latches

Design Element Description
FD Primitive: D Flip-Flop
FD_1 Primitive: D Flip-Flop with Negative-Edge Clock
FD4CE Macro: 4-Bit Data Register with Clock Enable and Asynchronous Clear
FD8CE Macro: 8-Bit Data Register with Clock Enable and Asynchronous Clear
FD16CE Macro: 16-Bit Data Register with Clock Enable and Asynchronous Clear
FD4RE Macro: 4-Bit Data Register with Clock Enable and Synchronous Reset
FD8RE Macro: 8-Bit Data Register with Clock Enable and Synchronous Reset
FD16RE Macro: 16-Bit Data Register with Clock Enable and Synchronous Reset
FDC Primitive : D Flip-Flop with Asynchronous Clear
FDC_1 Primitive : D Flip-Flop with Negative-Edge Clock and Asynchronous Clear
FDCE Primitive : D Flip-Flop with Clock Enable and Asynchronous Clear
FDCE_1 Primitive : D Flip-Flop with Negative-Edge Clock, Clock Enable, and Asynchronous Clear
FDCP Primitive : D Flip-Flop with Asynchronous Preset and Clear
FDCP_1 Primitive : D Flip-Flop with Negative-Edge Clock and Asynchronous Preset and Clear
FDCPE Primitive : D Flip-Flop with Clock Enable and Asynchronous Preset and Clear
FDCPE_1 Primitive : D Flip-Flop with Negative-Edge Clock, Clock Enable, and Asynchronous Preset and Clear
FDE Primitive : D Flip-Flop with Clock Enable
FDE_1 Primitive : D Flip-Flop with Negative-Edge Clock and Clock Enable
FDP Primitive : D Flip-Flop with Asynchronous Preset
FDP_1 Primitive : D Flip-Flop with Negative-Edge Clock and Asynchronous Preset
FDPE Primitive : D Flip-Flop with Clock Enable and Asynchronous Preset
FDPE_1 Primitive : D Flip-Flop with Negative-Edge Clock, Clock Enable, and Asynchronous Preset
FDR Primitive : D Flip-Flop with Synchronous Reset
FDR_1 Primitive : D Flip-Flop with Negative-Edge Clock and Synchronous Reset
FDRE Primitive : D Flip-Flop with Clock Enable and Synchronous Reset
FDRE_1 Primitive : D Flip-Flop with Negative-Clock Edge, Clock Enable, and Synchronous Reset
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Design Element

Description

FDRS Primitive : D Flip-Flop with Synchronous Reset and Set

FDRS_1 Primitive : D Flip-Flop with Negative-Clock Edge and Synchronous Reset and Set

FDRSE Primitive : D Flip-Flop with Synchronous Reset and Set and Clock Enable

FDRSE_1 Primitive : D Flip-Flop with Negative-Clock Edge, Synchronous Reset and Set, and Clock Enable
FDS Primitive : D Flip-Flop with Synchronous Set

FDS_1 Primitive : D Flip-Flop with Negative-Edge Clock and Synchronous Set

FDSE Primitive : D Flip-Flop with Clock Enable and Synchronous Set

FDSE_1 Primitive : D Flip-Flop with Negative-Edge Clock, Clock Enable, and Synchronous Set
FIKC Macro : J-K Flip-Flop with Asynchronous Clear

FIKCE Macro : J-K Flip-Flop with Clock Enable and Asynchronous Clear

FIKP Macro : J-K Flip-Flop with Asynchronous Preset

FIKPE Macro : J-K Flip-Flop with Clock Enable and Asynchronous Preset

FIKRSE Macro : J-K Flip-Flop with Clock Enable and Synchronous Reset and Set

FIKSRE Macro : J-K Flip-Flop with Clock Enable and Synchronous Set and Reset

FTC Macro : Toggle Flip-Flop with Toggle Enable and Asynchronous Clear

FTCE Macro : Toggle Flip-Flop with Toggle and Clock Enable and Asynchronous Clear

FTCLE Macro : Toggle/Loadable Flip-Flop with Toggle and Clock Enable and Asynchronous Clear
FTCLEX Macro : Toggle/Loadable Flip-Flop with Toggle and Clock Enable and Asynchronous Clear
FTP Macro : Toggle Flip-Flop with Toggle Enable and Asynchronous Preset

FTPE Macro : Toggle Flip-Flop with Toggle and Clock Enable and Asynchronous Preset

FTPLE Macro : Toggle/Loadable Flip-Flop with Toggle and Clock Enable and Asynchronous Preset
FTRSE Macro : Toggle Flip-Flop with Toggle and Clock Enable and Synchronous Reset and Set
FTRSLE Macro : Toggle/Loadable Flip-Flop with Toggle and Clock Enable and Synchronous Reset and Set
FTSRE Macro : Toggle Flip-Flop with Toggle and Clock Enable and Synchronous Set and Reset
FTSRLE Macro : Toggle/Loadable Flip-Flop with Toggle and Clock Enable and Synchronous Set and Reset
IFD Macro : Single- and Multiple-Input D Flip-Flop

IFD_1 Macro : Input D Flip-Flop with Inverted Clock

IFD4 Macro : Single- and Multiple-Input D Flip-Flop

IFD8 Macro : Single- and Multiple-Input D Flip-Flop

IFD16 Macro : Single- and Multiple-Input D Flip-Flop

IFDI Macro : Input D Flip-Flop (Asynchronous Preset)

IFDI_1 Macro : Input D Flip-Flop with Inverted Clock (Asynchronous Preset)

IFDX Macro : Single- and Multiple-Input D Flip-Flop with Clock Enable

IFDX_1 Macro : Input D Flip-Flop with Inverted Clock and Clock Enable

IFDX4 Macro : Single- and Multiple-Input D Flip-Flop with Clock Enable

IFDX8 Macro : Single- and Multiple-Input D Flip-Flop with Clock Enable

IFDX16 Macro : Single- and Multiple-Input D Flip-Flops with Clock Enable

IFDXI Macro : Input D Flip-Flop with Clock Enable (Asynchronous Preset)

ILDXI_1 Macro : Input D Flip-Flop with Inverted Clock and Clock Enable (Asynchronous Preset)
ILD Macro : Transparent Input Data Latch

ILD_1 Macro : Transparent Input Data Latch with Inverted Gate

ILD4 Macro : Transparent Input Data Latch

ILD8 Macro : Transparent Input Data Latch

ILD16 Macro : Transparent Input Data Latch

ILDI Macro : Transparent Input Data Latch (Asynchronous Preset)

ILDI_1 Macro : Transparent Input Data Latch with Inverted Gate (Asynchronous Preset)

ILDX Macro : Transparent Input Data Latch
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Design Element

Description

ILDX_1 Macro : Transparent Input Data Latch with Inverted Gate

ILDX4 Macro : Transparent Input Data Latch

ILDX8 Macro : Transparent Input Data Latch

ILDX16 Macro : Transparent Input Data Latch

ILDXI Macro : Transparent Input Data Latch (Asynchronous Preset)

ILDXI_1 Macro : Transparent Input Data Latch with Inverted Gate (Asynchronous Preset)

LD Primitive : Transparent Data Latch

LD_1 Primitive : Transparent Data Latch with Inverted Gate

LD4 Macro : Multiple Transparent Data Latch

LD8 Macro : Multiple Transparent Data Latch

LD16 Macro : Multiple Transparent Data Latch

LD4CE Macro : Transparent Data Latch with Asynchronous Clear and Gate Enable

LD8CE Macro : Transparent Data Latch with Asynchronous Clear and Gate Enable

LD16CE Macro : Transparent Data Latch with Asynchronous Clear and Gate Enable

LDC Primitive : Transparent Data Latch with Asynchronous Clear

LDC_1 Primitive : Transparent Data Latch with Asynchronous Clear and Inverted Gate

LDCE Primitive : Transparent Data Latch with Asynchronous Clear and Gate Enable

LDCE_1 Primitive : Transparent Data Latch with Asynchronous Clear, Gate Enable, and Inverted Gate
LDCP Primitive : Transparent Data Latch with Asynchronous Clear and Preset

LDCP_1 Primitive : Transparent Data Latch with Asynchronous Clear and Preset and Inverted Gate
LDCPE Primitive : Transparent Data Latch with Asynchronous Clear and Preset and Gate Enable
LDCPE_1 Primitive : Transparent Data Latch with Asynchronous Clear and Preset, Gate Enable, and Inverted Gate
LDE Primitive : Transparent Data Latch with Gate Enable

LDE_1 Primitive : Transparent Data Latch with Gate Enable and Inverted Gate

LDP Primitive : Transparent Data Latch with Asynchronous Preset

LDP_1 Primitive : Transparent Data Latch with Asynchronous Preset and Inverted Gate

LDPE Primitive : Transparent Data Latch with Asynchronous Preset and Gate Enable

LDPE_1 Primitive : Transparent Data Latch with Asynchronous Preset, Gate Enable, and Inverted Gate
OFD Macro : Single- and Multiple-Output D Flip-Flops

OFD_1 Macro : Output D Flip-Flop with Inverted Clock

OFD4 Macro : Single- and Multiple-Output D Flip-Flops

OFD8 Macro : Single- and Multiple-Output D Flip-Flops

OFD16 Macro : Single- and Multiple-Output D Flip-Flops

OFDE Macro : D Flip-Flop with Active-High Enable Output Buffers

OFDE_1 Macro : D Flip-Flop with Active-High Enable Output Buffer and Inverted Clock

OFDE4 Macro : D Flip-Flop with Active-High Enable Output Buffers

OFDE8 Macro : D Flip-Flop with Active-High Enable Output Buffers

OFDE16 Macro : D Flip-Flop with Active-High Enable Output Buffers

OFDI Macro : Output D Flip-Flop (Asynchronous Preset)

OFDI_1 Macro : Output D Flip-Flop with Inverted Clock (Asynchronous Preset)

OFDT Macro : Single and Multiple D Flip-Flop with Active-Low 3-State Output Buffers
OFDT_1 Macro : D Flip-Flop with Active-Low 3-State Output Buffer and Inverted Clock

OFDT4 Macro : Single and Multiple D Flip-Flop with Active-Low 3-State Output Buffers

OFDT8 Macro : Single and Multiple D Flip-Flop with Active-Low 3-State Output Buffers
OFDT16 Macro : Single and Multiple D Flip-Flop with Active-Low 3-State Output Buffers

OFDX Macro : Single- and Multiple-Output D Flip-Flop with Clock Enable

OFDX_1 Macro : Output D Flip-Flop with Inverted Clock and Clock Enable
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Design Element Description
OFDX4 Macro : Single- and Multiple-Output D Flip-Flop with Clock Enable
OFDX8 Macro : Single- and Multiple-Output D Flip-Flop with Clock Enable
OFDX16 Macro : Single- and Multiple-Output D Flip-Flop with Clock Enable
OFDXI Macro : Output D Flip-Flop with Clock Enable (Asynchronous Preset)
OFDXI_1 Macro : Output D Flip-Flop with Inverted Clock and Clock Enable (Asynchronous Preset)

Shift Registers

Design Element Description
BRLSHFT4 Macro : 4-Bit Barrel Shifter
BRLSHFT8 Macro : 8-Bit Barrel Shifter
SR4CE Macro : 4-Bit Serial-In Parallel-Out Shift Register with Clock Enable and Asynchronous Clear
SR8CE Macro : 8-Bit Serial-In Parallel-Out Shift Register with Clock Enable and Asynchronous Clear
SR16CE Macro : 16-Bit Serial-In Parallel-Out Shift Register with Clock Enable and Asynchronous Clear
SRACLE Macro : 4-Bit Loadable Serial/Parallel-In Parallel-Out Shift Register with Clock Enable and Asynchronous Clear
SR8CLE Macro : 8-Bit Loadable Serial/Parallel-In Parallel-Out Shift Register with Clock Enable and Asynchronous Clear
SR16CLE Macro : 16-Bit Loadable Serial/Parallel-In Parallel-Out Shift Register with Clock Enable and Asynchronous Clear
SR4CLED Macro : 4-Bit Shift Register with Clock Enable and Asynchronous Clear
SR8CLED Macro : 8-Bit Shift Register with Clock Enable and Asynchronous Clear
SR16CLED Macro : 16-Bit Shift Register with Clock Enable and Asynchronous Clear
SR4RE Macro : 4-Bit Serial-In Parallel-Out Shift Register with Clock Enable and Synchronous Reset
SR8RE Macro : 8-Bit Serial-In Parallel-Out Shift Register with Clock Enable and Synchronous Reset
SR16RE Macro : 16-Bit Serial-In Parallel-Out Shift Register with Clock Enable and Synchronous Reset
SR4RLE Macro : 4-Bit Loadable Serial/Parallel-In Parallel-Out Shift Register with Clock Enable and Synchronous Reset
SR8RLE Macro : 8-Bit Loadable Serial/Parallel-In Parallel-Out Shift Register with Clock Enable and Synchronous Reset
SR16RLE Macro : 16-Bit Loadable Serial/Parallel-In Parallel-Out Shift Register with Clock Enable and Synchronous Reset
SR4RLED Macro : 4-Bit Shift Register with Clock Enable and Synchronous Reset
SR8RLED Macro : 8-Bit Shift Register with Clock Enable and Synchronous Reset
SR16RLED Macro : 16-Bit Shift Register with Clock Enable and Synchronous Reset
SRL16 Primitive : 16-Bit Shift Register Look-Up-Table (LUT)
SRL16_1 Primitive : 16-Bit Shift Register Look-Up-Table (LUT) with Negative-Edge Clock
SRL16E Primitive : 16-Bit Shift Register Look-Up-Table (LUT) with Clock Enable
SRL16E_1 Primitive : 16-Bit Shift Register Look-Up-Table (LUT) with Negative-Edge Clock and Clock Enable
SRLC16 Primitive : 16-Bit Shift Register Look-Up-Table (LUT) with Carry
SRLC16_1 Primitive : 16-Bit Shift Register Look-Up-Table (LUT) with Carry and Negative-Edge Clock
SRLC16E Primitive : 16-Bit Shift Register Look-Up-Table (LUT) with Carry and Clock Enable
SRLCI16E_1 Primitive : 16-Bit Shift Register Look-Up-Table (LUT) with Carry, Negative-Edge Clock, and Clock Enable

Slice/CLB Primitives

Design Element Description

LUT1 Primitive : 1-Bit Look-Up-Table with General Output
LUT2 Primitive : 2-Bit Look-Up-Table with General Output
LUT3 Primitive : 3-Bit Look-Up-Table with General Output
LUT4 Primitive : 4-Bit Look-Up-Table with General Output
LUT1_D Primitive : 1-Bit Look-Up-Table with Dual Output

LUT2_D Primitive : 2-Bit Look-Up-Table with Dual Output
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Slice/CLB Primitives

Design Element

Description

LUT3_D Primitive : 3-Bit Look-Up-Table with Dual Output

LUT4_D Primitive : 4-Bit Look-Up-Table with Dual Output

LUTL L Primitive : 1-Bit Look-Up-Table with Local Output

LUT2_L Primitive : 2-Bit Look-Up-Table with Local Output

LUT3_L Primitive : 3-Bit Look-Up-Table with Local Output

LUT4_L Primitive : 4-Bit Look-Up-Table with Local Output

MULT_AND Primitive : Fast Multiplier AND

MUXCY Primitive : 2-to-1 Multiplexer for Carry Logic with General Output
MUXCY_D Primitive : 2-to-1 Multiplexer for Carry Logic with Dual Output
MUXCY_L Primitive : 2-to-1 Multiplexer for Carry Logic with Local Output
MUXF5 Primitive : 2-to-1 Lookup Table Multiplexer with General Output
MUXF5_D Primitive : 2-to-1 Lookup Table Multiplexer with Dual Output
MUXF5_L Primitive : 2-to-1 Lookup Table Multiplexer with Local Output
MUXF6 Primitive : 2-to-1 Lookup Table Multiplexer with General Output
MUXF6_D Primitive : 2-to-1 Lookup Table Multiplexer with Dual Output
MUXF6_L Primitive : 2-to-1 Lookup Table Multiplexer with Local Output
MUXF7 Primitive : 2-to-1 Lookup Table Multiplexer with General Output
MUXF7_D Primitive : 2-to-1 Lookup Table Multiplexer with Dual Output
MUXF7_L Primitive : 2-to-1 Lookup Table Multiplexer with Local Output
MUXF8 Primitive : 2-to-1 Lookup Table Multiplexer with General Output
MUXF8_D Primitive : 2-to-1 Lookup Table Multiplexer with Dual Output
MUXF8_L Primitive : 2-to-1 Lookup Table Multiplexer with Local Output
XORCY Primitive : XOR for Carry Logic with General Output

XORCY_D Primitive : XOR for Carry Logic with Dual Output

XORCY_L Primitive : XOR for Carry Logic with Local Output
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About the Spartan-3E Design Elements

The remaining sections in this book describe each primitive design element that can
be used under the Spartan-3E architecture.

The design elements are organized in alphanumeric order, with all numeric suffixes in
ascending order. For example, FDCPE precedes FDRSE, and IBUF precedes IBUFDS.

The following information is provided for each library element, where applicable
* Name of each element
» Description of each element, including truth tables, where applicable

» A description of the attributes associated with each design element, where
appropriate.

» Referrals to additional sources of information.

Designers who prefer to work with hardware description language (HDL) are
encouraged to consult the Spartan-3E Libraries Guide for HDL Designs.
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ACC4, 8, 16

Macro: 4-, 8-, 16-Bit Loadable Cascadable Accumulators with Carry-In,
Carry-Out, and Synchronous Reset

ACC4, ACC8, ACC16 can add or subtract a 4-, 8-, 16-bit unsigned-binary, respectively
or twos-complement word to or from the contents of a 4-, 8-, 16-bit data register and
store the results in the register. The register can be loaded with the 4-, 8-, 16-bit word.

ACC4
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The synchronous reset (R) has priority over all other inputs, and when High, causes
all outputs to go to logic level zero during the Low-to-High clock (C) transition. Clock
(C) transitions are ignored when clock enable (CE) is Low.
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The accumulator is asynchronously cleared, outputs Low, when power is applied.
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Spartan-3E simulates power-on when global set/reset (GSR) is active.
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X3863

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

o | Accs ki) Load

— = When the load input (L) is High, CE is ignored and the data on the D inputs is loaded
— into the register during the Low-to-High clock (C) transition. ACC4 loads the data on
inputs D3 — DO into the 4-bit register. ACC8 loads the data on D7 — DO into the 8-bit
register. ACC16 loads the data on inputs D15 — DO into the 16-bit register.

S ) Unsigned Binary Versus Twos Complement

ACC4, ACC8, ACCL16 can operate, respectively, on either 4-, 8-, 16-bit unsigned binary
numbers or 4-, 8-, 16-bit twos-complement numbers. If the inputs are interpreted as
150) unsigned binary, the result can be interpreted as unsigned binary. If the inputs are
interpreted as twos complement, the output can be interpreted as twos complement.
|orL The only functional difference between an unsigned binary operation and a twos-
L complement operation is how they determine when “overflow” occurs. Unsigned
A00) binary uses CO, while twos complement uses OFL to determine when “overflow”
CE
c

o | accs |a

:
o
2|

EREL E

occurs.

- Unsigned Binary Operation

For unsigned binary operation, ACC4 can represent numbers between 0 and 15,
inclusive; ACC8 between 0 and 255, inclusive; and ACC16 between 0 and 65535,
inclusive. In add mode, CO is active (High) when the sum exceeds the bounds of the
adder/subtracter. In subtract mode, CO is an active-Low borrow-out and goes Low
when the difference exceeds the bounds. The carry-out (CO) is not registered
synchronously with the data outputs. CO always reflects the accumulation of the B
inputs (B3 — BO for ACC4, B7 — B0 for ACCS8, B15 - B0 for ACC16) and the contents of
the register. This allows cascading of ACC4s, ACC8s, or ACC16s by connecting CO of
one stage to ClI of the next stage. An unsigned binary “overflow” that is always active-
High can be generated by gating the ADD signal and CO as follows.

unsi gned overflow = CO XOR ADD
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Ignore OFL in unsigned binary operation.

Twos-Complement Operation

For twos-complement operation, ACC4 can represent numbers between -8 and +7,
inclusive; ACC8 between -128 and +127, inclusive; ACC16 between -32768 and
+32767, inclusive. If an addition or subtraction operation result exceeds this range, the
OFL output goes High. The overflow (OFL) is not registered synchronously with the
data outputs. OFL always reflects the accumulation of the B inputs (B3 — BO for ACC4,
B7 — BO for ACC8, B15 - B0 for ACC16) and the contents of the register, which allows
cascading of ACC4s, ACC8s, or ACC16s by connecting OFL of one stage to CI of the
next stage.

Ignore CO in twos-complement operation.
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ACCS8 Implementation for Spartan-3E
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ACC4, 8, 16

SUXILINX®

Usage

ACC is intended for schematics only.
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ADDA4, 8, 16

SUXILINX®

ADD4, 8, 16

Macro: 4-, 8-, 16-Bit Cascadable Full Adders with Carry-In, Carry-Out,
and Overflow

X4376

X4377

Cl

A[15:0]
S[15:0]
B[15:0]

X4378

ADD4, ADDS8, and ADD16 add two words and a carry-in (Cl), producing a sum
output and carry-out (CO) or overflow (OFL). ADD4 adds A3 - A0, B3 - B0, and ClI
producing the sum output S3 - S0 and CO (or OFL). ADD8 adds A7 - A0, B7 - B0, and
ClI, producing the sum output S7 — SO and CO (or OFL). ADD16 adds A15 - A0, B15 —
B0 and ClI, producing the sum output S15 — S0 and CO (or OFL).

Unsigned Binary Versus Twos Complement

ADD4, ADD8, ADD16 can operate on either 4-, 8-, 16-bit unsigned binary numbers or
4-, 8-, 16-bit twos-complement numbers, respectively. If the inputs are interpreted as
unsigned binary, the result can be interpreted as unsigned binary. If the inputs are
interpreted as twos complement, the output can be interpreted as twos complement.
The only functional difference between an unsigned binary operation and a twos-
complement operation is how they determine when “overflow” occurs. Unsigned
binary uses CO, while twos-complement uses OFL to determine when “overflow”
occurs. To interpret the inputs as unsigned binary, follow the CO output. To interpret
the inputs as twos complement, follow the OFL output.

Unsigned Binary Operation

For unsigned binary operation, ADD4 can represent numbers between 0 and 15,
inclusive; ADDS8 between 0 and 255, inclusive; ADD16 between 0 and 65535,
inclusive. CO is active (High) when the sum exceeds the bounds of the adder.

OFL is ignored in unsigned binary operation.

Twos-Complement Operation

For twos-complement operation, ADD4 can represent numbers between -8 and +7,
inclusive; ADDS8 between -128 and +127, inclusive; ADD16 between -32768 and
+32767, inclusive. OFL is active (High) when the sum exceeds the bounds of the
adder. CO is ignored in twos-complement operation.
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SUXILINX®

ADD4, 8, 16
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ADDS8 Implementation Spartan-3E

Usage

OFL

This design element is a schematic only.

FMAP

RLOC=X0Y3

FMAP

RLOC=X0Y3

FMAP

RLOC=X0Y2

FMAP

RLOC=X0Y1

FMAP

RLOC=X0Y1

FMAP

RLOC=X0Y0

s[7:0

X9302
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ADSU4, 8, 16

SUXILINX®

ADSUA4, 8, 16

Macro: 4-, 8-, 16-Bit Cascadable Adders/Subtracters with Carry-In,
Carry-Out, and Overflow

> |m
O (w
O
O
|
-

X4380

Cl

Al15:0]
S[15:0]
B[15:0]

X4381

When the ADD input is High, ADSU4, ADSU8, and ADSU16 add two words and a
carry-in (Cl), producing a sum output and carry-out (CO) or overflow (OFL). ADSU4
adds two 4-bit words (A3 — A0 and B3 - B0) and a ClI, producing a 4-bit sum output
(S3-S0) and CO or OFL. ADSUS8 adds two 8-bit words (A7 — A0 and B7 - B0) and a ClI
producing, an 8-bit sum output (S7 — S0) and CO or OFL. ADSU16 adds two 16-bit
words (A15- A0 and B15 - B0) and a Cl, producing a 16-bit sum output (S15 - S0) and
CO or OFL.

When the ADD input is Low, ADSU4, ADSU8, and ADSU16 subtract Bz — BO from
Az- A0, producing a difference output and CO or OFL. ADSU4 subtracts B3 — BO from
A3 - A0, producing a 4-bit difference (S3 — S0) and CO or OFL. ADSU8 subtracts B7 —
BO from A7 — AQ, producing an 8-bit difference (S7 — S0) and CO or OFL. ADSU16
subtracts B15 — BO from A15 — AQ, producing a 16-bit difference (S15 — S0) and CO or
OFL.

In add mode, CO and Cl are active-High. In subtract mode, CO and Cl are active-Low.
OFL is active-High in add and subtract modes.

Unsigned Binary Versus Twos Complement

ADSU4, ADSU8, ADSU16 can operate, respectively, on either 4-, 8-, 16-bit unsigned
binary numbers or 4-, 8-, 16-bit twos-complement numbers. If the inputs are
interpreted as unsigned binary, the result can be interpreted as unsigned binary. If the
inputs are interpreted as twos complement, the output can be interpreted as twos
complement. The only functional difference between an unsigned binary operation
and a twos-complement operation is how they determine when “overflow” occurs.
Unsigned binary uses CO, while twos complement uses OFL to determine when
“overflow” occurs.

With adder/subtracters, either unsigned binary or twos-complement operations
cause an overflow. If the result crosses the overflow boundary, an overflow is
generated. Similarly, when the result crosses the carry-out boundary, a carry-out is
generated. The following figure shows the ADSU carry-out and overflow boundaries.
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SUXILINX®

ADSU4, 8, 16

Overflow

-127 g 127

128 127

Carry-Out

X4720

ADSU Carry-Out and Overflow Boundaries

Unsigned Binary Operation

For unsigned binary operation, ADSU4 can represent numbers between 0 and 15,
inclusive; ADSUS8 between 0 and 255, inclusive; ADSU16 between 0 and 65535,
inclusive. In add mode, CO is active (High) when the sum exceeds the bounds of the
adder/subtracter. In subtract mode, CO is an active-Low borrow-out and goes Low
when the difference exceeds the bounds.

An unsigned binary “overflow” that is always active-High can be generated by gating
the ADD signal and CO as follows.

unsi gned overfl ow = CO XOR ADD

OFL is ignored in unsigned binary operation.

Twos-Complement Operation

For twos-complement operation, ADSU4 can represent numbers between -8 and +7,
inclusive; ADSUS8 between -128 and +127, inclusive; ADSU16 between -32768 and
+32767, inclusive. If an addition or subtraction operation result exceeds this range, the
OFL output goes High.

CO is ignored in twos-complement operation.
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ADSU4, 8, 16
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ADSUS8 Implementation Spartan-3E

Usage

s7

s6

s5

s4

s3

s2

s1

S0

oFL

FMAP

RLOC=X1Y3

FMAP

RLOC=X1Y3

FMAP

RLOC=X1Y2

FMAP

RLOC=X1Y2

FMAP

RLOC=X1Y1

FMAP

RLOC=X1Y0

FMAP

s[7:0]

RLOC=X1Y0

These design elements are inferred rather than instantiated.
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2

i

X9303
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AND2-9 SXILINX®

AND2-9

Primitives and Macros: 2- to 9-Input AND Gates with Inverted and Non-
Inverted Inputs

14

14
12 13 13
11 12 13
0 (6] 11 [¢] I 6] 12 o 2 (6]
10 11
10 11
10
10
AND2 AND3 AND4 AND5 AND6

12 13
1L 2
o 1 o o I o
10 10 I
10
10
AND2B1 AND3B1 AND4B1 AND5B1 AND7
14
12 13 13
I 2
o n 0 o 1 o
10 o 1L n
10
0
AND2B2 AND3B2 AND4B2 AND5B2
- 14
12 2 13
i1 o
10 S 11 °
10
10
AND3B3 AND4B3 AND5B3 AND8
- 14
" 13
o 2 o

11

=

AND4B4 AND5B4

13
12
11
0

@]

ANDSBS AND9
X9461
AND Gate Representations

AND functions of up to five inputs are available in any combination of inverting and

non-inverting inputs. AND functions of six to nine inputs are available with only non-
inverting inputs. To make some or all inputs inverting, use external inverters. Because
each input uses a CLB resource in Spartan-3E, replacing functions with unused inputs
with functions having the appropriate number of inputs.

See “AND12, 16” for information on additional AND functions for Spartan-3E.
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SUXILINX®

AND2-9

|
R s1
—
-
14
AND4
] =
AND2
13
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R =)
P
[
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AND4

ANDS8 Implementation Spartan-3E

Usage

FMAP
—a
—is ol_o©
[ u
= i
RLOC=X0Y1
FMAP
lﬁ%——m
B— 13 S1
= 15 12 or—=4
2t i
RLOC=X0Y0
FMAP
13 SO
E > o—m
[
RLOC=X0YO
X9304

If possible, it is recommended that these design elements be inferred rather than

instantiated.
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AND12, 16

SUXILINX®

AND12, 16

Macros: 12- and 16-Input AND Gates with Non-Inverted Inputs

=
=

=
o

CEFFEFPEEP
L[J

AND12
X9459

AND12 and AND16 functions are performed in the Configurable Logic Block (CLB)

function generator.

The 12- and 16-input AND functions are available only with non-inverting inputs. To
invert all of some inputs, use external inverters.

See “AND2-9” for information on more AND functions.
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AND16 Implementation Spartan-3E
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Usage

It is recommended that these design elements be inferred rather than instantiated.
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BRLSHFTA4, 8 SXILINX®
BRLSHFT4, 8
Macros: 4-, 8-Bit Barrel Shifters
o Meresra] oo BRLSHI_—‘I'4, a 4-bit barrel shifter, can rotate four inputs (_I3 —10) up to four places. The
| o1 control inputs (S1 and S0) determine the number of positions, from one to four, that
12| | 02 the data is rotated. The four outputs (O3 — O0) reflect the shifted data inputs.
[l | 03
BRLSHFT8, an 8-bit barrel shifter, can rotate the eight inputs (17 — 10) up to eight
S0 | places. The control inputs (S2 — SO) determine the number of positions, from one to
= eight, that the data is rotated. The eight outputs (O7 — OO0) reflect the shifted data
inputs.
X3856
10| BRLSHFT8] 00 BRLSHFT4 Truth Table
1| o1
12| | 02 Inputs Outputs
13| | 03
14| | O4 S1 SO 10 11 12 13 00 o1 02 03
15 05
6 | | o6 0 0 a b c d a b c d
7 ot 0 1 a b c d b c d a
SO | 1 0 a b c d c d a b
S1 |
s2 | 1 1 a b c d d a b c
X3857
BRLSHFTS8 Truth Table
Inputs Outputs
S2|S1|SO |10 |12 {1213 |14 ]I5]16 |17 ]]00|01|02/03|04|05|06|07
o, 0(0|la|bjc|d|e|f | g|lh|la|bjc|d|e|f|g]|h
o/0f|1|la|b|jc|d|e|f |l g|h|{b|jc|d|e|f|g|h]|a
o/1(0|la|bjc|d|e|f | g|lh|fc|d|e|f|g|h|a]|b
0O/1|1|la|bjc|d|e|f| g|h|d|je|]f|g|h|a|b]|c
1/0|0|a|b|lc|d|je|f|lg|h]e|f|lg|h]a|b]|c|d
1/0|1|a|b|lc|d|je|f|lg|h]|]f|lg|h]a]b|c|d]je
1|10/ a|b|jc|d|e|f|g| h]lg|h]ja|]b|jc|d|e]|f
1|11 a|b|lc|d|je|f|lg|h]h|al|bljc|d|e]|f]|dg
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SUXILINX®

BRLSHFT4, 8
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BRLSHFT8 Implementation

Usage

These design elements are inferred rather than instantiated.
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BSCAN_SPARTAN3

SUXILINX®

BSCAN_SPARTANS

Primitive: Spartan-3 Boundary Scan Logic Control Circuit

BSCAN_SPARTAN3

TDO1
TDO2

| UPDATE
| SHIFT

| RESET

| TDI

| SELL

| DRCK1

| SEL2

| DRCK2

| CAPTURE

X10183

BSCAN_SPARTANS currently serves the “BSCAN_SPARTAN-3E” function and
provides access to the BSCAN sites on a Spartan-3E device. It is used to create internal
boundary scan chains. The 4-pin JTAG interface (TDI, TDO, TCK, and TMS) are
dedicated pins in Spartan-3E. To use normal JTAG for boundary scan purposes, just
hook up the JTAG pins to the port and go. The pins on the BSCAN_SPARTAN3
symbol do not need to be connected, unless those special functions are needed to
drive an internal scan chain.

A signal on the TDOL1 input is passed to the external TDO output when the USER1
instruction is executed; the SEL1 output goes High to indicate that the USER1
instruction is active. The DRCK1 output provides USER1 access to the data register
clock (generated by the TAP controller). The TDO2 and SEL2 pins perform a similar
function for the USER2 instruction and the DRCK2 output provides USER2 access to
the data register clock (generated by the TAP controller). The RESET, UPDATE,
SHIFT, and CAPTURE pins represent the decoding of the corresponding state of the
boundary scan internal state machine. The TDI pin provides access to the TDI signal
of the JTAG port in order to shift data into an internal scan chain.

Usage

This design element is instantiated rather than inferred.

For More Information
Consult the Spartan-3E Data Sheets.
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BUF SXILINX®

BUF

Primitive: General-Purpose Buffer

BUF is a general purpose, non-inverting buffer.

| 0] In Spartan-3E, BUF is usually not necessary and is removed by the partitioning
software (MAP).

X9444 Usage

This design is supported in schematics only.
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BUFG

SUXILINX®

BUFG

Primitive: Global Clock Buffer

>

X9428

BUFG, an architecture-independent global buffer, distributes high fan-out clock
signals throughout a PLD device. The Xilinx implementation software converts each
BUFG to an appropriate type of global buffer for the target PLD device.

Usage

This design element is supported for schematic and instantiation. Synthesis tools
usually infer a BUFGP on any clock net. If there are more clock nets than BUFGPs, the
synthesis tool usually instantiates BUFGPs for the clocks that are most utilized. The
BUFGP contains both a BUFG and an IBUFG.

To use a BUFG in a schematic, connect the input of the BUFG symbol to the clock
source. The clock source can be an external PAD symbol, an IBUF symbol, or internal
logic. For a negative-edge clock input, insert an INV (inverter) symbol between the
BUFG output and the clock input. The inversion is implemented at the Configurable
Logic Block (CLB) or Input Output Block (I0B) clock pin.

For More Information

Consult the Spartan-3E Data Sheets.
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SUXILINX®

BUFGCE
BUFGCE
Primitive:
State O
CE

e

BUFGCE

X9384

Global Clock Buffer with Clock Enable and Output

BUFGCE is a clock buffer with one clock input, one clock output, and a clock enable
line. 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.

Inputs Outputs
I CE 0]
X 0 0
| 1 |

Usage

This design element is supported for schematics and instantiations only.

For More Information
Consult the Spartan-3E Data Sheets.
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BUFGCE_1 SXILINX®

BUFGCE_1
Primitive: Global Clock Buffer with Clock Enable and Output
State 1
CE BUFGCE_1 is a clock buffer with one clock input, one clock output, and a clock enable
line. Its O output is High (1) when clock enable (CE) is Low (inactive). When clock
% enable (CE) is High, the | input is transferred to the O output.
BUFGCE_1 Inputs Outputs
X9385 I CE o)
X 0 1
| 1 |
Usage
This design element is supported for schematics and instantiations only.
For More Information
Consult the Spartan-3E Data Sheets.
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BUFGMUX SXILINX®
BUFGMUX
Primitive: Global Clock MUX Buffer with Output State O
BUFGMUX is a multiplexed global clock buffer that can select between two input
BUEGMUX clocks 10 and 11. When the select input (S) is Low, the signal on 10 is selected for
10 output (O). When the select input (S) is High, the signal on 11 is selected for output.
11 o 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.
S BUGFMUX assumes output state 0 and BUFGMUX_1 assumes output state 1.
X9251 Note: BUFGMUX guarantees that when S is toggled, the state of the output will remain in the
inactive state until the next active clock edge (either 10 or I11) occurs.
Inputs Outputs
10 11 S (0]
10 X 0 10
X 11 1 11
X X i 0
X X !
Usage
This design element is supported for schematics and instantiations only.
For More Information
Consult the Spartan-3E Data Sheets.
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BUFGMUX_1

SUXILINX®

BUFGMUX_1

Primitive:
BUFGMUX_1

10

O
11
S

X9252

Global Clock MUX Buffer with Output State 1

BUFGMUX 1 is a multiplexed global clock buffer that can select between two input
clocks 10 and I1. When the select input (S) is Low, the signal on 10 is selected for
output (O). When the select input (S) is High, the signal on I1 is selected for output.

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.

Inputs Outputs
10 11 S o]
10 X 0 10
X 11 1 11
X X i 1
X X ! 1

Usage

This design element is supported for schematics and instantiations only.

For More Information
Consult the Spartan-3E Data Sheets.
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SXILINX® BUFGMUX_1
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CAPTURE_SPARTAN3

SUXILINX®

CAPTURE_SPARTANS

Primitive: Spartan-3 Register State Capture for Bitstream Readback

CAPTURE_SPARTAN3

CAPTURE_SPARTANS3 currently serves the function of “CAPTURE_SPARTAN3E”

and provides user control over when to capture register (flip-flop and latch)
CAP | information for readback. Spartan-3E devices provide the readback function through
dedicated configuration port instructions.
CLK | The CAPTURE_SPARTANS3 symbol is optional. Without it, readback is still
performed, but the asynchronous capture function it provides for register states is not
s available.

Spartan-3E allows for capturing register (flip-flop and latch) states only. Although
LUT RAM, SRL, and block RAM states are read back, they cannot be captured. An
asserted high CAP signal indicates that the registers in the device are to be captured at
the next Low-to-High clock transition.
By default, data is captured after every trigger (transition on CLK while CAP is
asserted). To limit the readback operation to a single data capture, add the ONESHOT
attribute to CAPTURE_SPARTANS3. See the Constraints Guide for information on the
ONESHOT attribute.
Usage
This design element is instantiated rather than inferred.
For More Information
Consult the Spartan-3E Data Sheets.
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SXILINX® CAPTURE_SPARTAN3
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CB2CE, CB4CE, CBSCE, CB16CE S XILINX®

CB2CE, CB4CE, CB8CE, CB16CE

Macro: 2-, 4-, 8-,16-Bit Cascadable Binary Counters with Clock Enable
and Asynchronous Clear

i
m

CB2CE

CLR

CB4CE |qo

°[?
m

CLR

CB16CE

Q[7:0]
CEO
TC

CB8CE

X4361

Q[15:0]

X4365

CB2CE, CB4ACE, CB8CE, and CB16CE are, respectively, 2-, 4-, 8-, and 16-bit (stage),
asynchronous, clearable, cascadable binary counters. The asynchronous clear (CLR) is
the highest priority input. When CLR is High, all other inputs are ignored; the Q
outputs, terminal count (TC), and clock enable out (CEO) go to logic level zero,
independent of clock transitions. The Q outputs increment when the clock enable
input (CE) is High during the Low-to-High clock (C) transition. The counter ignores
clock transitions when CE is Low. The TC output is High when all Q outputs are
High.

Larger counters are created by connecting the CEO output of the first stage to the CE
input of the next stage and connecting the C and CLR inputs in parallel. CEO is active
(High) when TC and CE are High. The maximum length of the counter is determined
by the accumulated CE-to-TC propagation delays versus the clock period. The clock
period must be greater than n(tcg.tc), where n is the number of stages and the time
tce.c is the CE-to-TC propagation delay of each stage. When cascading counters, use
the CEO output if the counter uses the CE input; use the TC output if it does not.

The counter is asynchronously cleared, outputs Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

CLR CE Qz-Q0 TC CEO

1 X 0 0 0
0 0 No Change No Change 0
0 1 1 Inc TC CEO

X | X O

z=1 for CB2CE; z = 3 for CB4CE; z = 7 for CB8CE; z = 15 for CB16CE

TC =Qz=Q(z-1)=Q(z-2)=...=Q0
CEO =TC=CE
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SXILINX® CB2CE, CB4CE, CBSCE, CB16CE

vee Q[7:0]
FETCE
CE
C
CLR
[ Qo
T.
ETCE
T Q Q1
CE
e} T2
CLR <
[ Q1 AND2
FTCE
I o Q2
CE
c T3
CLR
R < AND3
ETCE
T Q Q3
CE
© cir T
[ 3
AND4
FTCE
T Q Q4
CE
C ) T5
CLR r
[ Q4 AND2
ETCE
T Q QS
CE
c T6
CLR
[ os < AND3
ETCE
T Q Q6
CE
C CLR T7
[ Qe
AND4
FTCE
CE T Q &
- CE
=’ C cr TC
_ CLR | Q7 p———— =
ANDS
X8136 CEO
AND2
CB8CE Implementation for Spartan-3E
Usage
These design elements are inferred rather than instantiated.
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CB2RE, CB4RE, CBSRE, CB16RE S XILINX®

CB2RE, CB4RE, CBS8RE, CB16RE

Macro: 2-, 4-, 8-, 16-Bit Cascadable Binary Counters with Clock Enable
and Synchronous Reset

0
m

i

CB4RE

CB2RE, CB4RE, CB8RE, and CB16RE are, respectively, 2-, 4-, 8-, and 16-bit (stage),
synchronous, resettable, cascadable binary counters. The synchronous reset (R) is the
highest priority input. When R is High, all other inputs are ignored; the Q outputs,
terminal count (TC), and clock enable out (CEO) go to logic level zero during the
Low-to-High clock transition. The Q outputs increment when the clock enable input
(CE) is High during the Low-to-High clock (C) transition. The counter ignores clock
transitions when CE is Low. The TC output is High when both Q outputs are High.

Larger counters are created by connecting the CEO output of the first stage to the CE
input of the next stage and connecting the C and R inputs in parallel. CEO is active
(High) when TC and CE are High. The maximum length of the counter is determined
by the accumulated CE-to-TC propagation delays versus the clock period. The clock
period must be greater than n(tcg_tc), where n is the number of stages and the time
tce.Tc is the CE-to-TC propagation delay of each stage. When cascading counters, use
the CEO output if the counter uses the CE input; use the TC output if it does not.

The counter is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is

CB8RE [QI[7:0] i
e | s active.
c | TC GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.
R
X4364 Inputs Outputs
R CE C Qz-Q0 TC CEO
CB16RE |QI15:0] 1 X ! 0 0 0
cE | CEO 0 0 X No Change No Change 0
c 1c 0 1 t Inc TC CEO
z = 1for CB2RE; z = 3 for CB4RE; z = 7 for CB8RE; z = 15 for CB16RE
R X4368 TC = Qz=Q(z-1)=Q(z-2)=...=Q0)
CEO =TC=CE
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SUXILINX®

CB2RE, CB4RE, CB8RE, CB16RE

X8137

AND2

CB8RE Implementation for Spartan-3E

Usage

vee FTRSE Q[7:0]
T s Q Q0
CE
C
R
[ <o
FTTSE
T s o Qi1
CE
c T2
R <
] Q1 AND2
FTTSE
T s Q Q2
ce
c T3
R
| L
Q2 AND3
FTTSE
T s o Q3
CE
< a T4
[ o3
AND4
FTTSE
N s 5 Q4a
CE
c T5
R ll—i )
[ Qa AND2
FTTSE
T s 5 Q5
CE
P T6
R
[ os <
AND3
FTRSE
T ° o Q6
CE
c T7
R
[ e
AND4
FTTSE
CcE T ° e &
- CE
-C C
R TC
p———————m
2R J Q7
:_ ANDS5S
N
CEO

These design elements are inferred rather than instantiated.
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CB2RLE,CB4RLE, CB8RLE, CB16RLE S XILINX®

CB2RLE,CB4RLE, CB8RLE, CB16RLE

Macro: 2-, 4-, 8-, 16-Bit Loadable Cascadable Binary Counters with
Clock Enable and Synchronous Reset

oo | CB2RLE
D1

L

CE

[kl

CEO

R

oo [ cB4RLE

X4513

g X4514

D[7:0]
- CB8RLE

QI7:0]
p—_—

CEO
| TC

CB2RLE, CB4RLE, CB8RLE, and CB16RLE are, respectively, 2-, 4-, 8-, and 16-bit
(stage), synchronous, loadable, resettable, cascadable binary counters. The
synchronous reset (R) is the highest priority input. The synchronous R, when High,
overrides all other inputs and resets the Q outputs, terminal count (TC), and clock
enable out (CEO) outputs to Low on the Low-to-High clock (C) transition.

The data on the D inputs is loaded into the counter when the load enable input (L) is
High during the Low-to-High clock (C) transition, independent of the state of CE. The
Q outputs increment when CE is High during the Low-to-High clock transition. The
counter ignores clock transitions when CE is Low. The TC output is High when all Q
outputs are High. The CEO output is High when all Q outputs and CE are High to
allow direct cascading of counters.

Larger counters are created by connecting the CEO output of the first stage to the CE
input of the next stage and by connecting the C, L, and R inputs in parallel. The
maximum length of the counter is determined by the accumulated CE-to-CEO
propagation delays versus the clock period. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does not.

The counter is asynchronously cleared, output Low, when power is applied. For
XC9500/XV/ XL, CoolRunner XPLA3, and CoolRunner-Il, the power-on condition
can be simulated by applying a High-level pulse on the PRLD global net.

R st Inputs Outputs
R L CE C Dz-DO | Qz-QO0 TC CEO
bis:0l ep16rLE [QUSO! 1 X X 1 X 0 0 0
0 1 X 1 Dn Dn TC CEO
L
cE| | ceo 0 0 0 X X No Chg | No Chg 0
i - 0 0 1 1 X Inc TC CEO
R X4516 z =1 for CB2RLE; z = 3 for CB4RLE; z = 7 for CB8RLE; z = 15 for CB16RLE
TC = Qz=Q(z-1)=Q(z-2)=...=Q0
CEO =TC~CE
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SUXILINX®

CB2RLE,CB4RLE, CB8RLE, CB16RLE

AND3B2

AND3

D1

U

AND3B1

FD

XOR2

<

AND4B2

Qo
AND3B2

AND3BL

FD

AND2

XOR2

Q1L
AND3B2

X782

CB2RLE Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-I|

CB2RLE
-2 o o e
. oo Qlm
ut L
wCE CE CEO
nt TC
A R
= TCcBo
CB2RLE
D2 D0 Qo L
w3 D1 Q1 ]
L
CE CEO
R TC
———TcB2
CB2RLE
- o o =
™ D1 Q1 Q
L
CE CEO
¢—HC TC—
[ SEE— ]
CB2RLE
-BS DO QO Q6 g
= D1 Q1 Q7
L
CE CEO CEO g
R TC
D[7:0] <5
I
Qo
TC
AND4
X7621

CBB8RLE Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-I|

Usage

These design elements are inferred rather than instantiated.
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CC8CE, CC16CE

SUXILINX®

CC8CE, CC16CE

i
m

CLR

Macro: 8-, 16-Bit Cascadable Binary Counters with Clock Enable and
Asynchronous Clear

CC8CE

CC16CE

Q[7:0]

CEO
TC

X4290

Q[15:0]

CEO
TC

X4286

CC8CE and CC16CE are, respectively, 8- and 16-bit (stage), asynchronous clearable,
cascadable binary counters. These counters are implemented using carry logic with
relative location constraints to ensure efficient placement of logic. The asynchronous
clear (CLR) is the highest priority input. When CLR is High, all other inputs are
ignored; the Q outputs, terminal count (TC), and clock enable out (CEO) go to logic
level zero, independent of clock transitions. The Q outputs increment when the clock
enable input (CE) is High during the Low-to-High clock (C) transition. The counter
ignores clock transitions when CE is Low. The TC output is High when all Q outputs
are High.

Larger counters are created by connecting the count enable out (CEO) output of the
first stage to the CE input of the next stage and connecting the C and CLR inputs in
parallel. CEO is active (High) when TC and CE are High. The maximum length of the
counter is determined by the accumulated CE-to-TC propagation delays versus the
clock period. The clock period must be greater than n(tcg.tc), where n is the number
of stages and the time t-g_1¢ is the CE-to-TC propagation delay of each stage. When
cascading counters, use the CEO output if the counter uses the CE input; use the TC
output if it does not.

The counter is asynchronously cleared, with Low outputs, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
CLR CE C Qz-QO0 TC CEO

1 X X 0 0 0

0 0 X No Change No Change 0

0 1 1 Inc TC CEO
z =7 for CC8CE; z = 15 for CC16CE
TC = Qz=Q(z-1)=Q(z-2)=...=Q0
CEO =TC~CE
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SXILINX® CC8CE, CC16CE
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CC8CE Implementation Spartan-3E

Usage

These design elements are inferred rather than instantiated.
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CC8CLE, CC16CLE

SUXILINX®

CC8CLE, CC16CLE

Macro: 8-, 16-Bit Loadable Cascadable Binary Counters with Clock
Enable and Asynchronous Clear

D[7:0] | cc8CLE

D[15:0] | CC16CLE

Q[7:0]
CEO

X4289

Q[15:0]

CEO

X4284

CC8CLE and CC16CLE are, respectively, 8- and 16-bit (stage), synchronously
loadable, asynchronously clearable, cascadable binary counters. These counters are
implemented using carry logic with relative location constraints to ensure efficient
placement of logic.

The asynchronous clear (CLR) is the highest priority input. When CLR is High, all
other inputs are ignored; the Q outputs, terminal count (TC), and clock enable out
(CEO) go to logic level zero, independent of clock transitions. The data on the D
inputs is loaded into the counter when the load enable input (L) is High during the
Low-to-High clock (C) transition, independent of the state of clock enable (CE). The Q
outputs increment when CE is High during the Low-to-High clock transition. The
counter ignores clock transitions when CE is Low. The TC output is High when all Q
outputs are High.

Larger counters are created by connecting the count enable out (CEO) output of the
first stage to the CE input of the next stage and connecting the C, L, and CLR inputs in
parallel. CEO is active (High) when TC and CE are High. The maximum length of the
counter is determined by the accumulated CE-to-TC propagation delays versus the
clock period. The clock period must be greater than n(tcg.tc), where n is the number
of stages and the time t-g_1¢ is the CE-to-TC propagation delay of each stage. When
cascading counters, use the CEO output if the counter uses the CE input; use the TC
output if it does not.

The counter is asynchronously cleared, with Low output, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
CLR L CE C Dz-DO0 | Qz-QO0 TC CEO
X X X X 0 0 0
1 X 1 Dn Dn TC CEO
0 0 X X No No 0
Change Change
0 0 1 1 X Inc TC CEO

z =7 for CC8CLE; z = 15 for CC16CLE
TC =Qz=Q(z-1)=Q(z-2)=..=Q0
CEO =TC=CE
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SXILINX® CC8CLE, CC16CLE
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CC8CLE Implementation Spartan-3E

Usage

These design elements are inferred rather than instantiated.
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CC8CLED, CC16CLED S XILINX®

CC8CLED, CC16CLED

Macro: 8-, 16-Bit Loadable Cascadable Bidirectional Binary Counters
with Clock Enable and Asynchronous Clear

CCB8CLED and CC16CLED are, respectively, 8- and 16-bit (stage), synchronously
D[7:0] | CC8CLED | Q[7:0] loadable, asynchronously clearable, cascadable, bidirectional binary counters. These
CEO counters are implemented using carry logic with relative location constraints, which
assures most efficient logic placement.

The asynchronous clear (CLR) is the highest priority input. When CLR is High, all
other inputs are ignored; the Q outputs, terminal count (TC), and clock enable out
(CEO) go to logic level zero, independent of clock transitions. The data on the D

X4287 inputs is loaded into the counter when the load enable input (L) is High during the
Low-to-High clock (C) transition, independent of the state of clock enable (CE). The Q
outputs decrement when CE is High and UP is Low during the Low-to-High clock
transition. The Q outputs increment when CE and UP are High. The counter ignores
clock transitions when CE is Low.

D[15:0] [CC16CLED| Q[15:0] For counting up, the TC output is High when all Q outputs and UP are High. For
counting down, the TC output is High when all Q outputs and UP are Low. To
cascade counters, the count enable out (CEO) output of each counter is connected to
the CE pin of the next stage. The clock, UP, L, and CLR inputs are connected in
parallel. CEO is active (High) when TC and CE are High. The maximum length of the
counter is determined by the accumulated CE-to-TC propagation delays versus the
clock period. The clock period must be greater than n(tcg.tc), where n is the number
of stages and the time t-g_1¢ is the CE-to-TC propagation delay of each stage. When
cascading counters, use the CEO output if the counter uses the CE input; use the TC
output if it does not.

The counter is asynchronously cleared, outputs Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
CLR L CE C UP Dz - DO Qz-QO0 TC CEO
1 X X X X X 0 0 0
0 1 X 1 X Dn Dn TC CEO
0 0 0 X X X No No 0
Change | Change
0 0 1 1 1 X Inc TC CEO
0 1 1 0 X Dec TC CEO

z =7 for CC8CLED; z = 15 for CC16CLED

TC =(Qz=Q(z-1)=Q(z-2)=...=Q0=UP) + (Qz=Q(z-1)=Q(z-2)=...=Q0=UP)
CEO =TC<CE
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SXILINX® CC8CLED, CC16CLED
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CC8CLED Implementation Spartan-3E

Usage

These design elements are inferred rather than instantiated.
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CCS8RE, CC16RE

SUXILINX®

CC8RE, CC16RE

O |0
m

(ol e}
m

Macro: 8-, 16-Bit Cascadable Binary Counters with Clock Enable and
Synchronous Reset

CC8RE

CC16RE

X4288

Q[15:0]

CEO
TC

X4283

CCB8RE and CC16RE are, respectively, 8- and 16-bit (stage), synchronous resettable,
cascadable binary counters. These counters are implemented using carry logic with
relative location constraints to ensure efficient placement of logic. The synchronous
reset (R) is the highest priority input. When R is High, all other inputs are ignored; the
Q outputs, terminal count (TC), and clock enable out (CEQO) go to logic level zero on
the Low-to-High clock (C) transition. The Q outputs increment when the clock enable
input (CE) is High during the Low-to-High clock transition. The counter ignores clock
transitions when CE is Low. The TC output is High when all Q outputs and CE are
High.

Larger counters are created by connecting the CEO output of the first stage to the CE
input of the next stage and connecting the C and R inputs in parallel. CEO is active
(High) when TC and CE are High. The maximum length of the counter is determined
by the accumulated CE-to-TC propagation delays versus the clock period. The clock
period must be greater than n(tcg.tc), where n is the number of stages and the time
tce.c is the CE-to-TC propagation delay of each stage. When cascading counters, use
the CEO output if the counter uses the CE input; use the TC output if it does not.

The counter is asynchronously cleared, with Low outputs, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
R CE C Qz-QO0 TC CEO
1 X 1 0 0 0
0 0 X No Change No Change 0
0 1 1 Inc TC CEO
z =17 for CC8RE; z = 15 for CC16RE
TC = Qz=Q(z-1)=Q(z-2)=...=Q0=CE
CEO =TC~CE
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SUXILINX®

CC8RE, CC16RE

TC g

CC8RE Implementation Spartan-3E

Usage

These design elements are inferred rather than instantiated.
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CD4CE

SUXILINX®

CD4CE

Macro: 4-Bit Cascadable BCD Counter with Clock Enable and
Asynchronous Clear

CDA4CE

[Rlele e
w [N [~ |O

CEO
TC

X4369

CDA4CE is a 4-bit (stage), asynchronous clearable, cascadable binary-coded-decimal
(BCD) counter. The asynchronous clear input (CLR) is the highest priority input.
When CLR is High, all other inputs are ignored; the Q outputs, terminal count (TC),
and clock enable out (CEO) go to logic level zero, independent of clock transitions.
The Q outputs increment when clock enable (CE) is High during the Low-to-High
clock (C) transition. The counter ignores clock transitions when CE is Low. The TC
output is High when Q3 and QO are High and Q2 and Q1 are Low.

The counter recovers from any of six possible illegal states and returns to a normal
count sequence within two clock cycles for Spartan-3E, as shown in the following
state diagram.

X2355

Larger counters are created by connecting the count enable out (CEO) output of the
first stage to the CE input of the next stage and connecting the CLR and clock inputs
in parallel. CEO is active (High) when TC and CE are High. The maximum length of
the counter is determined by the accumulated CE-to-TC propagation delays versus
the clock period. The clock period must be greater than n(tcg.tc), where n is the
number of stages and the time tog_1c is the CE-to-TC propagation delay of each stage.
When cascading counters, use the CEO output if the counter uses the CE input; use
the TC output if it does not.

The counter is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

CLR CE Q3 Q2 Q1 Qo0 TC CEO

Xl O

1 X 0 0 0 0 0 0

Inc Inc Inc Inc TC CEO

—

0 X No No No No TC 0

Change | Change | Change | Change
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SXILINX® CD4CE
Inputs Outputs
CLR CE Q3 Q2 Q1 Qo0 TC CEO
0 1 1 0 0 1 1 1
TC = Q3=!Q2-!Q1=Q0
CEO=TC<CE
FDCE
DO Q Qo -
INV E
CLR
Qo
p AxL FDCE
D D1 9 ol g
AND2B1 OR2 £
CLR
[ a1
A2 FDCE
D2 Q2
AND2 D £ ° "
AO3B XOR2
CLR
AND3 ] Q2
AO3A Ox3 D D3 e Q3
u
AND2 OR2 XOR2 E ¢
CLR
[ o3
¢ TC
: CLR
o o AND4B2 CEO
X7784 AND2
CDA4CE Implementation for Spartan-3E
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CDACE S XILINX®
A
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B
AND2
CLR -
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CDA4CE Implementation for Spartan-3E

Usage

AND2BL

This design element can be inferred.

X762
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SXILINX® CD4CE
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CD4CLE

SUXILINX®

CDA4ACLE

DO
D1

D3

Macro: 4-Bit Loadable Cascadable BCD Counter with Clock Enable and
Asynchronous Clear

CD4CLE

(@] 010 |-
Q
> LR

CDA4CLE is a 4-bit (stage), synchronously loadable, asynchronously clearable, binary-
coded-decimal (BCD) counter. The asynchronous clear input (CLR) is the highest
priority input. When (CLR) is High, all other inputs are ignored; the (Q) outputs,
terminal count (TC), and clock enable out (CEO) go to logic level zero, independent of
clock transitions. The data on the (D) inputs is loaded into the counter when the load
enable input (L) is High during the Low-to-High clock (C) transition. The (Q) outputs
increment when clock enable input (CE) is High during the Low- to-High clock
transition. The counter ignores clock transitions when (CE) is Low. The (TC) output is
High when Q3 and QO are High and Q2 and Q1 are Low.

The counter recovers from any of six possible illegal states and returns to a normal
count sequence within two clock cycles for Xilinx devices, as shown in the following
state diagram.

X2355

Larger counters are created by connecting the count enable out (CEO) output of the
first stage to the (CE) input of the next stage and connecting the CLR, L, and C inputs
in parallel. (CEO) is active (High) when (TC) and (CE) are High. The maximum length
of the counter is determined by the accumulated CE-to-TC propagation delays versus
the clock period. The clock period must be greater than n(tcg.tc), where n is the
number of stages and the time tog_1c is the CE-to-TC propagation delay of each stage.
When cascading counters, use the (CEO) output if the counter uses the (CE) input; use
the (TC) output if it does not.

The counter is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.
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SUXILINX®

CD4CLE

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
CLR| L CE | D3-DO C Q3 Q2 Q1 Q0 TC | CEO
1 X X X X 0 0 0 0 0 0
0 1 X D3-D0 1 D3 D2 D1 DO TC | CEO
0 0 1 X 1 Inc Inc Inc Inc TC | CEO
0 0 0 X X No No No No TC 0
Change | Change | Change | Change
0 0 1 X X 1 0 0 1 1 1
TC = Q3=1Q2=!Q1=Q0
CEO =TCeCE
FTCLEX
. 5
" oo
_c »— CE
-CLR CLIR QO—J o
FTCLEX ‘ B
L 7o
AND2B1 —| CF —‘
CLR
:2 OR_CE_L Q1 Q1
OR2 FTCLEX
| b2 D
e
»—— CE
CLR —‘
T Q2 . 02
FTCLEX
- T2 TQ2 T3 E Q
AND2 AND2 OR2 —|CE
TQO03 CLRQS
AND2 ‘ Q3 -
TC o
AND4B2
CE 1) CEO

AND2

CD4CLE Implementation of Spartan-3E

Usage

X7785

These design elements are supported only for schematics and instantiation.
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CD4RE SXILINX®

CD4RE
Macro: 4-Bit Cascadable BCD Counter with Clock Enable and
Synchronous Reset
CD4RE is a 4-bit (stage), synchronous resettable, cascadable binary-coded-decimal
CD4RE | Q0 (BCD) counter. The synchronous reset input (R) is the highest priority input. When (R)
—Q% is High, all other inputs are ignored; the (Q) outputs, terminal count (TC), and clock
ﬁ enable out (CEO) go to logic level zero on the Low-to-High clock (C) transition. The
CE | | ceo (Q) outputs increment when the clock enable input (CE) is High during the Low-to-
c |  TC High clock transition. The counter ignores clock transitions when (CE) is Low. The
(TC) output is High when Q3 and QO are High and Q2 and Q1 are Low.

g X4371

The counter recovers from any of six possible illegal states and returns to a normal
count sequence within two clock cycles for Xilinx devices, as shown in the following
state diagram.

X2355

Larger counters are created by connecting the count enable out (CEO) output of the
first stage to the CE input of the next stage and connecting the R and clock inputs in
parallel. CEO is active (High) when TC and CE are High. The maximum length of the
counter is determined by the accumulated CE-to-TC propagation delays versus the
clock period. The clock period must be greater than n(tcg.tc), where n is the number
of stages and the time tcg_1¢ is the CE-to-TC propagation delay of each stage. When
cascading counters, use the CEO output if the counter uses the CE input; use the TC
output if it does not.

The counter is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.
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SXILINX® CD4RE
Inputs Outputs
R CE Cc Q3 Q2 Q1 Q0 TC CEO
1 X 1 0 0 0 0 0 0
0 ) Inc Inc Inc Inc TC CEO
0 0 X No No No No TC 0
Change | Change | Change | Change
0 1 X 1 0 0 1 1 1
TC = Q3=!Q2!Q1=Q0
CEO=TC<CE
FDRE
{>O DO o 0 Qo ™~
INV CE
R
—_ " Taqo
Axt FDRE
D1 b 0 Q1 -
AND2B1 SORS CE
R
T o1
T ;2 FDRE
D2 b 0 Q2 -
AND2 SOR2 CE
r A03B
AND3 T Q2
0:3 FDRE
AO3A D3 o Q Q3 -
AND2 oRz XOR2 CE
R
I Q3

CE

AND4B2

CD4RE Implementation of Spartan-3E

Usage

This design element can be inferred.

AND2

X9315
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CD4RLE SXILINX®

CD4RLE

Macro: 4-Bit Loadable Cascadable BCD Counter with Clock Enable and
Synchronous Reset

CD4RLE is a 4-bit (stage), synchronous loadable, resettable, binary-coded-decimal
(BCD) counter. The synchronous reset input (R) is the highest priority input. When R
g; - is High, all other inputs are ignored; the Q outputs, terminal count (TC), and clock

D3 03 enable out (CEO) go to logic level zero on the Low-to-High clock transitions. The data
on the D inputs is loaded into the counter when the load enable input (L) is High

t:? during the Low-to-High clock (C) transition. The Q outputs increment when the clock
c B enable input (CE) is High during the Low-to-High clock transition. The counter
ignores clock transitions when CE is Low. The TC output is High when Q3 and QO are
R High and Q2 and Q1 are Low.

The counter recovers from any of six possible illegal states and returns to a normal
count sequence within two clock cycles, as shown in the following state diagram.

X2355

Larger counters are created by connecting the count enable out (CEO) output of the
first stage to the CE input of the next stage and connecting the R, L, and C inputs in
parallel. CEO is active (High) when TC and CE are High. The maximum length of the
counter is determined by the accumulated CE-to-TC propagation delays versus the
clock period. The clock period must be greater than n(tcg.tc), where n is the number
of stages and the time tcg_1¢ is the CE-to-TC propagation delay of each stage. When
cascading counters, use the CEO output if the counter uses the CE input; use the TC
output if it does not.

The counter is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.
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SXILINX® CD4RLE
Inputs Outputs
R L CE | D3-DO0O C Q3 Q2 Q1 Q0 TC | CEO
1 X X X 1 0 0 0 0 0 0
0 1 X D3 -D0 1 D3 D D Do TC | CEO
0 0 1 X 1 Inc Inc Inc Inc TC | CEO
0 0 0 X X No No No No TC 0
Change | Change | Change | Change
0 0 1 X X 1 0 0 1 1 1
TC = Q3=1Q2=!Q1=Q0
CEO =TC=CE
FTRSLE
:SO E S
T Q F—
_c CE
= R
- R T Q0 00 .
FTRSLE
alt b S
L T1 # ob—
AND2B1 CE
R
T Q1 o .
FTRSLE
22 b S
L
T QF—
CE
R
' @ Q2
FTRSLE B
.D3 D S
L
T QF—
CE
R
T Q3
AND2 Q3 -
—\ TC o
—C_/ -
L—o0
AND4B2
_CE —!_/\ CEO o
N AND2

CD4RLE Implementation of Spartan-3E

Usage

(@)
Z
o

X7787

This design element is supported only for schematics and instantiation.
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CJACE, CJ5CE, CJ8CE S XILINX®

CJ4CE, CJ5CE, CJ8CE

Macro: 4-, 5-, 8-Bit Johnson Counters with Clock Enable and
Asynchronous Clear

CJACE, CJ5CE, and CJBCE are clearable Johnson/shift counters. The asynchronous

CJ4ace [ 0 clear (CLR) input, when High, overrides all other inputs and causes the data (Q)
[ 01 outputs to go to logic level zero, independent of clock (C) transitions. The counter
CE | | Q2 increments (shifts QO to Q1, Q1 to Q2,and so forth) when the clock enable input (CE)
& 22 is High during the Low-to-High clock transition. Clock transitions are ignored when
(CE) is Low.
CLR X4112 o A A )
For CJ4CE, the Q3 output is inverted and fed back to input QO to provide continuous
CIeCE counting operation. For CJ5CE, the Q4 output is inverted and fed back to input QO.
| Q0 For CJ8CE, the Q7 output is inverted and fed back to input QO.
| Q1
| Q2 The counter is asynchronously cleared, output Low, when power is applied.
CE | | Q3
c | | 04 For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.
== xar GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.
CJBCE | Q[T:0) CJACE Truth Table
CE |
C | Inputs Outputs
CLR X4118 CLR CE C Q0 Q1 Q2 Q3
1 X X 0 0 0 0
0 0 X No Change | No Change | No Change | No Change
0 1 1 93 qo gl g2
g = state of referenced output one setup time prior to active clock transition
CJ5CE Truth Table
Inputs Outputs
CLR CE c Qo0 Q1 Q2 Q3 Q4
1 X X 0 0 0 0 0
0 0 X No No No No No
Change Change Change Change Change
0 1 1 q4 qo0 ql q2 g3
g = state of referenced output one setup time prior to active clock transition
CJ8CE Truth Table
Inputs Outputs
CLR CE C Qo0 Q1-Q7
1 X X 0 0
0 0 X No Change No Change
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SXILINX® CJ4CE, CJ5CE, CJ8CE

CJ8CE Truth Table

Inputs Outputs
CLR CE Cc Q0 Q1-Q7
0 1 1 q7 q0 -6

g = state of referenced output one setup time prior to active clock transition

Q[7:0]

FDCE Q3 Q4
Q7B D Q Q (IZE ¢
INV CE C
CLR
CLR Q4
Qo0
FDCE
FDCE b 0 Q5
D Q o CE
CE C
- CLR
CLR ® Q5
S
FDCE
FDCE Q6
@2 ° Q
D Q—4 CE
CE C
- CLR
CLR P Q6
S
FDCE
FDCE b 0 Q7
D Q Q3 CE
CE C
CLR
CLR P Q7
J S
B CE
= ELR
L X7789
CJ8CE Implementation of Spartan-3E
Usage
This design element can be inferred but not instantiated.
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CJ4RE, CJI5RE, CI8RE

SUXILINX®

CJ4RE, CJ5RE, CI8RE

Macro: 4-, 5-, 8-Bit Johnson Counters with Clock Enable and
Synchronous Reset

CJ4ARE, CJ5RE, and CJ8RE are resettable Johnson/shift counters. The synchronous

CIRE | oo reset (R) input, when High, overrides all other inputs and causes the data (Q) outputs
| Q1 to go to logic level zero during the Low-to-High clock (C) transition. The counter
(C:i ﬁ increments (shifts QO to Q1, Q1 to Q2, and so forth) when the clock enable input (CE)
] is High during the Low-to-High clock transition. Clock transitions are ignored when
R 4113 CE is Low.
For CJ4RE, the Q3 output is inverted and fed back to input QO to provide continuous
XY counting operations. For CJ5RE, the Q4 output is inverted and fed back to input QO.
ﬁ For CJ8RE, the Q7 output is inverted and fed back to input QO.
ce| ﬁ The counter is asynchronously cleared, output Low, when power is applied.
. - For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
R s active.
GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.
Sere ] arrol CJ4RE Truth Table
| —
— Inputs Outputs
R CE C Qo Q1 Q2 Q3
R
xaue 1 X ) 0 0 0 0
0 0 X No Change | No Change | No Change | No Change
0 1 1 a3 qo gl g2
g = state of referenced output one setup time prior to active clock transition
CJ5RE Truth Table
Inputs Outputs
R CE C Qo Q1 Q2 Q3 Q4
X 1 0 0 0 0 0
0 0 X No No No No No
Change Change Change Change Change
0 1 1 q4 qo0 gl q2 g3
g = state of referenced output one setup time prior to active clock transition
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SXILINX® CJ4RE, CJ5RE, CJ8RE

CJ8RE Truth Table

Inputs Outputs
R CE C Qo0 Q1-Q7
1 X 1 0 0
0 0 X No Change No Change
0 1 1 q7 q0 -6

g = state of referenced output one setup time prior to active clock transition

Q[7:0]

FDRE

INV CE

P

l j
o

Lo}

=

e

l j
Py

Q

()

Py
lj
Py
o]
@
Py
lj
Pyl
o]
N

X7790

CJ8RE Implementation of Spartan-3E

Usage

This design element can be inferred but not instantiated.
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COMP2, 4, 8, 16

SUXILINX®

COMP2, 4, 8, 16

Macro: 2-, 4-, 8-, 16-Bit Identity Comparators

o3 COMP2, COMP4, COMP8, and COMP16 are, respectively, 2-, 4-, 8-, and 16-bit identity
" comparators. The equal output (EQ) of the COMP2 2-bit, identity comparator is High
BO =2 when the two words Al — A0 and B1 - B0 are equal. EQ is high for COMP4 when A3 -
B A0 and B3 - B0 are equal; for COMP8, when A7 — A0 and B7 — BO are equal; and for
122 COMP16, when A15 - A0 and B15 - BO are equal.
Equality is determined by a bit comparison of the two words. When any two of the
corresponding bits from each word are not the same, the EQ output is Low.
A0 | COMP4
Al | ABO
A2 |
o e I XNOR2
o Al AB1
83 |
D ABO3
X4126 AB2
AND4
AV& COMP8 AB3
= —{ =
B[7:0]
— AB4 AND2
X4131 E
) )o—‘ABf’
A[15£ COMP16 XNOR2 ) AB47
EQ
B[15:0] ABG AND4
X4133
D AB7
X7791
COMPS8 Implementation for Spartan-3E
Usage
These design elements are inferred rather than instantiated.
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COMPM2, 4, 8, 16

SUXILINX®

COMPMZ, 4, 8, 16

Macro: 2-, 4-, 8-, 16-Bit Magnitude Comparators

COMPM2

| LT

X4123

FRIEEEREE
(ARINES =N IARIS N -]

COMPM4

X4127

A[7:0]
|

B[7:0]

COMPM8

A[15:0]
—

B[15:0]
—

X4132

COMPM16

| LT

X4134

COMPM2, COMPM4, COMPMS8, and COMPM16 are, respectively, 2-, 4-, 8-, and 16-
bit magnitude comparators that compare two positive binary-weighted words.

COMPM2 compares A1 - A0 and B1 - B0, where Al and B1 are the most significant

bits. COMPM4 compares A3 — A0 and B3 - B0, where A3 and B3 are the most
significant bits. COMPM8 compares A7 — A0 and B7 — BO, where A7 and B7 are the

most significant bits. COMPM16 compares A15 - A0 and B15 - B0, where A15 and B15
are the most significant bits.

The greater-than output (GT) is High when A>B, and the less-than output (LT) is High
when A<B. When the two words are equal, both GT and LT are Low. Equality can be
measured with this macro by comparing both outputs with a NOR gate.

COMPMZ2 Truth Table

Inputs Outputs
Al B1 A0 BO GT LT
0 0 0 0 0 0
0 0 1 0 1 0
0 0 0 1 0 1
0 0 1 1 0 0]
1 1 0 0 0 0
1 1 1 0 1 0
1 1 0 1 0 1
1 1 1 1 0 0
1 0 X X 1 0
0 1 X X 0 1
COMPM4 Truth Table
Inputs Outputs
A3, B3 A2,B2 Al,B1l A0, BO GT LT
A3>B3 X X X 1 0
A3<B3 X X X 0 1
A3=B3 A2>B2 X X 1 0
A3=B3 A2<B2 X X 0 1
A3=B3 A2=B2 Al>Bl X 1 0
A3=B3 A2=B2 Al<B1 X 0 1
A3=B3 A2=A2 Al=Bl A0>B0 1 0
A3=B3 A2=B2 Al=Bl A0<BO 0 1
A3=B3 A2=B2 Al=Bl A0=B0 0 0
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COMPM2, 4, 8, 16

COMPMS8 Truth Table (also representative of COMPM16)

Inputs Outputs
A7,B7 | A6,B6 | A5,B5 | A4,B4 | A3,B3 | A2,B2 | A1,B1 | A0, BO GT LT
AT>B7 X X X X X X X 1 0
AT<B7 X X X X X X X 0 1
AT=B7 | A6>B6 X X X X X X 1 0
AT=B7 | A6<B6 X X X X X X 0 1
AT=B7 | A6=B6 | A5>B5 X X X X X 1 0
AT=B7 | A6=B6 | A5<B5 X X X X X 0 1
AT=B7 | A6=B6 | A5=B5 | A4>B4 X X X X 1 0
AT=B7 | A6=B6 | A5=B5 | A4<B4 X X X X 0 1
AT=B7 | A6=B6 | A5=B5 | A4=B4 | A3>B3 X X X 1 0
AT=B7 | A6=B6 | A5=B5 | A4=B4 | A3<B3 X X X 0 1
AT=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2>B2 X X 1 0
AT=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2<B2 X X 0 1
AT=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2=B2 | A1>B1 X 1 0
AT=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2=B2 | Al<Bl X 0 1
AT=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2=B2 | A1=B1 | A0>B0 1 0
AT=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2=B2 | A1=B1 | AO<BO 0 1
AT=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2=B2 | A1=B1 | A0=B0 0 0
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jDO EQ 1 ﬁﬂ LEO_1 LT0 1
XNOR2 ﬁ@;l pveet LTA
hd GEO_1
AND4
AND3B1 GTA
6T 1 } GTO_1
° D; AND4
AND2B1 OR2
LT 1
AND2B1
DO B2 LE23 LT2.3
—) _ * [\ LB
XNOR2 LT
FAO‘I\EQI OR2 J J
b GE2_3 EQ2 3 AND3 o
AND3B1 NOR2 lb—]_\ .
o7 3 ] GT2.3 ° J
o AND3
AND2B1 OR2
LT 3
AND2B1
)DO 95 yLES LT4 5
_L/ = \d D LTC
XNOR2 AND3B1 OR2 | oo
AND2
- GE4_5 EQ4.5
AND3B1 NOR2 or
o— GTC
oTs ] eT45 4 D )
* AND2B1 OR2 AND2 ORd
LT 5
AND2B1
:,)DO = L ) LTD
XNOR2 F;?‘N_Dgl paveet
v GE6_7 EQ6_7
AND3B1 NOR2
6T 7 ] ° GTD
AND2B1 OR2
LT 7
AND2B1 X7793
COMPMS8 Implementation for Spartan-3E
Usage
These design elements are supported only for schematics.
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COMPMCS, 16

Macro: 8-, 16-Bit Magnitude Comparators

A[7:0]
—

B[7:0]
—

coMPMCS8

GT

LT

X

4264

COMPMCS8 is an 8-bit, magnitude comparator that compares two positive binary-

weighted words A7 — A0 and B7 — B0, where A7 and B7 are the most significant bits.
COMPMCI16 is a 16-bit, magnitude comparator that compares two positive binary-
weighted words A15 - A0 and B15 — B0, where A15 and B15 are the most significant

bits.

These comparators are implemented using carry logic with relative location

constraints to ensure efficient logic placement.

The greater-than output (GT) is High when A>B, and the less-than output (LT) is High
when A<B. When the two words are equal, both GT and LT are Low. Equality can be

e R ot flagged with this macro by connecting both outputs to a NOR gate.
a5 | =t COMPMCS Truth Table (also representative of COMPMC16)
X4265 Inputs Outputs
A7,B7 | A6,B6 | A5, B5 | A4,B4 | A3,B3 | A2,B2 | A1,B1 | A0,BO | GT LT
AT>B7 X X X X X X X 1 0
AT<B7 X X X X X X X 0 1
A7=B7 | A6>B6 X X X X X X 1 0
A7=B7 | A6<B6 X X X X X X 0 1
A7=B7 | A6=B6 | A5>B5 X X X X X 1 0
A7=B7 | A6=B6 | A5<B5 X X X X X 0 1
A7=B7 | A6=B6 | A5=B5 | A4>B4 X X X X 1 0
A7=B7 | A6=B6 | A5=B5 | A4<B4 X X X X 0 1
A7=B7 | A6=B6 | A5=B5 | A4=B4 | A3>B3 X X X 1 0
A7=B7 | A6=B6 | A5=B5 | A4=B4 | A3<B3 X X X 0 1
A7=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2>B2 X X 1 0
A7=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2<B2 X X 0 1
A7=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2=B2 | A1>Bl1 X 1 0
A7=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2=B2 | Al<B1 X 0 1
A7=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2=B2 | A1=Bl1 | A0>B0 1 0
A7=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2=B2 | A1=Bl1 | A0<BO 0 1
A7=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2=B2 | A1=Bl1 | A0=B0 0 0
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B7

>
J

o)
=3

>
>

o
a

>
o

o
IS

>
IS

o)
N

>
N

@
s

>
-

o
o

>
o

A[7:0]
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e
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XNOR2
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0

© RLOC=X0Y3

RLOC=X0Y3
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1

DI

) o
XNOR2

o[

Cl

Cc6

RLOC=X0Y2

s /MUXCY_L

9]

1

DI

) o
XNOR2

o

s /MUXCY_L
0

Cl

C5

RLOC=X0Y1

1

DI

) o

XNOR2

s
s

o

Cl

Cca

RLOC=X0Y1

RLOC=X0YO

s /MUXCY_L

0

1

DI

) So-2
XNOR2

o[

Cl

c1

RLOC=X0YO

s /MUXCY_L

0

1

DI

—

GND

COMPMCS8 Implementation for Spartan-3E

Usage

Cl

co

© RLOC=X1Y3

B7
A7
B6
A6
Lo RLOC=X1Y2
BS
56 s /MUXCY_L
o 1
XNOR2 oI cl
AS
c6G
Lo RLOC=X1Y2
B4 MUXCY_L
4G s i
o 1
XNOR2 oI cl
A4
cs56
Lo RLOC=X1Y1
B3
A3
) Lo RLOC=X1Y1
B
26 s /MUXcy_L
o 1
XNOR2 ol cl
A2
c26
Lo RLOC=X1Y0
Bl e s /Muxcy_L
o 1
XNOR2 oI cl
AL
ci6
Lo RLOC=X1Y0
BO
0s s /MUxcY_L
o 1
XNOR2 ol cl
A0
coG
GND
X9313

These design elements are supported only for schematics.
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CR8CE, CR16CE

Macro: 8-, 16-Bit Negative-Edge Binary Ripple Counters with Clock
Enable and Asynchronous Clear

CR8CE

i
m

QI7:0]
|

CLR

CR16CE

X4116

Q[15:0]
| —

X4120

CRB8CE and CR16CE are 8-bit and 16-bit, cascadable, clearable, binary, ripple counters.
The asynchronous clear (CLR), when High, overrides all other inputs and causes the
Q outputs to go to logic level zero. The counter increments when the clock enable
input (CE) is High during the High-to-Low clock (C) transition. The counter ignores
clock transitions when CE is Low.

Larger counters can be created by connecting the last Q output (Q7 for CR8CE, Q15
for CR16CE) of the first stage to the clock input of the next stage. CLR and CE inputs
are connected in parallel. The clock period is not affected by the overall length of a
ripple counter. The overall clock-to-output propagation is n(tc . o), where n is the
number of stages and the time tc _ g is the C-to-Qz propagation delay of each stage.

The counter is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

Qz- Q0
0
No Change

CLR CE
1 X
0 0
0
z =7 for CR8CE; z = 15 for CR16CE.

X | X| O

Inc

—

Q[7:0]

Q0

LDOTQI o1
> o Q
FDCE_1
To2 o ° o2
T

FDCE_1
T4 o © Q4
L
FDCE_1
TQSs Qs
> o S}
FDCE_1
TQ6 o P Q6
0

A
0
N
[¢]
ul
g
0
‘m
olr
—

Q7

cLr

x8142

CRB8CE Implementation of Spartan-3E
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Usage

These design elements are inferred rather than instantiated.
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D2_4E
Macro: 2- to 4-Line Decoder/Demultiplexer with Enable
When the enable (E) input of the D2_4E decoder/demultiplexer is High, one of four
po [ D2 4 | Do active-High outputs (D3 - DO0) is selected with a 2-bit binary address (Al — A0) input.
Al | | D1 The non-selected outputs are Low. Also, when the E input is Low, all outputs are Low.
. —gj In demultiplexer applications, the E input is the data input.
Inputs Outputs
X3853
Al A0 E D3 D2 D1 DO
X X 0 0 0 0 0
0 0 1 0 0 0 1
0 1 1 0 0 1 0
1 0 1 0 1 0 0
1 1 1 1 0 0 0
D DO o
AND3B2
— D1 g
lr—C_/
AND3B1
B "
AND3B1
- E
g A0 — D3 g
Al L/
AND3
X7794
D2_4E Implementation for Spartan-3E
Usage
This design element is inferred rather than instantiated.
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D3_8E

Macro: 3- to 8-Line Decoder/Demultiplexer with Enable

A0
Al
A2

D3_8E

| DO
| D1
| D2
| D3

When the enable (E) input of the D3_8E decoder/demultiplexer is High, one of eight
active-High outputs (D7 — DO0) is selected with a 3-bit binary address (A2 — A0) input.
The non-selected outputs are Low. Also, when the E input is Low, all outputs are Low.
In demultiplexer applications, the E input is the data input.

ﬁ Inputs Outputs

. %3 A2 Al AO E D7 D6 D5 D4 D3 D2 D1 DO
N B X | X | X | 0] o o] o0 o o0 o] o] o
X3854 0 0 0 1 0 0 0 0 0 0 0 1

0 0 1 1 0 0 0 0 0 0 1 0

0 1 0 1 0 0 0 0 0 1 0 0

0 1 1 1 0 0 0 0 1 0 0 0

1 0 0 1 0 0 0 1 0 0 0 0

1 0 1 1 0 0 1 0 0 0 0 0

1 1 0 1 0 1 0 0 0 0 0 0

1 1 1 1 1 0 0 0 0 0 0 0
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AND4B3

AND4B2

AND4B2

D3

AND4B1

D4

>Q

ND4B2

D5

O
AND4B1

D6

AND4B1

A0
Al
A2

D7

: U

X7795

D3_8E Implementation for Spartan-3E

Usage

This design element is inferred rather than instantiated.
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Macro: 4- to 16-Line Decoder/Demultiplexer with Enable
When the enable (E) input of the D4_16E decoder/demultiplexer is High, one of 16
Ao | pa_16E | Do active-High outputs (D15 — D0) is selected with a 4-bit binary address (A3 — A0) input.
Al | | D1 The non-selected outputs are Low. Also, when the E input is Low, all outputs are Low.
A2 | | D2 In demultiplexer applications, the E input is the data input.
A3 D3
T [ Da See “D3_8E” for a representative truth table derivation.
| D5
| D6
| D7
| D8 i oo
| D9
10
(D11 o1
| D12 Suosea
| D13 b2
w o———
e | b5 Supsna
X3855 e
x —
D4 _16E Implementation for Spartan-3E
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Usage

This design element is inferred rather than instantiated.
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DCM

Primitive: Digital Clock Manager

DCM
oun | cuko

CLKFB CLK90
CLK180
RST | CLK270

CLK2X
DSSEN "
— CLK2X180

CLKDV
PSINCDEC —

PSEN
PSCLK

CLKFX
CLKFX180

LOCKED

STATUS [7:0]
|

| PSDONE

X9469

DCM is a digital clock manager that provides multiple functions. It can implement a
clock delay locked loop, a digital frequency synthesizer, digital phase shifter, and a
digital spread spectrum.

Note: All unused inputs must be driven Low, automatically tying the inputs Low if they are
unused.

Clock Delay Locked Loop (DLL)

DCM includes a clock delay locked loop used to minimize clock skew for Spartan-3E
devices. DCM synchronizes the clock signal at the feedback clock input (CLKFB) to
the clock signal at the input clock (CLKIN). The locked output (LOCKED) is high
when the two signals are in phase. The signals are considered to be in phase when
their rising edges are within a specified time (ps) of each other.

DCM supports two frequency modes for the DLL. By default, the
DLL_FREQUENCY_MODE attribute is set to Low and the frequency of the clock
signal at the CLKIN input must be in the Low (DLL_CLKIN_MIN_LF to
DLL_CLKIN_MAX_LF) frequency range (MHz). In Low frequency mode, the CLKO,
CLK90, CLK180, CLK270, CLK2X, CLKDV, and CLK2X180 outputs are available.

When the DLL_FREQUENCY_MODE attribute is set to High, the frequency of the
clock signal at the CLKIN input must be in the High (DLL_CLKIN_MIN_HF to
DLL_CLKIN_MAX_HF) frequency range (MHz). In High frequency mode, only the
CLKO, CLK180, and CLKDV outputs are available.

On-chip synchronization is achieved by connecting the CLKFB input to a point on the
global clock network driven by a BUFG, a global clock buffer. The BUFG connected to
the CLKFB input of the DCM must be sourced from either the CLKO or CLK2X
outputs of the same DCM. The CLKIN input should be connected to the output of an
IBUFG, with the IBUFG input connected to a pad driven by the system clock.

Off-chip synchronization is achieved by connecting the CLKFB input to the output of
an IBUFG, with the IBUFG input connected to a pad. Either the CLK0 or CLK2X
output can be used but not both. The CLKO or CLK2X must be connected to the input
of OBUF, an output buffer. The CLK_FEEDBACK attribute controls whether the CLKO
output, the default, or the CLK2X output is the source of the CLKFB input.

The duty cycle of the CLKO output is 50-50 unless the DUTY_CYCLE_CORRECTION
attribute is set to FALSE, in which case the duty cycle is the same as that of the CLKIN
input. The duty cycle of the phase shifted outputs (CLK90, CLK180, and CLK270) is
the same as that of the CLKO output. The duty cycle of the CLK2X, CLK2X180, and
CLKDV outputs is 50-50 unless CLKDV_DIVIDE is a hon-integer and the
DLL_FREQUENCY_MODE is High (see “CLKDV_DIVIDE,” in the Constraints Guide
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DCM

for details). The frequency of the CLKDV output is determined by the value assigned
to the CLKDV_DIVIDE attribute.

DCM Clock Delay Lock Loop Outputs

Output Description
CLKO Clock at 1x CLKIN frequency
CLK180 Clock at 1x CLKO frequency, shifted 180° with regards to CLKO
CLK270* Clock at 1x CLKO frequency, shifted 270° with regards to CLKO
CLK2X* Clock at 2x CLKO frequency, in phase with CLKO
CLK2X180* Clock at 2x CLKO frequency shifted 180° with regards to CLK2X
CLK90* Clock at 1x CLKO frequency, shifted 90° with regards to CLKO
CLKDV Clock at (1/n) x CLKO frequency, where n=CLKDV_DIVIDE value.

CLKDV is in phase with CLKO.

LOCKED All enabled DCM features locked.

* The CLK90, CLK270, CLK2X, and CLK2X180 outputs are not available if the
DLL_FREQUENCY_MODE is set to High.

Digital Frequency Synthesizer (DFS)

The CLKFX and CLKFX180 outputs in conjunction with the CLKFX_MULTIPLY and
CLKFX_DIVIDE attributes provide a frequency synthesizer that can be any multiple
or division of CLKIN. CLKFX and CLKIN are in phase every CLKFX_MULTIPLY
cycles of CLKFX and every CLKFX_DIVIDE cycles of CLKIN when a feedback is
provided to the CLKFB input of the DLL. The frequency of CLKFX is defined by the
following equation.

Frequency g kex=
( CLKFX_MJLTI PLY_val ue/ CLKFX_DI VI DE_val ue) * Frequencygun

Both the CLKFX or CLKFX180 output can be used simultaneously.

CLKFX180 is 1x the CLKFX frequency, shifted 180° with regards to CLKFX. CLKFX
and CLKFX180 always have a 50/50 duty cycle.

The DFS_FREQUENCY_MODE attribute specifies the allowable input clock and
output clock frequency ranges.

The CLK_FEEDBACK attribute set to NONE will cause the DCM to be in the Digital
Frequency Synthesizer mode. The CLKFX and CLKFX180 will be generated without
phase correction with respect to CLKIN.

Digital Phase Shifter (DPS)

The phase shift (skew) between the rising edges of CLKIN and CLKFB may be
configured as a fraction of the CLKIN period with the PHASE_SHIFT attribute. This
allows the phase shift to remain constant as ambient conditions change. The
CLKOUT_PHASE_SHIFT attribute controls the use of the PHASE_SHIFT value. By
default, the CLKOUT_PHASE_SHIFT attribute is set to NONE and the
PHASE_SHIFT attribute has no effect.

By creating skew between CLKIN and CLKFB, all DCM output clocks are phase
shifted by the amount of the skew.
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When the CLKOUT_PHASE_SHIFT attribute is set to FIXED, the skew set by the
PHASE_SHIFT attribute is used at configuration for the rising edges of CLKIN and
CLKFB. The skew remains constant.

When the CLKOUT_PHASE_SHIFT attribute is set to VARIABLE, the skew set at
configuration is used as a starting point and the skew value can be changed
dynamically during operation using the PS* signals. This digital phase shifter feature
is controlled by a synchronous interface. The inputs PSEN (phase shift enable) and
PSINCDEC (phase shift increment/decrement) are set up to the rising edge of PSCLK
(phase shift clock). The PSDONE (phase shift done) output is clocked with the rising
edge of PSCLK (the phase shift clock). PSDONE must be connected to implement the
complete synchronous interface. The rising-edge skew between CLKIN and CLKFB
may be dynamically adjusted after the LOCKED output goes High.

The PHASE_SHIFT attribute value specifies the initial phase shift amount when the
device is configured. Then the PHASE_SHIFT value is changed one unit when PSEN
is activated for one period of PSCLK. The PHASE_SHIFT value is incremented when
PSINCDEC is High and decremented when PSINCDEC is Low during the period that
PSEN is High. When the DCM completes an increment or decrement operation, the
PSDONE output goes High for a single PSCLK cycle to indicate the operation is
complete. At this point the next change may be made. When RST (reset) is High, the
PHASE_SHIFT attribute value is reset to the skew value set at configuration.

If CLKOUT_PHASE_SHIFT is FIXED or NONE, the PSEN, PSINCDEC, and PSCLK
inputs must be tied to GND. The program will automatically tie the inputs to GND if
they are not connected by the user.

Additional Status Bits

The STATUS output bits return the following information.
DCM Additional Status Bits

Bit Description

0 Phase Shift Overflow*
1= |PHASE_SHIFT] > 255

1 DLL CLKIN stopped**
1 = CLKIN stopped toggling

2 DLL CLKFX stopped
1 = CLKFX stopped toggling

No
No
No
No
No

~N oo b~ Ww

* Phase Shift Overflow will also go high if the end of the phase shift delay line is
reached (see the product data sheet for the most current value of the maximum
shifting delay).

** |f only the DFS outputs are used (CLKFX & CLKFX180), this status bit will not go
high if CLKIN stops.
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LOCKED

When LOCKED is high, all enabled signals are locked.

RST

The master reset input (RST) resets DCM to its initial (power-on) state. The signal at
the RST input is asynchronous and must be held High for 2ns.

Usage

This component is generally instantiated in the code as it cannot be easily inferred in
synthesis tools. Some synthesis tools may allow inference via an attribute. See your
synthesis tool documentation.

Available Attributes

Attribute Type Allowed Default
Values
CLKDV_DIVIDE 2-Bit Floating | 2.0 152.0,2.5,3.0,3.5,4.0,4.55.0,5.5,6.0,6.5,
7.0,7.5,8.0,9.0,10.0,11.0,12.0,13.0,14.0,15.0 or 16.0
CLKFX_DIVIDE 1-Bit Binary | 1.0 1t032
CLKFX_MULTI-PLY 4-Bit Binary | 4.0 1t032
CLKIN_DIVIDE_BY_2 | Boolean FALSE TRUE
FALSE
CLKIN_PERIOD 0.0
CLKOUT_PHASE_SHI | Real NONE NONE
FT
FIXED
VARIABLE
CLK_FEEDBACK Real 1X NONE
1X
2X
DESKEW_ADJUST Real SYSTEM_SYN | SOURCE_SYNCHRONOUS
CHRONOUS
SYSTEM_SYNCHRON
ous
DFS_FREQUENCY_M | Real LOW HIGH
ODE
Low
DLL_FREQUENCY_M | Real LOW HIGH
ODE
Low
DUTY_CYCLE_CORRE | Boolean TRUE TRUE
CTION
FALSE
FACTORY_JF 16-Bit Binary | 16'hC080
PHASE_SHIFT Integer 0 -255 to 255
STARTUP_WAIT Boolean FALSE TRUE
FALSE

For More Information

Consult the Spartan-3E Data Sheets.
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DEC_CC4, 8, 16 SXILINX®

DEC _CC4, 8, 16
Macro: 4-, 8-, 16-Bit Active Low Decoders

These decoders are used to build wide-decoder functions. They are implemented by

ao_[DEC_Cca cascading CY_MUX elements driven by lookup tables (LUTSs). The CIN pin can only
Al - .
~ be driven by the output (O) of a previous decode stage. When one or more of the
A3 e inputs (A) are Low, the output is Low. When all the inputs are High and the CIN input
S is High, the output is High. You can decode patterns by adding inverters to inputs.
X4927
Inputs Outputs
A0 Al Az C_IN o}
A0_| DEC_ccs 1 1 1 1 1 1
Al
A2 X X X X 0 0
A3
Al 0 X X X X 0
A5 X 0 X X X 0
A6
A7 el X X X 0 X 0
C_IN
= z =3 for DEC_CC4; z = 7 for DEC_CCS; z = 15 for DEC_CC16
X4928
_ og
a0 [DEC_cc16 Iii— Muxcy | o
.—
2;_ L S0 S/ 1 \
E 20 DI cl
A4 | AND4
A5 |
A6 _| -
A7 | GND
A8 | C_IN
A9 | [ ]
A10 | The C_IN pin can only be initialized
All by a CY_INIT or by the output of a
Al12 previous decode stage. X8717
A13 | ,
Al4 | DEC_CC4 Implementation for Spartan-3E
A15 | [ o
cn|
X4929 DEC_CC4a
=S R DAY
[ o — NP
-l A3 ofb4m—  ©m
-M— A0
=P A o
-—cle C_IN
DEC_CC8 Implementation for Spartan-3E
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SXILINX® DEC_CC4, 8, 16

Usage

DEC_CC4 cannot be directly inferred or instantiated. The proper way to use a
DEC_CC4 is to infer the primitive components that make up the DEC_CCA4.
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DECODE4, 8, 16

SUXILINX®

DECODE4, 8, 16

Macro: 4-, 8-, 16-Bit Active-Low Decoders

A0 | DECODE4

o

A0 | DECODES
Al
A2 |
A3 |
A4 |
A5 |
A6

> | > |>

o

DECODE16

lo

X9807

DECODE Representations

In Spartan-3E, decoders are implemented using combinations of LUTs and MUXCYs.

Inputs Outputs*
A0 Al Az @)
1 1 1 1 1
0 X X X 0
X 0 X X 0
X X X 0 0
z = 3 for DECODE4, z = 7 for DECODES; z = 15 for DECODE16
*A pull-up resistor must be connected to the output to establish High-level drive current.
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SXILINX® DECODEA4, 8, 16

FMAP
— 4
— 13 o o)
e .
B
MAP=PUO
RLOC=X0Y1
Al
AG FMAP
B s1
s ey )
A4 A6
[ EALE— [ EALENE Ji s1
AND4 T o———H
[ LB
o
:D—. MAP=PUO
AND? RLOC=X0Y0
L FMAP
A2
B S0 .L 14
AL —
A0 .IA2 13 o) ___§9+.
= [~ Ea . P
AND4 A0
B—n
MAP=PUO
RLOC=X0YO

X9316

DECODES8 Implementation Spartan-3E

Usage

These design elements are inferrred rather than instantiated.
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DECODE32, 64

SUXILINX®

DECODE32, 64

Macro: 32- and 64-Bit Active-Low Decoders

A[31:0] | DECODE32

X8203

A[63:0] | DECODEG4
|

X8204

DECODE32 and DECODE®64 are 32- and 64-bit active-low decoders. These decoders
are implemented using combinations of LUTs and MUXCYs.

See “DECODE4, 8, 16” for a representative schematic.

Inputs Outputs
A0 Al Az ]
1 1 1 1 1
0 X X X 0
X 0 X X 0
X X X 0 0

z = 31 for DECODE32, z = 63 for DECODE64

Usage

These design elements are inferred rather than instantiated.
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SXILINX® DECODE32, 64
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FD

SUXILINX®

FD

Primitive:

° °

FD

o

X3715

D Flip-Flop

FD is a single D-type flip-flop with data input (D) and data output (Q). The data on
the D inputs is loaded into the flip-flop during the Low-to-High clock (C) transition.

The flip-flop is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is

active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol..

Inputs

Outputs

Q

0

1

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description
INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration
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SUXILINX® FD
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FD_1 SXILINX®

FD 1
Primitive: D Flip-Flop with Negative-Edge Clock

FD_1is asingle D-type flip-flop with data input (D) and data output (Q). The data on
0D 1 the (D) input is loaded into the flip-flop during the High-to-Low clock (C) transition.

lo

The flip-flop is asynchronously cleared, output Low, when power is applied.

& 1°

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

X3726 GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

D C Q
! D

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes.

Attribute Type Allowed Values | Default Description

INIT 1-Bit 0 Oor1l |Setsthe initial value of Q
Binary output after configuration
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STXILINX® FD_1
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FDA4CE, FD8CE, FD16CE

SUXILINX®

FDACE, FD8CE, FD16CE

Macro: 4-, 8-, 16-Bit Data Registers with Clock Enable and
Asynchronous Clear

FDACE, FD8CE, and FD16CE are, respectively, 4-, 8-, and 16-bit data registers with

po | FD4CE | qo clock enable and asynchronous clear. When clock enable (CE) is High and

- %; asynchronous clear (CLR) is Low, the data on the data inputs (D) is transferred to the

D3| [ o3 corresponding data outputs (Q) during the Low-to-High clock (C) transition. When

o CLR is High, it overrides all other inputs and resets the data outputs (Q) Low. When
CE is Low, clock transitions are ignored.

CLR X3733 The flip-flops are asynchronously cleared, output Low, when power is applied.
For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is

D[7:0] FDS8CE | QI7:0] active.

— —

. GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

CLR X3850

Inputs Outputs
CLR CE Dz — DO c Qz-Q0
D[15:&] FD16CE &[15:01 1 X X X 0

cE_|

“— 0 0 X X No Change

CLR X3736 0 1 Dn 1 Dn
z = 3 for FD4CE; z = 7 for FD8CE; z = 15 for FD16CE.
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SXILINX® FD4CE, FDSCE, FD16CE
Q[7:0]
|
= CLR
= i X7799
FD8CE Implementation of Spartan-3E
Usage
These design elements are inferred rather than instantiated.
Available Attributes
FDACE.
Attribute Type Allowed Values | Default Description
INIT 4-Bit 4 bits 4-bit Sets the initial value of Q
Binary binary |output after configuration
FDSCE
Attribute Type Allowed Values | Default Description
INIT 8-Bit 8 bits 8-bit Sets the initial value of Q
Binary binary |output after configuration
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FDA4CE, FD8CE, FD16CE

SUXILINX®

FD16CE
Attribute Type Allowed Values | Default Description
INIT 16-Bit 16 bits 16-bit | Sets the initial value of Q
Binary binary |output after configuration
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SXILINX® FD4CE, FDSCE, FD16CE
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FD4RE, FD8RE, FD16RE

SUXILINX®

FD4RE, FD8SRE, FD16RE

Macro: 4-, 8-, 16-Bit Data Registers with Clock Enable and
Synchronous Reset

DO | FD4RE | Qo
D1 | | Q1
D2 | (@2
D3 | | Q3
CE |

C |

g X3734

FD4RE, FD8RE, and FD16RE are, respectively, 4-, 8-, and 16-bit data registers. When
the clock enable (CE) input is High, and the synchronous reset (R) input is Low, the
data on the data inputs (D) is transferred to the corresponding data outputs (QO0)
during the Low-to-High clock (C) transition. When R is High, it overrides all other
inputs and resets the data outputs (Q) Low on the Low-to-High clock transition.
When CE is Low, clock transitions are ignored.

The flip-flops are asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
R CE Dz -DO Qz-QO0
1 X X 0
0 0 X No Change
0 1 Dn Dn
z = 3 for FD4RE; z = 7 for FD8RE; z = 15 for FD16RE
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SUXILINX®

FD4RE, FD8RE, FD16RE

Q[7:0]

FD8RE Implementation of Spartan-3E

Usage

These design elements are inferred rather than instantiated.

Available Attributes

FD4RE
Attribute Type Allowed Values | Default Description
INIT 4-Bit 4 bits 4-bit Sets the initial value of Q
Binary binary |output after configuration
FD8RE
Attribute Type Allowed Values | Default Description
INIT 8-Bit 8 bits 8-bit Sets the initial value of Q
Binary binary |output after configuration
FD16RE
Attribute Type Allowed Values | Default Description
INIT 16-Bit 16 bits 16-bit | Sets the initial value of Q
Binary binary |output after configuration
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FDC SXILINX®
FDC
Primitive: D Flip-Flop with Asynchronous Clear
FDC is a single D-type flip-flop with data (D) and asynchronous clear (CLR) inputs
o | FC | o and data output (Q). The asynchronous CLR, when High, overrides all other inputs

and sets the (Q) output Low. The data on the (D) input is loaded into the flip-flop

when CLR is Low on the Low-to-High clock transition.

The flip-flop is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is

active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
CLR D Q
1 X X 0
0 D 1 D
Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes.

Attribute Type Allowed Values | Default Description
INIT 1-Bit 0 OQorl Sets the initial value of Q
Binary output after configuration
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STXILINX® FDC
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SUXILINX®

FDC_1
FDC 1
Primitive:
Clear
p | FBC1 | o
9{3

X3847

D Flip-Flop with Negative-Edge Clock and Asynchronous

FDC_1 is a single D-type flip-flop with data input (D), asynchronous clear input
(CLR), and data output (Q). The asynchronous CLR, when active, overrides all other
inputs and sets the (Q) output Low. The data on the (D) input is loaded into the flip-
flop during the High-to-Low clock (C) transition.

The flip-flop is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is

active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
CLR D Q
1 X 0
0 D ! D
Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes.

Attribute Type Allowed Values | Default Description
INIT 1-Bit 0 OQorl Sets the initial value of Q
Binary output after configuration
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SUXILINX®

FDCE
FDCE
Primitive: D Flip-Flop with Clock Enable and Asynchronous Clear
FDCE is a single D-type flip-flop with clock enable and asynchronous clear. When
o FDCE o clock enable (CE) is High and asynchronous clear (CLR) is Low, the data on the data

X3717

input (D) of FDCE is transferred to the corresponding data output (Q) during the
Low-to-High clock (C) transition. When CLR is High, it overrides all other inputs and
resets the data output (Q) Low. When CE is Low, clock transitions are ignored.

The flip-flop is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
CLR CE D C Q
X X X 0
0 X X No Change
D 1 D
Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes.

Attribute Type Allowed Values | Default Description
INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration

For More Information
Consult the Spartan-3E Data Sheets.
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FDCE_1 SXILINX®

FDCE_1

Primitive: D Flip-Flop with Negative-Edge Clock, Clock Enable, and
Asynchronous Clear

FDCE_1 is a single D-type flip-flop with data (D), clock enable (CE), asynchronous
FDCE1 | o clear (CLR) inputs, and data output (Q). The asynchronous CLR input, when High,
overrides all other inputs and sets the Q output Low. The data on the (D) input is
loaded into the flip-flop when CLR is Low and CE is High on the High-to-Low clock
(C) transition. When CE is Low, the clock transitions are ignored.

oLl
m

CLR X3727
The flip-flop is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

C Q
0
No Change
! 1
! 0

o|lo|lo|r
|| O X
o+ | X|X| O

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes.

Attribute Type Allowed Values | Default Description

INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration

For More Information
Consult the Spartan-3E Data Sheets.

Spartan-3E Libraries Guide for Schematic Designs www.xilinx.com 127
ISE 7.1i 1-800-255-7778


http://www.xilinx.com

SXILINX® FDCE_1
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FDCP

SUXILINX®

FDCP

4|-U
Py
m

Primitive: D Flip-Flop Asynchronous Preset and Clear

FDCP

O

|O

lo

CLR

X4397

FDCP is a single D-type flip-flop with data (D), asynchronous preset (PRE) and clear
(CLR) inputs, and data output (Q). The asynchronous PRE, when High, sets the (Q)
output High; CLR, when High, resets the output Low. Data on the (D) input is loaded
into the flip-flop when PRE and CLR are Low on the Low-to-High clock (C) transition.

The flip-flop is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
Q

CLR PRE

X | X| O

0
1
D

O| X|X| O

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes.

Attribute Type Allowed Values | Default Description

INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration
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FDCP_1 SXILINX®

FDCP 1

Primitive: D Flip-Flop with Negative-Edge Clock and Asynchronous
Preset and Clear

FDCP_1 is a single D-type flip-flop with data (D), asynchronous preset (PRE) and
clear (CLR) inputs, and data output (Q). The asynchronous PRE, when High, sets the
(Q) output High; CLR, when High, resets the output Low. Data on the (D) input is
loaded into the flip-flop when PRE and CLR are Low on the High-to-Low clock (C)
transition.

)
Py
m

FDCP_1

|U
lo

The flip-flop is asynchronously cleared, output Low, when power is applied.

T

L
For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is

active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the Spartan-3E symbol.

X8357

Inputs Outputs

Q

CLR PRE

X | X| O

oo | X
o X| X| O

0
1
0
1

oO|loOo| Ok

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes.

Attribute Type Allowed Values | Default Description

INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration
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FDCPE

SUXILINX®

FDCPE

Primitive: D Flip-Flop with Clock Enable and Asynchronous Preset and

Clear

o
Py
m

° |5 °
m

FDCPE

lo

(o]

LR

X4389

FDCPE is a single D-type flip-flop with data (D), clock enable (CE), asynchronous
preset (PRE), and asynchronous clear (CLR) inputs and data output (Q). The
asynchronous PRE, when High, sets the (Q) output High; CLR, when High, resets the
output Low. Data on the (D) input is loaded into the flip-flop when PRE and CLR are
Low and CE is High on the Low-to-High clock (C) transition. When CE is Low, the
clock transitions are ignored.

The flip-flop is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, the power on condition can be simulated when global set/reset (GSR)
is active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

Q

0

1
No Change
1 D

CLR PRE CE

X | XX O

o|lo|lo|r
ook | X
Pl o X X
O X|X|X]| O

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.
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FDCPE_1

SUXILINX®

FDCPE_1

Primitive: D Flip-Flop with Negative-Edge Clock, Clock Enable, and
Asynchronous Preset and Clear

O |0 |0
& |

FDCPE_1

lo

CLR

X8360

FDCPE_1 is a single D-type flip-flop with data (D), clock enable (CE), asynchronous
preset (PRE), and asynchronous clear (CLR) inputs and data output (Q). The
asynchronous PRE, when High, sets the (Q) output High; CLR, when High, resets the
output Low. Data on the (D) input is loaded into the flip-flop when PRE and CLR are
Low and CE is High on the High-to-Low clock (C) transition. When CE is Low, the
clock transitions are ignored.

The flip-flop is asynchronously cleared, output Low, when power is applied.

For Spartan-3E power on conditions are simulated when global set/reset (GSR) is
active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANSE, symbol.

Inputs Outputs

Q

0

1
No Change
! D

CLR PRE CE

ook | X
Rlo| X | X
O| X| X|X| O
X| X[ X O

oo Ok

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes.

Attribute Type Allowed Values | Default Description

INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration
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FDE SXILINX®
FDE
Primitive: D Flip-Flop with Clock Enable
FDE is a single D-type flip-flop with data input (D), clock enable (CE), and data
p | FDE output (Q). When clock enable is High, the data on the (D) input is loaded into the
CE | e} flip-flop during the Low-to-High clock (C) transition.
c_| The flip-flop is asynchronously cleared, output Low, when power is applied.
For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
X8361

active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
CE D Q
0 X No Change
1 0 ) 0
1 1 1 1
Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description
INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration

For More Information

Consult the Spartan-3E Data Sheets.
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SUXILINX®

FDE_1
FDE 1
Primitive:
D FDE_1
CE | | Q
o
X8362

D Flip-Flop with Negative-Edge Clock and Clock Enable

FDE_1 is a single D-type flip-flop with data input (D), clock enable (CE), and data
output (Q). When clock enable is High, the data on the (D) input is loaded into the
flip-flop during the High-to-Low clock (C) transition.

The flip-flop is asynchronously cleared, output Low, when power is applied.

The STARTUP_SPARTAN3E component must be instantiated in order to be
incorporated into the design. Do not connect any input not needed for the design.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
CE D Q
0 X No Change
1 0 ! 0
1 1 ! 1

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative

placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description
INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration

For More Information

Consult the Spartan-3E Data Sheets.
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FDP

SUXILINX®

FDP

Primitive: D Flip-Flop with Asynchronous Preset

FDP is a single D-type flip-flop with data (D) and asynchronous preset (PRE) inputs
and data output (Q). The asynchronous PRE, when High, overrides all other inputs
and presets the (Q) output High. The data on the (D) input is loaded into the flip-flop

o [ FPP 1 o when PRE is Low on the Low-to-High clock (C) transition.
C | For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.
X3720 The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the STARTUP_SPARTANS3E symbol.
Inputs Outputs
PRE C D Q
X X 1
1 D D
0 1 0 0
Usage
This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.
Available Attributes
Attribute Type Allowed Values | Default Description
INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration
For More Information
Consult the Spartan-3E Data Sheets.
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FDP_1

SUXILINX®

FDP 1

Primitive:
Preset

PRE

o

FDP_1

D |
€9

lo

X3728

D Flip-Flop with Negative-Edge Clock and Asynchronous

FDP_1is asingle D-type flip-flop with data (D) and asynchronous preset (PRE) inputs
and data output (Q). The asynchronous PRE, when High, overrides all other inputs

and presets the Q output High. The data on the D input is loaded into the flip-flop

when PRE is Low on the High-to-Low clock (C) transition.

The flip-flop is asynchronously preset, output High, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is

active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
PRE C Q
1 X X 1
0 ! D D
Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description
INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration

For More Information

Consult the Spartan-3E Data Sheets.
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FDPE

SUXILINX®

FDPE

PRE

]

Primitive: D Flip-Flop with Clock Enable and Asynchronous Preset

FDPE

A

X3721

FDPE is a single D-type flip-flop with data (D), clock enable (CE), and asynchronous
preset (PRE) inputs and data output (Q). The asynchronous PRE, when High,
overrides all other inputs and sets the (Q) output High. Data on the (D) input is
loaded into the flip-flop when PRE is Low and CE is High on the Low-to-High clock
(C) transition. When CE is Low, the clock transitions are ignored.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol symbol.

Outputs

Q

1
No Change
1 D

Inputs

PRE CE

X[ X| O

o
O| X | X| O

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute
INIT

Allowed Values | Default Description

Oorl 0

Type
1-Bit
Binary

Sets the initial value of Q
output after configuration

For More Information
Consult the Spartan-3E Data Sheets.
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FDPE_1

SUXILINX®

FDPE_1

Primitive: D Flip-Flop with Negative-Edge Clock, Clock Enable, and
Asynchronous Preset

T
o
T

lm
[
lo

X3852

FDPE_1 is a single D-type flip-flop with data (D), clock enable (CE), and
asynchronous preset (PRE) inputs and data output (Q). The asynchronous PRE, when
High, overrides all other inputs and sets the (Q) output High. Data on the (D) input is
loaded into the flip-flop when PRE is Low and CE is High on the High-to-Low clock
(C) transition. When CE is Low, the clock transitions are ignored.

The flip-flop is asynchronously preset, output High, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Outputs

Q

1
No Change
! D

Inputs

PRE CE

X | X| O

o
O| X| X| O

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute
INIT

Allowed Values | Default
Oorl 0

Type Description
1-Bit
Binary

Sets the initial value of Q
output after configuration

For More Information
Consult the Spartan-3E Data Sheets.
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SUXILINX®

FDR
FDR
Primitive: D Flip-Flop with Synchronous Reset
FDR is a single D-type flip-flop with data (D) and synchronous reset (R) inputs and
p | FDR | o data output (Q). The synchronous reset (R) input, when High, overrides all other
inputs and resets the (Q) output Low on the Low-to-High clock (C) transition. The
c | data on the (D) input is loaded into the flip-flop when R is Low during the Low-to-
High clock transition.
R The flip-flop is asynchronously cleared, output Low, when power is applied.
X3718

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
R D C Q
X 1 0
0 D 1 D

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description
INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration
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SUXILINX®

FDR_1
FDR 1
Primitive:
Reset
p | FDR_1
| Q
o
R |
X8363

D Flip-Flop with Negative-Edge Clock and Synchronous

FDR_1is a single D-type flip-flop with data (D) and synchronous reset (R) inputs and
data output (Q). The synchronous reset (R) input, when High, overrides all other
inputs and resets the (Q) output Low on the High-to-Low clock (C) transition. The
data on the (D) input is loaded into the flip-flop when R is Low during the High-to-
Low clock transition.

The flip-flop is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol

Inputs Outputs
R D C Q
X ! 0
0 D ! D

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description
INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration
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SUXILINX®

FDRE
FDRE
Primitive:
D FDRE Q
| | Q
c |
g X3719

D Flip-Flop with Clock Enable and Synchronous Reset

FDRE is a single D-type flip-flop with data (D), clock enable (CE), and synchronous
reset (R) inputs and data output (Q). The synchronous reset (R) input, when High,
overrides all other inputs and resets the (Q) output Low on the Low-to-High clock (C)
transition. The data on the (D) input is loaded into the flip-flop when R is Low and CE
is High during the Low-to-High clock transition.

The flip-flop is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
R CE D Cc Q
1 X X 1 0
0 0 X X No Change
0 1 D 1 D
Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description
INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration
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FDRE_1

SUXILINX®

FDRE_1

Primitive: D Flip-Flop with Negative-Clock Edge, Clock Enable, and
Synchronous Reset

FDRE_1

§ P
m

o

!

X8364

FDRE_1 is a single D-type flip-flop with data (D), clock enable (CE), and synchronous
reset (R) inputs and data output (Q). The synchronous reset (R) input, when High,
overrides all other inputs and resets the (Q) output Low on the High-to-Low clock (C)
transition. The data on the (D) input is loaded into the flip-flop when R is Low and CE
is High during the High-to-Low clock transition.

The flip-flop is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Outputs

c Q
1 0
No Change
! D

Inputs

CE

o|lo|+—| O
X

o
O| X|X| O
x

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Allowed Values | Default Description

Oorl 0

Attribute
INIT

Type
1-Bit
Binary

Sets the initial value of Q
output after configuration
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FDRS

SUXILINX®

FDRS

Primitive: D Flip-Flop with Synchronous Reset and Set

S

FDRS

P

lo

)

X3731

FDRS is a single D-type flip-flop with data (D), synchronous set (S), and synchronous
reset (R) inputs and data output (Q). The synchronous reset (R) input, when High,
overrides all other inputs and resets the (Q) output Low during the Low-to-High
clock (C) transition. (Reset has precedence over Set.) When S is High and R is Low, the
flip-flop is set, output High, during the Low-to-High clock transition. When R and S
are Low, data on the (D) input is loaded into the flip-flop during the Low-to-High
clock transition.

The flip-flop is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
C Q

o O po)
ol | X| W

0
1
D

O| X|X| O

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description

INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration
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FDRS_1

SUXILINX®

FDRS 1

Primitive: D Flip-Flop with Negative-Clock Edge and Synchronous
Reset and Set

!

|U

FDRS_1

o

ik

X8365

FDRS_1 is a single D-type flip-flop with data (D), synchronous set (S), and
synchronous reset (R) inputs and data output (Q). The synchronous reset (R) input,
when High, overrides all other inputs and resets the (Q) output Low during the High-
to-Low clock (C) transition. (Reset has precedence over Set.) When S is High and R is
Low, the flip-flop is set, output High, during the High-to-Low clock transition. When
R and S are Low, data on the (D) input is loaded into the flip-flop during the High-to-
Low clock transition.

The flip-flop is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs

C Q

o|lo|+—| O
ol | X| W0

0
1
D

O| X|X| O

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description

INIT 1-Bit Binary |Oor1l 0 Sets the initial value of Q
output after configuration
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FDRSE

SUXILINX®

FDRSE

Primitive: D Flip-Flop with Synchronous Reset and Set and Clock

Enable

i

FDRSE

P17 [°
m

lo

[

X3732

FDRSE is a single D-type flip-flop with synchronous reset (R), synchronous set (S),
and clock enable (CE) inputs and data output (Q). The reset (R) input, when High,
overrides all other inputs and resets the Q output Low during the Low-to-High clock
transition. When the set (S) input is High and R is Low, the flip-flop is set, output
High, during the Low-to-High clock (C) transition. Data on the D input is loaded into
the flip-flop when R and S are Low and CE is High during the Low-to-High clock
transition.

The flip-flop is asynchronously cleared, output Low, when power is applied.
Spartan-3E simulates power-on when global set/reset (GSR) is active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

C Q
1 0
) 1
X No Change
1 1
1 0

CE

ololo|lo|~| =T
olo|lo|rRr|X| W0

Rk, Oo| X| X
ol | X| X|X| O

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description

INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration
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FDRSE_1

SUXILINX®

FDRSE_1

Primitive: D Flip-Flop with Negative-Clock Edge, Synchronous Reset
and Set, and Clock Enable

i

O |0 |O
&R

FDRSE_1

lo

[

X8366

FDRSE_1 is a single D-type flip-flop with synchronous reset (R), synchronous set (S),
and clock enable (CE) inputs and data output (Q). The reset (R) input, when High,
overrides all other inputs and resets the (Q) output Low during the High-to-Low
clock transition. (Reset has precedence over Set.) When the set (S) input is High and R
is Low, the flip-flop is set, output High, during the High-to-Low clock (C) transition.
Data on the (D) input is loaded into the flip-flop when (R) and (S) are Low and (CE) is
High during the High-to-Low clock transition.

The flip-flop is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs

C Q
! 0
1
X No Change
! D

CE

olo|lo|r| XD
o|lolr|X| W,
PO X | X

O X|X|X]| O

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description

INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration
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FDS

SUXILINX®

FDS

Primitive: D Flip-Flop with Synchronous Set

]

> [°

FDS

lo

X3722

FDS is a single D-type flip-flop with data (D) and synchronous set (S) inputs and data

output (Q). The synchronous set input, when High, sets the Q output High on the

Low-to-High clock (C) transition. The data on the D input is loaded into the flip-flop
when S is Low during the Low-to-High clock (C) transition.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is

active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
S D C Q
1 X 1 1
0 D 1 D

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description
INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration
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SUXILINX®

Primitive: D Flip-Flop with Negative-Edge Clock and Synchronous Set

FDS_1
FDS_1
—
b | Fos_1
e
o
X8367

FDS_1is a single D-type flip-flop with data (D) and synchronous set (S) inputs and

data output (Q). The synchronous set input, when High, sets the (Q) output High on
the High-to-Low clock (C) transition. The data on the (D) input is loaded into the flip-
flop when S is Low during the High-to-Low clock (C) transition.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is

active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
S D C Q
1 X l 1
0 D ! D

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description
INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration
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FDSE

SUXILINX®

FDSE

Primitive: D Flip-Flop with Clock Enable and Synchronous Set

!

FDSE

il
m

lo

X3723

FDSE is a single D-type flip-flop with data (D), clock enable (CE), and synchronous set
(S) inputs and data output (Q). The synchronous set (S) input, when High, overrides
the clock enable (CE) input and sets the Q output High during the Low-to-High clock
(C) transition. The data on the D input is loaded into the flip-flop when S is Low and
CE is High during the Low-to-High clock (C) transition.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

C Q
) 1
No Change
) D

S CE
1 X
0
0

o
O| X|X| O
x

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type

Allowed Values | Default Description

INIT 1-Bit
Binary

Oorl 0 Sets the initial value of Q

output after configuration
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FDSE_1

SUXILINX®

FDSE_1

Primitive: D Flip-Flop with Negative-Edge Clock, Clock Enable, and
Synchronous Set

!

FDSE_1

O |0 |0
&R

o

X8368

FDSE_1 is a single D-type flip-flop with data (D), clock enable (CE), and synchronous
set (S) inputs and data output (Q). The synchronous set (S) input, when High,
overrides the clock enable (CE) input and sets the Q output High during the High-to-
Low clock (C) transition. The data on the D input is loaded into the flip-flop when S is
Low and CE is High during the High-to-Low clock (C) transition.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs
S CE D C Q
1 X X ! 1
0 0 X X No Change
0 1 D ! D

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description
INIT 1-Bit Oorl 0 Sets the initial value of Q
Binary output after configuration
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FIKC SXILINX®

FIKC
Macro: J-K Flip-Flop with Asynchronous Clear

FJKC is a single J-K-type flip-flop with J, K, and asynchronous clear (CLR) inputs and
FJKC data output (Q). The asynchronous clear (CLR) input, when High, overrides all other
inputs and resets the (Q) output Low. When (CLR) is Low, the output responds to the
state of the J and K inputs, as shown in the following truth table, during the Low-to-
High clock (C) transition.

oI
o

The flip-flop is asynchronously cleared, output Low, when power is applied.

CLR X3753 For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.
The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.
Inputs Outputs
CLR J K Q

1 X X 0

0 0 0 ) No Change

0 0 1 1 0

0 1 1 1 1

AND3B2 A0
ALy~ AD
i nz)—
OR3
; AND3B1 EDC
|
B K D Q—.A.
AND2B1
- C
CLR
mCLR |
X7820
FJKC Implementation for Spartan-3E
Usage
This design element is inferred rather than instantiated.
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FIKCE

SUXILINX®

FIKCE

Macro: J-K Flip-Flop with Clock Enable and Asynchronous Clear

FIKCE is a single J-K-type flip-flop with J, K, clock enable (CE), and asynchronous

3 FIKCE

clear (CLR) inputs and data output (Q). The asynchronous clear (CLR), when High,

| o overrides all other inputs and resets the Q output Low. When CLR is Low and CE is
High, Q responds to the state of the J and K inputs, as shown in the following truth
table, during the Low-to-High clock transition. When CE is Low, the clock transitions
are ignored.

X3756 The flip-flop is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

CLR CE J Q
0

No Change

X| X[ X] O

No Change
1 0

) 1
) Toggle

Rrlo|lrRr| O X | X| R

o|lo|lo|lo|o|r
Rl O|X
ROl o] X| X

AND3B2

— Y

AND3B1

| I |
=

AND2B1
FDCE

CE

CE

CLR

CLR

X7822

FJKCE Implementation for Spartan-3E

Usage

This design element is inferred rather than instantiated.
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FIKP

SUXILINX®

FIKP

T
py)
m

Macro: J-K Flip-Flop with Asynchronous Preset

FIKP

"

|O

lo

X3754

FJKP is a single J-K-type flip-flop with J, K, and asynchronous preset (PRE) inputs and
data output (Q). The asynchronous preset (PRE) input, when High, overrides all other
inputs and sets the (Q) output High. When (PRE) is Low, the (Q) output responds to

the state of the J and K inputs, as shown in the following truth table, during the Low-

to-High clock transition.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is

active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
PRE J K C Q
1 X X X 1
0 0 0 X No Change
0 0 1 1 0
0 1 0 1 1
0 1 1 1 Toggle
A
./
AND3B2
I A0
® \ Al AD
~— A2
AND3B1 OR3
[ J
K
AND2B1
Sy FDP
P};E Q
— D —e—H
[ c

FJKP Implementation for Spartan-3E

Usage

This design element is inferred rather than instantiated.

RLOC=X0Y0

X9317
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FIKPE SXILINX®

FIKPE
Macro: J-K Flip-Flop with Clock Enable and Asynchronous Preset

FIJKPE is a single J-K-type flip-flop with J, K, clock enable (CE), and asynchronous
preset (PRE) inputs and data output (Q). The asynchronous preset (PRE), when High,
overrides all other inputs and sets the (Q) output High. When (PRE) is Low and (CE)
is High, the (Q) output responds to the state of the J and K inputs, as shown in the
truth table, during the Low-to-High clock (C) transition. When (CE) is Low, clock
transitions are ignored.

PR

m

i

FIKPE

O |x |«
IR
lo

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is

X3757 .
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

Q
1
No Change

PRE CE J

X| X[ X] O

No Change
1 0

1 1

) Toggle

o|lo|lo|o|o|r
PRk PO X
Rk, Oo|loOo| X| X
Rrlo|rRr| O X | X| R

AND3B2

U
?

n LS

OR3

O
AND3B1

AND2B1
FDPE
PRE
= ]
PRE
D Q—e—m
CE
C

RLOC=X0YO0 X9318

FJKPE Implementation for Spartan-3E

Usage

This design element is inferred rather than instantiated.
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FIKRSE

SUXILINX®

FIKRSE

Macro: J-K Flip-Flop with Clock Enable and Synchronous Reset and
Set

|

PR
m

FIKRSE

lo

[

X3760

FIKRSE is a single J-K-type flip-flop with J, K, synchronous reset (R), synchronous set
(S), and clock enable (CE) inputs and data output (Q). When synchronous reset (R) is
High during the Low-to-High clock (C) transition, all other inputs are ignored and
output (Q) is reset Low. When synchronous set (S) is High and (R) is Low, output (Q)
is set High. When (R) and (S) are Low and (CE) is High, output (Q) responds to the
state of the J and K inputs, according to the following truth table, during the Low-to-
High clock (C) transition. When (CE) is Low, clock transitions are ignored.

The flip-flop is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

C Q
0

—

1
No Change

No Change
0

) Toggle

) 1

—

ololo|o|o|o|r| D

o|lo|lo|o|o|r|X| W

PR PP O X X

RPlRr|olo| X| X| X]| «

olr |k |o| X X[XI X
X | X| -

AND3B2

v

AND3B1

xTu

AND2B1

CE

OR2

H EREN
o

RLOC=X0YO X9319

FIJKRSE Implementation for Spartan-3E

Usage

This design element is inferred rather than instantiated.
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FIKSRE SXILINX®

FIKSRE

Macro: J-K Flip-Flop with Clock Enable and Synchronous Set and
Reset

FIKSRE is a single J-K-type flip-flop with J, K, synchronous set (S), synchronous reset

(R), and clock enable (CE) inputs and data output (Q). When synchronous set (S) is

FIKSRE High during the Low-to-High clock (C) transition, all other inputs are ignored and

| o output (Q) is set High. When synchronous reset (R) is High and (S) is Low, output (Q)
is reset Low. When (S) and (R) are Low and (CE) is High, output (Q) responds to the
state of the J and K inputs, as shown in the following truth table, during the Low-to-
High clock (C) transition. When (CE) is Low, clock transitions are ignored.

k

PR 7
m

[

o The flip-flop is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs

C Q
1
0
No Change

—

No Change
0

1 1

) Toggle

—

olo|lojlo|lo|o|l~|w®m

o|lo|lo|lo|o|+ | X| D

Rl RO X| X

Rk Oo|lo| X| X| X| «

ROk o X| X X| X
X | X |-

Y

AND3B2

[
Al N N\ ap
AD_R
a—/ e @7
R:
AND3B1 OR3 AND2B1

RLOC=X0YO X9320

FIJKSRE Implementation for Spartan-3E

Usage

This design element is inferred rather than instantiated.
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FTC SXILINX®
FTC
Macro: Toggle Flip-Flop with Toggle Enable and Asynchronous Clear
FTC is a synchronous, resettable toggle flip-flop. The asynchronous clear (CLR) input,
- ETC o when High, overrides all other inputs and resets the data output (Q) Low. The (Q)
— — output toggles, or changes state, when the toggle enable (T) input is High and (CLR)
c is Low during the Low-to-High clock transition.
The flip-flop is asynchronously cleared, output Low, when power is applied.
CLR X3761 For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.
The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.
Inputs Outputs
CLR T c Q
1 X X 0
0 0 X No Change
0 1 1 Toggle
FDC
. z > TQ o 0 ® Q u
c XOR2
= c CLR
[ CLR ]
RLOC=X0YO X9321
FTC Implementation for Spartan-3E
Usage
This design element can be instantiated or inferred.
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FTCE SXILINX®

FTCE

Macro: Toggle Flip-Flop with Toggle and Clock Enable and
Asynchronous Clear

FTCE is a toggle flip-flop with toggle and clock enable and asynchronous clear. When

T FTCE | o the asynchronous clear (CLR) input is High, all other inputs are ignored and the data
cE | output (Q) is reset Low. When (CLR) is Low and toggle enable (T) and clock enable
c | (CE) are High, (Q) output toggles, or changes state, during the Low-to-High clock (C)
B transition. When (CE) is Low, clock transitions are ignored.

The flip-flop is asynchronously cleared, output Low, when power is applied.

CLR X3764 N _ _
For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.
Inputs Outputs
CLR CE T C Q
1 X X X 0
0 0 X X No Change
0 1 0 X No Change
0 1 1 1 Toggle
D 10 FDCE
T
XOR2 I— D Q Q
- CE CE
e
CLR
CLR |
. RLOC=X0YO0 X9322
FTCE Implementation for Spartan-3E
Usage
This design element can be inferred or instantiated.
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FTCLE SXILINX®

FTCLE

Macro: Toggle/Loadable Flip-Flop with Toggle and Clock Enable and
Asynchronous Clear

FTCLE is a toggle/loadable flip-flop with toggle and clock enable and asynchronous

D FTCLE clear. When the asynchronous clear input (CLR) is High, all other inputs are ignored
L and output (Q) is reset Low. When load enable input (L) is High and (CLR) is Low,
T o clock enable (CE) is overridden and the data on data input (D) is loaded into the flip-
e — flop during the Low-to-High clock (C) transition. When toggle enable (T) and CE are
— High and L and (CLR) are Low, output (Q) toggles, or changes state, during the Low-
c | to-High clock transition. When (CE) is Low, clock transitions are ignored.
The flip-flop is asynchronously cleared, output Low, when power is applied.
CLR
X3769 For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.
The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.
Inputs Outputs
CLR L CE T D C Q
1 X X X X X 0
0 1 X X D 1 D
0 0 0 X X X No Change
0 0 1 0 X X No Change
0 0 1 1 X ) Toggle
e
T
XOR2 M2_1
DO
(6] MD
[ D D1
[ L S0
FDCE
e L CE D Q o “m
OR2 CE
[ c
CLR
[ CLR |
RLOC=X0Y0O
X9323
FTCLE Implementation for Spartan-3E
Usage
This design element is inferred rather than instantiated.
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FTCLEX SXILINX®

FTCLEX

Macro: Toggle/Loadable Flip-Flop with Toggle and Clock Enable and
Asynchronous Clear

FTCLEX is a toggle/loadable flip-flop with toggle enable and clock enable and
FTCLEX asynchronous clear. When the asynchronous clear input (CLR) is High, all other
inputs are ignored and output (Q) is reset Low. When load enable input (L) is High,
(CLR) is Low, and (CE) is High, the data on data input (D) is loaded into the flip-flop
during the Low-to-High clock (C) transition. When toggle enable (T) and (CE) are
High and L and (CLR) are Low, output (Q) toggles, or changes state, during the Low-
to-High clock transition. When (CE) is Low, clock transitions are ignored.

@]
P
o

The flip-flop is asynchronously cleared, output Low, when power is applied.

:

L
X7601 For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs
CLR L CE T D Q

1 X X X X X 0

0 1 1 X 1 ) 1

0 1 1 X 0 1 0

0 0 0 X X X No Change

0 0 1 0 X X No Change

0 0 1 1 X 1 Toggle
.\;ﬁ >—‘T°

.
XOR2 M2_1
D0 O MD
= D D1
L SO
= FDCE
mEE R 0 0
I— CE
mE c
CLR

= CLR |

RLOC=X0Y0 X9324

FTCLEX Implementation for Spartan-3E

Usage

This design element is inferred rather than instantiated.
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FTP

SUXILINX®

FTP

PRE

-

Macro: Toggle Flip-Flop with Toggle Enable and Asynchronous Preset

FTP

> [

lo

X3762

FTP is a toggle flip-flop with toggle enable and asynchronous preset. When the
asynchronous preset (PRE) input is High, all other inputs are ignored and output (Q)
is set High. When toggle-enable input (T) is High and (PRE) is Low, output (Q)
toggles, or changes state, during the Low-to-High clock (C) transition.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

PRE T Q

1

X | X| O

No Change

X
0
1 1 Toggle

PRE FDP

PRE
. )i ——1p  Q &

XOR2
| c

RLOC=X0Y0 X9325

FTP Implementation for Spartan-3E

Usage

This design element can be inferred or instantiated.
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FTPE

SUXILINX®

FTPE

Y

RE

Macro: Toggle Flip-Flop with Toggle and Clock Enable and

Asynchronous Preset

!

PR
m

FTPE

lo

X3765

FTPE is a toggle flip-flop with toggle and clock enable and asynchronous preset.
When the asynchronous preset (PRE) input is High, all other inputs are ignored and

output (Q) is set High. When the toggle enable input (T) is High, clock enable (CE) is
High, and (PRE) is Low, output (Q) toggles, or changes state, during the Low-to-High

clock transition. When (CE) is Low, clock transitions are ignored.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is

active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs
PRE CE T C Q
1 X X X 1
0 0 X X No Change
0 1 0 X No Change
0 1 1 1 Toggle
-oRE FDIPE
: 10 5 PRE o Q
e XOR2 EE
= < RLOC=X0Y0

FTPE Implementation for Spartan-3E

Usage

X9326

This design element is inferred rather than instantiated.
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FTPLE

SUXILINX®

FTPLE

Y
m

R

Macro: Toggle/Loadable Flip-Flop with Toggle and Clock Enable and
Asynchronous Preset

i

FTPLE is a toggle/loadable flip-flop with toggle and clock enable and asynchronous
preset. When the asynchronous preset input (PRE) is High, all other inputs are

p—— ignored and output (Q) is set High. When the load enable input (L) is High and (PRE)
E’— is Low, the clock enable (CE) is overridden and the data (D) is loaded into the flip-flop
— during the Low-to-High clock transition. When L and PRE are Low and toggle-enable
L. < input (T) and (CE) are High, output (Q) toggles, or changes state, during the Low-to-
CE High clock transition. When (CE) is Low, clock transitions are ignored.
C
T For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
<3770 active.
The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.
Inputs Outputs
PRE L CE T D C Q
1 X X X X X 1
0 1 X X D 1 D
0 0 0 X X X No Change
0 0 1 0 X X No Change
0 0 1 1 X ) Toggle
[ T ) e
XOR2 M2_1
DO
[e] MD
[ D D1
[ L SO
m-FRE T FDIPE
|j : o PRE o Q
CE | o—H
OR2 CE
[ o]
RLOC=X0YO X9327
FTPLE Implementation for Spartan-3E
Usage
This design element is inferred rather than instantiated.
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FTRSE

SUXILINX®

FTRSE

Macro: Toggle Flip-Flop with Toggle and Clock Enable and
Synchronous Reset and Set

|

FTRSE is a toggle flip-flop with toggle and clock enable and synchronous reset and
set. When the synchronous reset input (R) is High, it overrides all other inputs and the

FTRSE data output (Q) is reset Low. When the synchronous set input (S) is High and (R) is
l? < Low, clock enable input (CE) is overridden and output (Q) is set High. (Reset has
c precedence over Set.) When toggle enable input (T) and (CE) are High and (R) and (S)
T are Low, output (Q) toggles, or changes state, during the Low-to-High clock
transition.
R X3768 . ] . .
The flip-flop is asynchronously cleared, output Low, when power is applied.
For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.
The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.
Inputs Outputs
R S CE T C Q
1 X X X 1 0
0 1 X X 1 1
0 0 0 X X No Change
0 0 1 0 X No Change
0 0 1 1 ) Toggle
T
= S
S m
= CE
-c OR2 —pC R
[ 1 '
RLOC=X0Y0
X9328
FTRSE Implementation for Spartan-3E
Usage
This design element is inferred rather than instantiated.
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FTRSLE

SUXILINX®

FTRSLE

Macro: Toggle/Loadable Flip-Flop with Toggle and Clock Enable and
Synchronous Reset and Set

|

FTRSLE

PRITP
m

lo

[

X3773

FTRSLE is a toggle/loadable flip-flop with toggle and clock enable and synchronous
reset and set. The synchronous reset input (R), when High, overrides all other inputs
and resets the data output (Q) Low. (Reset has precedence over Set.) When R is Low

and synchronous set input (S) is High, the clock enable input (CE) is overridden and
output Q is set High. When R and S are Low and load enable input (L) is High, CE is
overridden and data on data input (D) is loaded into the flip-flop during the Low-to-
High clock transition. When R, S, and L are Low, CE is High and T is High, output Q
toggles, or changes state, during the Low-to-High clock transition. When CE is Low,

clock transitions are ignored.

The flip-flop is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs

CE C Q

0
1
1
0

ololo|o|+r| T
olo|lo|r ||l W
ol | k| X|X|
O X | X|X| X

X | X | X | X|X| H
X|o|r | X|X| O

X No
Change

0 0 0 1 0 X X No
Change

0 0 0 1 1 X 1 Toggle

RLOC=ROCO
X7641

FTRSLE Implementation for Spartan-3E
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FDRE
0 o "m
CE
R
nt RLOCI:XOYO
X9329
FTRSLE Implementation for Spartan-3E
vce
CE
AND2 FD
L Q
° D Q
AND3B2
OR2
— *— —pC
= ¢
Lo ® '“D_
= ® O
AND4B2
S
' —D
ORS AND2B1
—d —
AND4B2
= D
o AND2
B C
X7848
FTRSLE Implementation for Spartan-3E
Usage
This design element is inferred rather than instantiated.
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SUXILINX®

FTSRE

Macro: Toggle Flip-Flop with Toggle and Clock Enable and
Synchronous Set and Reset

!

FTSRE is a toggle flip-flop with toggle and clock enable and synchronous set and
reset. The synchronous set input, when High, overrides all other inputs and sets data

FTSRE output (Q) High. (Set has precedence over Reset.) When synchronous reset input (R)
l? - Q is High and S is Low, clock enable input (CE) is overridden and output Q is reset Low.
c When toggle enable input (T) and CE are High and S and R are Low, output Q toggles,
] or changes state, during the Low-to-High clock transition. When CE is Low, clock
transitions are ignored.
R X3767
The flip-flop is asynchronously cleared, output Low, when power is applied.
For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.
The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.
Inputs Outputs
S R CE T C Q
1 X X X 1 1
0 1 X X 1 0
0 0 0 X X No Change
0 0 1 0 X No Change
0 0 1 1 ) Toggle
.
R
: s AND2B1 FDISE
L o 5 ¢ Q
e CE_R CE
us OR2 ] C
RLOC=X0Y0 X9330
FTSRE Implementation for Spartan-3E
Usage
This design element is inferred rather than instantiated.
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FTSRLE

SUXILINX®

FTSRLE

Macro: Toggle/Loadable Flip-Flop with Toggle and Clock Enable and
Synchronous Set and Reset

|

FTSRLE

CRITP
m

lo

[

X3772

FTSRLE is a toggle/loadable flip-flop with toggle and clock enable and synchronous
set and reset. The synchronous set input (S), when High, overrides all other inputs
and sets data output (Q) High. (Set has precedence over Reset.) When synchronous
reset (R) is High and (S) is Low, clock enable input (CE) is overridden and output (Q)
is reset Low. When load enable input (L) is High and S and R are Low, CE is
overridden and data on data input (D) is loaded into the flip-flop during the Low-to-
High clock transition. When the toggle enable input (T) and (CE) are High and (S), (R),
and (L) are Low, output (Q) toggles, or changes state, during the Low-to- High clock
transition. When (CE) is Low, clock transitions are ignored.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

C Q

CE

1
0
1
0

ololo|o|r| W
olo|lo|r|X| ™D
o|lr | k| X|X|
O X | X|X| X

X | X | X | X|X| H
X|o|r | X|X]| O

X No
Change

0 0 0 1 0 X X No
Change

0 0 0 1 1 X 1 Toggle

T AND2B1 EDSE

1
LﬁT\\ o " or—e—<m
CER L cE

—t

RLOC=R0OCO
X9331

FTSRLE Implementation for Spartan-3E

Usage

This design element is inferred rather than instantiated.
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GND SXILINX®

GND
Primitive: Ground-Connection Signal Tag

The GND signal tag, or parameter, forces a net or input function to a Low logic level.
A net tied to GND cannot have any other source.

— When the logic-trimming software or fitter encounters a net or input function tied to

GND, it removes any logic that is disabled by the GND signal. The GND signal is only

implemented when the disabled logic cannot be removed.
X3858

Usage

This design element can be instantiated or inferred.
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IBUF, 4, 8, 16

SUXILINX®

IBUF, 4, 8, 16

Primitive and Macros: Single- and Multiple-Input Buffers

IBUF, IBUF4, IBUF8, and IBUF16 are single- and multiple-input buffers. An IBUF

IBUF isolates the internal circuit from the signals coming into a chip. IBUFs are contained in
| o input/output blocks (I0Bs). IBUF inputs (1) are connected to an IPAD or an IOPAD.
—V IBUF outputs (O) are connected to the internal circuit.
X9442 o[7:0]
10 N~ 00
l4UF
IBUF4 L > ol
IO OO 12 {%UF 02
11 Ol 13 {%UF O3
12 02 14 {%UF 04
15 N 05
13 o3 L Bor
16 {> 06
X9443 17 ]\IBUF o7
l4UF
1[7:0]
IBUF8 .
IBUF8 Implementation Spartan-3E
[: Usage
X3803 ) ) )
IBUFs are typically inferred for all top level input ports, but they can also be
instantiated if necessary.
IBUF16 . .
Available Attributes
E DRIVE
X3815
IOSTANDARD
SLEW
IBUF_DELAY_VALUE
IFD_DELAY_VALUE
For More Information
Consult the Spartan-3E Data Sheets for more information about this element.
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IBUFDS

SUXILINX®

IBUFDS

Primitive:

X9255

Differential Signaling Input Buffer with Selectable 1/O Interface

IBUFDS is an input buffer that supports low-voltage, differential signaling. In
IBUFDS, a design level interface signal is represented as two distinct ports (I and IB),
one deemed the "master" and the other the "slave." The master and the slave are
opposite phases of the same logical signal (for example, MYNET and MYNETB).

Inputs Outputs

I
0
0
1
1

| O| L] O

* The dash (-) means No Change.

Usage

This design element is supported only for instantiation.

Available Attributes

IOSTANDARD - Specifies the 1/0 standard to configure this input.

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the non-
registered path out of the IOB. Accepted values are 0 through 16 where 0 (no
additional delay added) is the default value. Increasing values increases the
magnitude of the delay.

IFD_DELAY_VALUE - Specifies the amount of additional delay to add to the
registered path within the IOB. Accepted values are AUTO, 0 through 8 where AUTO
(adjust the delay to ensure no positive hold times are present) is the default value.
Increasing values increases the magnitude of the delay.

For More Information

Consult the Spartan-3E Data Sheets.
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IBUFG

SUXILINX®

IBUFG

Primitive:

NI

IBUFG

X10181

Dedicated Input Buffer with Selectable I/O Interface

IBUFG is dedicated to dedicated input buffers for connecting to the clock buffer BUFG
or DCM. You can attach an IOSTANDARD attribute to an IBUFG instance.

The Xilinx implementation software converts each BUFG to an appropriate type of
global buffer for the target PLD device. The IBUFG input can only be driven by the
global clock pins. The IBUFG output can drive CLKIN of a DCM, BUFG, or user logic.
IBUFG can be routed to user logic and does not have to be routed to a DCM.

Usage

This design element is supported for schematic and instantiation. Synthesis tools
usually infer a BUFGP on any clock net. If there are more clock nets than BUFGPs, the
synthesis tool usually instantiates BUFGPs for the clocks that are most utilized. The
BUFGP contains both a BUFG and an IBUFG.

Available Attributes

IOSTANDARD - Specifies the 1/0 standard to configure this input.

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the clock
path out of the IBUFG. Accepted values are 0 through 16 where 0 (no additional delay
added) is the default value. Increasing values increases the magnitude of the delay.

For More Information
Consult the Spartan-3E Data Sheets.
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SUXILINX®

Primitive: Dedicated Differential Signaling Input Buffer with Selectable
I/O Interface

IBUFGDS
IBUFGDS
' o
B
X9255

IBUFGDS 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 deemed the "master" and the other the "slave." The
master and the slave are opposite phases of the same logical signal (for example,
MYNET and MYNETB).

Inputs Outputs
I B ]
0 0 -*
0 1 0
1 0
1 1 *

* The dash (-) means No Change.

Usage

This design element is supported only for instantiation.

Available Attributes

IOSTANDARD - Specifies the 1/0 standard to configure this input.

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the clock
path out of the IBUFG. Accepted values are 0 through 16 where 0 (no additional delay
added) is the default value. Increasing values increases the magnitude of the delay.

For More Information

Consult the Spartan-3E Data Sheets.
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IDDR2

SUXILINX®

IDDR2

Primitive: Double Data Rate Input D Flip-Flop with Optional Data
Alignment, Clock Enable and Programmable Synchronous or
Asynchronous Set/Reset

IDDR2

Co

C1

CE

Q0

Q1

o7

The IDDR2 is an input double data rate (DDR) register useful in capturing double
data rate signals entering the FPGA. The IDDR2 requires two clocks to be connected
to the component, C0 and C1, so that data is captured at the positive edge of both C0
and C1 clocks. The IDDR?2 features an active high clock enable port, CE, which may
be used to suspend the operation of the registers, and both set and reset ports that
may be configured to be synchronous or asynchronous to the respective clocks. The
IDDR2 has an optional alignment feature, which allows both output data ports to the
component to be aligned to a single clock.

Usage

The IDDR2 currently must be instantiated in order to be incorporated into the design.
In order to change the default behavior of the IDDR?2, attributes may be modified via
the generic map (VHDL) or named parameter value assignment (Verilog) as a part of
the instantiated component. The IDDR2 may be either connected directly to a top-
level input port in the design where an appropriate input buffer can be inferred or to
an instantiated IBUF, IOBUF, IBUFDS or IOBUFDS. All inputs and outputs of this
component should either be connected or properly tied off.

Available Attributes

DDR_ALIGNMENT - Specifies how the data will be presented on the Q0 and Q1
ports. When set to "NONE," the data on the QO port will be aligned with the positive
edge of the CO clock and the data on the Q1 port will be aligned with the positive edge
of the C1 clock. When set to "C0", the data on both Q0 and Q1 ports are aligned to the
positive edge of the CO clock, and when set to "C1", the data on the Q0 and Q1 ports
are aligned to the positive edge of the C1 clock. Data is always captured on the
positive edge of both clocks.

INIT_QO - Specifies the initial value upon power-up or the assertion of GSR for the
QO port. This attribute should be set to 0.

INIT_Q1 - Specifies the initial value upon power-up or the assertion of GSR for the Q1
port. This attribute should be set to 0.

SRTYPE - When set to "SYNC," the reset, R, and set, S, ports are synchronous to the
associated clock inputs.

For More Information
Consult the Spartan-3E Data Sheets.
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IFD, 4, 8, 16

SUXILINX®

IFD, 4, 8, 16

Macro: Single- and Multiple-Input D Flip-Flops

IFD

lo

P

X3776

DO IFD4
D1 |
D2 |

kil
w N = o

D3

|O

D[7:0] Q[7:0]

X3811

D[15:0] Q[15:0]

X3833

The IFD D-type flip-flop is contained in an input/output block (IOB). The input (D) of
the flip-flop is connected to an IPAD or an IOPAD (without using an IBUF). The (D)
input provides data input for the flip-flop, which synchronizes data entering the chip.
The data on input (D) is loaded into the flip-flop during the Low-to-High clock (C)
transition and appears at the output (Q). The clock input can be driven by internal
logic or through another external pin.

The flip-flops are asynchronously cleared with Low outputs when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs

D C Q
Dn 1 Dn

vcC

FDCE

D VT | N Q
& D

= L~ IBUF Q u

CcE

L C
CLR

I0B=TRUE

GI;ID X9333

IFD Implementation for Spartan-3E
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SUXILINX®

IFD, 4, 8, 16

QI7:0]
[
IFD
DO Q0
D Q
c Q0
IFD
D1 Q1
D Q
c o1
IFD
2 2
D b Q Q
c 02
IFD
D3 Q3
D Q
c 03
IFD
D4 Q4
D Q
c 04
IFD
D5 Q5
D Q
C Q5
IFD
D6 Q6
D Q
c 06
IFD
D7 Q7
D Q
c
D[7:0] Q7
I
nl X6389

IFD8 Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an IFD, you would infer
an FD and put the IOB = TRUE attribute on the component. Or, you could use the
map option —pr i to pack all input registers into the 10Bs.

Available Attributes

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the non-
registered path out of the IOB. Accepted values are 0 through 16 where 0 (no
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SUXILINX®

additional delay added) is the default value. Increasing values increases the
magnitude of the delay.

IFD_DELAY_VALUE - Specifies the amount of additional delay to add to the
registered path within the IOB. Accepted values are AUTO, 0 through 8 where AUTO
(adjust the delay to ensure no positive hold times are present) is the default value.
Increasing values increases the magnitude of the delay.
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IFD_1

SUXILINX®

IFD 1

Macro: Input D Flip-Flop with Inverted Clock

‘ O

J)O

IFD_1

o

X3777

The IFD_1 D-type flip-flop is contained in an input/output block (I0B). The input (D)
of the flip-flop is connected to an IPAD or an IOPAD. The D input also provides data
input for the flip-flop, which synchronizes data entering the chip. The D input data is
loaded into the flip-flop during the High-to-Low clock (C) transition and appears at
the output (Q). The clock input can be driven by internal logic or through another
external pin.

The flip-flop is asynchronously cleared with Low output when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

D C Q

! 0
l 1

vCcC
FDCE

CE

C CB
" {>O ¢ CLR

I0B=TRUE

GND X9770

IFD_1 Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an IFD_1, you would
infer an FD_1 and put the IOB = TRUE attribute on the component. Or, you could use
the map option —pr i to pack all input registers into the 10Bs.

Available Attributes

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the non-
registered path out of the IOB. Accepted values are 0 through 16 where 0 (no
additional delay added) is the default value. Increasing values increases the
magnitude of the delay.
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IFD_DELAY_VALUE - Specifies the amount of additional delay to add to the
registered path within the IOB. Accepted values are AUTO, 0 through 8 where AUTO
(adjust the delay to ensure no positive hold times are present) is the default value.
Increasing values increases the magnitude of the delay.
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IFDI
Primitive: Input D Flip-Flop (Asynchronous Preset)

The IFDI D-type flip-flop is contained in an input/output block (IOB). The input (D)
of the flip-flop is connected to an IPAD or an IOPAD. The (D) input provides data
input for the flip-flop, which synchronizes data entering the chip. The data on input
(D) is loaded into the flip-flop during the Low-to-High clock (C) transition and

= appears at the output (Q). The clock input can be driven by internal logic or through
another external pin.

IFDI

|D
lo

xaott The flip-flop is asynchronously preset, output High, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

vee
FDPE

1

D '\LVTTL D IN PRE Q
= D —
= L 1BUF Q

CE
u c

IOB=TRUE

GND X9335

IFDI Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an IFDI, you would infer
an FDP and put the IOB = TRUE attribute on the component. Or, you could use the
map option —pr i to pack all input registers into the 10Bs.

Available Attributes

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the non-
registered path out of the IOB. Accepted values are 0 through 16 where 0 (no
additional delay added) is the default value. Increasing values increases the
magnitude of the delay.

IFD_DELAY_VALUE - Specifies the amount of additional delay to add to the
registered path within the IOB. Accepted values are AUTO, 0 through 8 where AUTO
(adjust the delay to ensure no positive hold times are present) is the default value.
Increasing values increases the magnitude of the delay.
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IFDI_1

SUXILINX®

IFDI_1

Primitive:

IFDI_1

g L

X4386

Input D Flip-Flop with Inverted Clock (Asynchronous Preset)

The IFDI_1 D-type flip-flop is contained in an input/output block (IOB). The input
(D) of the flip-flop is connected to an IPAD or an IOPAD. The (D) input provides data
input for the flip-flop, which synchronizes data entering the chip. The data on input
(D) is loaded into the flip-flop during the High-to-Low clock (C) transition and
appears at the output (Q). The clock input can be driven by internal logic or through
another external pin.

The flip-flop is asynchronously preset, output High, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

D C Q
! D

vee
FDPE

1

D N VTTL D_IN PRE Q
= D ——H
= L BUF Q

CE

C CB
[ >0 c
INV

IOB=TRUE

GND X9336

IFDI_1 Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an IFDI_1, you would
infer an FDP_1 and put the IOB = TRUE attribute on the component. Or, you could
use the map option —pr i to pack all input registers into the 10Bs.

Available Attributes

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the non-
registered path out of the IOB. Accepted values are 0 through 16 where 0 (no
additional delay added) is the default value. Increasing values increases the
magnitude of the delay.

IFD_DELAY_VALUE - Specifies the amount of additional delay to add to the
registered path within the IOB. Accepted values are AUTO, 0 through 8 where AUTO
(adjust the delay to ensure no positive hold times are present) is the default value.
Increasing values increases the magnitude of the delay.
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IFDX_1

SUXILINX®

IFDX_1

Primitive:

IR
m

IFDX_1

lo

X6014

Input D Flip-Flop with Inverted Clock and Clock Enable

The IFDX_1 D-type flip-flop is contained in an input/output block (IOB). The input
(D) of the flip-flop is connected to an IPAD or an IOPAD. The D input also provides
data input for the flip-flop, which synchronizes data entering the chip. When CE is
High, the data on input D is loaded into the flip-flop during the High-to-Low clock
(C) transition and appears at the output (Q). The clock input can be driven by internal
logic or through another external pin. When the CE pin is Low, the output (Q) does

not change.

The flip-flop is asynchronously cleared with Low output, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is

active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

For more information on IFDX_1, see “ILDX, 4, 8, 16”.

Inputs

Outputs

CE

D

Q

D

D

X

No Change

FDCE

D Q Om
CE
C CB c

INV CLR

I0B=TRUE

GND X9337

D '\LVTTL D_IN
CE LIBUF

IFDX_1 Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an IFDX_1, you would
infer an FDCE_1 and put the IOB = TRUE attribute on the component. Or, you could
use the map option —pr i to pack all input registers into the 10Bs.

Available Attributes

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the non-
registered path out of the IOB. Accepted values are 0 through 16 where 0 (no
additional delay added) is the default value. Increasing values increases the
magnitude of the delay.

IFD_DELAY_VALUE - Specifies the amount of additional delay to add to the
registered path within the IOB. Accepted values are AUTO, 0 through 8 where AUTO
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(adjust the delay to ensure no positive hold times are present) is the default value.
Increasing values increases the magnitude of the delay.
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SUXILINX®

IFDX, 4, 8, 16

O |0 |O
m

IFDX

Macro: Single- and Multiple-Input D Flip-Flops with Clock Enable

The IFDX D-type flip-flop is contained in an input/output block (I0OB). The input (D)
of the flip-flop is connected to an IPAD or an IOPAD (without using an IBUF). The D

input provides data input for the flip-flop, which synchronizes data entering the chip.

When CE is High, the data on input D is loaded into the flip-flop during the Low-to-
High clock (C) transition and appears at the output (Q). The clock input can be driven

IFDX4

e}
X6009
do not change.
| Q0
| Q1
o2 active.
| Q3

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is

by internal logic or through another external pin. When CE is Low, flip-flop outputs

The flip-flops are asynchronously cleared with Low outputs when power is applied.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

D[15:0]
L

R
m

IFDX16

Xe010 Inputs Outputs
CE Dn C Qn
1 Dn ) Dn
0 X X No Change
X6011
FDCE
;EEE:N D I~ IN Q
:(éE “IBUF gE Q
= € cLr

X6012

I0B=TRUE

GND

IFDX Implementation for Spartan-3E

X8742
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Q[7:0]
IFDX
DO b 0 Q0
CE
C
Qo0
IFDX
D1 5 o Q1
@ CE
o——c
Q1
IFDX
D2 b o Q2
@ CE
¢——c
Q2
IFDX
D3 b o Q3
@ CE
o ——c
Q3
IFDX
D4 5 o Q4
@ CE
o ——c
Q4
IFDX
D5 5 o Q5
@ CE
¢——c
Q5
IFDX
D6 b o Q6
[ ! CE
o ——c
Q6
IFDX
D7 R o Q7
[ ! CE
—c
D[7:0] Q7
CE
C X7635
IFDX8 Implementation for Spartan-3E
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SUXILINX®

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an IFDX, you would
infer an FDCE and put the IOB = TRUE attribute on the component. Or, you could use
the map option —pr i to pack all input registers into the 10Bs.

Available Attributes

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the non-
registered path out of the IOB. Accepted values are 0 through 16 where 0 (no
additional delay added) is the default value. Increasing values increases the
magnitude of the delay.

IFD_DELAY_VALUE - Specifies the amount of additional delay to add to the
registered path within the IOB. Accepted values are AUTO, 0 through 8 where AUTO
(adjust the delay to ensure no positive hold times are present) is the default value.
Increasing values increases the magnitude of the delay.
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IFDXI_1

SUXILINX®

IFDXI_1

Macro: Input D Flip-Flop with Inverted Clock and Clock Enable
(Asynchronous Preset)

IFDXI_1 | o

Sl
m

X6018

The IFDXI_1 D-type flip-flop is contained in an input/output block (10B). The input
(D) of the flip-flop is connected to an IPAD or an IOPAD. The (D) input provides data
input for the flip-flop, which synchronizes data entering the chip. When (CE) is High,
the data on input (D) is loaded into the flip-flop during the High-to-Low clock (C)
transition and appears at the output (Q). The clock input can be driven by internal
logic or through another external pin. When the (CE) pin is Low, the output (Q) does
not change.

The flip-flop is asynchronously preset with High output when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

For information on legal IFDXI, IFDXI_1, ILDXI, and ILDXI_1 combinations, see
“ILDXI™.

Inputs Outputs

CE D C Q

1 D ! D

0 X X No Change

FDPE
 —1

D NUVTTL DN |, PRE 0 Q
L iBUF u

CE
C

C CB

INV
IOB=TRUE

GND X9339

IFDXI_1 Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an IFDXI_1, you would
infer an FDPE_1 and put the IOB = TRUE attribute on the component. Or, you could

use the map option —pr i to pack all input registers into the 10Bs.

Available Attributes

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the non-
registered path out of the IOB. Accepted values are 0 through 16 where 0 (no
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additional delay added) is the default value. Increasing values increases the
magnitude of the delay.

IFD_DELAY_VALUE - Specifies the amount of additional delay to add to the
registered path within the IOB. Accepted values are AUTO, 0 through 8 where AUTO
(adjust the delay to ensure no positive hold times are present) is the default value.
Increasing values increases the magnitude of the delay.

For More Information
Consult the Spartan-3E Data Sheets.
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SUXILINX®

IFDXI

Macro: Input D Flip-Flop with Clock Enable (Asynchronous Preset)

" 7 [°
m

IFDXI

lo

X6016

The IFDXI D-type flip-flop is contained in an input/output block (I0B). The input (D)
of the flip-flop is connected to an IPAD or an IOPAD. The D input provides data input
for the flip-flop, which synchronizes data entering the chip. When CE is High, the
data on input D is loaded into the flip-flop during the Low-to-High clock (C)
transition and appears at the output (Q). The clock input can be driven by internal
logic or through another external pin. When the CE pin is Low, the output (Q) does
not change.

The flip-flop is asynchronously preset with High output, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

For information on legal IFDXI, IFDXI_1, ILDXI, and ILDXI_1 combinations, see
“ILDXI™.

Inputs Outputs

CE D C Q

D ) D
0 X X No Change

FDPE
e

D NVTTL DN 5 PRE o Q
L“IBUF u

B
[ CE
| c

I0B=TRUE

GND X9338

IFDXI Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an IFDXI, you would
infer an FDPE and put the IOB = TRUE attribute on the component. Or, you could use
the map option —pr i to pack all input registers into the 10Bs.

Available Attributes

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the non-
registered path out of the IOB. Accepted values are 0 through 16 where 0 (no
additional delay added) is the default value. Increasing values increases the
magnitude of the delay.
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IFD_DELAY_VALUE - Specifies the amount of additional delay to add to the
registered path within the IOB. Accepted values are AUTO, 0 through 8 where AUTO
(adjust the delay to ensure no positive hold times are present) is the default value.
Increasing values increases the magnitude of the delay.

For More Information
Consult the Spartan-3E Data Sheets.
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SUXILINX®

ILD 1

Macro: Transparent Input Data Latch with Inverted Gate

|U

(J)G)

ILD_1

X4387

ILD_1 is a transparent data latch, which can be used to hold transient data entering a
chip. When the gate input (G) is Low, data on the data input (D) appears on the data
output (Q). Data on (D) during the Low-to-High (G) transition is stored in the latch.

The latch is asynchronously cleared with Low output when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs

Q

R|lo|l ®

O| X | 0| O

D
D
D

vcCccC
LDCE

—BUF
G GB

INV

IOB=TRUE

GND
X9769

ILD_1 Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an ILD_1, you would
infer an LD _1 and put the IOB = TRUE attribute on the component. Or, you could use
the map option —pr i to pack all input registers into the 10Bs.

Available Attributes

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the non-
registered path out of the IOB. Accepted values are 0 through 16 where 0 (no
additional delay added) is the default value. Increasing values increases the
magnitude of the delay.

IFD_DELAY_VALUE - Specifies the amount of additional delay to add to the
registered path within the IOB. Accepted values are AUTO, 0 through 8 where AUTO
(adjust the delay to ensure no positive hold times are present) is the default value.
Increasing values increases the magnitude of the delay.
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ILD, 4, 8, 16
ILD, 4, 8, 16
Macro: Transparent Input Data Latches
ILD, ILD4, ILDS8, and ILD16 are single or multiple transparent data latches, which can
o | mwo | o be used to hold transient data entering a chip. The ILD latch is contained in an
. input/output block (IOB). The latch input (D) is connected to an IPAD or an IOPAD
] (without using an IBUF). When the gate input (G) is High, data on the inputs (D)
X3774 appears on the outputs (Q). Data on the D inputs during the High-to-Low G transition
is stored in the latch.
The latch is asynchronously cleared with Low output when power is applied.
po| D4 | qo For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
D1 | | active.
D2 | | @2
s | | o3 The active level of the GSR defaults to active-High but can be inverted by adding an
. inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.
Inputs Outputs
X3798
G D Q
1 D D
0 X No Change
! D D
vee
LDCE
LVTTL
- '|>IBUF s L o——m
GE
[ G
CLR
IOB=TRUE
G;D X9340
ILD Implementation for Spartan-3E
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ILD, 4, 8, 16

Q[7:0]

Q7

X7853

ILD8 Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an ILD, you would infer
an LD and put the IOB = TRUE attribute on the component. Or, you could use the
map option —pr i to pack all input registers into the 10Bs.

Available Attributes

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the non-
registered path out of the IOB. Accepted values are 0 through 16 where 0 (no
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SUXILINX®

additional delay added) is the default value. Increasing values increases the
magnitude of the delay.

IFD_DELAY_VALUE - Specifies the amount of additional delay to add to the
registered path within the IOB. Accepted values are AUTO, 0 through 8 where AUTO
(adjust the delay to ensure no positive hold times are present) is the default value.
Increasing values increases the magnitude of the delay.
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SUXILINX®

ILDI

Macro: Transparent Input Data Latch (Asynchronous Preset)

ILDI

P

X4388

ILDI is a transparent data latch, which can hold transient data entering a chip. When
the gate input (G) is High, data on the input (D) appears on the output (Q). Data on
the D input during the High-to-Low G transition is stored in the latch.

The latch is asynchronously preset, output High, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

ILDIs and IFDIs

The ILDI is actually the input flip-flop master latch. It is possible to access two
different outputs from the input flip-flop: one that responds to the level of the clock
signal and another that responds to an edge of the clock signal. When using both
outputs from the same input flip-flop, a transparent High latch (ILDI) corresponds to
a falling edge-triggered flip-flop (IFDI_1). Similarly, a transparent Low latch (ILDI_1)
corresponds to a rising edge-triggered flip-flop (IFDI).

Inputs Outputs
Q

ol ®
O X|0O|0

D
D
D

vCC

1

D NVTTE D_IN PRE Q
= = D EEEE—
LiBUF Q

GE
B G

LDPE
= I0B=TRUE
GND X9342

ILDI Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an ILDI, you would infer
an LDP and put the IOB = TRUE attribute on the component. Or, you could use the
map option —pr i to pack all input registers into the 10Bs.
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ILDI

Available Attributes

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the non-
registered path out of the IOB. Accepted values are 0 through 16 where 0 (no
additional delay added) is the default value. Increasing values increases the
magnitude of the delay.

IFD_DELAY_VALUE - Specifies the amount of additional delay to add to the
registered path within the IOB. Accepted values are AUTO, 0 through 8 where AUTO
(adjust the delay to ensure no positive hold times are present) is the default value.
Increasing values increases the magnitude of the delay.
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ILDI_1 SXILINX®

ILDI_1

Macro: Transparent Input Data Latch with Inverted Gate (Asynchronous
Preset)

ILDI_1 is a transparent data latch, which can hold transient data entering a chip.
Lol | o When the gate input (G) is Low, data on the data input (D) appears on the data output
(Q). Data on D during the Low-to-High G transition is stored in the latch.

&y

The latch is asynchronously preset, output High, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

X4618

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

For information on ILDI_1, see “ILDI”.

Inputs Outputs

Q

Rrlolo|l ®

O X|o|~]| O

1
0
D
D

—

vCC

—1

D N LVTTL D_IN PRE Q
| = D "
LIBUF Q

GE
= G {>O GB G

INV
LDPE
IOB=TRUE

GI;ID X9343

ILDI_1 Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an ILDI_1, you would
infer an LDP_1 and put the IOB = TRUE attribute on the component. Or, you could
use the map option —pr i to pack all input registers into the 10Bs.

Available Attributes

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the non-
registered path out of the IOB. Accepted values are 0 through 16 where 0 (no
additional delay added) is the default value. Increasing values increases the
magnitude of the delay.
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IFD_DELAY_VALUE - Specifies the amount of additional delay to add to the
registered path within the IOB. Accepted values are AUTO, 0 through 8 where AUTO
(adjust the delay to ensure no positive hold times are present) is the default value.
Increasing values increases the magnitude of the delay.
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Macro: Transparent Input Data Latch with Inverted Gate

ILDX_1
ILDX 1
p [Dx1 | o
GE |
=
X6025

ILDX_1is atransparent data latch, which can be used to hold transient data entering a
chip. When the gate input (G) is Low, data on the data input (D) appears on the data
output (Q). Data on D during the Low-to-High G transition is stored in the latch.

The latch is asynchronously cleared with Low output, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

For more information on ILDX 1, see “ILDX, 4, 8, 16”.

Inputs Outputs
GE G D Q
0 X X No Change
1 1 X No Change
1 0 1 1
1 0 0 0
1 1 D D
LDCE
D NVTTL . DN Q
= > D Qp——— 1
- GE IBUF GE
= G GB G
INV CLR
IOB=TRUE
G;D X9345

ILDX_1 Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an ILDX_1, you would
infer an LDCE_1 and put the IOB = TRUE attribute on the component. Or, you could
use the map option —pr i to pack all input registers into the 10Bs.

Available Attributes

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the non-
registered path out of the IOB. Accepted values are 0 through 16 where 0 (no
additional delay added) is the default value. Increasing values increases the
magnitude of the delay.

IFD_DELAY_VALUE - Specifies the amount of additional delay to add to the
registered path within the IOB. Accepted values are AUTO, 0 through 8 where AUTO
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(adjust the delay to ensure no positive hold times are present) is the default value.
Increasing values increases the magnitude of the delay.
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SUXILINX®

ILDX, 4, 8, 16

Macro: Transparent Input Data Latches

D ILDX Q
GE|

X6020

DO | ILDX4 | 20

D1 ] | Q1
D2 Q2
D3 Q3

GE

X6021

D[7:0] ILDX8 Q[7:0]
—-— f—

X6022

D[15:0] | ILDX16 | Q[15:0]
GE

X6023

ILDX, ILDX4, ILDX8, and ILDX16 are single or multiple transparent data latches,
which can be used to hold transient data entering a chip. The latch input (D) is
connected to an IPAD or an IOPAD (without using an IBUF).

The latch is asynchronously cleared, output Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

ILDXs and IFDXs

The ILDX is actually the input flip-flop master latch. Two different outputs can be
accessed from the input flip-flop: one that responds to the level of the clock signal and
another that responds to an edge of the clock signal. When using both outputs from
the same input flip-flop, a transparent High latch (ILDX) corresponds to a falling
edge-triggered flip-flop (IFDX_1). Similarly, a transparent Low latch (ILDX_1)
corresponds to a rising edge-triggered flip-flop (IFDX).

Inputs Outputs
GE G D Q
0 X X No Change
0 X No Change
1 1 D D
LDCE

CLR

IOB=TRUE

GND X9344

ILDX Implementation for Spartan-3E
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ILDX, 4, 8, 16

Q[7:0]
P
ILDX
DO b 9 Qo
GE
G Q
ILDX
D1 b 9 Q1
GE
G o1
ILDX
D2 Q2
D Q
GE
G Q2
ILDX
D3 o R Q3
GE
G 03
ILDX
D4 b o Q4
GE
G Q4
ILDX
D5 5 5 Q5
GE
G s
ILDX
D6 5 R Q6
GE
G 06
ILDX
D7 5 R Q7
GE
G
7
D[7:0] Q
GE
|
G
L X6405

ILDX8 Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an ILDX, you would
infer an LDCE and put the IOB = TRUE attribute on the component. Or, you could use
the map option —pr i to pack all input registers into the 10Bs.

Available Attributes

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the non-
registered path out of the IOB. Accepted values are 0 through 16 where 0 (no
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ILDX, 4, 8, 16

SUXILINX®

additional delay added) is the default value. Increasing values increases the
magnitude of the delay.

IFD_DELAY_VALUE - Specifies the amount of additional delay to add to the
registered path within the IOB. Accepted values are AUTO, 0 through 8 where AUTO
(adjust the delay to ensure no positive hold times are present) is the default value.
Increasing values increases the magnitude of the delay.
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ILDXI

SUXILINX®

ILDXI

Macro: Transparent Input Data Latch (Asynchronous Preset)

R
m

ILDXI

o

X6026

ILDXI is a transparent data latch, which can hold transient data entering a chip. When
the gate input (G) is High, data on the input (D) appears on the output (Q). Data on
the (D) input during the High-to-Low (G) transition is stored in the latch.

The latch is asynchronously preset, output High, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

ILDXIs and IFDXIs

The ILDXI is actually the input flip-flop master latch. Two different outputs can be
accessed from the input flip-flop: one that responds to the level of the clock signal and
another that responds to an edge of the clock signal. When using both outputs from
the same input flip-flop, a transparent High latch (ILDXI) corresponds to a falling
edge-triggered flip-flop (IFDXI_1). Similarly, a transparent Low latch (ILDXI_1)
corresponds to a rising edge-triggered flip-flop (IFDXI). See the following figure for
legal IFDXI, IFDXI_1, ILDXI, and ILDXI_1 combinations.

ILDXI ILDXI_1
IPAD IPAD
= D Qo
I0_ENABLE GE I0_ENABLE GE
—]G —olc

IFDXI_1 IFDXI

D Q— b Q—
CE CE
—opC CLOCK c

CLOCK

X6027

Legal Combinations of IFDXI and ILDXI for a Single IOB
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SXILINX® ILDXI

Inputs Outputs
GE G D Q
0 X X No Change
1 0 X No Change
1 1 D D
1 ! D D
 —1
D N VT D_IN PRE Q
= GE LIBUF P Q u
| GE
L < G
LDPE
IOB=TRUE
GND X9346

ILDXI Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an ILDXI, you would
infer an LDPE and put the IOB = TRUE attribute on the component. Or, you could use
the map option —pr i to pack all input registers into the 10Bs.

Available Attributes

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the non-
registered path out of the IOB. Accepted values are 0 through 16 where 0 (no
additional delay added) is the default value. Increasing values increases the
magnitude of the delay.

IFD_DELAY_VALUE - Specifies the amount of additional delay to add to the
registered path within the IOB. Accepted values are AUTO, 0 through 8 where AUTO
(adjust the delay to ensure no positive hold times are present) is the default value.
Increasing values increases the magnitude of the delay.

256 www.xilinx.com Spartan-3E Libraries Guide for Schematic Designs
1-800-255-7778 ISE 7.1i


http://www.xilinx.com

ILDXI_1 SXILINX®

ILDXI_1

Macro: Transparent Input Data Latch with Inverted Gate (Asynchronous
Preset)

ILDXI_1is a transparent data latch, which can hold transient data entering a chip. The
ILDXI_1 0 latch is asynchronously preset, output High, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

& |#
m

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

For information on legal IFDXI, IFDXI_1, ILDXI, and ILDXI_1 combinations, see
“ILDXI™.

X6028

Inputs Outputs

GE G Q

No Change

No Change

D
D

Rl O
ol r | X
OO0 X|X| O

D I~ VTTL DN | PRE o Q
L~IBUF

G GB

INV

GND X9347
ILDXI_1 Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an ILDXI_1, you would
infer an LDPE_1 and put the IOB = TRUE attribute on the component. Or, you could

use the map option —pr i to pack all input registers into the 10Bs.

Available Attributes

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the non-
registered path out of the IOB. Accepted values are 0 through 16 where 0 (no
additional delay added) is the default value. Increasing values increases the
magnitude of the delay.

IFD_DELAY_VALUE - Specifies the amount of additional delay to add to the
registered path within the IOB. Accepted values are AUTO, 0 through 8 where AUTO
(adjust the delay to ensure no positive hold times are present) is the default value.
Increasing values increases the magnitude of the delay.
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INV, 4, 8, 16 SXILINX®

INV, 4, 8, 16

Primitive and Macros: Single and Multiple Inverters

| o] . . . . . .
—[>O— INV, INV4, INV8, and INV16 are single and multiple inverters that identify signal
X9422 inversions in a schematic.
0[7:0]
10 DC o0
11 DIN(\; o1
INV
12 DC 02
X9423 13 S‘; 03
14 Sé 04
15 Sg O5
1[7:0] %O[m] 16 INV 06
INV8 INV
X9853 v DO o7
1[7:0] NV
X7653
1[15:0] —[>o—o [15:0] INV8 Implementation of Spartan-3E
INV16
X9854 Usage

This design element can be instantiated or inferred.

For More Information
Consult the Spartan-3E Data Sheets.
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IOBUF SXILINX®

IOBUF

Primitive: Bi-Directional Buffer with Selectable I/O Interface

For Spartan-3E, IOBUF is a bi-directional buffer whose 1/0 interface corresponds to a
I specific /0 standard. You can attach an IOSTANDARD attribute to an IOBUF
! 10 instance.

o IOBUF components that use the LVTTL, LVCMOS15, LVCMOS18, LVCMOS25,
X8406 LVCMOS33 signaling standards have selectable capacitance drive and slew rates
using the capacitance DRIVE and SLEW constraints. The defaults are CAPACITANCE
= DONT_CARE, DRIVE=12 mA, and SLOW slew.

IOBUFs are composites of IBUF and OBUFT elements. The O output is X (unknown)
when 10 (input/output) is Z. IOBUFs can be implemented as interconnections of their
component elements.

Inputs Bidirectional Outputs

| 10 (0]

o|lo|r| H

ol | X

X
1
0

Usage

These design elements are instantiated and inferred.

Available Attributes

IOSTANDARD - Specifies the 1/0 standard to configure this input.

IBUF_DELAY_VALUE - Specifies the amount of additional delay to add to the non-
registered path out of the IOB. Accepted values are 0 through 16 where 0 (no
additional delay added) is the default value. Increasing values increases the
magnitude of the delay.

IFD_DELAY_VALUE - Specifies the amount of additional delay to add to the
registered path within the IOB. Accepted values are AUTO, 0 through 8 where AUTO
(adjust the delay to ensure no positive hold times are present) is the default value.
Increasing values increases the magnitude of the delay.

For More Information
Consult the Spartan-3E Data Sheets.
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IOBUFDS

SUXILINX®

IOBUFDS

;

Primitive: 3-State Differential Signaling I/O Buffer with Active Low

Output Enable

10

10B
=

X9827

IOBUFDS is a single 3-state, differential signaling input/output buffer with active

Low output enable.

Inputs Bidirectional Outputs
| T 10 10B 0]
X 1 z z No Change
0 0 0 1 0
1 0 1 0 1
Usage

This design element is instantiated rather than inferred.

Available Attributes

DRIVE

IOSTANDARD

SLEW

IBUF_DELAY_VALUE

IFD_DELAY_VALUE

For More Information

Consult the Spartan-3E Data Sheets.
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KEEPER SXILINX®

KEEPER

Primitive: KEEPER Symbol

KEEPER is a weak keeper element used to retain the value of the net connected to its
bidirectional O pin. For example, if a logic 1 is being driven onto the net, KEEPER
drives a weak/resistive 1 onto the net. If the net driver is then 3-stated, KEEPER
continues to drive a weak/resistive 1 onto the net.

Usage
X8718
This design element is instantiated rather than inferred.
For More Information
Consult the Spartan-3E Data Sheets.
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SUXILINX®

LD
LD
Primitive: Transparent Data Latch
LD is a transparent data latch. The data output (Q) of the latch reflects the data (D)
D LD ) input while the gate enable (G) input is High. The data on the (D) input during the
T High-to-Low gate transition is stored in the latch. The data on the (Q) output remains
< unchanged as long as (G) remains Low.
The latch is asynchronously cleared, output Low, when power is applied.
X3740

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is

active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
G D Q
1 D D
0 X No Change
! D D

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description
INIT 1-Bit Oorl All Sets the initial value of Q
zeroes | output after configuration
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SUXILINX®

LD 1
LD 1
Primitive: Transparent Data Latch with Inverted Gate
LD _1isatransparent data latch with an inverted gate. The data output (Q) of the latch
reflects the data (D) input while the gate enable (G) input is Low. The data on the (D)
D [ D1 | Q input during the Low-to-High gate transition is stored in the latch. The data on the
(Q) output remains unchanged as long as (G) remains High.
G
— The latch is asynchronously cleared with Low output when power is applied, or when
a4l global reset is active.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is

active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
G D Q
0 D D
1 X No Change
) D D

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute

Type

Allowed Values

Default

Description

INIT

1-Bit

0OR1

0

Sets the initial value of Q
output after configuration
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LD4, 8, 16 SXILINX®
LD4, 8, 16
Macros: Multiple Transparent Data Latches
LD4, LD8, and LD16 have, respectively, 4, 8, and 16 transparent data latches with a
pof P4 1o common gate enable (G). The data output (Q) of the latch reflects the data (D) input
o -t while the gate enable (G) input is High. The data on the (D) input during the High-to-
% ﬁ Low gate transition is stored in the latch. The data on the (Q) output remains
] unchanged as long as (G) remains Low.
£ The latch is asynchronously cleared, output Low, when power is applied, or when
4611 global reset is active.
For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
D[7:0] Q[7:0] active.
|

D[15:0]
|

G

X4612

Q[15:0]

X4613

D[7:0]

Do

D1

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

See “LD” for information on single transparent data latches.

D2

D3

Inputs Outputs
G D Q
1 D
0 X No Change
! Dn Dn
Q[7:0]
LD LD
D o QO D4 D o Q4
G G
Qo Q4
LD LD
D Q Q1 D5 . o Qs
G G
Q1 Q5
LD LD
o Q 2 D6 o Q Q6
G G
Q2 Q6
LD LD
D Q Q3 D7 D o Q7
s s
Q3 Q7
X9470

LD8 Implementation of Spartan-3E

Usage

These design elements are inferred rather than instantiated.
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SUXILINX®

LD4, 8, 16

Available Attributes

LD4
Attribute Type Default Description
INIT 4-Bit All Sets the initial value of Q
zeroes | output after configuration
LDS8
Attribute Type Default Description
INIT 8-Bit All Sets the initial value of Q
zeroes | output after configuration
LD16
Attribute Type Default Description
INIT 16-Bit All Sets the initial value of Q
zeroes | output after configuration
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LD4CE, LD8CE, LD16CE S XILINX®

LDACE, LD8CE, LD16CE

Macros: Transparent Data Latches with Asynchronous Clear and Gate
Enable

LDA4CE, LD8CE, and LD16CE have, respectively, 4, 8, and 16 transparent data latches
_DacE with asynchronous clear and gate enable. When the asynchronous clear input (CLR) is
High, it overrides the other inputs and resets the data (Q) outputs Low. (Q) reflects the
data (D) inputs while the gate (G) and gate enable (GE) are High, and (CLR) is Low. If
(GE) is Low, data on (D) cannot be latched. The data on the (D) input during the High-
to-Low gate transition is stored in the latch. The data on the (Q) output remains
& unchanged as long as (G) or (GE) remains Low.

lw)
=3
l2le le e

GE
LR The latch is asynchronously cleared with Low output when power is applied, or when
X6947 global reset is active.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs
CLR GE G Dn Qn
1 X X X 0
p[15:0] [ LDI6CE | qis:0] 0 0 X X No Change
0 1 1 Dn Dn
0 1 0 X No Change
0 1 ! Dn Dn

CLR Dn = referenced input, for example, DO, D1, D2

6949 Qn = referenced output, for example, QO, Q1, Q2

D2

n ERN
[}

X6538

LDA4CE Implementation for Spartan-3E
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SUXILINX®

LDA4CE, LD8CE, LD16CE

CLR

LD8CE Implementation for Spartan-3E

Usage

These design elements are supported for instantiation only.

Available Attributes
LD4CE

Attribute Type Default Description
INIT 4-Bit All Sets the initial value of Q
zeroes | output after configuration
LD8CE
Attribute Type Default Description
INIT 8-Bit All Sets the initial value of Q
zeroes | output after configuration
LD16CE
Attribute Type Default Description
INIT 16-Bit All Sets the initial value of Q
zeroes | output after configuration

X6385

Q[7:0]
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LDC

SUXILINX®

LDC

Primitive:

P

LDC

lo

X4070

Transparent Data Latch with Asynchronous Clear

LDC is a transparent data latch with asynchronous clear. When the asynchronous
clear input (CLR) is High, it overrides the other inputs and resets the data (Q) output
Low. (Q) reflects the data (D) input while the gate enable (G) input is High and (CLR)
is Low. The data on the (D) input during the High-to-Low gate transition is stored in
the latch. The data on the (Q) output remains unchanged as long as (G) remains low.

The latch is asynchronously cleared with Low output when power is applied, or when
global reset is active.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

Q
0
D
No Change
D

CLR G

X
1
0

o|lo|o|r
O|X|0O|X| 0O

!

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description

INIT 1-Bit Oorl 0 Sets the initial value of Q
output after configuration
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LDC_1

SUXILINX®

LDC 1

Primitive: Transparent Data Latch with Asynchronous Clear and
Inverted Gate

b LDC 1

X3752

LDC_1is atransparent data latch with asynchronous clear and inverted gate. When
the asynchronous clear input (CLR) is High, it overrides the other inputs (D and G)
and resets the data (Q) output Low. (Q) reflects the data (D) input while the gate
enable (G) input and CLR are Low. The data on the (D) input during the Low-to-High
gate transition is stored in the latch. The data on the (Q) output remains unchanged as
long as (G) remains High.

The latch is asynchronously cleared with Low output when power is applied, or when
global reset is active.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs

Q
0
D
No Change
D

CLR G

X
0
1

o|lo|o|r
O| X|O|X| O

1

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description

INIT 1-Bit Oorl 0 Sets the initial value of Q
output after configuration
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SUXILINX®

LDCE
LDCE
Primitive:
Enable
D LDCE o
GE | [
G |
CLR
X4979

Transparent Data Latch with Asynchronous Clear and Gate

LDCE is a transparent data latch with asynchronous clear and gate enable. When the
asynchronous clear input (CLR) is High, it overrides the other inputs and resets the
data (Q) output Low. Q reflects the data (D) input while the gate (G) input and gate
enable (GE) are High and CLR is Low. If (GE) is Low, data on (D) cannot be latched.
The data on the (D) input during the High-to-Low gate transition is stored in the latch.
The data on the (Q) output remains unchanged as long as (G) or (GE) remains low.

The latch is asynchronously cleared with Low output when power is applied, or when
global reset is active.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Outputs

Q
0

No Change
D

No Change
D

Inputs

CLR

ol X[ X|®

O|X|0O|X|X]|] O

o|lo|lo|lo|kr
Rl O| X

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Default
0

Allowed Values Description

Oorl

Attribute
INIT

Type
1-Bit

Sets the initial value of Q
output after configuration
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LDCE_1

SUXILINX®

LDCE_1

Primitive: Transparent Data Latch with Asynchronous Clear, Gate
Enable, and Inverted Gate

i
m

LDCE_1

X4930

LDCE_1is atransparent data latch with asynchronous clear, gate enable, and inverted
gate. When the asynchronous clear input (CLR) is High, it overrides the other inputs
and resets the data (Q) output Low. (Q) reflects the data (D) input while the gate (G)
input and (CLR) are Low and gate enable (GE) is High. The data on the (D) input
during the Low-to-High gate transition is stored in the latch. The data on the (Q)
output remains unchanged as long as (G) remains High or (GE) remains Low.

The latch is asynchronously cleared with Low output when power is applied, or when
global reset is active.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Outputs

Q
0

No Change
D

No Change
D

Inputs

CLR GE

ol X[ X| ®

O|X|0O|X|X]|] O

o|lo|lo|lo|kr
Rl O| X

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description

INIT 1-Bit Oor1l 0

Sets the initial value of Q
output after configuration
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LDCP

SUXILINX®

LDCP

0
Py
m

Primitive:

LDCP

o

|O

lo

CLR

X8369

Transparent Data Latch with Asynchronous Clear and Preset

LDCP is a transparent data latch with data (D), asynchronous clear (CLR) and preset
(PRE) inputs. When (CLR) is High, it overrides the other inputs and resets the data
(Q) output Low. When PRE is High and (CLR) is low, it presets the data (Q) output
High. (Q) reflects the data (D) input while the gate (G) input is High and (CLR) and
PRE are Low. The data on the (D) input during the High-to-Low gate transition is
stored in the latch. The data on the (Q) output remains unchanged as long as (G)
remains Low.

The latch is asynchronously cleared, output Low, when power is applied, or when
global reset is active.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

Q
0
1
D
No Change
D

CLR PRE

ol I X | X|®

o|lo|lo|lo|r
o|lo|lo|lr| X
O| X|O|X|X| O

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

INIT - Specifies the initial value upon power-up or the assertion of GSR for the (Q)
port. This attribute may be setto 1 or 0.
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LDCP_1

SUXILINX®

LDCP 1

Primitive: Transparent Data Latch with Asynchronous Clear and Preset
and Inverted Gate

0
Py
m

LDCP_1

|O
lo

i

L
X8370

LDCP_1 is a transparent data latch with data (D), asynchronous clear (CLR), preset
(PRE) inputs, and inverted gate (G). When (CLR) is High, it overrides the other inputs
and resets the data (Q) output Low. When (PRE) is High and (CLR) is Low, it presets
the data (Q) output High. (Q) reflects the data (D) input while gate (G) input, (CLR),
and (PRE) are Low. The data on the (D) input during the Low-to-High gate transition
is stored in the latch. The data on the (Q) output remains unchanged as long as (G)
remains High.

The latch is asynchronously cleared, output Low, when power is applied, or when
global reset is active.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs

Q
0
1
D
No Change
D

CLR PRE

ol X[ X| ®

ololo|o|r
ololo|r| X
O|X|0O| X|X| O

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

INIT - Specifies the initial value upon power-up or the assertion of GSR for the (Q)
port. This attribute may be setto 1 or 0.
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LDCPE

SUXILINX®

LDCPE

PRE

Primitive: Transparent Data Latch with Asynchronous Clear and Preset
and Gate Enable

1P
m

LDCPE

lo

Q

LR

X8371

LDCPE is a transparent data latch with data (D), asynchronous clear (CLR),
asynchronous preset (PRE), and gate enable (GE). When (CLR) is High, it overrides
the other inputs and resets the data (Q) output Low. When (PRE) is High and (CLR) is
Low, it presets the data (Q) output High. Q reflects the data (D) input while the gate
(G) input and gate enable (GE) are High and (CLR) and PRE are Low. The data on the
(D) input during the High-to-Low gate transition is stored in the latch. The data on the
Q output remains unchanged as long as (G) or (GE) remains Low.

The latch is asynchronously cleared, output Low, when power is applied, or when
global reset is active.

For Spartan-3E power on conditions are simulated when global set/reset (GSR) is
active.

GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

Q
0
1

No Change
0
1

No Change
D

CLR PRE GE

Ok || X| X X|®

o|lo|lo|lo|o|o|r
o|lo|o|lo|o|r|X
O| X|r|o| X|X|X| O

X
X
0
1
1
1
1

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

Attribute Type Allowed Values | Default Description

INIT 1-Bit OQorl 0 Sets the initial value of Q
output after configuration
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LDCPE_1 SXILINX®

LDCPE_1

Primitive: Transparent Data Latch with Asynchronous Clear and Preset,
Gate Enable, and Inverted Gate

PRE LDCPE_1 is a transparent data latch with data (D), asynchronous clear (CLR),
asynchronous preset (PRE), gate enable (GE), and inverted gate (G). When (CLR) is
LDCPE_1 High, it overrides the other inputs and resets the data (Q) output Low. When PRE is
High and (CLR) is Low, it presets the data (Q) output High. (Q) reflects the data (D)
input while gate enable (GE) is High and gate (G), (CLR), and (PRE) are Low. The data
on the (D) input during the Low-to-High gate transition is stored in the latch. The data
on the (Q) output remains unchanged as long as (G) is High or (GE) is Low.

|

§RP
m
o

i

L
x8372 The latch is asynchronously cleared, output Low, when power is applied, or when
global reset is active.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs

Q
0
1

No Change
D

No Change
D

CLR PRE GE

o X | X|X| ®

o|lo|o|o|r|X
O| X |O|X| X|X| O

X
X
0
1
1
1

el NN NN RN

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

INIT - Specifies the initial value upon power-up or the assertion of GSR for the (Q)
port. This attribute may be setto 1 or 0.
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LDE

SUXILINX®

LDE

Primitive:

" &
m

LDE

o

X8373

Transparent Data Latch with Gate Enable

LDE is a transparent data latch with data (D) and gate enable (GE) inputs. Output (Q)
reflects the data (D) while the gate (G) input and gate enable (GE) are High. The data
on the (D) input during the High-to-Low gate transition is stored in the latch. The data
on the (Q) output remains unchanged as long as (G) or (GE) remains Low.

The latch is asynchronously cleared, output Low, when power is applied, or when

global reset is active.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is

active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs
GE G D Q
0 X X No Change
1 1 D D
1 0 X No Change
1 ! D D

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative

placement control, or initialization attributes need to be applied.

Available Attributes

INIT - Specifies the initial value upon power-up or the assertion of GSR for the (Q)

port. This attribute may be setto 1 or 0.
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LDE_1

SUXILINX®

LDE_1

Primitive:

ol
m

LDE_1

o

X8374

Transparent Data Latch with Gate Enable and Inverted Gate

LDE_1 is a transparent data latch with data (D), gate enable (GE), and inverted gate
(G). Output (Q) reflects the data (D) while the gate (G) input is Low and gate enable
(GE) is High. The data on the (D) input during the Low-to-High gate transition is
stored in the latch. The data on the (Q) output remains unchanged as long as (G) is
High or (GE) is Low.

The latch is asynchronously cleared, output Low, when power is applied, or when
global reset is active.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

Q

No Change
D

No Change
D

GE G

X
0
1

=)
O| X |0O|X| O

1

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

INIT - Specifies the initial value upon power-up or the assertion of GSR for the (Q)
port. This attribute may be setto 1 or 0.
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LDP

SUXILINX®

LDP

PRE

Primitive:

|O

LDP

lo

X8375

Transparent Data Latch with Asynchronous Preset

LDP is a transparent data latch with asynchronous preset (PRE). When the (PRE)
input is High, it overrides the other inputs and presets the data (Q) output High. (Q)
reflects the data (D) input while gate (G) input is High and (PRE) is Low. The data on
the (D) input during the High-to-Low gate transition is stored in the latch. The data on
the (Q) output remains unchanged as long as (G) remains Low.

The latch is asynchronously preset, output High, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

Q
1
0
1
No Change
D

PRE G

X
1
1
0

OO  oOoO|OoO| O k-
Ol X|—r|o| X]| O

[

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

INIT - Specifies the initial value upon power-up or the assertion of GSR for the (Q)
port. This attribute may be setto 1 or 0.
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LDP_1

SUXILINX®

LDP 1

PRE

Primitive: Transparent Data Latch with Asynchronous Preset and
Inverted Gate

J)O

LDP_1

o

X8376

LDP_1 is a transparent data latch with asynchronous preset (PRE) and inverted gate
(G). When the (PRE) input is High, it overrides the other inputs and presets the data
(Q) output High. (Q) reflects the data (D) input while gate (G) input and (PRE) are
Low. The data on the (D) input during the Low-to-High gate transition is stored in the
latch. The data on the (Q) output remains unchanged as long as (G) remains High.

The latch is asynchronously preset, output High, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs

Q
1
D
No Change
D

PRE G

X
0
1

o|lo|o|r
O| X|O|X| O

1

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

INIT - Specifies the initial value upon power-up or the assertion of GSR for the (Q)
port. This attribute may be setto 1 or 0.
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LDPE

SUXILINX®

LDPE

T

RE

Primitive: Transparent Data Latch with Asynchronous Preset and Gate

Enable

|

PIRE
m

LDPE

lo

X6954

LDPE is a transparent data latch with asynchronous preset and gate enable. When the
asynchronous preset (PRE) is High, it overrides the other input and presets the data
(Q) output High. Q reflects the data (D) input while the gate (G) input and gate enable
(GE) are High. The data on the (D) input during the High-to-Low gate transition is
stored in the latch. The data on the (Q) output remains unchanged as long as (G) or
(GE) remains Low.

The latch is asynchronously preset, output High, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs

Q
1

No Change
D

No Change
D

PRE GE

ol X[ X|®

O|X|0O|X|X]|] O

o|lo|lo|lo|kr
Rl O| X

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

INIT - Specifies the initial value upon power-up or the assertion of GSR for the (Q)
port. This attribute may be setto 1 or 0.
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LDPE_1 SXILINX®

LDPE_1

Primitive: Transparent Data Latch with Asynchronous Preset, Gate
Enable, and Inverted Gate

LDPE_1 is a transparent data latch with asynchronous preset, gate enable, and
inverted gate. When the asynchronous preset (PRE) is High, it overrides the other
input and presets the data (Q) output High. (Q) reflects the data (D) input while the
gate (G) and (PRE) are Low and gate enable (GE) is High.

The data on the (D) input during the Low-to-High gate transition is stored in the latch.
The data on the (Q) output remains unchanged as long as (G) remains High or (GE)
X7573 remains Low.

T
4|;U
m

LDPE_1
- =

il
m

The latch is asynchronously preset, output High, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs

Q
1

No Change
D

No Change
D

PRE GE

ol X[ X| ®

O|X|0O|X|X]|] O

o|lo|lo|lo|kr
Rl O| X

Usage

This design element typically should be inferred in the design code; however, the
element can be instantiated for cases where strict placement control, relative
placement control, or initialization attributes need to be applied.

Available Attributes

INIT - Specifies the initial value upon power-up or the assertion of GSR for the (Q)
port. This attribute may be setto 1 or 0.
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LUTL, 2,3,4

SUXILINX®

LUTY, 2,3, 4

Primitive: 1-, 2-, 3-, 4-Bit Look-Up-Table with General Output

LUT1

X9852

LUTL, LUT2, LUT3, and LUT4 are, respectively, 1-, 2-, 3-, and 4-bit look-up-tables
(LUTs) with general output (O).

A mandatory INIT attribute, with an appropriate number of hexadecimal digits for
the number of inputs, must be attached to the LUT to specify its function.

LUT1 provides a look-up-table version of a buffer or inverter.

LUTs are the basic Spartan-3E building blocks. Two LUTs are available in each CLB

n | LUT2 slice; four LUTs are available in each CLB. The variants, “LUT1 D, LUT2_D, LUT3_D,
| © LUT4 D”and “LUTL L, LUT2 L, LUT3 L, LUT4 L” provide additional types of
0 outputs that can be used by different timing models for more accurate pre-layout
timing estimation.
X8379 )
LUT3 Function Table
2 | LUT3 Inputs Outputs
i 12 11 10 o)
10 | O
0 0 0 INIT[0]
8382 0 0 1 INIT[1]
0 1 0 INIT[2]
g | LUT4 0 1 1 INIT[3]
12 B 1 0 0 INIT[4]
% 1 0 1 INIT[S]
] 1 1 0 INIT[6]
X8385 1 1 1 INIT[7]
INIT = binary equivalent of the hexadecimal number assigned to the INIT attribute
Usage
LUTs are generally inferred with the logic portions of the HDL code. Xilinx suggests
that you instantiate LUTs only if you have a need to implicitly specify the logic
mapping, or if you need to manually place or relationally place the logic.
For More Information
Consult the Spartan-3E Data Sheets.
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LUT1 D, LUT2_D, LUT3_D, LUT4 D SXILINX®

LUT1 D, LUT2 D, LUT3 D, LUT4 D

Primitive: 1-, 2-, 3-, 4-Bit Look-Up-Table with Dual Output

LUTLD |10 LUT1_D, LUT2_D, LUT3_D, and LUT4_D are, respectively, 1-, 2-, 3-, and 4-bit look-
up-tables (LUTs) with two functionally identical outputs, O and LO. The O outputis a
10 | o general interconnect. The LO output is used to connect to another output within the
same CLB slice and to the fast connect buffer.
X8377
A mandatory INIT attribute, with an appropriate number of hexadecimal digits for
the number of inputs, must be attached to the LUT to specify its function.
LUT2_D
] -2 LUT1 D provides a look-up-table version of a buffer or inverter.
0 L © See also “LUTL, 2, 3,4” and “LUT1_L, LUT2_L, LUT3_L, LUT4_L.”
8380 LUT3_D Function Table
Inputs Outputs
:21— HUTP o 12 11 10 o) LO
o | | o 0 0 0 INIT[O] INIT[O]
s 0 0 1 INIT[1] INIT[1]
0 1 0 INIT[2] INIT[2]
0 1 1 INIT[3] INIT[3]
o LuTap - 1 0 0 INIT[4] INIT[4]
1| B 1 0 1 INIT[5] INIT[5]
0 1 1 0 INIT[6] INIT[6]
S 1 1 1 INIT[7] INIT[7]
INIT = binary equivalent of the hexadecimal number assigned to the INIT attribute
Usage
LUTs are generally inferred with the logic portions of the HDL code. Xilinx suggests
that you instantiate LUTs only if you have a need to implicitly specify the logic
mapping, or if you need to manually place or relationally place the logic.
For More Information
Consult the Spartan-3E Data Sheets.
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LUTL L, LUT2_L, LUT3 L, LUT4_L

SUXILINX®

LUTL L, LUT2 L, LUT3 L, LUT4 L

Primitive: 1-, 2-, 3-, 4-Bit Look-Up-Table with Local Output

LUTL L |0

X8378

LUT2_L |0

X8381

LUT3 L |10

X8384

LUT4_L

LO

X8387

LUTL L, LUT2_L,LUT3 L, and LUT4_L are, respectively, 1-, 2-, 3-, and 4- bit look-up-
tables (LUTs) with a local output (LO) that is used to connect to another output within

the same CLB slice and to the fast connect buffer.

A mandatory INIT attribute, with an appropriate number of hexadecimal digits for
the number of inputs, must be attached to the LUT to specify its function.

LUT1 L provides a look-up-table version of a buffer or inverter.
See also “LUTY, 2, 3,4” and “LUT1_D, LUT2_D, LUT3_D, LUT4_D.”

LUT3_L Function Table

Inputs

Outputs

11

LO

INIT[O]

INIT[1]

INIT[2]

INIT[3]

INIT[4]

INIT[5]

PP, PO O O O

P O O|lFL,| L, OO

O| R | O, |O|Fr,| O

INIT[6]

1

1

1

INIT[7]

INIT = binary equivalent of the hexadecimal number assigned to the INIT attribute

Usage

LUTs are generally inferred with the logic portions of the HDL code. Xilinx suggests
that you instantiate LUTs only if you have a need to implicitly specify the logic
mapping, or if you need to manually place or relationally place the logic.

For More Information

Consult the Spartan-3E Data Sheets.
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M2_1 SXILINX®
M2 1
Macro: 2-to-1 Multiplexer
The M2_1 multiplexer chooses one data bit from two sources (D1 or D0O) under the
control of the select input (S0). The output (O) reflects the state of the selected data
DO o input. When Low, SO selects DO and when High, SO selects D1.
D1
Inputs Outputs
S0 p p
X4026 SO D1 DO (0]
1 D1 X D1
0 X Do Do

DO

—

SO

B

D1

AND2B1

AND2

M1

— 1>

OR2

M2_1 Implementation for Spartan-3E

Usage

This design element is inferred rather than instantiated.
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M2_1B1 SXILINX®

M2 1B1
Macro: 2-to-1 Multiplexer with DO Inverted

The M2_1B1 multiplexer chooses one data bit from two sources (D1 or DO) under the

DO control of select input (S0). When S0 is Low, the output (O) reflects the inverted value
D1 O of (D0). When S0 is High, (O) reflects the state of D1.
SO Inputs Outputs
X4027 S0 D1 DO o)

1 1 X 1

1 0 X 0

0 X 1 0

0 X 0 1

DO
pE— I
s0 AND2B2 o

OR2

M1
D1

AND2 X7662
M2_1B1 Implementation for Spartan-3E

Usage

This design element is inferred rather than instantiated
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M2_1B2 SXILINX®

M2 _1B2
Macro: 2-to-1 Multiplexer with DO and D1 Inverted

The M2_1B2 multiplexer chooses one data bit from two sources (D1 or D0O) under the
DO control of select input (S0). When S0 is Low, the output (O) reflects the inverted value
@) of DO. When S0 is High, O reflects the inverted value of D1.

D1
Inputs Outputs
S0
SO D1 DO o
X4028 1 1 v 5
1 0 X 1
0 X 1 0
0 X 0 1
DO
pl— S
S0 AND2B2 o
| ] >——=
M1 OR2
D1
AND2B1 X7663
M2_1B2 Implementation for Spartan-3E
Usage
This design element is inferred rather than instantiated.
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M2_1E SXILINX®
M2_1E
Macro: 2-to-1 Multiplexer with Enable
DO M2_1E is a 2-to-1 multiplexer with enable. When the enable input (E) is High, the
D1 | M2_1E chooses one data bit from two sources (D1 or DO) under the control of select
= input (S0). When Low, SO selects DO and when High, SO selects D1. When (E) is Low,
SO the output is Low.
E
%4029 Inputs Outputs
E SO D1 DO o
0 X X X 0
1 0 X 1 1
1 0 X 0 0
1 1 1 X 1
1 1 0 X 0
= DO
E MO
: S0 ’
KNDSBl
— 1> 2a
OR2
M1
@Dl L/

AND3

M2_1E Implementation for Spartan-3E

Usage

This design element is inferred rather than instantiated.
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M4_1E

SUXILINX®

Macro: 4-to-1 Multiplexer with Enable

M4_1E is an 4-to-1 multiplexer with enable. When the enable input (E) is High, the
M4_1E multiplexer chooses one data bit from four sources (D3, D2, D1, or D0) under
the control of the select inputs (S1 — S0). The output (O) reflects the state of the
selected input as shown in the truth table. When(E) is Low, the output is Low.

X4030

Inputs Outputs
E S1 SO DO D1 D2 D3 o
0 X X X X X X 0
1 0 0 DO X X X Do
1 0 1 X D1 X X D1
1 1 0 X X D2 X D2
1 1 1 X X X D3 D3
M2_1E
= DO DO o
D1 D1
S0 MUXF5
E MO1 MO01 10 o o
M23 11
M2_1E S 0
B D2 DO o
- D3 D1
- SO | SO
B E ® E M23
S1 X9348

M4_1E Implementation for Spartan-3E

Usage

This design element is inferred rather than instantiated.
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M8_1E SXILINX®
M8_1E
Macro: 8-to-1 Multiplexer with Enable
DO [——— M8_1E is an 8-to-1 multiplexer with enable. When the enable input (E) is High, the
D1 M8_1E multiplexer chooses one data bit from eight sources (D7 — D0) under the
32 control of the select inputs (S2 — S0). The output (O) reflects the state of the selected
D4 input as shown in the truth table. When (E) is Low, the output is Low.
D5
D6 Inputs Outputs
D7
<5 E s2 s1 S0 D7 - DO 0
S1
= 0 X X X X 0
E 1 0 0 0 DO DO
X403t 1 0 0 1 D1 D1
1 0 1 0 D2 D2
1 0 1 1 D3 D3
1 1 0 0 D4 D4
1 1 0 1 D5 D5
1 1 1 0 D6 D6
1 1 1 1 D7 D7

Dn represents signal on the Dn input; all other data inputs are don’ t-cares (X).

MUXF5_L
10 Lo

MUXF6

MO03 10
o [¢]

M47 11

S

MUXF5_L

I
o Lo
11
S M47

[ECE— X8716

M8_1E Implementation for Spartan-3E

Usage

This design element is inferred rather than instantiated
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M16_1E

SUXILINX®

M16_1E

Macro: 16-to-1 Multiplexer with Enable

X4032

M16_1E is a 16-to-1 multiplexer with enable. When the enable input (E) is High, the
M16_1E multiplexer chooses one data bit from 16 sources (D15 — D0) under the
control of the select inputs (S3 — S0). The output (O) reflects the state of the selected

input as shown in the truth table. When (E) is Low, the output is Low.

Inputs Outputs

E S3 S2 S1 SO D15 - DO @]
0 X X X X X 0

1 0 0 0 0 DO DO
1 0 0 0 1 D1 D1
1 0 0 1 0 D2 D2
1 0 0 1 1 D3 D3
1 1 1 0 0 D12 D12
1 1 1 0 1 D13 D13
1 1 1 1 0 D14 D14
1 1 1 1 1 D15 D15

Dn represents signal on the Dn input; all other data inputs are don' t-cares (X).

Usage

This design element is inferred rather than instantiated.
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MULT_AND SXILINX®

MULT_AND

Primitive: Fast Multiplier AND

MULT_AND is an AND component used exclusively for building fast and smaller
multipliers. The 11 and 10 inputs must be connected to the 11 and 10 inputs of the
associated LUT. The LO output must be connected to the DI input of the associated

11 — MUXCY, MUXCY_D, or MUXCY_L.
10 _} LO Inputs Output

11 10 LO
X8405
0 0 0
0 1 0
1 0 0
1 1 1
[ ]
LO MUXCY_L
S 01
DI Cl
LUT4
Bl W 13
Al & 12
BO W n o L o  Sumi
A0 10 0—C')D u
XORCY
11 Lo
10 }
MULT_AND
com
X8733
Example Multiplier Using MULT_AND
Usage
This design element can be instantiated and inferred.
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MULT18X18SIO SXILINX®

MULT18X18SIO

Primitive: 18x18 Cascadable Signed Multiplier with Optional Input and
Output registers, Clock Enable, and Synchronous Reset

The MULT18X18SIO is a 36-bit output, 18x18-bit input dedicated signed multiplier.
This component can perform asynchronous multiplication operations when the

ﬁ B attributes AREG, BREG and PREG are all set to 0. Alternatively, synchronous
multiplication operations of different latency and performance characteristics can be
s performed when any combination of those attributes is set to 1. When using the
o, multiplier in synchronous operation, the MULT18X18S10 features active high clock
enables for each set of register banks in the multiplier, CEA, CEB and CEP, as well as

] [scouro synchronous resets, RSTA, RSTB, and RSTP. Multiple MULT18X18SIOs can be

cascaded to create larger multiplication functions using the BCIN and BCOUT ports
in combination with the B_INPUT attribute.

Usage

The MULT18X18SIO can be inferred by most synthesis tools using standard VHDL or
Verilog notation for multiplication. Alternatively, Core Generator™ System and other
IP can also create multiplication functions using this component. If preferred, the
MULT18X18SIO may be instantiated into the VHDL or Verilog code to give full
control over the implementation of the component. In order to change the default
behavior of the MULT18X18SIO, attributes may be modified via the generic map
(VHDL) or named parameter value assignment (Verilog) as a part of the instantiated
component.

Available Attributes

AREG - Enables (1) or disables (0) the register bank capturing data entering the A
port of the multiplier.

BREG - Enables (1) or disables (0) the register bank capturing data entering the B port
of the multiplier.

B_INPUT - When set to "DIRECT" uses the data presented on the B input port for
multiplication operations. When set to "CASCADE", uses data on the BCIN port for
the multiplication operation.

PREG - Enables (1) or disables (0) the register bank capturing data before exiting the P
port of the multiplier.

For More Information
Consult the Spartan-3E Data Sheets.
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MUXCY SXILINX®

MUXCY
Primitive: 2-to-1 Multiplexer for Carry Logic with General Output

MUXCY is used to implement a 1-bit high-speed carry propagate function. One such

o function can be implemented per slice, for a total of 4 bits per configurable logic block
s (CLB) for Spartan-3E.
MUXCY
0 1 The direct input (DI) of a slice is connected to the (DI input of the MUXCY. The carry
[ ] in (CI) input of an LC is connected to the CI input of the MUXCY. The select input (S)
DI ClI of the MUXCY is driven by the output of the lookup table (LUT) and configured as a
X8728 MUX function. The carry out (O) of the MUXCY reflects the state of the selected input
and implements the carry out function of each LC. When Low, S selects DI; when
High, S selects CI.
The variants, “MUXCY_D” and “MUXCY_L” provide additional types of outputs that
can be used by different timing models for more accurate pre-layout timing
estimation.
Inputs Outputs
S DI (¢]] (0]
0 1 X 1
0 0 X 0
1 X 1 1
1 X 0 0
Usage
This design element can be instantiated and inferred.
For More Information
Consult the Spartan-3E Data Sheets.
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MUXCY_D SXILINX®

MUXCY_D
Primitive: 2-to-1 Multiplexer for Carry Logic with Dual Output

MUXCY_D is used to implement a 1-bit high-speed carry propagate function. One

LO O
such function can be implemented per logic cell (LC), for a total of 4-bits per
S __/Muxcy_D configurable logic block (CLB). The direct input (DI) of an LC is connected to the DI
o 1 input of the MUXCY_D. The carry in (Cl) input of an LC is connected to the CI input
Dll Cl,l of the MUXCY_D. The select input (S) of the MUX is driven by the output of the
%8799 lookup table (LUT) and configured as an XOR function. The carry out (O and LO) of
the MUXCY _D reflects the state of the selected input and implements the carry out
function of each LC. When Low, S selects DI; when High, S selects CI.
Outputs O and LO are functionally identical. The O output is a general interconnect.
See also “MUXCY” and “MUXCY_L”"
Inputs Outputs
S DI Cl o LO
0 1 X 1 1
0 0 X 0 0
1 X 1 1 1
1 X 0 0 0
Usage
This design element can only be instantiated. Synthesis tools will make use of the
MUXCY primitive, then MAP will make use of the MUXCY_D.
For More Information
Consult the Spartan-3E Data Sheets.
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MUXCY_L

SUXILINX®

MUXCY L

Primitive:

LO

MUXCY_ D
O 1

DI ClI
X8730

2-to-1 Multiplexer for Carry Logic with Local Output

MUXCY_L is used to implement a 1-bit high-speed carry propagate function. One
such function can be implemented per logic cell (LC), for a total of 4-bits per

configurable logic block (CLB). The direct input (DI) of an LC is connected to the DI
input of the MUXCY_L. The carry in (CI) input of an LC is connected to the Cl input
of the MUXCY _L. The select input (S) of the MUXCY _L is driven by the output of the

lookup table (LUT) and configured as an XOR function. The carry out (LO) of the
MUXCY_L reflects the state of the selected input and implements the carry out
function of each (LC). When Low, (S) selects DI; when High, (S) selects (ClI).

See also “MUXCY” and “MUXCY_D”

Inputs Outputs
S DI Cl LO
0 1 X 1
0 0 X 0
1 X 1 1
1 X 0 0

Usage

This design element can only be instantiated. Synthesis tools will make sue of the
MUXCY primitive, then MAP will make use of the MUXCY _L.

For More Information
Consult the Spartan-3E Data Sheets.
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SUXILINX®

MUXF5
MUXF5
Primitive: 2-to-1 Lookup Table Multiplexer with General Output
MUXF5 provides a multiplexer function in a CLB slice for creating a function-of-5
10 lookup table or a 4-to-1 multiplexer in combination with the associated lookup tables.
The local outputs (LO) from the two lookup tables are connected to the 10 and 11
11 S inputs of the MUXF5. The (S) input is driven from any internal net. When Low, (S)
— selects 10. When High, (S) selects I1.
S
X8431 The variants, “MUXF5_D” and “MUXF5_L”, provide additional types of outputs that
can be used by different timing models for more accurate pre-layout timing
estimation.
Inputs Outputs
S 10 11 (0]
0 1 X 1
0 0 X 0
1 X 1 1
1 X 0 0
Usage
This design element can be instantiated and inferred.
For More Information
Consult the Spartan-3E Data Sheets.
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MUXF5_D SXILINX®

MUXF5 D
Primitive: 2-to-1 Lookup Table Multiplexer with Dual Output

MUXF5_D provides a multiplexer function in a CLB slice for creating a function-of-5

10— LO lookup table or a 4-to-1 multiplexer in combination with the associated lookup tables.
The local outputs (LO) from the two lookup tables are connected to the 10 and 11
11 O inputs of the MUXF5. The S input is driven from any internal net. When Low, S selects
S :’ 10. When High, S selects I1.
X8432 Outputs O and LO are functionally identical. The O output is a general interconnect.

The LO output is used to connect to other inputs within the same CLB slice.
See also “MUXF5” and “MUXF5_L”

Inputs Outputs
S 10 11 0] LO
0 1 X 1 1
0 0 X 0 0
1 X 1 1 1
1 X 0 0 0
Usage

This design element can only be instantiated. Synthesis tools will make use of the
MUXF5, then MAP will make use of the MUXF5_D.

For More Information
Consult the Spartan-3E Data Sheets.
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MUXF5_L SXILINX®

MUXF5 L
Primitive: 2-to-1 Lookup Table Multiplexer with Local Output

MUXF5_L provides a multiplexer function in a CLB slice for creating a function-of-5
10| Lo lookup table or a 4-to-1 multiplexer in combination with the associated lookup tables.

The local outputs (LO) from the two lookup tables are connected to the 10 and 11
inputs of the MUXF5. The S input is driven from any internal net. When Low, S selects

11
s 10. When High, S selects I1.
X8433 The LO output is used to connect to other inputs within the same CLB slice.
See also “MUXF5” and “MUXF5_D”.
Inputs Output
S 10 11 LO
0 1 X 1
0 0 X 0
1 X 1 1
1 X 0 0
Usage
This design element can only be instantiated. Synthesis tools will make use of the
MUXF5 primitive, then MAP will make use of the MUXF5_L.
For More Information
Consult the Spartan-3E Data Sheets.
Spartan-3E Libraries Guide for Schematic Designs www.xilinx.com 337

ISE 7.1i 1-800-255-7778


http://www.xilinx.com

SXILINX® MUXF5_L

338 www.xilinx.com Spartan-3E Libraries Guide for Schematic Designs
1-800-255-7778 ISE 7.1i


http://www.xilinx.com

MUXF6 SXILINX®

MUXF6
Primitive: 2-to-1 Lookup Table Multiplexer with General Output
MUXF6 provides a multiplexer function in two slices for creating a function-of-6

10 lookup table or an 8-to-1 multiplexer in combination with the associated four lookup

tables and two MUXF5s. The local outputs (LO) from the two MUXF5s in the CLB are
/o) connected to the 10 and 11 inputs of the MUXF6. The S input is driven from any

1 internal net. When Low, (S) selects 10. When High, (S) selects 11.

S %8434 The variants, “MUXF6_D” and “MUXF6_L”, provide additional types of outputs that
can be used by different timing models for more accurate pre-layout timing
estimation.

Inputs Outputs
S 10 11 (0]
0 1 X 1
0 0 X 0
1 X 1 1
1 X 0 0
Usage
This design element can only be instantiated.
For More Information
Consult the Spartan-3E Data Sheets.
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MUXF6_D

SUXILINX®

MUXF6_D

Primitive: 2-to-1 Lookup Table Multiplexer with Dual Output

LO

X8435

MUXF6_D provides a multiplexer function in a two slices for creating a function-of-6
lookup table or an 8-to-1 multiplexer in combination with the associated four lookup
tables and two MUXF5s. The local outputs (LO) from the two MUXF5s in the CLB are
connected to the 10 and 11 inputs of the MUXF6. The (S) input is driven from any

internal net. When Low, (S) selects 10. When High, (S) selects I1.

Outputs (O) and (LO) are functionally identical. The (O) output is a general
interconnect. The (LO) output is used to connect to other inputs within the same CLB

slice.
See also “MUXF6” and “MUXF6_L”

Inputs Outputs
S 10 11 0] LO
0 1 X 1 1
0 0 X 0 0
1 X 1 1 1
1 X 0 0 0
Usage

This design element can only be instantiated.

For More Information
Consult the Spartan-3E Data Sheets.
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MUXF6_L SXILINX®
MUXF6_L
Primitive: 2-to-1 Lookup Table Multiplexer with Local Output
MUXF6_L provides a multiplexer function in a full, Spartan-3E CLB (two slices) for
10 LO creating a function-of-6 lookup table or an 8-to-1 multiplexer in combination with the
associated four lookup tables and two MUXF5s. The local outputs (LO) from the two
11 MUXF5s in the (CLB) are connected to the 10 and 11 inputs of the MUXF6. The (S)
S input is driven from any internal net. When Low, (S) selects 10. When High, (S) selects
X8436 1.
The LO output is used to connect to other inputs within the same CLB slice.
See also “MUXF6” and “MUXF6_D”.
Inputs Output
S 10 11 LO
0 1 X 1
0 0 X 0
1 X 1 1
1 X 0 0
Usage
This design element can only be instantiated.
For More Information
Consult the Spartan-3E Data Sheets.
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MUXF7

SUXILINX®

MUXF7

Primitive:

X8431

2-to-1 Lookup Table Multiplexer with General Output

MUXF7 provides a multiplexer function in a full Spartan-3E (four slices) for creating a
function-of-7 lookup table or a 16-to-1 multiplexer in combination with the associated
lookup tables. Local outputs (LO) of MUXF6 are connected to the 10 and I1 inputs of
the MUXF7. The (S) input is driven from any internal net. When Low, (S) selects I0.
When High,()S selects I1.

The variants, “MUXF7_D” and “MUXF7_L”, provide additional types of outputs that
can be used by different timing models for more accurate pre-layout timing

estimation.
Inputs Outputs

S 10 11 (@]

0 10 X 10

1 X 11 11

X 0 0 0

X 1 1 1
Usage

This design element can only be instantiated.

For More Information

Consult the Spartan-3E Data Sheets.
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MUXF7_D SXILINX®

MUXF7_D
Primitive: 2-to-1 Lookup Table Multiplexer with Dual Output

MUXF7_D provides a multiplexer function in a full Spartan-3E CLB (four slices) for

10 ~—— creating a function-of-7 lookup table or a 16-to-1 multiplexer in combination with the
LO associated lookup tables. Local outputs (LO) of MUXF6 are connected to the 10 and 11
11 ) inputs of the MUXF7. The S input is driven from any internal net. When Low, (S)
S r selects 10. When High, (S) selects I1.
X8432 Outputs O and LO are functionally identical. The O output is a general interconnect.

The LO output is used to connect to other inputs within the same CLB slice.
See also “MUXF7” and “MUXF7_L".

Inputs Outputs
S 10 11 @] LO
0 10 X 10 10
1 X 11 11 11
X 0 0 0 0
X 1 1 1 1

Usage

This design element can only be instantiated.

For More Information
Consult the Spartan-3E Data Sheets.
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SUXILINX®

MUXF7_L
MUXF7_L
Primitive:
19 LO
11
S
X8433

2-to-1 Lookup Table Multiplexer with Local Output

MUXF7_L provides a multiplexer function in a full Spartan-3E CLB (four slices) for
creating a function-of-7 lookup table or a 16-to-1 multiplexer in combination with the
associated lookup tables. Local outputs (LO) of MUXF6 are connected to the 10 and 11
inputs of the MUXF7. The S input is driven from any internal net. When Low, (S)
selects 10. When High, (S) selects I1.

The LO output is used to connect to other inputs within the same CLB slice.

See also “MUXF7” and “MUXF7_D".

Inputs Output
S 10 11 LO
0 10 X 10
1 X 11 11
X 0 0 0
X 1 1 1

Usage

This design element can only be instantiated.

For More Information

Consult the Spartan-3E Data Sheets.
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MUXF8 SXILINX®

MUXF8
Primitive: 2-to-1 Lookup Table Multiplexer with General Output
MUXF8 provides a multiplexer function in eight slices for creating a function-of-8
10 lookup table or a 32-to-1 multiplexer in combination with the associated lookup
tables, MUXF5s, MUXF6s, and MUXF7s. Local outputs (LO) of MUXF7 are connected
0 to the 10 and 11 inputs of the MUXF8. T(h)e S input is driven from any internal net.
11 When Low, (S) selects 10. When High, S selects I1.
S See also “MUXF8_D” and “MUXF8_L".
X8434
Inputs Outputs
S 10 11 (0]
0 10 X 10
1 X 11 11
X 0 0 0
X 1
Usage
This design element can only be instantiated.
For More Information
Consult the Spartan-3E Data Sheets.
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MUXF8_D SXILINX®
MUXF8_D
Primitive: 2-to-1 Lookup Table Multiplexer with Dual Output
MUXF8_D provides a multiplexer function in eight slices for creating a function-of-8
0 ——— o lookup table or a 32-to-1 multiplexer in combination with the associated four lookup
tables and two MUXF8s. Local outputs (LO) of MUXF7 are connected to the 10 (a)nd 11
1 O inputs of the MUXF8. The S input is driven from any internal net. When Low, S selects
s :I’ 10. When High, (S) selects I1.
x8435 Outputs O and LO are functionally identical. The O output is a general interconnect.
The LO output is used to connect to other inputs within the same CLB slice.
See also “MUXF8” and “MUXF8_L".
Inputs Outputs
S 10 11 0] LO
0 10 X 10 10
1 X 11 11 11
X 0 0 0 0
X 1 1 1 1
Usage
This design element can only be instantiated.
For More Information
Consult the Spartan-3E Data Sheets.
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MUXFS8_L SXILINX®

MUXF8 L
Primitive: 2-to-1 Lookup Table Multiplexer with Local Output

MUXF8_L provides a multiplexer function in eight slices for creating a function-of-8
lookup table or a 32-to-1 multiplexer in combination with the associated four lookup

= LO tables and two MUXF8s. Local outputs (LO) of MUXF7 are connected to the 10 and 11
1 inputs of the MUXF8. The S input is driven from any internal net. When Low, (S)
P selects 10. When High, (S) selects I1.
Xx8436 The LO output is used to connect to other inputs within the same CLB slice.
See also “MUXF8” and “MUXF8_D".
Inputs Output

S 10 11 LO

0 10 X 10

1 X 11 11

X 0 0 0

X 1

Usage

This design element can only be instantiated.

For More Information
Consult the Spartan-3E Data Sheets.
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NAND2-9

SUXILINX®

NAND2-9

Primitive: 2- to 9-Input NAND Gates with Inverted and Non-Inverted

5 14
1 12 ps 13
10
o 11
10
NAND2 NAND3 NAND4 NAND5
5 14
i 12 - 13
10
10
o 11
10,
NAND2B1 NAND3B1 NAND4B1 NANDS5B1
3 14
0 12 2 13
10
10
o 1
10,
NAND2B2 NAND3B2 NAND4B2 NANDS5B2
" 14
12 2 13
ED 12
i1 1 2
10 0
10
NAND3B3 NAND4B3 NANDSB3
13 14
12 13
11 12
10 11
10
NAND4B4 NAND5B4
14
13
12
1
10
NAND5B5

NAND Gate Representations

BFl

NAND8

EEFPFEFEREF

NAND9

X9429

NAND gates of up to five inputs are available in any combination of inverting and
non-inverting inputs. NAND gates of six to nine inputs are available with only non-
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NAND2-9

inverting inputs. To invert inputs, use external inverters. Since each input uses a CLB
resource, replace gates with unused inputs with gates having the necessary number of
inputs.

See “NAND12, 16” for information on additional NAND functions.

FMAP
—14
—113 o o
e "
= {n
RLOC=X0Y1
™ 17
16
'?Di FMAP
! [ LA 7Y
AND4 s 13 s1
15 2 oOr——=n
[
T pea ML
NAND2 RLOC=X0Y0
[ IR FMAP
ILDA e fu
™ 11
10 o 3 ol S0 g
AND4 = L 2
e {u

RLOC=X0YO

X9349

NANDS8 Implementation Spartan-3E

Usage

NAND?2 through NANDS are primitives that can be inferred or instantiated. NANDG6
through NANDS9 are macros which can be inferred.
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NAND12, 16

SUXILINX®

NAND12, 16

Primitive:

=
=

12- and 16-Input NAND Gates with Non-Inverted Inputs

The NAND function is performed in the Configurable Logic Block (CLB) function

ISE 7.1i

110 - . .
o generators for Spartan-3E. The 12- and 16-input NAND functions are available only
8 with non-inverting inputs. To invert some or all inputs, use external inverters.
E & 7 H H H
EDO_ See “NAND2-9” for more information on NAND functions.
14
5]
12 EFMAP
% S2 ‘4
- -t 13 ol—©m
NAND12 - {12
mS0 g
9430 RLOC=R0OCO.S0O
111
- 110 FMAP
M e — =
M 2 AND4 -7-@7 :z © 2
113 18 "
ﬁ -57 o1 ° RLOC=RO0OCO0.S0
110 -
F -7ANDA NAND3 EFMAP
8 | [FETANE— Y
== -3 s 13 ° s1
- -2z so L I —
16 | I >—=— eI
% AND4 RLOC=RO0OCO.S1
& FMAP
& 13 14
11| w2 13 so
& -:37 12 ©
NAND16 - 2
X9431 X8704 RLOC=R0OCO.S1
NAND12 Implementation of Spartan-3E
FMAP
— 14
S2 13
e e
- RLOC=X0Y1
AND4
FMAP
7 111 14
- -
-:27 s1 o - ::)0 :z o2 m
-t NAND3 ° "
AND4
RLOC=X0Y1
FMAP
-z so - :<7s ::
-t :)7 s 2 oSl m
-IO7ANDA -t
RLOC=X0YO
FMAP
me |
:ii:::g ol _so
[FURLCA— T
RLOC=X0YO
NAND12 Implementation Spartan-3E
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NAND12, 16

RLOC=XO0Y1

- o
114
e ss s/ muxey
113 J o 1
- vCC
112 —_— DI (o]
AND4
cz2
= 111 Lo

RLOC=XO0Y1

DI

[T R s2 s /Muxcy U
- o 1
.

c1

L

RLOC=X0YO

" Lo
16
- s1 s /Muxcy_
ms o 1
) o
AND4
[~ S Lo

co

RLOC=XO0YO0

GND

NAND16 Implementation for Spartan-3E

Usage

o
i
FMAP
LS 14
114 13
. s3
- 2 ° —a-
L "
RLOC=X0Y1
FMAP
- 111 14
110
| S2 g
me 2 ©
me  n
RLOC=X0Y1
FMAP
m
16
w3 s1
me e o— =
[ R T
RLOC=X0YO
FMAP
mE
| e <] SO g
mrt 2 ©
me
RLOC=X0Y0
Xx9351

NAND12 and NAND16 are macros that are inferred. See “NAND2-9” for more
information about inferring NAND gates.
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NOR2-9 SXILINX®

NOR2-9

Primitive and Macros: 2- to 9-Input NOR Gates with Inverted and Non-
Inverted Inputs

15
14
13 14
12 13
11 12 13
0 11 0 o] 12 0 0
10 11 12
10 11
10 11
10
10
NOR2 NOR3 NOR4 NOR5 NOR®6
14
13
12 13
11 12
0 11 0 0 12 0
10 11
10 11
10
10
NOR2B1 NOR3B1 NOR4B1 NOR5B1
14
13
12 13
11 12
0 11 0 0 12 0
10 11
10 11 NOR7
10
10
NOR2B2 NOR3B2 NOR4B2 NOR5B2

4

3
2

N
@

0

0

3=
o
=
o
=]
o

|5 |.: ||G |a |E |a |a |:
o

NOR3B3 NOR4B3 NOR5B3 NORS
14
B 13
|2 1A
N 0 12 0 17
10 = 16
10 o
NOR4B4 NORS5B4 14 0
14 18
3 12
2 0 I
1 10
10 NOR9
NOR5B5
X9432

NOR Gate Representations

NOR gates of up to five inputs are available in any combination of inverting and non-
inverting inputs. NOR gates of six to nine inputs are available with only non-
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NOR2-9

inverting inputs. To invert some or all inputs, use external inverters. Since each input
uses a CLB resource, replace gates with unused inputs with gates having the

necessary number of inputs.

See “NOR12, 16” for information on additional NOR functions.

17
16
15
14

S1

NOR2

13
12
11
10

SO

OR4

NORS8 Implementation for Spartan-3E

Usage

FMAP

14
13
12
(R

RLOC=X0Y1

RLOC=X0YO

FMAP
.lil____l4
16
m—— 3
15 o S1
[ 3
L a— T
RLOC=X0OYO
FMAP
.lig____l4
12
m— 13 so
.._EL____IZ ©
.[EL___Il

X9352

NOR2 through NORS5 are primitives that can be inferred or instantiated. NOR6

through NOR9 are macros which can be inferred.
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SUXILINX®

NOR12, 16

Macros: 12- and 16-Input NOR Gates with Non-Inverted Inputs

NOR12

X9433

=
(%))

=
D

=
w

=
N

=
B

=
o

©

BEFFEFEEP

NOR16
X9434

The 12- and 16-input NOR functions are available only with non-inverting inputs. To

invert some or all inputs, use external inverters.

See “NOR2-9” for more information on NOR functions.

NOR4

NOR4

NOR4

NOR4

CIN

o]

NOR16 Implementation for Spartan-3E

Usage

————#
FMAP
o [ ECE— Y
< /woxcy RLOC=X0Y1 it 3 -
0 1 113 o——a
| o
DI cl
it 1
c2 RLOC=X0Y1
FMAP
Lo 111
| o g
RLOC=X0Y1 110
s /Muxcy_D B—B s2
0 1 19 o—Ha
B2
DI cl
e
O— |a RLOC=X0Y1
FMAP
LO WH 14
RLOC=X0YO0 16
s /Muxcy_L BB s1
0 1 15 oO——n
B
DI cl
m—{u
co RLOC=X0YO0
FMAP
LO BH 14
RLOC=X0YO0
s /MUxcy_L 'ZH 13 S0
0 1 I o——a
DI cl = 0 .
|
RLOC=X0YO0

X9353

NOR12 and NOR16 are macros that can be inferred. See “NOR2-9” for more

information about inferring NOR gates.
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OBUF 4, 8, 16

SUXILINX®

OBUF, 4, 8, 16

Primitive and Macros: Single- and Multiple-Output Buffers

OBUF, OBUF4, OBUF8, and OBUF16 are single and multiple output buffers. An
OBUF isolates the internal circuit and provides drive current for signals leaving a
chip. OBUFs exist in input/output blocks (IOB). The output (O) of an OBUF is
connected to an OPAD or an IOPAD.

The interface standard used by OBUF, 4, 8, and 16 is LVTTL. Also, Spartan-3E OBUF,
4, 8, and 16 have selectable drive and slew rates using the DRIVE and SLOW or FAST
constraints. The defaults are DRIVE=12 mA and SLOW slew.

o[7:0]

10 N~ 00
L—"0BUF
X9446 11 N o1
L—"OBUF
12 N~ 02
L~ OBUF
OBUF8 13 '\>osu; 03
1[7:0] q>- 0[7:0] = {>OBUF =
15 N~ 05
X9850 L~ OBUF
16 N~ 06
L—"0oBUF
OBUF16 17 l’>OBUF o7
1[15:0] q>— 0 [15:0] I[7:0]
OBUF8 Implementation Spartan-3E
Usage
OBUFs are typically inferred for all top level input ports, but they can also be
instantiated if necessary.
Available Attributes
DRIVE
IOSTANDARD
SLEW
For More Information
Consult the Spartan-3E Data Sheets.
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OBUFDS

SUXILINX®

OBUFDS

Primitive:
Interface

[¢]
oB

OBUFDS
X9259

Differential Signaling Output Buffer with Selectable I/0

OBUFDS is a single output buffer that supports low-voltage, differential signaling
(1.8v CMOS). OBUFDS isolates the internal circuit and provides drive current for
signals leaving the chip. Its output is represented as two distinct ports (O and OB),
one deemed the "master” and the other the "slave." The master and the slave are
opposite phases of the same logical signal (for example, MYNET and MYNETB).

Inputs Outputs
| OB
0 1
1 0

Usage

This design element should be instantiated rather than inferred.

Available Attributes

DRIVE
IOSTANDARD
SLEW

For More Information

Consult the Spartan-3E Data Sheets.
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OBUFT, 4, 8, 16 SXILINX®

OBUFT, 4, 8, 16

Primitive and Macros: Single and Multiple 3-State Output Buffers with
Active-Low Output Enable

OBUFT, OBUFT4, OBUFT8, and OBUFT16 are single and multiple 3-state output

OBUrT buffers with inputs I, 13 - 10, 17 — 10, 115 — 10, outputs O, O3 — 00, O7 — 00, 015 — OO,
& and active-Low output enables (T). When (T) is Low, data on the inputs of the buffers
is transferred to the corresponding outputs. When (T) is High, the output is high
X9449 impedance (off or Z state). OBUFTs isolate the internal circuit and provide extra drive
current for signals leaving a chip. An OBUFT output is connected to an OPAD or an
IOPAD.

OBUFT, 4, 8, and 16 use the LVTTL standard. Also, Spartan-3E OBUFT, 4, 8, and 16
have selectable drive and slew rates using the DRIVE and SLOW or FAST constraints.
The defaults are DRIVE=12 mA and SLOW slew.

Inputs Outputs
X9450 T I o
X Z
0 | F
OBUFT8
T
[ [ o[7:0] or7:0]
. :
X3805 10 I: oo
T OBUFT
11 1 o1
LS
OBUFT16 T OBUFT
T 12 1 ': o2
1[15:0] ,_| O[15:0] T FCeuer
| . 13 1 ': o3
l/OBUFT
X3817 T
14 1 ': o4
T LSeurT
15 1 ': o5
T LCeurT
16 1 ': o6
T L-CeurT
17 1 o7
1[7:0] %UFT
[} T X7651
OBUFT8 Implementation for Spartan-3E
Usage
These design elements are instantiated rather than inferred.
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Available Attributes
DRIVE

IOSTANDARD

SLEW

For More Information

Consult the Spartan-3E Data Sheets.
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OBUFTDS SXILINX®

OBUFTDS

Primitive: 3-State Differential Signaling Output Buffer with Active Low
Output Enable and Selectable 1/O Interface

OBUFTDS is a single 3-state, differential signaling output buffer with active Low

T enable and a Select 1/0 interface.
I og When T is Low, data on the input of the buffer is transferred to the output (O) and
inverted output (OB). When T is High, both outputs are high impedance (off or Z
OBUFTDS state)_
X9260
Inputs Outputs
| T @) OB
X 1 Z Z
0 0 0 1
1 0 1 0
Usage
This design element is available for instantiation only.
Available Attributes
DRIVE
IOSTANDARD
SLEW
For More Information
Consult the Spartan-3E Data Sheets.
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ODDR2

SUXILINX®

ODDR2

) ODDR2

D1

Co

C1
CE

xaazss

Primitive: Double Data Rate Output D Flip-Flop with Optional Data
Alignment, Clock Enable and Programmable Synchronous or
Asynchronous Set/Reset

The ODDR?2 is an output double data rate (DDR) register useful in producing double
data rate signals exiting the FPGA. The ODDR?2 requires two clocks to be connected
to the component, CO and C1, so that data is provided at the positive edge of both CO
and C1 clocks. The ODDR?2 features an active high clock enable port, CE, which may
be used to suspend the operation of the registers and both set and reset ports that may
be configured to be synchronous or asynchronous to the respective clocks. The
ODDR2 has an optional alignment feature, which allows data to be captured by a
single clock yet clocked out by two clocks.

Usage

The ODDR?2 currently must be instantiated in order to be incorporated into the
design. In order to change the default behavior of the ODDR?2, attributes may be
modified via the generic map (VHDL) or named parameter value assignment
(\erilog) as a part of the instantiated component. The ODDR2 may be either
connected directly to a top-level output port in the design where an appropriate
output buffer can be inferred or to an instantiated OBUF, IOBUF, OBUFDS, OBUFTDS
or IOBUFDS. All inputs and outputs of this component should either be connected or
properly tied off.

Available Attributes

DDR_ALIGNMENT - Specifies how the data will be captured on the DO and D1 ports.
When set to "NONE", the data on the DO port will be aligned with the positive edge of
the CO clock and the data on the D1 port will be aligned with the positive edge of the
C1 clock. When set to "C0", the data on both DO and D1 ports are aligned to the
positive edge of the CO clock and when set to "C1", the data on the D0 and D1 ports
are aligned to the positive edge of the C1 clock. The output data Q is always
presented on the positive edge of both clocks.

INIT — Specifies the initial value upon power-up or the assertion of GSR for the Q
port. This attribute may be setto 1 or 0.

SRTYPE - When set to "SYNC", the reset, R, and set, S, ports are synchronous to the
associated clock inputs. When set to "ASYNC", the set and reset ports are
asynchronous to the clock.

For More Information
Consult the Spartan-3E Data Sheets.
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OFD_1 SXILINX®

OFD 1
Macro: Output D Flip-Flop with Inverted Clock

OFD_1 is located in an input/output block (IOB). The output (Q) of the D flip-flop is
connected to an OPAD or an IOPAD. The data on the (D) input is loaded into the flip-
flop during the High-to-Low clock (C) transition and appears on the (Q) output.

OFD_1

|U
o

c The flip-flop is asynchronously cleared, output Low, when power is applied, or when
global reset is active.

X3779 For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

D C Q
! D

vee
FDCE
D ouT o
= D S =
CE OBUF

B C CB
DO R
CL

IOB=TRUE

GND X9771

OFD_1 Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an OFD_1, you would
infer an FD_1 and put the IOB = TRUE attribute on the component. Or, you could use
the map option —pr o to pack all output registers into the 10Bs.
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OFD, 4, 8, 16 SXILINX®

OFD, 4, 8, 16
Macro: Single- and Multiple-Output D Flip-Flops

OFD, OFD4, OFD8, and OFD16 are single and multiple output D flip-flops.

D | OFD e}
The outputs (for example, Q3 — QO0) are connected to OPADs or IOPADs. The data on
— the (D) inputs is loaded into the flip-flops during the Low-to-High clock (C) transition
<3778 and appears on the (Q) outputs.
The flip-flops are asynchronously cleared with Low outputs when power is applied,
or when global reset is active.
% orp % For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
] — active.
D2 | | @2
D3 | | Q3 The active level of the GSR defaults to active-High but can be inverted by adding an
c inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.
%3800 Inputs Outputs
D C Q
D[7:0] Q[7:0] 1 D
C
X3812 vee
FDCE
D Q_OUT N _VTTLslowiz g
D[15:0] Q[15:0] = P Q L-0BUF u
CE
C
c = ¢ CLR
IOB=TRUE
X3834 =
GND X9361

OFD Implementation for Spartan-3E
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Q[7:0]

OFD

Q7

X7644

OFD8 Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an OFD, you would infer
an FD and put the IOB = TRUE attribute on the component. Or, you could use the
map option —pr o to pack all output registers into the I0Bs.
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OFDE_1

SUXILINX®

OFDE_1

Macro: D Flip-Flop with Active-High Enable Output Buffer and Inverted

Clock

OFDE_1 |q

|U

X3783

OFDE_1 and its output buffer are located in an input/output block (10B). The data
output of the flip-flop (Q) is connected to the input of an output buffer or OBUFE. The
output of the OBUFE is connected to an OPAD or an IOPAD. The data on the data
input (D) is loaded into the flip-flop on the High-to-Low clock (C) transition. When
the active-High enable input (E) is High, the data on the flip-flop output (Q) appears
on the (O) output. When (E) is Low, the output is high impedance (Z state or Off).

The flip-flop is asynchronously cleared with Low output when power is applied, or
when global reset is active.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs

E D C (0]

X X z
D ! D

VvCC

LVTTL SLOW 12

»
{>|Sv FDCE \_Tr\L
m> D Q =Yt Om

L~oBUFT

CE

C CB
= >0 c
INV

CLR

IOB=TRUE

GND X9370

OFDE_1 Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an OFDE_1, you would
infer an FDE_1 and put the IOB = TRUE attribute on the component. Or, you could
use the map option —pr o to pack all output registers into the IOBs.

For More Information
Consult the Spartan-3E Data Sheets.
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OFDE, 4, 8, 16

SUXILINX®

OFDE, 4, 8, 16

Macro: D Flip-Flops with Active-High Enable Output Buffers

b | OFDE |g

X3782

X3802

D[7:0] OFDES Q[7:0]
—_—

X3814

IO

D[1! OFDE16 | Q[15:0]

]

5:0]
—

C

X3836

OFDE, OFDE4, OFDES, and OFDEL16 are single or multiple D flip-flops whose
outputs are enabled by 3-state buffers. The flip-flop data outputs (Q) are connected to
the inputs of output buffers (OBUFE). The OBUFE outputs (O) are connected to
OPADs or IOPADs. The data on the data inputs (D) is loaded into the flip-flops during
the Low-to-High clock (C) transition. When the active-High enable inputs (E) are
High, the data on the flip-flop outputs (Q) appears on the (O) outputs. When (E) is
Low, outputs are high impedance (Z state or Off).

The flip-flops are asynchronously cleared with Low outputs when power is applied,
or when global reset is active.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs
E D C (e}
0 X X Z
1 Dn 1 Dn
vee
IE—DO T
INV FDCE T
- D D Q Q_OuT [¢]
cE OBUFT
[ c C
CLR
|IOB=TRUE
Gﬁ) X9775

OFDE Implementation for Spartan-3E
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SUXILINX®

OFDE, 4, 8, 16

DO

E_OFDE

D Q

00

E_OFDE

D1

[e]

01

E_OFDE

D2

Q

02

e OFDE

D3

Q

03

£ OFDE

D4

04

m

OFDE

D5

[e]

05

e OFDE

D6

o

06

e OFDE

D[7:0] o7

i

o

nE
mC
[

OFDES8 Implementation for Spartan-3E

Usage

o7

o[7:0]

X6379

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an OFDE, you would
infer an FDE and put the I0B = TRUE attribute on the component. Or, you could use
the map option —pr o to pack all output registers into the 10Bs.

For More Information

Consult the Spartan-3E Data Sheets.
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OFDI

SUXILINX®

OFDI

Macro: Output D Flip-Flop (Asynchronous Preset)

|U

|O

OFDI | o

X4582

OFDI is contained in an input/output block (IOB). The output (Q) of the (D) flip-flop
is connected to an OPAD or an IOPAD. The data on the (D) input is loaded into the
flip-flop during the Low-to-High clock (C) transition and appears at the output (Q).

The flip-flop is asynchronously preset, output High, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

D C Q
1 D

vee FDPE
D PRE QOUT N _WVTTLSlow12 o
L P Q L-0BUF u
CE
= 3¢

I0B=TRUE

GND X9368

OFDI Implementation Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an OFDI, you would
infer an FDP and put the IOB = TRUE attribute on the component. Or, you could use
the map option —pr o to pack all output registers into the 10Bs.
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OFDI_1 SXILINX®

OFDI 1
Macro: Output D Flip-Flop with Inverted Clock (Asynchronous Preset)

OFDI_1 exists in an input/Zoutput block (10B). The (D) flip-flop output (Q) is
connected to an OPAD or an IOPAD. The data on the (D) input is loaded into the flip-
flop during the High-to-Low clock (C) transition and appears on the (Q) output.

OFDI_1
- R

|U

(BO

The flip-flop is asynchronously preset, output High, when power is applied.

X4384 For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

D C Q
! D

vce
I FDPE
1
D PRE Q ouT '\LVTTL SLOW 12
| D =
Q L~0BUF
CE

[ [>o—=<8 c

INV
I0B=TRUE

Om

GND X9369

OFDI_1 Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an OFDI_1, you would
infer an FDP_1 and put the IOB = TRUE attribute on the component. Or, you could
use the map option —pr o to pack all output registers into the IOBs.
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OFDT 1

SUXILINX®

OFDT 1

Macro: D Flip-Flop with Active-Low 3-State Output Buffer and Inverted
Clock

A)O

X3781

OFDT _1 and its output buffer are located in an input/output block (10B). The flip-
flop data output (Q) is connected to the input of an output buffer (OBUFT). The
OBUFT output is connected to an OPAD or an IOPAD. The data on the data input (D)
is loaded into the flip-flop on the High-to-Low clock (C) transition. When the active-
Low enable input (T) is Low, the data on the flip-flop output (Q) appears on the (O)
output. When (T) is High, the output is high impedance (Off).

The flip-flop is asynchronously cleared with Low output when power is applied, or
when global reset is active.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol

Inputs Outputs

T D C (0]

X X z
0 D ! D

vCC

LVTTL SLOW 12
FDCE TT\l
ouT
ml D o Om

L-0oBUFT

CE

= C {>O CB c o

INV
IOB=TRUE

GND X9367

OFDT_1 Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an OFDT _1, you would
infer an FDCE_1 and put the IOB = TRUE attribute on the component. Or, you could

use the map option —pr o to pack all output registers into the IOBs.
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OFDT, 4, 8, 16 SXILINX®

OFDT, 4, 8, 16

Macro: Single and Multiple D Flip-Flops with Active-Low 3-State Output
Enable Buffers

OFDT, OFDT4, OFDT8, and OFDT16 are single or multiple D flip-flops whose outputs

are enabled by a 3-state buffers. The data outputs (Q) of the flip-flops are connected to
OFDT | o the inputs of output buffers (OBUFT). The outputs of the OBUFTs (O) are connected
to OPADs or IOPADs. The data on the data inputs (D) is loaded into the flip-flops
during the Low-to-High clock (C) transition. When the active-Low enable inputs (T)
are Low, the data on the flip-flop outputs (Q) appears on the (O) outputs. When (T) is
High, outputs are high impedance (Off).

|U

|0

X3780

T The flip-flops are asynchronously cleared with Low outputs, when power is applied,
or when global reset is active.

o] OFPT* 1qo For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
EES Qt active.
D2 Q2

03 | The active level of the GSR defaults to active-High but can be inverted by adding an

D3 | Qs
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.
C
Inputs Outputs
X3801
T D C (0]
X X Z
0 D 1 D
X3813 vee
- T LVTTL SLOW 12
FDCE T
T - zE Q S L—oBUFT °m

D[15:0] | OFDT16 | QI15:0] - ° ar
1 IOB=TRUE
GND X9366
X3835 OFDT Implementation for Spartan-3E
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SUXILINX®

OFDT, 4, 8, 16

DO

-
O
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O
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D[7:0] D7

OFDT8 Implementation for Spartan-3E

Usage

00

H o1
D Q

D QM

03
D Q#H

5 QH 04

) 05
D Q

) 06
D Q

) o7
D Q

o[7:0]

X6377

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an OFDT, you would
infer an FDCE and put the IOB = TRUE attribute on the component. Or, you could use
the map option —pr o to pack all output registers into the 10Bs.
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OFDX_1

SUXILINX®

OFDX_1

Macro: Output D Flip-Flop with Inverted Clock and Clock Enable

& 1R1°
m

OFDX_1 | q

X4992

OFDX_1 is located in an input/output block (I0B). The output (Q) of the (D) flip-flop
is connected to an OPAD or an IOPAD. The data on the (D) input is loaded into the
flip-flop during the High-to-Low clock (C) transition and appears on the (Q) output.
When the (CE) pin is Low, the output (Q) does not change.

The flip-flop is asynchronously cleared with Low output when power is applied, or
when global reset is active.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

CE D C Q

D ! D
0 X X No Change

FDCE

LVTTL SLOW 12
b o] QOUT N Qm

L~oBUF
CE e

C {>C CB c .

INV
IOB=TRUE

GND X9358

OFDX_1 Implementation for Spartan-3E

Usage

This component is inside of the I0B. It cannot be directly instantiated. The most
common design practice is to infer a regular component and put an IOB=TRUE
attribute on the component in the UCF file or in the code. For instance, to get an
OFDX_1, you would infer an FDCE_1 and put the IOB = TRUE attribute on the
component. Or, you could use the map option —pr o to pack all output registers into
the 1OBs.
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OFDX, 4, 8, 16 SXILINX®

OFDX, 4, 8, 16

Macro: Single- and Multiple-Output D Flip-Flops with Clock Enable

orox | o OFDX, OFDX4, OFDX8, and OFDX16 are single and multiple output D flip-flops. The
2? — (Q) outputs are connected to OPADs or IOPADs. The data on the (D) inputs is loaded
< | into the flip-flops during the Low-to-High clock (C) transition and appears on the (Q)
] outputs. When (CE) is Low, flip-flop outputs do not change.
X488 The flip-flops are asynchronously cleared with Low outputs, when power is applied,
or when global reset is active.
For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
Do OFPX4 foo active
b1 o1 '
D2 | [ 02 The active level of the GSR defaults to active-High but can be inverted by adding an
D3 | [ Q3 inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.
CE
C | Inputs Outputs
X4989 CE D C Q
Dn 1 Dn
0 X X No Change
D[7:0] OFDX8 | Q[7:0]
CE |
C
FDCE
X4990 D 5 o Q OuT I'>LVTTL SLow12 g -
= CE cE OBUF
C
DI15:0] [ OFDX16 | Ql15:0] B¢ »
— —
zf 1 IOB=TRUE
GI;ID X9357

X4991

OFDX Implementation for Spartan-3E

Spartan-3E Libraries Guide for Schematic Designs www.xilinx.com 393
ISE 7.1i 1-800-255-7778


http://www.xilinx.com

SXILINX® OFDX, 4, 8, 16

QI7:0]
OFDX
DO b Q Qo0
CE
C
Qo
OFDX
D1 b Q Q1
CE
C
Q1L
OFDX
D2 D 0 Q2
CE
C
Q2
OFDX
D3 b Q Q3
CE
C
Q3
OFDX
D4 5 o Q4
CE
C
Q4
OFDX
D5 D 0 Q5
CE
C
Qs
OFDX
D6 D Q Q6
CE
C
Q6
OFDX
D7 b o Q7
CE
C
D[7:0] Q7
I
e
mCE X6408

OFDX8 Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred nor instantiated.
The most common design practice is to infer a regular component and put an
IOB=TRUE attribute on the component in the UCF file or in the code. For instance, to
get an OFDX, you would infer an FDCE and put the IOB = TRUE attribute on the
component. Or, you could use the map option —pr o to pack all output registers into
the 1OBs.
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OFDXI

SUXILINX®

OFDXI

Macro: Output D Flip-Flop with Clock Enable (Asynchronous Preset)

O |0 |O
m

OFDXI

lo

X6000

OFDXI is contained in an input/Zoutput block (I0B). The output (Q) of the D flip-flop
is connected to an OPAD or an IOPAD. The data on the (D) input is loaded into the
flip-flop during the Low-to-High clock (C) transition and appears at the output (Q).
When( CE) is Low, the output does not change.

The flip-flop is asynchronously preset with High output when power is applied, or
when global reset is active.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

CE D C Q

D ) D
0 X X No Change

FDPE
1
D o PRE ol|_Qour N VTTLsLow 12 g -
CE e L~0oBUF

C

IOB=TRUE

GND X9359

OFDXI Implementation for Spartan-3e

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an OFDXI, you would
infer an FDPE and put the IOB = TRUE attribute on the component. Or, you could use
the map option —pr o to pack all output registers into the 10Bs.
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OFDXI_

1

SUXILINX®

OFDXI_1

Macro: Output D Flip-Flop with Inverted Clock and Clock Enable
(Asynchronous Preset)

OFDXI_1

o

X6001

OFDXI_1 is located in an input/output block (I0B). The D flip-flop output (Q) is
connected to an OPAD or an IOPAD. The data on the D input is loaded into the flip-
flop during the High-to-Low clock (C) transition and appears on the Q output. When
CE is Low, the output (Q) does not change.

The flip-flop is asynchronously preset with High output when power is applied, or
when global reset is active.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs

CE D c Q
D 1 D
0 X X No Change

FDPE

D b PRE ol_0our N vTTLstow 12 g -
L-0BUF
CE e
c >O cB
c

INV

IOB=TRUE

GND X9360

OFDXI_1 Implementation for Spartan-3E

Usage

This component is inside of the 10B. It cannot be directly inferred. The most common
design practice is to infer a regular component and put an IOB=TRUE attribute on the
component in the UCF file or in the code. For instance, to get an OFDXI_1, you would
infer an FDPE_1 and put the IOB = TRUE attribute on the component. Or, you could
use the map option —pr o to pack all output registers into the IOBs.
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OR2-9

SUXILINX®

OR2-9

Primitive: 2- to 9-Input OR Gates with Inverted and Non-Inverted Inputs
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OR Gate Representations

The OR function is performed in the Configurable Logic Block (CLB) function
generators for Spartan-3E. OR functions of up to five inputs are available in any
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X9435

combination of inverting and non-inverting inputs. OR functions of six to nine inputs
are available with only non-inverting inputs. To invert some or all inputs, use external
inverters. Since each input uses a CLB resource, replace functions with unused inputs
with functions having the necessary number of inputs.
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SUXILINX®

OR2-9

S1

OR4

OR2

FMAP

S1
SO

RLOC=X0Y1

FMAP

S0 [

OR4

OR8 Implementation for Spartan-3E

Usage

RLOC=X0YO

FMAP

RLOC=X0Y0

S1

S0

X9371

OR2 through ORS5 are primitives that can be inferred or instantiated. OR6 through

OR9 are macros which can be inferred.
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OR12, 16

SUXILINX®

OR12, 16

Primitive: 12- and 16-Input OR Gates with Non-Inverted Inputs
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X9437

See “OR2-9” for information on OR functions.

NOR4

NOR4

NOR4

NOR4

OR16 Implementation for Spartan-3E

Usage

OR12 and OR16 are macros that are inferred.
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PULLDOWN SXILINX®

PULLDOWN

Primitive: Resistor to GND for Input Pads

PULLDOWN resistor elements are connected to input, output, or bidirectional pads
to guarantee a logic Low level for nodes that might float.

Usage
— %3860 The PULLDOWN design element is instantiated rather than inferred.
For More Information
Consult the Spartan-3E Data Sheets.
Spartan-3E Libraries Guide for Schematic Designs www.xilinx.com 403

ISE 7.1i 1-800-255-7778


http://www.xilinx.com

SXILINX® PULLDOWN

404 www.xilinx.com Spartan-3E Libraries Guide for Schematic Designs
1-800-255-7778 ISE 7.1i


http://www.xilinx.com

PULLUP

SUXILINX®

PULLUP

Primitive:
Outputs

X3861

Resistor to VCC for Input PADs, Open-Drain, and 3-State

The pull-up elements establish a High logic level for open-drain elements and macros
(DECODE, WAND, WORAND) or 3-state nodes (TBUF) when all the drivers are off.

The buffer outputs are connected together as a wired-AND to form the output (O).
When all the inputs are High, the output is off. To establish an output High level, a
PULLUP resistor(s) is tied to output (O). One PULLUP resistor uses the least power,
two pull-up resistors achieve the fastest Low-to-High speed.

To indicate two PULLUP resistors, append a DOUBLE parameter to the pull-up
symbol attached to the output (O) node.

Usage

The PULLUP design element is instantiated rather than inferred.

For More Information

Consult the Spartan-3E Data Sheets.
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RAM16X1D

SUXILINX®

RAM16X1D

Primitive

s
9||s
A(Oom

>
o
v

>

A2
A3
DPRAO_|
DPRAL |
DPRA2_|
DPRAS_|

RAM16X1D | spo

DPO

X4950

16-Deep by 1-Wide Static Dual Port Synchronous RAM

RAM16X1D is a 16-word by 1-bit static dual port random access memory with
synchronous write capability. The device has two separate address ports: the read
address (DPRA3 - DPRAO0) and the write address (A3 — A0). These two address ports
are completely asynchronous. The read address controls the location of the data
driven out of the output pin (DPO), and the write address controls the destination of a
valid write transaction.

When the write enable (WE) is Low, transitions on the write clock (WCLK) are
ignored and data stored in the RAM is not affected. When WE is High, any positive
transition on (WCLK) loads the data on the data input (D) into the word selected by
the 4-bit write address. For predictable performance, write address and data inputs
must be stable before a Low-to-High (WCLK) transition. This RAM block assumes an
active-High (WCLK). (WCLK) can be active-High or active-Low. Any inverter placed
on the (WCLK) input net is absorbed into the block.

Mode selection is shown in the following truth table.

Inputs Outputs

WE (mode) WCLK

0 (read) X

1 (read) 0

1 (read) 1

1 (write) 1

1 (read) !
data_a = word addressed by bits A3-A0
data_d = word addressed by bits DPRA3-DPRAO

SPO DPO

data_a data_d
data_a data_d
data_a data_d

D data_d
data_a data_d

X|O|X|X|X| O

The SPO output reflects the data in the memory cell addressed by A3 — A0. The DPO
output reflects the data in the memory cell addressed by DPRA3 — DPRAO.

Note: The write process is not affected by the address on the read address port.

Specifying Initial Contents of a RAM

You can use the INIT attribute to specify an initial value directly on the symbol if the
RAM is 1 bit wide and 16, 32, 64, or 128 bits deep. The value must be a hexadecimal
number, for example, INIT=ABAC. If the INIT attribute is not specified, the RAM is
initialized with zero.

Usage

This design element can be inferred or instantiated.
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SUXILINX®

RAM16X1D

Available Attributes.

Attribute

Type

Allowed Values

Default

INIT

16-Bit Binary

16 bits of 1’s or 0’s (Hex
values allowed)

All zeroes

For More Information

Consult the Spartan-3E Data Sheets.
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RAM16X1D_1 SXILINX®

RAM16X1D_1

Primitive: 16-Deep by 1-Wide Static Dual Port Synchronous RAM with
Negative-Edge Clock

RAMI6XID 1 RAM16X1D_1is a 16-word by 1-bit static dual port random access memory with
WE —+| SPO . - . -
o] [ oro synchronous write capability and negative-edge clock. The device has two separate
WCLK address ports: the read address (DPRA3 — DPRAO) and the write address (A3 — A0).
:g— These two address ports are completely asynchronous. The read address controls the
A2 | location of the data driven out of the output pin (DPO), and the write address controls
DPR:% the destination of a valid write transaction.
DPRAL | When the write enable (WE) is Low, transitions on the write clock (WCLK) are
Bﬁg’% ignored and data stored in the RAM is not affected. When (WE) is High, any negative
] transition on (WCLK) loads the data on the data input (D) into the word selected by
X8419 the 4-bit write address. For predictable performance, write address and data inputs
must be stable before a High-to-Low WCLK transition. This RAM block assumes an
active-High (WCLK). (WCLK) can be active-High or active-Low. Any inverter placed
on the (WCLK) input net is absorbed into the block.
You can initialize RAM16X1D_1 during configuration using the INIT attribute. See
“Specifying Initial Contents of a RAM” in the RAM16X1D section.
Mode selection is shown in the following truth table.
Inputs Outputs
WE (mode) WCLK D SPO DPO
0 (read) X X data_a data_d
1 (read) 0 X data_a data_d
1 (read) 1 X data_a data_d
1 (write) ! D D data_d
1 (read) ) X data_a data_d
data_a = word addressed by bits A3-A0
data_d = word addressed by bits DPRA3-DPRAO
The SPO output reflects the data in the memory cell addressed by A3 — A0. The DPO
output reflects the data in the memory cell addressed by DPRA3 — DPRAO.
Note: The write process is not affected by the address on the read address port.
Usage
This design element can be inferred or instantiated.
Available Attributes.
Attribute Type Allowed Values | Default
INIT 64 bits 64 zeroes All zeroes
For More Information
Consult the Spartan-3E Data Sheets.
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RAM16X1S SXILINX®
RAM16X1S
Primitive: 16-Deep by 1-Wide Static Synchronous RAM
RAM16X1S is a 16-word by 1-bit static random access memory with synchronous
we |RAMI6X1S| o write capability. When the write enable (WE) is Low, transitions on the write clock
D | (WCLK) are ignored and data stored in the RAM is not affected. When (WE) is High,
WC;*;—> any positive transition on (WCLK) loads the data on the data input (D) into the word
A | selected by the 4-bit address (A3 — A0). For predictable performance, address and data
A2 | inputs must be stable before a Low-to-High (WCLK) transition. This RAM block
A3 assumes an active-High (WCLK). However, (WCLK) can be active-High or active-
o Low. Any inverter placed on the (WCLK) input net is absorbed into the block.
The signal output on the data output pin (O) is the data that is stored in the RAM at
the location defined by the values on the address pins.
You can initialize RAM16X1S during configuration using the INIT attribute.
Mode selection is shown in the following truth table.
Inputs Outputs
WE(mode) WCLK D (0]
0 (read) X X Data
1 (read) 0 X Data
1 (read) 1 X Data
1 (write) 1 D D
1 (read) ! X Data
Data = word addressed by bits A3 - A0
Usage
This design element can be inferred or instantiated.
Available Attributes.
Attribute Type Allowed Values | Default
INIT 16-Bit Binary | 16 bits of 1’s or 0’s (Hex | All zeroes
values allowed)
For More Information
Consult the Spartan-3E Data Sheets.
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RAM16X1S_1

SUXILINX®

RAM16X1S_1

Primitive: 16-Deep by 1-Wide Static Synchronous RAM with Negative-
Edge Clock

r
FREEACIR

RAM16X1S_1

X9458

lo

RAM16X1S 1 is a 16-word by 1-bit static random access memory with synchronous
write capability and negative-edge clock. When the write enable (WE) is Low,
transitions on the write clock (WCLK) are ignored and data stored in the RAM is not
affected. When (WE) is High, any negative transition on (WCLK) loads the data on the
data input (D) into the word selected by the 4-bit address (A3 — A0). For predictable
performance, address and data inputs must be stable before a High-to-Low WCLK
transition. This RAM block assumes an active-Low (WCLK). However, (WCLK) can
be active-High or active-Low. Any inverter placed on the (WCLK) input net is
absorbed into the block.

The signal output on the data output pin (O) is the data that is stored in the RAM at
the location defined by the values on the address pins.

You can initialize RAM16X1S_1 during configuration using the INIT attribute.

Mode selection is shown in the following truth table.

Inputs Outputs
WE(mode) WCLK D o]
0 (read) X X Data
1 (read) 0 X Data
1 (read) 1 X Data
1 (write) ! D D
1 (read) 1 X Data

Data = word addressed by bits A3 - A0

Usage

This design element can be inferred or instantiated.

For More Information

Consult the Spartan-3E Data Sheets.
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RAM16X2S SXILINX®
RAM16X2S
Primitive: 16-Deep by 2-Wide Static Synchronous RAM
we [RAMIOXZS RAM16X2S is a 16-word by 2-bit static random access memory with synchronous
oo | % write capability. When the write enable (WE) is Low, transitions on the write clock
D1 | (WCLK) are ignored and data stored in the RAM is not affected. When WE is High,
weLk b any positive transition on WCLK loads the data on the data input (D1 - D0) into the
’/:2— word selected by the 4-bit address (A3 — A0). For predictable performance, address
A2 | and data inputs must be stable before a Low-to-High WCLK transition. This RAM
A3 block assumes an active-High WCLK. However, WCLK can be active-High or active-
Low. Any inverter placed on the WCLK input net is absorbed into the block.
X4944
The signal output on the data output pins (O1 — O0) is the data that is stored in the
RAM at the location defined by the values on the address pins.
Except for Spartan-3E, the initial contents of RAM16X2S cannot be specified directly.
See “Specifying Initial Contents of a RAM” in the RAM16X1D section.
For Spartan-3E, you can use the INIT_00 and INIT_01 properties to specify the initial
contents of RAM16X2S.
Mode selection is shown in the following truth table.
Inputs Outputs
WE (mode) WCLK D1-DO 01-00
0 (read) X X Data
1(read) 0 X Data
1(read) 1 X Data
1(write) 1 D1-D0 D1-DO
1 (read) ! X Data
Data = word addressed by bits A3 - A0
Specifying Initial Contents of a Spartan-3E Wide RAM
You can use the INIT_xx properties to specify the initial contents of a Spartan-3E wide
RAM. INIT_00 initializes the RAM cells corresponding to the OO0 output, INIT_01
initializes the cells corresponding to the O1 output, etc. For example, a RAM16X2S
instance is initialized by INIT_00 and INIT_01 containing 4 hex characters each. A
RAM16X8S instance is initialized by eight properties INIT_00 through INIT_07
containing 4 hex characters each. A RAM64x2S instance is completely initialized by
two properties INIT_00 and INIT_01 containing 16 hex characters each. See the
INIT_xx section of the Constraints Guide for more information on the INIT_xx
attribute.
Usage
This design element can be inferred or instantiated.
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SUXILINX®

RAM16X2S

Available Attributes.

Attribute

Type

Allowed Values

Default

INIT_00 To INIT_01

16-Bit

16 zeries

Oorl

For More Information

Consult the Spartan-3E Data Sheets.
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RAM16X4S SXILINX®
RAM16X4S
Primitive: 16-Deep by 4-Wide Static Synchronous RAM
we [RAMI6X35| o0 RAM16X4S _is_ a 16-word by 4—_bit static randor_n access memory with synch_ronous
D0 | o1 write capability. When the write enable (WE) is Low, transitions on the write clock
D1 | | o2 (WCLK) are ignored and data stored in the RAM is not affected. When WE is High,
% | O3 any positive transition on WCLK loads the data on the data input (D3 - D0) into the
werk | word selected by the 4-bit address (A3 — A0). For predictable performance, address
E’ and data inputs must be stable before a Low-to-High WCLK transition. This RAM
Al | block assumes an active-High WCLK. However, WCLK can be active-High or active-
% Low. Any inverter placed on the WCLK input net is absorbed into the block.
The signal output on the data output pins (O3 — O0) is the data that is stored in the
4945 RAM at the location defined by the values on the address pins.
For Spartan-3E, you can use INIT_00 through INIT_03 to specify the initial contents of
RAM16X4S as described in the “Specifying Initial Contents of a Spartan-3E Wide
RAM”section in the RAM16X2S section.
Mode selection is shown in the following truth table.
Inputs Outputs
WE (mode) WCLK D3 -DO0 03-00
0 (read) X X Data
1 (read) 0 X Data
1 (read) 1 X Data
1 (write) 1 D3-D0 D3-DO
1 (read) ! X Data
Data = word addressed by bits A3 - A0
Usage
This design element can be inferred or instantiated.
Available Attributes.
Attribute Type Allowed Values | Default
INIT_00 To INIT_03 16-Bit Binary | 16 zeroes 0,1,2,0r3
For More Information
Consult the Spartan-3E Data Sheets.
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RAM32X1S SXILINX®
RAM32X1S
Primitive: 32-Deep by 1-Wide Static Synchronous RAM
RAM32X1S is a 32-word by 1-bit static random access memory with synchronous
we | RAM32X1S| o write capability. When the write enable is Low, transitions on the write clock (WCLK)
wetk | are ignored and data stored in the RAM is not affected. When WE is High, any
% positive transition on (WCLK) loads the data on the data input (D) into the word
Az | selected by the 5-bit address (A4 — A0). For predictable performance, address and data
% inputs must be stable before a Low-to-High (WCLK) transition. This RAM block
] assumes an active-High (WCLK). However, (WCLK) can be active-High or active-
x4943 Low. Any inverter placed on the (WCLK) input net is absorbed into the block.
The signal output on the data output pin (O) is the data that is stored in the RAM at
the location defined by the values on the address pins.
You can initialize RAM32X1S during configuration using the INIT attribute.
Mode selection is shown in the following truth table.
Inputs Outputs
WE (mode) WCLK D (0]
0 (read) X X Data
1 (read) 0 X Data
1 (read) 1 X Data
1 (write) 1 D D
1 (read) ! X Data
Data = word addressed by bits A4 - A0
Usage
This design element can be inferred or instantiated.
Available Attributes
Attribute Type Allowed Values | Default
INIT 32-BitBinary | 32 bits of 1’sand 0’s All zeroes
(Hex values allowed)
For More Information
Consult the Spartan-3E Data Sheets.
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RAM32X1S_1 SXILINX®
RAM32X1S 1
Primitive: 32-Deep by 1-Wide Static Synchronous RAM with Negative-
Edge Clock
Aa1S 1l RAM32X1S 1 is a 32-word by 1-bit static random access memory with synchronous
ﬁi -2 write capability. When the write enable is Low, transitions on the write clock (WCLK)
WCLK ] are ignored and data stored in the RAM is not affected. When (WE) is High, any
% negative transition on (WCLK) loads the data on the data input (D) into the word
em selected by the 5-bit address (A4 — A0). For predictable performance, address and data
A3 inputs must be stable before a High-to-Low (WCLK) transition. This RAM block
At assumes an active-Low (WCLK). However, (WCLK) can be active-High or active-Low.
Any inverter placed on the (WCLK) input net is absorbed into the block.
X8417
The signal output on the data output pin (O) is the data that is stored in the RAM at
the location defined by the values on the address pins.
You can initialize RAM32X1S_1 during configuration using the INIT attribute.
Mode selection is shown in the following truth table.
Inputs Outputs
WE (mode) WCLK D o}
0 (read) X X Data
1 (read) 0 X Data
1 (read) 1 X Data
1 (write) ! D D
1 (read) 1 X Data
Data = word addressed by bits A4 — A0
Usage
This design element can be inferred or instantiated.
Available Attributes
Attribute Type Allowed Values | Default
INIT 32-Bit Binary | 32 zeroes All zeroes
For More Information
Consult the Spartan-3E Data Sheets.
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RAM32X2S SXILINX®

RAM32X2S

Primitive: 32-Deep by 2-Wide Static Synchronous RAM

we [RAM32X2S| oo RAM32X2S is a 32-word by 2-bit static random access memory with synchronous
0o | o1 write capability. When the write enable (WE) is Low, transitions on the write clock
D1 | [ (WCLK) are ignored and data stored in the RAM is not affected. When (WE) is High,
WCLK_ & any positive transition on (WCLK) loads the data on the data input (D1 — DO0) into the
;% word selected by the 5-bit address (A4 — A0). For predictable performance, address
A2 | and data inputs must be stable before a Low-to-High (WCLK) transition. This RAM
A3 | block assumes an active-High (WCLK) . However, (WCLK) can be active-High or
A4 active-Low. Any inverter placed on the (WCLK) input net is absorbed into the block.
X4947 The signal output on the data output pins (O1 — O0) is the data that is stored in the
RAM at the location defined by the values on the address pins.
For Spartan-3E, you can use the INIT_00 and INIT_01 properties to specify the initial
contents of RAM32X2S as described in “Specifying Initial Contents of a Spartan-3E
Wide RAM” in the RAM16X2S section.
Mode selection is shown in the following truth table.
Inputs Outputs
WE (mode) WCLK DO0-D1 00-01
0 (read) X X Data
1 (read) 0 X Data
1 (read) 1 X Data
1 (write) 1 D1-D0 D1-DO
1 (read) ! X Data
Data = word addressed by bits A4 - A0
Usage
This design element can be inferred or instantiated.
Available Attributes
Attribute Type Allowed Values | Default
INIT_00 To INIT_01 | 32-Bit Binary | 32 zeroes Oorl
For More Information
Consult the Spartan-3E Data Sheets.
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RAMG4X1S SXILINX®
RAM64X1S
Primitive: 64-Deep by 1-Wide Static Synchronous RAM
WE [Raveis RAMG64X1S is a 64-word by 1-bit static random access memory with synchronous
D] [0 write capability. When the write enable is Low, transitions on the write clock (WCLK)
WCLK | are ignored and data stored in the RAM is not affected. When (WE) is High, any
% positive transition on (WCLK) loads the data on the data input (D) into the word
vy selected by the 6-bit address (A5 — A0). For predictable performance, address and data
A3 | inputs must be stable before a Low-to-High (WCLK) transition. This RAM block
A4 | assumes an active-High (WCLK) . However, (WCLK) can be active-High or active-
AS Low. Any inverter placed on the (WCLK) input net is absorbed into the block.
X9265 The signal output on the data output pin (O) is the data that is stored in the RAM at
the location defined by the values on the address pins.
You can initialize RAM64X1S during configuration using the INIT attribute.
Mode selection is shown in the following truth table.
Inputs Outputs
WE (mode) WCLK D (0]
0 (read) X X Data
1 (read) 0 X Data
1 (read) 1 X Data
1 (write) 1 D D
1 (read) ! X Data
Data = word addressed by bits A5 - A0
Usage
This design element can be inferred or instantiated.
Available Attributes.
Attribute Type Allowed Values Default
INIT 64-Bit Binary | 64 bits of 1’'sand 0’s All zeroes
For More Information
Consult the Spartan-3E Data Sheets.
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RAM64X1S_1

SUXILINX®

RAM64X1S_1

Primitive: 64-Deep by 1-Wide Static Synchronous RAM with Negative-
Edge Clock

RAMG64X1S 1 is a 64-word by 1-bit static random access memory with synchronous

WE [RAM64x1S_1 write capability. When the write enable is Low, transitions on the write clock (WCLK)
WC& (O are ignored and data stored in the RAM is not affected. When (WE) is High, any
23 negative transition on (WCLK) loads the data on the data input (D) into the word
Al selected by the 6-bit address (A5 — A0). For predictable performance, address and data
A2 inputs must be stable before a High-to-Low (WCLK) transition. This RAM block
% assumes an active-Low (WCLK) . However, (WCLK) can be active-High or active-
e Low. Any inverter placed on the (WCLK) input net is absorbed into the block.
0266 The signal output on the data output pin (O) is the data that is stored in the RAM at
the location defined by the values on the address pins.
You can initialize RAM32X1S_1 during configuration using the INIT attribute.
Mode selection is shown in the following truth table.
Inputs Outputs
WE (mode) WCLK D o}
0 (read) X X Data
1 (read) 0 X Data
1 (read) 1 X Data
1 (write) ! D D
1 (read) 1 X Data
Data = word addressed by bits A5 - A0
Usage
This design element can be inferred or instantiated.
Available Attributes.
Attribute Type Allowed Values Default
INIT 64-Bit Binary | 64bits of 1’s and 0’s All zeroes
For More Information
Consult the Spartan-3E Data Sheets.
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ROM16X1 SXILINX®
ROM16X1
Primitive: 16-Deep by 1-Wide ROM
ROM16X1 is a 16-word by 1-bit read-only memory. The data output (O) reflects the
ao | ROMIEX1| o word selected by the 4-bit address (A3 — A0). The ROM is initialized to a known value
Al | during configuration with the INIT=value parameter. The value consists of four
% hexadecimal digits that are written into the ROM from the most-significant digit
] A=FH to the least-significant digit A=0H. For example, the INIT=10A7 parameter
a3 produces the data stream:
0001 0000 1010 0111
An error occurs if the INIT=value is not specified.
Usage
The ROM16X1 design element should be instantiated rather than inferred.
Available Attributes
Attribute Type Default
INIT 16-Bit Binary | All zeroes
For More Information
Consult the Spartan-3E Data Sheets.
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ROM32X1 SXILINX®
ROM32X1
Primitive: 32-Deep by 1-Wide ROM
ROM32X1 is a 32-word by 1-bit read-only memory. The data output (O) reflects the
ao | ROM3ZXL| word selected by the 5-bit address (A4 — A0). The ROM is initialized to a known value
Al | during configuration with the INIT=value parameter. The value consists of eight
A2 | hexadecimal digits that are written into the ROM from the most-significant digit
% A=1FH to the least-significant digit A=00H. For example, the INIT=10A78F39
] parameter produces the data stream:
X4130 0001 0000 1010 0111 1000 1111 0011 1001
An error occurs if the INIT=value is not specified.
Usage
The ROM32X1 design element should be instantiated rather than inferred.
Available Attributes.
Attribute Type Default
INIT 32-Bit Binary | All zeroes
For More Information
Consult the Spartan-3E Data Sheets.
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ROM64X1

SUXILINX®

ROM64X1

Primitive:

|)>
o

Al
A2

A3 |
A4 |

A5

ROMG64X1

X9730

64-Deep by 1-Wide ROM

ROMG64X1 is a 64-word by 1-bit read-only memory. The data output (O) reflects the
word selected by the 6-bit address (A5 — A0). The ROM is initialized to a known value

during configuration with the INIT=value parameter. The value consists of 16
hexadecimal digits that are written into the ROM from the most-significant digit
A=FH to the least-significant digit A=0H.

An error occurs if the INIT=value is not specified.

Usage

The ROM64X1 design element should be instantiated rather than inferred.

Available Attributes.

Attribute

Type

Default

INIT

64-Bit Binary

All zeroes

For More Information

Consult the Spartan-3E Data Sheets.
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SXILINX® ROM64X1
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ROM128X1

SUXILINX®

ROM128X1

Primitive:

ROM128X1| o

X9731

128-Deep by 1-Wide ROM

ROM128X1 is a 128-word by 1-bit read-only memory. The data output (O) reflects the
word selected by the 7-bit address (A6 — A0). The ROM is initialized to a known value

during configuration with the INIT=value parameter. The value consists of 32
hexadecimal digits that are written into the ROM from the most-significant digit
A=FH to the least-significant digit A=0H.

An error occurs if the INIT=value is not specified.

Usage

The ROM128X1 design element should be instantiated rather than inferred.

Available Attributes

Attribute Type Default
INIT 128-Bit All zeroes
Binary

For More Information
Consult the Spartan-3E Data Sheets.
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ROM256X1

SUXILINX®

ROM256X1

Primitive:

Mdddddac

ROM256X1 | o

x9732

256-Deep by 1-Wide ROM

ROMZ256X1 is a 256-word by 1-bit read-only memory. The data output (O) reflects the
word selected by the 8-bit address (A7- A0). The ROM is initialized to a known value

during configuration with the INIT=value parameter. The value consists of 64
hexadecimal digits that are written into the ROM from the most-significant digit
A=FH to the least-significant digit A=0H.

An error occurs if the INIT=value is not specified. See the appropriate CAE tool
interface user guide for details.

Usage

The ROM256X1 design element should be instantiated rather than inferred.

Available Attributes

Attribute

Type

Default

INIT

256-Bit Binary

All zeroes

For More Information

Consult the Spartan-3E Data Sheets.
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SOP3-4 SXILINX®

SOP3-4

Macro: Sum of Products

13 13
12 12 12 12
o o o o
11 11 11 11
10 10 10 10
SOP3 SOP3B2A SOP4 SOP4B2B
13 13
12 12 12 12
o o O o
11 11 11 11
10 10 10 10
SOP3B1A SOP3B2B SOP4B1 SOP4B3
13 13
12 12 12 12
o (0] o (o)
11 11 11 11
10 10 10 10
SOP3B1B SOP3B3 SOP4B2A SOP4B4

X9421

SOP Gate Representations

Sum Of Products (SOP) macros provide common logic functions by OR gating the
outputs of two AND functions or the output of one AND function with one direct
input. Variations of inverting and non-inverting inputs are available.

12
11 ¢}
10

AND2 OR2

X8111

SOP3 Implementation for Spartan-3E

AND2 X9374

SOP4 Implementation of Spartan-3E
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SRA4CE, SR8CE, SR16CE

SUXILINX®

SRA4CE, SR8CE, SR16CE

Macro: 4-, 8-, 16-Bit Serial-In Parallel-Out Shift Registers with Clock
Enable and Asynchronous Clear

SR4CE Qo0

Q1
Q2
Q3

X4145

su| SRscE

Q[7:0]

X4151

sui| SRi6CE

Q[15:0]
1

X4157

SRACE, SR8CE, and SR16CE are 4-, 8-, and 16-bit shift registers, respectively, with a
shift-left serial input (SLI), parallel outputs (Q), and clock enable (CE) and
asynchronous clear (CLR) inputs. The (CLR) input, when High, overrides all other
inputs and resets the data outputs (Q) Low. When (CE) is High and (CLR) is Low, the
data on the SLI input is loaded into the first bit of the shift register during the Low-to-
High clock (C) transition and appears on the (Q0) output. During subsequent Low-to-
High clock transitions, when (CE) is High and (CLR) is Low, data is shifted to the next
highest bit position as new data is loaded into (QO0) (SLI - Q0, Q0- Q1, Q1 - Q2, and
so forth). The register ignores clock transitions when (CE) is Low.

Registers can be cascaded by connecting the last (Q) output (Q3 for SR4ACE, Q7 for
SR8CE, or Q15 for SR16CE) of one stage to the SLI input of the next stage and
connecting clock, (CE), and (CLR) in parallel.

The register is asynchronously cleared, outputs Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs
CLR CE SLI C Qo Qz-Q1
1 X X X 0 0
0 0 X X No Change No Change
0 1 SLI 1 SLI gn-1

z = 3 for SR4CE; z = 7for SR8CE; z = 15 for SR16CE

gn-1 = state of referenced output one setup time prior to active clock transition
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SXILINX® SRACE, SR8CE, SR16CE

Q[7:0]

SLI
CE

- CLR
| @ X7868

SR8CE Implementation for Spartan-3E

Usage

These design elements are inferred rather than instantiated.
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SRACLE, SR8CLE, SR16CLE S XILINX®

SRA4CLE, SR8CLE, SR16CLE

Macros: 4-, 8-, 16-Bit Loadable Serial/Parallel-In Parallel-Out Shift
Registers with Clock Enable and Asynchronous Clear

DO
D1 |
D2
3

v}

|r

L
m

SR4CLE

lelelele
w N [~ O

CLR

X4147

SLI
D[7:0]
—

|r

[eN[e]
m

SR8CLE

Q[7:0]
—

CLR

X4153

SLI
D[15:0]
—

L |

CE

SR16CLE

Q[15:0]
j—

CLR

X4159

SRACLE, SR8CLE, and SR16CLE are 4-, 8-, and 16-bit shift registers, respectively, with
a shift-left serial input (SLI), parallel inputs (D), parallel outputs (Q), and three control
inputs: clock enable (CE), load enable (L), and asynchronous clear (CLR).The register
ignores clock transitions when (L) and (CE) are Low. The asynchronous (CLR), when
High, overrides all other inputs and resets the data outputs (Q) Low. When (L) is High
and (CLR) is Low, data on the Dn — DO inputs is loaded into the corresponding Qn -
(Q0) bits of the register.

When (CE) is High and (L) and (CLR) are Low, data on the SLI input is loaded into the
first bit of the shift register during the Low-to-High clock (C) transition and appears
on the (Q0) output. During subsequent clock transitions, when (CE) is High and (L)
and (CLR) are Low, the data is shifted to the next highest bit position as new data is
loaded into( Q)0 (SLI-Q0, Q0-Q1, Q1-Q2, and so forth).

Registers can be cascaded by connecting the last (Q) output (Q3 for SR4CLE, Q7 for
SR8CLE, or Q15 for SR16CLE) of one stage to the SLI input of the next stage and
connecting clock, (CE), (L), and (CLR) inputs in parallel.

The register is asynchronously cleared, outputs Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.

Inputs Outputs

CLR CE SLI Dn - DO C Qo0 Qz-Q1
X X X 0 0

X Dn-DO0 1 DO Dn
SLI X 1 SLI gn-1

X X X No No
Change Change

O O Ok
o|lo|—r | X]|
ol | X| X

z =3 for SR4CLE; z = 7 for SR8CLE; z = 15 for SR16CLE
gn-1 = state of referenced output one setup time prior to active clock transition
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SUXILINX®

SRA4CLE, SR8CLE, SR16CLE

L_OR_CE

CLR

DO

D1

D2

D3

o} B |

FDCE
! FDCE 0 M2—10 s
‘ o MDO | Q0 D4 D1 \ D Q Q4
D1 Q S0 MQ4 CE
50— MQo CcE P L
[ be
CLR CLR
[ <0 o
FDCE
0 M2_1 FDCE DO M2710 DS
4’\‘ o o1 [ Q1 D5 D1 D Q @
© L1 w01 ce ¢ 0—30\4)""05 cE
[ Q be
CLR CLR
[ o IS
M2 1 FDCE oo M2 FDCE
Do 29 o MD6 06
401'\‘ o o2 [ o Q2 D6 D1 D Q
S0 LT MQ6 cE
p S0 MQ2 CE L
CLR CLR
[ oz [ o
FDCE
L FDCE 0 M2—10 o
401'\‘ o o3 [ Q3 D7 D1 ’\‘ D o Q7
Q S0 MQ7 CE
50 L—TMQ3 cE [ st L
CLR CLR
[ @ [ &

QI7:0]

[7:0] X7869
SR8CLE Implementation for Spartan-3E
Usage
This design element is inferred rather than instantiated.
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SR4CLED, SR8CLED, SR16CLED

SUXILINX®

SR4CLED, SR8CLED, SR16CLED

Macro: 4-, 8-, 16-Bit Shift Registers with Clock Enable and
Asynchronous Clear

(%)
-

FREE]
W |N (= |O

o0 |m- v
| | | | |_

SR4CLED

elelele

SRACLED, SR8CLED, and SR16CLED are 4-, 8-, and 16-bit shift registers, respectively,
with shift-left (SLI) and shift-right (SRI) serial inputs, parallel inputs (D), parallel
outputs (Q), and four control inputs: clock enable (CE), load enable (L), shift left/right
(LEFT), and asynchronous clear (CLR). The register ignores clock transitions

(@]
Py

L

X4149

SL
D[7:0]

SRI

m
o0 |n|r
m |~

SR8CLED

Q[7:0]

[e]
P

L

X4155

SR16CLED

Q[15:0]
|—

X4161

when(CE) and (L) are Low. The asynchronous clear, when High, overrides all other
inputs and resets the data outputs (Qn) Low.

When (L) is High and (CLR) is Low, the data on the (D) inputs is loaded into the
corresponding (Q) bits of the register. When (CE) is High and (L) and (CLR) are Low,
data is shifted right or left, depending on the state of the LEFT input. If LEFT is High,
data on the SLI is loaded into (QO0) during the Low-to-High clock transition and
shifted left (to Q1, Q2, and so forth) during subsequent clock transitions. If LEFT is
Low, data on the SRI is loaded into the last (Q) output (Q3 for SR4ACLED, Q7 for
SR8CLED, or Q15 for SR16CLED) during the Low-to-High clock transition and
shifted right (to Q2, Q1,... for SRACLED; to Q6, Q5,... for SRBCLED; and to Q14, Q13,...
for SR1I6CLED) during subsequent clock transitions. The truth tables for SR4ACLED,
SR8CLED, and SR16CLED indicate the state of the (Q) outputs under all input
conditions for SR4CLED, SR8CLED, and SR16CLED.

The register is asynchronously cleared, outputs Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is

active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

SR4CLED Truth Table

Inputs

Outputs

CLR

CE

LEFT

SLI

SRI

D3 -DO0

Qo0

Q3

Q2-0Q1

X

X

X

X1 O

0

0

X

X

X

D3- D0

—

DO

D3

Dn

ol | X|

X

X

X

X

X

No
Change

No
Change

No
Change

0 0

1

1

SLI

X

X

1

SLI

q2

gn-1

0

1

0

X

SRI

X

1

ql

SRI

gn+1

gn-1 and gn+1 = state of referenced output one setup time prior to active clock transition

SR8CLED Truth Table

Inputs

Outputs

CLR

CE

LEFT

SLI

SRI

D7 - DO

Qo0

Q7

Q6-Q1

X

X

0

X

X

D7-DO0

DO

D7

Dn
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SUXILINX®

SR4CLED, SR8CLED, SR16CLED

SR8CLED Truth Table

Inputs Outputs
CLR | L |CE | LEFT | SLI SRI D7 - DO QO Q7 Q6 -Q1
0 0 0 X X X X X No No No
Change | Change | Change
0 0 1 1 SLI X X 1 SLI q6 qn-1
0 0 1 0 X SRI X 1 ql SRI gn+1
gn-1 or gn+1 = state of referenced output one setup time prior to active clock transition
SR16CLED Truth Table
Inputs Outputs
CLR | L |CE | LEFT | SLI SRI | D15-D0 QO Q15 Q14-Q1
X X X X X X X 0 0 0
0 1 X X X X D15-D0 1 DO D15 Dn
0 0 X X X X X No No No
Change | Change | Change
0] 0 1 1 SLI X X 1 SLI ql4 gn-1
0 0 1 0 X SRI X 1 ql SRI qn+1

gn-1 or gn+1 = state of referenced output one setup time prior to active clock transition
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SR4CLED, SR8CLED, SR16CLED S XILINX®

nCE v~ LORCE
OR2
0o M2_l DO Mz_l FDCE 0 Q[7:0]
D1 O MDLO D1 S MDRO D Q Q
SO0 MDRO CE
SO MDLO be
CLR
[ @
M2_1 Dog FDCE
g(i O MDL1 D1 o MDR1 D Q Qt
SO0 MDR1 CE
SO MDL1 0—\/] be
CLR
[
M2 1 Dog FDCE
Eg O MDL2 D1 o MDR2 D Q Q2
0 MDL2 P SO\: MDR2 CE
CLR
[ @
. M2 1 | o M2_1 FDCE
D1 O MDL3 D1 S MDR3 D Q Qs
SO\: MDR3 CE
S0 MDL3 [ be
CLR
[ @3
M2_1 oo M2_1 FDCE
DO O MDL4 o1] o MDR4 | 0 Q4
DL ’ SO\: MDR4 CE
S0 MDL4 q
CLR
| Q4
M2 00 &_1 FDCE
o1 O MDL5 D1 o MDRS |5 Q ®*
SO MDR5 CE
S0 MDL5 < be
CLR
[ &
M2 o M2_1 FDCE
oL O MDL6 D1 | o MDR6 |, Q Q6
SO MDR6 CE
S0 MDL6 [ be
CLR
[ Q8
i, M2 1 o M2_1 FDCE
oL O MDL7 D1 | ° MDRY 15 Q @
SO MDR7 CE
ElY) MDL7 [ be
CLR
[
LEFT ﬂi
|
OR2
B CLR
- C X7870
SR8CLED Implementation for Spartan-3E
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SXILINX® SR4CLED, SR8CLED, SR16CLED

Usage

This design element is inferred rather than instantiated.
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SR4RE, SR8RE, SR16RE

SUXILINX®

SR4RE, SR8RE, SR16RE

Macros: 4-, 8-, 16-Bit Serial-In Parallel-Out Shift Registers with Clock
Enable and Synchronous Reset

SR4RE, SR8RE, and SR16RE are 4-, 8-, and 16-bit shift registers, respectively, with

SLi) SRARE ﬁ shift-left serial input (SLI), parallel outputs (Qn), clock enable (CE), and synchronous
CE | [ Q2 reset (R) inputs. The R input, when High, overrides all other inputs during the Low-
£ -2 to-High clock (C) transition and resets the data outputs (Q) Low.
R When (CE) is High and (R) is Low, the data on the (SLI) is loaded into the first bit of
xala4 the shift register during the Low-to-High clock (C) transition and appears on the (Q0)
output. During subsequent Low-to-High clock transitions, when (CE) is High and R is
Low, data is shifted to the next highest bit position as new data is loaded into (Q0)
SLL SRERE | o (SL1-Q0, Q0-Q1, Q1-Q2, and so forth). The register ignores clock transitions when
ce (CE) is Low.
. Registers can be cascaded by connecting the last (Q) output (Q3 for SR4RE, Q7 for
SR8RE, or Q15 for SR16RE) of one stage to the SLI input of the next stage and
R . .
4150 connecting clock, (CE), and (R) in parallel.
The register is asynchronously cleared, outputs Low, when power is applied.
st SR1eRE | o For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
e . active.
o The active level of the GSR defaults to active-High but can be inverted by adding an
R inverter in front of the GSR input of the STARTUP_SPARTANS3E symbol.
X4156
Inputs Outputs
R CE SLI c Qo0 Qz-0Q1
1 X X i 0 0
0 0 X X No Change No Change
0 1 SLI 1 SLI qgn-1
z = 3 for SR4RE; z = 7 for SR8RE; z = 15 for SR16RE
gn-1 = state of referenced output one setup time prior to active clock transition
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SXILINX® SR4RE, SR8RE, SR16RE

Q[7:0]

= SLI

- CE

= E ®

l @ X7871
SR8RE Implementation for Spartan-3E
Usage
This design element is inferred rather than instantiated.
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SRARLE, SR8RLE, SR16RLE S XILINX®

SR4RLE, SR8RLE, SR16RLE

Macros: 4-, 8-, 16-Bit Loadable Serial/Parallel-In Parallel-Out Shift
Registers with Clock Enable and Synchronous Reset

|r

SR4RLE

lelele

X4146

SR8RLE

Q[7:0]
—

X4152

SR4ARLE, SR8RLE, and SR16RLE are 4-, 8-, and 16-bit shift registers, respectively, with
shift-left serial input (SLI), parallel inputs (D), parallel outputs (Q), and three control
inputs: clock enable (CE), load enable (L), and synchronous reset (R). The register
ignores clock transitions when (L) and (CE) are Low. The synchronous (R), when
High, overrides all other inputs during the Low-to-High clock (C) transition and
resets the data outputs (Q) Low. When (L) is High and (R) is Low during the Low-to-
High clock transition, data on the (D) inputs is loaded into the corresponding Q bits of
the register. When (CE) is High and (L) and (R) are Low, data on the (SLI) input is
loaded into the first bit of the shift register during the Low-to-High clock (C)
transition and appears on the Q0 output. During subsequent clock transitions, when
(CE) is High and (L) and (R) are Low, the data is shifted to the next highest bit position
as new data is loaded into QO (SLI - QO0, Q0 - Q1, Q1 - Q2, and so forth).

Registers can be cascaded by connecting the last Q output (Q3 for SRARLE, Q7 for
SR8RLE, or 15 for SR16RLE) of one stage to the SLI input of the next stage and
connecting clock, (CE), (L), and (R) inputs in parallel.

The register is asynchronously cleared, outputs Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

Inputs Outputs
: S;]I SR16RLE R L CE SLI Dz - DO C Qo0 Qz-Q1
D[15:
1 X X X X 1 0 0
Q[15:0]
[ 0 1 X X Dz - DO 1 DO Dn
0 0 1 SLI X i SLI gn-1
0 0 0 X X X No No
Change Change
4158 z = 3 for SR4RLE; z = 7 for SR8RLE; z = 15 for SR16RLE
gn-1 = state of referenced output one setup time prior to active clock transition
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SXILINX® SRARLE, SR8RLE, SR16RLE

Q[7:0]
| CE L_OR_CE
s OR2
M2_1 FDRE Q3 DO M2_1 FDRE
(S DO‘ —0 MDO Q0 D4 b1 o M1 1o Q @&
DO D! b Q
p S(lﬂ:rMQo cE »—SO\/')MQ" CE
R
\R Q0 [ 4
M2_1 FDRE
M2_1 FDRE DO ™
ot o MD1 o7} o5 b1 2 VDS, Q Q5
D1 D1 b Q
p so LT Mo1 ce »—SO\/HMQS cE
R
o =
0 M2_1 FDRE 0 '\/12,1O e FDRE .
o MD2 Q2 D6 D1 D Q
D2 D1 b Q
»—SO‘/I)MQZ CcE * S0 L—T"MQ6 CcE
R
[ [
M2_1 FDRE
M2_1 FDRE DO ™
4*[)0 ~o0 MD3 Q3 D7 D1 ’\‘ ° M7 I Q Qr
= Zé\:[ MQ3 EE ° 4’50‘/])'\/‘07 CE
R R
[ [
=R
; c
D[7:0]
X7872
SR8RLE Implementation for Spartan-3E
Usage
These design elements are inferred rather than instantiated.
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SR4RLED, SR8RLED, SR16RLED S XILINX®

SR4RLED, SRS8RLED, SR16RLED

Macro: 4-, 8-, 16-Bit Shift Registers with Clock Enable and
Synchronous Reset
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X4160

SRARLED, SR8RLED, and SR16RLED are 4-, 8-, and 16-bit shift registers, respectively,
with shift-left (SLI) and shift-right (SRI) serial inputs, parallel inputs (D), parallel
outputs (Q) and four control inputs — clock enable (CE), load enable (L), shift
left/right (LEFT), and synchronous reset (R). The register ignores clock transitions
when (CE) and (L) are Low. The synchronous (R), when High, overrides all other
inputs during the Low-to-High clock (C) transition and resets the data outputs (Q)
Low. When (L) is High and (R) is Low during the Low-to-High clock transition, the
data on the (D) inputs is loaded into the corresponding (Q) bits of the register.

When (CE) is High and (L) and (R) are Low, data is shifted right or left, depending on
the state of the LEFT input. If LEFT is High, data on (SLI) is loaded into (QO0) during
the Low-to-High clock transition and shifted left (to Q1, Q2, and so forth) during
subsequent clock transitions. If LEFT is Low, data on the (SRI) is loaded into the last
(Q) output (Q3 for SRARLED, Q7 for SR8RLED, or Q15 for SR1I6RLED) during the
Low-to-High clock transition and shifted right (to Q2, Q1,... for SR4RLED; to Q6, Q5,...
for SRBRLED; or to Q14, Q13,... for SR1I6RLED) during subsequent clock transitions.
The truth table indicates the state of the (Q) outputs under all input conditions.

The register is asynchronously cleared, outputs Low, when power is applied.

For Spartan-3E, power on conditions are simulated when global set/reset (GSR) is
active.

The active level of the GSR defaults to active-High but can be inverted by adding an
inverter in front of the GSR input of the STARTUP_SPARTAN3E symbol.

SR4RLED Truth Table

Inputs Outputs

CE | LEFT | SLI | SRI | D3-D0 | C Qo0 Q3 Q2-0Q1

X X X X 1 0 0 0

X X X X D3-DO0 ) DO D3 Dn

olo|lr]| XD
ol | X|
X

0 X X X X X No No No
Change | Change | Change

0 0 1 1 SLI X X ) SLI g2 gn-1

0 0| 1 0 X | SRI X t ql SRI gn+1

gn-1 or gn+1 = state of referenced output one setup time prior to active clock transition

SR8RLED Truth Table

Inputs Outputs

R | L |CE|LEFT | SLI | SRI | D7-D0 | C Qo0 Q7 Q6-Q1

X X X X X X 1 0 0 0

0 1 X X X X D7-DO0 ) DO D7 Dn
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SR4RLED, SR8RLED, SR16RLED

SR8RLED Truth Table

Inputs Outputs
R L CE | LEFT | SLI SRI D7- DO QO Q7 Q6 -Q1
0 0 X X X X X No No No
Change | Change | Change
0 0 1 1 SLI X X 1 SLI q6 qn-1
0 0 1 0 X SRI X 1 ql SRI gn+1
gn-1 or gn+1 = state of referenced output one setup time prior to active clock transition
SR16RLED Truth Table
Inputs Outputs
R L CE | LEFT | SLI SRI | D15-D0 C Qo0 Q15 Q14-0Q1
1 X X X X X X 1 0 0 0
0] 1 X X X X D15-D0 1 DO D15 Dn
0 0 0 X X X X X No No No
Change | Change | Change
0 0 1 1 SLI X X 1 SLI ql4 gn-1
0 0 1 0 X SRI X 1 ql SRI qn+1

gn-1 or gn+1 = state of referenced output one setup time prior to active clock transition
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SUXILINX®

[ j L_OR_CE
OR2
M2_1 oot FORE Qr7:0)
sLi = -
»—|CcE
< S0 T mMpLO S0 T MoRo I Nc
R
[ Qo
M2_1 FDRE
Doszl DO [o] MDR1| Q1
o1 4[)1'\‘ O MDL1| b1 | D Q
j) ) S0 T MDR1 > CE
P! S0 T wpL1 c
R
[ Q1
M2_1 FDRE
D0M2_1 DO~ o MDR2| Q2
02 401'\‘ 0 MDL2) o1 D Q
j) | so—Twore > CcE
P! S0 T MpL2 c
R
[ Q2
M2_1 FDRE
DOMZ*:L Do 'i‘ [o] IMDR3}| Q3
b 4[)1’\‘ O MDL3| o1 D Q
o ]) S0 T vbR3 > CE
P! MDL3 c
R
[ Q3
M2_1 FDRE
Doszl DO~ o MDR4| Q4
o4 4[)1'\‘ O MDL4| D1 | D Q
]) S0 T MbRa —CE
P! S0 T mpLa c
R
[ Q4
M2_1 FDRE
DDMZ_l DO~ o MDRS| Q5
o5 4[)1’\‘ 0 MDLS D1 D Q
j) s0 LT Wors P—1CE
| S0 —T MDLS 1 c
R
S
M2_1 FDRE
DDMZ_1 DO~ o MDRG| Q6
06 401'\‘ 0 MDL| o1 D Q
ﬂ) »—CE
P! S0 T wbLe S0 T MDR6 c
R
[ Q6
M2_1 FDRE
DOMZ*:L Do 'i‘ o MDR7| Q7
D[7:0] b7 4[)1’\‘ O MDL7] D1 \ D Q
S0 T mpR7 s
_L so | MDL7 c
_SRI R
= [ Q7
CLEFT ] L_LEFT
_R OR2
= C X8688
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Usage

These design elements are inferred rather than instantiated.
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SRL16

SUXILINX®

SRL16

Primitive:

o
~[°

>
o

R
WIN |-

SRL16

lo

X8420

16-Bit Shift Register Look-Up-Table (LUT)

SRL16 is a shift register look up table (LUT). The inputs A3, A2, Al, and A0 select the
output length of the shift register. The shift register may be of a fixed, static length or
it may be dynamically adjusted.

The shift register LUT contents are initialized by assigning a four-digit hexadecimal
number to an INIT attribute. The first, or the left-most, hexadecimal digit is the most
significant bit. If an INIT value is not specified, it defaults to a value of four zeros
(0000) so that the shift register LUT is cleared during configuration.

The data (D) is loaded into the first bit of the shift register during the Low-to-High
clock (CLK) transition. During subsequent Low-to-High clock transitions data is
shifted to the next highest bit position as new data is loaded. The data appears on the
Q output when the shift register length determined by the address inputs is reached.

Static Length Mode

To get a fixed length shift register, drive the A3 through A0 inputs with static values.
The length of the shift register can vary from 1 bit to 16 bits as determined from the
following formula:

Length = (8*A3) +(4*A2) + (2*Al) + A0 +1

If A3, A2, Al, and A0 are all zeros (0000), the shift register is one bit long. If they are
all ones (1111), it is 16 bits long.

Dynamic Length Mode

The length of the shift register can be changed dynamically by changing the values
driving the A3 through A0 inputs. For example, if A2, Al, and A0 are all ones (111)
and A3 toggles between a one (1) and a zero (0), the length of the shift register changes
from 16 bits to 8 bits.

Internally, the length of the shift register is always 16 bits and the input lines A3
through A0 select which of the 16 bits reach the output.

Inputs Output

Am CLK D Q

Am X X Q(Am)

Am 1 D Q(AmM-1)
m=0,1,2,3

Usage

This design element can be inferred or instantiated.
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SUXILINX®

SRL16

Available Attributes

Attribute

Type

Default

Description

INIT

16-Bit Binary

16 zeroes

Sets the initial value of Q output
after configuration

For More Information

Consult the Spartan-3E Data Sheets.
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SRL16_1

SUXILINX®

SRL16 1

Primitive: 16-Bit Shift Register Look-Up-Table (LUT) with Negative-
Edge Clock

o
g ><|U

B[P
WIN |-

SRL16 1

lo

X8422

SRL16_1 is a shift register look up table (LUT). The inputs A3, A2, Al, and A0 select
the output length of the shift register. The shift register may be of a fixed, static length
or it may be dynamically adjusted. See “Static Length Mode” and “Dynamic Length
Mode” in “SRL16”.

The shift register LUT contents are initialized by assigning a four-digit hexadecimal
number to an INIT attribute. The first, or the left-most, hexadecimal digit is the most
significant bit. If an INIT value is not specified, it defaults to a value of four zeros
(0000) so that the shift register LUT is cleared during configuration.

The data (D) is loaded into the first bit of the shift register during the High-to-Low
clock (CLK) transition. During subsequent High-to-Low clock transitions data is
shifted to the next highest bit position as new data is loaded. The data appears on the
Q output when the shift register length determined by the address inputs is reached.

Inputs Output

Am CLK D Q

Am X X Q(Am)

Am ! D Q(Am-1)
m=0,1,2,3

Usage

This design element can be inferred or instantiated.

Available Attributes

Attribute Type Default Description

INIT 16-Bit Binary |16 0’s Sets the initial value of Q output
after configuration

For More Information
Consult the Spartan-3E Data Sheets.
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SRL16E SXILINX®
SRL16E
Primitive: 16-Bit Shift Register Look-Up-Table (LUT) with Clock Enable
SRL16E is a shift register look up table (LUT). The inputs A3, A2, Al, and A0 select
b [ SRLIGE | g the output length of the shift register. The shift register may be of a fixed, static length
CLCKL or dynamically adjusted. See “Static Length Mode” and “Dynamic Length Mode” in
0 | “SRL16".
Al
A2 | The shift register LUT contents are initialized by assigning a four-digit hexadecimal
A3 | number to an INIT attribute. The first, or the left-most, hexadecimal digit is the most
significant bit. If an INIT value is not specified, it defaults to a value of four zeros
x8423 (0000) so that the shift register LUT is cleared during configuration.
When CE is High, the data (D) is loaded into the first bit of the shift register during the
Low-to-High clock (CLK) transition. During subsequent Low-to-High clock
transitions, when CE is High, data is shifted to the next highest bit position as new
data is loaded. The data appears on the Q output when the shift register length
determined by the address inputs is reached.
When CE is Low, the register ignores clock transitions.
Inputs Output
Am CE CLK D Q
Am 0 X X Q(Am)
Am 1 1 D Q(Am-1)
m=0,1,2,3
Usage
This design element can be inferred or instantiated.
Available Attributes
Attribute Type Default Description
INIT 16-Bit 16 0’s Sets the initial value of
Binary content and output of shift
register after configuration
For More Information
Consult the Spartan-3E Data Sheets.
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SRL16E_1 SXILINX®
SRL16E_1
Primitive: 16-Bit Shift Register Look-Up-Table (LUT) with Negative-
Edge Clock and Clock Enable
SRL16E_1 is a shift register look up table (LUT) with clock enable (CE). The inputs A3,
D | SRLIGEL | o A2, Al, and AO select the output length of the shift register. The shift register may be
CLCKL of a fixed, static length or dynamically adjusted. See “Static Length Mode” and
a0 “Dynamic Length Mode” in the “SRL16".
Al
A2 | The shift register LUT contents are initialized by assigning a four-digit hexadecimal
A3 number to an INIT attribute. The first, or the left-most, hexadecimal digit is the most
significant bit. If an INIT value is not specified, it defaults to a value of four zeros
x84zl (0000) so that the shift register LUT is cleared during configuration.
When CE is High, the data (D) is loaded into the first bit of the shift register during the
High-to-Low clock (CLK) transition. During subsequent High-to-Low clock
transitions, when CE is High, data is shifted to the next highest bit position as new
data is loaded. The data appears on the Q output when the shift register length
determined by the address inputs is reached.
When CE is Low, the register ignores clock transitions.
Inputs Output
Am CE CLK D Q
Am 0 X X Q(Am)
Am 1 ! D Q(Am-1)
m=0,1,2,3
Usage
This design element can be inferred or instantiated.
Available Attributes
Attribute Type Default Description
INIT 16-Bit 16 0’s | Sets the initial value of
Binary content and output of shift
register after configuration
For More Information
Consult the Spartan-3E Data Sheets.
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SUXILINX®

SRLC16

Primitive:

o

CLK

Al
A2
A3

SRLC16

X9296

16-Bit Shift Register Look-Up-Table (LUT) with Carry

SRLC16 is a shift register look up table (LUT) with Carry. The inputs A3, A2, Al, and
A0 select the output length of the shift register. The shift register may be of a fixed,
static length, or it may be dynamically adjusted.

The shift register LUT contents are initialized by assigning a four-digit hexadecimal
number to an INIT attribute. The first, or the left-most, hexadecimal digit is the most
significant bit. If an INIT value is not specified, it defaults to a value of four zeros
(0000) so that the shift register LUT is cleared during configuration.

The data (D) is loaded into the first bit of the shift register during the Low-to-High
clock (CLK) transition. During subsequent Low-to-High clock transitions data is
shifted to the next highest bit position as new data is loaded. The data appears on the
Q output when the shift register length determined by the address inputs is reached.

The Q15 output is available for the user to cascade multiple shift register LUTs to
create larger shift registers.

For information about the static length mode, see “Static Length Mode” in “SRL16”.

For information about the dynamic length mode, see “Dynamic Length Mode” in
“SRL16”.

Inputs Output

Am CLK D Q

Am X X Q(Am)
Am 1 D Q(AmM-1)
m=0,1,2,3

Usage

This design element can be inferred or instantiated.

Available Attributes

Attribute Type Default Description

INIT 16-Bit Binary |16 0’s Sets the initial value of content and
output of shift register after

configuration

For More Information
Consult the Spartan-3E Data Sheets.
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SRLC16_1 SXILINX®

SRLC16 1

Primitive: 16-Bit Shift Register Look-Up-Table (LUT) with Carry and
Negative-Edge Clock

SRLC16 1 is a shift register look up table (LUT) with carry and a negative-edge clock.

2 sRLCieL o The inputs A3, A2, Al, and A0 select the output length of the shift register. The shift
CLK o1 register may be of a fixed, static length or it may be dynamically adjusted. See “Static

,50 — Length Mode” and “Dynamic Length Mode” in “SRL16".

ALl The shift register LUT contents are initialized by assigning a four-digit hexadecimal

Az number to an INIT attribute. The first, or the left-most, hexadecimal digit is the most

- significant bit. If an INIT value is not specified, it defaults to a value of four zeros

o207 (0000) so that the shift register LUT is cleared during configuration.

The data (D) is loaded into the first bit of the shift register during the High-to-Low
clock (CLK) transition. During subsequent High-to-Low clock transitions data is
shifted to the next highest bit position as new data is loaded. The data appears on the
Q output when the shift register length determined by the address inputs is reached.

The Q15 output is available for the user to cascade multiple shift register LUTs to
create larger shift registers.

Inputs Output
Am CLK D Q Q15
Am X X Q(Am) No Change
Am ! D Q(Am-1) Q14
m=0,1,2,3
Usage

This design element can inferred.

Available Attributes

Attribute Type Default Description

INIT 16-Bit Binary |16 0’s Sets the initial value of content
and output of shift register after
configuration

For More Information
Consult the Spartan-3E Data Sheets.
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SRLCI16E SXILINX®
SRLCI16E
Primitive: 16-Bit Shift Register Look-Up-Table (LUT) with Carry and
Clock Enable
N T SRLC16E is a shift register look up table (LUT) with carry and clock enable. The
CE| 0 inputs A3, A2, Al, and A0 select the output length of the shift register. The shift
CLK | (015 register may be of a fixed, static length or it may be dynamically adjusted.
A0 The shift register LUT contents are initialized by assigning a four-digit hexadecimal
AL number to an INIT attribute. The first, or the left-most, hexadecimal digit is the most
% significant bit. If an INIT value is not specified, it defaults to a value of four zeros
— (0000) so that the shift register LUT is cleared during configuration.

X9298 The data (D) is loaded into the first bit of the shift register during the Low-to-High
clock (CLK) transition. When CE is High, during subsequent Low-to-High clock
transitions, data is shifted to the next highest bit position as new data is loaded. The
data appears on the Q output when the shift register length determined by the
address inputs is reached.

The Q15 output is available for the user to cascade multiple shift register LUTs to
create larger shift registers.
For information about the static length mode, see “Static Length Mode” in “SRL16”.
For information about the dynamic length mode, see “Dynamic Length Mode” in
“SRL16".
Inputs Output
Am CLK CE D Q Q15
Am X 0 X Q(Am) Q(15)
Am X 1 X Q(Am) Q(15)
Am 1 1 D Q(Am-1) Q15
m=0,1,2,3
Usage
This design element can be inferred or instantiated.
Available Attributes
Attribute Type Default Description
INIT 16-Bit Binary |16 0’s Sets the initial value of content and
output of shift register after
configuration
For More Information
Consult the Spartan-3E Data Sheets.
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SRLCI16E_1

SUXILINX®

SRLC16E_1

Primitive: 16-Bit Shift Register Look-Up-Table (LUT) with Carry,
Negative-Edge Clock, and Clock Enable

— 10
5B F B~ 7o

SRLCI16E_1

1Q
Q15

X9299

SRLC16E_1 is a shift register look up table (LUT) with carry, clock enable, and
negative-edge clock. The inputs A3, A2, A1, and AQ select the output length of the
shift register. The shift register may be of a fixed, static length or it may be
dynamically adjusted. See “SRLC16” and “Dynamic Length Mode” in “SRL16".

The shift register LUT contents are initialized by assigning a four-digit hexadecimal
number to an INIT attribute. The first, or the left-most, hexadecimal digit is the most
significant bit. If an INIT value is not specified, it defaults to a value of four zeros
(0000) so that the shift register LUT is cleared during configuration.

When (CE) is High, the data (D) is loaded into the first bit of the shift register during
the High-to-Low clock (CLK) transition. During subsequent High-to-Low clock
transitions data is shifted to the next highest bit position as new data is loaded when
(CE) is High. The data appears on the (Q) output when the shift register length
determined by the address inputs is reached.

The Q15 output is available for the user to cascade multiple shift register LUTs to
create larger shift registers.

Inputs Output

Q Q15
Q(Am) No Change
Q(Am) No Change

Q(Am-1) Q14

Am CE CLK

>
3
b
O| x| x| O

m=0,1,2,3

Usage

This design element can be inferred or instantiated.

Available Attributes

Attribute Type Allowed Values | Default Description

INIT 16-Bit 16 bits of 1’s or 0’s | X 0000 | Sets the initial value of
Binary content and output of shift
register after configuration

For More Information
Consult the Spartan-3E Data Sheets.
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STARTUP_SPARTANS3E

SUXILINX®

STARTUP_SPARTANSE

Primitive: Spartan-3E User Interface to the GSR, GTS, Configuration
Startup Sequence and Multi-Boot Trigger Circuitry

GSR

GTS

MBT

CLK

STARTUP_SPARTAN3E

X10235

The STARTUP_SPARTANS3E component is used to allow the connection of ports or
user circuitry to control certain dedicated circuitry and routes within the FPGA.
Signals connected the GSR port of this component can control the global set/reset
(referred to as GSR) of the device. The GSR net connects to all registers in the device
and will place the registers into their initial value state. Connecting a signal to the
GTS port will connect to the dedicated route controlling the three-state outputs of
every pin in the device. Connecting a clock signal to the CLK input will allow the
startup sequence after configuration to be synchronized to a user defined clock. The
MBT (Multi-Boot Trigger) pin allows the triggering of a new configuration when the
device is properly setup for this mode.

Usage

The STARTUP_SPARTAN3E component must be instantiated in order to be
incorporated into the design. Do not connect any input not needed for the design.

For More Information
Consult the Spartan-3E Data Sheets.
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VCC

S XILINX®
VCC
Primitive: VCC-Connection Signal Tag
The VCC signal tag or parameter forces a net or input function to a logic High level. A
VvCC net tied to VCC cannot have any other source.
| When the placement and routing software encounters a net or input function tied to
VCC, it removes any logic that is disabled by the VCC signal. The VCC signal is only
X8721 implemented when the disabled logic cannot be removed.
Usage

This design element can be instantiated or inferred.
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XNOR2-9

SUXILINX®

XNOR2-9

Macro: 2- to 9-Input XNOR Gates with Non-Inverted Inputs

16
11 I5
o 15
o] ¢ ]
XNOR2 13 DOQ
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10 XNOR7

XNOR3

>
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12 DOQ XNOR8
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o

XNOR6 XNOR9
X9439

XNOR Gate Representations

XNOR functions of up to nine inputs are available. All inputs are non-inverting.
Because each input uses a CLB resource, replace functions with unused inputs with

functions having the necessary number of inputs.

FMAP
6 e u
15
15 BB 136
" 136 [ 12 o——H
13 XOR4 2—{n
2 ) >O O m RLOC=X0Y0
| |
= :tl) XNOR4 EMAP
w3l
12
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XNOR7 Implementation for Spartan-3E
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XNOR2-9
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XNORS8 Implementation Spartan-3E
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XNOR9 Implementation Spartan-3E

Usage

X9377

These design elements can be inferred or instantiated.
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XOR2-9 SXILINX®

XOR2-9
Primitive and Macros: 2- to 9-Input XOR Gates with Non-Inverted Inputs

XOR2 XOR5 XOR8
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o
FIS|E|=]a s |5

5
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o
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x9441

XOR Gate Representations

XOR functions of up to nine inputs are available. All inputs are non-inverting.
Because each input uses a CLB resource, replace functions with unused inputs with
functions having the necessary number of inputs.
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XORS8 Implementation for Spartan-3E

Usage

These design elements can be inferred or instantiated
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XORCY SXILINX®

XORCY

Primitive: XOR for Carry Logic with General Output

XORCY is a special XOR with general O output used for generating faster and smaller

arithmetic functions.
] >
Usage

X8410

Q EF

Its O output is a general interconnect. See also “XORCY_D” and “XORCY_L".
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XORCY_D

SUXILINX®

XORCY_D
Primitive:
LO
= O
Cl
X8409

XOR for Carry Logic with Dual Output

XORCY_D is a special XOR used for generating faster and smaller arithmetic
functions.

Usage

XORCY_D has two functionally identical outputs, O and LO. The O outputis a

general interconnect. The LO output is used to connect to another output within the
same CLB slice.
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XORCY_L SXILINX®

XORCY L

Primitive: XOR for Carry Logic with Local Output

XORCY_L is a special XOR with local LO output used for generating faster and
LO smaller arithmetic functions.

@) LE

Usage

The LO output is used to connect to another output within the same CLB slice.
X8404
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