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About This Guide

The Libraries Guide is part of the ISE documentation collection.

Guide Contents

This guide contains the following:

» Discussion of the Xilinx Unified Libraries

e Slice Count information for FPGAs

» Alisting of the various Functional Categories of design elements

» Architecture Specific Information chapters

» Individual chapters for each of the Design Elements

Additional Resources

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

Resource

Description/URL

Tutorials

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

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

Answer Browser

Database of Xilinx solution records
http://support.xilinx.com/xInx/xil ans_browser.jsp

Application
Notes

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

Data Book

Pages from The Programmable Logic Data Book, which contains device-
specific information on Xilinx device characteristics, including readback,
boundary scan, configuration, length count, and debugging

http.//support.xilinx.com/partinfo/databook.htm

Problem Solvers

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

Tech Tips

Latest news, design tips, and patch information for the Xilinx design
environment
http://www.support.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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What's New in This Release

The following design elements have been removed from the current release:
. GT10_3GIO n

«  MUXF8 D

«  MUXF8 L

The following design elements have been added to the current release:

+ IBUFDS_DIFF_OUT
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Overview

This chapter describes the Unified Libraries and the applicable device architectures
for each library. It also briefly discusses the contents of the other chapters, the general
naming conventions, and performance issues.

This chapter consists of the following major sections.
o “Overview”

» “Applicable Architectures”

*  “Functional Categories”

»  “Design Elements”

»  “Schematic Examples”

* “Naming Conventions”

»  “Attributes and Constraints”

e “Carry Logic”

*  “Flip-Flop, Counter, and Register Performance”

*  “Unconnected Pins”

Xilinx maintains software libraries with thousands 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 Unified Libraries. Elements in these libraries are
common to all Xilinx device architectures. This “unified” approach means that you
can use your circuit design created with “unified” library elements across all 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 (or architectural
group) and common symbols are duplicated in each one, which is necessary for
simulation (especially board level) where timing depends on a particular architecture.

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.

The Libraries Guide describes the primitive and macro logic elements available in the
Unified Libraries for the Xilinx FPFGA and CPLD devices. Common logic functions
can be implemented with these elements and more complex functions can be built by
combining macros and primitives. Several hundred design elements (primitives and

Libraries Guide
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macros) are available across multiple device architectures, providing a common base
for programmable logic designs.

This libraries guide provides a functional selection guide and describes the design
elements.

Applicable Architectures

Design elements for the Spartan-Il, Spartan-l1E, Spartan-3, Virtex, Virtex-E,

Virtex -1, Virtex-11 Pro, Virtex-11 Pro X, XC9500/XV/XL, CoolRunner XPLA3, and
CoolRunner-I11 libraries are included in the Xilinx Unified Libraries. Each library
supports specific device architectures. For detailed information on the architectural
families referenced below and the devices in each, see the current version of The
Programmable Logic Data Book (an online version is available from the Xilinx web site,
http://support.xilinx.com).

Functional Categories

The functional categories list the available elements in each category along with a
brief description of each element and an applicability table identifying which libraries
(Spartan-Il, Spartan-lIE, Virtex, Virtex-E, Virtex -1l, Virtex-Il Pro, Virtex-11 Pro X,
XC9500/XV/ XL, CoolRunner XPLA3, and CoolRunner-11) contain the element.

Design Elements

Design elements are organized in alphanumeric order, with all numeric suffixes in
ascending order. For example, FDR precedes FDRS, and ADD4 precedes ADDS,
which precedes ADD16.

The following information is provided for each library element, where applicable:
e Graphic symbol

« Applicability table (with primitive versus macro identification)

e Functional description

+ Truth table

*  Schematic for macros

 VHDL and Verilog instantiation and inference code

e Commonly used constraints

Schematic Examples

Schematics are included for each library if the implementation differs.

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.

18
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Naming Conventions

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

Example 1

FUNCTION  SIZE CONTROL PINS
Counter, Binary 4-Bit

Clear (Asynchronous)
Load
Clock Enable
’—'» Bi-Directional
N

B4C
—_—

Precedence of Control Pins

@]

Example 2
FUNCTION SIZE CONTROL PINS
Flip-Flop, D-type 16-Bit Reset (Synchronous)
Clock Enable
N~
FD16RE
ﬁ
X7764 Precedence of Control Pins

Naming Conventions

Logic Function j_
Number of Inputs

Inverting (Bubble) Inputs
Number of Inverting Inputs

X4316

Combinatorial Naming Conventions

Attributes and Constraints

Attributes and constraints are instructions placed on components or nets to indicate
their placement, implementation, naming, directionality, and so forth. The Constraints
Guide provides information on all attributes and constraints.

Carry Logic

The Spartan-Il, Spartan-lIE, Virtex, and Virtex-Il architectures include dedicated carry
logic components.

Spartan-Il, Spartan-lIE, Virtex, and Virtex-E

Carry Logic for Spartan-I11, Spartan-lIE, Virtex, and Virtex-E is a simple structure
associated with each look-up table. The design entry library contains the following
dedicated carry logic primitives: MULT_AND, MUXCY, MUXCY_D, MUXCY_L,
XORCY, XORCY_D, and XORCY_L. The function performed is determined by their

Libraries Guide www.xilinx.com 19
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connectivity and the contents of the look-up table. For an example of how to use carry
logic, see “CC8CE, CC16CE”.

For detailed information on Carry Logic in Virtex and Spartan-I1, see The
Programmable Logic Data Book available on the Xilinx web site, http://
support.xilinx.com.

Virtex-1l, Virtex-1l Pro, Virtex-1l Pro X, and Spartan-3

The dedicated carry logic primitives for Virtex-Il, Virtex-11 Pro, Virtex-11 Pro X, and
Spartan-3 are MULT_AND, MUXCY, MUXCY_D, MUXCY_L, XORCY, XORCY_D,
and XORCY_L.

ORCY can only be used exclusively with Virtex-Il, Virtex-11 Pro, and Virtex-11 Pro X.

For detailed information on Carry Logic in Virtex-1l, Virtex-11 Pro, Virtex-11 Pro X, and
Spartan-3, see The Programmable Logic Data Book available on the Xilinx web site, http:/
/support.xilinx.com.

Flip-Flop, Counter, and Register Performance

All counter, register, and storage functions derived from the flip-flops are available in
the Configurable Logic Blocks (CLBs).

The D flip-flop is the basic building block for all architectures. Differences occur from
the availability of asynchronous Clear (CLR) and Preset (PRE) inputs, and the source
of the synchronous control signals, such as Clock Enable (CE), Clock (C), Load enable
(L), synchronous Reset (R), and synchronous Set (S). The basic flip-flop configuration
for each architecture follows.

The basic XC9000 flip-flops have both Clear and Preset inputs.

0
Y
m

FDCP

O
lo

Q |O
\:

L
X4397

Virtex and Spartan-Il have two basic flip-flop types. One has both Clear and Preset
inputs and one has both asynchronous and synchronous control functions.

PRE

FDCPE

o8 °
m
lo

o
Py

L

X4389
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i

FDRSE

OO0
il
lo

[

X3732

The asynchronous and synchronous control functions, when used, have a priority that
is consistent across all devices and architectures. These inputs can be either active-
High or active-Low as defined by the macro. The priority, from highest to lowest, is as
follows.

Asynchronous Clear (CLR)
Asynchronous Preset (PRE)
Synchronous Set (S)
Synchronous Reset (R)
Clock Enable (CE)

Note: The asynchronous CLR and PRE inputs, by definition, have priority over all the
synchronous control and clock inputs.

For FPGA families, the Clock Enable (CE) function is implemented using two
different methods in the Xilinx Unified Libraries; both are shown in the following
figure.

In method 1, CE is implemented by connecting the CE pin of the macro directly to
the dedicated Enable Clock (EC) pin of the internal Configurable Logic Block
(CLB) flip-flop. This allows one CE per CLB. CE takes precedence over the L, S,
and R inputs. All flip-flops with asynchronous clear or preset use this method.

In method 2, CE is implemented using function generator logic. This allows two
CEs per CLB. CE has the same priority as the L, S, and R inputs. All flip-flops with
synchronous set or reset use this method.

The method used in a particular macro is indicated by the inclusion of asynchronous
clear, asynchronous preset, synchronous set, or synchronous reset in the macro' s
description.

Libraries Guide
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C1

C2

C1

Cc2

CE
C1 X D Q
QF— c2 Function
i Generator
Function EC CE
Generator —pC
X=(CE % C2)+(CE +C1)
Q1+ C1l Y D Q
Function EC Cc2 Function
Generator Generator
CE L N
Y=(CE % C1)+(CE *C2)
C
Method 1 Method 2

CE implemented

using dedicated EC pin.

CE implemented as a

function generator input.

Clock Enable Implementation Methods

Unconnected Pins

Xilinx recommends that you always connect input pins in your designs. This ensures
that front end simulation functionally matches back end timing simulation. If an input
pin is left unconnected, mapper errors may result.

X4675

If an output pin is left unconnected in your design, the corresponding function is
trimmed. If the component has only one output, the entire component is trimmed. If
the component has multiple outputs, the portion that drives the output is trimmed.
As an example of the latter case, if the overflow pin (OFL) in an adder macro is
unconnected, the logic that generates that term is trimmed, but the rest of the adder is
retained (assuming all of the sum outputs are connected).

22
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About Configurable Logic Blocks (CLBS)

This chapter contains the following sections.

» About Configurable Logic Blocks (CLBs)

» Slice Count for FPGA Components

Configurable Logic Blocks (CLBs) implement most of the logic in an FPGA.

Each Virtex, Virtex-E and Spartan-I11, Spartan-11E CLB contains two slices. Each
Spartan-3, Virtex-11, Virtex-Il Pro, and Virtex-11 Pro X CLB contains four slices. In the
following table, the numbers for Spartan-I11, Spartan-I1E, Virtex, Virtex-E, Spartan-3,
Virtex-I1, Virtex-11 Pro, and Virtex-11 Pro X are the number of slices required to
implement the component.

The Slice Count table lists FPGA design elements in alphanumeric order with the
number of CLBs or slices needed for their implementation in each applicable library.

Note: This information is for reference only. The actual count could vary, depending upon the
switch settings of the implementation tools; for example, the effort level in PAR (Place and
Route) or usage of the components with other components.

The asterisk for the RAM16X1D and RAM16X1D_1 in the Spartan-3, Virtex-Il, Virtex-
Il Pro, and Virtex-Il Pro X columns indicates that these design elements consume 1/2

of two slices.

The double asterisks for design elements indicate that these primitives cannot be used
by themselves. However, there is only one available per slice.

Slice Count for FPGA Components

Spartan-II, Spartan-IIE Spartan-3 Virtex, Virtex-E Virts;;le,)z{illrts;((;llero,
Name Number of Slices to Implement
ACC4 6 5 6
ACC8 9 10 9 10
ACC16 17 18 17 18
ADD4 3 3 3 3
ADDS8 5 5 5 5
ADD16 9 9 9 9
ADSU4 3 3 3 3
ADSUS8 5 5 5 5
ADSU16 9 9 9 9
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Slice Count for FPGA Components

Spartan-Il, Spartan-llE

Spartan-3

Virtex, Virtex-E

Virtex-ll, Virtex-1l Pro,
Virtex-Il Pro X

Name

Number of Slices to Implement

AND?2

1

1

AND3

AND4

ANDS5

ANDG6

AND7

ANDS8

AND9

AND12

AND16

BRLSHFT4

o NN N R R R R PR,

ANININMNN PRI R R|R|PR

O N NN NN PP

I ORI ORI R T S e e N ™

BRLSHFT8

=
N

[N
N

=
N

-
N

BSCAN_SPARTAN2

BSCAN_VIRTEX

BSCAN_VIRTEX2

BUF

BUF4

BUF8

BUF16

BUFCF

BUFE

BUFE4

BUFES

BUFE16

BUFG

BUFGCE

BUFGCE_1

BUFGDLL

BUFGMUX

BUFGMUX_1

BUFGP

BUFT

BUFT4

BUFT8

BUFT16

CAPTURE_SPARTAN?2

CAPTURE_VIRTEX
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Spartan-Il, Spartan-IIE Spartan-3 Virtex, Virtex-E Virtf/)i(;lle,;{i“rts;((;llero,
Name Number of Slices to Implement
CAPTURE_VIRTEX2 - - - -
CB2CE 2 3 2 3
CB2CLE 3 3 3 3
CB2CLED 3 3 3 3
CB2RE 2 3 2 3
CB4CE 3 4 3 4
CB4CLE 5 5 5 5
CB4CLED 6 7 6 7
CB4RE 3 4 3 4
CB8CE 6 7 6 7
CB8CLE 9 10 9 10
CB8CLED 12 12 12 12
CB8RE 6 7 6 7
CB16CE 13 14 13 14
CB16CLE 18 19 18 19
CB16CLED 24 25 24 25
CB16RE 13 14 13 14
CC8CE
CC8CLE 9 9 9 9
CC8CLED 17 17
CC8RE 9
CC16CE 16 9 16 9
CC16CLE 17 17 17 17
CC16CLED 17 33 17 33
CC16RE 17 17 17 17
CD4CE 3 4 3 4
CDA4CLE 5 5 5 5
CD4RE 3 4 3 4
CD4RLE 7 7 7 7
CJACE 2 4 2 4
CJI4RE 2 4 2 4
CJ5CE 3 5 3 5
CJ5RE 3 5 3 5
CJ8CE 4 4 4 4
CJBRE 4 4 4 4
CLKDLL - - - -
CLKDLLE - - - -
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Slice Count for FPGA Components

Spartan-Il, Spartan-llE

Spartan-3

Virtex, Virtex-E

Virtex-ll, Virtex-1l Pro,
Virtex-Il Pro X

Name

Number of Slices to Implement

CLKDLLHF

COMP2

COMP4

COMP8

COMP16

COMPM2

COMPM4

COMPM8

COMPM16

COMPMC8

COMPMC16

CR8CE

CR16CE

D2_4E

D3_8E

D4_16E

[y
o

[N
[op]

[y
(o)}

[y
(o]

DCM

DEC_CC4

DEC_CC8

DEC_CC16

DECODE4

DECODES

DECODEL16

DECODE32

DECODE64

FD

FD_1

FD4CE

FD4RE

FD8CE

FD8SRE

FD16CE

FD16RE

FDC

FDC 1

FDCE

FDCE_1

PlRrlRPr Pl AN NPRP[PloOANND RPN RFPIP

RlRr|lRr|Rr ool bbb P RPROOCIEDNDND RN EFR|E

PP RPRP[OO BI BIDN DN FRPI PO DN NP NP

RlRr PR ool bbb P R OOCIEDNMND RPN MEFP|E
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Slice Count for FPGA Components

Spartan-Il, Spartan-llE

Spartan-3

Virtex, Virtex-E

Virtex-ll, Virtex-1l Pro,
Virtex-Il Pro X

Name

Number of Slices to Implement

FDCP

1

1

FDCP_1

FDCPE

FDCPE_1

A

1
1
1

1
1
1

[ N =

FDDRCPE

FDDRRSE

FDE

FDE_1

FDP

FDP_1

FDPE

FDPE_1

FDR

FDR_1

FDRE

FDRE_1

FDRS

FDRS_1

FDRSE

FDRSE_1

FDS

FDS 1

FDSE

FDSE_1

FIKC

FIKCE

FIKP

FIKPE

FIKRSE

FIKSRE

RPlRrlrlRr| PR Rr[RIRPr|RP|[RP|RIPr|RP|[RP[RPIRP|RP|RPR[RP| PR,

I S e T e e e e I e N e I e I N e e = N = =

I e e N I I e I N I S T e e e N B e = S e N )

e e I I T T Y I S T e e I Y SN Py [ R S = =

FMAP

FTC

FTCE

FTCLE

FTCLEX

FTP

FTPE

I

[ S I N = S

[ S I N = =

[ S I R = =
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Spartan-ll,

Spartan-l1E

Spartan-3

Virtex, Virtex-E

Virtex-ll, Virtex-1l Pro,
Virtex-Il Pro X

Name

Number of Slices to Implement

FTPLE

1

1

FTRSE

FTRSLE

FTSRE

FTSRLE

NP N R -

1
1
1
2

1
2
1
2

NP R~

GND

GT_AURORA n

GT_CUSTOM_n

GT_ETHERNET n

GT_FIBRE_CHAN n

GT_INFINIBAND n

GT_XAUI n

GT10_AURORA n

GT10_AURORAX_n

GT10_CUSTOM n

GT10_INFINIBAND_n

GT10_XAUI_n

GT10_10GE_n

GT10_10GFC n

GT10_OC48 n

GT10_0OC192 n

IBUF

IBUF4

IBUF8

IBUF16

IBUF_selectlO

IBUFDS

IBUFG

IBUFG_selectlO

IBUFGDS

IBUFGDS_DIFF_OUT

ICAP_VIRTEX2

IFD

IFD_1

IFD4

IFD8

IFD16
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Spartan-Il, Spartan-llE

Spartan-3

Virtex, Virtex-E

Virtex-ll, Virtex-1l Pro,
Virtex-Il Pro X

Name

Number of Slices to Implement

IFDDRCPE

IFDDRRSE

IFDI

IFDI_1

IFDX

IFDX4

IFDX8

IFDX16

IFDX_1

IFDXI

IFDXI_1

ILD

ILD_1

ILD4

ILD8

ILD16

ILDI

ILDI_1

ILDX

ILDX4

ILDX8

ILDX16

ILDX_1

ILDXI

ILDXI_1

INV

INV4

INV8

INV16

IOBUF

IOBUF_selectlO

IOPAD

IOPAD4

IOPADS

IOPAD16

IPAD

IPAD4

Libraries Guide
ISE 6.li

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

29



http://www.xilinx.com

SUXILINX®

Slice Count

Slice Count for FPGA Components

Spartan-Il, Spartan-llE

Spartan-3

Virtex, Virtex-E

Virtex-ll, Virtex-1l Pro,
Virtex-Il Pro X

Name

Number of Slices to Implement

IPADS

IPAD16

JTAGPPC

KEEPER

LD

LD 1

LD4

LD8

LD16

LDACE

LD8CE

LD16CE

LDC

LDC_1

LDCE

LDCE_1

LDCP

LDCP_1

LDCPE

LDCPE_1

LDE

LDE_1

LDP

LDP_1

LDPE

LDPE_1

LUT1

LUT2

LUT3

LUT4

LUTL D

LUT2. D

LUT3_D

LUT4 D

LUTL L

LUT2 L

LUT3 L

N R = e S A e e e e S N S e I e I S R e e e R R ST A T A N Y R S

O I e I S T e e I T e e I I e e I ™ [ [ S N T (R e e’ Y8 B G [ N "> T Y NG (NG (R N

O I e I Y I e e I T T Y I e e I Y N T L I S "= B G Y N > T B NG Y O (RS SN

O I e I S I e e T Y e e e T e S I e T e I N e "= Y8 A G Y O "> T N NG (NG (R N
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Spartan-Il, Spartan-IIE Spartan-3 Virtex, Virtex-E Virtf/)i(;lle,;{i“rts;((;llero,
Name Number of Slices to Implement
LUT4 L 1 1 1 1
M2_1 1 1 1 1
M2_1B1 1 1 1 1
M2_1B2 1 1 1 1
M2_1E 1 1 1 1
M4_1E 1 1 1 1
M8_1E 2 2 2 2
M16_1E 5 5 5 5
MULT_AND ** - - - -
MULT18X18 - - - -
MULT18X18S - - - -
MUXCY ** - - - -
MUXCY_D ** - - - -
MUXCY_L ** - - - -
MUXF5 ** - - - -
MUXF5_D ** - - - -
MUXF5_L ** - - - -
MUXF6 ** - - - -
MUXF6_D ** - - - -
MUXF6_L ** - - - -
MUXF7 ** - - - -
MUXF7_D ** - - - -
MUXF7_L ** - - - -
MUXF8 ** - - - -
MUXF8_D ** - - - -
MUXF8_L ** - - - -
NAND?2 1 1 1 1
NAND3 1 1 1 1
NAND4 1 1 1 1
NANDS5 1 1 1 1
NAND6 1 1 1 1
NAND7 1 1 1 1
NANDS 2 2 2 2
NAND9 2 2 2 2
NAND12 2 2 2 2
NAND16 2 2 2 2
NOR2 1 1 1 1
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Spartan-Il, Spartan-llE

Spartan-3

Virtex, Virtex-E

Virtex-ll, Virtex-1l Pro,
Virtex-Il Pro X

Name

Number of Slices to Implement

NOR3

1

1

NOR4

NOR5

NORG6

NOR7

NORS

NOR9

NOR12

NOR16

NN N R[(RPr R Rk

NN NN FP PP

NN NN FP PP

NN NN R R R PR

OBUF

OBUF4

OBUF8

OBUF16

OBUF_selectlO

OBUFDS

OBUFE

OBUFE4

OBUFES8

OBUFE16

OBUFT

OBUFT4

OBUFT8

OBUFT16

OBUFT _selectlO

OBUFTDS

OFD

OFD 1

OFD4

OFD8

OFD16

OFDDRCPE

OFDDRRSE

OFDDRTCPE

OFDDRTRSE

OFDE

OFDE_1

OFDE4
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Spartan-Il, Spartan-llE

Spartan-3

Virtex, Virtex-E

Virtex-ll, Virtex-1l Pro,
Virtex-Il Pro X

Name

Number of Slices to Implement

OFDES8

OFDE16

OFDI

OFDI |

OFDT

OFDT 1

OFDT4

OFDT8

OFDT16

OFDX

OFDX4

OFDX8

OFDX16

OFDX_1

OFDXI

OFDXI_|

OPAD

OPADA4

OPADS8

OPAD16

OR2

OR3

OR4

OR5

OR6

OR7

ORS8

OR9

OR12

OR16

N[NNI R RrRPr R R

NN N R R R R

NN N R R R R R R

ORI ORI N IS S R TN N e ™

ORCY **

PPC405

PULLDOWN

PULLUP

RAM16X1D

2*

2*

RAM16X1D_1

2*

2*

RAM16X1S

(S

[EE
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Spartan-Il, Spartan-llE

Spartan-3

Virtex, Virtex-E

Virtex-ll, Virtex-1l Pro,
Virtex-Il Pro X

Name

Number of Slices to Implement

RAM16X1S_1

1

1

RAM16X2D

RAM16X2S

RAM16X4D

RAM16X4S

Wl oINS

W o N B~

RAM16X8D

[N
(2]

[any
(o]

RAM16X8S

O~ A IDNIDNE

| oA~ BIDNMNIDN

RAM32X1D

RAM32X1D_1

RAM32X1S

RAMB32X1S_1

RAM32X2S

RAMB32X4S

RAM32X8S

RAMG64X1D

RAM64X1D_1

RAMG64X1S

RAMG64X1S_1

RAMG64X2S

RAM128X1S

RAM128X1S_1

Al AN O O IFPIPINDNDN O

Al AN DB O O, IPINDN O

RAMB4_Sn

RAMB4_Sm_Sn

RAMB16_Sn

RAMB16_Sm_Sn

ROM16X1

ROM32X1

ROM64X1

ROM128X1

ROM256X1

SOP3

SOP4

SR4CE

SR4CLE

SR4CLED

SR4RE

SR4RLE

WIN Ol W NP

wi hlalw| ~rlRPlol~NDIRFR|RF

W N O W[IN| P

wi hla|lw| srlRPlol~MNDIRFR|RF
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Spartan-Il, Spartan-llE

Spartan-3

Virtex, Virtex-E

Virtex-ll, Virtex-1l Pro,
Virtex-Il Pro X

Name

Number of Slices to Implement

SR4RLED

5

5

SR8CE

SR8CLE

SR8CLED

SR8RE

SR8RLE

SR8RLED

SR16CE

SR16CLE

Ol ol o ~loOol g~ O

Ol o g MO Gl Dd

Ol O g O gl Dd

Ol ol Ol bSOl

SR16CLED

[EEN
~

[y
~

[N
~

[EEN
~

SR16RE

(o]

(o]

(o]

(o]

SR16RLE

o

©

©

©

SR16RLED

[EEN
~

[y
~

[EN
~

=
~

SRL16

SRL16_1

SRL16E

SRL16E_1

e I = =

[ e

SRLC16

SRLC16_1

SRLCI16E

SRLCI16E_1

[ I B = SN e N =

[ I N I SN e N =

STARTUP_SPARTAN2

STARTUP_VIRTEX

STARTUP_VIRTEX2

UPAD

VCC

XNOR2

XNOR3

XNOR4

XNOR5

XNORG6

XNOR7

XNORS8

XNOR9

XOR2

XOR3

XOR4

RN N R R R R R R

[ e I I T Y NCJN S T N = W S S

[ e I I T I U S g R = W SN S

[ e I I T TN S T R = W S S
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Virtex-ll, Virtex-1l Pro,

Spartan-Il, Spartan-l1E Spartan-3 Virtex, Virtex-E Virtex-Il Pro X
Name Number of Slices to Implement
XOR5 1 1 1 1
XOR6 1 1 1 1
XOR7 1 1 1 1
XORS8 2 2 2 2
XOR9 2 2 2 2
XORCY ** - - - -
XORCY_D ** - - - -
XORCY_L ** - - - -

* The RAM16X1D and RAM16X1D_1 consume 1/2 of two slices.

** These primitives cannot be used by themselves. However, there is only one

available per slice.
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Architecture Specific Information

The following sections list the design elements that can be used with supported
architectures.

Spartan-I1 and Spartan-l1E

Spartan-3

Virtex and Virtex-E

Virtex-11, Virtex-I1 Pro, Virtex-Il Pro X
XC9500/ XV /XL

CoolRunner XPLA3

CoolRunner-I11

To access lists of the constraints associated with each of these architectures, see
"Architecture Specific Constraints," in the Xilinx Constraints Guide.
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Spartan-Il and Spartan-IlIE

The following table indicates the supported design elements for Spartan-11 and
Spartan-l1E. For a complete description of these architectures, see the Product Data
Sheets (http://www.xilinx.com/partinfo/databook.htmi#spartan).

Spartan-Il, Spartan-IlE Design Elements

ACC4, 8,16 ADD4, 8, 16 ADSU4, 8, 16

AND2-9 AND12, 16 BRLSHFT4, 8
BSCAN_SPARTAN?2 BUF BUFCF

BUFE, 4, 8, 16 BUFG BUFGDLL

BUFGP BUFT, 4, 8, 16 CAPTURE_SPARTAN2

CB2CE, CB4CE, CB8CE, CB16CE

CB2CLE, CB4CLE, CB8CLE, CB16CLE

CB2CLED, CB4CLED, CB8CLED,
CB16CLED

CB2RE, CB4RE, CB8RE, CB16RE

CC8CE, CC16CE

CC8CLE, CC16CLE

CC8CLED, CC16CLED CC8RE, CC16RE CD4CE

CDACLE CD4RE CD4RLE

CJ4ACE, CJ5CE, CJ8CE CJ4RE, CJ5RE, CISBRE CLKDLL, CLKDLLE (Spartan-11E only)
CLKDLLHF COMP2, 4, 8, 16 COMPM2, 4, 8, 16
COMPMCS, 16 CR8CE, CR16CE D2_4E

D3 8E D4 _16E DEC_CC4, 8, 16
DECODE4, 8, 16 DECODE32, 64 FD

FD_1 FDACE, FD8CE, FD16CE FDARE, FD8RE, FD16RE
FDC FDC_1 FDCE

FDCE_1 FDCP FDCP_1

FDCPE FDCPE_1 FDE

FDE_1 FDP FDP_1

FDPE FDPE_1 FDR

FDR_1 FDRE FDRE_1

FDRS FDRS_1 FDRSE

FDRSE_1 FDS FDS_1

FDSE FDSE_1 FIKC

FIKCE FIKP FIKPE

FIKRSE FIKSRE FMAP

FTC FTCE FTCLE

FTCLEX FTP FTPE

FTPLE FTRSE FTRSLE

FTSRE FTSRLE GND

IBUF, 4, 8, 16 IBUF_selectlO IBUFG, IBUFG_selectlO
IFD, 4, 8, 16 IFD_1 IFDI

IFDI_1 IFDX, 4, 8, 16 IFDX_1

IFDXI IFDXI_1 ILD, 4, 8, 16

ILD 1 ILDI ILDI_1

ILDX, 4, 8, 16 ILDX_1 ILDXI
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ILDXI_1 INV, 4, 8, 16 IOBUF, IOBUF_selectlO
IOPAD, 4, 8, 16 IPAD, 4, 8, 16 KEEPER

LD LD_1 LD4, 8, 16

LDC LDC 1 LDCE

LDCE_1 LDACE, LDSCE, LD16CE LDCP

LDCP_1 LDCPE LDCPE_1

LDE LDE_1 LDP

LDP_1 LDPE LDPE_1

LUTL, 2, 3,4 LUTL D,LUT2 D,LUT3 D,LUT4 D |LUTL L, LUT2 L, LUT3 L, LUT4 L
M2 1 M2_1B1 M2_1B2

M2_1E M4_1E M8_1E

M16_1E MULT_AND MUXCY

MUXCY_D MUXCY_L MUXF5

MUXF5_D MUXF5_L MUXF6

MUXF6_D MUXF6_L NAND2-9

NAND12, 16 NOR2-9 NOR12, 16

OBUF, 4, 8, 16 OBUF_selectlO OBUFE, 4, 8, 16

OBUFT, 4, 8, 16 OBUFT _selectlO OFD, 4, 8, 16

OFD_1 OFDE, 4, 8, 16 OFDE_1

OFDI OFDI_1 OFDT, 4, 8, 16

OFDT_1 OFDX, 4, 8, 16 OFDX_1

OFDXI OFDXI_1 OPAD, 4, 8, 16

OR2-9 OR12, 16 PULLDOWN

PULLUP RAM16X1D RAM16X1D_1
RAM16X1S RAM16X1S_1 RAM16X2D
RAM16X2S RAM16X4D RAM16X4S
RAM16X8D RAM16X8S RAM32X1S

RAM32X1S 1 RAM32X2S RAM32X4S

RAM32X8S RAMB4_Sn RAMB4_Sm_Sn

ROC ROCBUF ROM16X1

ROM32X1 SOP3-4 SR4CE, SR8CE, SR16CE
SR4CLE, SR8CLE, SR16CLE SR4CLED, SR8CLED, SR16CLED SR4RE, SR8RE, SR16RE
SR4RLE, SR8RLE, SR16RLE SR4RLED, SR8RLED, SR16RLED SRL16

SRL16 1 SRL16E SRL16E_1
STARTBUF_architecture STARTUP_SPARTAN2 TOC

TOCBUF UPAD VCC

XNOR2-9 XOR2-9 XORCY

XORCY_D XORCY_L
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Spartan-3
The table below indicates the supported design elements for Spartan-3.
Spartan-3 Design Elements

ACC4, 8, 16 ADDA4, 8, 16 ADSU4, 8, 16

AND2-9 AND12, 16 BRLSHFT4, 8

BSCAN_SPARTANS3 BUF BUFCF

BUFG BUFGCE BUFGCE_1

BUFGDLL BUFGMUX BUFGMUX_1

BUFGP CAPTURE_SPARTANS3 CB2CE, CB4CE, CB8CE, CB16CE

CB2RE, CB4RE, CB8RE, CB16RE

CB2CLE, CB4CLE, CB8CLE, CB16CLE

CB2CLED, CB4CLED, CB8CLED,
CB16CLED

CCB8CE, CC16CE

CCB8CLE, CC16CLE

CC8CLED, CC16CLED

CCS8RE, CC16RE CDACE CDACLE

CD4RE CD4RLE CJ4CE, CI5CE, CJSCE
CJ4RE, CJ5RE, CJ8RE COMP2, 4, 8, 16 COMPM?2, 4, 8, 16
COMPMCS, 16 CRSCE, CR16CE D2_4E

D3 8E D4_16E DCM

DEC_CC4, 8, 16 DECODE4, 8, 16 DECODE32, 64
FD FD_1 FDACE, FDSCE, FD16CE
FD4RE, FDSRE, FD16RE FDC FDC_1

FDCE FDCE_1 FDCP

FDCP_1 FDCPE FDCPE_1
FDDRCPE FDDRRSE FDE

FDE_1 FDP FDP_1

FDPE_1 FDR FDR_1

FDRE FDRE_1 FDRS

FDRS_1 FDRSE FDRSE_1

FDS FDS 1 FDSE

FDSE_1 FIKC FIKCE

FIKP FIKPE FIKRSE

FIKSRE FMAP FTC

FTCE FTCLE FTCLEX

FTP FTPE FTPLE

FTRSE FTRSLE FTSRE

FTSRLE GND IBUF, 4, 8, 16
IBUFDS IBUFG, IBUFG_selectlO IBUFGDS

IFD, 4, 8, 16 IFD_1 IFDDRCPE
IFDDRRSE IFDI IFDI_1

IFDX, 4, 8, 16 IFDX_1 IFDXI

IFDXI_1 ILD, 4, 8, 16 ILD_1

ILDI ILDI_1 ILDX, 4, 8, 16
ILDX_1 ILDXI
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ILDXI_1 INV, 4, 8, 16 IOBUF, IOBUF_selectlO
IOBUFDS KEEPER LD

LD 1 LD4, 8, 16 LDC

LDC_1 LDCE LDCE_1

LDACE, LDSCE, LD16CE LDCP LDCP_1

LDCPE LDCPE_1 LDE

LDE_1 LDP LDP_1

LDPE LDPE_1 LUTL,2,3,4

LUTL D,LUT2 D,LUT3 D,LUT4 D  |LUTL L, LUT2 L, LUT3 L, LUT4 L M2_1

M2_1B1 M2_1B2 M2_1E

M4_1E M8_1E M16_1E

MULT_AND MULT18X18 MULT18X18S

MUXCY MUXCY_D MUXCY L

MUXF5 MUXF5_D MUXF5_L

MUXF6 MUXF6_D MUXF6_L

MUXF7 MUXF7_D MUXF7_L

MUXF8 NAND2-9 NAND12, 16

NOR2-9 NOR12, 16 OBUF, 4, 8, 16

OBUF _selectlO OBUFDS OBUFT, 4, 8, 16
OBUFTDS OFD, 4, 8,16 OFD_1

OFDDRCPE OFDDRRSE OFDDRTCPE
OFDDRTRSE OFDE, 4, 8, 16 OFDE_1

OFDI OFDI 1 OFDT, 4,8, 16

OFDT _1 OFDX, 4, 8, 16 OFDX_1

OFDXI OFDXI_1 OPAD, 4, 8, 16

OR2-9 OR12, 16 PULLDOWN
PULLUP RAM16X1D RAM16X1D_1
RAM16X1S RAM16X1S_1 RAM16X2S
RAM16X4S RAM16X8S RAM32X1S
RAM32X1S_1 RAM32X2S RAMB4X1S
RAM64X1S_1 RAMB16_Sn RAMB16_Sm_Sn

ROC ROCBUF ROM16X1

ROM32X1 ROM64X1 ROM128X1
ROM256X1 SOP3-4 SRACE, SR8CE, SR16CE
SRACLE, SR8CLE, SR16CLE SRACLED, SR8CLED, SR16CLED SR4RE, SR8RE, SR16RE
SR4RLE, SR8RLE, SR16RLE SR4RLED, SR8RLED, SR16RLED SRL16

SRL16_1 SRL16E SRL16E_1

SRLC16 SRLC16_1 SRLC16E

SRLCI16E_1 STARTBUF _architecture STARTUP_SPARTAN3
TOC TOCBUF vce
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Spartan-3 Design Elements

XNOR2-9

XOR2-9

XORCY

XORCY_D

XORCY_L
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Virtex and Virtex-E

The table below indicates the supported design elements for Virtex and Virtex-E. For a
complete description, see the Product Data Sheets (http://www.xilinx.com/partinfo/
databook.htm#virtex).

Virtex, Virtex-E Design Elements

ACC4, 8,16 ADD4, 8, 16 ADSU4, 8, 16
AND2-9 AND12, 16 BRLSHFT4, 8
BSCAN_VIRTEX BUF BUFCF

BUFE, 4, 8, 16 BUFG BUFGDLL

BUFGP BUFT, 4, 8, 16 CAPTURE_VIRTEX
CB2CE, CB4CE, CB8CE, CB16CE CB2CLE, CB4CLE, CB8CLE, CB16CLE |CB2CLED, CB4ACLED, CB8CLED,

CB16CLED

CB2RE, CB4RE, CB8RE, CB16RE CC8CE, CC16CE CC8CLE, CC16CLE
CC8CLED, CC16CLED CC8RE, CC16RE CDA4CE

CD4CLE CD4RE CD4RLE

CJACE, CJ5CE, CJ8CE CJ4RE, CJ5RE, CJS8RE CLKDLL
CLKDLLE CLKDLLHF COMP2, 4,8, 16
COMPM2, 4,8, 16 COMPMCS, 16 CR8CE, CR16CE
D2_4E D3_8E D4_16E

DEC _CC4,8,16 DECODE4, 8, 16 DECODE32, 64

FD FD_1 FDACE, FD8CE, FD16CE
FD4RE, FD8RE, FD16RE FDC FDC_1

FDCE FDCE_1 FDCP

FDCP_1 FDCPE FDCPE_1

FDE FDE_1 FDP

FDP_1 FDPE FDPE_1

FDR FDR_1 FDRE

FDRE_1 FDRS FDRS_1

FDRSE FDRSE_1 FDS

FDS 1 FDSE FDSE_1

FIKC FIKCE FIKP

FIKPE FIKRSE FIKSRE

FMAP FTC FTCE

FTCLE FTCLEX FTP

FTPE FTPLE FTRSE

FTRSLE FTSRE FTSRLE

GND IBUF, 4, 8, 16 IBUF_selectlO
IBUFG, IBUFG_selectlO IFD, 4, 8, 16 IFD_1

IFDI IFDI_1 IFDX, 4, 8, 16
IFDX_1 IFDXI IFDXI1_1

ILD, 4, 8, 16 ILD_1 ILDI

ILDI_1 ILDX, 4, 8, 16 ILDX 1
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ILDXI ILDXI_1 INV, 4, 8, 16
IOBUF, IOBUF_selectlO IOPAD, 4, 8, 16 IPAD, 4, 8, 16
KEEPER LD LD 1

LD4, 8, 16 LDC LDC_1

LDCE LDCE_1 LDACE, LDSCE, LD16CE
LDCP LDCP_1 LDCPE
LDCPE_1 LDE LDE_1

LDP LDP_1 LDPE

LDPE_1 LUTL, 2, 3, 4 LUTL D, LUT2 D, LUT3_D, LUT4 D
LUTL L, LUT2 L, LUT3 L, LUT4 L M2_1 M2_1B1
M2_1B2 M2_1E M4_1E

M8_1E M16_1E MULT_AND
MUXCY MUXCY_D MUXCY_L
MUXF5 MUXF5_D MUXF5_L
MUXF6 MUXF6_D MUXF6_L
NAND2-9 NAND12, 16 NOR?2-9
NOR12, 16 OBUF, 4, 8, 16 OBUF _selectlO
OBUFE, 4, 8, 16 OBUFT, 4, 8, 16 OBUFT _selectlO
OFD, 4, 8, 16 OFD 1 OFDE, 4, 8, 16
OFDE_1 OFDI OFDI_1

OFDT, 4, 8, 16 OFDT 1 OFDX, 4, 8, 16
OFDX_1 OFDXI OFDXI_1
OPAD, 4, 8, 16 OR2-9 OR12, 16
PULLDOWN PULLUP RAM16X1D
RAM16X1D_1 RAM16X1S RAM16X1S_1
RAM16X2D RAM16X2S RAM16X4D
RAM16X4S RAM16X8D RAM16X8S
RAM32X1S RAM32X1S_1 RAM32X2S
RAM32X4S RAM32X8S RAMB4_Sn
RAMB4_Sm_Sn ROC ROCBUF
ROM16X1 ROM32X1 SOP3-4

SR4CE, SR8CE, SR16CE

SR4CLE, SR8CLE, SR16CLE

SR4CLED, SR8CLED, SR16CLED

SR4RE, SR8RE, SR16RE

SR4RLE, SR8RLE, SR16RLE

SR4RLED, SR8RLED, SR16RLED

SRL16 SRL16 1 SRL16E

SRL16E_1 STARTBUF_architecture STARTUP_VIRTEX

TOC TOCBUF UPAD

VCC XNOR2-9 XOR2-9

XORCY XORCY_D XORCY_L
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Virtex-ll, Virtex-1l Pro, Virtex-ll Pro X

The table below indicates the supported design elements for Virtex-11, Virtex-Il Pro,
and Virtex-11 Pro X. For a complete description of Virtex-1l, see the Product Data
Sheets (http://www.xilinx.com/partinfo/databook.htm#vtwo).

Virtex-Il, Virtex-1l Pro, Virtex-Il Pro X Design Elements

ACC4, 8,16 ADD4, 8, 16 ADSU4, 8, 16
AND2-9 AND12, 16 BRLSHFT4, 8
BSCAN_VIRTEX2 BUF BUFCF
BUFE, 4, 8, 16 BUFG BUFGCE
BUFGCE_1 BUFGDLL BUFGMUX
BUFGMUX_1 BUFGP BUFT, 4, 8, 16

CAPTURE_VIRTEX2

CB2CE, CB4CE, CB8CE, CB16CE

CB2CLE, CB4CLE, CB8CLE, CB16CLE

CB2CLED, CB4CLED, CB8CLED,
CB16CLED

CB2RE, CB4RE, CB8RE, CB16RE

CCB8CE, CC16CE

CCB8CLE, CC16CLE

CCB8CLED, CC16CLED

CC8RE, CC16RE

CDA4CE CDACLE CD4RE

CD4RLE CJ4CE, CJ5CE, CI8CE CJ4RE, CJ5RE, CIB8RE
COMP2, 4, 8, 16 COMPM2, 4, 8, 16 COMPMCS, 16
CR8CE, CR16CE D2_4E D3_8E

D4_16E DCM DEC_CC4, 8, 16
DECODE4, 8, 16 DECODES32, 64 FD

FD_1 FDACE, FD8CE, FD16CE FD4RE, FD8RE, FD16RE
FDC FDC_1 FDCE

FDCE_1 FDCP FDCP_1

FDCPE FDCPE_1 FDDRCPE
FDDRRSE FDE FDE_1

FDP FDP_1 FDPE

FDPE_1 FDR FDR_1

FDRE FDRE_1 FDRS

FDRS_1 FDRSE FDRSE_1

FDS FDS_1 FDSE

FDSE_1 FIKC FIKCE

FIKP FIKPE FIKRSE

FIKSRE FMAP FTC

FTCE FTCLE FTCLEX

FTP FTPE FTPLE

FTRSE FTRSLE FTSRE

FTSRLE GND GT_AURORA _n (Virtex-1l Pro only)

GT_CUSTOM (Virtex-11 Pro only)

GT_ETHERNET _n (Virtex-11 Pro only)

GT_FIBRE_CHAN_n (Virtex-11 Pro only)

GT_INFINIBAND_n (Virtex-11 Pro only)

GT_XAUI_n (Virtex-1l Pro only)

GT10_AURORA_n (Virtex-11 Pro X only)

GT10_AURORAX_n (Virtex-11 Pro X
only)

GT10_CUSTOM (Virtex-I1 Pro X only)

GT10_INFINIBAND_n (Virtex-11 Pro X
only)
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GT10_XAUI_n (Virtex-11 Pro X only)

GT10_10GE_n (Virtex-11 Pro X only)

GT10_10GFC_n (Virtex-11 Pro X only)

GT10_0OC48_n (Virtex-Il Pro X only)

GT10_0OC192_n (Virtex-1l Pro X only)

IBUF, 4, 8, 16

IBUF_selectlO

IBUFDS

IBUFG, IBUFG_selectlO

IBUFGDS IBUFGDS_DIFF_OUT ICAP_VIRTEX2

IFD, 4, 8, 16 IFD_1 IFDDRCPE

IFDDRRSE IFDI IFDI_1

IFDX, 4, 8, 16 IFDX_1 IFDXI

IFDXI_1 ILD, 4, 8, 16 ILD_1

ILDI ILDI_1 ILDX, 4, 8, 16

ILDX_1 ILDXI ILDXI_1

INV, 4,8, 16 IOBUF, IOBUF_selectlO IOBUFDS

IOPAD, 4, 8, 16 IPAD, 4, 8, 16 JTAGPPC (Virtex-Il Pro only)
KEEPER LD LD 1

LD4, 8, 16 LDC LDC_ 1

LDCE LDCE_1 LDACE, LD8CE, LD16CE
LDCP LDCP_1 LDCPE

LDCPE_1 LDE LDE_1

LDP LDP_1 LDPE

LDPE_1 LUTYL 2,3, 4 LUT1 D, LUT2_D, LUT3_D, LUT4 D
LUTL L, LUT2 L, LUT3 L, LUT4 L M2_1 M2_1B1

M2_1B2 M2_1E M4 _1E

M8_1E M16_1E MULT_AND

MULT18X18 MULT18X18S MUXCY

MUXCY_D MUXCY_L MUXF5

MUXF5_D MUXF5_L MUXF6

MUXF6_D MUXF6_L MUXF7

MUXF7_D MUXF7_L MUXF8

NAND2-9 NAND12, 16

NOR2-9 NOR12, 16 OBUF, 4, 8, 16
OBUF_selectlO OBUFDS OBUFE, 4, 8, 16

OBUFT, 4, 8, 16 OBUFT _selectlO OBUFTDS

OFD, 4, 8, 16 OFD_1 OFDDRCPE

OFDDRRSE OFDDRTCPE OFDDRTRSE

OFDE, 4, 8, 16 OFDE_1 OFDI

OFDI_1 OFDT, 4, 8, 16 OFDT_1

OFDX, 4, 8, 16 OFDX_1 OFDXI

OFDXI_1 OPAD, 4, 8, 16 OR2-9

OR12, 16 ORCY PPCA405 (Virtex-11 Pro only)
PULLDOWN PULLUP RAM16X1D

RAM16X1D_1 RAM16X1S RAM16X1S 1
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RAM16X2D RAM16X2S RAM16X4D
RAM16X4S RAM16X8D RAM16X8S
RAM32X1D RAM32X1D_1 RAM32X1S
RAM32X1S_1 RAM32X2S RAM32X4S
RAM32X8S RAM64X1D RAM64X1D_1
RAM64X1S RAM64X1S_1 RAM64X2S
RAM128X1S RAM128X1S_1 RAMB16_Sn
RAMB16_Sm_Sn ROC ROCBUF
ROM16X1 ROM32X1 ROM64X1
ROM128X1 ROM256X1 SOP3-4

SR4CE, SR8CE, SR16CE

SRACLE, SR8CLE, SR16CLE

SR4ACLED, SR8CLED, SR16CLED

SR4RE, SR8RE, SR16RE

SR4RLE, SR8RLE, SR16RLE

SR4RLED, SR8RLED, SR16RLED

SRL16

SRL16_1

SRL16E

SRL16E_1 SRLC16 SRLC16_1
SRLC16E SRLCI16E_1 STARTBUF _architecture
STARTUP_VIRTEX2 TOC TOCBUF

UPAD vCC XNOR2-9

XOR2-9 XORCY XORCY_D

XORCY_L
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XC9500/XV/XL
The table below indicates the supported design elements for XC95000/XV/XL. For a
complete description, see the Product Data Sheets (http://www.xilinx.com/partinfo/
databook.htm#cpld).
XC9500/XVIXL Design Elements

ACC1 ACC4, 8,16 ADD1

ADD4, 8, 16 ADSU1 ADSU4, 8, 16

AND2-9 BRLSHFT4, 8 BUF

BUF4, 8, 16 BUFE, 4, 8, 16 BUFG

BUFGSR BUFGTS BUFT, 4, 8, 16

CB2CE, CB4CE, CB8CE, CB16CE

CB2CLE, CB4CLE, CB8CLE, CB16CLE

CB2CLED, CB4CLED, CB8CLED,
CB16CLED

CB2RE, CB4RE, CB8RE, CB16RE

CB2RLE, CB4RLE, CB8RLE, CB16RLE

CB2X1, CB4X1, CB8X1, CB16X1

CB2X2, CB4X2, CB8X2, CB16X2

CDA4CE

CDA4CLE

CD4RE CD4RLE CJACE, CI5CE, CJ8CE
CJ4RE, CJ5RE, CJSRE COMP2, 4, 8, 16 COMPM2, 4, 8, 16
CRS8CE, CR16CE D2_4E D3 8E

D4_16E FD FD4, 8, 16
FDACE, FDSCE, FD16CE FD4RE, FDSRE, FD16RE FDC

FDCE FDCP FDCPE

FDP FDPE FDR

FDRE FDRS FDRSE

FDS FDSE FDSR

FDSRE FIKC FIKCE

FIKCP FIKCPE FIKP

FIKPE FIKRSE FIKSRE

FTC FTCE FTCLE

FTCP FTCPE FTCPLE
FTDCP FTP FTPE

FTPLE FTRSE FTRSLE
FTSRE FTSRLE GND

IBUF, 4, 8, 16 INV, 4, 8, 16 IOPAD, 4, 8, 16
IPAD, 4, 8, 16 LD LD4, 8, 16
LDC LDCP LDP

M2_1 M2_1B1 M2_1B2
M2_1E M4_1E M8_1E
M16_1E NAND2-9 NOR2-9
OBUF, 4, 8, 16 OBUFE, 4, 8, 16 OBUFT, 4, 8, 16
OPAD, 4, 8, 16 OR2-9 SOP3-4

SR4CE, SR8CE, SR16CE

SR4CLE, SR8CLE, SR16CLE

SR4CLED, SR8CLED, SR16CLED

SR4RE, SR8RE, SR16RE

SR4RLE, SR8RLE, SR16RLE

SR4RLED, SR8RLED, SR16RLED

VCC

XNOR2-9

XOR2-9
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CoolRunner XPLA3

The table below indicates the supported design elements for CoolRunner XPLA3. For
a complete description, see the Product Data Sheets (http://www.xilinx.com/
partinfo/databook.htm#coolrunner).

CoolRunner XPLA3 Design Elements

ACC1 ACC4, 8,16 ADD1

ADDA4, 8, 16 ADSU1 ADSU4, 8, 16

AND2-9 BRLSHFT4, 8 BUF

BUF4, 8, 16 BUFE, 4, 8, 16 BUFG

BUFT, 4, 8, 16 CB2CE, CB4CE, CB8CE, CB16CE CB2CLE, CB4CLE, CB8CLE, CB16CLE

CB2CLED, CB4CLED, CB8CLED,
CB16CLED

CB2RE, CB4RE, CB8RE, CB16RE

CB2RLE, CB4RLE, CB8RLE, CB16RLE

CB2X1, CB4X1, CB8X1, CB16X1 CB2X2, CB4X2, CB8X2, CB16X2 CDACE
CDACLE CD4RE CD4RLE
CJACE, CI5CE, CI8CE CJ4RE, CJ5RE, CJ8RE COMP2, 4, 8, 16
COMPM2, 4, 8, 16 CRSCE, CR16CE D2_4E

D3 8E D4_16E FD

FD4, 8, 16 FD4CE, FDSCE, FD16CE FD4RE, FDSRE, FD16RE
FDC FDCE FDCP

FDCPE FDP FDPE

FDR FDRE FDRS

FDRSE FDS FDSE

FDSR FDSRE FIKC

FIKCE FIKCP FIKCPE

FIKP FIKPE FIKRSE
FIKSRE FTC FTCE

FTCLE FTCP FTCPE

FTCPLE FTDCP FTP

FTPE FTPLE FTRSE

FTRSLE FTSRE FTSRLE

GND IBUF, 4, 8, 16 INV, 4, 8, 16
IOPAD, 4, 8, 16 IPAD, 4, 8, 16 LD

LD4, 8, 16 LDC LDCP

LDP M2_1 M2_1B1
M2_1B2 M2_1E M4_1E

M8_1E M16_1E NAND2-9
NOR?2-9 OBUF 4, 8, 16 OBUFE, 4, 8, 16
OBUFT, 4, 8, 16 OPAD, 4, 8, 16 OR2-9

SOP3-4 SRACE, SR8CE, SR16CE SRACLE, SR8CLE, SR16CLE

SR4CLED, SR8CLED, SR16CLED

SR4RE, SR8RE, SR16RE

SR4RLE, SR8RLE, SR16RLE

SR4RLED, SR8RLED, SR16RLED

VCC

XNOR2-9

XOR2-9
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CoolRunner-Il
The table below indicates the supported design elements for CoolRunner-I11. For a
complete description of CoolRunner-11, see the Product Data Sheets (http://
www.xilinx.com/partinfo/databook.htm#cooltwo).
CoolRunner-Il Design Elements

ACC1 ACC4, 8,16 ADD1

ADD4, 8, 16 ADSU1 ADSU4, 8, 16

AND2-9 BRLSHFT4, 8 BUF

BUF4, 8, 16 BUFG BUFGSR

BUFGTS CB2CE, CB4CE, CB8CE, CB16CE CB2CLE, CB4CLE, CB8CLE, CB16CLE

CB2CLED, CB4CLED, CB8CLED,
CB16CLED

CB2RE, CB4RE, CB8RE, CB16RE

CB2RLE, CB4RLE, CB8RLE, CB16RLE

CB2X1, CB4X1, CB8X1, CB16X1

CB2X2, CB4X2, CB8X2, CB16X2

CBD2CE, CBD4CE, CBDSCE, CBD16CE

CBD2CLE, CBD4CLE, CBD8CLE,
CBD16CLE

CBD2CLED, CBD4CLED, CBD8CLED,
CBD16CLED

CBD2RE, CBD4RE, CBDSRE, CBD16RE

CBD2RLE, CBD4RLE, CBDSRLE,
CBD16RLE

CBD2X1, CBD4X1, CBD8X1, CBD16X1

CBD2X2, CBD4X2, CBD8X2, CBD16X2

CD4CE CD4CLE CD4RE
CD4RLE CDD4CE CDDA4CLE
CDD4RE CDD4RLE CJ4CE, CJ5CE, CJ8CE

CJARE, CJ5RE, CJ8RE

CJDACE, CJD5CE, CJD8CE

CJD4RE, CJD5RE, CIDSRE

CLK_DIV2,4,6,8,10,12,14,16

CLK_DIV2,4,6,8,10,12,14,16R

CLK_DIV2,4,6,8,10,12,14,16RSD

CLK_DIV2,4,6,8,10,12,14,16SD COMP?2, 4, 8, 16 COMPMS2, 4, 8, 16
CRSCE, CR16CE CRDSCE, CRD16CE D2_4E
D3_8E D4_16E FD

FD4, 8, 16 FD4CE, FD8CE, FD16CE FD4RE, FD8RE, FD16RE
FDC FDCE FDCP
FDCPE FDD FDD4,8,16
FDDA4CE, FDDSCE, FDD16CE FDD4RE, FDD8RE, FDD16RE FDDC
FDDCE FDDCP FDDCPE
FDDP FDDPE FDDR
FDDRE FDDRS FDDRSE
FDDS FDDSE FDDSR
FDDSRE FDP FDPE
FDR FDRE FDRS
FDRSE FDS FDSE
FDSR FDSRE FIKC
FIKCE FIKCP FIKCPE
FIKP FIKPE FIKRSE
FIKSRE FTC FTCE
FTCLE FTCP FTCPE
FTCPLE FTDCE FTDCLE
FTDCLEX FTDCP FTDRSE

Libraries Guide
ISE 6.li

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

55


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

SUXILINX®

CoolRunner-Il Design Elements

FTDRSLE FTP FTPE
FTPLE FTRSE FTRSLE

FTSRE FTSRLE GND

IBUF, 4, 8, 16 INV, 4, 8, 16 IOPAD, 4, 8, 16

IPAD, 4, 8, 16 KEEPER LD

LD4, 8, 16 LDC LDCP

LDG LDG4, 8, 16 LDP

M2_1 M2_1B1 M2_1B2

M2_1E M4_1E M8_1E

M16_1E NAND2-9 NOR2-9

OBUF, 4, 8, 16 OBUFE, 4, 8, 16 OBUFT, 4, 8, 16

OPAD, 4, 8, 16 OR2-9 PULLDOWN

PULLUP SOP3-4 SRACE, SR8CE, SR16CE

SR4CLE, SR8CLE, SR16CLE

SR4CLED, SR8CLED, SR16CLED

SR4RE, SR8RE, SR16RE

SR4RLE, SR8RLE, SR16RLE

SR4RLED, SR8RLED, SR16RLED

SRDA4CE, SRDSCE, SRD16CE

SRDA4CLE, SRD8CLE, SRD16CLE

SRD4CLED, SRD8CLED, SRD16CLED

SRD4RE, SRDSRE, SRD16RE

SRD4RLE, SRD8RLE, SRD16RLE

SRD4RLED, SRDSRLED, SRD16RLED

VCC

XNOR2-9

XOR2-9
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Functional Categories

Arithmetic Functions
Buffers

Comparators
Counters

Decoders

Edge Decoders

This section categorizes, by function, the logic elements that are described in detail in
the “Design Elements” sections. Each category is briefly described. Tables under each
category identify all the available elements for the function and indicate which
architectures are supported by each.

Flip-Flops Logic Primitives
General Map Elements
Input Latches Memory Elements
Input/Output Flip-Flops Multiplexers
Input/Output Functions Shifters

Latches Shift Registers

Elements are listed in alphanumeric order under each category.

See the Xilinx Unified Libraries chapter for information on the specific device families
that use each library. "No" column means that the element does not apply.

The Xilinx libraries contain three types of elements.
»  Primitives are basic logical elements such as AND2 and OR2 gates.

» Soft macros are schematics made by combining primitives and sometimes other
soft macros.

» Relationally placed macros (RPMs) are soft macros that contain relative location
constraint (RLOC) information, carry logic symbols, and FMAP symbols, where
appropriate.

The last item mentioned above, RPMs, applies only to FPGA families.

The relationally placed macro (RPM) library uses RLOC constraints to define the
order and structure of the underlying design primitives. Because these macros are
built upon standard schematic parts, they do not have to be translated before
simulation. The components that are implemented as RPMs are listed in the “Slice
Count” section.

Designs created with RPMs can be functionally simulated. RPMs can, but need not,
include all the following elements.

*  FMAPs and CLB-grouping attributes to control mapping. FMAPs have pin-lock
attributes, which allow better control over routing.

» Relative location (RLOC) constraints to provide placement structure. They allow
positioning of elements relative to each other.

e Carry logic primitive symbols.
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Functional Categories

The RPM library offers the functionality and precision of the hard macro library with
added flexibility. You can optimize RPMs and merge other logic within them. The
elements in the RPM library allow you to access carry logic easily and to control
mapping and block placement. Because RPMs are a superset of ordinary macros, you
can design them in the normal design entry environment. They can include any
primitive logic. The macro logic is fully visible to you and can be easily back-
annotated with timing information.
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Arithmetic Functions

There are three types of arithmetic functions: accumulators (ACC), adders (ADD), and
adder/subtracters (ADSU). With an ADSU, 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.

Overflow

Carry-Out

X4720

ADSU Carry-Out and Overflow Boundaries

Design o Spartan-ll, | Spartan- X Virtex I, XC9500/XV/
Description Virtex, E CR XPLA3 CR-ll
Element IE 3 Pro, Pro X XL

ACC1 1-Bit Loadable Cascadable No No No No Macro Macro Macro
Accumulator with Carry-In, Carry-
Out, and Synchronous Reset

ACC4 4-Bit Loadable Cascadable Macro Macro Macro Macro Macro Macro Macro
Accumulator with Carry-In, Carry-
Out, and Synchronous Reset

ACC8 8-Bit Loadable Cascadable Macro Macro Macro Macro Macro Macro Macro
Accumulator with Carry-In, Carry-
Out, and Synchronous Reset

ACC16 16-Bit Loadable Cascadable Macro Macro Macro Macro Macro Macro Macro
Accumulator with Carry-In, Carry-
Out, and Synchronous Reset

ADD1 1-Bit Full Adder with Carry-In and No No No No Macro Macro Macro
Carry-Out

ADD4 4-Bit Cascadable Full Adder with Macro Macro Macro Macro Macro Macro Macro
Carry-In, Carry-Out, and Overflow

ADD8 8-Bit Cascadable Full Adder with Macro Macro Macro Macro Macro Macro Macro
Carry-In, Carry-Out, and Overflow

ADD16 16-Bit Cascadable Full Adder with Macro Macro Macro Macro Macro Macro Macro
Carry-In, Carry-Out, and Overflow

ADSU1 1-Bit Cascadable Adder/Subtracter No No No No Macro Macro Macro
with Carry-In, Carry-Out

ADSU4 4-Bit Cascadable Adder/Subtracter Macro Macro Macro Macro Macro Macro Macro
with Carry-In, Carry-Out, and
Overflow

ADSU8 8-Bit Cascadable Adder/Subtracter Macro Macro Macro Macro Macro Macro Macro
with Carry-In, Carry-Out, and
Overflow
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Design L Spartan-Il, | Spartan- X Virtex I, XC9500/XV/
Description Virtex, E CR XPLA3 CR-II
Element IIE 3 Pro, Pro X XL
ADSU16 16-Bit Cascadable Adder/Subtracter Macro Macro Macro Macro Macro Macro Macro
with Carry-In, Carry-Out, and
Overflow
MULT18X18 18 x 18 Signed Multiplier No Primitive | No Primitive No No No
MULT18X18S | 18 x 18 Signed Multiplier -- Registered | No Primitive | No Primitive No No No
\ersion
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The buffers in this section route high fanout signals, 3-state signals, and clocks inside
a PLD device. The “Input/Output Functions” section covers off-chip interfaces.
Design o Spartan-Il, | Spartan- X Virtex Il, XC9500
Description Virtex, E CR XPLA3 CR-lI
Element IIE 3 Pro, Pro X IXVIXL
BUF General Purpose Buffer Primitive Primitive | Primitive Primitive Primitive Primitive Primitive
BUF4 4-Bit General Purpose No No No No Macro Macro Macro
Buffer
BUF8 8-Bit General Purpose No No No No Macro Macro Macro
Buffer
BUF16 16-Bit General Purpose No No No No Macro Macro Macro
Buffer
BUFCF Fast Connect Buffer Primitive Primitive | Primitive Primitive No No No
BUFE Internal 3-State Buffer Primitive No Primitive Primitive Primitive? No No
with Active High Enable.
BUFE4 Internal 3-State Buffer Macro No Macro Macro Macro® No No
with Active High Enable.
BUFE8 Internal 3-State Buffer Macro No Macro Macro Macro® No No
with Active High Enable.
BUFE16 Internal 3-State Buffer Macro No Macro Macro Macrod No No
with Active High Enable.
BUFG Global Clock Buffer Primitive Primitive | Primitive Primitive Primitive Primitive Primitive
BUFGCE Global Clock MUX with No Primitive | No Primitive No No No
Clock Enable and Output
State 0
BUFGCE_1 Global Clock MUX Buffer | No Primitive | No Primitive No No No
with Clock Enable and
Output State 1
BUFGDLL Clock Delay Locked Loop | Primitive Primitive | Primitive Primitive No No No
Buffer
BUFGMUX Global Clock MUX Buffer | No Primitive | No Primitive No No No
with Output State 0
BUFGMUX_1 Global Clock MUX with No Primitive | No Primitive No No No
Output State 1
BUFGP Primary Global Buffer for | Primitive Primitive | Primitive Primitive No No No
Driving Clocks or
Longlines (Four per PLD
Device)
BUFGSR Global Set/Reset Input No No No No Primitive Primitive Primitive
Buffer
BUFGTS Global 3-State Input No No No No Primitive Primitive Primitive
Buffer
BUFT Internal 3-State Buffer Primitive No Primitive Primitive Primitive® No No
with Active-Low Enable.
BUFT4 Internal 3-State Buffer Macro No Macro Macro Macrof No No
with Active-Low Enable.
BUFT8 Internal 3-State Buffer Macro No Macro Macro Macro9 No No
with Active-Low Enable.
BUFT16 Internal 3-State Buffer Macro No Macro Macro Macro” No No
with Active-Low Enable.

a.Not supported for XC9500XL and XC9500XV devices.
b.Not supported for XC9500XL and XC9500XV devices.
c.Not supported for XC9500XL and XC9500XV devices.
d.Not supported for XC9500XL and XC9500XV devices.
e.Not supported for XC9500XL and XC9500XV devices.
f.Not supported for XC9500XL and XC9500XV devices.
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g.Not supported for XC9500XL and XC9500XV devices.
h.Not supported for XC9500XL and XC9500XV devices.
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Comparators

Following is a list of comparators.

Design o Spartan-II, X Virtex Il, XC9500/XV/

Element Description IE Spartan-3 Virtex, E Pro, Pro X XL CR XPLA3 CR-lI
COMP2 2-Bit Identity Comparator Macro Macro Macro Macro Macro Macro Macro
COMP4 4-Bit Identity Comparator Macro Macro Macro Macro Macro Macro Macro
COMP8 8-Bit Identity Comparator Macro Macro Macro Macro Macro Macrob Macro
COMP16 16-Bit Identity Comparator Macro Macro Macro Macro Macro Macro Macro
COMPM2 2-Bit Magnitude Comparator | Macro Macro Macro Macro Macro Macro Macro
COMPM4 4-Bit Magnitude Comparator | Macro Macro Macro Macro Macro Macro Macro
COMPM8 8-Bit Magnitude Comparator | Macro Macro Macro Macro Macro Macro Macro
COMPM16 16-Bit Magnitude Comparator | Macro Macro Macro Macro Macro Macro Macro
COMPMC8 | 8-Bit Magnitude Comparator | Macro Macro Macro Macro No No No
COMPMC16 | 16-Bit Magnitude Comparator | Macro Macro Macro Macro No No No
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Counters

There are six types of counters with various synchronous and asynchronous inputs.
The name of the counter defines the modulo or bit size, the counter type, and which
control functions are included. The counter naming convention is shown in the
following figure.

@)
o
=
1o

Counter

|

Binary (B)
BCD (D)
Binary, Carry Logic (C)
Johnson (J)

Ripple (R)

Modulo (Bit Size)

Synchronous Reset (R)
Asynchronous Clear (C)

Loadable

Clock Enable

Directional

Xa577

Counter Naming Convention

A carry-lookahead design accommodates large counters without extra gating. On TTL
7400-type counters with trickle clock enable (ENT), parallel clock enable (ENP), and
ripple carry-out (RCO), both the ENT and ENP inputs must be High to count. ENT is
propagated forward to enable RCO, which produces a High output with the
approximate duration of the QA output. The following figure illustrates a carry-
lookahead design.

RCO
ENP
ENT

ENP
ENT

4<
H
g

ENP

ENT

c
RCO
ENP

cE ENT

X4719

Carry-Lookahead Design
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The RCO output of the first stage of the ripple carry is connected to the ENP input of
the second stage and all subsequent stages. The RCO output of the second stage and
all subsequent stages is connected to the ENT input of the next stage. The ENT of the
second stage is always enabled/tied to VCC. CE is always connected to the ENT input
of the first stage. This cascading method allows the first stage of the ripple carry to be
built as a prescaler. In other words, the first stage is built to count very fast.

Note: For counters, do not use TC (or any other gated signal) as a clock. Possible glitches
may not always allow for a proper setup time when using gated signals.

Design Element

L Spartan-Il, X Virtex I, XC9500/XV/
Description Spartan-3 Virtex, E CR XPLA3 CR-II
IIE Pro, Pro X XL

CB2CE

2-Bit Cascadable Binary Counter | Macro Macro Macro Macro Macro Macro Macro
with Clock Enable and
Asynchronous Clear

CB4CE

4-Bit Cascadable Binary Counter | Macro Macro Macro Macro Macro Macro Macro
with Clock Enable and
Asynchronous Clear

CB8CE

8-Bit Cascadable Binary Counter | Macro Macro Macro Macro Macro Macro Macro
with Clock Enable and
Asynchronous Clear

CB16CE

16-Bit Cascadable Binary Counter | Macro Macro Macro Macro Macro Macro Macro
with Clock Enable and
Asynchronous Clear

CB2CLE

2-Bit Loadable Cascadable Binary | No No No No Macro Macro Macro
Counters with Clock Enable and
Asynchronous Clear

CB4CLE

4-Bit Loadable Cascadable Binary | No No No No Macro Macro Macro
Counters with Clock Enable and
Asynchronous Clear

CB8CLE

8-Bit Loadable Cascadable Binary | No No No No Macro Macro Macro
Counters with Clock Enable and
Asynchronous Clear

CB16CLE

16-Bit Loadable Cascadable No No No No Macro Macro Macro
Binary Counters with Clock
Enable and Asynchronous Clear

CB2CLED

2-, 4-, 8-, 16-Bit Loadable No No No No Macro Macro Macro
Cascadable Bidirectional Binary
Counters with Clock Enable and
Asynchronous Clear

CB4CLED

2-, 4-, 8-, 16-Bit Loadable No No No No Macro Macro Macro
Cascadable Bidirectional Binary
Counters with Clock Enable and
Asynchronous Clear

CB8CLED

2-, 4-, 8-, 16-Bit Loadable No No No No Macro Macro Macro
Cascadable Bidirectional Binary
Counters with Clock Enable and
Asynchronous Clear

CB16CLED

2-, 4-, 8-, 16-Bit Loadable No No No No Macro Macro Macro
Cascadable Bidirectional Binary
Counters with Clock Enable and
Asynchronous Clear

CB2RE

2-Bit Cascadable Binary Counter | Macro Macro Macro Macro Macro Macro Macro
with Clock Enable and
Synchronous Reset

CB4RE

4-Bit Cascadable Binary Counter | Macro Macro Macro Macro Macro Macro Macro
with Clock Enable and
Synchronous Reset

CB8RE

8-Bit Cascadable Binary Counter | Macro Macro Macro Macro Macro Macro Macro
with Clock Enable and
Synchronous Reset

CB16RE

16-Bit Cascadable Binary Counter | Macro Macro Macro Macro Macro Macro Macro
with Clock Enable and
Synchronous Reset
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Design Element

Description

Spartan-Il,

lIE

Spartan-3 Virtex, E

Virtex I,
Pro, Pro X

XC9500/XV/
XL

CR XPLA3 CR-ll

CB2RLE

2-Bit Loadable Cascadable Binary
Counter with Clock Enable and
Synchronous Reset

No

No No

Macro

Macro

Macro Macro

CB4RLE

4-Bit Loadable Cascadable Binary
Counter with Clock Enable and
Synchronous Reset

Macro

Macro

Macro Macro

CB8RLE

8-Bit Loadable Cascadable Binary
Counter with Clock Enable and
Synchronous Reset

Macro

Macro

Macro Macro

CB16RLE

16-Bit Loadable Cascadable
Binary Counter with Clock
Enable and Synchronous Reset

Macro

Macro

Macro Macro

CB2X1

2-Bit Loadable Cascadable
Bidirectional Binary Counter with
Clock Enable and Asyn-chronous
Clear

No

No No

Macro

Macro

Macro Macro

CB4X1

4-Bit Loadable Cascadable
Bidirectional Binary Counter with
Clock Enable and Asyn-chronous
Clear

Macro

Macro

Macro Macro

CB8X1

8-Bit Loadable Cascadable
Bidirectional Binary Counter with
Clock Enable and Asyn-chronous
Clear

No

No No

Macro

Macro

Macro Macro

CB16X1

16-Bit Loadable Cascadable
Bidirectional Binary Counter with
Clock Enable and Asyn-chronous
Clear

Macro

Macro

Macro Macro

CB2X2

2-Bit Loadable Cascadable
Bidirectional Binary Counter with
Clock Enable and Synchro-nous
Reset

Macro

Macro

Macro Macro

CB4X2

4-Bit Loadable Cascadable
Bidirectional Binary Counter with
Clock Enable and Synchro-nous
Reset

No

No No

Macro

Macro

Macro Macro

CB8X2

8-Bit Loadable Cascadable
Bidirectional Binary Counter with
Clock Enable and Synchro-nous
Reset

Macro

Macro

Macro Macro

CB16X2

16-Bit Loadable Cascadable
Bidirectional Binary Counter with
Clock Enable and Synchro-nous
Reset

Macro

Macro

Macro Macro

CBD2CE

2-Bit Cascadable Dual Edge
Triggered Binary Counter with
Clock Enable and Asynchronous
Clear

No

No Macro

CBD4CE

4-Bit Cascadable Dual Edge
Triggered Binary Counter with
Clock Enable and Asynchronous
Clear

No Macro

CBDS8CE

8-Bit Cascadable Dual Edge
Triggered Binary Counter with
Clock Enable and Asynchronous
Clear

No

No No

No

No

No Macro

CBD16CE

16-Bit Cascadable Dual Edge
Triggered Binary Counter with
Clock Enable and Asynchronous
Clear

No Macro

CBD2CLE

2-Bit Loadable Cascadable Dual
Edge Triggered Binary Counter
with Clock Enable and
Asynchronous Clear

No

No Macro
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Design Element

Description

Spartan-Il,

lIE

Spartan-3

Virtex, E

Virtex I,
Pro, Pro X

XC9500/XV/

XL

CR XPLA3

CR-ll

CBD4CLE

4-Bit Loadable Cascadable Dual
Edge Triggered Binary Counter
with Clock Enable and
Asynchronous Clear

No

No

No

No

No

No

Macro

CBDS8CLE

8-Bit Loadable Cascadable Dual
Edge Triggered Binary Counter
with Clock Enable and
Asynchronous Clear

Macro

CBD16CLE

16-Bit Loadable Cascadable Dual
Edge Triggered Binary Counter
with Clock Enable and
Asynchronous Clear

Macro

CBD2CLED

2-Bit Loadable Cascadable
Bidirectional Dual Edge Triggered
Binary Counter with Clock
Enable and Asynchronous Clear

No

No

No

No

No

No

Macro

CBD4CLED

4-Bit Loadable Cascadable
Bidirectional Dual Edge Triggered
Binary Counter with Clock
Enable and Asynchronous Clear

Macro

CBD8CLED

8-Bit Loadable Cascadable
Bidirectional Dual Edge Triggered
Binary Counter with Clock
Enable and Asynchronous Clear

No

No

No

No

No

No

Macro

CBD16CLED

16-Bit Loadable Cascadable
Bidirectional Dual Edge Triggered
Binary Counter with Clock
Enable and Asynchronous Clear

Macro

CBD2RE

2-Bit Cascadable Dual Edge
Triggered Binary Counter with
Clock Enable and Synchronous
Reset

No

Macro

CBD4RE

4-Bit Cascadable Dual Edge
Triggered Binary Counter with
Clock Enable and Synchronous
Reset

No

No

No

No

No

No

Macro

CBDS8RE

8-Bit Cascadable Dual Edge
Triggered Binary Counter with
Clock Enable and Synchronous
Reset

Macro

CBD16RE

16-Bit Cascadable Dual Edge
Triggered Binary Counter with
Clock Enable and Synchronous
Reset

No

No

No

No

No

No

Macro

CBD2RLE

2-Bit Loadable Cascadable Dual
Edge Triggered Binary Counter
with Clock Enable and
Synchronous Reset

Macro

CBD4RLE

4-Bit Loadable Cascadable Dual
Edge Triggered Binary Counter
with Clock Enable and
Synchronous Reset

Macro

CBDS8RLE

8-Bit Loadable Cascadable Dual
Edge Triggered Binary Counter
with Clock Enable and
Synchronous Reset

No

No

No

No

No

No

Macro

CBDI16RLE

16-Bit Loadable Cascadable Dual
Edge Triggered Binary Counter
with Clock Enable and
Synchronous Reset

No

Macro

CBD2X1

2-Bit Loadable Cascadable
Bidirectional Dual Edge Triggered
Binary Counter with Clock
Enable and Asynchronous Clear

No

Macro
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Design Element

Description

Spartan-Il,
11

Spartan-3

Virtex, E

Virtex I,
Pro, Pro X

XC9500/XV/
XL

CR XPLA3 CR-ll

CBD4X1

4-Bit Loadable Cascadable
Bidirectional Dual Edge Triggered
Binary Counter with Clock
Enable and Asynchronous Clear

No

No

No

No

No

No Macro

CBD8X1

8-Bit Loadable Cascadable
Bidirectional Dual Edge Triggered
Binary Counter with Clock
Enable and Asynchronous Clear

No Macro

CBD16X1

16-Bit Loadable Cascadable
Bidirectional Dual Edge Triggered
Binary Counter with Clock
Enable and Asynchronous Clear

No Macro

CBD2X2

2-Bit Loadable Cascadable
Bidirectional Dual Edge Triggered
Binary Counter with Clock
Enable and Synchronous Reset

No

No

No

No

No

No Macro

CBD4X2

4-Bit Loadable Cascadable
Bidirectional Dual Edge Triggered
Binary Counter with Clock
Enable and Synchronous Reset

No Macro

CBD8X2

8-Bit Loadable Cascadable
Bidirectional Dual Edge Triggered
Binary Counter with Clock
Enable and Synchronous Reset

No

No

No

No

No

No Macro

CBD16X2

16-Bit Loadable Cascadable
Bidirectional Dual Edge Triggered
Binary Counter with Clock
Enable and Synchronous Reset

No Macro

CC8CE

8-Bit Cascadable Binary Counter
with Clock Enable and
Asynchronous Clear

Macro

Macro

Macro

Macro

CC16CE

16-Bit Cascadable Binary Counter
with Clock Enable and
Asynchronous Clear

Macro

Macro

Macro

Macro

No

No No

CC8CLE

8-Bit Loadable Cascadable Binary
Counter with Clock Enable and
Asynchronous Clear

Macro

Macro

Macro

Macro

CC16CLE

16-Bit Loadable Cascadable
Binary Counter with Clock
Enable and Asynchronous Clear

Macro

Macro

Macro

Macro

CC8CLED

8-Bit Loadable Cascadable
Bidirectional Binary Counter with
Clock Enable and Asynchronous
Clear

Macro

Macro

Macro

Macro

CC16CLED

16-Bit Loadable Cascadable
Bidirectional Binary Counter with
Clock Enable and Asynchronous
Clear

Macro

Macro

Macro

Macro

CC8RE

8-Bit Cascadable Binary Counter
with Clock Enable and
Synchronous Reset

Macro

Macro

Macro

Macro

CC16RE

16-Bit Cascadable Binary Counter
with Clock Enable and
Synchronous Reset

Macro

Macro

Macro

Macro

No

No No

CD4CE

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

Macro

Macro

Macro

Macro

Macro

Macro Macro

CDA4CLE

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

Macro

Macro

Macro

Macro

Macro

Macro Macro

CDDA4CE

4-Bit Cascadable Dual Edge
Triggered BCD Counter with
Clock Enable and Asynchronous
Clear

No Macro
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Design Element

Description

Spartan-Il,

lIE

Spartan-3

Virtex, E

Virtex I,
Pro, Pro X

XC9500/XV/
XL

CR XPLA3

CR-ll

CD4RE

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

Macro

Macro

Macro

Macro

Macro

Macro

Macro

CD4RLE

4-Bit Cascadable BCD Counter
with Clock Enable And
Synchronous Reset

Macro

Macro

Macro

Macro

Macro

Macro

Macro

CDDA4CLE

4-Bit Loadable Cascadable Dual
Edge Triggered BCD Counter
with Clock Enable and
Asynchronous Clear

Macro

CDDA4RE

4-Bit Cascadable Dual Edge
Triggered BCD Counter with
Clock Enable and Synchronous
Reset

No

No

No

No

No

No

Macro

CDDA4RLE

4-Bit Loadable Cascadable Dual
Edge Triggered BCD Counter
with Clock Enable and
Synchronous Reset

Macro

CD4RE

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

Macro

Macro

Macro

Macro

Macro

Macro

Macro

CD4RLE

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

Macro

Macro

Macro

Macro

Macro

Macro

Macro

CJ4ACE

4-Bit Johnson Counter with Clock
Enable and Asynchronous Clear

Macro

Macro

Macro

Macro

Macro

Macro

Macro

CJ5CE

5-Bit Johnson Counter with Clock
Enable and Asynchronous Clear

Macro

Macro

Macro

Macro

Macro

Macro

Macro

CI8CE

8-Bit Johnson Counter with Clock
Enable and Asynchronous Clear

Macro

Macro

Macro

Macro

Macro

Macro

Macro

CIDACE

4-Bit Dual Edge Triggered
Johnson Counter with Clock
Enable and Asynchronous Clear

Macro

CID5CE

5-Bit Dual Edge Triggered
Johnson Counter with Clock
Enable and Asynchronous Clear

No

No

No

No

No

No

Macro

CJD8CE

8-Bit Dual Edge Triggered
Johnson Counter with Clock
Enable and Asynchronous Clear

Macro

CJD4RE

4-Bit Dual Edge Triggered
Johnson Counter with Clock
Enable and Synchronous Reset

Macro

CJD5RE

5-Bit Dual Edge Triggered
Johnson Counter with Clock
Enable and Synchronous Reset

No

No

No

No

No

No

Macro

CID8RE

8-Bit Dual Edge Triggered
Johnson Counter with Clock
Enable and Synchronous Reset

No

No

No

No

No

No

Macro

CJ4RE

4-Bit Johnson Counter with Clock
Enable and Synchronous Reset

Macro

Macro

Macro

Macro

Macro

Macro

Macro

CJ5RE

5-Bit Johnson Counter with Clock
Enable and Synchronous Reset

Macro

Macro

Macro

Macro

Macro

Macro

Macro

CI8RE

8-Bit Johnson Counter with Clock
Enable and Synchronous Reset

Macro

Macro

Macro

Macro

Macro

Macro

Macro

CR8CE

8-Bit Negative-Edge Binary
Ripple Counter with Clock
Enable and Asynchronous Clear

Macro

Macro

Macro

Macro

Macro

Macro

Macro

CR16CE

16-Bit Negative-Edge Binary
Ripple Counter with Clock
Enable and Asynchronous Clear

Macro

Macro

Macro

Macro

Macro

Macro

Macro

Libraries Guide
ISE 6.li

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

69


http://www.xilinx.com

::X"JNX® Functional Categories

. L Spartan-Il, X Virtex I, XC9500/XV/
Design Element Description Spartan-3 Virtex, E CR XPLA3 CR-II
IIE Pro, Pro X XL

CRD8CE 8-Bit Dual-Edge Triggered Binary | No No No No No No Macro
Ripple Counter with Clock
Enable and Asynchronous Clear

CRD16CE 16-Bit Dual-Edge Triggered No No No No No No Macro
Binary Ripple Counter with Clock
Enable and Asynchronous Clear
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Decoder names, shown in the following figure, indicate the number of inputs and
outputs and whether or not an enable is available. Decoders with an enable can be
used as multiplexers.
D2 4E
Decoder _-l-
Number of Inputs
Number of Outputs
Output Enable
X4619
Decoder Naming Convention
Design L Spartan-II, X Virtex Il, XC9500/XV/
Description Spartan-3 Virtex, E CR XPLA3 CR-Il
Element IE Pro, Pro X XL
D2_4E 2- to 4-Line Decoder/ Macro Macro Macro Macro Macro Macro Macro
Demultiplexer with Enable
D3_8E 3- to 8-Line Decoder/ Macro Macro Macro Macro Macro Macro Macro
Demultiplexer with Enable
D4_16E 4- to 16-Line Decoder/ Macro Macro Macro Macro Macro Macro Macro
Demultiplexer with Enable
DEC_CC4 4-Bit Active Low Decoder Macro Macro Macro Macro No No No
DEC_CC8 8-Bit Active Low Decoder Macro Macro Macro Macro No No No
DEC_CC16 16-Bit Active Low Decoder Macro Macro Macro Macro No No No
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Edge Decoders

Edge decoders are open-drain wired AND gates that are available in different bit

sizes.
Design o Spartan-Il, X Virtex Il, XC9500/XV/
Description Spartan-3 Virtex, E CR XPLA3 CR-II

Element IIE Pro, Pro X XL
DECODE4 4-Bit Active-Low Decoder Macro Macro Macro Macro No No No
DECODES 8-Bit Active-Low Decoder Macro Macro Macro Macro No No No
DECODE16 | 16-Bit Active-Low Decoder Macro Macro Macro Macro No No No
DECODE32 | 32-Bit Active-Low Decoder Macro Macro Macro Macro No No No
DECODE®64 | 64-Bit Active-Low Decoder Macro Macro Macro Macro No No No
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Flip-Flops

There are three types of flip-flops (D, J-K, toggle) with various synchronous and
asynchronous inputs. Some are available with inverted clock inputs and/or the ability
to set in response to global set/reset rather than reset. The naming convention shown
in the following figure provides a description for each flip-flop. D-type flip-flops are

available in multiples of up to 16 in one macro.

JK-Type (JK)
Toggle-Type (T)

FDPE_1

Flip-Flop Q
D-Type (D) 4-,

Asynchronous Preset (P)
Asynchronous Clear (C)

Synchronous Set (S)

Synchronous Reset (R)

Clock Enable

Inverted Clock

X4579
Design o Spartan-Il, X Virtex I, XC9500/XV/
Description Spartan-3 Virtex, E CR XPLA3 CR-II
Element [11= Pro, Pro X XL

FD D Flip-Flop Primitive Primitive Primitive Primitive Macro Macro Macro

FD_1 D Flip-Flop with Negative-Edge | Primitive Primitive Primitive Primitive No No No
Clock

FD4 Multiple D Flip-Flop No No No No Macro Macro Macro

FD8 Multiple D Flip-Flop No No No No Macro Macro Macro

FD16 Multiple D Flip-Flop No No No No Macro Macro Macro

FD4CE 4-Bit Data Register with Clock Macro Macro Macro Macro Macro Macro Macro
Enable and Asynchronous Clear

FD8CE 8-Bit Data Register with Clock Macro Macro Macro Macro Macro Macro Macro
Enable and Asynchronous Clear

FD16CE 16-Bit Data Register with Clock | Macro Macro Macro Macro Macro Macro Macro
Enable and Asynchronous Clear

FD4RE 4-Bit Data Register with Clock Macro Macro Macro Macro Macro Macro Macro
Enable and Synchronous Reset

FD8RE 8-Bit Data Register with Clock Macro Macro Macro Macro Macro Macro Macro
Enable and Synchronous Reset

FD16RE 16-Bit Data Register with Clock | Macro Macro Macro Macro Macro Macro Macro
Enable and Synchronous Reset

FDC D Flip-Flop with Asynchronous | Primitive Primitive Primitive Primitive Macro Macro Macro
Clear

FDC_1 D Flip-Flop with Negative-Edge | Primitive Primitive Primitive Primitive No No No
Clock and Asynchronous Clear

FDCE D Flip-Flop with Clock Enable Primitive Primitive Primitive Primitive Primitive Primitive Primitive
and Asynchronous Clear

FDCE_1 D Flip-Flop with Negative-Edge | Primitive Primitive Primitive Primitive No No No
Clock, Clock Enable, and
Asynchronous Clear

FDCP D Flip-Flop with Asynchronous | Primitive Primitive Primitive Primitive Primitive Primitive Primitive
Preset and Clear

FDCP_1 D Flip-Flop with Negative-Edge | Primitive Primitive Primitive Primitive No No No
Clock and Asynchronous Preset
and Clear
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Functional Categories

Design
Element

Description

Spartan-II,
11

Spartan-3

Virtex, E

Virtex I,
Pro, Pro X

XC9500/XV/

CR XPLA3 CR-ll

FDCPE

D Flip-Flop with Clock Enable
and Asynchronous Preset and
Clear

Primitive

Primitive

Primitive

Primitive

Macro

Macro Primitive

FDCPE_1

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

Primitive

Primitive

Primitive

Primitive

No

FDD

Dual Edge Triggered D Flip-Flop

No Macro

FDD4

Multiple Dual Edge Triggered D
Flip-Flop

No Macro

FDD8

Multiple Dual Edge Triggered D
Flip-Flop

No Macro

FDD16

Multiple Dual Edge Triggered D
Flip-Flop

No

No

No

No

No

No Macro

FDD4CE

4-Bit Dual Edge Triggered Data
Register with Clock Enable and
Asynchronous Clear

No

No

No

No

No

No Macro

FDDSCE

8-Bit Dual Edge Triggered Data
Register with Clock Enable and
Asynchronous Clear

No Macro

FDD16CE

16-Bit Dual Edge Triggered Data
Register with Clock Enable and
Asynchronous Clear

No Macro

FDD4RE

4-Bit Dual Edge Triggered Data
Register with Clock Enable and
Synchronous Reset

No

No

No

No

No

No Macro

FDDSRE

8-Bit Dual Edge Triggered Data
Register with Clock Enable and
Synchronous Reset

No Macro

FDD16RE

16-Bit Dual Edge Triggered Data
Register with Clock Enable and
Synchronous Reset

No Macro

FDDC

D Dual Edge Triggered Flip-Flop
with Asynchronous Clear

No Macro

FDDCE

Dual Edge Triggered D Flip-Flop
with Clock Enable and
Asynchronous Clear

No Primitive

FDDCP

Dual Edge Triggered D Flip-Flop
Asynchronous Preset and Clear

No Primitive

FDDCPE

Dual Edge Triggered D Flip-Flop
with Clock Enable and
Asynchronous Preset and Clear

No Primitive

FDDP

Dual Edge Triggered D Flip-Flop
with Asynchronous Preset

No Macro

FDDPE

Dual Edge Triggered D Flip-Flop
with Clock Enable and
Asynchronous Preset

No Primitive

FDDR

Dual Edge Triggered D Flip-Flop
with Synchronous Reset

No

No

No

No

No Macro

FDDRCPE

Dual Data Rate D Flip-Flop with
Clock Enable and Asynchronous
Preset and Clear

Primitive

No

Primitive

No

FDDRE

Dual Edge Triggered D Flip-Flop
with Clock Enable and
Synchronous Reset

No Macro

FDDRRSE

Dual Data Rate D Flip-Flop with
Clock Enable and Synchronous
Reset and Set

Primitive

No

Primitive

No

FDDRS

Dual Edge Triggered D Flip-Flop
with Synchronous Reset and Set

No

No

No

No

No

No Macro
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Design o Spartan-II, X Virtex I, XC9500/XV/
Description Spartan-3 Virtex, E CR XPLA3 CR-II
Element IIE Pro, Pro X XL

FDDRSE Dual Edge Triggered D Flip-Flop | No No No No No No Macro
with Synchronous Reset and Set
and Clock Enable

FDDS Dual Edge Triggered D Flip-Flop | No No No No No No Macro
with Synchronous Set

FDDSE D Flip-Flop with Clock Enable No No No No No No Macro
and Synchronous Set

FDDSR Dual Edge Triggered D Flip-Flop | No No No No No No Macro
with Synchronous Set and Reset

FDDSRE Dual Edge Triggered D Flip-Flop | No No No No No No Macro
with Synchronous Set and Reset
and Clock Enable

FDE D Flip-Flop with Clock Enable Primitive Primitive Primitive Primitive No No No

FDE_1 D Flip-Flop with Negative-Edge | Primitive Primitive Primitive Primitive No No No
Clock and Clock Enable

FDP D Flip-Flop with Asynchronous | Primitive Primitive Primitive Primitive Macro Macro Macro
Preset

FDP_1 D Flip-Flop with Negative-Edge | Primitive Primitive Primitive Primitive No No No
Clock and Asynchronous Preset

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

FDPE_1 D Flip-Flop with Negative-Edge | Primitive Primitive Primitive Primitive No No No
Clock, Clock Enable, and
Asynchronous Preset

FDR D Flip-Flop with Synchronous Primitive Primitive Primitive Primitive Macro Macro Macro
Reset

FDR_1 D Flip-Flop with Negative-Edge | Primitive Primitive Primitive Primitive No No No
Clock and Synchronous Reset

FDRE D Flip-Flop with Clock Enable Primitive Primitive Primitive Primitive Macro Macro Macro
and Synchronous Reset

FDRE_1 D Flip-Flop with Negative-Clock | Primitive Primitive Primitive Primitive No No No
Edge, Clock Enable, and
Synchronous Reset

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

FDRS_1 D Flip-Flop with Negative-Clock | Primitive Primitive Primitive Primitive No No No
Edge and Synchronous Reset and
Set

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

FDRSE_1 D Flip-Flop with Negative-Clock | Primitive Primitive Primitive Primitive No No No
Edge, Synchronous Reset and
Set, and Clock Enable

FDS D Flip-Flop with Synchronous Primitive Primitive Primitive Primitive Macro Macro Macro
Set

FDS_1 D Flip-Flop with Negative-Edge | Primitive Primitive Primitive Primitive No No No
Clock and Synchronous Set

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

FDSE_1 D Flip-Flop with Negative-Edge | Primitive Primitive Primitive No No No No
Clock, Clock Enable, and
Synchronous Set

FDSR D Flip-Flop with Synchronous No No No No Macro Macro Macro
Set and Reset

FDSRE D Flip-Flop with Synchronous No No No No Macro Macro Macro
Set and Reset and Clock Enable

FIKC J-K Flip-Flop with Asynchronous | Macro Macro Macro Macro Macro Macro Macro
Clear
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Functional Categories

Design
Element

Description

Spartan-II,
11

Spartan-3

Virtex, E

Virtex I,
Pro, Pro X

XC9500/XV/
XL

CR XPLA3 CR-ll

FIKCE

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

Macro

Macro

Macro

Macro

Macro

Macro Macro

FIKCP

J-K Flip-Flop with Asynchronous
Clear and Preset

No

No

No

No

Macro

Macro Macro

FIKCPE

J-K Flip-Flop with Asynchronous
Clear and Preset and Clock
Enable

No

No

No

No

Macro

Macro Macro

FIKP

J-K Flip-Flop with Asynchronous
Preset

Macro

Macro

Macro

Macro

Macro

Macro Macro

FIKPE

J-K Flip-Flop with Clock Enable
and Asynchronous Preset

Macro

Macro

Macro

Macro

Macro

Macro Macro

FIKRSE

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

Macro

Macro

Macro

Macro

Macro

Macro Macro

FIKSRE

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

Macro

Macro

Macro

Macro

Macro

Macro Macro

FTC

Toggle Flip-Flop with Toggle
Enable and Asynchronous Clear

Macro

Macro

Macro

Macro

Macro

Macro Macro

FTCE

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

Macro

Macro

Macro

Macro

Macro

Macro Macro

FTCLE

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

Macro

Macro

Macro

Macro

Macro

Macro Macro

FTCLEX

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

Macro

Macro

Macro

Macro

Macro

Macro Macro

FTCP

Toggle Flip-Flop with Toggle
Enable and Asynchronous Clear
and Preset

No

Primitive

Primitive Primitive

FTCPE

Toggle Flip-Flop with Toggle and
Clock Enable and Asynchronous
Clear and Preset

No

Macro

Macro Macro

FTCPLE

Loadable Toggle Flip-Flop with
Toggle and Clock Enable and
Asynchronous Clear and Preset

No

Macro

Macro Macro

FTDCE

Dual Edge Triggered Toggle Flip-
Flop with Toggle and Clock
Enable and Asynchronous Clear

No

No

No

No

No

No Macro

FTDCLE

Dual Edge Triggered Toggle/
Loadable Flip-Flop with Toggle
and Clock Enable and
Asynchronous Clear

No

No Macro

FTDCLEX

Dual Edge Triggered Toggle/
Loadable Flip-Flop with Toggle
and Clock Enable and
Asynchronous Clear

No

No Macro

FTDCP

Toggle Flip-Flop with Toggle
Enable and Asynchronous Clear
and Preset

No

No

No

No

Primitive

Primitive Primitive

FTDRSE

Dual Edge Triggered Toggle Flip-
Flop with Toggle and Clock
Enable and Synchronous Reset
and Set

No

No Macro

FTDRSLE

Dual Edge Triggered Toggle/
Loadable Flip-Flop with Toggle
and Clock Enable and
Synchronous Reset and Set

Macro

Macro

Macro

Macro

Macro

Macro Macro

FTP

Toggle Flip-Flop with Toggle
Enable and Asynchronous Preset

Macro

Macro

Macro

Macro

Macro

Macro Macro

FTPE

Toggle Flip-Flop with Toggle and
Clock Enable and Asynchronous
Preset

Macro

Macro

Macro

Macro

Macro

Macro Macro
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Design
Element

Description

Spartan-Il,
11

Spartan-3

Virtex, E

Virtex I,
Pro, Pro X

XC9500/XV/
XL

CR XPLA3

CR-ll

FTPLE

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

Macro

Macro

Macro

Macro

Macro

Macro

Macro

FTRSE

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

Macro

Macro

Macro

Macro

Macro

Macro

Macro

FTRSLE

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

Macro

Macro

Macro

Macro

Macro

Macro

Macro

FTSRE

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

Macro

Macro

Macro

Macro

Macro

Macro

Macro

FTSRLE

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

Macro

Macro

Macro

Macro

Macro

Macro

Macro
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Functional Categories

General

General elements include FPGA configuration functions, oscillators, boundary scan

logic, and other functions not classified in other sections.

. o Spartan-ll, | Spartan- X Virtex Il, XC9500/XV/
Design Element Description Virtex, E CR XPLA3 CR-Il
IIE 3 Pro, Pro X XL

BSCAN_SPARTAN2 | Spartan-1l Boundary Scan Primitive? No No No No No No
Logic Control Circuit.

BSCAN_SPARTANS3 | Spartan-3 Boundary Scan No Primitive | No No No No No
Logic Control Circuit

BSCAN_VIRTEX Virtex Boundary Scan Logic Primitive® No Primitive No No No No
Control Circuit.

BSCAN_VIRTEX2 Virtex2 Boundary Scan No No No Primitive No No No
Logic Control Circuit

CAPTURE_SPARTA | Spartan-11 Register State Primitive No No No No No No

N2 Capture for Bitstream
Readback

CAPTURE_SPARTA | Spartan-3 Register State No Primitive | No No No No No

N3 Capture for Bitstream
Readback

CAPTURE_VIRTEX | Virtex Register State No No Primitive No No No No
Capture for Bitstream
Readback

CAPTURE_VIRTEX2 | Virtex-1l Register State No No No Primitive No No No
Capture for Bitstream
Readback

CLK_DIV2 Global Clock Divider No No No No No No Primitive

CLK_DIV4 Global Clock Divider No No No No No No Primitive

CLK_DIV6 Global Clock Divider No No No No No No Primitive

CLK_DIV8 Global Clock Divider No No No No No No Primitive

CLK_DIV10 Global Clock Divider No No No No No No Primitive

CLK_DIV12 Global Clock Divider No No No No No No Primitive

CLK_DIV14 Global Clock Divider No No No No No No Primitive

CLK_DIV16 Global Clock Divider No No No No No No Primitive

CLK_DIV2R Global Clock Divider with No No No No No No Primitive
Synchronous Reset

CLK_DIV4R Global Clock Divider with No No No No No No Primitive
Synchronous Reset

CLK_DIV6R Global Clock Divider with No No No No No No Primitive
Synchronous Reset

CLK_DIV8R Global Clock Divider with No No No No No No Primitive
Synchronous Reset

CLK_DIV10R Global Clock Divider with No No No No No No Primitive
Synchronous Reset

CLK_DIV12R Global Clock Divider with No No No No No No Primitive
Synchronous Reset

CLK_DIV14R Global Clock Divider with No No No No No No Primitive
Synchronous Reset

CLK_DIV16R Global Clock Divider with No No No No No No Primitive
Synchronous Reset

CLK_DIV2RSD Global Clock Divider with No No No No No No Primitive
Synchronous Reset and Start
Delay

CLK_DIV4RSD Global Clock Divider with No No No No No No Primitive
Synchronous Reset and Start
Delay
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i L Spartan-Il, | Spartan- X Virtex I, XC9500/XV/
Design Element Description Virtex, E CR XPLA3 CR-Il
IIE 3 Pro, Pro X XL

CLK_DIV6RSD Global Clock Divider with No No No No No No Primitive
Synchronous Reset and Start
Delay

CLK_DIV8RSD Global Clock Divider with No No No No No No Primitive
Synchronous Reset and Start
Delay

CLK_DIV10RSD Global Clock Divider with No No No No No No Primitive
Synchronous Reset and Start
Delay

CLK_DIV12RSD Global Clock Divider with No No No No No No Primitive
Synchronous Reset and Start
Delay

CLK_DIV14RSD Global Clock Divider with No No No No No No Primitive
Synchronous Reset and Start
Delay

CLK_DIV16RSD Global Clock Divider with No No No No No No Primitive
Synchronous Reset and Start
Delay

CLK_DIV2SD Global Clock Divider with No No No No No No Primitive
Start Delay

CLK_DIV4SD Global Clock Divider with No No No No No No Primitive
Start Delay

CLK_DIV6SD Global Clock Divider with No No No No No No Primitive
Start Delay

CLK_DIV8SD Global Clock Divider with No No No No No No Primitive
Start Delay

CLK_DIV10SD Global Clock Divider with No No No No No No Primitive
Start Delay

CLK_DIV12SD Global Clock Divider with No No No No No No Primitive
Start Delay

CLK_DIV14SD Global Clock Divider with No No No No No No Primitive
Start Delay

CLK_DIV16SD Global Clock Divider with No No No No No No Primitive
Start Delay

CLKDLL Clock Delay Locked Loop. Primitive No Primitive No No No No

CLKDLLE Clock Delay Locked Loop Primitive® No Primitived No No No No
with Expanded Output.

CLKDLLHF High Frequency Clock Primitive No Primitive® No No No No
Delay Locked Loop.

DCM Digital Clock Manager No Primitive | No Primitive No No No

GND Ground-Connection Signal | Primitive Primitive | Primitive Primitive Primitive Primitive Primitive
Tag

ICAP_VIRTEX2 User Interface to Virtex-I1 No No No Primitive No No No
Internal Configuration
Access Port

JTAGPPC JTAG Primitive for the No No No Primitive’ No No No
Power PC.

KEEPER KEEPER Symbol Primitive Primitive | Primitive Primitive No? No Primitive

LUT1 1-Bit Look-Up-Table with Primitive Primitive | Primitive Primitive No No No
General Output

LUT2 2-Bit Look-Up-Table with Primitive Primitive | Primitive Primitive No No No
General Output

LUT3 3-Bit Look-Up-Table with Primitive Primitive | Primitive Primitive No No No
General Output

LUT4 4-Bit Look-Up-Table with Primitive Primitive | Primitive Primitive No No No
General Output

LUT1 D 1-Bit Look-Up-Table with Primitive Primitive | Primitive Primitive No No No
Dual Output
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Functional Categories

i L Spartan-Il, | Spartan- X Virtex I, XC9500/XV/
Design Element Description Virtex, E CR XPLA3 CR-Il
IIE 3 Pro, Pro X XL

LUT2_D 2-Bit Look-Up-Table with Primitive Primitive | Primitive Primitive No No No
Dual Output

LUT3_D 3-Bit Look-Up-Table with Primitive Primitive | Primitive Primitive No No No
Dual Output

LUT4_D 4-Bit Look-Up-Table with Primitive Primitive | Primitive Primitive No No No
Dual Output

LUT1_L 1-Bit Look-Up-Table with Primitive Primitive | Primitive Primitive No No No
Local Output

LUT2 L 2-Bit Look-Up-Table with Primitive Primitive | Primitive Primitive No No No
Local Output

LUT3_L 3-Bit Look-Up-Table with Primitive Primitive | Primitive Primitive No No No
Local Output

LUT4 L 4-Bit Look-Up-Table with Primitive Primitive | Primitive Primitive No No No
Local Output

PPC405 Primitive for the Power PC | No No No Primitive" No No No
Core.

PULLDOWN Resistor to GND for Input Primitive Primitive | Primitive Primitive No No No
Pads

PULLUP Resistor to VCC for Input Primitive Primitive | Primitive Primitive No Primitive Primitive
PADs, Open-Drain, and 3-
State Outputs

ROC Reset On Configuration Primitive Primitive | Primitive Primitive No No No

STARTBUF_ VHDL Simulation of FPGA | Primitive Primitive | Primitive Primitive No No No

architecture Designs

STARTUP_SPARTA | Spartan-II User Interface to | Primitive' No No No No No No

N2 Global Clock, Reset, and 3-
State Controls.

STARTUP_SPARTA | Spartan-3 User Interface to | No Primitive | No No No No No

N3 Global Clock, Reset, and 3-
State Controls

STARTUP_VIRTEX | Virtex User Interface to Primitivel No Primitive No No No No
Global Clock, Reset, and 3-
State Controls.

STARTUP_VIRTEX2 | Virtex-1l User Interface to No No No Primitive No No No
Global Clock, Reset, and 3-
State Controls

TOC Three-State On Primitive Primitive | Primitive Primitive No No No
Configuration

TOCBUF Three-State On Primitive Primitive | Primitive Primitive No No No
Configuration Buffer

VCC VCC-Connection Signal Tag | Primitive Primitive | Primitive Primitive Primitive Primitive Primitive

a.Primitive is supported for Spartan-Il, but not for Spartan-11E, which is supported by BSCAN_VIRTEX

b.Primitive is supported for Spartan-11E, but not for Spartan-I1, which is supported by BSCAN_SPARTAN?2.

c. Supported for Spartan-11E and Virtex-E devices only.

d. Supported for Spartan-I1E and Virtex-E devices only.

e.For Virtex E, use CLKDLLHF in HF mode. In LF mode, both the separate CLKDLLE and CLKDLL primitive can be used.
f.Not supported for Virtex-Il. Supported for Virtex-11 PRO only.

g.Under XC9500, the Primitive implementation applies only to XC9500XL/XV.

h.The Primitive in the Virtex-Il field is supported for Virtex-11 PRO only.

i.The Primitive in the field marked Spartan IIE is supported only for Spartan-11 but not for Spartan-IIE, the latter of which
is supported by STARTUP_VIRTEX.

j-The Primitive in the Spartan IIE field is supported for Spartan-lIE, but not for Spartan-Il, which is supported by
STARTUP_SPARTAN2.
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Input Latches

Single and multiple input latches can hold transient data entering a chip. Input latches
use the same naming convention as 1/0 flip-flops.

Design o Spartan-Il, X Virtex Il, XC9500/XV/
Description Spartan-3 Virtex, E CR XPLA3 CR-lI
Element IIE Pro, Pro X XL

ILD Transparent Input Data Macro Macro Macro Macro No No No
Latch

ILD4 Transparent Input Data Macro Macro Macro Macro No Nob No
Latch

ILD8 Transparent Input Data Macro Macro Macro Macro No No No
Latch

ILD16 Transparent Input Data Macro Macro Macro Macro No No No
Latch

ILD_1 Transparent Input Data Macro Macro Macro Macro No No No
Latch with Inverted Gate

ILDI Transparent Input Data Macro Macro Macro Macro No No No
Latch (Asynchronous
Preset)

ILDI_1 Transparent Input Data Macro Macro Macro Macro No No No
Latch with Inverted Gate
(Asynchronous Preset)

ILDX Transparent Input Data Macro Macro Macro Macro No No No
Latch

ILDX4 Transparent Input Data Macro Macro Macro Macro No No No
Latch

ILDX8 Transparent Input Data Macro Macro Macro Macro No No No
Latch

ILDX16 Transparent Input Data Macro Macro Macro Macro No No No
Latch

ILDX_1 Transparent Input Data Macro Macro Macro Macro No No No
Latch with Inverted Gate

ILDXI Transparent Input Data Macro Macro Macro Macro No No No
Latch (Asynchronous
Preset)

ILDXI_1 Transparent Input Data Macro Macro Macro Macro No No No
Latch with Inverted Gate
(Asynchronous Preset)
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Functional Categories

Input/Output Flip-Flops

Input/Output flip-flops are configured in 10Bs. They include flip-flops whose
outputs are enabled by 3-state buffers, flip-flops that can be set upon global set/reset
rather than reset, and flip-flops with inverted clock inputs. The naming convention
specifies each flip-flop function and is illustrated in the following figure.

OFDEI 1
Output (O), Input (1) —-,_
Flip-Flop
D-Type

Active High Enable (E)
Active Low Enable (T)

Inverse of Normal Initial State

Inverted Clock

X4580

Input/Output Flip-Flop Naming Convention

Design
Element

o Spartan-Il, | Spartan- X Virtex Il, XC9500/XV/
Description Virtex, E CR XPLA3 CR-ll
IIE 3 Pro, Pro X XL

IFD

Single- and Multiple-Input | Macro Macro Macro Macro No No No
D Flip-Flop

IFD_1

Input D Flip-Flop with Macro Macro Macro Macro No No No
Inverted Clock

IFD4

Single- and Multiple-Input | Macro Macro Macro Macro No No No
D Flip-Flop

IFD8

Single- and Multiple-Input | Macro Macro Macro Macro No No No
D Flip-Flop

IFD16

Single- and Multiple-Input | Macro Macro Macro Macro No No No
D Flip-Flop

IFDDRCPE

Dual Data Rate Input D No Primitive | No Primitive No No No
Flip-Flop with Clock Enable
and Asynchronous Preset
and Clear

IFDDRRSE

Dual Data Rate Input D No Primitive | No Primitive No No No
Flip-Flop with Synchronous
Reset and Set and Clock
Enable

IFDI

Input D Flip-Flop Macro Macro Macro Macro No No No
(Asynchronous Preset)

IFDI_1

Input D Flip-Flop with Macro Macro Macro Macro No No No
Inverted Clock
(Asynchronous Preset)

IFDX

Single- and Multiple-Input | Macro Macro Macro Macro No No No
D Flip-Flop with Clock
Enable

IFDX_1

Input D Flip-Flop with Macro Macro Macro Macro No No No
Inverted Clock and Clock
Enable

IFDX4

Single- and Multiple-Input | Macro Macro Macro Macro No No No
D Flip-Flop with Clock
Enable

IFDX8

Single- and Multiple-Input | Macro Macro Macro Macro No No No
D Flip-Flop with Clock
Enable

IFDX16

Single- and Multiple-Input | Macro Macro Macro Macro No No No
D Flip-Flops with Clock
Enable
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Design
Element

Description

Spartan-Il,
11

Spartan-

Virtex, E
3

Virtex I,
Pro, Pro X

XC9500/XV/

XL

CR XPLA3

CR-ll

IFDXI

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

Macro

Macro Macro

Macro

No

No

No

OFD

Single- and Multiple-
Output D Flip-Flops

Macro

Macro Macro

Macro

OFD4

Single- and Multiple-
Output D Flip-Flops

Macro

Macro Macro

Macro

OFD8

Single- and Multiple-
Output D Flip-Flops

Macro

Macro Macro

Macro

OFD16

Single- and Multiple-
Output D Flip-Flops

Macro

Macro Macro

Macro

OFD_1

Output D Flip-Flop with
Inverted Clock

Macro

Macro Macro

Macro

No

No

No

OFDDRCPE

Dual Data Rate Output D
Flip-Flop with Clock Enable
and Asynchronous Preset
and Clear

No

Primitive | No

Primitive

No

No

No

OFDDRRSE

Dual Data Rate Output D
Flip-Flop with Synchronous
Reset and Set and Clock
Enable

No

Primitive | No

Primitive

OFDDRTCPE

Dual Data Rate D Flip-Flop
with Active-Low 3--State
Output Buffer, Clock
Enable, and Asynchro-nous
Preset and Clear

No

Primitive | No

Primitive

No

No

No

OFDDRTRSE

Dual Data Rate D Flip-Flop
with Active -Low 3-State
Output Buffer,
Synchronous Reset and Set,
and Clock Enable

No

Primitive | No

Primitive

OFDE

D Flip-Flop with Active-
High Enable Output Buffers

Macro

Macro Macro

Macro

No

No

No

OFDE4

D Flip-Flop with Active-
High Enable Output Buffers

Macro

Macro Macro

Macro

No

No

No

OFDES8

D Flip-Flop with Active-
High Enable Output Buffers

Macro

Macro Macro

Macro

OFDE16

D Flip-Flop with Active-
High Enable Output Buffers

Macro

Macro Macro

Macro

OFDE_1

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

Macro

Macro Macro

Macro

OFDI

Output D Flip-Flop
(Asynchronous Preset)

Macro

Macro Macro

Macro

OFDI 1

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

Macro

Macro Macro

Macro

OFDT

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

Macro

Macro Macro

Macro

OFDT4

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

Macro

Macro Macro

Macro

OFDT8

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

Macro

Macro Macro

Macro

OFDT16

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

Macro

Macro Macro

Macro

No

No

No

OFDT_1

D Flip-Flop with Active-
Low 3-State Output Buffer
and Inverted Clock

Macro

Macro Macro

Macro
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Design L Spartan-Il, | Spartan- X Virtex I, XC9500/XV/
Description Virtex, E CR XPLA3 CR-II
Element 11 3 Pro, Pro X XL

OFDX Single- and Multiple- Macro Macro Macro Macro No No No
Output D Flip-Flop with
Clock Enable

OFDX4 Single- and Multiple- Macro Macro Macro Macro No No No
Output D Flip-Flop with
Clock Enable

OFDX8 Single- and Multiple- Macro Macro Macro Macro No No No
Output D Flip-Flop with
Clock Enable

OFDX16 Single- and Multiple- Macro Macro Macro Macro No No No
Output D Flip-Flop with
Clock Enable

OFDX_1 Output D Flip-Flop with Macro Macro Macro Macro No No No
Inverted Clock and Clock
Enable

OFDXI Output D Flip-Flop with Macro Macro Macro Macro No No No
Clock Enable
(Asynchronous Preset)

OFDXI_1 Output D Flip-Flop with Macro Macro Macro Macro No No No
Inverted Clock and Clock
Enable (Asynchronous
Preset)
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Input/Output Functions

Input/Output Block (IOB) resources are configured into various 1/0 primitives and
macros for convenience, such as output buffers (s) and output buffers with an enable
(OBUFES). Pads used to connect the circuit to PLD device pins are also included.

Virtex, Virtex-E, Spartan-11, Spartan-I1E, Spartan-3, Virtex-11, Virtex-1l Pro, and Virtex-

Il Pro X have multiple variants (Primitives) to choose from for each SelectlO buffer.

The 1/0 interface for each variant corresponds to a specific 1/0 standard.

. o Spartan-Il, X Virtex Il, XC9500/XV/
Design Element Description Spartan-3 Virtex, E CR XPLA3 CR-lI
IIE Pro, Pro X XL

GT_AURORA_n Gigabit Transceiver for | No No No Primitive No No No
High-Speed 170.

GT_CUSTOM Gigabit Transceiver for | No No No Primitive No No No
High-Speed 1/0.

GT_ETHERNET_n Gigabit Transceiver for | No No No Primitive No No No
High-Speed 170.

GT_FIBRE_CHAN_n Gigabit Transceiver for | No No No Primitive No No No
High-Speed 1/0.

GT_INFINIBAND_n 10-Gigabit Transceiver No No No Primitive No No No
for High-Speed 1/0.

GT_XAUI_n Gigabit Transceiver for | No No Primitive No No No No
High-Speed 1/0.

GT10_10GE_n 10-Gigabit Transceiver No No No Primitive No No No
for High-Speed 1/0.

GT10_10GFC_n 10-Gigabit Transceiver No No Primitive No No No No
for High-Speed 1/0.

GT10_AURORA n 10-Gigabit Transceiver No No No Primitive No No No
for High-Speed 1/0.

GT10_AURORAX_n 10-Gigabit Transceiver No No No Primitive No No No
for High-Speed 1/0.

GT10_CUS-TOM 10-Gigabit Transceiver No No No Primitive No No No
for High-Speed 1/0.

GT10_0C48_n 10-Gigabit Transceiver No No No Primitive No No No
for High-Speed 1/0.

GT10_0OC192_n 10-Gigabit Transceiver No No No Primitive No No No
for High-Speed 1/0.

GT10_PCI_EXPRESS_n | 10-Gigabit Transceiver No No Primitive No No No No
for High-Speed 1/0.

GT10_XAUI_n 10-Gigabit Transceiver No No No Primitive No No No
for High-Speed 1/0.

IBUF Single- and Multiple- Primitive Primitive Primitive Primitive Primitive Primitive Primitive
Input Buffer

IBUF4 Single- and Multiple- Macro No Macro Macro Macro Macro Macro
Input Buffer

IBUF8 Single- and Multiple- Macro No Macro Macro Macro Macro Macro
Input Buffer

IBUF16 Single- and Multiple- Macro No Macro Macro Macro Macro Macro
Input Buffer

IBUF_ Single Input Buffer with | Primitive Primitive Primitive Primitive No No No

selectlO Selectable 170 Interface
(multiple primitives)

IBUFDS Differential Signaling No Primitive No Primitive No No No
Input Buffer with
Selectable 170 Interface

IBUFG Dedicated Input Buffer | Primitive Primitive Primitive Primitive No No No
with Selectable 170
Interface
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Design Element

Description

Spartan-Il,
IE

Spartan-3

Virtex, E

Virtex Il
Pro, Pro X

XC9500/XV/
XL

CR XPLA3

CR-lI

IBUFG_selectlO

Dedicated Input Buffer
with Selectable 170
Interface (multiple
primitives)

Primitive

Primitive

Primitive

Primitive

No

No

No

IBUFGDS

Dedicated Differential
Signaling Input Buffer
with Selectable 170
Interface

Primitive

Primitive

No

IBUFGDS_DIFF_OUT

Differential 1/0 Input
Buffer with Differential
Outputs

Primitive

Primitive

No

I0BUF

Bi-Directional Buffer
with Selectable 170
Interface (multiple
primitives)

Primitive

Primitive

Primitive

Primitive

No

No

No

IOBUF_selectlO

Bi-Directional Buffer
with Selectable 170
Interface (multiple
primitives)

Primitive

Primitive

Primitive

Primitive

No

I0OBUFDS

3-State Differential
Signaling 1/0 Buffer
with Active Low Output
Enable

Primitive

Primitive

No

IOPAD

Single- and Multiple-
Input/Output Pad

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

IOPAD4

Single- and Multiple-
Input/Output Pad

Macro

Macro

Macro

Macro

Macro

Macro

Macro

IOPADS

Single- and Multiple-
Input/Output Pad

Macro

Macro

Macro

Macro

Macro

Macro

Macro

IOPAD16

Single- and Multiple-
Input/Output Pad

Macro

Macro

Macro

Macro

Macro

Macro

Macro

IPAD

Single- and Multiple-
Input Pad

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

IPAD4

Single- and Multiple-
Input Pad

Macro

Macro

Macro

Macro

Macro

Macro

Macro

IPAD8

Single- and Multiple-
Input Pad

Macro

Macro

Macro

Macro

Macro

Macro

Macro

IPAD16

Single- and Multiple-
Input Pad

Macro

Macro

Macro

Macro

Macro

Macro

Macro

OBUF_selectlO

Single 3-State Output
Buffer with Active-Low
Output Enable and
Selectable 1/0 Interface
(multiple primitives)

Primitive

Primitive

Primitive

Primitive

No

No

No

OBUF

Single- and Multiple-
Output Buffer

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

OBUF4

Single- and Multiple-
Output Buffer

Macro

Macro

Macro

Macro

Macro

Macro

Macro

OBUF8

Single- and Multiple-
Output Buffer

Macro

Macro

Macro

Macro

Macro

Macro

Macro

OBUF16

Single- and Multiple-
Output Buffer

Macro

Macro

Macro

Macro

Macro

Macro

Macro

OBUFDS

Differential Signaling
Output Buffer with
Selectable 1/0 Interface

No

Primitive

No

Primitive

No

No

No

OBUFE

3-State Output Buffers
with Active-High
Output Enable

Macro

No

Macro

Macro

Primitive

Primitive

Primitive

OBUFE4

3-State Output Buffers
with Active-High
Output Enable

Macro

Macro

Macro

Macro

Macro

Macro
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Design Element

Description

Spartan-Il,
IE

Spartan-3

Virtex, E

Virtex Il
Pro, Pro X

XC9500/XV/
XL

CR XPLA3

CR-lI

OBUFE8

3-State Output Buffers
with Active-High
Output Enable

Macro

No

Macro

Macro

Macro

Macro

Macro

OBUFE16

3-State Output Buffers
with Active-High
Output Enable

Macro

Macro

Macro

Macro

Macro

Macro

OBUFT

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

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

OBUFT _selectlO

Single 3-State Output
Buffer with Active-Low
Output Enable and
Selectable 1/0 Interface
(multiple primitives)

Primitive

Primitive

Primitive

Primitive

No

No

No

OBUFT4

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

Macro

Macro

Macro

Macro

Macro

Macro

Macro

OBUFT8

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

Macro

Macro

Macro

Macro

Macro

Macro

Macro

OBUFT16

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

Macro

Macro

Macro

Macro

Macro

Macro

Macro

OBUFTDS

3-State Output Buffer
with Differential
Signaling, Active-Low
Output Enable, and
Selectable 170 Interface

Primitive

Primitive

No

OPAD

Single- and Multiple-
Output Pad

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

OPAD4

Multiple-Output Pad

Macro

Macro

Macro

Macro

Macro

Macro

Macro

OPADS8

Multiple-Output Pad

Macro

Macro

Macro

Macro

Macro

Macro

Macro

OPAD16

Multiple-Output Pad

Macro

Macro

Macro

Macro

Macro

Macro

Macro

UPAD

Connects the 1/0 Node
of an 10B to the Internal
PLD Circuit

Primitive

Primitive

Primitive

Primitive

No

No

No

Libraries Guide
ISE 6.li

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

87


http://www.xilinx.com

::X"JNX® Functional Categories

Latches

Latches (LD) are available for all architectures.

Design o Spartan-Il, X Virtex Il, XC9500/XV/
Description Spartan-3 Virtex, E CR XPLA3 CR-II
Element IIE Pro, Pro X XL
LD Transparent Data Latch Primitive Primitive Primitive Primitive Macro Primitive Primitive
LD_1 Transparent Data Latch Primitive Primitive Primitive Primitive No No No
with Inverted Gate
LD4 Multiple Transparent Data | Macro Macro Macro Macro Macro Macro Macro
Latch
LD8 Multiple Transparent Data | Macro Macro Macro Macro Macro Macro Macro
Latch
LD16 Multiple Transparent Data | Macro Macro Macro Macro Macro Macro Macro
Latch
LD4CE Transparent Data Latch Macro Macro Macro Macro No No No

with Asynchronous Clear
and Gate Enable

LD8CE Transparent Data Latch Macro Macro Macro Macro No No No
with Asynchronous Clear
and Gate Enable

LD16CE Transparent Data Latch Macro Macro Macro Macro No No No
with Asynchronous Clear
and Gate Enable

LDC Transparent Data Latch Primitive Primitive Primitive Primitive Macro Primitive Primitive
with Asynchronous Clear

LDC_1 Transparent Data Latch Primitive Primitive Primitive Primitive No No No
with Asynchronous Clear
and Inverted Gate

LDCE Transparent Data Latch Primitive Primitive Primitive Primitive No No No
with Asynchronous Clear
and Gate Enable

LDCE_1 Transparent Data Latch Primitive Primitive Primitive Primitive No No No
with Asynchronous Clear,
Gate Enable, and Inverted

Gate

LDCP Transparent Data Latch Primitive Primitive Primitive Primitive Macro Primitive Primitive
with Asynchronous Clear
and Preset

LDCP_1 Transparent Data Latch Primitive Primitive Primitive Primitive No No No

with Asynchronous Clear
and Preset and Inverted
Gate

LDCPE Transparent Data Latch Primitive Primitive Primitive Primitive No No No
with Asynchronous Clear
and Preset and Gate Enable

LDCPE_1 Transparent Data Latch Primitive Primitive Primitive Primitive No No No
with Asynchronous Clear
and Preset, Gate Enable,
and Inverted Gate

LDE Transparent Data Latch Primitive Primitive Primitive Primitive No No No
with Gate Enable

LDE_1 Transparent Data Latch Primitive Primitive Primitive Primitive No No No
with Gate Enable and
Inverted Gate

LDG Transparent Datagate Latch | No No No No No No Primitive

LDG4 Multiple Transparent No No No No No No Macro
Datagate Latch

LDG8 Multiple Transparent No No No No No No Macro

Datagate Latch

LDG16 Multiple Transparent No No No No No No Macro
Datagate Latch
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Design L Spartan-Il, X Virtex I, XC9500/XV/
Description Spartan-3 Virtex, E CR XPLA3 CR-II
Element IIE Pro, Pro X XL
LDP Transparent Data Latch Primitive Primitive Primitive Primitive Macro Macro Macro
with Asynchronous Preset
LDP_1 Transparent Data Latch Primitive Primitive Primitive Primitive No No No
with Asynchronous Preset
and Inverted Gate
LDPE Transparent Data Latch Primitive Primitive Primitive Primitive No No No
with Asynchronous Preset
and Gate Enable
LDPE_1 Transparent Data Latch Primitive Primitive Primitive Primitive No No No
with Asynchronous Preset,
Gate Enable, and Inverted
Gate
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Logic Primitives

Combinatorial logic gates that implement the basic Boolean functions are available in
all architectures with up to five inputs in all combinations of inverted and non-
inverted inputs, and with six to nine inputs non-inverted.

Design o Spartan-II, X Virtex I, XC9500/XV/
Description Spartan-3 Virtex, E CR XPLA3 CR-ll
Element IIE Pro, Pro X XL

AND2 2-Input AND Gate with Primitive Primitive Primitive Primitive Primitive Primitive Primitive
Inverted and Non-Inverted
Inputs

AND2B1 2-Input AND Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs

AND2B2 2-Input AND Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs

AND3 3-Input AND Gate with Primitive Primitive Primitive Primitive Primitive Primitive Primitive
Inverted and Non-Inverted
Inputs

AND3B1 3-Input AND Gate with Macro Macro Macro Macro Macro Macro Macro
Inverted and Non-Inverted
Inputs

AND3B2 3-Input AND Gate with Macro Macro Macro Macro Macro Macro Macro
Inverted and Non-Inverted
Inputs

AND3B3 3-Input AND Gate with Macro Macro Macro Macro Macro Macro Macro
Inverted and Non-Inverted
Inputs

AND4 4-Input AND Gate with Primitive Primitive Primitive Primitive Primitive Primitive Primitive
Inverted and Non-Inverted
Inputs

AND4B1 4-Input AND Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs

AND4B2 4-Input AND Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs

AND4B3 4-Input AND Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs

AND4B4 4-Input AND Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs

AND5 5-Input AND Gate with Primitive Primitive Primitive Primitive Primitive Primitive Primitive
Inverted and Non-Inverted
Inputs

AND5B1 5-Input AND Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs

AND5B2 5-Input AND Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs

AND5B3 5-Input AND Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs

AND5B4 5-Input AND Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs

AND5B5 5-Input AND Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs
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Design
Element

Description

Spartan-Il,
IE

Spartan-3

Virtex, E

Virtex I,
Pro, Pro X

XC9500/XV/
XL

CR XPLA3

CR-ll

ANDG6

6-Input AND Gate with
Inverted and Non-Inverted
Inputs

Macro

Macro

Macro

Macro

Primitive

Primitive

Primitive

AND7

7-Input AND Gate with
Inverted and Non-Inverted
Inputs

Macro

Macro

Macro

Macro

Primitive

Primitive

Primitive

ANDS8

8-Input AND Gate with
Inverted and Non-Inverted
Inputs

Macro

Macro

Macro

Macro

Primitive

Primitive

Primitive

AND9

9-Input AND Gate with
Inverted and Non-Inverted
Inputs

Macro

Macro

Macro

Macro

Primitive

Primitive

Primitive

AND12

12- Input AND Gate with
Non-Inverted Inputs

Macro

Macro

Macro

Macro

No

No

No

AND16

16- Input AND Gate with
Non-Inverted Inputs

Macro

Macro

Macro

Macro

No

No

No

INV

Single and Multiple Inverters

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

INV4

Single and Multiple Inverters

Macro

Macro

Macro

Macro

Macro

Macro

Macro

INV8

Single and Multiple Inverters

Macro

Macro

Macro

Macro

Macro

Macro

Macro

INV16

Single and Multiple Inverters

Macro

Macro

Macro

Macro

Macro

Macro

Macro

MULT_AND

Fast Multiplier AND

Primitive

Primitive

Primitive

Primitive

No

No

No

NAND2

2-Input NAND Gate with
Inverted and Non-Inverted
Inputs.

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

NAND2B1

2-Input NAND Gate with
Inverted and Non-Inverted
Inputs.

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NAND2B2

2-Input NAND Gate with
Inverted and Non-Inverted
Inputs.

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NAND3

3-Input NAND Gate with
Inverted and Non-Inverted
Inputs.

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

NAND3B1

3-Input NAND Gate with
Inverted and Non-Inverted
Inputs.

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NAND3B2

3-Input NAND Gate with
Inverted and Non-Inverted
Inputs.

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NAND3B3

3-Input NAND Gate with
Inverted and Non-Inverted
Inputs.

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NAND4

4-Input NAND Gate with
Inverted and Non-Inverted
Inputs.

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

NAND4B1

4-Input NAND Gate with
Inverted and Non-Inverted
Inputs.

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NAND4B2

4-Input NAND Gate with
Inverted and Non-Inverted
Inputs.

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NANDA4B3

4-Input NAND Gate with
Inverted and Non-Inverted
Inputs.

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NANDA4B4

4-Input NAND Gate with
Inverted and Non-Inverted
Inputs.

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NANDS

5-Input NAND Gate with
Inverted and Non-Inverted
Inputs.

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive
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Design . Spartan-II, X Virtex I, XC9500/XV/
Description Spartan-3 Virtex, E CR XPLA3 CR-II
Element IE Pro, Pro X XL

NANDS5B1 5-Input NAND Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs.

NANDS5B2 5-Input NAND Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs.

NAND5B3 5-Input NAND Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs.

NAND5B4 5-Input NAND Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs.

NANDS5B5 5-Input NAND Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs.

NAND6 6-Input NAND Gate with Macro Macro Macro Macro Macro Macro Macro
Inverted and Non-Inverted
Inputs.

NAND?7 7-Input NAND Gate with Macro Macro Macro Macro Macro Macro Macro
Inverted and Non-Inverted
Inputs.

NANDS8 8-Input NAND Gate with Macro Macro Macro Macro Macro Macro Macro
Inverted and Non-Inverted
Inputs.

NAND9 9-Input NAND Gate with Macro Macro Macro Macro Macro Macro Macro
Inverted and Non-Inverted
Inputs.

NAND12 12- Input NAND Gate with Macro Macro Macro Macro No No No
Non-Inverted Inputs.

NAND16 16- Input NAND Gate with | Macro Macro Macro Macro No No No
Non-Inverted Inputs.

NOR2 2- Input NOR Gate with Primitive Primitive Primitive Primitive Primitive Primitive Primitive
Inverted and Non-Inverted
Inputs.

NOR3 3- Input NOR Gate with Primitive Primitive Primitive Primitive Primitive Primitive Primitive
Inverted and Non-Inverted
Inputs

NOR4 4- Input NOR Gate with Primitive Primitive Primitive Primitive Primitive Primitive Primitive
Inverted and Non-Inverted
Inputs

NORS5 5- Input NOR Gate with Primitive Primitive Primitive Primitive Primitive Primitive Primitive
Inverted and Non-Inverted
Inputs

NORG6 6- Input NOR Gate with Macro Macro Macro Macro Macro Macro Macro
Inverted and Non-Inverted
Inputs

NOR7 7- Input NOR Gate with Macro Macro Macro Macro Macro Macro Macro
Inverted and Non-Inverted
Inputs

NORS 8- Input NOR Gate with Macro Macro Macro Macro Macro Macro Macro
Inverted and Non-Inverted
Inputs

NOR9 9- Input NOR Gate with Macro Macro Macro Macro Macro Macro Macro
Inverted and Non-Inverted
Inputs

NOR12 12-Input NOR Gate with Macro Macro Macro Macro No No No
Non-Inverted Inputs

NOR16 16-Input NOR Gate with Macro Macro Macro Macro No No No
Non-Inverted Inputs

NOR2B1 2- Input NOR Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs

92 www.xilinx.com Libraries Guide
1-800-255-7778 ISE 6.li


http://www.xilinx.com

SUXILINX®

Design
Element

Description

Spartan-II,
IE

Spartan-3

Virtex, E

Virtex I,
Pro, Pro X

XC9500/XV/
XL

CR XPLA3

CR-lI

NOR2B2

2- Input NOR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NOR3B1

3- Input NOR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NOR3B2

3- Input NOR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NOR3B3

3- Input NOR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NOR4B1

4- Input NOR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NOR4B2

4- Input NOR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NOR4B3

4- Input NOR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NOR4B4

4- Input NOR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NORS5B1

5- Input NOR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NOR5B2

5- Input NOR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NOR5B3

5- Input NOR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NOR5B4

5- Input NOR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

NORS5B5

5- Input NOR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Macro

Macro

Macro

OR2

2-Input OR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

OR2B1

2-Input OR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

OR2B2

2-Input OR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

OR3

3-Input OR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

OR3B1

3-Input OR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

OR3B2

3-Input OR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

OR3B3

3Input OR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

OR4

4-Input OR Gate with
Inverted and Non-Inverted
Inputs

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive
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Design o Spartan-II, X Virtex I, XC9500/XV/
Description Spartan-3 Virtex, E CR XPLA3 CR-II
Element IE Pro, Pro X XL
OR4B1 4-Input OR Gate with Primitive Primitive Primitive Primitive Primitive Primitive Primitive
Inverted and Non-Inverted
Inputs
OR4B2 4-Input OR Gate with Primitive Primitive Primitive Primitive Primitive Primitive Primitive
Inverted and Non-Inverted
Inputs
OR4B3 4-Input OR Gate with Primitive Primitive Primitive Primitive Primitive Primitive Primitive
Inverted and Non-Inverted
Inputs
OR5B1 5-Input OR Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs
OR5B2 12-Input OR Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs
OR5B3 5-Input OR Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs
OR5B4 5-Input OR Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs
OR5B5 5-Input OR Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted and Non-Inverted
Inputs
ORG6 6-Input OR Gate with Macro Macro Macro Macro Macro Macro Macro
Inverted and Non-Inverted
Inputs
OR7 6-Input OR Gate with Macro Macro Macro Macro Macro Macro Macro
Inverted and Non-Inverted
Inputs
OR8 8-Input OR Gate with Macro Macro Macro Macro Macro Macro Macro
Inverted and Non-Inverted
Inputs
OR9 9-Input OR Gate with Macro Macro Macro Macro Macro Macro Macro
Inverted and Non-Inverted
Inputs
OR12 12-Input OR Gate with Macro Macro Macro Macro No No No
Inverted and Non-Inverted
Inputs
OR16 16-Input OR Gate with Macro Macro Macro Macro No No No
Inverted and Non-Inverted
Inputs
ORCY OR with Carry Logic Primitive Primitive Primitive Primitive No No No
SOP3 Sum of Products Macro Macro Macro Macro No No No
SOP3B1A Sum of Products Macro Macro Macro Macro No No No
SOP3B1B Sum of Products Macro Macro Macro Macro No No No
SOP3B2A Sum of Products Macro Macro Macro Macro No No No
SOP3B2B Sum of Products Macro Macro Macro Macro No No No
SOP3B3 Sum of Products Macro Macro Macro Macro No No No
SOP4 Sum of Products Macro Macro Macro Macro No No No
SOP4B3 Sum of Products Macro Macro Macro Macro No No No
SOP4B4 Sum of Products Macro Macro Macro Macro No No No
SOP4B1 Sum of Products Macro Macro Macro Macro No No No
SOP4B2A Sum of Products Macro Macro Macro Macro No No No
SOP4B2B Sum of Products Macro Macro Macro Macro No No No
XNOR2 2-Input XNOR Gate with Primitive Primitive Primitive Primitive Primitive Primitive Primitive
Non-Inverted Inputs
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Design o Spartan-II, X Virtex I, XC9500/XV/
Description Spartan-3 Virtex, E CR XPLA3 CR-II
Element IE Pro, Pro X XL

XNOR3 3-Input XNOR Gate with Primitive Primitive Primitive Primitive Primitive Primitive Primitive
Non-Inverted Inputs

XNOR4 4-Input XNOR Gate with Primitive Primitive Primitive Primitive Primitive Primitive Primitive
Non-Inverted Inputs

XNOR5 5-Input XNOR Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Non-Inverted Inputs

XNOR6 6-Input XNOR Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Non-Inverted Inputs

XNOR7 7-Input XNOR Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Non-Inverted Inputs

XNORS8 8-Input XNOR Gate with Primitive Primitive Primitive Primitive Macro Macro Macro
Non-Inverted Inputs

XNOR9 9-Input XNOR Gate with Macro Macro Macro Macro Macro Macro Macro
Non-Inverted Inputs

XOR2 2-Input XOR Gate with Non- | Macro Macro Macro Macro Primitive Primitive Primitive
Inverted Inputs

XOR3 3-Input XOR Gate with Non- | Macro Macro Macro Macro Primitive Primitive Primitive
Inverted Inputs

XOR4 4-Input XOR Gate with Non- | Primitive Primitive Primitive Primitive Primitive Primitive Primitive
Inverted Inputs

XOR5 5-Input XOR Gate with Non- | Primitive Primitive Primitive Primitive Macro Primitive Primitive
Inverted Inputs

XOR6 6-Input XOR Gate with Non- | Macro Macro Macro Macro Macro Macro Macro
Inverted Inputs

XOR7 7-Input XOR Gate with Non- | Macro Macro Macro Macro Macro Macro Macro
Inverted Inputs

XOR8 8-Input XOR Gate with Non- | Primitive Primitive Primitive Primitive Macro Macro Macro
Inverted Inputs

XOR9 9-Input XOR Gate with Non- | Macro Macro Macro Macro Macro Macro Macro
Inverted Inputs

XORCY XOR for Carry Logic with Primitive Primitive Primitive Primitive No No No
General Output

XORCY_D XOR for Carry Logic with Primitive Primitive Primitive Primitive No No No
Dual Output

XORCY_L XOR for Carry Logic with Primitive Primitive Primitive Primitive No No No
Local Output
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Map Elements

Map elements are used in conjunction with logic symbols to constrain the logic to
particular CLBs or particular F function generators.

Design - Spartan-lI, } ] Virtex I, XC9500/XV/ }
Element Description IE Spartan-3 Virtex, E Pro, Pro X XL CR XPLA3 CR-lI
FMAP F Function Generator Primitive Primitive Primitive Primitive No No No
Partitioning Control Symbol
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Memory Elements

In the Virtex, Virtex-E, Spartan-11, and Spartan-11E, Spartan-3, Virtex-Il, Virtex-11 Pro,
and Virtex-11 Pro X architectures, a number of static RAMs are defined as primitives.
These 16- or 32-word RAMs are 1, 2, 4, and 8 bits wide.

The Virtex, Virtex-E, Spartan-I1, and Spartan-IIE, Spartan-3, Virtex-11, Virtex-Il Pro,

and Virtex-1l Pro X architectures have dedicated blocks of on-chip 4096-bit single-port

and dual-port synchronous RAM. Each port is configured to a specific data width.

There are five single-port block RAM primitives and 30 dual-port block RAM

primitives.
. o Spartan-II, X Virtex Il, XC9500/XV/
Design Element Description Spartan-3 Virtex, E CR XPLA3 CR-lI
IE Pro, Pro X XL

RAM16X1D 16-Deep by 1-Wide Static Dual | Primitive Primitive Primitive Primitive No No No
Port Synchronous RAM

RAM16X1D_1 16-Deep by 1-Wide Static Dual | Primitive Primitive Primitive Primitive No No No
Port Synchronous RAM with
Negative-Edge Clock

RAM16X1S 16-Deep by 1-Wide Static Primitive Primitive Primitive Primitive No No No
Synchronous RAM

RAM16X1S_1 16-Deep by 1-Wide Static Primitive Primitive Primitive Primitive No No No
Synchronous RAM with
Negative-Edge Clock

RAM16X2D 16-Deep by 2-Wide Static Dual | Macro No Macro Macro No No No
Port Synchronous RAM

RAM16X2S 16-Deep by 2-Wide Static Macro Primitive Macro Primitive No No No
Synchronous RAM

RAM16X4D 16-Deep by 4-Wide Static Dual | Macro No Macro Macro No No No
Port Synchronous RAM

RAM16X4S 16-Deep by 4-Wide Static Macro Primitive Macro Primitive No No No
Synchronous RAM

RAM16X8D 16-Deep by 8-Wide Static Dual | Macro No Macro Macro No No No
Port Synchronous RAM

RAM16X8S 16-Deep by 8-Wide Static Macro No Macro Primitive No No No
Synchronous RAM

RAM32X1D 32-Deep by 1-Wide Static Dual | No No No Primitive No No No
Static Port Synchronous RAM

RAM32X1D_1 32-Deep by 1-Wide Static Dual | No No No Primitive No No No
Port Synchronous RAM with
Negative-Edge Clock

RAM32X1S 32-Deep by 1-Wide Static Primitive Primitive Primitive Primitive No No No
Synchronous RAM

RAM32X1S_1 32-Deep by 1-Wide Static Primitive Primitive Primitive Primitive No No No
Synchronous RAM with
Negative-Edge Clock

RAM32X2S 32-Deep by 2-Wide Static Macro Primitive Macro Primitive No No No
Synchronous RAM

RAM32X4S 32-Deep by 4-Wide Static Macro No Macro Primitive No No No
Synchronous RAM

RAM32X8S 32-Deep by 8-Wide Static Macro No Macro Primitive No No No
Synchronous RAM

RAM64X1D 64-Deep by 1-Wide Dual Port | No No No Primitive No No No
Static Synchronous RAM

RAM64X1D_1 64-Deep by 1-Wide Dual Port | No No No Primitive No No No
Static Synchronous RAM with
Negative-Edge Clock

RAM64X1S 64-Deep by 1-Wide Static No Primitive No Primitive No No No
Synchronous RAM
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Functional Categories

Design Element

Description

Spartan-II,
IIE

Spartan-3 Virtex, E

Virtex Il
Pro, Pro X

XC9500/XV/

XL

CR XPLA3

CR-lI

RAMG64X1S_1

64-Deep by 1-Wide Static
Synchronous RAM with
Negative-Edge Clock

No

Primitive No

Primitive

No

No

No

RAMG64X2S

64-Deep by 2-Wide Static
Synchronous RAM

Primitive

No

RAM128X1S

128-Deep by 1-Wide Static
Synchronous RAM

Primitive

No

RAM128X1S_1

128-Deep by 1-Wide Static
Synchronous RAM with
Negative-Edge Clock

Primitive

No

RAMB4_Sm_Sn

4096-Bit Dual-Port
Synchronous Block RAM with
Port Width (m or n)
Configured to 1, 2, 4, 8, or 16
Bits

Primitive

Primitive

RAMB4_Sn

4096-Bit Single-Port
Synchronous Block RAM with
Port Width (n) Configured to
1,2, 4,8, or 16 Bits

Primitive

Primitive

RAMB16_Sm_Sn

16384-Bit Data Memory and
2048-Bit Parity Memory, Dual-
Port Synchronous Block RAM
with Port Width (m or n)
Configured to 1, 2, 4, 9, 18, or
36 Bits

No

Primitive

Primitive

RAMB16_Sn

16384-Bit Data Memory and
2048-Bit Parity Memory,
Single-Port Synchronous
Block RAM with Port Width
(n) Configured to 1, 2, 4,9, 18,
or 36 Bits

No

Primitive

Primitive

ROC

Reset On Configuration

Primitive

Primitive Primitive

Primitive

ROCBUF

Reset On Configuration Buffer

Primitive

Primitive Primitive

Primitive

ROM16X1

16-Deep by 1-Wide ROM

Primitive

Primitive Primitive

Primitive

ROM32X1

32-Deep by 1-Wide ROM

Primitive

Primitive Primitive

Primitive

ROM64X1

64-Deep by 1-Wide ROM

Primitive

Primitive

ROM128X1

128-Deep by 1-Wide ROM

Primitive

Primitive

ROM256X1

256-Deep by 1-Wide ROM

Primitive

Primitive
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Multiplexers

The multiplexer naming convention shown in the following figure indicates the
number of inputs and outputs and whether or not an enable is available.

M8 1E

Multiplexer j—
Number of Inputs

Number of Outputs
Output Enable

X4620

Multiplexer Naming Convention

Design o Spartan-Il, X Virtex Il, XC9500/XV/
Description Spartan-3 Virtex, E CR XPLA3 CR-lI
Element IIE Pro, Pro X XL

M2_1 2-to-1 Multiplexer Macro Macro Macro Macro Macro Macro Macro

M2_1B1 2-to-1 Multiplexer with DO Macro Macro Macro Macro Macro Macro Macro
Inverted

M2_1B2 2-to-1 Multiplexer with DO and | Macro Macro Macro Macro Macro Macro Macro
D1 Inverted

M2_1E 2-to-1 Multiplexer with Enable | Macro Macro Macro Macro Macro Macro Macro

M4_1E 4-to-1 Multiplexer with Enable | Macro Macro Macro Macro Macro Macro Macro

M8_1E 8-to-1 Multiplexer with Enable | Macro Macro Macro Macro Macro Macro Macro

M16_1E 16-to-1 Multiplexer with Macro Macro Macro Macro Macro Macro Macro
Enable

MUXCY 2-to-1 Multiplexer for Carry Primitive Primitive Primitive | Primitive No No No
Logic with General Output

MUXCY_D 2-to-1 Multiplexer for Carry Primitive Primitive Primitive | Primitive No No No
Logic with Dual Output

MUXCY_L 2-to-1 Multiplexer for Carry Primitive Primitive Primitive | Primitive No No No
Logic with Local Output

MUXF5 2-to-1 Lookup Table Primitive Primitive Primitive | Primitive No No No
Multiplexer with General
Output

MUXF5_D 2-to-1 Lookup Table Primitive Primitive Primitive | Primitive No No No
Multiplexer with Dual Output

MUXF5_L 2-to-1 Lookup Table Primitive Primitive Primitive | Primitive No No No
Multiplexer with Local Output

MUXF6 2-to-1 Lookup Table Primitive Primitive Primitive | Primitive No No No
Multiplexer with General
Output

MUXF6_D 2-to-1 Lookup Table Primitive Primitive Primitive | Primitive No No No
Multiplexer with Dual Output

MUXF6_L 2-to-1 Lookup Table Primitive Primitive Primitive | Primitive No No No
Multiplexer with Local Output

MUXF7 2-to-1 Lookup Table No Primitive No Primitive No No No
Multiplexer with General
Output

MUXF7_D 2-to-1 Lookup Table No Primitive No Primitive No No No
Multiplexer with Dual Output

MUXF7_L 2-to-1 Lookup Table No Primitive No Primitive No No No
Multiplexer with Local Output

MUXF8 2-to-1 Lookup Table No Primitive No Primitive No No No
Multiplexer with General
Output
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Shifters

Shifters are barrel shifters (BRLSHFT) of four and eight bits.

Design o Spartan-Il, X Virtex Il, XC9500/XV/
Description Spartan-3 Virtex, E CR XPLA3 CR-lI
Element IE Pro, Pro X XL
BRLSHFT4 4-Bit Barrel Shifter Macro Macro Macro Macro Macro Macro Macro
BRLSHFT8 8-Bit Barrel Shifter Macro Macro Macro Macro Macro Macro Macro
100 www.xilinx.com Libraries Guide
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Shift Registers

Shift registers are available in a variety of sizes and capabilities. The naming

convention shown in the following figure illustrates available features.

Shift Register J
Bit Size

SRBRLED

Synchronous Reset (R)
Asynchronous Clear (C)

Loadable

Clock Enable

Directional

X4578

Shift Register Naming Convention

Design
Element

Description

Spartan-Il,
IE

Spartan-3

Virtex, E

Virtex I,
Pro, Pro X

XC9500/XV/
XL

CR XPLA3

CR-lI

SR4CE

4-Bit Serial-In Parallel-Out Shift
Register with Clock Enable and
Asynchronous Clear

Macro

Macro

Macro

Macro

Macro

Macro

Macro

SR8CE

8-Bit Serial-In Parallel-Out Shift
Register with Clock Enable and
Asynchronous Clear

Macro

Macro

Macro

Macro

Macro

Macro

Macro

SR16CE

16-Bit Serial-In Parallel-Out Shift
Register with Clock Enable and
Asynchronous Clear

Macro

Macro

Macro

Macro

Macro

Macro

Macro

SR4CLE

4-Bit Loadable Serial/Parallel-In
Parallel-Out Shift Register with
Clock Enable and Asynchronous
Clear

Macro

Macro

Macro

Macro

Macro

Macro

Macro

SR8CLE

8-Bit Loadable Serial/Parallel-In
Parallel-Out Shift Register with
Clock Enable and Asynchronous
Clear

Macro

Macro

Macro

Macro

Macro

Macro

Macro

SR16CLE

16-Bit Loadable Serial/Parallel-In
Parallel-Out Shift Register with
Clock Enable and Asynchronous
Clear

Macro

Macro

Macro

Macro

Macro

Macro

Macro

SR4ACLED

4-Bit Shift Register with Clock
Enable and Asynchronous Clear

Macro

Macro

Macro

Macro

Macro

Macro

Macro

SR8CLED

8-Bit Shift Register with Clock
Enable and Asynchronous Clear

Macro

Macro

Macro

Macro

Macro

Macro

Macro

SR16CLED

16-Bit Shift Register with Clock
Enable and Asynchronous Clear

Macro

Macro

Macro

Macro

Macro

Macro

Macro

SR4RE

4-Bit Serial-In Parallel-Out Shift
Register with Clock Enable and
Synchronous Reset

Macro

Macro

Macro

Macro

Macro

Macro

Macro

SR8RE

8-Bit Serial-In Parallel-Out Shift
Register with Clock Enable and
Synchronous Reset

Macro

Macro

Macro

Macro

Macro

Macro

Macro

SR16RE

16-Bit Serial-In Parallel-Out Shift
Register with Clock Enable and
Synchronous Reset

Macro

Macro

Macro

Macro

Macro

Macro

Macro

SR4ARLE

4-Bit Loadable Serial/Parallel-In
Parallel-Out Shift Register with
Clock Enable and Synchronous
Reset

Macro

Macro

Macro

Macro

Macro

Macro

Macro
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Functional Categories

Design
Element

Description

Spartan-Il,
IE

Spartan-3

Virtex, E

Virtex I,
Pro, Pro X

XC9500/XV/
XL

CR XPLA3 CR-ll

SR8RLE

8-Bit Loadable Serial/Parallel-In
Parallel-Out Shift Register with
Clock Enable and Synchronous
Reset

Macro

Macro

Macro

Macro

Macro

Macro Macro

SR16RLE

16-Bit Loadable Serial/Parallel-In
Parallel-Out Shift Register with
Clock Enable and Synchronous
Reset

Macro

Macro

Macro

Macro

Macro

Macro Macro

SR4RLED

4-Bit Shift Register with Clock
Enable and Synchronous Reset

Macro

Macro

Macro

Macro

Macro

Macro Macro

SR8RLED

8-Bit Shift Register with Clock
Enable and Synchronous Reset

Macro

Macro

Macro

Macro

Macro

Macro Macro

SR16RLED

16-Bit Shift Register with Clock
Enable and Synchronous Reset

Macro

Macro

Macro

Macro

Macro

Macro Macro

SRD4CE

4-Bit Serial-In Parallel-Out Dual
Edge Triggered Shift Register with
Clock Enable and Asynchronous
Clear

No

No Macro

SRD8CE

8-Bit Serial-In Parallel-Out Dual
Edge Triggered Shift Register with
Clock Enable and Asynchronous
Clear

No

No Macro

SRD16CE

16-Bit Serial-In Parallel-Out Dual
Edge Triggered Shift Register with
Clock Enable and Asynchronous
Clear

No

No

No

No

No

No Macro

SRDA4CLE

4-Bit Loadable Serial/Parallel-In
Parallel-Out Dual Edge Triggered
Shift Register with Clock Enable
and Asynchronous Clear

No

No Macro

SRD8CLE

8-Bit Loadable Serial/Parallel-In
Parallel-Out Dual Edge Triggered
Shift Register with Clock Enable
and Asynchronous Clear

No

No Macro

SRD16CLE

16-Bit Loadable Serial/Parallel-In
Parallel-Out Dual Edge Triggered
Shift Register with Clock Enable
and Asynchronous Clear

No

No Macro

SRD4CLED

4-Bit Dual Edge Triggered Shift
Register with Clock Enable and
Asynchronous Clear

No

No Macro

SRD8CLED

8-Bit Dual Edge Triggered Shift
Register with Clock Enable and
Asynchronous Clear

No

No

No

No

No

No Macro

SRD16CLED

16-Bit Dual Edge Triggered Shift
Register with Clock Enable and
Asynchronous Clear

No

No

No

No

No

No Macro

SRD4RE

4-Bit Serial-In Parallel-Out Dual
Edge Triggered Shift Register with
Clock Enable and Synchronous
Reset

No

No Macro

SRDSRE

8-Bit Serial-In Parallel-Out Dual
Edge Triggered Shift Register with
Clock Enable and Synchronous
Reset

No

No Macro

SRD16RE

16-Bit Serial-In Parallel-Out Dual
Edge Triggered Shift Register with
Clock Enable and Synchronous
Reset

No

No Macro

SRD4RLE

4-Bit Loadable Serial/Parallel-In
Parallel-Out Dual Edge Triggered
Shift Register with Clock Enable
and Synchronous Reset

No

No Macro
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Design
Element

Description

Spartan-Il,

IE

Spartan-3

Virtex, E

Virtex I,
Pro, Pro X

XC9500/XV/

XL

CR XPLA3

CR-ll

SRDSRLE

8-Bit Loadable Serial/Parallel-In
Parallel-Out Dual Edge Triggered
Shift Register with Clock Enable
and Synchronous Reset

No

No

No

No

No

No

Macro

SRD16RLE

16-Bit Loadable Serial/Parallel-In
Parallel-Out Dual Edge Triggered
Shift Register with Clock Enable
and Synchronous Reset

No

Macro

SRD4RLED

4-Bit Dual Edge Triggered Shift
Register with Clock Enable and
Synchronous Reset

No

Macro

SRDSRLED

8-Bit Dual Edge Triggered Shift
Register with Clock Enable and
Synchronous Reset

No

No

No

No

No

No

Macro

SRD16RLED

16-Bit Dual Edge Triggered Shift
Register with Clock Enable and
Synchronous Reset

No

Macro

SRL16

16-Bit Shift Register Look-Up-
Table (LUT)

Primitive

Primitive

Primitive

Primitive

SRL16_1

16-Bit Shift Register Look-Up-
Table (LUT) with Negative-Edge
Clock

Primitive

Primitive

Primitive

Primitive

SRL16E

16-Bit Shift Register Look-Up-
Table (LUT) with Clock Enable

Primitive

Primitive

Primitive

Primitive

SRL16E_1

16-Bit Shift Register Look-Up-
Table (LUT) with Negative-Edge
Clock and Clock Enable

Primitive

Primitive

Primitive

Primitive

SRLC16

16-Bit Shift Register Look-Up-
Table (LUT) with Carry

No

Primitive

Primitive

SRLC16_1

16-Bit Shift Register Look-Up-
Table (LUT) with Carry and
Negative-Edge Clock

No

Primitive

Primitive

SRLC16E

16-Bit Shift Register Look-Up-
Table (LUT) with Carry and Clock
Enable

No

Primitive

No

Primitive

No

No

No

SRLCI16E_1

16-Bit Shift Register Look-Up-
Table (LUT) with Carry, Negative-
Edge Clock, and Clock Enable

No

Primitive

Primitive
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$7 XILINX®

Design Elements

The remaining sections in this book describe each design element that can be used
with the supported architectures.

Design elements are organized in alphanumeric order, with all numeric suffixes in
ascending order. For example, FDR precedes FDRS, and ADD4 precedes ADDS,
which precedes ADD16.

The following information is provided for each library element, where applicable

Graphic symbol

Applicability table (with primitive versus macro identification)
Functional description

Truth table

Schematic for macros

VHDL and Verilog instantiation and inference code

Commonly used constraints
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ACC1

SUXILINX®

ACC1

1-Bit Loadable Cascadable Accumulator with Carry-In, Carry-Out, and
Synchronous Reset

c | acci [oo
BO | co
DO

>
9
O

CE

[I°||

X3862

Architectures Supported

ACC1
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-l, Virtex-1l Pro, Virtex-11 Pro X | No
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro

ACC1 can add or subtract a 1-bit unsigned-binary word to or from the contents of a 1-
bit data register and store the results in the register. The register can be loaded with a
1-bit word. The synchronous reset (R) has priority over all other inputs and, when
High, causes the output 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. The
accumulator is asynchronously cleared, outputs 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.

Load

When the load input (L) is High, CE is ignored and the data on the input DO is loaded
into the 1-bit register during the Low-to-High clock (C) transition.

Add

When control inputs ADD and CE are both High, the accumulator adds a 1-bit word
(BO) and carry-in (Cl) to the contents of the 1-bit register. The result is stored in the
register and appears on output QO during the Low-to-High clock transition. The
carry-out (CO) is not registered synchronously with the data output. CO always
reflects the accumulation of input BO and the contents of the register, which allows
cascading of ACC1s by connecting CO of one stage to CI of the next stage. In add
mode, CO acts as a carry-out, and CO and ClI are active-High.

Subtract

When ADD is Low and CE is High, the 1-bit word B0 and ClI are subtracted from the
contents of the register. The result is stored in the register and appears on output Q0
during the Low-to-High clock transition. The carry-out (CO) is not registered
synchronously with the data output. CO always reflects the accumulation of input BO
and the contents of the register, which allows cascading of ACC1s by connecting CO
of one stage to CI of the next stage. In subtract mode, CO acts as a borrow, and CO
and Cl are active-Low.
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SXILINX® ACC1

Vce
CE
_cl AND2
2 ADD
L
E_ OR2
GED
- R
INV
INV
= BO INV
AND6
I8 NV
LR
@
$N$¥ AND6 %:)7
OR4
Do
&
INV AND6
=
INV AND6
- )
FD
j:> OR2 XOR2 c
AND3B2 Qo
I
./
AND3
CO=
AND2
= C
ACC1 Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-II
108 www.xilinx.com Libraries Guide

1-800-255-7778 ISE 6.li


http://www.xilinx.com

ACC1

SUXILINX®

Usage

ACC is schematic and inference only-- not instantiated.

VHDL Inference Code

Following is some "basic" code for inference of the ACC modaules.

architecture Behavi oral
begin

process(C, R

begin

if (R="1) then
Q <= (others =>'0");

elsif (Cevent and C="1") then

if (L="1) then
Q<=D

elsif (CE="1") then
if (ADD ="'1") then

Q<=Q+ B
el se
Q<=0Q- B
end if;
end if;
end if;

end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge Q)
begi n
if (R

Q<=0
else if (L)
Q<= D
else if (CE)
end
if (ADD)
Q<=Q+ B
el se
Q<=Q- B
end

Commonly Used Constraints

None

of accl is
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SUXILINX®

ACC4, 8, 16

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

cl ACC4
BO | |_Q0
Bl Q1
B2 2
B3 | | Q3
DO co
D1 OFL
D2
D3
L
ADD
CE
c |
]

X3863
c | Accs oo
— j—
B[7:0]
al | co
D[7:0] OFL
| —
L
ADD]
CE
c |
g X4374
o | Accis s
— |—
B[15:0] co
| —
D[15:0] OFL
| —
L
ADD]
CE |
c
g X4375

Architectures Supported

ACC4, ACC8, ACC16

Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Macro
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-II Macro

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.

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.

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

For XC9500/XV/XL, CoolRunner XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-Il, Spartan-1lE, Spartan-3, Virtex, Virtex-E, Virtex-11, Virtex-1l1 Pro and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

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.

Unsigned Binary Versus Twos Complement

ACC4, ACC8, ACC16 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
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ACC4, 8, 16

binary uses CO, while twos complement uses OFL to determine when “overflow”
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

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 ACCS8, 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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®
ACC4, 8, 16 S XILINX
Q[7:0]
cl ADSUS
S[7:0]
B[7:0]
OFL
']
g ADD cog
RLOC=R0CO
D(7:0] FDCE
R_SDO 0
S b o Q
AND2B1 CCE
CLR _|qQo
R
RLOC=R3C0.S0
FMAP FMAP
LI FDCE LS Y
[l R_SD3 R_SD1 01 e lis lRrsp7
D3 |, | D Q D7 |, ==
- CE L
i1 AND2B1 i1
“CLR__ |1
RLOC=R2C0.S0 P Sl— RLOC=R0C0.S0
RLOC=R3C0.S0
FDCE
R_SD2 b Q2
FMAP bjcl > e Q FMAP
22 |4 AND2B1 Con o :e “
=13 R_SD2 — 3 R_SD6
| P Sh— o | R
.372 12 u RLOC=R2C0.S0 .Ei 12 u
— 1 — 1
FDCE
RLOC=R2C0.S0 R SD3 Q3 RLOC=R0C0.S0
L — oo
E
AND2B1 c
~ CLR Q3
——
FMAP RLOC=R2C0.S0 FMAP
[ 7 L 7
.% 13 R_SD1 FDCE '732 3 o|RSD5 4
— = R_SD4 4
o = o o < o
= CE |
AND2B1 v b
RLOC=R3C0.S0 CLR Q4 RLOC=R1C0.S0
$RLOC=R1C0.50
FDCE
R_SD5 Q5
FMAP , 3 ) D Q FMAP
R |14 AND2B1 ck R _{ia
- P T1° cir 5 S4
=3 R_SDO Q =13 o |R_SD4
Do | | = — [SLE P -
- RLOC=R1C0.S0 L
—]n — 1
RLOC=R3C0.S0 FDCE RLOC=R1C0.S0
R_SD6
CE
AND2B1 e
ClR  |oe
—
RLOC=R0C0.S0
FDCE
R_SD7
2 CE
AND2B1 | |
- P Tt cr o7
CE \— RLCE
» RLOC=R0C0.S0
R j
e OR3
|

GND

ACC8 Implementation Spartan-Il, Spartan-lIE, Virtex, Virtex-E

X8689

Libraries Guide

ISE 6.li

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

113


http://www.xilinx.com

®
S XILINX ACC4, 8, 16
Q[7:0]
-
i
M2_1
) DO FDCE
SDO
DO D1 R_SDO b 0 QO
S0 SDO
AND2B1 CE
CLR
Qo0
M2 1 RLOC=X0Y0
y FDCE
FMAP = Do sp1 FMAP
R D1 D1 l R_SD1 D Q Q1 "
5 s ¢ —Ts01 1 ce 5 1o
13 AND2B1 13
.T ol R_sps .T ol _R.sD7
2 u CLR | u
L L
[ i — b 1 Q1 —n
M2 1 @ Rioc=xovo
RLOC=X0Y1 s2 Do [— <02 FDCE RLOC=X0Y3
D2 D1 ] g ) R_SD2 D 0 Q2
FMAP S0 SD2 q FMAP
b AND2B1 CE
R R
s C R s
s2 S6
13 13
- ol R_sD2 < % - ol _R_sps
2 M2 1 RLOC=X0Y1 2
mt(n s e FDCE i
sb3
R_SD3 3
RLOC=X0Y1 b3 L l ; } = D Q S RLOC=X0Y3
< S0 SD3 L CE
AND2B1
FMAP C ar FMAP
[ AT 7 [ Q3 [ AAS— )
=S N R SDL M2_1 RLOC=XOYL i R_SD5
Ob——n = FDCE Ob——na
= D1 12 S4 D0 l SD4 R SD4 4 = 2
L n D4 D1 _ D 0 Q t n
= < S0 SD4 L CcE
RLOC=X0YO AND2B1 RLOC=X0Y2
CLR
b 1 o4
FMAP V2 1 q RLOC=XOY2 FMAP
[ S5 DO [—— FDCE Bl 4
so 13 SD5 s4 13
.700 o[ _R_Sbo - D5 D1 ] Q > R_SD5 b 0 Q5 .7134 o|_R_sb4
2 p S0 SD5 [ cE 2
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el clLo
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4
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ACCS8 Implementation XC9500/XV/XL, CoolRunner XPLA3, and CoolRunner-II

Usage

ACC is schematic and inference only -- not instantiated.

VHDL Inference Code (ACC4)

Following is some "basic" code for inference of the ACC modules.

architecture Behavioral of acc4 is
begin
process(C)
begin
if (R="1) then
Q <= (others => '0");
elsif (Cevent and C="1") then
if (L="1) then
Q<=D
elsif (CE="1") then
if (ADD ="'1") then

Q<=Q+ B
el se
Q<=0Q- B
end if;
end if;
end if;
116 www.xilinx.com Libraries Guide
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SUXILINX®

end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C)
begin
if (R
Q <= 0;
else if (L)
Q<= D
else if (CE)
end
i f (ADD)
Q<=Q+ B
el se
Q<=Q- B
end

Commonly Used Constraints

None
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ADD1

SUXILINX®

ADD1

1-Bit Full Adder with Carry-In and Carry-Out

Cl

A0
SO

CO
X4034

Architectures Supported

ADD1
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-I1, Virtex-11 Pro, Virtex-11 Pro X | No
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-II Macro

ADD1 is a cascadable 1-bit full adder with carry-in and carry-out. It adds two 1-bit
words (A and B) and a carry-in (Cl), producing a binary sum (S0) output and a carry-

out (CO).
Inputs Outputs
AO BO Cl SO (60)
0 0 0 0 0
1 0 0 1 0
0 1 0 1 0
1 1 0 0 1
0 0 1 1 0
1 0 1 0 1
0 1 1 0 1
1 1 1 1 1
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AO

| @ )j :: SO0
lBO @
.CI XOR2
AND2B1
OR2
'_
AND2B1
T D—
AND2
) EARRN Co g
° L) -]
AND2 OR3
AND2

X7689

ADD1 Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-II

Usage

This design element is schematic or inference only -- no instantiation.

VHDL Inference Code

architecture Behavioral of ADD is

signal sum std_| ogic_vector(WDTH downto 0);
signal zeros: std_logic_vector(WDTH 1 downto 0) := (others => '0");

begi n

process (Cl, A B, sun

begi n

sum<= (‘0" & A + (‘0" &B) + (zeros & Cl);
S <= sumWDTH 1 downto 0);

CO <= sum W DTH) ;

end process;

end Behavi oral ;

Verilog Inference Code
always @(A or B or Q)
begin

{CO S <= A+ B+ C;
end

Commonly Used Constraints

None
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ADD4, 8, 16

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

Architectures Supported

ADD4, ADDS8, ADD16
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Macro
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro

ADD4, ADDS, 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
Cl, 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.

Libraries Guide
ISE 6.li

www.xilinx.com 121
1-800-255-7778


http://www.xilinx.com

SUXILINX®

ADD4, 8, 16
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ADD4 Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-II

124

www.xilinx.com Libraries Guide
1-800-255-7778 ISE 6.li


http://www.xilinx.com

ADDA4, 8, 16

SUXILINX®

Cl

AO

S3.0
ADD4X2

Cl

Al

A[7:0] A3

BO
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ADDS8 Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-II

Usage

This design element is schematic or inference only -- no instantiation.

VHDL Inference Code (ADDA4)

arc

Si
Si

beg

pro
beg

sum<= ('0" & A + ('0" &B) + (zeros & Cl);

hi tecture Behavi oral

gnal sum std_logic_vector(WDTH 1 downto 0);
gnal zeros: std_logic_vector(WDTH 1 downto 0)

in

cess (C, A B, sum
in

of ADD is

S <= sum(WDTH 1 downto 0);
CO <= sum W DTH) ;

end

end

Verilog Inference Code (ADD4)

process;

Behavi or al ;

always @(A or B or Q)

beg

end

in

{COsun}f <= A+ B+ C;

:= (others =>'0");
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Commonly Used Constraints

None
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ADSU1L SXILINX®

ADSU1

1-Bit Cascadable Adder/Subtracter with Carry-In and Carry-Out
Architectures Supported

ADSU1

Spartan-Il, Spartan-II1E No

Spartan-3 No

Virtex, Virtex-E No

Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | No

XC9500, XC9500XV, XC9500XL Macro

CoolRunner XPLA3 Macro

CoolRunner-II Macro
cl When the ADD input is High, two 1-bit words (A0 and B0) are added with a carry-in
A0 (CI), producing a 1-bit output (S0) and a carry-out (CO). When the ADD input is Low,

S0 BO is subtracted from A0, producing a result (S0) and borrow (CO). In add mode, CO

B0 represents a carry-out, and CO and CI are active-High. In subtract mode, CO
ADD co represents a borrow, and CO and CI are active-Low.

X4035

Add Function, ADD=1

Inputs Outputs

>
o

BO

a
2}
o
Q
o

hlr|lolo|lr|r|lolo
~rlo|lr|lo|lr|lo|lr|o
PRk Rr|lolo|lolo
m|lo|lo|lr|o|r|r|lo
PR |rRr|lo|lr,r| o|lolo

Subtract Function, ADD=0

Inputs Outputs

A0 BO Cl SO CcO

Ok, |k, | OO
Ol |O|Fr| O
|l Ol O| O] o
Ol | OOk
| O|Fr| OO
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ADSU1
Subtract Function, ADD=0
Inputs Outputs
A0 BO Cl SO CcO
0 1 1 1 0
1 0 1 1 1
1 1 1 0 1

A0

BO R Y
mADD ° |/
AND3
c
u @
®
° L/

Cco

7,
i

OR5

XOR2
®
[
AND3B3
e
®
®
AND3B1
®
® ) OR4
AND3B1
)
L/
AND3B1 X8144

_)D SO g

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

Usage

For HDL, this design element is inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of adsu4 is

begi n
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process (A0, ADD, BO)
begin
if (ADD="1") then
S <= A0 + BO;
el se
S <= A0 - BO;
end if;
end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (A0 or ADD or BO)
begin
i f (ADD)
S0 <= A0 + BO;
el se
SO <= A0 - BO;
end

VHDL Instantiation Template

-- Conponent Decl aration for ADSUL shoul d be pl aced
-- after architecture statement but before begin keyword

component ADSUL
port (CO: out STD ULCOG C;
SO : out STD ULOA G
A0 : in STD ULQA G
ADD: in STD ULQJ C;
BO : in STD ULOA C
Cl : in STD ULOA C);
end conponent;

-- Conponent Attribute specification for ADSUL
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for ADSUL shoul d be placed
-- in architecture after the begin keyword

ADSUL_| NSTANCE_NAME : ADSU1
-- synthesis translate_off
generic map (CDS_ACTION => "string_val ue")
-- synthesis translate_on
port map (CO =>user_CQ,
SO => user_SO,
A0 => user _AO0,
ADD => user _ADD,
BO => user_BO,
Cl => user_0a);

Verilog Instantiation Template

ADSUL i nstance_nane (.CO (user_CO,
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.S0 (user_SO,
. A0 (user_A0),
. ADD( user _ADD) ,
.BO (user_B0),
.C (user_«a));

Commonly Used Constraints

None
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SUXILINX®

ADSUA4, 8, 16

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

[¢]

A0 | :k

Al ADSU4

A3 | s1
w0 s2
o S3
Bl [
B2

B3

N OFL

Cl

X4380

Cl

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

X4381

Architectures Supported

ADSU4, ADSUS8, ADSU16
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Macro
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro

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. ADSU8 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, ADSUS8, 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 — A0, 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.

ADSU4, ADSUS8, and ADSU16 CI and CO pins do not use the CPLD carry chain.

Unsigned Binary Versus Twos Complement

ADSU4, ADSUS8, 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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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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Usability

For HDL, these design elements are inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of adsu4 is

begi n
process (A, ADD, B)
begi n
if (ADD='"1") then
S <= A+ B
el se
S <= A- B
end if;

end process;
end Behavi oral ;

Verilog Inference Code

always @ (A or ADD or B)

begin
i f (ADD)
S <= A + B
el se
S <= A- B;
end
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Architectures Supported

AND2, AND3, AND4, AND5

Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-1l, Virtex-1l Pro, Virtex-11 Pro X Primitive
XC9500, XC9500XV, XC9500XL Primitive
CoolRunner XPLA3 Primitive
CoolRunner-11 Primitive

ANDZ2B1, AND2B2, AND4B1, AND4B2, AND4B3, AND4B4,
ANDS5B1, AND5B2, AND5B3, AND5B4, AND5B5

Spartan-Il, Spartan-I1E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-1l, Virtex-1l Pro, Virtex-11 Pro X Primitive
XC9500, XCI500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro
AND3B1, AND3B2, AND3B3,
Spartan-Il, Spartan-I1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-11, Virtex-1l Pro, Virtex-11 Pro X Macro
XC9500, XCI500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro
ANDG6, AND7, AND8, AND9
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-1l, Virtex-1l Pro, Virtex-11 Pro X Macro
XC9500, XC9500XV, XC9500XL Primitive
CoolRunner XPLA3 Primitive
CoolRunner-11 Primitive

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

Libraries Guide

ISE 6.li

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

137


http://www.xilinx.com

SXILINX® AND2-9
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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-Il, Spartan-3, Spartan-IIE, Virtex, Virtex-E,
Virtex-Il, Virtex-11 Pro, and Virtex-11 Pro X replace functions with unused inputs with
functions having the appropriate number of inputs.

See “AND12, 16” for information on additional AND functions for Virtex, Virtex-E,
Virtex-Il, Virtex-11 Pro, Virtex-Il Pro X, and Spartan-3.

138 www.xilinx.com Libraries Guide
1-800-255-7778 ISE 6.li


http://www.xilinx.com

AND2-9 SXILINX®

FMAP
—14
—13 fo)
S1 Op——nm
]2
" [FRSIUN I7
—
16 -
— s1 RLOC=R0C0.S0
15
—
14
———
AND4 EFMAP
17
I—|6 14
—13
]2
AND2 IM— 11
.:2— RLOC=R0C0.S1
SO
11
—————
10 FMAP
————
13
AND4 - 4
12
13 S0
11 Opb——n
I—IO 12
B
X8702 RLOC=R0C0.S1

ANDS8 Implementation Spartan-Il, Spartan-lIE, Virtex, Virtex-E
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ANDS8 Implementation Spartan-3, Virtex-Il, Virtex-Il Pro, Virtex-1l Pro X
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Usage

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

VHDL Inference Code

AND?2 example:

process (10, 11)
begin

O<=10 and I1;
end process;

AND5B3 example:

process (10, 11, 12, 13, 14)

begin

O <= (not 10) and (not I1) and (not 12) and I3 and 1|4;
end process;

Verilog Inference Code

AND2:

always @ (10 or 11)
begin

O<=10 && I1;
end

ANDSB3:

always @(10 or I1 or 12 or 13 or |4)
begi n

O<=110 & 11 && 12 && 13 && 14;
end

VHDL Instantiation Template for AND2, AND2B1, or AND2B2

-- Conponent Decl aration for AND2, AND2B1, or AND2B2 shoul d
-- be placed after architecture statement but before begin
-- keyword

conponent { AND2| AND2B1| AND2B2}
port (O: out STD ULCG C
I1: in STD _ ULQA G,
I0 : in STD_ ULCA O);
end conponent;

-- Conponent Attribute specification for AND2, AND2B1, or
-- AND2B2 shoul d be placed after architecture declaration
-- but before the begin keyword

-- Enter attributes here
-- Conponent Instantiation for AND2, AND2B1, or AND2B2

-- should be placed in architecture after the begin
-- keyword

140
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| NSTANCE_NAME : { AND2| AND2B1| AND2B2}
port map (O => user_Q,
10 => user_I0,
1 => user_I1);

Verilog Instantiation Template for AND2, AND2B1, or AND2B2

ANDn i nstance_name (.O (user_O),
.10 (user_10),
11 (user_I1));

VHDL Instantiation Template for AND3 Through AND3B3

-- Conponent Declaration for AND3 through AND3B3 shoul d
-- be placed after architecture statement but before begin
-- keyword

conponent { AND3| AND3B1| AND3B2| AND3B3}
port (O: out STD ULCQG C;
10 : in STD ULOQA C
I1: in STD ULQA G,
12 : in STD ULCA O ;
end conponent;

-- Conponent Attribute specification for AND3 through AND3B3
-- shoul d be placed after architecture declaration
-- but before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for AND3 through AND3B3
-- should be placed in architecture after the begin
-- keyword

I NSTANCE_NAME : { AND3| AND3B1| AND3B2| AND3B3}
port map (O => user_Q,
10 => user_I0,
1 => user_I1,
12 => user_12);

Verilog Instantiation Template for AND3 Through AND3B3

ANDn i nstance_name (.O (user_O,

.10 (user_10),
.11 (user_I1),
.12 (user_12));
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VHDL Instantiation Template for AND4 Through AND4B4
-- Conponent Decl aration for AND4 through AND4B4 shoul d
-- be placed after architecture statement but before begin
-- keyword
conponent { AND4| AND4B1| AND4B2| AND4B3| AND4B4}

port (O : out STD ULCG C;
10 : in STD _ULQG C;
11 : in STD ULQG C
12 : in STD_ULCG C;
13 : in STD_ULOG C);
end conponent;
-- Conponent Attribute specification for AND4 t hrough AND4B4
-- shoul d be placed after architecture decl aration
-- but before the begin keyword
-- Enter attributes here
-- Conponent Instantiation for AND4 t hrough AND4B4
-- should be placed in architecture after the begin
-- keyword
| NSTANCE_NAME : AND4_t hr u_AND4B4
port map (O => user_Q,
10 => user_I0,
1 => user_I1,
|2 => user_|2,
I3 => user_I13);
Verilog Instantiation Template for AND4 through AND4B4
ANDn i nstance_name (.O (user_O),
.10 (user_10),
.11 (user_I1),
.12 (user_12),
.13 (user_13));
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VHDL Instantiation Template for AND5 Through AND5B5

-- Conponent Decl aration for AND5 through AND5B5 shoul d
-- be placed after architecture statement but before begin
-- keyword

conponent { AND5| AND5B1| AND5B2| AND5B3| AND5B4| AND5B5}
port (O : out STD ULCG C;
10 : in STD_ ULQA C,
11 : in STD ULQA C,
12 : in STD_ULCG C;
13 : in STD_ULCG C;
14 : in STD_ ULOG C);
end conponent;

-- Conponent Attribute specification for AND5 through AND5B5

-- should be placed after architecture declaration
-- but before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for AND5 through AND5B5
-- should be placed in architecture after the begin
-- keyword

I NSTANCE_NAME : AND5_t hr u_AND5B5
port map (O => user_OQO
10 => user_10,
11 => user_l1,
12 => user_|I2,
13 => user_|I3,
14 => user_l4);

Verilog Instantiation Template for ANDS through AND5B5

ANDn i nstance_name (.O (user_O,

.10 (user_I10),
.11 (user_I1),
.12 (user_12),
.13 (user_I13),
.14 (user_l14));

Commonly Used Constraints

None
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AND12, 16 SXILINX®
AND12, 16
12- and 16-Input AND Gates with Non-Inverted Inputs
Architectures Supported
AND12, AND16
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Macro
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No
% AND12 and AND16 functions are performed in the Configurable Logic Block (CLB)
9| function generator.
17| The 12- and 16-input AND functions are available only with non-inverting inputs. To
%D_O invert all of some inputs, use external inverters.
14
[N See “AND2-9” for information on more AND functions.
12
n
0| FMAP
AND12 s 1"
I3 [e}
X9459 RTINS o—2a
[RECE
RLOC=R0CO0.S0
115
114] [ FMAP
113 [PV s2 111
2] era— D Sy T
ﬁ 18 .r 13 ° s2
& AND4 .mi 12 u
19| 7 Ll
18 = .
E:)Q :(55 s1 ° RLOC=R0C0.S0
& .Mi AND3 FMAP
15| AND4 7
& 13 16 1
13 12 so 15 :2 o—Sta
o e — =
10| AND4 RLOC=R0CO0.S1
AND16
X9460 - FMAP
.7I2 14
m |y of—a
LI Y
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AND12 Implementation Spartan-Il, Spartan-lIE, Virtex, Virtex-E
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AND12 Implementation Spartan-3, Virtex-Il, Virtex-Il Pro, Virtex-1l Pro X

AND16 Implementation Spartan-Il, Spartan-IIE, Virtex, Virtex-E

o
MUXcY
RLOC=RO0CO.51

c2

MUXCY_L
S RLOC=R0C0.51

%

c1

o
MUXCY_L
RLOC=R1C0.S1

3

co

MUXCY_L
S RLOC=R1C0.51

J?

CIN

FMAP

RLOC=R0CO.S1

FMAP

RLOC=RO0CO.S1

FMAP

RLOC=R1C0.51

FMAP

RLOC=R1C0.S1

X8708

s3

s2

s1

S0

146

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

Libraries Guide
ISE 6.li


http://www.xilinx.com

AND12, 16

SUXILINX®

—nm
FMAP
115 ° 115
e e
it - o/ MUXCY\RLOC=X0Y1 it 3 oL ss
[SIEE DIo 1C‘ \ [SEE 12 —
2 2 i
AND4
2 RLOC=X0Y1
1 FMAP
— Lo 111 "
110 RLOC=X0Y1 B
B s2 s /MUXCY_L 110 3
19 %ﬁ 0o 1 B s2
- DI <] 19 °
18 [} u
AND4 e n
CL RLOC=X0Y1
L Lo FMAP
16 RLOC=X0Y0
e s B—u
15 16
] B s1
14 5 ol Sl g
[
AND4 ) - 1
RLOC=X0Y0
s
12 RLOC=X0Y0 FMAP
B ) 13 1
11 B
B 12
10 B ol_so
1 ——a
AND4 ¢ 2
2
= CIN
GND RLOC=X0Y0
vce
u X9306

AND16 Implementation Spartan-3, Virtex-ll, Virtex-Il Pro, Virtex-1l Pro X

Usage

For HDL, it is recommended that these design elements be inferred rather than
instantiated.

VHDL Inference Code

architecture Behavioral of andl2 is
begin

process (10, I1, 12, 13, 14, 15 16, 17, 18, 19, 110, 111)

begi n

O<=1l0and Il and 12 and I3 and 14 and |15 and 16 and 17
and 18 and 19 and 110 and |11;

end process;

end Behavi oral ;
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Verilog Inference Code

always @(10 or 11 or 12 or I3 or 14 or 15
or 16 or 17 or 18 or 19 or 110 or 111)
begin
O<=10 && 11 && 12 && 13 && 14 && |5

&& 16 && 17 && 18 && 19 && 110 && I11;
end

Commonly Used Constraints

None
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4- 8-Bit Barrel Shifters

Architectures Supported

BRLSHFT4, BRLSHFT8

Spartan-Il, Spartan-Il1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Macro
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-II Macro

o Ercsarra] oo BRLSHFT4, a 4-bit barrel shifter, can rotate four inputs (13 — 10) up to four places. The

| o1 control inputs (S1 and S0) determine the number of positions, from one to four, that

2| | 02 the data is rotated. The four outputs (O3 — OO0) reflect the shifted data inputs.

13| | o3
BRLSHFT8, an 8-bit barrel shifter, can rotate the eight inputs (17 — 10) up to eight

SO0 | places. The control inputs (S2 — SO) determine the number of positions, from one to

S eight, that the data is rotated. The eight outputs (O7 — OO0) reflect the shifted data
inputs.

X3856

10| BRLSHFT8| 0o BRLSHFT4 Truth Table

n | o1

12| | 02 Inputs Outputs

13| | 03

14| | 04 S1 SO 10 11 12 13 00 o1 02 03

5 ] | 05

16| | 06 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 |11 |12 13|14 ]15 16|17 00| 0102 03|04|05|06|07
o/, o0|0|la|bjc|d|e|f g|lh|la|b|jc|d|e|f|g]|h
o/ o0|1|la|bjc|d|e|f| g|lh|{b|jc|d|e|f|g|h]|a
0O/1|/0|la|b|jc|d|e|f | g|h|lc|d|e|f|g|h|a]|b
0o/1|1|la|bjc|d|e|f| g|h|d|]e|]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
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BRLSHFT8 Truth Table

Inputs Outputs

S2|S1|SO 1011|1213 14 ]15|16 | 1700 0102 03|04|05|06|07

1|10/ a|bjc|d|e|f|lg| h]lg|h]ja|]bj|jc|d|e]|f
1|11 a|b|lc|d|je|f|lg|h]|]h|al|bljc|d|e]|f]|dg

150 www.xilinx.com Libraries Guide
1-800-255-7778 ISE 6.li


http://www.xilinx.com

BRLSHFTA4, 8 SXILINX®
M2_1
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D1 o 00
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- o \I 0 M12 DO \I o Mo1 0o M2_1
D1 o o1
S0 T M12 D1
e S0 —T Mol < 2
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" \I o M23 DO \I o Moz 5o M2_1
D1 o 02
S0 T M23 DL
S0 L—"mo2 < 2
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— M2_1
= oi] o Ms gf\uo MO3 DO~ o 03
¢SO M S0 L—"mos 2(1) s
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14 DO - M2_1
| M2_1
01\'0 mas DO~ 0 wmos DO ™
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= o0 ™0 ws6 DO \I o MOSs 00 M2_1
D1 o 05
S0 L—T"Ms6 DL
¢ S0 —T MOS < 2
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= o1l oM DO~ wos o M2_1
DL o 06
@ SO T ME7 s0 L—"vos -
S0 06
M2_1
17 DO ~_ M2_1
2 W M70 [ _ S0 Moz [s); o7
=
=] X8143

BRLSHFT8 Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-Il,
Spartan-Il, Spartan-IIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro,
Virtex-1l Pro X
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Usage

For HDL, these design elements are inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of brlshftd4 is

begi n
process (I,9S)
begi n
case Sis
when "00" =>
O<=1;
when "01" =>
QA3) <= 1(0);
(2 downto 0) <= I(3 downto 1);
when "10" =>
Q3 downto 2) <= 1(1 downto 0);
Q1 downto 0) <= 1(3 downto 2);
when "11" =>
Q(3 downto 1) <= I(2 downto 0);
QA 0) <= 1(3);
when ot hers =>
O<=1;
end case;

end process;
end Behavi oral ;

Verilog Inference Code
al ways @I or S)

begi n
case (9S)
2'b00 : O<=1;
2'b01 : O<={I[0],I1[3:1]};
2'b10 : O<={I1]21:0],1[3:2]};
2'b11 : O<={1[2:0],1[3]};
endcase
end
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BSCAN_SPARTAN2

Spartan-Il Boundary Scan Logic Control Circuit

BSCAN_SPARTAN2

UPDATE
| SHIFT

| RESET
™
SEL1
DRCK1
TDO1 | SEL2
TDO2 | DRCK2

X8894

Architectures Supported

BSCAN_SPARTAN?2
Spartan-Il, Spartan-11E Primitive*
Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No
* Supported for Spartan-I1, but not for Spartan-
IIE, which is supported by BSCAN_VIRTEX.

The BSCAN_SPARTANZ2 symbol creates internal boundary scan chains in a Spartan-II
device. The 4-pin JTAG interface (TDI, TDO, TCK, and TMS) are dedicated pins in
Spartan-I1. To use normal JTAG for boundary scan purposes, just hook up the JTAG
pins to the port and go. The pins on the BSCAN_SPARTAN2 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, and
SHIFT 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.

Note: For specific information on boundary scan for an architecture, see The Programmable
Logic Data Book.

Usage

This design element is supported for instantiation and schematics but not for
inference.

VHDL Instantiation Template

-- Conponent Decl aration for BSCAN_SPARTAN2 shoul d be pl aced
-- after architecture statenment but before begin keyword

component BSCAN_SPARTAN2
port (DRCKl1l : out STD ULCG C;
DRCK2 : out STD ULCG G
RESET : out STD_ULCG G
SEL1 : out STD ULOA C;
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SEL2 : out STD ULOA C;

SH FT : out STD ULCG C

TDI : out STD ULCG C

UPDATE : out STD ULCA G,

TDO1 : in STD _ULQA G

TDO2 : in STD ULOA C);
end conponent;

-- Conponent Attribute specification for BSCAN SPARTAN2
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for BSCAN_SPARTAN2 shoul d be
-- placed in architecture after the begin keyword

BSCAN_SPARTANZ2_| NSTANCE_NAME : BSCAN_SPARTAN2

port map (DRCK1 => user_DRCK1,
DRCK2 => user _DRCK2,
RESET => user _RESET,
SEL1 => user_SEL1,
SEL2 => user_SEL2,
SHI FT => user _SHI FT,
TDI => user _TDI,
UPDATE => user _UPDATE,
TDO1 => user_TDO1,
TD02 => user_TDO02);

Verilog Instantiation Template

BSCAN_SPARTANZ2 i nst ance_nane (.DRCK1 (user_DRCK1),
. DRCK2 (user_DRCK2),
. RESET (user_RESET),
.SEL1 (user_SEL1),
.SEL2 (user_SEL2),
. SHI FT (user_SH FT),
.TDI (user_TD),
. UPDATE (user _UPDATE),
. TDO1 (user_TDO1),
. TD02 (user_TD02));

Commonly Used Constraints

None
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BSCAN_SPARTANS

Spartan-3 Boundary Scan Logic Control Circuit

BSCAN_SPARTAN3

| UPDATE
| SHIFT

| RESET

| DI

| SEL1

| DRCK1
TDOL | | sEL2
TDO2 | | DRCK2

| CAPTURE

X9930

Architectures Supported

BSCAN_SPARTANS3
Spartan-Il, Spartan-II1E No
Spartan-3 Primitive
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No

BSCAN_SPARTANS provides access to the BSCAN sites on a Spartan-3 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-3. 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 TDO1 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 SEL?2 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.

VHDL Instantiation Template

-- Conponent Decl aration for BSCAN_SPARTAN3 shoul d be pl aced
-- after architecture statement but before begin keyword

component BSCAN_SPARTAN3

port (CAPTURE : out STD ULOA C
DRCK1 : out STD ULOA G
DRCK2 : out STD ULOG G
RESET : out STD ULOG C;
SEL1 : out STD ULQA C;
SEL2 : out STD ULCA C
SHI FT : out STD ULCG C,
TDI : out STD ULCG C,
UPDATE : out STD ULCOA C;
TDO1 : in STD ULQA G,
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BSCAN_SPARTAN3

TD02 : in STD ULOG C);
end conponent;

-- Conponent Attribute specification for

BSCAN_SPARTAN3

-- shoul d be placed after architecture declaration but

-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for BSCAN_SPARTAN3 shoul d be
-- placed in architecture after the begin keyword

BSCAN_SPARTAN3_| NSTANCE_NAME : BSCAN_SPARTAN3

map (CAPTURE => user _CAPTURE,

DRCK1 => user _DRCK1,
DRCK2 => user _DRCK2,
RESET => user _RESET,
SEL1 => user_SEL1,
SEL2 => user_SEL2,

SHI FT => user_SHI FT,
TDI => user_TD,
UPDATE => user _UPDATE,
TDO1 => user_TDO1,
TD02 => user_TDO02);

Verilog Instantiation Template

BSCAN_SPARTAN3 i nst ance_nane (. CAPTURE (user _CAPTURE),

. DRCK1 (user _DRCK1),

. DRCK2 (user _DRCK2),

. RESET (user _RESET),
.SEL1 (user_SEL1),
.SEL2 (user_SEL2),

.SH FT (user_SH FT),
.TDI (user_TD),

. UPDATE (user _UPDATE),
. TDO1 (user _TDO1),

. TD02 (user _TD02));

Commonly Used Constraints

None.
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BSCAN_VIRTEX

Virtex Boundary Scan Logic Control Circuit

BSCAN_VIRTEX

TDO1
TDO2

c

PDATE
SHIFT
RESET

| |
mig
=
[

DRCK1
SEL2
DRCK2

X8679

Architectures Supported

BSCAN_VIRTEX
Spartan-Il, Spartan-11E Primitive*
Spartan-3 No
Virtex, Virtex-E Primitive
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No
* Supported for Spartan-I1E, but not for Spartan-II,
which is supported by BSCAN_SPARTAN2.

The BSCAN_VIRTEX symbol is used to create internal boundary scan chains in a
Virtex or Virtex- E device. The 4-pin JTAG interface (TDI, TDO, TCK, and TMS) are
dedicated pins in Virtex and Virtex-E. To use normal JTAG for boundary scan
purposes, just hook up the JTAG pins to the port and go. The pins on the
BSCAN_VIRTEX symbol do not need to be connected, unless those special functions
are needed to drive an internal scan chain.

Note: For Virtex-1l, Virtex-1l Pro, and Virtex-1l Pro X, see “BSCAN_VIRTEX2".

A signal on the TDO1 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 SEL?2 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, and
SHIFT 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.

Note: For specific information on boundary scan for an architecture, see The Programmable
Logic Data Book.

Usage

This design element is supported for instantiation and schematics but not for
inferrence.

VHDL Instantiation Template

-- Conponent Decl aration for BSCAN VI RTEX shoul d be pl aced
-- after architecture statement but before begin keyword

component BSCAN_VI RTEX
port (DRCK1 : out STD ULCG C;
DRCK2 : out STD ULOG G,
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RESET : out STD ULOG C;
SEL1 : out STD ULCA G,
SEL2 : out STD ULGGE G

SH FT : out STD ULOA C,
TDI : out STD ULCG G
UPDATE : out STD ULOA C;
TDO1 : in STD ULCG G
TD02 : in STD ULOG C);

end conponent;

-- Conponent Attribute specification for BSCAN VI RTEX
-- shoul d be placed after architecture declaration but

-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for BSCAN VI RTEX shoul d be
-- placed in architecture after the begin keyword

BSCAN_VI RTEX_| NSTANCE_NAME :

BSCAN_VI RTEX

port map (DRCK1 => user_DRCK1,

DRCK2 => user _DRCK2,
RESET => user _RESET,
SEL1 => user_SEL1,
SEL2 => user_SEL2,

SHI FT => user_SHI FT,
TDI => user_TDI,
UPDATE => user _UPDATE,
TDO1 => user_TDO1,
TD02 => user _TD02);

Verilog Instantiation Template

BSCAN_VI RTEX i nstance_nane (.DRCK1l (user_DRCK1),

. DRCK2 (user _DRCK2),

. RESET (user _RESET),
.SEL1 (user_SEL1),
.SEL2 (user_SEL2),
.SH FT (user_SHI FT),
.TDI (user_TD),

. UPDATE (user _UPDATE),
. TDO1 (user _TDO1),

. TD02 (user _TD02));

Commonly Used Constraints
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Virtex-1l Boundary Scan Logic Control Circuit

BSCAN_VIRTEX2
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| UPDATE
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| CAPTURE

X9402

Architectures Supported

BSCAN_VIRTEX2
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No

BSCAN_VIRTEX2 provides access to the BSCAN sites on a Virtex-Il, Virtex-11 Pro, or
Virtex-11 Pro X device. It is used to create internal boundary scan chains. The 4-pin
JTAG interface (TDI, TDO, TCK, and TMS) are dedicated pins in Virtex-11, Virtex-II
Pro, and Virtex-11 Pro X. To use normal JTAG for boundary scan purposes, just hook
up the JTAG pins to the port and go. The pins on the BSCAN_VIRTEX2 symbol do not
need to be connected, unless those special functions are needed to drive an internal
scan chain.

Note: For Virtex and Virtex-E, see “BSCAN_VIRTEX".

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 USER?2 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.

Note: For specific information on boundary scan for an architecture, see The Programmable
Logic Data Book.

Usage

This design element is supported for instantiation and schematics but not for
inference.

VHDL Instantiation Template

-- Conponent Decl aration for BSCAN VI RTEX2 shoul d be placed
-- after architecture statenment but before begin keyword

conmponent BSCAN_VI RTEX2
port (CAPTURE : out STD ULOG C
DRCK1 : out STD ULCG C
DRCK2 : out STD ULCA C
RESET : out STD_ULCG G
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SEL1 : out STD ULOA G
SEL2 : out STD ULOA C;
SH FT : out STD ULCA G
TDI : out STD ULCG C
UPDATE : out STD ULQA G
TDO1 : in STD ULQG C
TDO2 : in STD ULOA C);
end conponent;

-- Conponent Attribute specification for BSCAN_VI RTEX2
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for BSCAN VI RTEX2 shoul d be
-- placed in architecture after the begin keyword

BSCAN_VI RTEX2_I NSTANCE_NAME : BSCAN_VI RTEX2
port map (CAPTURE => user _CAPTURE,

DRCK1 => user _DRCK1,
DRCK2 => user _DRCK2,
RESET => user _RESET,
SEL1 => user_SEL1,
SEL2 => user_SEL2,
SHI FT => user_SHI FT,
TDlI => user_TD,
UPDATE => user _UPDATE,
TDO1 => user_TDO1,
TD02 => user_TDO02);

Verilog Instantiation Template

BSCAN_VI RTEX2 i nstance_nane (.CAPTURE (user_CAPTURE),
. DRCK1 (user_DRCK1),
. DRCK2 (user _DRCK2),
. RESET (user _RESET),
.SEL1 (user_SEL1),
.SEL2 (user_SEL2),
. SH FT (user_SHI FT),
.TDI (user_TD),
. UPDATE (user _UPDATE),
.TDO1 (user_TDO1),
. TDO2 (user_TD02));

Commonly Used Constraints

None
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BUF

General-Purpose Buffer

X9444

Architectures Supported

BUF
Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive

Virtex-11, Virtex-1l Pro, Virtex-Il Pro X | Primitive

XC9500, XC9500XV, XC9500XL Primitive
CoolRunner XPLA3 Primitive
CoolRunner-l11 Primitive

BUF is a general purpose, non-inverting buffer.

In Spartan-11, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-11 Pro, and
Virtex-11 Pro X, BUF is usually not necessary and is removed by the partitioning
software (MAP).

In XC9500/XV/ XL, CoolRunner XPLA3, and CoolRunner-1l, BUF is usually removed,
unless you inhibit optimization by applying the OPT=OFF attribute to the BUF
symbol.

Usage

This design is supported in schematics and instantiation but not for inference.

VHDL Instantiation Template

-- Conponent Declaration for BUF should be placed
-- after architecture statenment but before begin keyword

conmponent BUF
port (O: out STD ULCG C
I : in STD ULCA O);

end conponent;

-- Conponent Attribute specification for BUF
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for BUF should be pl aced
-- in architecture after the begin keyword

BUF_| NSTANCE_NAME : BUF
port map (O => user_O
I => user_I);
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Verilog Instantiation Template

BUF i nstance_nane (.O (user_O,
.1 (user_l1));

Commonly Used Constraints

None
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BUF4, 8, 16

General-Purpose Buffers
Architectures Supported

BUF4, BUF8, BUF16
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | No
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-II Macro

BUF4 BUF4, 8, 16 are general purpose, non-inverting buffers.

] In XC9500/XV/ XL, CoolRunner XPLA3, and CoolRunner-Il, BUF4, BUF8, and BUF16

— are usually removed, unless you inhibit optimization by applying the OPT=0OFF
attribute to the BUF4, BUF8, or BUF16 symbol or by using the LOGIC_OPT=0OFF
global attribute.

0[7:0]
X4614

10 N0 o1
L~
BUF
o1
BUF8 11 e
BUF
% 12 2 02
BUF
X4615 13 N3 o3
1~
BUF
14 N4 04
BUF16 UE
15 NS 05
% 0
BUF
16 N6 06
X4616
BUF
17 N o7
1~
1[7:0] BUF
X7776
BUF8 Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-I|
Usage
These design elements are schematic only.
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BUFCF

Fast Connect Buffer
Architectures Supported

BUFCF

Spartan-Il, Spartan-11E Primitive

Spartan-3 Primitive

Virtex, Virtex-E Primitive

Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No

| o BUFCEF is a single fast connect buffer used to connect the outputs of the LUTs and
D some dedicated logic directly to the input of another LUT. Using this buffer implies
X9444 CLB packing. No more than four LUTs may be connected together as a group.

Usage

This design element is supported for schematics and instantiation but not for
inferrence.

VHDL Instantiation Template

-- Conponent Decl aration for BUFCF shoul d be pl aced
-- after architecture statenment but before begin keyword

component BUFCF
port (O : out STD ULCG C;
I : in STD UGG O);
end conponent;

-- Conponent Attribute specification for BUFCF
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for BUFCF shoul d be placed
-- in architecture after the begin keyword

BUFCF_| NSTANCE_NAME : BUFCF
port map (O => user_QO
| => user_l);
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Verilog Instantiation Template

BUFCF i nstance_nane (.O (user_O),
.1 (user_l1));

Commonly Used Constraints

None
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BUFE, 4, 8, 16

Internal 3-State Buffers with Active High Enable

BUFE

X3790

BUFE4

5

X3797

BUFE16
E

i

X3821

Architectures Supported

BUFE

Spartan-Il, Spartan-11E Primitive
Spartan-3 No
Virtex, Virtex-E Primitive
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XCI9500XV, XC9500XL Primitive
CoolRunner XPLA3 No
CoolRunner-II No

BUFE4, BUFES, BUFE16
Spartan-Il, Spartan-II1E Macro
Spartan-3 No
Virtex, Virtex-E Macro
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Macro
XC9500, XCI500XV, XC9500XL Macro*
CoolRunner XPLA3 No
CoolRunner-I1 No
*Not supported for XC9500XL and XC9500XV
devices

BUFE, BUFE4, BUFES, and BUFE16 are single or multiple 3-state buffers with inputs |,
13-10, 17 - 10, and 115 - 10, respectively; outputs O, O3 - 00, O7 — 00, and O15 - OO0,
respectively; and active-High output enable (E). When E is High, data on the inputs of
the buffers is transferred to the corresponding outputs. When E is Low, the output is
high impedance (Z state or Off). The outputs of the buffers are connected to horizontal
longlines in FPGA architectures.

The outputs of separate BUFE symbols can be tied together to form a bus or a
multiplexer. Make sure that only one E is High at any one time. If none of the E inputs
is active-High, a “weak-keeper” circuit (Spartan-11, Spartan-I1E, Virtex, Virtex-E,
Virtex-I1, Virtex-11 Pro, and Virtex-11 Pro X) keeps the output bus from floating but
does not guarantee that the bus remains at the last value driven onto it.

For XC9500 devices, BUFE output nets assume the High logic level when all
connected BUFE/BUFT buffers are disabled.

For Spartan-Il, Spartan-11E, Virtex, Virtex-E, Virtex-Il, Virtex-11 Pro, and Virtex-11 Pro
X, BUFE elements need a PULLUP element connected to their output. NGDBuild
inserts a PULLUP element if one is not connected.
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Inputs Outputs
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BUFE8 Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-Il,
Spartan-Il, Spartan-IIE, Virtex, Virtex-E, Virtex-Il, Virtex-ll Pro, Virtex-Il Pro X

Usage

These design elements are supported for schematic, inference, and instantiation.

VHDL Inference Code

architecture Behavioral of bufe is
begi n
process (I, E)
begi n
if (E="1) then
O<=1;
el se
O<="'Z;
end if;
end process;
end Behavioral ;
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Verilog Inference Code

always @ (1 or E)
begin

if (E)

O <= 1;

el se

O <= 1' bz,
end

VHDL Instantiation Template

-- Conponent Decl aration for BUFE shoul d be pl aced
-- after architecture statenment but before begin keyword

component BUFE
port (O: out STD ULCG C
E: in STD ULQA G
I : in STD ULCA O);

end conponent;

-- Conponent Attribute specification for BUFE
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for BUFE shoul d be pl aced
-- in architecture after the begin keyword

BUFE_| NSTANCE_NAME : BUFE
port map (O => user_Q,
E => user_E,
| => user_Il);

Verilog Instantiation Template
BUFE i nstance_nane (.O (user_O),

. E (user_E),
.1 (user_l1));

Commonly Used Constraints

None
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BUFG

Global Clock Buffer

X9428

Architectures Supported

BUFG
Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive

Virtex-11, Virtex-1l Pro, Virtex-Il1 Pro X | Primitive

XC9500, XC9500XV, XC9500XL Primitive
CoolRunner XPLA3 Primitive
CoolRunner-l11 Primitive

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. To use a
specific type of buffer, instantiate it manually.

To use a BUFG in a schematic, connect the input of the BUFG symbol to the clock
source. Depending on the target PLD family, 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 (IOB)
clock pin.

XC9500/XV/XL, CoolRunner XPLA3, and CoolRunner-II

Consult the device data sheet for the number of available global pins. For these
architectures BUFG is always implemented using an IOB. Connect the input of BUFG
to an IPAD or an IOPAD that represents an external signal source. Each BUFG can
drive any number of register clocks in a design. The output of a BUFG may also be
used as an ordinary input signal to other logic elsewhere in the design.

Virtex, Virtex-E, Spartan-Il, Spartan-11E

In Virtex, Virtex-E, Spartan-I1, and Spartan-I1E, the BUFG cannot be driven directly
from a pad. It can be driven from an IBUFG to indicate to use the dedicated pin
(GCLKIOB pin) or from an internal driver to create an internal clock. BUFG can also
be driven with an IBUF to represent an externally driven clock that does not use the
dedicated pin.

Spartan-3, Virtex-Il, Virtex-1l Pro, Virtex-Il Pro X

Spartan-3, Virtex-11, Virtex-11 Pro, and Virtex-11 Pro X, clock buffers are multiplexed
clock buffers. In Spartan-3, Virtex-I1, Virtex-11 Pro, and Virtex-11 Pro X, a BUFG is
implemented using a BUFGMUX with the S_B input tied high, basically meaning the
S input is tied low. 11 is unused. 10 is used.
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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.

VHDL Instantiation Template

-- Conponent Decl aration for BUFG shoul d be pl aced
-- after architecture statenment but before begin keyword

component BUFG
port (O: out STD ULCG C
I : in STD ULCE Q) ;

end conponent;

-- Conponent Attribute specification for BUFG
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for BUFG shoul d be pl aced
-- in architecture after the begin keyword

BUFG | NSTANCE_NAME : BUFG
port map (O => user_Q,
| => user_I);

Verilog Instantiation Template

BUFG i nstance_nanme (.O (user_O),
.1 (user_1));

Commonly Used Constraints
LOC
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BUFGCE

Global Clock MUX Buffer with Clock Enable and Output State O

Architectures Supported

BUFGCE
Spartan-Il, Spartan-II1E No
Spartan-3 Primitive
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No

BUFGCE is a global clock buffer with a single gated input. Its O output is "0" when
cE clock enable (CE) is Low (inactive). When clock enable (CE) is High, the I input is
% transferred to the O output.

BUFGCE
X9384
Inputs Outputs
I CE @]
X 0 0
| 1 |
BUFGMUX
n 0 :l 0 ° m
XGND 11
CE CE_IN S
. -
G;D X9307
BUFGCE Implementation Spartan-3, Virtex-Il, Virtex-Il Pro, Virtex-ll Pro X
Usage
This design element is supported for schematics and instantiations but not for
inference.
VHDL Instantiation Template
-- Conponent Decl aration for BUFGCE shoul d be pl aced
-- after architecture statement but before begin keyword
component BUFGCE
port (O: out STD ULCQG C;
CE : in STD ULOA C
| : in STD ULOGE O);
end conponent;
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-- Conponent Attribute specification for BUFGCE
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for BUFGCE shoul d be pl aced
-- in architecture after the begin keyword

BUFGCE_I NSTANCE_NAME : BUFGCE
port map (O => user_O

CE => user_CE,
I => user_I);

Verilog Instantiation Template

BUFGCE i nstance_nane (.O (user_O,
. CE (user_CE),
.1 (user_l1));

Commonly Used Constraints
LOC
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SUXILINX®

BUFGCE_1
BUFGCE_1
Global Clock MUX Buffer with Clock Enable and Output State 1
Architectures Supported
BUFGCE_1
Spartan-Il, Spartan-II1E No
Spartan-3 Primitive
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No
CE BUFGCE_1 is a multiplexed global clock buffer with a single gated input. Its O output
! o) is High (1) when clock enable (CE) is Low (inactive). When clock enable (CE) is High,
BUFGCE 1 the | input is transferred to the O output.

X9385

Inputs Outputs
I CE O
X 0 1
| 1 |
BUFGMUX_1
[ | 10 o °
XVCC 11
CE CE_IN S
- | :
V(T:C X9308

BUFGCE_1 Implementation Spartan-3, Virtex-ll, Virtex-Il Pro, Virtex-1l Pro X

Usage

This design element is supported for schematics and instantiations but not for
inference.

VHDL Instantiation Template

-- Conponent Declaration for BUFGCE_1 shoul d be pl aced
-- after architecture statement but before begin keyword

component BUFGCE_1
port (O: out STD ULCG C;
CE : in STD _ULOG C;
I: in STD ULOQA O);
end conponent;
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BUFGCE_1

-- Conponent Attribute specification for BUFGCE_1
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for BUFGCE_ 1 shoul d be pl aced
-- in architecture after the begin keyword

BUFGCE_1_| NSTANCE_NAME : BUFCCE_1
port map (O => user_O
CE => user_CE,
I => user_I);

Verilog Instantiation Template

BUGCE_1 i nstance_nane (.O (user_O),
. CE (user_CE),
.1 (user_l1));

Commonly Used Constraints
LOC
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BUFGDLL SXILINX®
BUFGDLL
Clock Delay Locked Loop Buffer
Architectures Supported
BUFGDLL
Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No
BUFGDLL BUFGDLL is a special purpose clock delay locked loop buffer for clock skew

—— RST LOCKED |—

X10033

management. It is provided as a user convenience for the most frequently used
configuration of elements for clock skew management. Internally, it consists of an
IBUFG driving the CLKIN pin of a CLKDLL followed by a BUFG that is driven by the
CLKO pin of the CLKDLL. Because BUFGDLL already contains an input buffer
(IBUFG), it can only be driven by a top-level port (IPAD).

Any DUTY_CYCLE_CORRECTION attribute on a BUFGDLL applies to the
underlying CLKDLL symbol.

Usage
This design element is supported for schematics and instantiations but not for
inference.

VHDL Instantiation Template

-- Conponent Decl aration for BUFGLL shoul d be placed
-- after architecture statenment but before begin keyword

component BUFGDLL
port (O: out STD ULCG C
I : in STD ULCGE Q) ;
end conponent;

-- Conponent Attribute specification for BUFGDLL
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here
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BUFGDLL

-- Conponent Instantiation for BUFGDLL shoul d be pl aced

-- in architecture after the begin keyword

BUFGDLL_I NSTANCE_NAME : BUFGDLL
port map (O => user_Q,
| => user_I);

Verilog Instantiation Template

BUFGDLL i nstance_name (.O (user_O),
.1 (user_l1));

Commonly Used Constraints
STARTUP_WAIT
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BUFGMUX SXILINX®
BUFGMUX
Global Clock MUX Buffer with Output State O
Architectures Supported
BUFGMUX
Spartan-Il, Spartan-II1E No
Spartan-3 Primitive
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No
BUFGMUX BUFGMUX is a multiplexed global clock buffer that can select between two input

10
— [¢]
11
S

X9251

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.
BUGFMUX assumes output state 0 and BUFGMUX_1 assumes output state 1.

Using a BUFGMUX element in your design may cause inaccurate simulation if all the
following conditions occur: both clock inputs (10 and 11) are used, GSR is activated
during simulation (after simulation time "0"), and the secondary clock input (I11) is
selected before or while GSR is active. In this case, the primary clock input (10) is
incorrectly selected. This occurs because there is a cross-coupled register pair that
ensures the BUFGMUX output does not inadvertently generate a clock edge. When
GSR is asserted, these registers initialize to the default state of 10. To select the
secondary clock, you must send a clock pulse to both the primary and secondary
clock inputs while GSR is inactive.

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 o]
10 X 0 10
X 11 1 11
X X 1 0
X X !

Usage

This design element is supported for schematics and instantiations but not for
inference.
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BUFGMUX

VHDL Instantiation Template

-- Conponent Decl aration for BUFGMUX shoul d be pl aced
-- after architecture statement but before begin keyword

conmponent BUFGMUX
port (O: out STD ULCG C;
10 : in STD_ ULQA C,
11 : in STD ULQA G
S: in STD_ULCE O);
end conponent;

-- Conponent Attribute specification for BUFGVIX
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for BUFGVMUX shoul d be pl aced
-- in architecture after the begin keyword

BUFGMUX_I NSTANCE_NAME : BUFGVUX
port map (O => user_Q,
10 => user_I0,
1 => user_I1,
S => user_S);

Verilog Instantiation Template

BUFGMUX i nstance_nane (. O (user_O),

.10 (user_10),
.11 (user_I11),
.S (user_9S));

Commonly Used Constraints
LOC
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BUFGMUX_1

Global Clock MUX Buffer with Output State 1

BUFGMUX_1

10
— [¢]
11
S

X9252

Architectures Supported

BUFGMUX_1
Spartan-Il, Spartan-II1E No
Spartan-3 Primitive
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No

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.

Using a BUFGMUX_1 element in your design may cause inaccurate simulation if all
the following conditions occur: both clock inputs (10 and I11) are used, GSR is activated
during simulation (after simulation time "0"), and the secondary clock input (I11) is
selected before or while GSR is active. In this case, the primary clock input (10) is
incorrectly selected. This occurs because there is a cross-coupled register pair that
ensures the BUFGMUX _1 output does not inadvertently generate a clock edge. When
GSR is asserted, these registers initialize to the default state of 10. To select the
secondary clock, you must send a clock pulse to both the primary and secondary
clock inputs while GSR is inactive.

Inputs Outputs
10 11 S O
10 X 0 10
X 11 1 11
X X 1 1
X X ! 1

Usage

This design element is supported for schematics and instantiations but not for
inference.
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BUFGMUX_1

VHDL Instantiation Template

-- Conponent Decl aration for BUFGMUX_1 shoul d be pl aced
-- after architecture statement but before begin keyword

component BUFGMUX 1
port (O: out STD ULCG C;
10 : in STD_ ULQA C,
11 : in STD ULQA G
S: in STD_ULCE O);
end conponent;

-- Conponent Attribute specification for BUFGVUX 1
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for BUFGVMUX shoul d be pl aced
-- in architecture after the begin keyword

BUFGMUX_1_| NSTANCE_NAME : BUFGVUX_ 1
port map (O => user_O
10 => user_10,
11 => user_I1,
S => user_S);

Verilog Instantiation Template

BUFGMUX_1 i nstance_nane (.O (user_O),

.10 (user_10),
.11 (user_I1),
.S (user_9));

Commonly Used Constraints
LOC
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BUFGP

Primary Global Buffer for Driving Clocks or Longlines (Four per PLD

Device)

X3902

BUFGP
Spartan-Il, Spartan-I1E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive

Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Primitive

XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-Il No

BUFGP, a primary global buffer, is used to distribute high fan-out clock or control
signals throughout PLD devices.

In Spartan-11, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-11 Pro, and
Virtex-1l1 Pro X, BUFGP is equivalent to an IBUFG driving a BUFG.

In XC9500/ XV /XL, CoolRunner XPLAS3, and CoolRunner-11, BUFGP is treated like
BUFG.

A BUFGP provides direct access to Configurable Logic Block (CLB) and Input Output
Block (IOB) clock pins and limited access to other CLB inputs. The input to a BUFGP
comes only from a dedicated 10B.

Because of its structure, a BUFGP can always access a clock pin directly. However, it
can access only one of the F3, G1, C3, or C1 pins, depending on the corner in which
the BUFGP is placed. When the required pin cannot be accessed directly from the
vertical line, PAR feeds the signal through another CLB and uses general purpose
routing to access the load pin.

To use a BUFGP in a schematic, connect the input of the BUFGP element directly to
the PAD symbol. Do not use any IBUFs, because the signal comes directly from a
dedicated 10B. The output of the BUFGP is then used throughout the schematic. For a
negative-edge clock, insert an INV (inverter) element between the output of the
BUFGP and the clock input. This inversion is performed inside each CLB or IOB.

A Spartan-Il, Spartan-11E, Virtex, Virtex-E, Virtex-Il, Virtex-11 Pro, Virtex-Il Pro X, or
Spartan-3 BUFGP must be sourced by an external signal.

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.
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BUFGP

VHDL Instantiation Template

-- Conponent Decl aration for BUFGP shoul d be pl aced
-- after architecture statement but before begin keyword

component BUFGP
port (O: out STD ULCG C;
I : in STD_ULCA O);
end conponent;

-- Conponent Attribute specification for BUFGP
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for BUFGP shoul d be placed
-- in architecture after the begin keyword

BUFGP_I NSTANCE_NAME : BUFGP

port map (O => user_Q,
| => user_I);

Verilog Instantiation Template

BUFGP i nstance_nanme (.O (user_O),
.1 (user_l1));

Commonly Used Constraints
HBLKNM
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SUXILINX®

BUFGSR

Global Set/Reset Input Buffer

X9428

Architectures Supported

BUFGSR
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | No
XC9500, XCI9500XV, XC9500XL Primitive
CoolRunner XPLA3 Primitive
CoolRunner-II Primitive

BUFGSR distributes global set/reset signals throughout selected flip-flops of an
XC9500/XV/ XL, CoolRunner XPLAS3, or CoolRunner-1I device. Global Set/Reset
(GSR) control pins are available on these CPLD devices. Consult device data sheets for
availability.

BUFGSR always acts as an input buffer. To use it in a schematic, connect the input of
the BUFGSR symbol to an IPAD or an IOPAD representing the GSR signal source.
GSR signals generated on-chip must be passed through an OBUF-type buffer before
they are connected to BUFGSR.

For global set/reset control, the output of BUFGSR normally connects to the CLR or
PRE input of a flip-flop symbol, like FDCP, or any registered symbol with
asynchronous clear or preset. The global set/reset control signal may pass through an
inverter to perform an active-low set/reset. The output of BUFGSR may also be used
as an ordinary input signal to other logic elsewhere in the design. Each BUFGSR can
control any number of flip-flops in a design.

Usage
This design element is supported for schematics and instantiations but not for
inference.

VHDL Instantiation Template

-- Conponent Decl aration for BUFGSR shoul d be pl aced
-- after architecture statenment but before begin keyword

component BUFGSR
port (O : out STD ULCG C
I : in STD ULCE Q) ;
end conponent;

-- Conponent Attribute specification for BUFGSR
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here
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-- Conponent Instantiation for BUFGSR shoul d be pl aced
-- in architecture after the begin keyword

BUFGSR_I NSTANCE_NAME : BUFGSR
port map (O => user_Q,
| => user_Il);

Verilog Instantiation Template

BUFGSR i nstance_nane (.O (user_O,
.1 (user_l1));
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BUFGTS

Global 3-State Input Buffer

X9428

Architectures Supported

BUFGTS
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | No
XC9500, XCI9500XV, XC9500XL Primitive
CoolRunner XPLA3 Primitive
CoolRunner-II Primitive

BUFGTS distributes global output-enable signals throughout the output pad drivers
of an XC9500/XV/XL, CoolRunner XPLA3, or CoolRunner-Il device. Global Three-
State (GTS) control pins are available on these CPLD devices. Consult device data
sheets for availability.

BUFGTS always acts as an input buffer. To use it in a schematic, connect the input of
the BUFGTS symbol to an IPAD or an IOPAD representing the GTS signal source. GTS
signals generated on-chip must be passed through an OBUF-type buffer before they
are connected to BUFGTS.

For global 3-state control, the output of BUFGTS normally connects to the E input of a
3-state output buffer symbol, OBUFE. The global 3-state control signal may pass
through an inverter or control an OBUFT symbol to perform an active-low output-
enable. The same 3-state control signal may even be used both inverted and non-
inverted to enable alternate groups of device outputs. The output of BUFGTS may
also be used as an ordinary input signal to other logic elsewhere in the design. Each
BUFGTS can control any number of output buffers in a design.

Usage

This design element is supported for schematics and instantiations but not for
inference.

VHDL Instantiation Template

-- Conponent Decl aration for BUFGTS shoul d be pl aced
-- after architecture statenment but before begin keyword

component BUFGTS
port (O : out STD ULCG C
I : in STD ULCE Q) ;
end conponent;

-- Conponent Attribute specification for BUFGIS
-- shoul d be placed after architecture declaration but
-- before the begin keyword
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-- Enter attributes here

-- Conponent Instantiation for BUFGIS shoul d be pl aced
-- in architecture after the begin keyword

BUFGTS_| NSTANCE_NAME : BUFGTS
port map (O => user_QO
I => user_I);

Verilog Instantiation Template

BUFGTS i nstance_nane (.O (user_O,
.1 (user_l1));
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BUFT, 4, 8, 16

Internal 3-State Buffers with Active-Low Enable

BUFT

.

X3789

BUFT4

X3796

BUFT8
T

i

X3808

Architectures Supported

BUFT

Spartan-Il, Spartan-11E Primitive
Spartan-3 No
Virtex, Virtex-E Primitive
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XCI9500XV, XC9500XL Primitive*
CoolRunner XPLA3 No
CoolRunner-II No

BUFT4, BUFT8, BUFT16
Spartan-Il, Spartan-II1E Macro
Spartan-3 No
Virtex, Virtex-E Macro
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Macro
XC9500, XCI9500XV, XC9500XL Macro*
CoolRunner XPLA3 No
CoolRunner-I1 No
*Not supported for XC9500XL and XC9500XV
devices.

BUFT, BUFT4, BUFT8, and BUFT16 are single or multiple 3-state buffers with inputs I,
13-10, 17 - 10, and 115 - 10, respectively; outputs O, O3 — O0, O7 — O0, and 015 - OO0,
respectively; and active-Low output enable (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 impedance (Z state or off). The outputs of the buffers are connected to horizontal
longlines in FPGA architectures.

The outputs of separate BUFT symbols can be tied together to form a bus or a
multiplexer. Make sure that only one T is Low at one time.

For XC9500 devices, BUFT output nets assume the High logic level when all
connected BUFE/BUFT buffers are disabled.

For Spartan-Il, Spartan-11E, Virtex, Virtex-E, Virtex-Il, Virtex-11 Pro, and Virtex-11 Pro
X, when all BUFTs on a net are disabled, the net is High. For correct simulation of this
effect, a PULLUP element must be connected to the net. NGDBuild inserts a PULLUP
element if one is not connected so that back-annotation simulation reflects the true
state of the device.
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BUFT16
T

i

X3820

Inputs Outputs

| @)

o|lo|r| H

o | X

Z
1
0

o[7:0]

T
10 ; 00

02

03

o4

lejlvj

05

16 ; 06
%

17 J o7
B

X8118

BUFT8 Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-ll,
Spartan-Il, Spartan-IIE, Virtex, Virtex-E, Virtex-Il, Virtex-ll Pro, Virtex-Il Pro X

Usage

These design elements are supported for schematics, instantiations, or inferences.

VHDL Inference Code

architecture Behavioral of buft is
begi n
process (I, T)
begin
if (T="0) then
O<=1;
el se
O<="'7Z;
end if;
end process;
end Behavi oral ;
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Verilog Inference Code

always @ (1 or T)
begin

if (17

O <= 1;

el se

O <= 1' bz,
end

VHDL Instantiation Template

-- Conponent Declaration for BUFT shoul d be placed
-- after architecture statenment but before begin keyword

component BUFT
port (O: out STD ULCG C
I : in STD_ULCOG C;
T: in STD ULOA C);

end conponent;

-- Conponent Attribute specification for BUFT
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for BUFT shoul d be pl aced
-- in architecture after the begin keyword

BUFT_I NSTANCE_NAME : BUFT
port map (O => user_Q,
| => user_|I,
T => user_T);
Verilog Instantiation Template

BUFT i nstance_nane (.O (user_O,
.1 (user_l),
.T (user_T));

Commonly Used Constraints

BLKNM

HBLKNM

HU_SET

LOC

U_SET
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CAPTURE_SPARTAN2 S XILINX®

CAPTURE_SPARTANZ2

Spartan-Il Register State Capture for Bitstream Readback
Architectures Supported

CAPTURE_SPARTAN2

Spartan-Il, Spartan-11E Primitive

Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | No
XC9500, XCI500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No

CAPTURE_SPARTAN2 CAPTURE_SPARTANZ2 provides user control over when to capture register (flip-flop

CAP | and latch) information for readback. Spartan-11 and Spartan-I1E devices provide the
readback function through dedicated configuration port instructions. The

CLK | CAPTURE_SPARTANZ2 symbol is optional. Without it readback is still performed, but

the asynchronous capture function it provides for register states is not available.

X689 Note: Spartan-1l and Spartan-IIE devices only allow for capturing register (flip-flop and latch)

states. 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_SPARTANZ2. See the Constraints Guide for information on the ONESHOT
attribute.

Note: For details on the Spartan-1l and Spartan-IIE readback functions, see The
Programmable Logic Data Book.

Usage

This design element is supported for schematics and instantiation but not for
inferrence.

VHDL Instantiation Template

-- Conponent Decl aration for CAPTURE_SPARTAN2 shoul d be
-- placed after architecture statenent but before
-- begin keyword

component CAPTURE_SPARTANZ2
port (CAP : in STD ULGCG G,
CLK : in STD ULCd Q) ;
end conponent;

-- Conponent Attribute specification for CAPTURE_SPARTAN2
-- shoul d be placed after architecture declaration but
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CAPTURE_SPARTANZ2

-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for CAPTURE _SPARTAN2 shoul d be
-- placed in architecture after the begin keyword

CAPTURE_SPARTAN2_| NSTANCE_NAME : CAPTURE_SPARTAN2
port map (CAP => user_CAP,
CLK => user_CLK);

Verilog Instantiation Template

CAPTURE_SPARTAN2 i nstance_nane (.CAP (user_CAP),
.CLK (user_CLK));

Commonly Used Constraints
ONESHOT
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CAPTURE_SPARTANS

Spartan-3 Register State Capture for Bitstream Readback

CAPTURE_SPARTAN3

CAP

CLK

X9931

Architectures Supported

CAPTURE_SPARTANS3
Spartan-Il, Spartan-II1E No
Spartan-3 Primitive
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No

CAPTURE_SPARTANS3 provides user control over when to capture register (flip-flop
and latch) information for readback. Spartan-3 devices provide the readback function
through dedicated configuration port instructions.

The CAPTURE_SPARTANS3 symbol is optional. Without it readback is still performed,
but the asynchronous capture function it provides for register states is not available.

Spartan-3 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.

VHDL Instantiation Template

-- Conponent Decl aration for CAPTURE_SPARTAN3 shoul d be
-- placed after architecture statenent but before
-- begin keyword

component CAPTURE_SPARTAN3
port (CAP : in STD ULCG C,
CLK : in STD ULCd ©);
end conponent;

-- Conponent Attribute specification for CAPTURE_SPARTAN3
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here
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-- Conponent Instantiation for CAPTURE_SPARTAN3 shoul d be
-- placed in architecture after the begin keyword

CAPTURE_SPARTAN3_| NSTANCE_NAME : CAPTURE_SPARTAN3
port map (CAP => user_CAP,
CLK => user_CLK);

Verilog Instantiation Template

CAPTURE_SPARTAN3 i nstance_nane (.CAP (user_CAP),
.CLK (user_CLK));

Commonly Used Constraints
ONESHOT
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CAPTURE_VIRTEX

Virtex Register State Capture for Bitstream Readback
Architectures Supported

CAPTURE_VIRTEX
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E Primitive
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | No
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No
CAPTURE_VIRTEX CAPTURE_VIRTEX provides user control over when to capture register (flip-flop and
CAP | latch) information for readback. Virtex and Virtex-E devices provide the readback

function through dedicated configuration port instructions.

The CAPTURE_VIRTEX symbol is optional. Without it readback is still performed,
but the asynchronous capture function it provides for register states is not available.

CLK

X8681

Note: Virtex and Virtex-E allow 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_VIRTEX. See the Constraints Guide for information on the ONESHOT
attribute.

For details on the Virtex and Virtex-E readback functions, see the Virtex datasheets on
the Xilinx web site, http://support.xilinx.com.

Usage

This design element is supported for schematics and instantiation but not for
inferrence.

VHDL Instantiation Template

-- Conponent Decl aration for CAPTURE_VI RTEX shoul d be
-- placed after architecture statenment but before
-- begin keyword

component CAPTURE_VI RTEX
port (CAP : in STD ULOG C;
CLK : in STD ULCQd ©);
end conponent;

-- Conponent Attribute specification for CAPTURE_ VI RTEX
-- shoul d be placed after architecture declaration but
-- before the begin keyword
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-- Enter attributes here

-- Conponent Instantiation for CAPTURE VI RTEX shoul d be
-- placed in architecture after the begin keyword

CAPTURE_VI RTEX_| NSTANCE_NAME : CAPTURE_VI RTEX
port map (CAP => user_CAP,
CLK => user_CLK);

Verilog Instantiation Template

CAPTURE_VI RTEX i nstance_name (. CAP (user_CAP),
.CLK (user_CLK));

Commonly Used Constraints
ONESHOT
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CAPTURE_VIRTEX2

Virtex-1l Register State Capture for Bitstream Readback
Architectures Supported

CAPTURE_VIRTEX2

Spartan-Il, Spartan-II1E No

Spartan-3 No

Virtex, Virtex-E No

Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive

XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No
CAPTURE VIRTEX2 CAPTURE_VIRTEX2 provides user control over when to capture register (flip-flop

CAP| and latch) information for readback. Virtex-1l, Virtex-11 Pro, and Virtex-11 Pro X

devices provide the readback function through dedicated configuration port
cLK | instructions.

The CAPTURE_VIRTEX2 symbol is optional. Without it readback is still performed,
but the asynchronous capture function it provides for register states is not available.

X9397

Virtex-Il, Virtex-11 Pro, and Virtex-11 Pro X allow 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_VIRTEX2. See the Constraints Guide for information on the ONESHOT
attribute.

The GRDBK (internal capture signal) is asserted at the rising edge of the Capture
clock when the Capture signal is high. The capture memory cell is continuously
updated if the value of the FF is continuously changing. The final value of the capture
memory cell occurs at the rising edge of the Capture clock when the Capture signal is
low.

For details on the Virtex-11, Virtex-1l Pro, and Virtex-11 Pro X readback functions, see
The Programmable Logic Data Book.

Usage

This design element is supported for schematics and instantiation but not for
inferrence.

VHDL Instantiation Template

-- Conponent Decl aration for CAPTURE VI RTEX2 shoul d be
-- placed after architecture statenent but before
-- begin keyword
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component CAPTURE_VI RTEX2
port (CAP : in STD ULCOA C,
CLK : in STD ULOCGE O);
end conponent;

-- Conponent Attribute specification for CAPTURE_VI RTEX2
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for CAPTURE VI RTEX2 shoul d be
-- placed in architecture after the begin keyword

CAPTURE_VI RTEX2_| NSTANCE_NAME : CAPTURE_VI RTEX2
port map (CAP => user _CAP,
CLK => user_CLK);

Verilog Instantiation Template

CAPTURE_VI RTEX2 i nstance_nanme (.CAP (user_CAP),
. CLK (user_CLK));

Commonly Used Constraints

None
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CB2CE, CB4CE, CB8CE, CB16CE

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

CB2CE

i

m
-
glatels

CLR
X4353

CB4CE |qo

X4361

CB16CE |QI15:0]

X4365

Architectures Supported

CB2CE, CB4CE, CB8CE, CB16CE
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Macro
XC9500, XC9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro

CB2CE, CB4CE, 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.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, outputs Low, when power is applied.

For XC9500/XV/XL, CoolRunner XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs

CLR CE C Qz-Q0 TC CEO

1 X X 0 0 0
0 0 X No Chg No Chg 0
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Inputs Outputs

CLR CE C Qz-Q0 TC CEO

0 1 1 Inc TC CEO

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

TC = Qz=Q(z-1)=Q(z-2)=...=Q0
CEO =TC<CE
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CB8CE Implementation Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E,
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Virtex-Il, Virtex-Il Pro, Virtex-ll Pro X

vce

CE )
Q0 g

AND2
QL g
FDC
D > e
XOR2 Py l )ﬂ.
CLR
Q0 AND3
TC
AND2
FDC
[ oo
AND2 XOR2
C CLR
g CLR [t
CB2CE Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-II
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CB2CE

Qo0
Q1

Q0
Q1
L CE CEO

CLR
CLR CBO

CB2CE

Q2
Q3

Qo
Q1
CE  CEO

CLR

CB2
[ —

CB2CE

Q4
Q5

CB2CE

Q6
Q7
CEO g

Qo0
Q1
CE  CEO

CLR

CB6

TC

X7783 AND4

CB8CE Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-II

Usage

For HDL, these design elements are inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of cb2ce is

constant TERM NAL_COUNT : std_l ogic_vector(WDTH 1 downto 0) :=
(others => '1");

begin

process(C, CLR
begi n
if (CLR="1") then
Q <= (others => '0");
elsif (Cevent and C='1') then
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if (CE='1') then
Q <= Q1
end if;
end if;
end process;

process (Q

begin

if (Q= TERM NAL_COUNT) then
TC <='1';

el se
TC <='0';

end if;

end process;

CEO<=TC and CE;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or posedge CLR)
begin
if (CLR)
Q<=0
else if (CE)
Q<=Q+ 1

end

always @(Q

begin

i f (Q == TERM NAL_COUNT)
TC <= 1;

el se
TC <= 0;

end

always @ (CE or TC)
begin

CEO0 <= TC && CE;
end
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CB2CLE, CB4CLE, CB8CLE, CB16CLE

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

po [ cB2CLE | Q0
D1 1
L]
CE | CEO
C | | TC
CLR

X4354
Do | CBACLE | oo
D1 ] | Q1
D2 [ 02
D3 | | Q3
L]
cE |  ceo
c | ixel

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

CEO

X4366

Architectures Supported

CB2CLE, CB4CLE, CB8CLE, CB16CLE
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X No
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro

CB2CLE, CB4CLE, CB8CLE, and CB16CLE are, respectively, 2-, 4-, 8-, and 16-bit
(stage) synchronously loadable, asynchronously 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 data on
the D inputs is loaded into the counter when the load enable input (L) is High during
the Low-to-High clock 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 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 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 XC9500/XV/XL, CoolRunner XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.
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Inputs Outputs
CLR L CE C Dz-DO0 | Qz-QO0 TC CEO
1 X X X X 0 0 0
0 1 X ) Dn Dn TC CEO
0 0 0 X X No Chg No Chg 0
0 0 1 1 X Inc TC CEO

z=1 for CB2CLE; z = 3 for CBACLE; z = 7 for CB8CLE; z = 15 for CB16CLE
TC = Qz=Q(z-1)=Q(z-2)=...=Q0

CEO =TC=CE
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CB8CLE Implementation Spartan-Il, Spartan-llE, Spartan-3, Virtex, Virtex-E,
Virtex-Il, Virtex-Il Pro, Virtex-ll Pro X
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CB2CLE Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-I|
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CBB8CLE Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-I|
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Usage

For HDL, these design elements are inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of cb2cle is

constant TERM NAL_COUNT : std_l ogic_vector(WDTH 1 downto 0) :=
(others => '1");

begi n

process(C, CLR)

begi n

if (CLR="1") then
Q<= (others =>"'0");

elsif (Cevent and C='1') then
if (L="1") then
Q<= D
elsif (CE='"1') then
Q <= COUNT+1;
end if;

end if;

end process;

process(Q
begi n
if (Q= TERM NAL_CQOUNT) then
TC <='1";
el se
TC <='0';
end if;
end process;

TC <= TC_I NT;
CEO <= TC and CE;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or posedge CLR)
begin

if (CLR

Q<=0

else if (L)

Q<=D

else if (CE

Q<=Q+ 1

end

always @(Q
begi n
if (Q == TERM NAL_CQOUNT)
TC <= 1;
el se
TC <= 0;
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end

always @ (TC or CE)
begin

CEO <= TC & CE;
end
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CB2CLED, CB4CLED, CB8CLED, CB16CLED

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

po | CB2CLED | Qo
D1 | | Q1
wP |
L]
ce] | ceo
c | | TC
CLR
X4355
%CB4CLEDg
b1 [ o1
D2 | 02
D3 [ o3
up
L]
CE CEO
c | TC
CLR
Q X4359
D[7:0] Q[7:0]
sl CBBCLED |y

CEO
| ¢

X4363

Architectures Supported

CBD2CLED, CBD4CLED, CBD8CLED, CBD16CLED
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-1l, Virtex-1l Pro, Virtex-11 Pro X No
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro

CB2CLED, CB4CLED, CB8CLED, and CB16CLED are, respectively, 2-, 4-, 8- and 16-bit
(stage), synchronously loadable, asynchronously clearable, cascadable, bidirectional
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
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 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.

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 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
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. For XC9500/XV/XL, CoolRunner XPLA3, and
CoolRunner-11, see “CB2X1, CB4X1, CB8X1, CB16X1” for high-performance
cascadable, bidirectional counters.

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

For XC9500/XV/XL, CoolRunner XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate power-on when global set/reset (GSR) is active.

GSR defaults to active-High but can be inverted with an inverter in front of the GSR
input of STARTUP_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX, or
STARTUP_VIRTEX2.
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b1%0l fes16CLED QU5
o Inputs Outputs
o | eo CLR L CE C UP | Dz-DO | Qz-QO TC CEO
& e 1 X X X X X 0 t t *CE
CLR 367 0 1 X 1 X Dn Dn TC CEO
0 0 0 X X X NoChg | No Chg 0
0 0 1 1 1 X Inc TC CEO
0 0 1 1 0 X Dec TC CEO
z =1 for CB2CLED; z = 3 for CB4CLED; z = 7 for CB8CLED; z = 15 for CB16CLED
TC = (Qz=Q(z-1)*Q(z-2)=...=Q0=UP) + (Qz=Q(z-1)=Q(z-2)=...=Q0=UP)
CEO =TCeCE
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D4 |
D
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L1 ¢ Q4
CcE T5_DN
CLR DO
AND2B1 015
Q4 D1
ﬂ st
1 ND;
FTCLEX
DS
D
| 1L
L1 q 5
CE T6_DN
‘CL'L M2_1
Q5 AND3B2 Do O T6
D1
S0 T
T6_UP| 6
AND3
G
6 TCLEX
:
— L
6
17 o Q
CcE
R T7_DN
1 M2_1
Qs DO——
AND4B3 D1 0_T7
S0 T 47
T7_UP|
L]
AND4
o7 FTCLEX
D
L L
CE L1 Q Q7
. CE Q[7:0]
c I S
CLR CLR J L] TC_DN
Q >
ANDS5B4
ﬂ:D OR_CE_L TC_UP
OR2 T —
—— ANDS
up

CB8CLED Implementation Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E,
Virtex-Il, Virtex-Il Pro, Virtex-ll Pro X
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GED OR2 | AND3B2 oc
S Lr\
- J o o> o o a0
o Gﬁ] | CLR o
FDC
> o e =
D1 | 4 = Q1
FDC
— ) D o Q Q2
D2 D) ,4(:10{ Q2
{}No\/i D - FDC . o
D3 |
ANDS TCc
CEO
c AND6
CLR
CBA4CLED Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-I|
Usage
For HDL, these design elements are inferred rather than instantiated.
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VHDL Inference Code

architecture Behavioral of cb2cled is

constant TERM NAL_COUNT_UP : std_logic_vector(WDTH 1 downto 0)

(others => "1");

constant TERM NAL_COUNT_DOWN : std_ |l ogic_vector(WDTH 1 downto 0)

(others =>"'0");
begi n

process(C, CLR)
begin
if (CLR="1") then
Q <= (others =>"'0");
elsif Cevent and C='1" then
if (L="1") then
Q<=0D
elsif (CE='"1") then
if (UP="1") then
Q <= Q+1;
elsif (UP="0") then
Q<=0Q1
end if;
end if;
end if;
end process;

process(Q UP)

begin

if (((Q= TERM NAL_COUNT _UP) and (UP = '1')) or
((Q = TERM NAL_COUNT_DOWN) and (UP = '0"))) then
TC <='1';

el se
TC <='0';

end if;

end process;

CEO<=TC and CE;
end Behavi oral ;

Verilog Inference Code
al ways @ (posedge C or posedge CLR)

begi n
if (CLR
Q<=0
else if (L)
Q<= D
else if (CE
begin
if (UP)
Q<=Q+ 1;
else if (!UP)
Q<=Q- 1
end
end
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always @ (Q or UP)
begi n
if ((Q== TERM NAL_COUNT_UP && UP) || (Q == TERM NAL_COUNT_DOMN &&
1UP))
TC <= 1;
el se
TC <= 0;
end

always @ (TC or CE)
begin

CEO <= TC & CE;
end
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CB2RE, CB4RE, CBS8RE, CB16RE

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

CB2RE
| Q0
| Q1

CE | | CEO
Cc | | TC
g X4356

CB4RE | Q0
| Q1
| Q2
| Q3

(@]
m
[e]

4
(e}

CE
C |
g X4360

Architectures Supported

CB2RE, CB4RE, CB8RE, CB16RE
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Macro
XC9500, XC9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro

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.

CB8RE [QI7:0] For XC9500/XV/ XL, CoolRunner XPLA3, and CoolRunner-Il, the power-on
CE | CEO condition can be simulated by applying a High-level pulse on the PRLD global net.
Cc | TC
Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
R wasss Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
CB16RE [O[15:0] or STARTUP_VIRTEX2 symbol.
CE | CEO
e us Inputs Outputs
R %4368 CE C Qz-Q0 TC CEO
X 1 0 0 0
0 X No Chg No Chg 0
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Inputs Outputs
R CE C Qz-QO0 TC CEO
0 1 1 Inc TC CEO

z =1 for CB2RE; z = 3 for CB4RE; z = 7 for CB8RE; z = 15 for CB16RE

TC = Qz=Q(z-1)*Q(z-2)=...=Q0)
CEO =TC<CE

vee FTRSE Ql7:0]
T S Q
3
c
R
[
FTF‘(SE
Ly s g Q
E
C T2
R P
J Q1 AND2
F[R‘SE
s
L "o e
E
C K]
R
[ o AND3
FTTSE
L S o @
3
c
R T4
[ o ]
AND4
FTTSE
EERN ol
3
C T5
R P )
‘ Q4 AND2
F[R‘SE
LS g Q5
E
c T6
R
[ o5 AND3
FTTSE
L sy Q6
3
C 7
R
I o \
AND4
FTR‘SE
S Q7
L | 0
_CE .
Ic C
R
o Ca
o8 [ @7 |
= ANDS
GND
CEO
X8137

AND2

CBB8RE Implementation Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E,
Virtex-Il, Virtex-Il Pro, Virtex-Il Pro X
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FD

AND2B1 ooy

Q

AND281

FD

TCc

AND2

Q0
Q1

AND3B1 XOR2

AND2B1

CB2RE Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-II

CB2RE
Q0
0
o 2
CcE
B————————{CE CcEO
s TC
R
CcBO
2R
CB2RE
Q2
Qo0
3
Q1L 2
CE  CEO
c TC
R
cB2
CB2RE
Q4
0
: :
CE  CEO
bc TC
R
CB4
CB2RE
Q Q6 M q[7:0]
Q7
1
Q CEO
CE  CEO u
bC TC
R
CB6
L] >—==a

X8129

AND4

CBS8RE Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-II

Usage

For HDL, these design elements are inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of cb2re is
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constant TERM NAL_COUNT : std_l ogic_vector(WDTH 1 downto 0) :=

(others => '1");
begi n

process( Q)

begi n

if (Cevent and C='1') then
if (R="1') then
Q <= (others =>'0");
elsif (CE='"1'") then
Q <= Qtl;
end if;

end if;

end process;

process(Q

begin

if (Q = TERM NAL_COUNT) then
TC <='1';

el se
TC <='0';

end if;

end process;

CEO<=TC and CE;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C)
begi n
if (R
Q<=0
elseif (CpB
Q<=Q+ 1;

end

always @(Q
begi n
i f (Q == TERM NAL_COUNT)
TC <= 1;
el se
TC <= 0;
end

always @ (TC or CE)
begin

CEO <= TC & CE;
end
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CB2RLE, CB4RLE, CB8RLE, CB16RLE

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

oo | CB2RLE | go
D1 Q1
L |
CE CEO
C TC
g X4513
Do | CB4RLE |qo
D1 | | Q1
D2 lo2
D3 |93
L]
CE |ceo
c | [rc
g X4514

QI7:0]
— CB8RLE e

CEO
| TC

Architectures Supported

CB2RLE, CB4RLE, CB8RLE, CB16RLE
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-l, Virtex-1l Pro, Virtex-11 Pro X | Macro
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro

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.

g X4515
Inputs Outputs
. . R L CE C Dz -DO z-Q0 TC CEO
P50l T cB16RLE [QUSO! Qz-Q

. 1 X X 1 X 0 0 0
EE |CEO 0 1 X 1 Dn Dn TC CEO
c | | Tc

0 0 0 X X No Chg No Chg 0
g X4516
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Inputs Outputs
R L CE C Dz-DO | Qz-QO0 TC CEO
0 0 1 1 X Inc TC CEO

z = 1for 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
vee
.&Df
AND2
L
OR2
T CEO
GND J
R AND3
L L
Q1
AND3B2 e |
o D0
) FD
AND3B1 D3 D Q
AND2
XOR2
Q0
AND3B2
r—
AND4B2
DL
L
OR2 Fo
AND3B1 > b Q
XOR2
Q1
AND3B2
2 C xi7ez

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

CB2RLE
ml0 DO QO Q.4
mDL D1 Q1 Qly
=t L
it CE CEO
c TC
= R
R TcBo
CB2RLE
D2 DO QO Q29
D3 D1 Q1 Qg
L
CE CEO
R TC
———TcB2
CB2RLE
D2 D0 Qo Q4 g
uls D1 Q1 Q5 g
L
CE CEO
R TC—
e ———Tcs
CB2RLE
mD6 DO QO Q6 o
b7 D1 Q1 Uy
L
CE CEO CEOy
c gTC
D[7:0] L——Tcs
Q[7:0]
TC
AND4
X7621

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

224 www.xilinx.com Libraries Guide
1-800-255-7778 ISE 6.li


http://www.xilinx.com

CB2RLE, CB4RLE, CB8RLE, CB16RLE

SUXILINX®

Usage

For HDL, these design elements are inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of cb2rle is

constant TERM NAL_COUNT : std_l ogic_vector(WDTH 1 downto 0) :=

(others => '1");
begi n
process(C)
begi n
if (Cevent and C='1') then
if (R="1') then
Q <= (others =>'0");
elsif (L="1") then
Q <= D
elsif (CE='"1") then
Q <= Qfl;
end if;
end if;
end process;

process(Q

begin

if (Q = TERM NAL_COUNT) then
TC <="1'";

el se
TC <='0';

end if;

end process;

CEO<=TC and CE;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C)
begin

if (R

Q<= 0;

else if (L)

Q<=D

elseif (CpB

Q<=Q+ 1;

end
al wvays @ (Q
begi n

i f (Q == TERM NAL_COUNT)

TC <= 1;

el se

TC <= 0;
end
always @ (TC or CE)
begi n

CEO <= TC & CE;
end
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CB2X1, CB4X1, CB8X1, CB16X1

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

DO cB2x1 | Qo
o1 | o
| Tcu
L [ rco
CEU] | CEOU
CED| | CEOD
c |
CLR X4194
D0 | cBax1 [Q0
D1 Q1
D2 | 02
03 | | s
T [ Tcu
CEU [ Tco
CED | Eou
L] | CEOD
c |

X4196

Architectures Supported

CB2X1, CB4X1

Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-Il, Virtex-1l Pro, Virtex-1l Pro X | Macro
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro

CB8X1, CB16X1

Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Macro
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-II Macro

CB2X1, CB4X1, CB8X1, and CB16X1 are, respectively, 2-, 4-, 8-, and 16-bit (stage),
synchronously loadable, asynchronously clearable, bidirectional binary counters.
These counters have separate count-enable inputs and synchronous terminal-count
outputs for up and down directions to support high-speed cascading in
XC9500/XV/ XL, CoolRunner XPLA3, and CoolRunner-II.

The asynchronous clear (CLR) is the highest priority input. When CLR is High, all
other inputs are ignored; data outputs (Q) go to logic level zero, terminal count
outputs TCU and TCD go to zero and one, respectively, clock enable outputs CEOU
and CEOD go to Low and High, respectively, independent of clock transitions. The
data on the D inputs loads into the counter on the Low-to-High clock (C) transition
when the load enable input (L) is High, independent of the CE inputs.

The Q outputs increment when CEU is High, provided CLR and L are Low, during the
Low-to-High clock transition. The Q outputs decrement when CED is High, provided
CLR and L are Low. The counter ignores clock transitions when CEU and CED are
Low. Both CEU and CED should not be High during the same clock transition; the
CEOQOU and CEOD outputs might not function properly for cascading when CEU and
CED are both High.

For counting up, the CEOU output is High when all Q outputs and CEU are High. For
counting down, the CEOD output is High when all Q outputs are Low and CED is
High. To cascade counters, the CEOU and CEOD outputs of each counter are
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D[15:0]
1501 caiext

L

CEU |
ceo |
C

Q[15:0]
p_—
[ Tcu
| Tco
| ceou

| cEop

CLR

X4200

connected directly to the CEU and CED inputs, respectively, of the next stage. The
clock, L, and CLR inputs are connected in parallel.

The maximum clocking frequency of these counter components is unaffected by the
number of cascaded stages for all counting and loading functions. The TCU terminal
count output is High when all Q outputs are High, regardless of CEU. The TCD
output is High when all Q outputs are Low, regardless of CED.

When cascading counters, the final terminal count signals can be produced by AND
wiring all the TCU outputs (for the up direction) and all the TCD outputs (for the
down direction). The TCU, CEOU, and CEOD outputs are produced by optimizable
AND gates within the component. This results in zero propagation from the CEU and
CED inputs and from the Q outputs, provided all connections from each such output
remain on-chip. Otherwise, a macrocell buffer delay is introduced.

The counter is initialized to zero (TCU Low and TCD High) when power is applied.
The power-on condition can be simulated by applying a High-level pulse on the
PRLD global net.

Inputs Outputs

CLR| L |CEU |CED | C | Dz-D0O | Qz—QO TCU TCD CEOU | CEOD
1 X X X X X 0 0 1 0 CEOD
0 1 X X 1 Dn Dn TCU TCD CEOU | CEOD
0 0 0 0 X X No Chg | No Chg | No Chg 0 0
0 0 1 0 1 X Inc TCU TCD CEOU 0
0 0 0 1 1 X Dec TCU TCD 0 CEOD
0 0 1 1 1 X Inc TCU TCD Invalid | Invalid

z =1 for CB2X1; z = 3 for CB4X1,; z = 7 for CB8X1; z = 15 for CB16X1
TCU = Qz=Q(z-1)=Q(z-2)=...=Q0

TCD = Qz*Q(z-1)*Q(z-2)=...=Q0

CEOU =TCU=CEU

CEOD = TCD=CED
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— ey
CEU
T =L
D r/L/ -
Do |
3l
(=D :
ANDZB1 ! T Q1
D1 |
O—
‘ }_/ FDC o
D2 |
o
FDC
> e
| r ,JR 5
b Ty,
W FDC
Do TCDINV
I CL:cowv
i CEQU
*'r_/ CEQD,
C
CB4X1 Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-II
Usage
For HDL, these design elements are inferred rather than instantiated.
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VHDL Inference Code

architecture Behavioral of ch2x1l is

signal CEU INT : std_logic;
signal CED INT : std_|logic;

constant TERM NAL_COUNT_UP : std_l ogi c_vector (WDTH 1 downto 0) :=

(others => '1");

constant TERM NAL_COUNT_DOWN : std_l ogi c_vector (WDTH 1 downto 0)

.= (others =>'0");
begin

process(C, CLR

begi n

if (CLR="1") then

Q <= (others =>"'0");
CEU_INT <= '0";

CED INT <= "1';
elsif ((Cevent) and (C='1")) then
if (L="1) then
Q<=D
CEU_I NT <= CEU,
CED I NT <= CED;
elsif (CEU='"1") then
Q <= Q+1;
CEU INT <= "1';
CED INT <= "'0';
elsif (CED="1") then
Q<= Q1L
CEU INT <= "'0";
CED INT <= "1';

end if;

end if;

end process;

process (Q CEU_INT, CED_INT)
begi n

if ((Q= TERM NAL_COUNT UP) and (CEUINT = '1')) then

elsif ((Q= TERM NAL_COUNT_DOWN) and (CED INT = "1'")) then

TCU <= '1';
TCD <= '0';
TCU <= '0';
TCD <= '1';
el se
TCU <= '0';
TCD <= '0';
end if;

end process;

CEQU <= TCU and CEU;
CEOD <= TCD and CED;

end Behavi oral ;
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Verilog Inference Code

al ways @ (posedge C or posedge CLR)
begi n
if (CLR
begin
Q<=0
CEU_I NT <= 1' b0;
CED I NT <= 1' b1,
end
else if (L)
begin
Q<=D
CEU_I NT <= CEU;
CED | NT <= CED;

end
else if (CEU)
begin
Q<=Q+ 1;
CEU_I NT <= 1;
CED I NT <= 0;
end
else if (CED)
begin
Q<=Q- 1

CEU_INT <= 1'bO0;
CED I NT <= 1'b1;
end
end

always @(Q or CEU_INT or CED_I NT)

begin

if (Q == TERM NAL_COUNT_UP && CEU | NT)

begin

TCU_INT <= 1;

TCD_I NT <= 0;

end

else if ((Q == TERM NAL_COUNT_DOMW) && CED_I NT)
begin

TCU_I NT <= 0;

TCD_I NT <= 1;
end

el se

begin

TCU_I NT <= 0;

TCD_I NT <= 0;

end

end

always @ (TCU_INT or CEU or TCD_I NT or CED)
begi n

CEQU <= TCU_I NT && CEU,

CEOD <= TCD_I NT && CED,

TCU <= TCU_I NT;

TCD <= TCD_I NT;

end

Libraries Guide www.xilinx.com 231
ISE 6.li 1-800-255-7778


http://www.xilinx.com

SXILINX® CB2X1, CB4X1, CB8X1, CB16X1

232 www.xilinx.com Libraries Guide
1-800-255-7778 ISE 6.li


http://www.xilinx.com

CB2X2, CB4X2, CB8X2, CB16X2 S XILINX®

CB2X2, CB4X2, CB8X2, CB16X2

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

Do CB2X2

S
g@‘%

‘ ~
e}
o

(o)
m
o

o]
m
o
o c

X4195

Do | cB4x2

X4197

D[7:0]
man  CBB8X2

Q7.0

p—
TCU
TCD
CEOU
CEOD

Architectures Supported

CB2X2
Spartan-Il, Spartan-I1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Macro
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro

CB4X2, CB8X2, CB16X2

Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Macro
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-II Macro

CB2X2, CB4X2, CB8X2, and CB16X2 are, respectively, 2-, 4-, 8-, and 16-bit (stage),
synchronous, loadable, resettable, bidirectional binary counters. These counters have
separate count-enable inputs and synchronous terminal-count outputs for up and
down directions to support high-speed cascading in CPLD architectures.

The synchronous reset (R) is the highest priority input. When R is High, all other
inputs are ignored; the data outputs (Q) go to logic level zero, terminal count outputs
TCU and TCD go to zero and one, respectively, and clock enable outputs CEOU and
CEOD go to Low and High, respectively, on the Low-to-High clock (C) transition. The
data on the D inputs loads into the counter on the Low-to-High clock (C) transition
when the load enable input (L) is High, independent of the CE inputs.

All Q outputs increment when CEU is High, provided R and L are Low during the
Low-to-High clock transition. All Q outputs decrement when CED is High, provided
R and L are Low. The counter ignores clock transitions when CEU and CED are Low.
Both CEU and CED should not be High during the same clock transition; the CEOU
and CEOD outputs might not function properly for cascading when CEU and CED
are both High.

For counting up, the CEOU output is High when all Q outputs and CEU are High. For
counting down, the CEOD output is High when all Q outputs are Low and CED is
High. To cascade counters, the CEOU and CEOD outputs of each counter are,
respectively, connected directly to the CEU and CED inputs of the next stage. The C,

S L, and R inputs are connected in parallel.
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D[15:

o0

k=]

CB16X2

m
cr1

Q[15:0]

—
TCU
TCD
CEOU
CEOD

m
2 ‘o‘o

X4201

The maximum clocking frequency of these counter components is unaffected by the
number of cascaded stages for all counting and loading functions. The TCU terminal
count output is High when all Q outputs are High, regardless of CEU. The TCD
output is High when all Q outputs are Low, regardless of CED.

When cascading counters, the final terminal count signals can be produced by AND
wiring all the TCU outputs (for the up direction) and all the TCD outputs (for the
down direction). The TCU, CEOU, and CEOD outputs are produced by optimizable
AND gates within the component. This results in zero propagation from the CEU and
CED inputs and from the Q outputs, provided all connections from each such output
remain on-chip. Otherwise, a macrocell buffer delay is introduced.

The counter is initialized to zero (TCU Low and TCD High) when power is applied.
The power-on condition can be simulated by applying a High-level pulse on the
PRLD global net.

Inputs Outputs
R|L |CEU/CED| C Dz-DO|Qz-QO0| TCU TCD CEOU CEOD
1| X X X 1 X 0 0 1 0 CEOD
0 1 X X 1 Dn Dn TCU TCD CEOU CEOD
0 0 0 0 X X No Chg | No Chg | No Chg 0 0
0 0 1 0 1 X Inc TCU TCD CEOU 0
0 0 0 1 1 X Dec TCU TCD 0 CEOD
0 0 1 1 1 X Inc TCU TCD Invalid | Invalid

z =1 for CB2X2; z = 3 for CB4X2; z = 7 for CB8X2; z = 15 for CB16X2
TCU = Qz=Q(z-1)=Q(z-2)=...=Q0

TCD = Qz*Q(z-1)*Q(z-2)=...=Q0

CEOU =TCU=CEU

CEOD = TCD=CED
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CB4X2 Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-II
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Usage

For HDL, these design elements are inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of ch2x2 is

signal CEU INT : std_logic;
signal CED INT : std_|l ogic;

constant TERM NAL_COUNT_UP : std_l ogi c_vector (WDTH 1 downto 0) :=
(others => "'1");

constant TERM NAL_COUNT_DOWN : std_|l ogic_vector(WDTH 1 downto 0)
= (others =>'0");

begi n

process( Q)

begi n

if ((Cevent) and (C="1'))then
if (R="1') then
Q <= (others =>'0");
CEU INT <= "'0";
CED INT <= "'1";
elsif (L="1") then
Q<= Db
CEU_I NT <= CEU,
CED_|I NT <= CED;
elsif (CEU='"1") then
Q <= Qtl;
CEU_INT <= "'1";
CED INT <= "'0';
elsif (CED="1") then
Q<=0Q1l
CEU INT <= "'0";
CED INT <= "1';

end if;

end if;

end process;

process(Q CEU_I NT, CED_INT)

begin

if ((Q= TERM NAL_COUNT_UP) and (CEU_INT = "1")) then
TCU <= '1';

TCD <= '0';

elsif ((Q = TERM NAL_COUNT_DOW) and (CED_INT = '1')) then
TCU <= '0';

TCD <= '1';

el se

TCU <= '0';

TCD <= '0';

end if;

end process;

CEOK=TCU and CEU;
CEQD<=TCD and CED;
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end Behavi oral ;

Verilog Inference Code

al ways @ (posedge Q)
begin
if (R
begin
Q<=0
CEU_I NT <= 1' bO;
CED_I NT <= 1'bl;
end
else if (L)
begin
Q<=D
CEU_INT <= CEU,
CED I NT <= CED;

end

else if (CEU)
begin
Q<=Q+ 1

CEU_I NT <= 1;
CED I NT <= 0;

end

else if (CED)
begin

Q<=Q- 1

CEU_I NT <= 1' b0;
CED_INT <= 1' bil;
end

end

always @(Q or CEU_INT or CED_I NT)

begi n
if (Q == TERM NAL_COUNT_UP && CEU | NT)
begin
TCU_INT <= 1;
TCD_I NT <= 0;
end
else if ((Q == TERM NAL_COUNT_DOMN) && CED_I NT)
begin
TCU_I NT <= 0;
TCD_I NT <= 1;
end
el se
begin

TCU_I NT <= 0;
TCD_I NT <= 0;
end
end

always @TCU_INT or CEU or TCD_INT or CED)
begi n

CEQU <= TCU_I NT && CEU,

CECD <= TCD_I NT && CED;

TCU <= TCU_I NT;

TCD <= TCD_I NT;
end
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CBD2CE, CBD4CE, CBD8CE, CBD16CE

2-, 4-, 8-,16-Bit Cascadable Dual Edge Triggered Binary Counters with
Clock Enable and Asynchronous Clear

CBD2CE
| Q0
| Q1
CE | | CEO
C | | TC
CLR

X9621

CBD4CE | Qo
| Q1
| Q2
| Q3

CE | | CEO
C | | TC
CLR
X9622
CBDSCE | Q[7:0]
CE | CEO
c_| TC
CLR
X9623
CBD16CE | Q[15:0]
CE | CEO
c | TC
CLR

X9624

Architectures Supported

CBD2CE, CBD4CE, CBD8CE, CBD16CE
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-1l, Virtex-1l Pro, Virtex-11 Pro X No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Macro

CBD2CE, CBD4CE, CBDS8CE, and CBD16CE are, respectively, 2-, 4-, 8-, and 16-bit
(stage), asynchronous, clearable, cascadable dual edge triggered 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 and High-to-Low 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.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, outputs Low, when power is applied. The
power-on condition can be simulated by applying a High-level pulse on the PRLD
global net.

Libraries Guide
ISE 6.li

www.xilinx.com 239
1-800-255-7778


http://www.xilinx.com

SUXILINX®

CBD2CE, CBD4CE, CBDS8CE, CBD16CE
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CBD2CE Implementation CoolRunner-ll
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Usage

For HDL, these design elements are supported for inference but not instantiation.

VHDL Inference Code

architecture Behavioral of cbd2ce is

constant TERM NAL_COUNT : std_l ogic_vector(WDTH 1 downto 0) :=

(others => '1");
begi n

process(C, CLR)
begi n
if (CLR="1") then
Q<= (others =>"'0");
elsif C event then
if (CE='1') then
Q <= Q1
end if;
end if;
end process;

process (Q
begin
if (Q = TERM NAL_COUNT) then
TC <='1";
el se
TC <='0';
end if;
end process;
CEO<=TC and CE;
end Behavioral ;

Verilog Inference Code

al ways @ (posedge C or negedge C or posedge CLR)

begin

if (CLR
Q<=0

else if (CE)
Q<=Q+ 1

end

always @(Q

begi n

if (Q == TERM NAL_COUNT)
TC <= 1;

el se
TC <= 0;

end

always @ (TC or CE)
begi n

CEO <= TC & CE;
end
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CBD2CLE, CBD4CLE, CBD8CLE, CBD16CLE

2-, 4-, 8-, 16-Bit Loadable Cascadable Dual Edge Triggered Binary
Counters with Clock Enable and Asynchronous Clear

DO | cBD2CLE | Q0
D1 | Q1
L

CE | CEO
c | | TC

0

LR

DO | CBDA4CLE | Q0

D1 Q1
D2 Q2
D3 Q3

Architectures Supported

CBD2CLE, CBD4CLE, CBD8CLE, CBD16CLE
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-1l, Virtex-1l Pro, Virtex-11 Pro X No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Macro

CBD2CLE, CBD4CLE, CBD8CLE, and CBD16CLE are, respectively, 2-, 4-, 8-, and 16-
bit (stage) synchronously loadable, asynchronously clearable, cascadable dual edge
triggered 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 data on the D inputs is loaded into the counter when the load enable input (L) is
High during the Low-to-High clock transition, independent of the state of clock
enable (CE). The Q outputs increment when CE is High during the Low-to-High and
High-to-Low 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 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 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. The
power-on condition can be simulated by applying a High-level pulse on the PRLD
global net.

Inputs Outputs
CLR L CE C Dz-D0 | Qz-QO0 TC CEO
D[15:0] Q[15:0]
CBD16CLE 1 X X X X 0 0 0
0 1 X i Dn Dn TC CEO
CEO
{ 0 1 X ! Dn Dn TC CEO
0 0 0 X X No Chg No Chg 0
X9630
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Inputs Outputs
CLR L CE C Dz-D0 | Qz-QO0 TC CEO
0 0 1 1 X Inc TC CEO
0 0 1 ! X Inc TC CEO

z=1 for CBD2CLE; z = 3 for CBD4CLE; z = 7 for CBD8CLE; z = 15 for CBD16CLE
TC = Qz=Q(z-1)=Q(z-2)=...=Q0

CEO =TCeCE
vce
CE
AND2 D g
. QL g
\ B ==
FDDC P!
OR2 AND2B1 5 o AND3 T
_ q
GED AND2B1 XOR2 AND2
CLR
OR2
= DO Q Qo
AND2
AND2B1 FDDC
1> o0
[ XOR2
AND3B1
CLR
D1 ‘.—J Q
AND2
= C
= CLR
X9631
CBD2CLE Implementation CoolRunner-II
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CBD2CLE
D 0
y o o x
D1 Q1
mt L
| CE CE CEO
s [¢ TC
CLR
CLR CBO
B
CBD2CLE
D2 2
D3 DO Qo Q3
D1 Q1 Q
L
—CE CEO
C TC
CLR
D[7:0] 7:0
(7:0] 3 QI7:0)
CBD2CLE
D4 4
v DO Qo 25
D1 Q1
L
——CE CEO
C TC
CLR
CB4
CBD2CLE
D6 6
o7 DO Qo 37
D1 Q1
L
CEO
—CE CEO i
C TC
CLR
CB6
TC

AND4 X9632

CBDS8CLE Implementation CoolRunner-II

Usage

For HDL, these design elements are supported for inference but not instantiation.

VHDL Inference Code

architecture Behavioral of cbhd2cle is

constant TERM NAL_COUNT : std_l ogic_vector(WDTH 1 downto 0) :=
(others => '1");

begi n
process(C, CLR)

begi n
if (CLR="1") then
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Q <= (others =>"'0");
elsif C event then
if (L="1) then
Q<= D
elsif (CE='"1") then
Q <= Q1
end if;
end if;
end process;

process(Q
begin
if (Q = TERM NAL_COUNT) then
TC <='1";
el se
TC <='0';
end if;
end process;

CEO<=TC and CE;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge C or posedge CLR)

begi n
if (CLR
Q <= 0;
else if (L)
Q<=D
else if (CE)
Q<=Q+ 1;

end

always @(Q
begi n
i f (Q == TERM NAL_COUNT)
TC <= 1;
el se
TC <= 0;
end

always @ (TC or CE)
begin

CEO <= TC & CE;
end
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CBD2CLED, CBD4CLED, CBD8CLED, CBD16CLED

2-, 4-, 8-, 16-Bit Loadable Cascadable Bidirectional Dual Edge
Triggered Binary Counters with Clock Enable and Asynchronous Clear

po |CBD2CLED| go
D1 ] | QL
UP

L

E EO
c | | ¢

X9633

po_|CBD4CLED| o
b1 Ex

D2 [ 2

D3 | 03

up

L]

CE | cEO
c | | TC

CLR

Q X9634

D[7:0]
‘amanl CBDSCLED [

CE CEO
C TC

X9635

D[15:0] [cBD16CLED] QI15:0]
— p—

CE CEO
c ic

X9636

Architectures Supported

CBD2CLED, CBD4CLED, CBD8CLED, CBD16CLED
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-1l, Virtex-1l Pro, Virtex-11 Pro X No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Macro

CBD2CLED, CBD4CLED, CBD8CLED, and CBD16CLED are, respectively, 2-, 4-, 8-
and 16-bit (stage), synchronously loadable, asynchronously clearable, cascadable,
bidirectional dual edge triggered 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 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 decrement when CE is
High and UP is Low during the Low-to-High and High-to-Low clock transition. The
Q outputs increment when CE and UP are High. The counter ignores clock transitions
when CE is Low.

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 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
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. For CoolRunner-11, see “CB2X1, CB4X1, CB8X1, CB16X1”
for high-performance cascadable, bidirectional counters.

The counter is asynchronously cleared, output Low, when power is applied. The
power-on condition can be simulated by applying a High-level pulse on the PRLD
global net.
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Inputs Outputs
CLR L CE C UP Dz - DO Qz-QO0 TC CEO
X X X X X 0 0 0
1 X 1 X Dn Dn TC CEO
1 X ! X Dn Dn TC CEO
0 0 X X X No Chg No Chg 0
0 1 1 1 X Inc TC CEO
1 ! 1 X Inc TC CEO
0 0 1 1 0 X Dec TC CEO
1 ! 0 X Dec TC CEO

z =1 for CBD2CLED; z = 3 for CBD4CLED; z = 7 for CBD8CLED; z = 15 for CBD16CLED

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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Usage

For HDL, these design elements are supported for inference but not instantiation.

VHDL Inference Code

architecture Behavioral of cbd2cled is

constant TERM NAL_COUNT_UP : std_l ogic_vector( WDTH 1 downto 0) : =
(others => '1");

constant TERM NAL_COUNT_DOWN : std_l ogi c_vector (WDTH 1 downto 0) :=
(others =>"'0");

begi n

process(C, CLR
begi n
if (CLR="1") then
Q <= (others =>"'0");
elsif (C event) then
if (L="1") then
Q<= D
elsif (CE="1'") then
if (UP="1") then
Q <= Q+l;
elsif (UP="0") then
Q<= QL
end if;
end if;
end if;
end process;

process(Q UP)

begi n
if (((Q= TERM NAL_COUNT_UP) and (UP = "1")) or
((Q = TERM NAL_COUNT_DOWN) and (UP = '0"))) then
TC <="1';
el se
TC <='0';
end if;

end process;

CEO <=TC and CE;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge C or posedge CLR)
begin
if (CLR

Q<=0
else if (L)

Q<=D
else if (CE

begin

if (UP)

Q<=Q+ 1
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else if (1UP)
Q<=Q- 1;
end
end

always @(Q or UP)
begin

if ((Q== TERM NAL_COUNT_UP && UP) || (Q == TERM NAL_COUNT_DOMN &&

1UP))
TC <= 1;
el se
TC <= 0;
end

always @ (TC or CE)
begi n

CEO <= TC & CE;
end
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CBD2RE, CBD4RE, CBDS8RE, CBD16RE

2-, 4-, 8-, 16-Bit Cascadable Dual Edge Triggered Binary Counters with
Clock Enable and Synchronous Reset

CBD2RE

|C) (@]

m
3lglels
O m = IS

O

R
X9638

CBD4RE | Q0

Py |O r7
m

Q[7:0]

CEO
TC

CBDSRE

X9640

CBD16RE | Q[15:0]
CEO

TC

X9641

Architectures Supported

CBD2RE, CBD4RE, CBD8RE, CBD16RE
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-1l, Virtex-1l Pro, Virtex-11 Pro X No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Macro

CBD2RE, CBD4RE, CBDS8RE, and CBD16RE are, respectively, 2-, 4-, 8-, and 16-bit
(stage), synchronous, resettable, cascadable dual edge triggered 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 or High-to-Low clock transition. The Q
outputs increment when the clock enable input (CE) is High during the Low-to-High
and High-to-Low 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. The
power-on condition can be simulated by applying a High-level pulse on the PRLD
global net.

Inputs Outputs

R CE C Qz-Q0 TC CEO

0 0 X No Chg No Chg 0

1 1 Inc TC CEO
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Inputs Outputs
R CE C Qz-QO0 TC CEO
1 ! Inc TC CEO

z =1 for CBD2RE; z = 3 for CBD4RE; z = 7 for CBDSRE; z = 15 for CBD16RE
TC = Qz=Q(z-1)=Q(z-2)=...=Q0)

CEO =TC<CE
Vce
CE
AND2
R
| —
N\ CEO.
AND3
FDD
L
AND2B1 ¢
XOR2 AND2
Qo
AND2B1
FDD
™ Lm
j > Q1
p :I_/ D Q i
AND3B1 XOR2
Q1
AND2B1
C
[ X9642

CBD2RE Implementation CoolRunner-I|
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SUXILINX®

CBD2RE
Qo Q0
Q1 o
mcE CE  cEO
s c TC
R
CBO
= R
CBD2RE
Qo Q2
Q1 Q3
CE CEO
C TC
R
CB2
CBD2RE
Qo o
Q1 e
CE CEO
C TC
R
CB4
CBD2RE
Qo =
Q1 o
CE CEO CEO
C TC
R
CB6

CBDS8RE Implementation CoolRunner-Il

Usage

TC

Q[7:0]

X9643

For HDL, these design elements are supported for inference but not instantiation.
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VHDL Inference Code

architecture Behavioral of chd2re is

constant TERM NAL_COUNT : std_l ogic_vector(WDTH 1 downto 0) :=
(others => "1");

begin
process(C, R
begi n
if (Cevent) then
if (R="1') then
Q <= (others => '0");
elsif (CE='"1") then
Q <= Q+1;
end if;
end if;
end process;

process(Q
begi n
if (Q = TERM NAL_CQOUNT) then
TC <="1';
el se
TC <='0';
end if;
end process;

CEO <= TC and CE;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge C)
begin
if (R
Q<=0
else if (CE)
Q<=Q+ 1;

end

always @(Q

begin

if (Q == TERM NAL_COUNT)
TC <= 1;

el se
TC <= 0;

end

always @ (TC or CE)
begin

CEO <= TC & CE;
end
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CBD2RLE, CBD4RLE, CBD8RLE, CBD16RLE

2-, 4-, 8-, 16-Bit Loadable Cascadable Dual Edge Triggered Binary
Counters with Clock Enable and Synchronous Reset

CBD2RLE

O |O
=1 (=)

| ek

CEO

T LPRE
m

X9644

DO | CBD4RLE | Qo0
D1 | | Q1
D2 | | Q2
D3 E3
L |
CE cEO
c [ Tc
R

X9645

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

CBD8RLE

D

D[15:0]

D

CBD16RLE

CEO

X9646

CEO

Q[15:0]

X9647

Architectures Supported

CBD2RLE, CBD4RLE, CBD8RLE, CBD16RLE
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-1l, Virtex-1l Pro, Virtex-11 Pro X No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Macro

CBD2RLE, CBD4RLE, CBD8RLE, and CBD16RLE are, respectively, 2-, 4-, 8-, and 16-
bit (stage), synchronous, loadable, resettable, cascadable dual edge triggered 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 or High-to-Low 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 and High-to-Low clock (C) transition, independent of
the state of CE. The Q outputs increment when CE is High during the Low-to-High
and High-to-Low 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. The
power-on condition can be simulated by applying a High-level pulse on the PRLD
global net.
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Inputs Outputs
R CE C Dz-D0 | Qz-QO0 TC CEO
X X 1 X 0
1 X X ! X 0 0 0
1 X 1 Dn Dn TC CEO
0 X ! Dn Dn TC CEO
0 0 0 X X No Chg No Chg 0
0 1 X Inc TC CEO
0 1 ! X Inc TC CEO
z =1for CBD2RLE; z = 3 for CBD4RLE; z = 7 for CBD8RLE; z = 15 for CBD16RLE
TC = Qz=Q(z-1)=Q(z-2)=...=Q0
CEO =TC~CE
Vee
CE
AND2
L
OR2
l_\ CEO o
o —
QL g
S

D1

AND4B2

AND3B2

U

AND3B1

OR2

AND3B2

FDD

Qo0

FDD

AND2

XOR2

Q1

TC

X9648

CBD2RLE Implementation CoolRunner-II
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SUXILINX®

CBD2RLE

20 DO QO 0 g
mDL D1 Q1 L
-t L
= EE CE CEO
» - g TC
» I cBo
CBD2RLE
22 DO QO Q2 g
= Hk] DI Q1 Q3 g
L
CE CEO
g TC
&—— ca2
CBD2RLE
[ DO Qo Q‘; n
SR DI Q1 Q
L
CE CEO
R TS
&——— cB4
CBD2RLE
2 D0 Q0 Lu
» DI QL 7 gy
L
CE CEO CEC o
g TC
D[7:0] 6
Q[7:0]
) C

AND4

X9649

CBDS8RLE Implementation CoolRunner-II

Usage

For HDL, these design elements are supported for inference but not instantiation.

VHDL Inference Code

architecture Behavioral of chd2rle is

constant TERM NAL_COUNT : std_l ogic_vector(WDTH 1 downto 0) :=

(others => '1");
begin

process(C, R

begi n

if (Cevent) then
if (R="1') then
Q <= (others => '0");
elsif (L="1") then
Q<= Db
elsif (CE="1'") then
Q <= Q+l;
end if;

end if;

end process;

process(Q
begi n
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if (Q = TERM NAL_COUNT) then
TC <= "1";

el se
TC <= '0';

end if;

end process;

CEO <= TC and CE;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge O
begi n

if (R

Q<=0

else if (L)

Q<=D

else if (CE)

Q<=Q+ 1;

end

always @(Q

begin

if (Q == TERM NAL_COUNT)
TC <= 1;

el se
TC <= 0;

end

always @ (TC or CE)
begin

CEO <= TC & CE;
end

260

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

Libraries Guide
ISE 6.li


http://www.xilinx.com

CBD2X1, CBD4X1, CBD8X1, CBD16X1 S XILINX®

CBD2X1, CBD4X1, CBD8X1, CBD16X1

2-, 4-, 8-, 16-Bit Loadable Cascadable Bidirectional Dual Edge
Triggered Binary Counters with Clock Enable and Asynchronous Clear

DO CBD2X1

4
0O re}
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X9650

DO | cBD4x1

| 0
Q1

| 92

| Q3

[Tcu

|Tcp

lcEOU

lcEOD

CBD8X1

X9651

Architectures Supported

CBD2X1, CBD4X1, CBD8X1, CBD16X1
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Macro

CBD2X1, CBD4X1, CBD8X1, and CBD16X1 are, respectively, 2-, 4-, 8-, and 16-bit
(stage), synchronously loadable, asynchronously clearable, bidirectional dual edge
triggered binary counters. These counters have separate count-enable inputs and
synchronous terminal-count outputs for up and down directions to support high-
speed cascading in the CoolRunner-11 architecture.

The asynchronous clear (CLR) is the highest priority input. When CLR is High, all
other inputs are ignored; data outputs (Q) go to logic level zero, terminal count
outputs TCU and TCD go to zero and one, respectively, clock enable outputs CEOU
and CEOD go to Low and High, respectively, independent of clock transitions. The
data on the D inputs loads into the counter on the Low-to-High and High-to-Low
clock (C) transition when the load enable input (L) is High, independent of the CE
inputs.

The Q outputs increment when CEU is High, provided CLR and L are Low, during the
Low-to-High and High-to-Low clock transition. The Q outputs decrement when CED
is High, provided CLR and L are Low. The counter ignores clock transitions when
CEU and CED are Low. Both CEU and CED should not be High during the same clock
transition; the CEOU and CEOD outputs might not function properly for cascading
when CEU and CED are both High.

For counting up, the CEOU output is High when all Q outputs and CEU are High. For
counting down, the CEOD output is High when all Q outputs are Low and CED is
High. To cascade counters, the CEOU and CEOD outputs of each counter are
connected directly to the CEU and CED inputs, respectively, of the next stage. The
clock, L, and CLR inputs are connected in parallel.

In CoolRunner-Il, the maximum clocking frequency of these counter components is
unaffected by the number of cascaded stages for all counting and loading functions.
The TCU terminal count output is High when all Q outputs are High, regardless of

CEU. The TCD output is High when all Q outputs are Low, regardless of CED.

When cascading counters, the final terminal count signals can be produced by AND
wiring all the TCU outputs (for the up direction) and all the TCD outputs (for the
down direction). The TCU, CEOU, and CEOD outputs are produced by optimizable
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AND gates within the component. This results in zero propagation from the CEU and
CED inputs and from the Q outputs, provided all connections from each such output

D[15:0] ) K N .
remain on-chip. Otherwise, a macrocell buffer delay is introduced.

ceD16x1 QU150
TCU

1cb The counter is initialized to zero (TCU Low and TCD High) when power is applied.
o CEOU The power-on condition can be simulated by applying a High-level pulse on the
CED CEOD p Yy applying g p

PRLD global net.

X9653

Inputs Outputs
CLR| L | CEU |CED | C Dz-DO Qz-QO0 TCU TCD CEOU | CEOD
1 X X X X X 0 0 1 0 CEOD
0 1 X X 1 Dn Dn TCU TCD CEOU | CEOD
1 X X ! Dn Dn TCU TCD CEOU | CEOD
0 0 0 0 X X No Chg | No Chg | No Chg 0 0
1 X Inc TCU TCD CEOU
1 0 ! X Inc TCU TCD CEOU
1 1 X Dec TCU TCD 0 CEOD
1 ! X Dec TCU TCD 0 CEOD
1 1 1 X Inc TCU TCD Invalid | Invalid
1 1 ! X Inc TCU TCD Invalid | Invalid

z =1 for CBD2X1; z = 3 for CBD4X1,; z = 7 for CBD8X1; z = 15 for CBD16X1
TCU = Qz=Q(z-1)=Q(z-2)=...=Q0

TCD = Qz=Q(z-1)=Q(z-2)=...=Q0

CEOU =TCU=CEU

CEOD =TCD=CED

CBD4X1 Implementation CoolRunner-I|

Usage

For HDL, these design elements are inferred rather than instantiated.
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VHDL Inference Code

architecture Behavioral of cbhd2xl is

signal CEU INT : std_logic;
signal CED INT : std_logic;

constant TERM NAL_COUNT_UP : std_l ogi c_vector (WDTH 1 downto 0) :=
(others => '1");

constant TERM NAL_COUNT_DOWN : std_l ogic_vector (WDTH 1 downto 0) :=
(others => '0");

begin

process(C, CLR

begi n

if (CLR="1") then
Q <= (others =>"'0");
CEU_INT <= '0";
CED INT <= "1';

elsif C event then
if (L="1) then
Q<= Db
CEU_I NT <= CEU,
CED I NT <= CED;
elsif (CEU='"1") then
Q <= Ql;
CEU INT <= "1';
CED INT <= "'0';
elsif (CED="1") then
Q<= Q1L
CEU INT <= "'0";
CED INT <= "1';
end if;

end if;

end process;

process(Q CEU_INT, CED_INT)

begi n

if ((Q= TERM NAL_COUNT_UP) and (CEU_INT = '"1')) then
TCU_INT <= "'1';
TCD_INT <= '0";

elsif ((Q= TERM NAL_COUNT_DOWN) and (CED INT = "1'")) then

TCU <= '0';
TCD <= '1';
el se
TCU <= '0';
TCD <= '0';
end if;
end process;
CEQU <= TCU and CEU;
CEOD <= TCD and CED;

end Behavi or

al ;
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Verilog Inference Code

al ways @ (posedge C or negedge C or posedge CLR)
begi n
if (CLR
begin
Q<=0
CEU_I NT <= 1' b0;
CED_INT <= 1' bl;
end
else if (L)
begin
Q<=D
CEU_I NT <= CEU;
CED_I NT <= CED;
end
else if (CEU)
begi n
Q<=Q+ 1;
CEU_INT <= 1;
CED_ I NT <= 0;
end
else if (CED)
begin
Q<=Q- 1
CEU_I NT <= 1' b0;
CED_INT <= 1' bil;
end
end

always @(Q or CEU_INT or CED_I NT)

begin

if (Q == TERM NAL_COUNT_UP && CEU | NT)

begin

TCU_INT <= 1;

TCD_I NT <= 0;

end

else if ((Q == TERM NAL_COUNT_DOMW) && CED_I NT)
begin

TCU_I NT <= 0;

TCD_I NT <= 1;
end

el se

begin

TCU_I NT <= 0;

TCD_I NT <= 0;

end

end

always @ (TCU_INT or CEU or TCD_I NT or CED)
begi n

CEQU <= TCU_I NT && CEU,

CEOD <= TCD_I NT && CED,

TCU <= TCU_I NT;

TCD <= TCD_I NT;

end
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CBD2X2, CBD4X2, CBD8X2, CBD16X2

2-, 4-, 8-, and 16-Bit Loadable Cascadable Bidirectional Dual Edge
Triggered Binary Counters with Clock Enable and Synchronous Reset
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Architectures Supported

CBD2X2, CBD4X2, CBD8X2, CBD16X2
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Macro

CBD2X2, CBD4X2, CBD8X2, and CBD16X2 are, respectively, 2-, 4-, 8-, and 16-bit
(stage), synchronous, loadable, resettable, bidirectional dual edge triggered binary
counters. These counters have separate count-enable inputs and synchronous
terminal-count outputs for up and down directions to support high-speed cascading
in the CoolRunner-11 architecture.

The synchronous reset (R) is the highest priority input. When R is High, all other
inputs are ignored; the data outputs (Q) go to logic level zero, terminal count outputs
TCU and TCD go to zero and one, respectively, and clock enable outputs CEOU and
CEOD go to Low and High, respectively, on the Low-to-High and High-to-Low clock
(C) transition. The data on the D inputs loads into the counter on the Low-to-High
and High-to-Low clock (C) transition when the load enable input (L) is High,
independent of the CE inputs.

All Q outputs increment when CEU is High, provided R and L are Low during the
Low-to-High and High-to-Low clock transition. All Q outputs decrement when CED
is High, provided R and L are Low. The counter ignores clock transitions when CEU
and CED are Low. Both CEU and CED should not be High during the same clock
transition; the CEOU and CEOD outputs might not function properly for cascading
when CEU and CED are both High.

For counting up, the CEOU output is High when all Q outputs and CEU are High. For
counting down, the CEOD output is High when all Q outputs are Low and CED is
High. To cascade counters, the CEOU and CEOD outputs of each counter are,
respectively, connected directly to the CEU and CED inputs of the next stage. The C,
L, and R inputs are connected in parallel.

In CoolRunner-Il, the maximum clocking frequency of these counter components is
unaffected by the number of cascaded stages for all counting and loading functions.
The TCU terminal count output is High when all Q outputs are High, regardless of

CEU. The TCD output is High when all Q outputs are Low, regardless of CED.

When cascading counters, the final terminal count signals can be produced by AND
wiring all the TCU outputs (for the up direction) and all the TCD outputs (for the
down direction). The TCU, CEOU, and CEOD outputs are produced by optimizable
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AND gates within the component. This results in zero propagation from the CEU and
CED inputs and from the Q outputs, provided all connections from each such output
remain on-chip. Otherwise, a macrocell buffer delay is introduced.

The counter is initialized to zero (TCU Low and TCD High) when power is applied.
The power-on condition can be simulated by applying a High-level pulse on the
PRLD global net.

Inputs Outputs
R L |[CEU|CED| C | Dz-DO0 | Qz-QO0 TCU TCD CEOU CEOD
X X X 1 X 0 0 1 0 CEOD
1 X X X 1 X 0 0 1 0 CEOD
0 1 X X 1 Dn Dn TCU TCD CEOU CEOD
1 X X 1 Dn Dn TCU TCD CEOQOU CEOD
0 0 0 0 X X No Chg | No Chg | No Chg 0 0
i X Inc TCU TCD CEOU
1 0 1 X Inc TCU TCD CEOU
1 1 X Dec TCU TCD 0 CEOD
1 1 X Dec TCU TCD 0 CEOD
1 1 1 X Inc TCU TCD Invalid Invalid
1 1 ! X Inc TCU TCD Invalid | Invalid

z =1 for CBD2X2; z = 3 for CBD4X2; z = 7 for CBD8X2; z = 15 for CBD16X2
TCU = Qz=Q(z-1)=Q(z-2)=...=Q0

TCD = Qz=Q(z-1)=Q(z-2)=...=Q0

CEOU = TCU=CEU

CEOD = TCD=CED
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CBD4X2 Implementation CoolRunner-II

Usage

For HDL, these design elements are inferred rather than instantiated.
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VHDL Inference Code

architecture Behavioral of cbhd2x2 is

signal CEU INT : std_logic;
signal CED INT : std_logic;

constant TERM NAL_COUNT_UP : std_l ogi c_vector (WDTH 1 downto 0) :=

(others => '1");

constant TERM NAL_COUNT_DOWN : std_l ogic_vector (WDTH 1 downto 0) :=

(others => '0");
begin

process(C)

begi n

if (Cevent) then
if (R="1') then
Q <= (others => '0");
CEU INT <= "'0";
CED INT <= "1';
elsif (L ="1") then
Q<= Db
CEU_I NT <= CEU,
CED I NT <= CED;
elsif (CEU='"1") then
Q <= Ql;
CEU INT <= "1';
CED INT <= "'0';
elsif (CED="1") then
Q<= Q1L
CEU INT <= "'0";
CED INT <= "1';
end if;

end if;

end process;

process(Q CEU_INT, CED_INT)
begi n

if ((Q= TERM NAL_COUNT UP) and (CEUINT = '1')) then

TCU INT <= '1';
TCD INT <= '0';

elsif ((Q= TERM NAL_COUNT_DOWN) and (CED INT = "1'")) then

TCU <= '0';
TCD <= '1';
el se
TCU <= '0';
TCD <= '0';
end if;

end process;
CEQU <= TCU and CEU;

CEOD <= TCD and CED;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge C)
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begin
if (R
begin
Q<= 0;
CEU_I NT <= 1' b0;
CED_I NT <= 1' b1,
end
else if (L)
begin
Q<= D
CEU_I NT <= CEU;
CED_I NT <= CED;
end
else if (CEU)
begin
Q<=Q+ 1
CEU_INT <= 1;
CED_I NT <= 0;
end
else if (CED)
begin
Q<=Q- 1;
CEU_I NT <= 1' b0;
CED_I NT <= 1'b1,;
end
end

always @ (Q or CEU_INT or CED_I NT)

begi n
if (Q == TERM NAL_COUNT_UP && CEU | NT)
begin
TCU_INT <= 1;
TCD_I NT <= 0;
end
else if ((Q == TERM NAL_COUNT_DOM) && CED_I NT)
begin
TCU_INT <= 0;
TCD_INT <= 1;
end
el se
begin
TCU_I NT <= 0;
TCD_I NT <= 0;
end
end

always @ (TCU_INT or CEU or TCD_I NT or CED)
begin

CEQU <= TCU_I NT && CEU,

CECD <= TCD_I NT && CED,

TCU <= TCU_I NT;

TCD <= TCD_| NT;
end
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CC8CE, CC16CE

8-, 16-Bit Cascadable Binary Counters with Clock Enable and

CC8CE

CC16CE

Asynchronous Clear

Q[7:0]

CEO
TC

X4290

Q[15:0]
CEO
TC

X4286

Architectures Supported

CC8CE, CC16CE
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-Il, Virtex-1l Pro, Virtex-1l Pro X | Macro
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 No

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 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, with Low outputs, when power is applied.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs
CLR CE C Qz-Q0 TC CEO
1 X X 0 0 0
0 0 X No Chg No Chg 0
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Inputs Outputs
CLR CE C Qz-QO0 TC CEO
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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Usage

For HDL, these design elements are inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of cc8ce is

constant TERM NAL_COUNT : std_l ogic_vector(WDTH 1 downto 0) :=

(others => '1");
begi n

process(C, CLR)
begi n
if (CLR="1") then
Q<= (others =>"'0");
elsif (Cevent and C='1') then
if (CE='1') then
Q <= Qtl;
end if;
end if;
end process;

process (Q

begin

if (Q = TERM NAL_COUNT) then
TC <= "1";

el se
TC <='0';

end if;

end process;

CEO <= TC and CE;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or posedge CLR)

begi n
if (CLR
Q<= 0;
else if (CE)
Q<=Q+ 1

end

always @(Q
begi n
i f (Q == TERM NAL_COUNT)
TC <= 1;
el se
TC <= 0;
end
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always @ (TC or CE)
begin

CEO <= TC & CE;
end
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CC8CLE, CC16CLE

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

Architectures Supported

CC8CLE, CC16CLE
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-Il, Virtex-1l Pro, Virtex-1l Pro X | Macro
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 No

CCB8CLE 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.

D[7:0] | cc8CLE | Ql7:0]
CEO

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.

X4289

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 tog_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.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate power-on when global set/reset (GSR) is active.
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GSR defaults to active-High but can be inverted by adding an inverter in front of the
GSR input of the STARTUP_SPARTANZ2, STARTUP_SPARTAN3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

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

z =17 for CC8CLE; z = 15 for CC16CLE
TC = Qz=Q(z-1)=Q(z-2)=...=Q0
CEO =TC~CE
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Usage

For HDL, these design elements are inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of cc8cle is

constant TERM NAL_COUNT : std_| ogic_vector(WDTH 1 downto 0)

(others => '1");
begi n

process(C, CLR)

begi n
if (CLR="1") then
Q<= (others =>"'0");

elsif (Cevent and C='1') then

if (L="1") then
Q<= D

elsif (CE='"1') then
Q <= Q+1;

end if;

end if;

end process;

process(Q

begi n

if (Q= TERM NAL_CQOUNT) then
TC <= '1';

el se
TC <= '0';

end if;

end process;

CEO <= TC and CE;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or posedge CLR)

begi n

if (CLR
Q<=0
else if (L)
Q<=Dh
else if (CE
Q<=Q+ 1;

end

always @(Q

begi n

if (Q == TERM NAL_COUNT)
TC <= 1;

el se
TC <= 0;

end
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always @ (TC or CE)
begi n

CEO <= TC & CE;
end
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CC8CLED, CC16CLED

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

Architectures Supported

CC8CLED, CC16CLED
Spartan-Il, Spartan-I1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Macro
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 No

CCB8CLED and CC16CLED are, respectively, 8- and 16-bit (stage), synchronously
loadable, asynchronously clearable, cascadable, bidirectional binary counters. These
counters are implemented using carry logic with relative location constraints, which
assures most efficient logic placement.

D[7:0] | CC8CLED | Q[7:0]
CEO

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
p[15:0] [CC16CLED] Qi15:0] outputs decrement when CE is High and UP is Low during the Low-to-High clock
CEO transition. The Q outputs increment when CE and UP are High. The counter ignores
clock transitions when CE is Low.

X4287

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
X4285 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 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, outputs Low, when power is applied.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.
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Inputs Outputs
CLR L CE C UpP 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 Chg | No Chg 0
0 0 1 1 1 X Inc TC CEO
0 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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Usage

For HDL, these design elements are inferred rather than instantiated.
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VHDL Inference Code

architecture Behavioral of cc8cled is

constant TERM NAL_COUNT_UP : std_l ogic_vector(WDTH 1 downto 0)

(others => '1");
constant TERM NAL_COUNT_DOWN :
(others =>"'0");

begi n

process(C, CLR
begi n
if (CLR="1") then
Q <= (others =>"'0");
elsif (Cevent and C='1') then
if (L="1") then
Q<= D
elsif (CE="1'") then
if (UP="1") then
Q <= Q+l;
elsif (UP="0") then
Q<= QL
end if;
end if;
end if;
end process;

process(Q UP)
begi n

if (((Q= TERM NAL_COUNT UP) and (UP = '1')) or
((Q = TERM NAL_COUNT DOWN) and (UP = '0'))) then

TC<="1";
el se
TC<="'0";
end if;
end process;

CEO<=TC and CE;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or posedge CLR)

begin
if (CLR
Q<= 0;
else if (L)
Q<=D
else if (CE
begin
if (UP)
Q<=Q+ 1;
else if (1UP)
Q<=Q- 1

std_l ogi c_vector(WDTH 1 downto 0)
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end
end

always @ (Q or UP)
begin
if ((Q== TERM NAL_COUNT_UP && UP) || (Q == TERM NAL_COUNT_DOMWN &&
1UP))
TC <= 1;
el se
TC <= 0;
end

always @ (TC or CE)
begin

CEO <= TC & CE;
end
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CC8RE, CC16RE

G
m

Py

[N ([e}
m

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

CC8RE

X4288

CC16RE | QI15:0]

CEO
TC

X4283

Architectures Supported

CCS8RE, CC16RE
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-Il, Virtex-1l Pro, Virtex-1l Pro X | Macro
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 No

CC8RE 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 (CEO) 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.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, with Low outputs, when power is applied.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs
CE C Qz-Q0 TC CEO
X 1 0 0 0
0 X No Chg No Chg 0
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Inputs Outputs
R CE C Qz-QO0 TC CEO
0 1 1 Inc TC CEO

z =7 for CC8RE; z = 15 for CC16RE
TC = Qz*Q(z-1)*Q(z-2)=...Q0=CE
CEO = TC=CE

290

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

Libraries Guide
ISE 6.li


http://www.xilinx.com

CCS8RE, CC16RE

SUXILINX®

\ 4 a
CEO
AND2 o7l
o
MUXCY vee
Q7 s RLOC=R0CO.S1 FMAP
0 1\
mCE
=1 LI M2_1 e :: R_TQ7
) T DO CE M7 FDCE |, o——=n
ID—)L/ Q7 b1 — R_TQ7 > Q7 R i
o N d ° =
Pre® AND2B1 CE
Lo -
MUXCY_L INV CEB7 RLOC=R0C0.50
Q6 s RLOC=RO0C0.51 CLR EMAP
— T
0 1
oI er RLOC=R0C0.S0 .gt:_m
M2_1
L - | e [ R TQ6
o \O | To6 Do CE M6 FDCE Q6 |, o RIN g
0—)2 J Q6 DI = R_TQ6 b Q6 .R i
cs XORGY @ =
O CE
v CEB6 AND2B1 RLOC=R0C0.S0
MUXCY_L CLR
Qs s RLOC=R1C0.51 P EMAP
f— RLOC=RO0C0.50 cE
DI e » 1
Q5
L 3 R_TQS5
cl —\)!,O T CE_M5 FDCE AL Y °
P = R_TQ5 b Qs R n
cs XORCY ~ Q -
Lo L O AND2B1 CE —
MUXCY_L INV CEBS RLOC=R1C0.50
Q4 s RLOC=R1C0.51 CLR EMAP
0 1 = o
oI [ci RLOC=R1C0.50 .Q M
M2_1 4
L — | [ R_TQ4
- N —° | tos DO CE_M4 FDCE T4 |, opP———=
¢ o) > Q4 b1 — R_TQ4 5 Q4 el "
ot xoRer o s e =]
L CE
Lo NV CEB4 AND2B1 RLOC=R1C0.S0
MUXCY_L CLR
Q3 s RLOC=R2C0.51 p EMAP
0 1 RLOC=R1C0.50 CE
oI o .Q3 |4
M2_1
Ll — | e (€] R_TQ3
) \O_| 108 Do CE M3 FDCE T3 | o———=n
o) € o = R_TQ3 o Q3 CI
cs XORCY [ ~o_s0 ] ° "
O CE
Lo L v CEB3 AND2B1 RLOC=R2C0.S0
MUXCY_L
Q2 s RLOC=R2C0.51 CLR EMAP
0 1 9 CE
DI | CI RLOC=R2C0.50 .QZ "
M2_1
U — | e €] R_TQ2
N \° TQ2 DO CE M2 FDCE Q2| o
GD—CI)L/ Q2 D1 — R_TQ2 Q2 R
D Q —1
c2 XORCY y o_50 -
Lo NV CEB2 AND2B1 RLOC=R2C0.50
MUXCY_L CLR
Q1 s RLOC=R3C0.51 P EMAP
0 1 RLOC=R2C0.50 cE
DI [ .Ql M
M2_1
LI = | i Y R_TQL
a ) \2_| 101 DO CE ML FDCE oL |- ——=a
[ Q1 D1 — R_TQ1 Q1 R
c1 XORCY ~ S0 ) Q B
< O CE
Lo AND2B1 -
MUXCY_L NV CEB1 RLOC=R3C0.S0
Qo s RLOC=R3C0.51 CLR EMAP
0 ¢
oI e RLOC=R3C0.50 .gi_m
LI M2_1 [ R_TQO
S N\O_| TQ0 D0 CE MO FDCE T | of——nm
Il—) [ — R_TQO s Q0 R 0
= XORCY ~o_% 2 Q —
GND co N CEBO AND2B1 RLOC=R3C0.50
vee
CLR
RLOC=R3C0.50
CE
|
i
c
» X8893

CC8RE Implementation Spartan-Il, Spartan-lIE, Virtex, Virtex-E

Libraries Guide
ISE 6.li

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

291


http://www.xilinx.com

SUXILINX®

CC8RE, CC16RE

Py u
CcEO
AND2
Q7:0]
° vee
RLOC=X1Y3 T
o7 s/ Muxcy
o 1 FMAP
DI c
e
L T\O FDCE | e I 0| RI7 g
o TQ7
® ﬁ) R_TQ7 Q Q7 L] 2
XORCY ° R
o .7 n
{>O AND2B1 CE
o INV ces7 c RLOC=X0Y3
Y \RLOC=X1Y3 oF
% s /Muxcy R —
Muzex | FMAP
2 L RLOC=X0Y3 e
B
u M2_1 FDCE | B
o TQ6 Do CE_M6 s o RI® g
o j N ° | el
1% Q6 D1 R_TQ6 Q Q6 12
XORCY o R
] so B
o {>\%>v AND2B1 CE
. [e=:1 ¢ R RLOC=X0Y3
o s /Muxcy 2 RLOC=X1Y2 q
0 1 RLOC=X0Y3 FMAP
DI cl
M2_1 - .
L — |
o TQ5 Do CE_M5 FDCE s o[ RT g
o 3 N ° | e
||—,) Q5 D1 R_TQ5 (o5} 2
— XORCY ° ° =
ol <o < n
{>O AND2B1 CE
o INV CcEBS c RLOC=X0Y2
RLOC=X1Y2 or
Q4 s /Muxcy_L
hurex | [ FMAP
2 L RLOC=X0Y2
M2_1 w .
L — |
)3 o TQ4 Do cE_ma FDCE ° o BT g
o o | el
[ Q4 D1 R_TQ4 Q Q4 2
XORCY o R
S0 B
ca {>\‘r:\1>v AND2B1 CE _
. CEB4 < ar RLOC=X0Y2
o o /MUxCY_D\RLOC=XLYL q
0 1 RLOC=X0Y2 FMAP
DI <] o 1 s .
L — ®
S \ 0 103 Do cE M3 FDCE s o BT
o ° | e — u
|D%> Q3 D1 R_TQ3 Q3 < 2
— XORCY = ] Q R
- © —
{>O AND2B1 CE
o INV ceB3 c RLOC=X0Y1
RLOC=X1Y1 or
o s /Muxcy_L
" | ¢ FMAP
2 L RLOC=X0Y1
e
u M2 1 FDCE |
) o TQ2 Do CE_M2 ° o[ RTZ g
o j N ° | i
[ Q2 D1 R_TQ2 Q Q2 2
XORCY . R
R - P B
c2 {>&/ AND2B1 CE
. ceB2 S RLOC=X0Y1
o s /MUXCY_T\RLOC=XLYO L
0 1 RLOC=X0Y1 FMAP
DI cl
CE
B
u M2_1 FDCE |
j N\ o TQ1L Do CE_M1 ° of Rl g
o o - TQ1
1% Q1 D1 R_TQL Q1 L < 2
7 XORCY B ° ° R
- - B
AND2B1 CcE
o INV CceB1 c RLOC=X0Y0
CLR
RLOC=X1Y0
QU s /Muxcy_L
5 1 [ FMAP
2 L RLOC=X0Y0
.7CE 14
L T\ Q
. o & o FDCE .77()0 13 o | RTQ0 u
® 7 R_TQO 0 Qo B2
4 XORCY o R
L | Y
GND AND2B1 CE
C RLOC=X0Y0
L co CLR
L
RLOC=X0Y0
CE
|
R
|
c
|
b X9312

CC8RE Implementation Spartan-3, Virtex-Il, Virtex-1l Pro, Virtex-ll Pro X

292

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

Libraries Guide
ISE 6.li


http://www.xilinx.com

CC8RE, CC16RE SXILINX®

Usage

For HDL, these design elements are inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of cc8re is

constant TERM NAL_COUNT : std_l ogic_vector(WDTH 1 downto 0) :=
(others => '1");

begi n

process(C, R

begi n

if (Cevent and C='1') then
if (R="1') then
Q <= (others =>'0");
elsif (CE='1') then
Q <= Qtl;
end if;

end if;

end process;

process(Q

begin

if (Q = TERM NAL_COUNT) then
TC<="1";

el se
TC<='0';

end if;

end process;

CEO<=TC and CE;
end Behavi oral ;

Verilog Inference Code
al ways @ posedge C)

begi n
if (R
Q<=0
else if (CE)
Q<=Q+ 1;
end
always @Q
begi n
i f (Q == TERM NAL_COUNT)
TC <= 1;
el se
TC <= 0;
end
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always @TC or CE)
begin

CEO <= TC & CE;
end

294 www.xilinx.com Libraries Guide
1-800-255-7778 ISE 6.li


http://www.xilinx.com

CD4CE SXILINX®

CD4CE

4-Bit Cascadable BCD Counter with Clock Enable and Asynchronous
Clear
Architectures Supported

CD4CE

Spartan-Il, Spartan-I1E Macro

Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Macro
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro

cpace 1o CDA4CE is a 4-bit (stage), asynchronous clearable, cascadable binary-coded-decimal
[ Q1 (BCD) counter. The asynchronous clear input (CLR) is the highest priority input.

Q2 When CLR is High, all other inputs are ignored; the Q outputs, terminal count (TC),
%O and clock enable out (CEO) go to logic level zero, independent of clock transitions.
[Tc 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

CLR output is High when Q3 and QO are High and Q2 and Q1 are Low.

X4369

O |0
m

The counter recovers from any of six possible illegal states and returns to a normal
count sequence within two clock cycles for Spartan-I1, Spartan-11E, Spartan-3, Virtex,
Virtex-E, Virtex-11, Virtex-11 Pro, and Virtex-1l Pro X as shown in the following state
diagram. For XC9500/XV/XL, CoolRunner XPLA3, and CoolRunner-Il, the counter
resets to zero or recovers within the first clock cycle.

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.
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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 XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse to the PRLD global net.

Spartan-11, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-11 Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs
CLR CE C Q3 Q2 Q1 Q0 TC CEO
1 X X 0 0 0 0 0 0
0 1 1 Inc Inc Inc Inc TC CEO
0 0 X No Chg | NoChg | No Chg | No Chg TC 0
0 1 X 1 0 0 1 1 1
TC = Q3<1Q2=!Q1=Q0
CEO =TC~CE
FDCE
DO o Q Q0 -
INV E
CLR
Qo
p AX1 FDCE
D1 Q1
AND2B1 Xg; DE ° "
CLR
[ a1
Ax2 FDCE
D2 b Q @ g
AO3B ANDZ g E
‘ CLR
AND3 [ Q2
0:3 FDCE
AO3A EEN PN Q SER
AND2 OR2 x%; E
CLR
[ @3
aC C
; CLR
_ce AND4B2 cEO

AND2
X7784

CDA4CE Implementation Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E,
Virtex-Il, Virtex-Il Pro, Virtex-Il Pro X
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CDA4CE Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-II

Usage

For HDL, this design element can be inferred.

VHDL Inference Code

architecture Behavioral of cd4ce is
begi n

process (C, CLR)

begin

if (CLR="1") then

Q <= "0000";

elsif (Cevent and C="1") then
if (CE="1") then
if (Q="1001") then

Q <= "0000";
elsif (Q= "1011") then
Q <= "0110";
elsif (Q= "1101") then
Q <= "0100";
elsif (Q="1111") then
Q <= "0010";
el se
Q<=Q+ 1
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end if;
end if;
end if;
end process;

process (Q
begin
if (Q="1001") then
TCINT <= '1';
el se
TCINT <= '0';
end if;
end process;

TC <= TG,

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or posedge CLR)

begi n
if (CLR
Q<=0
else if (CE
begin
if (Q == 4'bl001)
Q <= 4' b0000;
else if (Q == 4'"bl011)
Q <= 4' b0110;
else if (Q == 4'"bl101)
Q <= 4' b0100;
else if (Q == 4"bl11l)
Q <= 4' b0010;
el se
Q<=Q+ 1;
end
end

always @(Q
begi n
if (Q == 4'"b1001)
TC <= 1;
el se
TC <= 0;
end

always @ (TC or CE)
begin

CEO <= TC && CE;
end
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CDA4CLE
4-Bit Loadable Cascadable BCD Counter with Clock Enable and
Asynchronous Clear
Architectures Supported
CD4CLE
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Macro
XC9500, XC9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-II Macro
po [ CD4CLE | oo CDA4CLE is a 4-bit (stage), synchronously loadable, asynchronously clearable, binary-
D1 | 01 coded-decimal (BCD) counter. The asynchronous clear input (CLR) is the highest
D2 | Q2 priority input. When CLR is High, all other inputs are ignored; the Q outputs,
b3 ] | Q3

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 Spartan-I1, Spartan-11E, Spartan-3, Virtex,
Virtex-E, Virtex-11, Virtex-11 Pro, and Virtex-1l Pro X as shown in the following state
diagram.

For XC9500/XV/XL, CoolRunner XPLA3, and CoolRunner-I1l, the counter resets to
zero or recovers within the first clock cycle.

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
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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 XC9500/XV/XL, CoolRunner XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-11, Spartan-llE, Spartan-3, Virtex, Virtex-E, Virtex-1l, Virtex-11 Pro, and Virtex-
Il Pro X simulate 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_SPARTAN2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 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-DO0 1 D3 D2 D1 DO TC | CEO
0 0 1 X 1 Inc Inc Inc Inc TC | CEO
0 0 0 X X NoChg | NoChg | NoChg | NoChg | TC 0
0 0 1 X X 1 0 0 1 1 1
TC = Q3=!Q2-!Q1=Q0
CEO =TCeCE
FTCLEX
= °
T Ql—
c »—| CE
'CLR CLR
" — Qo Q
FTCLEX B
T1 #— Ql—
AND2B1 R
:Z: OR_CE_L T Q1 Q1
OR2 FTCLEX
e
C%RQZT .
FTCLEX
_ D3 D
e g 0 S D e hEi T
AND2 AND2 OR2 —CE
TQO03 CLR
L —Taq3
AND2 —‘ Q3 -
AND4B2
=CE ﬁ\_/\ CEO

AND2
X7785

CD4CLE Implementation Spartan-Il, Spartan-llE, Spartan-3, Virtex, Virtex-E,
Virtex-l, Virtex-Il Pro, Virtex-Il Pro X
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AND5B4

DO

AND4B3

AND3B2

%

AND2

»EJ%J

ANDSB3

i

ANDSB3

AND3B2

AND2

[
c AND5B3

ANDSB2

] >——"Ca

ANDSB3 ORS CLR

D2 D

AND3B2 P SR X}

D3 —

AND2

Usage

For HDL, this design element can be inferred.

VHDL Inference Code

architecture Behavioral of cd4cle is
begin

process (C, CLR)
begin
if (CLR="1") then
Q <= "0000";
elsif (Cevent and C="1") then
if (L=""1") then
Q<=D
elsif (CE="1") then
if (Q= "1001") then
Q <= "0000";
elsif (Q= "1011") then
Q <= "0110";
elsif (Q= "1101") then
Q <= "0100";
elsif (Q= "1111") then

AND4B2

7628

CD4CLE Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-Il|
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Q <= "0010";
el se
Q<=Q+ 1
end if;
end if;
end if;
end process;
process (Q
begin
if (Q="1001") then
TCINT <= "'1";
el se
TCINT <= '0";
end if;

end process;
CEO <= TC and CE;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or posedge CLR)
begin
if (CLR
Q<= 0;
else if (L)
Q<= D
else if (CE)
begin
if (Q== 4'"bl1l001)
Q <= 4' b0000;
else if (Q == 4'"bl011)
Q <= 4' b0110;
else if (Q == 4'"bl101)
Q <= 4' b0100;
else if (Q == 4'"bl11l)
Q <= 4' b0010;
el se
Q<=Q+ 1;
end
end

always @(Q

begi n

if (Q== 4"b1001)
TC <= 1;

el se
TC <= 0;

end

always @TC or CE)
begi n

CEO <= TC && CE;
end
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CD4RE

4-Bit Cascadable BCD Counter with Clock Enable and Synchronous

Reset

CD4RE |0

fa
gkl

Architectures Supported

CD4RE
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Macro
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro

CD4RE is a 4-bit (stage), synchronous resettable, cascadable binary-coded-decimal
(BCD) counter. The synchronous reset input (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 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 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-I1, Spartan-11E, Spartan-3, Virtex,
Virtex-E, Virtex-11, Virtex-11 Pro, and Virtex-1l Pro X as shown in the following state
diagram. For XC9500/XV/XL, CoolRunner XPLA3, and CoolRunner-Il, the counter
resets to zero or recovers within the first clock cycle.

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 t-g_1¢ is the CE-to-TC propagation delay of each stage. When
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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 XPLAS3, and CoolRunner-Il, the power-on

condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-11, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-1l, Virtex-11 Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs
R CE Cc Q3 Q2 Q1 Q0 TC CEO
1 X 1 0 0 0 0 0 0
0 1 ) Inc Inc Inc Inc TC CEO
0 0 X No Chg | No Chg | No Chg | No Chg TC 0
0 1 X 1 0 0 1 1 1
TC = Q3=1Q2=!Q1=Q0
CEO =TC<CE
FDRE
%‘:V) DO zE Q Q0 u
R
S — )
FDRE
AX1
D1 b 0 Q1 -
AND2B1 SOR2 CE
T
? A'XZ FDRE
D2 b 0 Q2 -
AND2 SOR2 CE
e A03B
AND3 I Q2
N FDRE
AO3A 2 D3 D Q Q3 u
OR2
AND2 XOR2 CE
R
T G3
™ C TC
= R

CE

AND4B2

CD4RE Implementation Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E,
Virtex-Il, Virtex-Il Pro, Virtex-Il Pro X
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Qo0

Ql,

Q2

Q3

ANDS5B4

i

N

|

INV
NV AnDs

f

i

AND4B3

AND3B2

|

ANDSB3

i

Q0 AND5B3

ANDSB3

AND3B2

ANDSB3

vce

AND2

u

AND3B2

[ O—
o

IV AnDs

INV

FD

FD

Q2

1NV
INV

ANDG

D

AND3B2

INV —)

Q3

ANDSB2

AND4B2

vvvvv

CD4RE Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-II

Usage

For HDL, this design element can be inferred.

VHDL Inference Code

architecture Behavioral of cd4re is

begi n
process (O
begin
if (Cevent and C="'1") then

if (R="1) then

Q <= "0000";

elsif (CE="1") then

if (Q="1001") then

Q <= "0000";
elsif (Q="1011") then
Q <= "0110";
elsif (Q= "1101") then
Q <= "0100";
elsif (Q="1111") then
Q <= "0010";
el se
Q<=Q+ 1
end if;
end if;
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end if;

end process;

process (Q

begin

if (Q="1001") then
TC <= "1';

el se
TC <= '0";

end if;

end process;
CEO <= TC and CE;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C)
begin
if (R
Q<= 0;
else if (CE
begin
if (Q== 4'"bl1l001)
Q <= 4' b0000;
else if (Q == 4'"bl011)
Q <= 4' b0110;
else if (Q == 4'"bl101)
Q <= 4' b0100;
else if (Q == 4'"bl11l)
Q <= 4' b0010;
el se
Q<=Q+ 1;
end
end

always @(Q
begin
if (Q==4"b1001)
TC <= 1;
el se
TC <= 0;
end

al ways @TC or CE)
begi n

CEO <= TC && CE;
end

306 www.xilinx.com Libraries Guide
1-800-255-7778 ISE 6.li


http://www.xilinx.com

CD4RLE

SUXILINX®

CD4RLE

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

8
O
g
2
m
lRielele

D1
D2
D3
L |
CE |
C |
R
X4372

Architectures Supported

CD4RLE
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Macro
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro

CDA4RLE 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
is High, all other inputs are ignored; the Q outputs, terminal count (TC), and clock
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
during 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 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-I1, Spartan-11E, Spartan-3, Virtex,
Virtex-E, Virtex-11, Virtex-11 Pro, and Virtex-1l Pro X as shown in the following state
diagram. For XC9500/XV/XL, CoolRunner XPLA3, and CoolRunner-Il, the counter
resets to zero or recovers within the first clock cycle.

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 tog_1¢ is the CE-to-TC propagation delay of each stage. When
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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 XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-11, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-1l, Virtex-11 Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs
R L CE | D3-DO0 C Q3 Q2 Q1 Qo0 TC | CEO
1 X X X 1 0 0 0 0 0 0
0 1 X D3 -DO0 1 D3 D D Do TC | CEO
0 0 1 X 1 Inc Inc Inc Inc TC | CEO
0 0 0 X X NoChg | NoChg | NoChg | NoChg | TC 0
0 0 1 X X 1 0 0 1 1 1

TC = Q3+1Q2=!Q1=Q0

CEO =TC=CE
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FTRSLE
DO
- p S
IL L
T Q
CE
Ic R
R
- I Qo Q0
FTRSLE
2 b S
L T1 # IS
AND2B1 CE
R
T Q1
Q1 .
FTRSLE
.DZ D S
L
T Q F—
CE
R
' @2 @
FTRSLE
w2 D S
L
T Q
CE
R
I Q3
AND2 Q3
N\ TC =
L————q J
L——0
AND4B2
CEO _
AND2
GED X7787
CD4RLE Implementation Spartan-Il, Spartan-llE, Spartan-3, Virtex, Virtex-E,
Virtex-Il, Virtex-1l Pro, Virtex-1l Pro X
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: Q
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OR2 INV ANDSB2
. INV/ AND6
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FD AND4B2
AND5B4 Q
OR4
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AND4B3
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AND3B1
FD
Q
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D1 ™
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Q2
AND4B3
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Q
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CD4RLE Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-I|
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Usage

For HDL, this design element can be inferred but not instantiated.

VHDL Inference Code

architecture Behavioral of cd4rle is

begi n

process (O
begin

if (Cevent and C="'1") then

if (R="'1") then
Q <= "0000";
elsif (L="1") then
Q<= D
elsif (CE="1") then
if (Q="1001") then
Q <= "0000";
elsif (Q= "1011") then
Q <= "0110";
elsif (Q= "1101") then
Q <= "0100";
elsif (Q="1111") then
Q <= "0010";
el se
Q<=Q+ 1
end if;
end if;
end if;
end process;

process (Q
begin
if (Q="1001") then
TC <="1";
el se
TC <= "'0";
end if;
end process;

CEO <= TC and CE;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge Q)
begin
if (R
Q<=0
else if (L)
Q<=D
else if (CE
begin
if (Q== 4"Dbl001)
Q <= 4' b0000;

Libraries Guide www.xilinx.com
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else if (Q == 4'"bl011)
Q <= 4' b0110;

else if (Q == 4'"bl101)
Q <= 4' b0100;

else if (Q == 4'"bl111)
Q <= 4' b0010;

el se

Q<=Q+ 1;

end
end

al ways @(Q
begin
if (Q == 4'"b1001)
TC <= 1;
el se
TC <= 0;
end

al ways @ (TC or CE)
begi n

CEO <= TC && CE;
end
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CDDA4CE

4-Bit Cascadable Dual Edge Triggered BCD Counter with Clock Enable
and Asynchronous Clear

CDD4CE

°]f
m

CLR

Architectures Supported

CDD4CE
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-l, Virtex-1l Pro, Virtex-11 Pro X | No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Macro

CDDA4CE is a 4-bit (stage), asynchronous clearable, cascadable dual edge triggered
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 and High-to-Low 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 to zero from any illegal state within the first
clock cycle.

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_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. The
power-on condition can be simulated by applying a High-level pulse to the PRLD
global net.

Inputs Outputs
CLR CE C Q3 Q2 Q1 Q0 TC CEO
1 X 0 0 0 0 0 0
0 1 1 Inc Inc Inc Inc TC CEO
0 1 ! Inc Inc Inc Inc TC CEO
0 0 X No Chg | No Chg | No Chg | No Chg TC 0
Libraries Guide www.xilinx.com 313

ISE 6.li

1-800-255-7778


http://www.xilinx.com

SXILINX® CDDACE
Inputs Outputs
CLR CE C Q3 Q2 Q1 Qo0 TC CEO
0 1 X 1 0 0 1 1 1
TC = Q3=!Q2=!Q1=Q0
CEO=TC<CE
Vee
CcE )T
AND2
CLR -
c
Q
Q1
Q2 g
3 g
—
[
AND3B2 j
»—%) FODC ) ANDSB2
D Q
OR3
fipees f Cor o FDDC
Qo AND4B2 b ° Q2
AND2B1 CcEO
OR4 C ar
. AND4B2 @ frbsez
AND4B2
,%:) X Foee o AND2B1 e
OR3 ] AND4B2
AND4B2 ©en
QL
AND2B1 ANDSB1
) FDDC
L 4 R ol
OR3
ANDSB3 C o
Q3

CDD4CE Implementation CoolRunner-ll

Usage

For HDL, this design element can be inferred but not instantiated.

VHDL Inference Code

architecture Behavioral of cdd4ce is

begi n

process (C, CLR

begin

if (CLR="1") then

Q <= "0000";

elsif (C event) then
if (CE="1") then
if (Q= "1001") then

Q <= "0000";
elsif (Q= "1011") then
Q <= "0110";

9735
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elsif (Q= "1101") then

Q <= "0100";

elsif (Q= "1111") then
Q <= "0010";

el se

Q<=Q+ 1;
end if;

end if;

end if;

end process;

process (Q

begin

if (Q="1001") then
TC <= "1";

el se

TC <="'0";

end if;

end process;
CEO <= TC and CE;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge C or posedge CLR)

begi n
if (CLR
Q<=0
else if (CE)
begin
if (Q== 4'"bl1l001)
Q <= 4' b0000;
else if (Q == 4'"bl011)
Q <= 4' b0110;
else if (Q == 4'"bl101)
Q <= 4' b0100;
else if (Q == 4"bl11l)
Q <= 4' b0010;
el se
Q<=Q+ 1;
end
end

always @(Q
begi n
if (Q == 4'"b1001)
TC <= 1;
el se
TC <= 0;
end

always @ (TC or CE)
begin

CEO <= TC && CE;
end
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CDDA4CLE

4-Bit Loadable Cascadable Dual Edge Triggered BCD Counter with
Clock Enable and Asynchronous Clear

Do | CDDACLE | oo
D1 [ o1
D2 | | Q2
D3 | Q3
L]

CE | CEO
c | TC
CLR

Architectures Supported

CDD4CLE
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-l, Virtex-1l Pro, Virtex-11 Pro X | No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Macro

CDDACLE is a 4-bit (stage), synchronously loadable, asynchronously clearable, dual
edge triggered 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 and High-to-Low
clock (C) transitions. 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 to zero from any illegal state within the first clock cycle.

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 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, output Low, when power is applied. The
power-on condition can be simulated by applying a High-level pulse on the PRLD
global net.

Inputs Outputs
CLR L CE | D3-DO C Q3 Q2 Q1 Q0 TC | CEO
X X X X 0 0 0 0 0 0
1 X D3-DO0 1 D3 D2 D1 DO TC | CEO
1 X D3-DO0 ! D3 D2 D1 DO TC | CEO
0 0 1 X 1 Inc Inc Inc Inc TC | CEO
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Inputs Outputs
CLR| L | CE | D3-DO| C Q3 Q2 Q1 Q0 | TC | CEO
0 0 1 X ! Inc Inc Inc Inc TC | CEO
0 0 X X No Chg | NoChg | NoChg | NoChg | TC 0
0 0 1 X X 1 0 0 1 1 1
TC = Q3=!Q2=!Q1=Q0
CEO =TC~CE
Q
Q1
Q2
3
r ToR ]
D.ﬁrz
ANDSB4 W
AND4B3 b Q ﬁ
o AND3B2 R Q0 FDDC r
" ° ° AND4B2
’_‘ ANDSB3 ORS CLR -
’—A‘NDEBS 02 ‘
1 FDDC F—W
ANDSB3 D Q 37
o C ar Dlﬁﬁmoe
AND3B2 e T a
cg—L\—\ D o—
E):: AND3B2 ,JR Q3
Gil) 23 )7

CDDA4CLE Implementation CoolRunner-II

Usage

For HDL, this design element can be inferred but not instantiated.

VHDL Inference Code

archi tecture Behavi oral

begi n

process (C, CLR

begin

if (CLR="1") then

of cdd4cle is

o737
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Q <= "0000";
elsif (C event) then
if (L="1) then
Q<= D
elsif (CE="1") then
if (Q="1001") then
Q <= "0000";
elsif (Q= "1011") then
Q <= "0110";
elsif (Q= "1101") then
Q <= "0100";
elsif (Q="1111") then
Q <= "0010";
el se
Q<=Q+ 1;
end if;
end if;
end if;
end process;

process (Q
begin
if (Q="1001") then
TC <= "1";
el se
TC <= '0";
end if;
end process;

CEO <= TC and CE;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge C or posedge CLR)

begin
if (CLR
Q<=0
else if (L)
Q<= D
else if (CE
begin
if (Q== 4'"bl001)
Q <= 4' b0000;
else if (Q == 4'"bl011)
Q <= 4' b0110;
else if (Q == 4'"bl101)
Q <= 4' b0100;
else if (Q == 4'"bl11l)
Q <= 4' b0010;
el se
Q<=Q+ 1;
end
end

always @(Q
begi n

Libraries Guide www.xilinx.com
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if (Q== 4'b1001)
TC <= 1;
el se
TC <= 0;
end

always @ (TC or CE)
begin

CEO <= TC && CE;
end
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CDD4RE

4-Bit Cascadable Dual Edge Triggered BCD Counter with Clock Enable
and Synchronous Reset

CDD4RE

[°]R
m

RREE

Architectures Supported

CDD4RE
Spartan-Il, Spartan-I1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-l, Virtex-1l Pro, Virtex-11 Pro X | No
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Macro

CDD4RE is a 4-bit (stage), synchronous resettable, cascadable dual edge triggered
binary-coded-decimal (BCD) counter. The synchronous reset input (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 on the Low-to-High or
High-to-Low clock (C) transition. The Q outputs increment when the clock enable
input (CE) is High during the Low-to-High and High-to-Low 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 to zero from any
illegal state within the first clock cycle.

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 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, output Low, when power is applied. The
power-on condition can be simulated by applying a High-level pulse on the PRLD
global net.

Inputs Outputs

R CE C Q3 Q2 Q1 Q0 TC CEO
1 X 1 0 0 0 0 0 0
1 X ! 0 0 0 0 0 0
0 1 1 Inc Inc Inc Inc TC CEO

1 ! Inc Inc Inc Inc TC CEO
0 0 X No Chg | No Chg | No Chg | No Chg TC 0
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Inputs Outputs
R CE C Q3 Q2 Q1 Q0 TC CEO
1 X 1 0 0 1 1 1
TC = Q3=!Q2!Q1=Q0
CEO =TC=CE
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CDD4RE Implementation CoolRunner-I

Usage

For HDL, this design element can be inferred but not instantiated.

VHDL Inference Code

architecture Behavioral of cdd4re is
begi n

process (QO)
begin
if (Cevent) then
if (R="1) then
Q <= "0000";
elsif (CE="1") then
if (Q= "1001") then
Q <= "0000";
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elsif (Q= "1011") then

Q <= "0110";

elsif (Q= "1101") then
Q <= "0100";

elsif (Q= "1111") then
Q <= "0010";

el se
Q<=Q+ 1;

end if;
end if;
end if;

end process;

process (Q

begin

if (Q="1001") then
TC <= "1";

el se

TC <= "'0";

end if;

end process;
CEO <= TC and CE;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge C)

begin
if (R
Q<=0
else if (CE)
begin
if (Q == 4'bl001)
Q <= 4' b0000;
else if (Q == 4'"bl011)
Q <= 4' b0110;
else if (Q == 4'"bl101)
Q <= 4' b0100;
else if (Q == 4'"bl111)
Q <= 4' b0010;
el se
Q<=Q+ 1
end
end

always @(Q
begin
if (Q== 4'b1001)
TC <= 1;
el se
TC <= 0;
end

Libraries Guide
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always @ (TC or CE)
begin

CEO <= TC && CE;
end
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CDD4RLE

4-Bit Loadable Cascadable Dual Edge Triggered BCD Counter with
Clock Enable and Synchronous Reset

po | CDD4RLE

Rllele

CEO
| TC

oo
» LR

Architectures Supported

CDD4RLE
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-l, Virtex-1l Pro, Virtex-11 Pro X | No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Macro

CDD4RLE is a 4-bit (stage), synchronous loadable, resettable, dual edge triggered
binary-coded-decimal (BCD) counter. The synchronous reset input (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 on the Low-to-High or
High-to-Low 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 and High-to-Low
clock (C) transition. The Q outputs increment when the clock enable input (CE) is
High during the Low-to-High and High-to-Low 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 to zero from any illegal state within the
first clock cycle.

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 tog_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. The
power-on condition can be simulated by applying a High-level pulse on the PRLD
global net.

Inputs Outputs
R L CE | D3-D0 C Q3 Q2 Q1 Q0 TC | CEO
1 X X X 1 0 0 0 0 0 0
1 X X X ! 0 0 0 0 0 0
0 1 X D3 -DO0 1 D3 D2 D1 DO TC | CEO
0 1 X D3 -D0 ! D3 D2 D1 DO TC | CEO
0 0 1 X 1 Inc Inc Inc Inc TC | CEO
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Inputs Outputs
R L CE | D3-D0 C Q3 Q2 Q1 Qo0 TC | CEO
0 0 1 X l Inc Inc Inc Inc TC | CEO
0 0 0 X X NoChg | NoChg | NoChg | NoChg | TC 0
0 0 1 X X 1 0 0 1 1 1
TC =Q3=!Q2=!Q1=Q0
CEO =TCeCE
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CDD4RLE Implementation CoolRunner-II

Usage

For HDL, this design element can be inferred but not instantiated.
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VHDL Inference Code

architecture Behavioral of cdd4rle is

begin

process (O

begin

if (Cevent) then

if (R="1") then
Q <= "0000";

elsif (L="1") then
Q<=D

elsif (CE="1") then
if (Q= "1001") then

Q <= "0000";
elsif (Q= "1011") then
Q <= "0110";
elsif (Q= "1101") then
Q <= "0100";
elsif (Q= "1111") then
Q <= "0010";
el se
Q<=Q+ 1;
end if;
end if;
end if;

end process;

process (Q

begin

if (Q="1001") then
TC <= "1";

el se

TC <='0";

end if;

end process;
CEO <= TC and CE;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge C)

begi n
if (R
Q<=0
else if (L)
Q<= D
else if (CE
begin
if (Q== 4"bl001)
Q <= 4' b0000;
else if (Q == 4'"bl011)
Q <= 4' b0110;
else if (Q == 4'bl101)
Q <= 4' b0100;
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else if (Q == 4'"bl11l)
Q <= 4' h0010;
el se
Q<=Q+ 1
end
end

always @(Q

begi n

if (Q== 4"b1001)
TC <= 1;

el se
TC <= 0;

end

always @ (TC or CE)
begin

CEO <= TC && CE;
end
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CJACE, CJ5CE, CJ8CE

SUXILINX®

CJ4CE, CJ5CE, CJ8CE

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

Clear

i
m

CJ4CE

OlO
m

CJ5CE

klalelele

L
m

(@]

LR

M X4114

CJ8CE [Q[7:0]
—

X4118

Architectures Supported

CJ4CE, CJ5CE, CJ8CE

Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro

Virtex-Il, Virtex-1l Pro, Virtex-1l Pro X | Macro

XC9500, XC9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-Il Macro

CJACE, CJ5CE, and CJBCE are clearable Johnson/shift counters. The asynchronous
clear (CLR) input, when High, overrides all other inputs and causes the data (Q)
outputs to go to logic level zero, independent of clock (C) transitions. The counter
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
CE is Low.

For CJ4CE, the Q3 output is inverted and fed back to input QO to provide continuous
counting operation. For CJ5CE, the Q4 output is inverted and fed back to input QO.
For CJ8CE, the Q7 output is inverted and fed back to input QO.

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

For XC9500/XV/XL, CoolRunner XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-11, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-1l, Virtex-11 Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTAN3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

CJACE Truth Table

Inputs Outputs
CLR CE C Q0 Q1 Q2 Q3
1 X X 0 0 0 0
0 0 X No Chg No Chg No Chg No Chg
0 1 1 193 qo ql g2
g = state of referenced output one setup time prior to active clock transition
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CJ5CE Truth Table

Inputs Outputs
CLR CE C Q0 Q1 Q2 Q3 Q4
1 X X 0 0 0 0 0
0 0 X No Chg No Chg No Chg No Chg No Chg
0 1 1 194 qo ql g2 g3
g = state of referenced output one setup time prior to active clock transition
CJ8CE Truth Table
Inputs Outputs
CLR CE C Q0 Q1-Q7
1 X X 0 0
0 0 X No Chg No Chg
0 1 1 Iq7 g0-q6
g = state of referenced output one setup time prior to active clock transition
QI7:0]

FDCE Q3 5 o Q4
7B 0
\'>O Q D Q Q CE
INV CE C
CLR
CLR Q4
. Y
FDCE
FDCE Q5
o b Q
D Q CE
CE -
CLR
CLR ® Q5
| S S
FDCE
FDCE Q6
@ ° Q
D Q CE
CE -
CLR
CLR P Q6
2
0—] @
FDCE
FDCE Q7
Qs ° Q
D Q CE
CE -
CLR
CLR P Q7
3
0—] Q
niE
B
L X7789

CJ8CE Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-Il, Spartan-Il,
Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, Virtex-1l Pro X

Usage

For HDL, this design element can be inferred but not instantiated.
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VHDL Inference Code

architecture Behavioral of cj4ce is
begin

process (C, CLR

begi n

if (CLR="1") then

Q <= (others =>"'0");

elsif (Cevent and C="'1") then
if (CE="'1") then
Q0) <= not QWDTH1);
QWDTH 1 downto 1) <= QWDTH 2 downto 0);
end if;

end if;

end process;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or posedge CLR)
begin
if (CLR
Q<=0
el se
begin
if (CE)
begin
Qo] <= 'QWDTH1];
QAWDTH 1: 1] <= QWDTH 2: 0];
end
end
end
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CJ4RE, CJ5RE, CI8RE

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

Reset

0]
m

CJ4RE

O

E

°]

CJ5RE

(el[e]
m

Y

CJ8RE | QI[7:0]
—

X4119

Architectures Supported

CJ4RE, CJ5RE, CI8RE

Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-Il, Virtex-1l Pro, Virtex-1l Pro X | Macro
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro

CJARE, CJ5RE, and CJ8RE are resettable Johnson/shift counters. The synchronous
reset (R) input, when High, overrides all other inputs and causes the data (Q) outputs
to go to logic level zero during the Low-to-High clock (C) transition. The counter
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
CE is Low.

For CJ4RE, the Q3 output is inverted and fed back to input QO to provide continuous
counting operations. For CJ5RE, the Q4 output is inverted and fed back to input QO.
For CJ8RE, the Q7 output is inverted and fed back to input QO.

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

For XC9500/XV/XL, CoolRunner XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-11, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-1l, Virtex-11 Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTAN3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

CJ4RE Truth Table

Inputs Outputs
R CE C Q0 Q1 Q2 Q3
1 X 1 0 0 0 0
0 0 X No Chg No Chg No Chg No Chg
0 1 1 a3 qo gl g2
g = state of referenced output one setup time prior to active clock transition
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CJ5RE Truth Table

Inputs Outputs
R CE C Q0 Q1 Q2 Q3 Q4
1 X ) 0 0 0 0 0
0 0 X No Chg No Chg No Chg No Chg No Chg
0 1 1 q4 qo gl q2 g3

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

CJ8RE Truth Table

Inputs Outputs
R CE C Qo Q1-Q7
1 X 1 0 0
0 0 X No Chg No Chg
0 1 1 q7 q0-q6

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

Q[7:0]
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|w)

Py

m
o]

o
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l D
o

Q

N

CE

c
= R
= X7790

CJ8RE Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-Il, Spartan-II,
Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, Virtex-1l Pro X
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Usage

For HDL, this design element can be inferred but not instantiated.

VHDL Inference Code

architecture Behavioral of cjdre is
begi n

process (Q

begi n

if (Cevent and C="'1") then
if (R="1") then
Q <= (others => '0");

elsif (CE="1") then
Q0) <= not QWDTH1);
QWDTH 1 downto 1) <= QWDTH 2 downto 0);
end if;

end if;

end process;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C)
begin
if (R
Q<=0;
el se
begin
if (CE)
begin
Q0] <= 'QqWDTH1];
QWDTH1:1] <= QWDTH 2:0];
end
end
end
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CJDACE, CJID5CE, CJD8CE

4-, 5-, 8-Bit Dual Edge Triggered Johnson Counters with Clock Enable
and Asynchronous Clear

Architectures Supported

CJDACE, CJD5CE, CJD8CE
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-l, Virtex-1l Pro, Virtex-11 Pro X | No
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Macro

capace | CJDACE, CJD5CE, and CJDS8CE are dual edge triggered clearable Johnson/shift
j,_"l counters. The asynchronous clear (CLR) input, when High, overrides all other inputs
CE| [ 02 and causes the data (Q) outputs to go to logic level zero, independent of clock (C)
S -2 transitions. The counter increments (shifts Q0 to Q1, Q1 to Q2,and so forth) when the
o clock enable input (CE) is High during the Low-to-High and High-to-Low clock
9742 transition. Clock transitions are ignored when CE is Low.
For CIDACE, the Q3 output is inverted and fed back to input QO to provide
CIDSCE continuous counting operations. For CID5CE, the Q4 output is inverted and fed back
ﬁ to input Q0. For CJD8CE, the Q7 output is inverted and fed back to input QO.
Q2 The counter is asynchronously cleared, output Low, when power is applied. The
c | (04 power-on condition can be simulated by applying a High-level pulse on the PRLD
global net.
CLR X9743
CJDACE Truth Table
CJD8CE |Q[7:0]
cE | Inputs Outputs
& CLR CE c Qo0 Q1 Q2 Q3
CLR o744 1 X X 0 0 0 0
0 0 X No Chg No Chg No Chg No Chg
0 1 1 193 qo ql g2
0 1 l 193 qo ql q2
g = state of referenced output one setup time prior to active clock transition
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CJD5CE Truth Table

Inputs Outputs
CLR CE C Qo0 Q1 Q2 Q3 Q4
1 X X 0 0 0 0 0
0 0 X No Chg No Chg No Chg No Chg No Chg
0 1 1 194 q0 ql q2 g3
0 1 ! 194 q0 ql q2 g3

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

CJD8CE Truth Table

Inputs Outputs
CLR CE C Qo Q1-Q7
1 X X 0 0
0 0 X No Chg No Chg
0 1 i g7 g0-q6
0 1 ! Iq7 g0-q6

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

Usage

For HDL, this design element can be inferred but not instantiated.

VHDL Inference Code

architecture Behavioral of cjddce is
begi n

process (C, CLR)
begi n
if (CLR="1") then
Q <= (others =>"'0");
elsif (C event) then
if (CE="'1) then
Q0) <= not QWDTH 1);
QWDTH 1 downto 1) <= QWDTH 2 downto 0);
end if;
end if;
end process;

end Behavi oral ;
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CJDA4CE, CID5CE, CJDSCE S XILINX®

Verilog Inference Code

al ways @ (posedge C or negedge C or posedge CLR)
begin
if (CLR
Q INT <= 0;
el se
begin
if (CE)
begin
Q INT[0] <= !'QINT[WDTH 1];
Q INT[WDTH 1:1] <= Q_INT[WDTH 2:0];
end
end
end

al ways @ (Q_I NT)
begin
Q <= Q.INT;

end
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SUXILINX®

CJD4RE, CJD5RE, CID8SRE

4-, 5-, 8-Bit Dual Edge Triggered Johnson Counters with Clock Enable
and Synchronous Reset

Architectures Supported

CJD4RE, CJD5RE, CID8RE
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-l, Virtex-1l Pro, Virtex-11 Pro X | No
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Macro

CJD4RE, CID5RE, and CJD8RE are resettable dual edge triggered Johnson/shift

CJD4RE
:8:2 counters. The synchronous reset (R) input, when High, overrides all other inputs and
CE | (02 causes the data (Q) outputs to go to logic level zero during the Low-to-High and
c | [ 03 High-to-Low clock (C) transition. The counter increments (shifts Q0 to Q1, Q1 to Q2,
and so forth) when the clock enable input (CE) is High during the Low-to-High and
R w9745 High-to-Low clock transition. Clock transitions are ignored when CE is Low.
For CID4RE, the Q3 output is inverted and fed back to input QO to provide
CJDSRE continuous counting operations. For CID5RE, the Q4 output is inverted and fed back
ﬁ to input Q0. For CJD8RE, the Q7 output is inverted and fed back to input QO.
ce | ﬁ The counter is asynchronously cleared, output Low, when power is applied. The
c | [ 04 power-on condition can be simulated by applying a High-level pulse on the PRLD
global net.
u X9746
CJD4RE Truth Table
CJDSRE | Q[7:0] Inputs Outputs
gi R CE C Qo0 Q1 Q2 Q3
o 1 X 1 0 0 0 0
R o747 0 0 X No Chg No Chg No Chg No Chg
0 1 1 g3 qo gl g2
0 1 ! a3 qo gl g2
g = state of referenced output one setup time prior to active clock transition
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CJD4RE, CID5RE, CID8RE

CJD5RE Truth Table

Inputs Outputs
R CE c Qo0 Q1 Q2 Q3 Q4
1 X 1 0 0 0 0 0
0 0 X No Chg No Chg No Chg No Chg No Chg
0 1 1 q4 qo gl q2 g3
0 1 ! q4 qo ql q2 g3

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

CJD8RE Truth Table

Inputs Outputs
R CE C Q0 Q1-Q7
X )
1 X !
0 0 X No Chg No Chg
0 1 1 q7 q0-q6
0 1 l q7 q0 -6

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

Usage

For HDL, this design element can be inferred but not instantiated.

VHDL Inference Code

architecture Behavioral of cjddre is
begi n

process (Q

begi n

if (Cevent) then

if (R="1") then
Q <= (others =>'0");
elsif (CE="1") then
Q0) <= not QWDTH 1);
QWDTH 1 downto 1) <= QWDTH 2 downto 0);
end if;

end if;

end process;

end Behavi oral ;
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SUXILINX®

Verilog Inference Code

al ways @ (posedge C or negedge C)
begin
if (R
Q<=0
el se
begin
if (CB)
begin
go] <= |QQWDTH1];

QWDTH1:1] <=  WDTH 2: 0] ;

end
end
end
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CLK_DIV2,4,6,8,10,12,14,16 SXILINX®

CLK_DIV2,4,6,8,10,12,14,16

Global Clock Divider

CLKIN

CLKDV

Architectures Supported

CLK_DIV2
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II Primitive

CLK_DIV4, CLK_DIV6, CLK_DIV8, CLK_DIV10,
CLK_DIV12, CLK_DIV14, CLK_DIV16

Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-1l, Virtex-1l Pro, Virtex-11 Pro X No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Primitive

The CLK_DIV2,4,6,8,10,12,14,16 Global Clock Dividers divide a user-provided
external clock signal gclk<2> by 2, 4, 6, 8, 10, 12, 14, and 16, respectively. Only one
clock divider may be used per design. The global clock divider is available on the
XC2C128, XC2C256, XC2C384, and XC2C512 CoolRunner-I1 devices, but not the
XC2C32 orXC2C64. The CLKIN input can only be connected to the device gclk<2>
pin. The duty cycle of the CLKDV output is 50-50.

The CLKDV output is reset low by power-on reset circuitry.

Usage

This design element is supported for schematics and instantiation but not for
inference.

VHDL Instantiation Template

-- Conponent Declaration for CLK DI Vn should be placed
-- after architecture statenment but before begin keyword

component CLK_DI Vn
port (CLKDV : out STD ULCG C;
CLKIN : in STD ULCA Q) ;
end conponent;

-- Conponent Instantiation for CLK DI Vn shoul d be pl aced
-- in architecture after the begin keyword

Libraries Guide
ISE 6.li

www.xilinx.com 347
1-800-255-7778


http://www.xilinx.com

CLK_DIV2,4,6,8,10,12,14,16 SXILINX®

CLK_DI Vn_I NSTANCE_NAME : CLK_DI Vn
port map (CLKDV => user_CLKDV,
CLKIN => user_CLKIN);

Verilog Instantiation Template

CLK DI Vn CLK DI Vn_i nstance_name (.CLKDV (user_CLKDV),
.CLKIN (user_CLKIN));
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CLK_DIV2,4,6,8,10,12,14,16R SXILINX®

CLK_DIV2,4,6,8,10,12,14,16R

Global Clock Divider with Synchronous Reset

CLKIN

CDRST

CLKDV

Architectures Supported

CLK_DIV2R
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II Primitive

CLK_DIV4R, CLK_DIV6R, CLK_DIV8R, CLK_DIV10R,
CLK_DIV12R, CLK_DIV14R, CLK_DIV16R

Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-1l, Virtex-1l Pro, Virtex-11 Pro X No
XC9500, XCI500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Primitive

The CLK_DIV2,4,6,8,10,12,14,16R Global Clock Dividers with Synchronous Reset
divide a user-provided external clock signal gclk<2> by 2, 4, 6, 8, 10, 12, 14, and 16,
respectively. Only one clock divider may be used per design. The global clock divider
is available on the XC2C128, XC2C256, XC2C384, and XC2C512 CoolRunner-II
devices, but not the XC2C32 or XC2C64. The CLKIN and CDRST inputs can only be
connected to the device gclk<2> and CDRST pins. The duty cycle of the CLKDV
output is 50-50.

The CDRST input is an active High synchronous reset. If CDRST is input High when
the CLKDV output is High, the CLKDV output remains High to complete the last
clock pulse, and then goes Low.

The CLKDV output is reset low by power-on reset circuitry.

Usage

For HDL, these design elements are supported for instantiation but not inference.

VHDL Instantiation Template

-- Conponent Declaration for CLK DI VnR shoul d be pl aced
-- after architecture statenment but before begin keyword

component CLK_DI VnR
port (CLDV : out STD ULOG C
CDRST : in STD ULOG C,
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CLK_DIV2,4,6,8,10,12,14,16R

CLKIN : in STD _ULCA O);
end conponent;

-- Conponent Instantiation for CLK DI VnR should be placed
-- in architecture after the begin keyword

CLK_DI VnR_| NSTANCE_NAME : CLK_DI VnR
port map (CLKDV => user_CLKDV,
CDRST => user _CDRST,
CLKIN => user_CLKIN);

Verilog Instantiation Template

CLK_DI VnR CLK_DI VnR_i nst ance_nane (.CLKDV (user_CLKDV),
. CDRST (user _CDRST),
.CLKIN (user_CLKIN));
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CLK_DIV2,4,6,8,10,12,14,16RSD

SUXILINX®

CLK_DIV2,4,6,8,10,12,14,16RSD

Global Clock Divider with Synchronous Reset and Start Delay
Architectures Supported

CLK_DIV2RSD
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II Primitive

CLK_DIV4RSD, CLK_DIV6RSD, CLK_DIV8RSD, CLK_DIV10RSD,
CLK_DIV12RSD, CLK_DIV14RSD, CLK_DIV16RSD

Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-1l Pro, Virtex-11 Pro X No
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Primitive

CLKIN

CDRST

CLKDV

of the CLKDV output is 50-50.

The CLK_DIV2,4,6,8,10,12,14,16 Global Clock Dividers with Synchronous Reset and
Start Delay divide a user-provided external clock signal gclk<2> by 2, 4, 6, 8, 10, 12,
14, and 16, respectively. Only one clock divider may be used per design. The global
— clock divider is available on the XC2C128, XC2C256, XC2C384, and XC2C512
CoolRunner-Il devices, but not the XC2C32 or XC2C64. The CLKIN and CDRST
inputs can only be connected to the device gclk<2> and CDRST pins. The duty cycle

The CDRST input is an active High synchronous reset. If CDRST is input High when
the CLKDV output is High, the CLKDV output remains High to complete the last

clock pulse, and then goes Low.

The start delay function delays the start of the CLKDV output by (n + 1) clocks, where

n is the divisor for the clock divider.

The CLKDV output is reset low by power-on reset circuitry.

Usage

For HDL, these design elements are supported for instantiation but not inference.

VHDL Instantiation Template

-- Conponent Declaration for CLK DI VnRSD shoul d be pl aced
-- after architecture statenment but before begin keyword
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SXILINX® CLK_DIV2,4,6,8,10,12,14,16RSD

component CLK_DI VnRSD
port (CLDV : out STD ULOG C
CDRST : in STD _ULQA C;
CLKIN : in STD ULCQG O);
end conponent;

-- Conponent Instantiation for CLK DI VhnRSD shoul d be pl aced
-- in architecture after the begin keyword

CLK_DI VnRSD_| NSTANCE_NAME : CLK_DI VnRSD
port map (CLKDV => user_CLKDV,

CDRST => user _CDRST,
CLKIN => user _CLKIN);

Verilog Instantiation Template

CLK_DI VnRSD CLK DI VnRSD _i nst ance_nane (.CLKDV (user_CLKDV),
. CDRST (user _CDRST),
.CLKIN (user_CLKIN));
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CLK_DIV2,4,6,8,10,12,14,16SD S XILINX®

CLK_DIV2,4,6,8,10,12,14,16SD

Global Clock Divider with Start Delay

CLKIN

CLKDV

Architectures Supported

CLK_DIV2SD
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-1l, Virtex-1l Pro, Virtex-11 Pro X No
XC9500, XCI500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Primitive

CLK_DIV4SD, CLK_DIV6SD, CLK_DIV8SD, CLK_DIV10SD,
CLK_DIV12SD, CLK_DIV14SD, CLK_DIV16SD

Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II Primitive

The CLK_DIV2,4,6,8,10,12,14,16SD Global Clock Dividers with Start Delay divide a
user-provided external clock signal gclk<2> by 2, 4, 6, 8, 10, 12, 14, and 16,
respectively. Only one clock divider may be used per design. The global clock divider
is available on the XC2C128, XC2C256, XC2C384, and XC2C512 CoolRunner-II
devices, but not the XC2C32 or XC2C64. The CLKIN input can only be connected to
the device gclk<2> pin. The duty cycle of the CLKDV output is 50-50.

The start delay function delays the CLKDV output (n + 1) clocks, where n is the
divisor for the clock divider.

The CLKDV output is reset low by power-on reset circuitry.

Usage

This design element is supported for schematics and instantiation but not for
inference.

VHDL Instantiation Template

-- Conponent Decl aration for CLK DI VnSD shoul d be pl aced
-- after architecture statement but before begin keyword

component CLK_DI VnSD
port (CLKDV : out STD ULCG C;
CLKIN : in STD ULCQG C);
end conponent;
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SXILINX® CLK_DIV2,4,6,8,10,12,14,16SD

-- Conponent Instantiation for CLK DI VnSD shoul d be pl aced
-- in architecture after the begin keyword

CLK_DI VnSD_| NSTANCE_NAME : CLK_DI VnSD
port map (CLKDV => user_CLKDV,
CLKIN => user _CLKIN);

Verilog Instantiation Template

CLK_DI VnSD CLK_DI VnSD_i nst ance_namne (.CLKDV (user_CLKDV),
.CLKIN (user_CLKIN));
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CLKDLL SXILINX®
Clock Delay Locked Loop
Architectures Supported
CLKDLL

Spartan-Il, Spartan-11E Primitive*

Spartan-3 No

Virtex, Virtex-E Primitive*

Virtex-11, Virtex-11 Pro, Virtex-11 Pro X No

XC9500, XC9500XV, XC9500XL No

CoolRunner XPLA3 No

CoolRunner-II No

* Use CLKDLLE for Spartan-11E and Virtex-E.
CLKDLL is a clock delay locked loop used to minimize clock skew. CLKDLL

CLKDLL

CLKIN
CLKFB

RST

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 specific range of each other (see The Programmable Logic Data Book for the
most current value).

The frequency of the clock signal at the CLKIN input must be in a specific range
depending on speed grade (see The Programmable Logic Data Book for the most current
values). The CLKIN pin must be driven by an IBUFG or a BUFG.

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 CLKDLL must be sourced from either the CLKO or CLK2X
outputs of the same CLKDLL. 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 CLKO 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 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 and CLKDV
outputs is always 50-50. The frequency of the CLKDV output is determined by the
value assigned to the CLKDV_DIVIDE attribute.

The master reset input (RST) resets CLKDLL to its initial (power-on) state. The signal
at the RST input is asynchronous and must be held High for just 2ns.
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SXILINX® CLKDLL
CLKDLL Outputs
Output Description
CLKO Clock at 1x CLKIN frequency
CLK180 Clock at 1x CLKIN frequency, shifted 180° with regards to CLKO
CLK270 Clock at 1x CLKIN frequency, shifted 270° with regards to CLKO
CLK2X Clock at 2x CLKIN frequency, in phase with CLKO
CLK90 Clock at 1x CLKIN frequency, shifted 90° with regards to CLKO
CLKDV Clock at (1/n)x CLKIN frequency, n=CLKDV_DIVIDE value. CLKDV is in
phase with CLKO.
LOCKED CLKDLL locked

Note: See the "PERIOD Specifications on CLKDLLs and DCM" section of the "Xilinx
Constraints P" chapter in the Constraints Guide for additional information on using the TNM,
TNM_NET, and PERIOD attributes with CLKDLL components.

Usage

This component is generally instantiated in the code as it can not be easily inferred in
synthesis tools. Some synthesis tools may allow inference via an attribute. See your
synthesis tool's documentation. Generally, global buffers (IBUFG, BUFG) are
instantiated with the CLKDLL component to construct the proper clocking circuit. See
the XAPP 132 application note, "Using the Virtex Delay-Locked Loop" and the Xilinx
Databook for more information on using the CLKDLL component.

VHDL Instantiation Template
-- Component Declaration for CLKDLL should be placed

-- after architecture statement but before begin keyword

component CLKDLL
-- synthesis translate_off
generic (CLKDV_DIVIDE : real := 2.0; -- (1.5, 2.0, 2.5, 3.0, 4.0, 5.0, 8.0, 16.0)
DUTY_CYCLE_CORRECTION : Boolean := TRUE; -- (TRUE, FALSE)
STARTUP_WAIT : boolean := FALSE); -- (TRUE, FALSE)
-- synthesis translate_on
port (CLKO : out STD_ULOGIC;
CLK180 : out STD_ULOGIC;
CLK270 : out STD_ULOGIC;
CLK2X: out STD_ULOGIC;
CLK90 : out STD_ULOGIC;
CLKDV : out STD_ULOGIC;
LOCKED : out STD_ULOGIC;
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CLKFB :in STD_ULOGIC;
CLKIN :in STD_ULOGIC;
RST :in STD_ULOGIC);

end component;

-- Component Attribute specification for CLKDLL
-- should be placed after architecture declaration but

-- before the begin keyword

attribute CLKDV_DIVIDE : real;
attribute DUTY_CYCLE_CORRECTION : boolean;
attribute STARTUP_WAIT : boolean;

attribute CLKDV_DIVIDE of CLKDLL _instance_name: label is 2.0;

--1.52,2.5,3,4,5, 8, 16 are valid for CLKDV_DIVIDE

attribute DUTY_CYCLE_CORRECTION of CLKDLL _instance_name: label is "TRUE";
-- TRUE, FALSE are valid for DUTY_CYCLE_CORRECTION

attribute STARTUP_WAIT of CLKDLL _instance_name: label is "FALSE"; --
(TRUE,FALSE)

-- Component Instantiation for CLKDLL should be placed

-- in architecture after the begin keyword

CLKDLL_INSTANCE_NAME : CLKDLL
-- synthesis translate_off
generic map (CLKDV_DIVIDE => real_value, -- (1.5,2,2.5,3,4,5,8,16)

DUTY_CYCLE_CORRECTION => hoolean_value, -- (TRUE, FALSE)
STARTUP_WAIT => boolean_value); -- (TRUE, FALSE)

-- synthesis translate_on

port map (CLKO => user_CLKO,
CLK180 => user_CLK180,
CLK270 => user_CLK270,
CLK2X => user_CLK2X,
CLK90 => user_CLK90,
CLKDV =>user_CLKDV,
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CLKDLL

LOCKED => user_LOCKED,
CLKFB => user_CLKFB,
CLKINO => user_CLKIN,
RST => user_RST);

Verilog Instantiation Template

CLKDLL CLKDLL_instance_name (.CLKO (user_CLKO),
.CLK180 (user_CLK180),
.CLK270 (user_CLK270),
.CLK2X (user_CLK2X),
.CLK90 (user_CLK90),
.CLKDV (user_CLKDV),
.LOCKED (user_LOCKED),
.CLKFB (user_CLKFB),
.CLKIN (user_CLKIN),
.RST (user_RST));

defparam CLKDLL _instance_name.CLKDV_DIVIDE = integer_value;
//(1.5,2,2.5,3,4,5,8,16)

defparam CLKDLL _instance_name.DUTY_CYCLE_CORRECTION = boolean_value;//
(TRUE, FALSE)

defparam CLKDLL _instance_name.STARTUP_WAIT = boolean_value; 7/ (TRUE,
FALSE)

Note: Additional syntax may be necessary in order to pass the CLKDLL attributes via the
synthesis tool. The above defparam statements may need to be isolated from the synthesis tool
with translate_off/translate_on directives. See your synthesis tool documentation for more
information on Verilog attribute passing to ensure that you properly pass these attributes to the
synthesis tool. Otherwise, you may pass these attributes to the UCF file.

Commonly Used Constraints
STARTUP_WAIT, DUTY_CYCLE_CORRECTION, CLKDV_DIVIDE and LOC.
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CLKDLLE SXILINX®
CLKDLLE
Virtex-E Clock Delay Locked Loop
Architectures Supported
CLKDLLE
Spartan-Il, Spartan-11E Primitive*
Spartan-3 No
Virtex, Virtex-E Primitive*
Virtex-I1, Virtex-1l Pro, Virtex-11 Pro X No
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 No
* Supported for Spartan-I1E and Virtex-E devices only.
——— CLKDLLE is a clock delay locked loop used to minimize clock skew for Virtex-E
CLKIN %EZO devices. CLKDLLE synchronizes the clock signal at the feedback clock input (CLKFB)

CLKEB

RST

| CLK180
| cLK270

| CLK2X

| CLK2X180
| cLKDV

| LOCKED

X9400

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 specific range of each other (see The Programmable Logic
Data Book for the most current value).

The frequency of the clock signal at the CLKIN input must be in a specific range
depending on speed grade (see The Programmable Logic Data Book for the most current
values). The CLKIN pin must be driven by an IBUFG or a BUFG.

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 input can
only be connected to the CLKO or CLK2X output of CLKDLLE. The BUFG connected
to the CLKFB input of the CLKDLLE must be sourced from either the CLKO or CLK2X
outputs of the same CLKDLLE. 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 CLKO 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 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 always 50-50. The frequency of the CLKDV output is determined
by the value assigned to the CLKDV_DIVIDE attribute.

The master reset input (RST) resets CLKDLLE to its initial (power-on) state. The signal
at the RST input is asynchronous and must be held High for just 2ns.
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SXILINX® CLKDLLE
CLKDLLE 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 1x CLK2X 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 CLKDLLE locked. CLKIN and CLKFB synchronized.
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. Generally, global buffers (IBUFG, BUFG) are
instantiated with the CLKDLLE component to construct the proper clocking circuit.
See the XAPP 132 application note, "Using the Virtex Delay-Locked Loop" and the
Xilinx Databook for more information on using the CLKDLLE component.

VHDL Instantiation Template

-- Component Decl aration for CLKDLLE shoul d be placed
-- after architecture statement but before begin keyword

component CLKDLLE
-- synthesis translate_off

generic (CLKDV.DIVIDE : real :=2.0; -- (1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0,
5.5, 6.0, 6.5, 7.5, 8.0, 9.0, 10.0, 11.0, 12.0, 13.0, 14.0, 15.0, 16.0)
DUTY_CYCLE_CORRECTI ON : Bool ean := TRUE, -- (TRUE, FALSE)

STARTUP_WAI T : bool ean := FALSE); -- (TRUE, FALSE)

-- synthesis translate_on

port (CLKO : out STD ULCG C;
CLK180 : out STD ULCG C,
CLK270 : out STD ULCG C,
CLK2X : out STD ULQOG G
CLK2X180: out STD ULOG G
CLK90 : out STD ULCOA G
CLKDV : out STD ULCG C
LOCKED : out STD ULOA C;
CLKFB : in STD ULQG C,
CLKIN : in STD _ULQG G
RST : in STD ULQA C);

end conponent;

-- Component Attribute specification for CLKDLLE
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute CLKDV_DI VIDE : real;
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attribute DUTY_CYCLE_CORRECTI ON : bool ean;
attribute STARTUP_WAIT : bool ean;

attribute CLKDV_DI VI DE of CLKDLLE instance_nane: |abel is 2.0;

-- (1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.5, 8.0, 9.0, 10.0, 11.0,
-- 12.0, 13.0, 14.0, 15.0, 16.0) are valid for CLKDV_D VI DE

attribute DUTY_CYCLE_CORRECTI ON of CLKDLLE instance_nane: |abel is TRUE;

-- (TRUE, FALSE) are valid for DUTY_CYCLE CORRECTI ON

attribute STARTUP_WAIT of CLKDLLE instance_nane: |abel is FALSE, -- (TRUE, FALSE)

-- Component Instantiation for CLKDLLE shoul d be pl aced
-- in architecture after the begin keyword

CLKDLLE_| NSTANCE_NAME : CLKDLLE
-- synthesis translate_off

generic map (CLKDV_DI VIDE => real value, -- (1.5,2,2.5,3,4,5,8, 16)
DUTY_CYCLE_CORRECTI ON => bool ean_val ue, -- (TRUE, FALSE)
STARTUP_WAI T => bool ean_val ue); -- (TRUE, FALSE)

-- synthesis translate_on

port map (CLKO => user_CLKO,
CLK180 => user_CLK180,
CLK270 => user_CLK270,
CLK2X => user _CLK2X,
CLK2X180 => user _CLK2X,
CLKO0 => user _CLK90,
CLKDV => user _CLKDV,
LOCKED => user _LOCKED,
CLKFB => user _CLKFB,
CLKI NO => user _CLKIN,
RST => user _RST);

Verilog Instantiation Template

CLKDLLE CLKDLLE i nstance_nanme (.CLKO (user_CLKO),
. CLK180 (user_CLK180),
. CLK270 (user_CLK270),
. CLK2X (user _CLK2X),
. CLK2X180 (user_CLK2X180),
. CLK90O (user_CLK90),
. CLKDV (user_CLKDV),
. LOCKED (user _LOCKED),
. CLKFB (user _CLKFB),
.CLKIN (user_CLKIN),
. RST (user_RST));

def param CLKDLLE i nst ance_nane. CLKDV_DI VI DE = i nt eger _val ue;

/1 1.5,2,2.5,3,4,5,8,16 are valid for CLKDV_D VI DE

def param CLKDLLE i nst ance_nane. DUTY_CYCLE_CORRECTI ON = bool ean_val ue;// (TRUE, FALSE)
def param CLKDLLE i nst ance_nane. STARTUP_WAI T = bool ean_val ue; // (TRUE, FALSE)
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Note: Additional syntax may be necessary in order to pass the CLKDLLE attributes via the
synthesis tool. The above defparam statements may need to be isolated from the synthesis tool
with translate_off/translate_on directives. See your synthesis tool documentation for more
information on Verilog attribute passing to ensure that you properly pass these attributes to the
synthesis tool. Otherwise, you may pass these attributes to the UCF file.

Commonly Used Constraints
STARTUP_WAIT, DUTY_CYCLE_CORRECTION, CLKDV_DIVIDE, and LOC
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SUXILINX®

CLKDLLHF

High Frequency Clock Delay Locked Loop

CLKIN
CLKFB

RST

CLKDLLHF
CLKO

CLK180

CLKDV
LOCKED

X8680

Architectures Supported

CLKDLLHF
Spartan-Il, Spartan-11E Primitive
Spartan-3 No
Virtex, Virtex-E Primitive*
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No
*Use CLKDLLHF for the Virtex-E DLL in HF mode. In LF mode,
both the separate CLKDLLE and CLKDLL primitive can be
used.

CLKDLLHF is a high frequency clock delay locked loop used to minimize clock skew.
CLKDLLHF 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 specific range of each other (see The Programmable Logic Data
Book for the most current value).

The frequency of the clock signal at the CLKIN input must be in a specific range
depending on speed grade (see The Programmable Logic Data Book for the most current
values). The CLKIN pin must be driven by an IBUFG or a BUFG.

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 input can
only be connected to the CLKO output of CLKDLLHF. The BUFG connected to the
CLKFB input of the CLKDLLHF must be sourced from the CLKO output of the same
CLKDLLHF. 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. Only the CLKO output can be
used. CLKO must be connected to the input of OBUF, an output buffer.

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 output (CLK180) is the same as that of the
CLKO output. The frequency of the CLKDV output is determined by the value
assigned to the CLKDV_DIVIDE attribute.

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

Output Description
CLKO Clock at 1x CLKIN frequency
CLK180 Clock at 1x CLKIN frequency, shifted 180° with regards to CLKO
CLKDV Clock at (1/n)x CLKIN frequency, n.=CLKDV_DIVIDE value.
CLKDV is in phase with CLKO.
LOCKED CLKDLLHF locked

Note: See the "PERIOD Specifications on CLKDLLs and DCM" section of the "Xilinx
Constraints P" chapter in the Constraints Guide for additional information on using the TNM,
TNM_NET, and PERIOD attributes with CLKDLLHF components.

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. Generally, global buffers (IBUFG, BUFG) are
instantiated with the CLKDLLHF component to construct the proper clocking circuit.
See the XAPP 132 application note, "Using the Virtex Delay-Locked Loop" and the
Xilinx Databook for more information on using the CLKDLLHF component.

VHDL Instantiation Template
-- Component Declaration for CLKDLLHF should be placed

-- after architecture statement but before begin keyword

component CLKDLLHF
-- synthesis translate_off
generic (CLKDV_DIVIDE : real := 2.0; -- (1.5, 2.0, 2.5, 3.0, 4.0, 5.0, 8.0, 16.0)
DUTY_CYCLE_CORRECTION : Boolean := TRUE; -- (TRUE, FALSE)
STARTUP_WAIT : boolean := FALSE); -- (TRUE, FALSE)
-- synthesis translate_on
port (CLKO : out STD_ULOGIC;
CLK180: out STD_ULOGIC;

CLKDV : out STD_ULOGIC,;
LOCKED : out STD_ULOGIC;

CLKFB :in STD_ULOGIC;
CLKIN :in STD_ULOGIC;
RST :in STD_ULOGIC);

end component;

-- Component Attribute specification for CLKDLLHF

364 www.xilinx.com Libraries Guide
1-800-255-7778 ISE 6.li


http://www.xilinx.com

CLKDLLHF SXILINX®

-- should be placed after architecture declaration but

-- before the begin keyword

attribute CLKDV_DIVIDE : real;
attribute DUTY_CYCLE_CORRECTION : boolean;
attribute STARTUP_WAIT : boolean;

attribute CLKDV_DIVIDE of CLKDLLHF _instance_name: label is 2.0;

--(1.5,2,2.5,3,4, 5, 8, 16) are valid for CLKDV_DIVIDE

attribute DUTY_CYCLE_CORRECTION of CLKDLLHF _instance_name: label is TRUE;
-- (TRUE, FALSE) are valid for DUTY_CYCLE_CORRECTION

attribute STARTUP_WAIT of CLKDLLHF _instance_name: label is FALSE; --
(TRUE,FALSE)

-- Component Instantiation for CLKDLLHF should be placed

-- in architecture after the begin keyword

CLKDLLHF_INSTANCE_NAME : CLKDLLHF
-- synthesis translate_off
generic map(CLKDV_DIVIDE => real_value, -- (1.5,2,2.5,3,4,5,8,16)
DUTY_CYCLE_CORRECTION => hoolean_value, -- (TRUE, FALSE)
STARTUP_WAIT => boolean_value); -- (TRUE, FALSE)
-- synthesis translate_on
port map (CLKO => user_CLKO,

CLK180 => user_CLK180,
CLKDV => user_CLKDV,

LOCKED => user_LOCKED,
CLKFB => user_CLKFB,
CLKIN => user_CLKIN,
RST => user_RST);
Verilog Instantiation Template
CLKDLLHF CLKDLLHF_instance_name (.CLKO (user_CLKO0),
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.CLK180 (user_CLK180),
.CLKDV (user_CLKDV),
.LOCKED (user_LOCKED),
.CLKFB (user_CLKFB),
.CLKIN (user_CLKIN),
.RST (user_RST));

defparam CLKDLLHF _instance_name.CLKDV_DIVIDE = integer_value;
// 15,2,2.53,4,5,8,16 are valid for CLKDV_DIVIDE

defparam CLKDLLHF _instance_name.DUTY_CYCLE_CORRECTION =
boolean_value;// (TRUE,FALSE)

defparam CLKDLLHF _instance_name.STARTUP_WAIT = boolean_value; 7/ (TRUE,
FALSE)

Note: Additional syntax may be necessary in order to pass the CLKDLLHF attributes via the
synthesis tool. The above defparam statements may need to be isolated from the synthesis tool
with translate_off/translate_on directives. See your synthesis tool documentation for more
information on Verilog attribute passing to ensure that you properly pass these attributes to the
synthesis tool. Otherwise, you may pass these attributes to the UCF file.

Commonly Used Constraints
STARTUP_WAIT
DUTY_CYCLE_CORRECTION
CLKDV_DIVIDE

LOC
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COMP2, 4, 8, 16

2-, 4-, 8-, 16-Bit Identity Comparators
Architectures Supported

COMP2, COMP4, COMP8, COMP16

Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro

Virtex-11, Virtex-1l Pro, Virtex-Il Pro X | Macro

XC9500, XC9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro
Ao | COMP2 COMP2, COMP4, COMP8, and COMP16 are, respectively, 2-, 4-, 8-, and 16-bit identity
AL | o comparators. The equal output (EQ) of the COMP2 2-bit, identity comparator is High
BO | when the two words Al — A0 and B1 — B0 are equal. EQ is high for COMP4 when A3 -
Bl A0 and B3 - B0 are equal; for COMP8, when A7 — A0 and B7 — BO are equal; and for
COMP16, when A15 - A0 and B15 - B0 are equal.
X4122
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.
AO | COMP4
Al |
A2 |
A3 |
BO | [ EQ
B1 |
B2 |
B3 |
X4126
Al7:0 | COMP8
| EQ
B[7:0]
X4131
A[15:0] [ COMP16
E_Q
B[15:0]
X4133
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COMP2, 4, 8, 16

ABO

AB1

AB3

m— P

AND2

X7791

COMPS8 Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-Il, Spartan-ll,
Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, Virtex-1l Pro X

Usage

For HDL, these design elements are inferred rather than instantiated.

VHDL Inference Code

architecture behavi oral
begi n
process (A B)
begin
If (A=B) then
EQ <= "1";
el se
EQ<="0";
end if;

end process;
end behavi oral ;

of conp2 is
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Verilog Inference Code

always @ (A or B)
begin
if (A==B)
EQ <= 1;
el se
EQ <= 0;
end
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SUXILINX®

COMPMZ, 4, 8, 16

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

A0 | COMPM2

Al
BO
B1

X4123

Ao | COMPM4
Al |
A2 |
A3 |
BO |
B1 |
B2 |

Architectures Supported

COMPM2, COMPM4, COMPM8, COMPM16
Spartan-Il, Spartan-I1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X Macro
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-II Macro

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 — B0, 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.

COMPM2 Truth Table

B3 | Inputs Outputs
wa127 Al B1 A0 BO GT LT
0 0 0 0 0 0
Al7:0] [ compms 0 0 1 0 1 0
T 0 0 0 1 0 1
BI7:0] - 0 0 1 1 0 0
1 1 0 0 0 0
X4132 1 1 1 0 1 0
1 1 0 1 0 1
A[15:0] | COMPM16 1 1 1 1 0 0
| GT 1 0 X X 1 0
B[15:0] ST 0 1 X X 0 1
X4134
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COMPM4 Truth Table

Inputs Outputs
A3, B3 A2,B2 Al,B1 AOQ, 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>B1 X 1 0
A3=B3 A2=B2 Al<Bl 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
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
A7=B7 | A6>B6 X X X X X X 1 0
AT=B7 | A6<B6 X X X X X X 0 1
A7=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
A7=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
A7=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
A7=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
A7=B7 | A6=B6 | A5=B5 | Ad=B4 | A3=B3 | A2=B2 | A1>B1 X 1 0
AT=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2=B2 | A1<B1 X 0 1
A7=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 | A0O<BO 0 1
A7=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2=B2 | A1=B1 | A0=B0 0 0
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jDO EQI[ |\ LE0 o1
XNOR2 ﬁ@;l pveet LTA
et GEO_1
AND4
AND3B1 GTA
ot } GTO_1
® D; AND4
AND2B1 OR2
LT 1
AND2B1
DO B2 LE23 LT2.3
—L/ * [\ LB
XNOR2 LT
FAO‘I\EQI OR2 < J
b GE2_3 EQ2 3 AND3 o
AND3B1 NOR2 lb—]_\ .
. ] er23 | J
o AND3
AND2B1 OR2
LT 3
AND2B1
DO 95 yLES LT4 5
:> —— ¢  LTC
XNOR2 ﬁ@;l pveet »;L/
AND2
e GE4_5 EQ4.5
AND3B1 NOR2 or
| GTC
ot s ] eras | D )
* AND2B1 OR2 AND2 ORd
LTS5
AND2B1
:,)DO = L ) ° LTD
XNOR2 F;?‘N_Dgl paveet
hd GE6_7 EQ6_7
AND3B1 NOR2
o1 7 ] ® GTD
AND2B1 OR2
LT 7
AND2B1 X7793
COMPMS8 Implementation Spartan-Il, Spartan-llE, Spartan-3, Virtex, Virtex-E,
Virtex-Il, Virtex-1l Pro, Virtex-ll Pro X
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COMPMS8 Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-I|
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Usage

For HDL, these design elements are supported for inference rather than instantiation.

VHDL Inference Code

architecture Behavioral of conpnR is

begi n

process (A, B)

begin

if (A>B) then
Gl <="1";
LT <= '0";
elsif (A<B) then
Gl <="'0";
LT <= "1";
el se
Gl <='0";
LT <= '0";
end if;

end process;
end Behavi oral ;

Verilog Inference Code

always @ (A or B)

begin

if (A>B)
begin

Gl <= 1,
LT <= 0;
end

else if (A< B)
begin

GI <= 0;
LT <= 1;
end

el se

begin

Gl <= 0;
LT <= 0;
end

end
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COMPMCS, 16

A[7:0] | COMPMCS8

B[7:0]

X

A[15:0] | COMPMC16

B[15:0]

8-, 16-Bit Magnitude Comparators

ERE
B

4264

X4265

Architectures Supported

COMPMC, COMPMC8, COMPMC16
Spartan-Il, Spartan-I1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-1l, Virtex-11 Pro, Virtex-11 Pro X | Macro
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No

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.
COMPMC16 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
flagged with this macro by connecting both outputs to a NOR gate.

COMPMCS8 Truth Table (also representative of COMPMC16)

Inputs Outputs
A7,B7 | A6,B6 | A5, B5 | A4,B4 | A3,B3 | A2,B2 | A1,B1 | A0O,BO | GT | LT
A7T>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 | Al>B1 X 1 0
A7=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2=B2 | Al<B1 X 0 1
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STXILINX® COMPMCS, 16
COMPMCS Truth Table (also representative of COMPMC16)
Inputs Outputs
A7,B7 | A6,B6 | A5 B5 | A4,B4 | A3,B3 | A2,B2 | A1,B1 | A0,BO | GT LT
A7=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2=B2 | A1=Bl1 | A0>BO 1 0
A7=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2=B2 | Al1=B1 | AO<BO
A7=B7 | A6=B6 | A5=B5 | A4=B4 | A3=B3 | A2=B2 | A1=Bl1 | A0=BO 0 0

A[7:0]

LT

RLOC=R1C0.S1

B4

XNOR2 DI |cl
c6

B3

Lo

MUXCY L]  gioc=Rico.s1
A% * 4 S/04
XNOR2 D jc

C5

Lo

MUXCY_L]  gioc=Rraco.s1
A3 ’ B_S/04
XNOR2 DIl jc

B1

BO

ca
[

MUXCY_L| rLoc=R2c0.51
(2 ) 12__S/g
XNOR2 brj cl
c2
Lo

MUXCY L]  Rioc=R3co.s1
I nos/
XNOR2 D |c
c1

Lo
MUXCY_L
RLOC=R3C0.51
o %) o s/
XNOR2 Drj (cl

CO

GT

B[7:0]

. RLOC=R0C0.50
A7 l—g
.
csc
Lo
MUXCY_L
o ~“|__RLOC=R0C0.50
16G_S
0
a6 ﬁNORZ b e
.
c76
Lo
o MUXCY_L| RLOC=R1C0.50
156_S
0
s ﬁNORZ o e
°
cec
Lo
o MUXCY_ L]  RLoc=R1C0.50
14G_s
0
a ﬁNORZ o e
.
csc
Lo
o MUXCY_L RLOC=R2C0.S0
136_S
0
s ﬁNORZ o e
.
cac
Lo
o MUXCY_L]  RLOC=R2C0.50
126 s
0
o ﬁNORZ oHoje
. c2c
Lo
o MUXCY_L|™ Rl 0c=R3C0.50
1G_s
0
L ﬁNORz o e
°
cic
Lo
o MUXCY_L]  RLoC=R3C0.50
10G_s
0
20 ﬁNORz o |ef
°
coG
GND

X8713

COMPMCS8 Implementation Spartan-Il, Spartan-IIE, Virtex, Virtex-E
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LT GT
—a —a
O RrLOC=x0Y3 O RLOC=Xx1Y3
87 MUXCY B7 MUXCY
7 s 76 s
0 1 0 1
XNOR2 bl cl XNOR2 Di cl
A7
A7
cs csG
RLOC=X1Y3
B6 RLOC=X0Y3 B6
a6 XNOR2
AG
cr c76
Lo RLOC=X0Y2 Lo RLOC=X1Y2
BS 5 s /Muxcy D BS 56 s /Muxcy L
0 1 0 1
XNOR2 DI cl XNOR2 DI cl
AS
AS
c6 c66
Lo RLOC=X0Y2 Lo RLOC=X1Y2
B4 B4
u s /Muxcy L us s /Muxcy L
0 1 0 1
XNOR2 b cl XNOR2 b c
A4
A4
cs cs6
Lo RLOC=X0Y1 Lo RLOC=X1Y1
B3 B3
5 s /Muxcy L 3 s /Muxcy D
) 1 0 1
XNOR2 DI cl XNOR2 Dl cl
A3
A3
ca (1
Lo RLOC=X0Y1 5 Lo RLOC=X1Y1
B2
12 s /MUXCY_L 126 s /MUXCY_L
0 1 0 1
XNOR2 Di cl XNOR2 DI cl
A2
A2
c2 c26
Lo RLOC=X0Y0 Lo RLOC=X1Y0
B1 B1
n s /Muxcy L 16 s /Muxcy L
0 1 0 1
XNOR2 DI cl XNOR2 oI cl
AL
AL
c1 cie
Lo RLOC=X0Y0 Lo RLOC=X1Y0
BO BO
o s /Muxcy L 06 s /Muxcy L
0 1 0 1
XNOR2 b cl XNOR2 b c
AO
A0
co coG
oD GND
AlT:0]
B[7:0]
X9313

COMPMCS8 Implementation Spartan-3, Virtex-Il, Virtex-Il Pro, Virtex-1l Pro X
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COMPMCS, 16

Usage

For HDL, these design elements are supported for inference rather than instantiation.

VHDL Inference Code

architecture Behavioral of compnt8 is

begi n

process (A, B)

begin

if (A>B) then
Gl <="1";
LT <= '0";
elsif (A<B) then
Gl <="'0";
LT <= "1";
el se
Gl <='0";
LT <= '0";
end if;

end process;
end Behavi oral ;

Verilog Inference Code

al ways @A or B)

begin

if (A>B)
begin

Gl <= 1;

LT <= 0;

end

else if (A< B)
begin

GI <= 0;

LT <= 1;

end

el se

begin

GI <= 0;

LT <= 0;

end

end
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CR8CE, CR16CE

SUXILINX®

CR8CE, CR16CE

O|O
m

CLR

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

CR8CE |Q[7:0]

X4116

CR16CE | QI15:0]

X4120

Architectures Supported

CR8CE, CR16CE
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-Il, Virtex-1l Pro, Virtex-1l Pro X | Macro
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro

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 t¢ _ g is the C-to-Qz propagation delay of each stage.

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

For XC9500/XV/XL, CoolRunner XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs
CLR CE C Qz-QO0
1 X X 0
0 0 X No Chg
0 ! Inc

z =7 for CR8CE; z = 15 for CR16CE.
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CR8CE, CR16CE

Q[7:0]

FDCE_1

D Q
CE

C
CLR

[ Q4

FDCE_1

D Q
CE

CLR

[ os

FDCE_1

b Q
CE

C
CLR

FDCE_1

D Q
CE

C
CLR

[ a7

FDCE_1
- TQO b Q Q0
» < INV. CE 5
= opC Q
CLR
Qo0
FDCE_1
01 o
D Q
INV CE
opC CLR
[
FDCE_1
TQ2 b o Q2
NV @—ce
oC CLR
[ 2
FDCE_1
TQ3 o o Q3
NV g fce
S CLR
[ @3
_ CLR
vcc

X8142

CR8CE Implementation Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E,

Virtex-Il, Virtex-Il Pro, Virtex-ll Pro X
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CR8CE, CR16CE SXILINX®

Q7 g Q[7:0]
Q6
Q5

Q3
Q2
Q1
Qo

ANDZ XOR2 c
CLR
Qo
FDC
> D o——
AND2 XOR2 c
CLR
14 Qt

)
—
U

ANDS XOR2 c

U

XOR2 c
AND4 CLR
1g Q3
FDC
> o o
XOR2 c
ANDS CLR
e | 4
FDC
) > o o
XOR2 c
CLR
AND6 Q5
FDC
> D Q
XOR2 c
CLR
AND7 P! Q6
FDC
] > o o
XOR2 c
CLR
e lar

ANDS

C
DO\N\/

=CLR

xxxxx

CRB8CE Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-II

Usage

For HDL, these design elements are inferred rather than instantiated.
VHDL Inference Code
architecture Behavioral of cr8ce is

begin
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CR8CE, CR16CE

process (C, CLR
begin
if (CLR="1") then
Q <= (others => '0");
elsif (C event and C='0') then
if (CE='1') then
Q<=Q+ 1
end if;
end if;
end process;

end Behavi oral ;

Verilog Inference Code

al ways @ posedge C or posedge CLR)
begi n

if (CLR
Q<=0
else if (CE)
Q<=Q+ 1

end

384
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CRD8CE, CRD16CE SXILINX®

CRDS8CE, CRD16CE

8-, 16-Bit Dual-Edge Triggered Binary Ripple Counters with Clock
Enable and Asynchronous Clear

Architectures Supported

CRDSCE, CRD16CE

Spartan-Il, Spartan-II1E No

Spartan-3 No
Virtex, Virtex-E No
Virtex-l, Virtex-1l Pro, Virtex-11 Pro X | No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Macro

CRDSCE |QI7:0] CRDS8CE and CRD16CE are dual edge triggered 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 and Low-to-High
CLR 9748 clock (C) transitions. The counter ignores clock transitions when CE is Low.

0|0
m

Larger counters can be created by connecting the last Q output (Q7 for CRD8CE, Q15
for CRD16CE) 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 t¢ _ g is the C-to-Qz propagation delay of each stage.

CRD16CE | QI15:0]

CLR X9749

The counter is asynchronously cleared, output Low, when power is applied. The
power-on condition can be simulated by applying a High-level pulse on the PRLD
global net.

Inputs Outputs

Qz-Q0
0
No Chg

1 Inc

CLR CE

1
0
0
0
z =7 for CR8CE; z = 15 for CR16CE.

X | X| O

RO X

! Inc
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Q7 Q[7:0]
Q6 I
Sl |
s |
PEl |
o2 §
o f
o f
vce FDDC
= CE L‘—\ ——— D o——
AND2 XOR2 c
CLR
Qo
FDDC
L ) D Q
AND2 XOR2 c
CLR
0—1 Q1
FDDC
»—l ﬁD 5 0
AV\LE:SJ XOR2 c
CLR
4»—1 Q2
FDDC
) > b Q
> || XOR2 c
AND4 CLR
»—1 Q3
FDDC
) D Q
XOR2 c
AND5 CLR
ll—‘ Q4
FDDC
> > b Q
XOR2 c
CLR
AND6 < Q5
FDDC
] > o e
XOR2 c
CLR
AND7 ® Q6
FDDC
) ) b Q
XOR2 c
CLR
ANDS8 "—1 Q7
:zm Do
CRD8CE Implementation CoolRunner-I|
386 www.xilinx.com Libraries Guide

1-800-255-7778 ISE 6.li


http://www.xilinx.com

CRD8CE, CRD16CE

SUXILINX®

Usage

For HDL, these design elements are inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of crd8ce is
begi n

process (C, CLR)
begi n
if (CLR="1") then
Q <= (others => '0");
elsif (C event) then
if (CE='1') then
Q<=Q+ 1;
end if;
end if;
end process;

end Behavi oral ;

Verilog Inference Code

al ways @ posedge C or negedge C or posedge CLR)

begin
if (CLR
Q<=0
else if (CE)
Q<=Q+ 1;
end

Libraries Guide
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D2_4E SXILINX®

D2_4E

2- to 4-Line Decoder/Demultiplexer with Enable
Architectures Supported

D2_4E
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro

Virtex-11, Virtex-1l Pro, Virtex-Il Pro X | Macro

XC9500, XC9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-I11 Macro

a0 [ D2 22 1 oo When the enable (E) input of the D2_4E decoder/demultiplexer is High, one of four

AL | [ o1 active-High outputs (D3 - DO0) is selected with a 2-bit binary address (Al — A0) input.
| D2 The non-selected outputs are Low. Also, when the E input is Low, all outputs are Low.
E__ D3

= In demultiplexer applications, the E input is the data input.

X3853

Inputs Outputs

Al AO

Rl Oo|lo| X
ROk | o| X

> Rl k|, |o|lm
Zz
J iU
w
W
N
| |

Ol OO o
ol | O|O| O
oO|OoO|Fr,|O| O
Ol OoO|O| | O

DO

D1 -
o—O
AND3B1
N\ D2 -
L/
AND3B1
- E
- A0 \ D3 -
- Al L/
AND3
X7794

D2_4E Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-Il, Spartan-II,
Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, Virtex-1l Pro X

Usage

For HDL, this design element is inferred rather than instantiated.
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SXILINX® D2_4E

VHDL Inference Code

architecture Behavioral of d2_4e is

begin
process (A E)
begi n
if (E=0") then
D <= "0000";
el se
case Ais
when "00" =>
D <= "0001";
when "01" =>
D <= "0010";
when "10" =>
D <= "0100";
when "11" =>
D <= "1000";
when ot hers =>
D <= "0000";
end case;
end if;

end process;

end Behavi oral ;

Verilog Inference Code

always @ (A or E)
begin
if (1B
D <= 4' b0000;
el se
begin
case (A
2'b00 : D <= 4'b0001;
2'b01 : D <= 4'b0010;
2'b10 : D <= 4'b0100;
2'bl1l : D <= 4'bl000;
endcase
end
end
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D3 _8E SXILINX®
D3 8E
3- to 8-Line Decoder/Demultiplexer with Enable
Architectures Supported
D3 _8E
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Macro
XC9500, XC9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-II Macro
e When the enable (E) input of the D3_8E decoder/demultiplexer is High, one of eight

Al
A2

| D1
| D2
| D3
ﬁ.
| D5
| D6

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.

E | | b7 Inputs Outputs
x3854 A2 Al A0 E D7 D6 D5 D4 D3 D2 D1 DO
X X X 0 0 0 0 0 0 0 0 0
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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D3_8E

AND4B3

U

ANDA4B2

g

ANDA4B2

U

D4

U

>Q.0

ND4B2

D5

U

>Q

ND4B1

D6

U

>Q

ND4B1

A0

Al

D7

)
-/

A2

X7795

AND4

D3_8E Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-Il, Spartan-II,
Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, Virtex-1l Pro X

Usage

For HDL, this design element is inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of d3_8e is

begi n

process (A, E)
begi n
if (E='0") then
D <= "00000000";
el se
case Ais
when "000" =>
D <= "00000001";
when "001" =>
D <= "00000010";
when "010" =>
D <= "00000100";
when "011" =>
D <= "00001000";

392
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SUXILINX®

when "100" =>
D <= "00010000";
when "101" =>
D <= "00100000";
when "110" =>
D <= "01000000";
when "111" =>
D <= "10000000";

when ot hers =>
D <= "00000000";
end case;
end if;
end process;

end Behavi oral ;

Verilog Inference Code

always @ (A or E)
begin
if (1B
D <= 8' b00000000;
el se
begin
case (A
3' b00O0 :
' b001 :
b010 :
b011 :
b100 :
b101 :
'b110 :
3'bl11 :
endcase
end
end

<=
<=
<=

<=
<=
<=
<=

WwWwwww
OO0 OO0O0O0O0

0 00 00 00 OO 0O 00

' b00000001;
' b00000010;
' b00000100;
' b00001000;
' b00010000;
' b00100000;
' b01000000;
' b10000000
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SUXILINX®

D4_16E

4- to 16-Line Decoder/Demultiplexer with Enable

A0 | D4_16E | Do

Al D1
A2 D2
A3 D3

| D10
| D11
| D12
| D13
| D14
| D15

‘ m

X3855

Architectures Supported

D4_16E
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro

Virtex-11, Virtex-1l Pro, Virtex-Il Pro X | Macro

XC9500, XC9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-I11 Macro

When the enable (E) input of the D4_16E decoder/demultiplexer is High, one of 16
active-High outputs (D15 — D0) is selected with a 4-bit binary address (A3 — 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.

See “D3_8E” for a representative truth table derivation.
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D4_16E

o,

ANDSBA

ANDSB3

02,

AND5B3

03

ANDSB2

AND5B3

05

AND5B2

06,

AND5B2

o7,

ANDSB1

08,

AND5B3

D9,

ANDSB2

ANDSB2

ANDSB1

ANDSB2

D13,

ANDSB1

ANDSB1

A0

AL

A2

A3

ANDS
X7638

D4 _16E Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-Il, Spartan-II,
Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, Virtex-1l Pro X

Usage

For HDL, this design element is inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of d4_16e is

begin

process (A, E)

begi n
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if (E='0") then
D <= "0000000000000000";

el se
case

Ais
when
D
when
D
when
D
when
D
when
D
when
D
when
D
when
D
when
D
when
D
when
D
when
D
when
D
when
D
when
D
when
D

"0000" =>
<= "0000000000000001";
"0001" =>
<= "0000000000000010";
"0010" =>
<= "0000000000000100";
"0011" =>
<= "0000000000001000";
"0100" =>
<= "0000000000010000";
"0101" =>
<= "0000000000100000";
"0110" =>
<= "0000000001000000";
"0111" =>
<= "0000000010000000";
"1000" =>
<= "0000000100000000";
"1001" =>
<= "0000001000000000";
"1010" =>
<= "0000010000000000";
"1011" =>
<= "0000100000000000";
"1100" =>
<= "0001000000000000";
"1101" =>
<= "0010000000000000";
"1110" =>
<= "0100000000000000";
"1111" =>
<= "1000000000000000";

when ot hers =>
D <= "0000000000000000";
end case;
end if;
end process;

end Behavi oral ;

Verilog Inference Code

always @ (A or E)

begi n

if (1E)
16' b0000000000000000;

D <=
el se
begin

case

4

4
4
4
4

(A)

b0000 :
' b0001 :
' b0010 :
' b0011 :
' b0100 :

v vEvRww)

<= 16' b0000000000000001;
<= 16' b0000000000000010;
<= 16' b0000000000000100;
<= 16' b0000000000001000;
<= 16' b0000000000010000;
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4

RRERARRRRARARRR

b0101 :
b0110 :
b0111 :
b1000 :
b1001 :
b1010 :
b1011 :
b1100 :
b1101 :
b1110 :
b1111 :

endcase

end
end

lvAvivavivivivivivivlv)

<= 16' b0000000000100000;
<= 16' b0000000001000000;
<= 16' b0000000010000000;
<= 16' b0000000100000000;
<= 16' b0000001000000000;
<= 16' b0000010000000000;
<= 16' b0000100000000000;
<= 16' b0001000000000000;
<= 16' b0010000000000000;
<= 16' b0100000000000000;
<= 16' b1000000000000000;
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DCM

Digital Clock Manager

DCM

CLKIN
CLKFB

RST
DSSEN
PSINCDEC

PSEN
PSCLK

| CLKO

| CLK90

| CLK180

| CLK270

| CLK2X

| CLK2X180
| CLKDV

| CLKFX

| CLKFX180

LOCKED

STATUS [7:0]
||

PSDONE

X9469

Architectures Supported

DCM
Spartan-Il, Spartan-II1E No
Spartan-3 Primitive
Virtex, Virtex-E No
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Primitive
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 No

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. The program will automatically tie 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-3,
Virtex-I1, Virtex-11 Pro, and Virtex-1l Pro X 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. See The Programmable Logic Data Book for the specified time value.

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). See The Programmable Logic Data Book
for the current DLL_CLKIN_MIN_LF to DLL_CLKIN_MAX_LF frequency range
values. 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). See The Programmable Logic Data
Book for the current DLL_CLKIN_MIN_HF to DLL_CLKIN_MAX_HF frequency
range values. In High frequency mode, only the CLKO0, 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 CLKO or CLK2X
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output can be used but not both. The CLKO0 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
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_MULTI 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.

See The Programmable Logic Data Book for the allowable frequency range of CLKFX.
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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.

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.

Digital Spread Spectrum (DSS)

The digital spread spectrum function of DCM broadens the frequency spectrum of the
output clocks to help meet FCC requirements. Spread spectrum clocking is a simple
method to lower electromagnetic interference (EMI). A digital system can create a
severe EMI spike at the clock frequency. Spread spectrum clocking speeds up and
slows down the clock within a few percent of the target frequency, thus flattening out
the EMI peak by spreading it across a range of frequencies.

When the DSS_MODE attribute is set to NONE, the DSSEN input has no effect. When
DSS_MODE is set to a value other than NONE and DSSEN is High, the output clock
frequency is modulated by the amount of spread specified by the DSS_MODE value.

For Virtex-Il, Virtex-1l Pro, and Virtex-11 Pro X, the DSS feature of the DCM has limited
EMI reduction capability.

For maximum EMI reduction an IP core available from Xilinx is recommended.

Note: DSS is not supported in Spartan-3.
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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

~Nlo ol b~ w

* 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.
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.

VHDL Instantiation Template

-- Component Declaration for DCM should be placed

-- after architecture statement but before begin keyword

component DCM
-- synthesis translate_off
generic (CLK_FEEDBACK : string := "1X";

CLKDV_DIVIDE : real :=2.0; -- (1.5, 2.0, 2.5, 3.0, 4.0, 5.0, 8.0, 16.0)
CLKFX_DIVIDE : integer := 1; -- (1 to 4096)
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CLKFX_MULTIPLY : integer :=4; -- (1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0, 5.5,
--6.0,6.5,7.0,75,8.0,9.0, 10.0, 11.0, 12.0, 13.0, 14.0, 15.0, 16.0)
CLKIN_DIVIDE_BY_2 : boolean := FALSE; -- (TRUE, FALSE)
CLKOUT_PHASE_SHIFT : string := "NONE";
DESKEW_ADJUST : string :="SYSTEM_SYNCHRONOUS";
DFS_FREQUENCY_MODE : string := "LOW";
DLL_FREQUENCY_MODE : string := "LOW";
DSS_MODE : string := "NONE";
DUTY_CYCLE_CORRECTION : Boolean := TRUE; -- (TRUE, FALSE)
PHASE_SHIFT : real :=0;
STARTUP_WAIT : boolean := FALSE); -- (TRUE, FALSE)
-- synthesis translate_on
port (CLKO : out STD_ULOGIC;

CLK180 : out STD_ULOGIC;

CLK270 : out STD_ULOGIC;

CLK2X : out STD_ULOGIC;

CLK2X180 : out STD_ULOGIC;

CLK90 : out STD_ULOGIC;

CLKDV : out STD_ULOGIC;

CLKFX: out STD_ULOGIC;

CLKFX180: out STD_ULOGIC,;

LOCKED : out STD_ULOGIC;

PSDONE : out STD_ULOGIC;

STATUS : out STD_LOGIC_VECTOR (7 downto 0);

CLKFB :in STD_ULOGIC;

CLKIN :in STD_ULOGIC;

DSSEN : in STD_ULOGIC;

PSCLK :in STD_ULOGIC;

PSEN :in STD_ULOGIC;

PSINCDEC : in STD_ULOGIC;

RST :in STD_ULOGIC);

end component;

-- Component Attribute specification for DCM

-- should be placed after architecture declaration but
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-- before the begin keyword

attribute CLK_FEEDBACK : string;

attribute CLKDV_DIVIDE : real;

attribute CLKFX_DIVIDE : integer;

attribute CLKFX_MULTIPLY : integer;
attribute CLKIN_DIVIDE_BY_2 : string;
attribute CLKOUT_PHASE_SHIFT : string;
attribute DESKEW_ADJUST : string;
attribute DFS_FREQUENCY_MODE : string;
attribute DLL_FREQUENCY_MODE : string;
attribute DSS_MODE : string;

attribute DUTY_CYCLE_CORRECTION : string;
attribute PHASE_SHIFT : real;

attribute STARTUP_WAIT : boolean;

attribute CLK_FEEDBACK of DCM _instance_name; label is "1X";

attribute CLKDV_DIVIDE of DCM _instance_name: label is 2.0;
--(1.5,2,2.5,3,4, 5, 8, 16) are valid for CLKDV_DIVIDE

attribute CLKFX_DIVIDE of DCM _instance_name: label is 1;

attribute CLKFX_MULTIPLY of DCM_instance_name: label is 4;

attribute CLKIN_DIVIDE_BY_2 of DCM _instance_name: label is "FALSE";
attribute CLKOUT_PHASE_SHIFT of DCM _instance_name: label is "NONE";

attribute DESKEW_ADJUST of DCM _instance_name : label is
"SYSTEM_SYNCHRONOUS";

attribute DFS_FREQUENCY_MODE of DCM _instance_name: label is "LOW";
attribute DLL_FREQUENCY_MODE of DCM _instance_name: label is "LOW";
attribute DSS_MODE of DCM _instance_name: label is "NONE";

attribute DUTY_CYCLE_CORRECTION of DCM_instance_name: label is TRUE;

-- (TRUE, FALSE) are valid for DUTY_CYCLE_CORRECTION

attribute PHASE_SHIFT of DCM _instance_name: label is O;

attribute STARTUP_WAIT of DCM _instance_name: label is FALSE; -- (TRUE,FALSE)

-- Component Instantiation for DCM should be placed
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-- in architecture after the begin keyword

DCM_INSTANCE_NAME : DCM
-- synthesis translate_off
generic map(CLK_FEEDBACK => "string_value",
CLKDV_DIVIDE => real_value, -- (1.5,2,2.5,3,4,5,8,16)

CLKFX_DIVIDE => integer_value,
CLKFX_MULTIPLY => integer_value,

CLKIN_DIVIDE_BY_2 => boolean_value, -- (TRUE, FALSE)
CLKOUT_PHASE_SHIFT => "string_value",
DESKEW_ADJUST => "string_value",
DFS_FREQUENCY_MODE => "string_value",
DLL_FREQUENCY_MODE => "string_value",
DSS_MODE => "string_value",
DUTY_CYCLE_CORRECTION => boolean_value, -- (TRUE, FALSE)
PHASE_SHIFT => integer_value,
STARTUP_WAIT => boolean) -- (TRUE, FALSE)
-- synthesis translate_on
port map (CLKO => user_CLKO,

CLK180 => user_CLK180,

CLK270 => user_CLK270,

CLK2X => user_CLK2X,

CLK2X180 => user_CLK2X180,

CLK90 => user_CLK90,

CLKDV =>user_CLKDV,

CLKFX => user_CLKFX,

CLKFX180 => user_CLKFX180,

LOCKED => user_LOCKED)

PSDONE => user_PSDONE,

STATUS => user_STATUS,

CLKFB => user_CLKFB,

CLKIN => user_CLKIN,

DSSEN => user_DSSEN,

PSCLK => user_PSCLK,

PSEN => user_PSEN,

PSINCDEC => user_PSINCDEC,
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RST => user_RST);

Verilog Instantiation Template

DCM DCM _instance_name (.CLKO (user_CLKaO0),
.CLK180 (user_CLK180),
.CLK270 (user_CLK270),
.CLK2X (user_CLK2X),
.CLK2X180 (user_CLK2X180),
.CLK90 (user_CLK90),
.CLKDV (user_CLKDV),
.CLKFX (user_CLKFX),
.CLKFX180 (user_CLKFX180),
.LOCKED (user_LOCKED),
.PSDONE (user_PSDONE),
STATUS (user_STATUS),
.CLKFB (user_CLKFB),
.CLKIN (user_CLKIN),
.DSSEN (user_DSSEN),
.PSCLK (user_PSCLK),
.PSEN (user_PSEN),
.PSINCDEC (user_PSINCDEC),
.RST (user_RST));

defparam DCM_instance_name.CLK_FEEDBACK => "string_value";

defparam DCM_instance_name.CLKDV_DIVIDE = integer_value;
//(1.5,2,2.5,3,4,5,8,16)

defparam DCM_instance_name.CLKFX_DIVIDE => integer_value;
defparam DCM_instance_name.CLKFX_MULTIPLY => integer_value;

defparam DCM_instance_name.CLKIN_DIVIDE_BY_2 => hoolean_value; // (TRUE,
FALSE)

defparam DCM_instance_name.CLKOUT_PHASE_SHIFT => "string_value™;
defparam DCM_instance_name.DESKEW_ADJUST => "string_value";
defparam DCM_instance_name.DFS_FREQUENCY_MODE => "string_value";
defparam DCM_instance_name.DLL_FREQUENCY_MODE => "string_value";
defparam DCM_instance_name.DSS_MODE => "string_value";

defparam DCM_instance_name.DUTY_CYCLE_CORRECTION => "string_value";//
(TRUE, FALSE)
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defparam DCM_instance_name.PHASE_SHIFT => integer_value;

defparam DCM _instance_name.STARTUP_WAIT => boolean_value; // (TRUE, FALSE)

Note: Additional syntax may be necessary in order to pass the DCM attributes via the
synthesis tool. The above defparam statements may need to be isolated from the synthesis tool
with translate_off/translate_on directives. See your synthesis tool documentation for more
information on Verilog attribute passing to ensure that you properly pass these attributes to the

synthesis tool. Otherwise, you may pass these attributes to the UCF file.

Commonly Used Constraints

CLKDV_DIVIDE
CLK_FEEDBACK
CLKFX_DIVIDE
CLKFX_MULTIPLY
CLKIN_DIVIDE_BY 2
CLKOUT_PHASE_SHIFT
DUTY_CYCLE_CORRECTION
DFS_FREQUENCY_MODE
DLL_FREQUENCY_MODE
LOC

PHASE_SHIFT
STARTUP_WAIT
DESKEW_ADJUST
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DEC_CC4, 8, 16

4- 8-, 16-Bit Active Low Decoders

Ao | DEC cca
Al
A2

C_IN

X4927

A0 | DEC_cc8
Al |
A2 |
A3 |
A4

A5 |
A6 |

AT_| | o
e
X4928

A0 | DEC_cC16
AL |

A2_|

A3 |

A4_|

A5 _|

A6_|

A7_|

As_|

A9 |

A10 |

ALL |

AL2 |

A13 |

AL4 |

AlS | | o
cn]

X4929

Architectures Supported

DEC_CC4, DEC_CCS8, DEC_CC16

Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro

Virtex-11, Virtex-1l Pro, Virtex-Il Pro X | Macro

XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-l11 No

These decoders are used to build wide-decoder functions. They are implemented by
cascading CY_MUX elements driven by lookup tables (LUTs). The C_IN pin can only
be driven by the output (O) of a previous decode stage. When one or more of the
inputs (A) are Low, the output is Low. When all the inputs are High and the C_IN
input is High, the output is High. You can decode patterns by adding inverters to
inputs.

Inputs Outputs
A0 Al Az C_IN @)
1 1 1 1 1 1
X X X X 0 0
0 X X X X 0
X 0 X X X 0
X X X 0 X 0

z=3for DEC_CC4;z =7 for DEC_CCS8; z = 15 for DEC_CC16

[ MUXCY | O
- S0 S \
1

- A0 DI cl
AND4

GND

The C_IN pin can only be initialized
by a CY_INIT or by the output of a
previous decode stage. X8717

DEC_CC4 Implementation Spartan-Il, Spartan-llE, Spartan-3, Virtex, Virtex-E,
Virtex-Il, Virtex-Il Pro, Virtex-ll Pro X
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DEC_CC4

B o
[“Ea S V]
[ el O

A3 o

B A3 ofF———#H
C_IN
DEC_CC4

[ Van — Y
(M VT
A6
[ Y
(Y o
C_IN
B———  lcIN

The C_IN pin can only be initialized
by a CY_INIT or by the output of a
previous decode stage.

X6396

DEC_CCS8 Implementation Spartan-Il, Spartan-llE, Spartan-3, Virtex, Virtex-E,
Virtex-Il, Virtex-Il Pro, Virtex-Il Pro X

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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4-, 8-, 16-Bit Active-Low Decoders
Architectures Supported

DECODE4, DECODES8, DECODE16
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-11, Virtex-1l Pro, Virtex-Il Pro X | Macro
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-l11 No
A0 | DECODE4 A0 | DECODE16
Al | Al |
A2 | A2 |
A3 | | 0 A3

&
A5 |
A6 |
A7 |
A0 _| DECODES A8 |
Al A9
A2 Al10
A3 A1l
A4 Al12
A5 A13
A6 Al4
A7 | O Al5 | o

X9807

DECODE Representations

In Spartan-I11, , Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-1l, Virtex-Il Pro, and
Virtex-1l Pro X 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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——
A6
[ — s1
A5
[
A4
—
AND4
)=
AND2
A3
-
A2
[ S0
Al
[
A0
—
AND4
X8703

— 14

—13
s1 ol —CSa
2

IEXL___|1

MAP=PUO
RLOC=R0CO0.S0

FMAP

—I3 S1

MAP=PUO
RLOC=R0C0.S1

FMAP

—I3 S0

MAP=PUO
RLOC=R0CO0.S1

DECODES8 Implementation Spartan-Il, Spartan-IIE, Virtex, Virtex-E

A7

A
A6
e st
A5
I—>
A4

AND4

o
AND2

A3
e
A2
e s0
Al
l—)
A0

AND4

FMAP

S1
S0

MAP=PUO
RLOC=X0Y1

FMAP

A7
A6
AS
A4

13 Ss1

MAP=PUO
RLOC=X0YO0

FMAP

A3
A2
Al
A0

13 S0

MAP=PUO
RLOC=X0Y0

X9316

DECODES8 Implementation Spartan-3, Virtex-Il, Virtex-ll Pro, Virtex-1l Pro X

Usage

For HDL, these design elements are inferrred rather than instantiated.
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VHDL Inference Code

architecture Behavioral of decode4 is
begin

process (A)
begi n
case Ais
when "1111" => O <= '1";
when others => O <= '0";
end case;

end process;

end Behavi oral ;

Verilog Inference Code

al ways @A)
begin
case (A
4'h0 : O<=1;
default : O <= 0;
endcase
end
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DECODE32, 64

SUXILINX®

DECODE32, 64

32- and 64-Bit Active-Low Decoders

A[31:0] | DECODE32
I

X8203

A[63:0] | DECODE64

X8204

Architectures Supported

DECODE3, DECODE2, DECODE64
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Macro
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No

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

o

1

X

0

X| X|o|r
X| X| X|r

X

ol X | X|r

1
0
0
0

z = 31 for DECODE32, z = 63 for DECODE64

Usage

For HDL, these design elements are inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of decode32 is
begi n
process (A)

begi n
case Ais

when x"11111111" => O <="'

when others => O <= '0";
end case;
end process;

end Behavi oral ;

Libraries Guide
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SXILINX® DECODE32, 64

Verilog Inference Code

al ways @A)
begi n
case (A
32' h00000000 : O <= 1;
default : O <= 0;
endcase
end
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SUXILINX®

FD
D Flip-Flop
Architectures Supported
FD
Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XC9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-II Macro
= FD is a single D-type flip-flop with data input (D) and data output (Q). The data on
2 - the D inputs is loaded into the flip-flop during the Low-to-High clock (C) transition.
S The flip-flop is asynchronously cleared, output Low, when power is applied.

X3715

For XC9500/XV/XL, CoolRunner XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,

or STARTUP_VIRTEX2 symbol.

See “FD4, 8, 16” for information on multiple D flip-flops for XC9500/ XV /XL,
CoolRunner XPLA3, and CoolRunner-II.

Inputs Outputs
D C Q
1 0
1 1 1
FDCP
.D D PRE Q Q.
s c
CLR
| S
= X7797
GND
FD Implementation XC9500/XV/XL, CoolRunner XPLA3,
CoolRunner-Il
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SUXILINX®

FD

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.

VHDL Inference Code

architecture Behavioral of fd is
begin
process (O
begin
if Cevent and C='"1' then
Q<= D
end if;
end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C) begin
Q<=0
end

VHDL Instantiation Template

-- Conponent Decl aration for FD should be pl aced
-- after architecture statenment but before begin keyword

conponent FD
-- synthesis translate_off
generic (INIT : bit :="1");
-- synthesis translate_on
port (Q: out STD ULCQG C;
C: in STD ULGE C
D: in STD ULCA ©);
end conponent;

-- Conponent Attribute specification for FD
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FD_instance_nane : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FD should be placed
-- in architecture after the begin keyword

FD_| NSTANCE_NAME : FD
-- synthesis translate_off
generic map (INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
D => user_D);

418
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FD

SUXILINX®

Verilog Instantiation Template

FD FD_i nstance_nanme (.Q (user_Q,
.C (user_Q),
.D (user_D));

def param FD_i nstance_nane. INIT = bit_val ue;

Commonly Used Constraints
BLKNM
HBLKNM
HU_SET
INIT

0B

LOC

REG
RLOC
TIMEGRP
TNM
U_SET
XBLKNM

Libraries Guide
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FD_1 SXILINX®
FD 1
D Flip-Flop with Negative-Edge Clock
Architectures Supported
FD_1
Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No
5 e FD_1is asingle D-type flip-flop with data input (D) and data output (Q). The data on
—] - B the D input is loaded into the flip-flop during the High-to-Low clock (C) transition.
€9 The flip-flop is asynchronously cleared, output Low, when power is applied.

X3726

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-I1 Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs
D C Q
! 0
1 l 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.

VHDL Inference Code

architecture Behavioral of fd_1is
begi n
process (O
begin
if C event and C ="'0" then
Q<= D
end if;
end process;
end Behavioral ;

Libraries Guide
ISE 6.li

www.xilinx.com 421
1-800-255-7778


http://www.xilinx.com

SUXILINX®

FD_1

Verilog Inference Code
al ways @ (negedge C) begin

Q<= D
end

VHDL Instantiation Template

-- Conponent Declaration for FD_1 should be pl aced

-- after architecture statement but before begin keyword

conponent FD_1
-- synthesis translate_off
generic (INIT : bit :="'1");
-- synthesis translate_on
port (Q: out STD ULCG C
C: in STD_ULQOG G
D: in STD ULCd O);
end conponent;

-- Conponent Attribute specification for FD_ 1
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INNT of FD_1 instance_nane : |abel is "0";
-- values can be (0 or 1)

begin
FD_1_I NSTANCE _NAME : FD 1

-- synthesis translate_off
generic map (

INNT => bit_value) -- INIT value can be '0" or '

-- synthesis translate_on
port map (Q => user_Q
C => user_C,
D => user_D);
end Behavi or al

Verilog Instantiation Template

FD 1 FD 1 instance_nane (.Q (user_Q,
.C (user_Q),
.D (user_D));

def param FD_1_i nstance_nane. INIT = bit_val ue;

Commonly Used Constraints

BLKNM, HBLKNM, HU_SET, INIT, IOB, LOC, REG, RLOC, TIMEGRP, TNM, U_SET,

and XBLKNM
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FD4, 8, 16 SXILINX®

FD4, 8, 16

Multiple D Flip-Flops
Architectures Supported

FD4, FD8, FD16

Spartan-Il, Spartan-II1E No

Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | No
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-II Macro

po| FD4 | o FD4, FD8, FD16 are multiple D-type flip-flops with data inputs (D) and data outputs
D1 | | o1 (Q). FD4, FDS8, and FD16 are, respectively, 4-bit, 8-bit, and 16-bit registers, each with a
D2 | | Q2 common clock (C). The data on the D inputs is loaded into the flip-flop during the
b3 | Q3 Low-to-High clock (C) transition.

|O

The flip-flop is asynchronously cleared, output Low, when power is applied. The
power-on condition can be simulated by applying a High-level pulse on the PRLD

X4608 global net.
Q[7:0]
Inputs Outputs
Dz - DO C Qz-Q0
X4609 0 ' 0
1 ) 1

D[15:0]
|

Q50 z=3for FD4; z =7 for FD8; z = 15 for FD16

c

X4610
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SUXILINX®

FD4, 8, 16

FD8 Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-II

Usage

For HDL, these design elements are inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of fd4 is

begin
process (O
begin
if C event and C="1' then
Q<= D
end if;
end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge Q)
begin

Q<=D

end

424
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FDA4CE, FD8CE, FD16CE

SUXILINX®

FDACE, FD8CE, FD16CE

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

Clear

bo | FD4cE
D1
D2
D3 |
CE

°]

lelelels
win ik lo

CLR

D[15:0]

X3733

FD16CE | Q[15:0]

Architectures Supported

FDA4CE, FD8CE, FD16CE
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Macro
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-11 Macro

FDACE, FD8CE, and FD16CE are, respectively, 4-, 8-, and 16-bit data registers with
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
corresponding data outputs (Q) during the Low-to-High clock (C) transition. When
CLR is High, it overrides all other inputs and resets the data outputs (Q) Low. When
CE is Low, clock transitions are ignored.

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

For XC9500/XV/XL, CoolRunner XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-11, Spartan-llE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-11 Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

CE

X3736

Inputs Outputs
CLR CE Dz -DO C Qz-QO0
1 X X X 0
0 0 X X No Chg
0 1 Dn 1 Dn

z =3 for FDACE; z = 7 for FD8CE; z = 15 for FD16CE.
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SXILINX® FD4CE, FDSCE, FD16CE

Q[7:0]

X7799

FD8CE Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-Il, Spartan-Il,
Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, Virtex-1l Pro X

Usage

For HDL, these design elements are inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of fd4ce is
begi n
process (C, CLR) begin
if (CLR="1") then
Q <= "0000";
elsif (C event and C = "1") then
if (CE="1") then
Q<=D
end if;
end if;
end process;
end Behavi oral ;
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FD4CE, FD8CE, FD16CE S XILINX®

Verilog Inference Code

al ways @ (posedge C or posedge CLR)
begin
if (CLR
Q <= 4' b0000;
el se
begin
it (CB)
Q<= D
end
end
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FD4RE, FD8RE, FD16RE S XILINX®

FD4RE, FD8SRE, FD16RE

4-, 8-, 16-Bit Data Registers with Clock Enable and Synchronous Reset
Architectures Supported

FD4RE, FD8RE, FD16RE
Spartan-Il, Spartan-II1E Macro
Spartan-3 Macro
Virtex, Virtex-E Macro
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Macro
XC9500, XCI9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-II Macro

FDARE 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 (Q0)
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.

R When CE is Low, clock transitions are ignored.

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

For XC9500/XV/XL, CoolRunner XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,

00150 | Folere | Qis:ol or STARTUP_VIRTEX2 symbol.

= Inputs Outputs
R CE Dz - DO Cc Qz-QO0
X3737
1 X X ) 0
0 0 X X No Chg
0 1 Dn 1 Dn

z = 3 for FD4RE; z = 7 for FD8RE; z = 15 for FD16RE
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SUXILINX®

FD4RE, FD8RE, FD16RE

Q[7:0]

I \ 4

X8195

FD8RE Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-Il, Spartan-Il,
Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, Virtex-1l Pro X

Usage

For HDL, these design elements are inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of fd4re is

begi n
process (C) begin

if (C event and C="'1") then

if (R="1") then
Q <= "0000";
elsif (CE="1") then
Q<=Dh
end if;
end if;
end process;
end Behavioral ;
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FD4RE, FD8RE, FD16RE

SUXILINX®

Verilog Inference Code

al ways @ (posedge Q)
begin
if (R
Q <= 4' b0000;
el se
begin
it (CB)
Q<= D
end
end

Libraries Guide www.xilinx.com
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FDC

SUXILINX®

FDC

D Flip-Flop with Asynchronous Clear

D FDC

lo

Architectures Supported

FDC

Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XCI500XV, XC9500XL Macro
CoolRunner XPLA3 Macro

CoolRunner-I11 Macro

FDC is a single D-type flip-flop with data (D) and asynchronous clear (CLR) inputs

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 XC9500/XV/XL, CoolRunner XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs
CLR D C Q
1 X 0
0 1 1 1
0 ) 0
FDCP
- D b PRE Q Q.
C
=
CLR
mCLR | ©

— X7801

FDC Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-I|
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STXILINX® FDC

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.

VHDL Inference Code

architecture Behavioral of fdc is
begin

process (C, CLR) begin

if (CLR="1") then

Q<="0

elsif (C event and C = "'1") then
Q<= D

end if;

end process;
end Behavi oral ;

Verilog Inference Code
al ways @ (posedge C or posedge CLR) begin

if (CLR
Q<=0

el se
Q<= D

end

VHDL Instantiation Template

-- Conponent Decl aration for FDC should be pl aced
-- after architecture statement but before begin keyword

component FDC
-- synthesis translate_off
generic (INIT : bit:="1");
-- synthesis translate_on
port (Q: out STD ULCG C
C: in STD_ULQG G
CLR : in STD ULCGE G
D: in STD UCd Q) ;
end conponent;

-- Conponent Attribute specification for FDC
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDC_instance_name : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDC shoul d be pl aced
-- in architecture after the begin keyword

FDC_| NSTANCE_NAME : FDC
-- synthesis translate_off
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FDC

SUXILINX®

generic map (INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
CLR => user_CLR,
D => user_D);
Verilog Instantiation Template

FDC FDC_i nst ance_nane (.Q (user_Q,
.C (user_Q),
.CLR (user_CLR),
.D (user_D));

def param FDC_i nstance_nane. INI T = bit_val ue;

Commonly Used Constraints
BLKNM
HBLKNM
HU_SET
INIT

0B

LOC

REG
RLOC
TIMEGRP
TNM
U_SET
XBLKNM

Libraries Guide
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FDC_1

SUXILINX®

FDC 1

D Flip-Flop with Negative-Edge Clock and Asynchronous Clear

|U

é?

FDC_1

lo

X3847

Architectures Supported

FDC_1

Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No

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.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs
CLR D Cc Q
1 X X 0
0 1 ! 1
0 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.

VHDL Inference Code

architecture Behavioral of fdc_1 is
begi n
process (C, CLR) begin
if (CLR="1") then
Q<="0
elsif (C event and C="'0") then
Q<= Db
end if;
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SUXILINX®

FDC_1

end process;
end Behavi oral ;

Verilog Inference Code
al ways @ (negedge C or posedge CLR) begin

if (CLR
Q<=0

el se
Q<= D

end

VHDL Instantiation Template

-- Conponent Declaration for FDC 1 shoul d be pl aced
-- after architecture statenment but before begin keyword

component FDC_1
-- synthesis translate_off
generic (INIT : bit :="'1");
-- synthesis translate_on
port (Q: out STD ULCG C
C: in STD_ULQG G
CLR : in STD ULOGE G
D: in STD ULCA O);
end conponent;

-- Conponent Attribute specification for FDC_ 1
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INNT of FDC 1 _instance_nane : |label is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDC_ 1 shoul d be placed
-- in architecture after the begin keyword

FDC_1_I NSTANCE_NAME : FDC 1
-- synthesis translate_off
generic map (INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
CLR => user_CLR,
D => user_D);

Verilog Instantiation Template

FDC 1 FDC 1 _instance_nane (.Q (user_Q),
.C (user_Q),
.CLR (user_CLR),
.D (user_D));

def param FDC_1_i nstance_name. INIT = bit_val ue;
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FDC_1 SXILINX®

Commonly Used Constraints

BLKNM, HBLKNM, U_SET, INIT, IOB, LOC, REG, RLOC, TIMEGRP, TNM, U_SET,
and XBLKNM
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FDCE
D Flip-Flop with Clock Enable and Asynchronous Clear
Architectures Supported
FDCE
Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XC9500XV, XC9500XL Primitive
CoolRunner XPLA3 Primitive
CoolRunner-II Primitive
FDCE FDCE is a single D-type flip-flop with clock enable and asynchronous clear. When

|o

X3717

clock enable (CE) is High and asynchronous clear (CLR) is Low, the data on the data
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 XC9500/XV/XL, CoolRunner XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

For XC9500XL and XC9500XV devices, logic connected to the clock enable (CE) input
may be implemented using the clock enable product term (p-term) in the macrocell,
provided the logic can be completely implemented using the single p-term available
for clock enable without requiring feedback from another macrocell. Only FDCE and
FDPE flip-flops primitives may take advantage of the clock-enable p-term.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs
CLR CE D Cc Q
1 X X X 0
0 0 X X No Chg
0 1 1 1 1
0 1 0 1 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.
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VHDL Inference Code

architecture Behavioral of fdce is
begi n
process (C, CLR) begin
if (CLR="1") then
Q<="0";
elsif (C event and C="1") then
if (CE="1") then
Q<=Dh
end if;
end if;
end process;
end Behavioral ;

Verilog Inference Code

al ways @ (posedge CLR or posedge C) begin
if (CLR
Q<=0
else if (CE
Q<= D
end

VHDL Instantiation Template

-- Conponent Decl aration for FDCE should be pl aced
-- after architecture statement but before begin keyword

component FDCE
-- synthesis translate_off
generic (INIT : bit :="'1");
-- synthesis translate_on
port (Q: out STD ULCA C
C: in STD_ULQOG G
CE : in STD _ULOG C;
CLR : in STD ULCGE G
D: in STD UCd O);
end conponent;

-- Conponent Attribute specification for FDCE
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDCE_instance_nane : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDCE shoul d be pl aced
-- in architecture after the begin keyword

FDCE_| NSTANCE_NAME : FDCE
-- synthesis translate_off
generic map (INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
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CE => user_CE,
CLR => user_CLR,
D => user_D);

Verilog Instantiation Template

FDCE FDCE_i nstance_nane (.Q (user_Q,
.C (user_Q),
. CE (user_CEF),
.CLR (user_CLR),
.D (user_D));

def param FDCE_i nst ance_nane. INI T = bit_val ue;

Commonly Used Constraints
BLKNM
HBLKNM
HU_SET
INIT

I0B

LOC

REG
RLOC
TIMEGRP
TNM
U_SET
XBLKNM
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SUXILINX®

FDCE_1
FDCE_1
D Flip-Flop with Negative-Edge Clock, Clock Enable, and
Asynchronous Clear
Architectures Supported
FDCE_1
Spartan-Il, Spartan-I1E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Primitive
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No
b [FocET | o FDCE_1is a_single D-type flip-flop with data (D), clock enable (QE), asynchron(_)us
CE | clear (CLR) inputs, and data output (Q). The asynchronous CLR input, when High,
g 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
CLR %3727 (C) transition. When CE is Low, the clock transitions are ignored.

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

Spartan-11, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-1l, Virtex-11 Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTAN3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs
CLR CE D Q
1 X X 0
0 0 X l No Chg
0 1 1 ! 1
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.

VHDL Inference Code

architecture Behavioral of fdce 1 is
begin

process (C, CLR) begin

if (CLR="1") then
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Q<="0";
elsif (C event and C="'0") then
if (CE="1") then
Q<= D
end if;
end if;
end process;
end Behavioral ;

Verilog Inference Code

al ways @ (posedge CLR or negedge C) begin
if (CLR
Q<=0
else if (CE
Q<= D
end

VHDL Instantiation Template

-- Conponent Declaration for FDCE_1 shoul d be pl aced
-- after architecture statenment but before begin keyword

component FDCE_1
-- synthesis translate_off
generic (INIT : bit :="1");
-- synthesis translate_on
port (Q: out STD ULCG C
C: in STD_ULQG G
CE : in STD _ULOG C;
CLR: in STD ULCGE G
D: in STD UCd Q) ;
end conponent;

-- Conponent Attribute specification for FDCE 1
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDCE 1_instance_nane : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDCE_1 shoul d be pl aced
-- in architecture after the begin keyword

FDCE_1_| NSTANCE_NAME : FDCE_1
-- synthesis translate_off
generic map (INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
CE => user_CE,
CLR => user_CLR,
D => user_D);
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Verilog Instantiation Template

FDCE_1 FDCE_1_instance_nane (.Q (user_Q,
.C (user_0QO),
. CE (user_CE),
.CLR (user_CLR),
.D (user_D));

def param FDCE_1_i nstance_nanme. I NI T = bit_val ue;

Commonly Used Constraints
BLKNM
HBLKNM
HU_SET
INIT

10B

LOC

REG
RLOC
TIMEGRP
TNM
U_SET
XBLKNM
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FDCP

D Flip-Flop Asynchronous Preset and Clear

JU
Py
m

FDCP

(e} o
lo

CLR

X4397

Architectures Supported

FDCP

Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XCI500XV, XC9500XL Primitive
CoolRunner XPLA3 Primitive
CoolRunner-II Primitive

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 XC9500/XV/XL, CoolRunner XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs
CLR PRE D Cc Q
1 X X X 0
0 1 X X 1
0 0 0 ) 0
0 0 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.

VHDL Inference Code

architecture Behavioral of fdcp is
begi n

process (C, CLR PRE) begin

if (CLR="1") then
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Q<="0";

elsif (PRE ="'1") then

Q<="1"

elsif (C event and C="'1") then
Q<= D

end if;

end process;
end Behavi oral ;

Verilog Inference Code
al ways @ (posedge CLR or posedge PRE or posedge C) begin

if (CLR
Q<=0

else if (PRE)
Q<=1

el se
Q<=D

end

VHDL Instantiation Template

-- Conponent Decl aration for FDCP shoul d be pl aced
-- after architecture statement but before begin keyword

component FDCP
-- synthesis translate_off
generic (INIT : bit :="1");
-- synthesis translate_on
port (Q: out STD ULCA C
C: in STD ULCG C
CLR : in STD ULCOG C
D: in STD ULOG G
PRE : in STD ULCd Q) ;
end conponent;

-- Conponent Attribute specification for FDCP
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDCP_i nstance_nane : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDCP shoul d be pl aced
-- in architecture after the begin keyword

FDCP_I NSTANCE_NAME : FDCP
-- synthesis translate_off
generic map (INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
CLR => user _CLR,
D => user_D,
PRE => user PRE);

450 www.xilinx.com Libraries Guide
1-800-255-7778 ISE 6.li


http://www.xilinx.com

FDCP

SUXILINX®

Verilog Instantiation Template

FDCP FDCP_i nstance_nane (.Q (user_Q,
.C (user_Q),
.CLR (user_CLR),
.D (user_D),
. PRE (user_PRE));

def param FDCP_i nst ance_nane. I NI T = bit_val ue;

Commonly Used Constraints
BLKNM
HBLKNM
HU_SET
INIT

10B

LOC

REG
RLOC
TIMEGRP
TNM
U_SET
XBLKNM
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FDCP_1
FDCP_1
D Flip-Flop with Negative-Edge Clock and Asynchronous Preset and
Clear
Architectures Supported
FDCP_1
Spartan-Il, Spartan-I1E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Primitive
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No
PRE 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
p_| FPCP1 Q output High; CLR, when High, resets the output Low. Data on the D input is loaded
| Q into the flip-flop when PRE and CLR are Low on the High-to-Low clock (C) transition.
<0 The flip-flop is asynchronously cleared, output Low, when power is applied.
CLM Spartan-11, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-1l Pro, and Virtex-

X8357

Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,

or STARTUP_VIRTEX2 symbol.

Inputs Outputs
CLR PRE D C Q
1 X X X 0
0 1 X X 1
0 0 0 ! 0
0 0 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.

VHDL Inference Code

architecture Behavioral of fdcp_1 is
begin
process (C, CLR PRE) begin

if (CLR="1") then

Q<="0
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elsif (PRE ="'1") then

Q<=1
elsif (C event and C = "'0") then
Q<= D
end if;

end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge CLR or posedge PRE or negedge C) begin

if (CLR
Q<=0

else if (PRE)
Q<=1

el se
Q<=1D

end

VHDL Instantiation Template

-- Conponent Decl aration for FDCP_1 shoul d be pl aced
-- after architecture statement but before begin keyword

component FDCP_1
-- synthesis translate_off
generic (INIT : bit :="'1");
-- synthesis translate_on
port (Q: out STD ULCG C
C: in STD_ULQG G
CLR : in STD ULCGE G
D: in STD ULOA C
PRE : in STD ULOGQ O);
end conponent;

-- Conponent Attribute specification for FDCP_1
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDCP_1_instance_nane : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDCP_1 shoul d be pl aced
-- in architecture after the begin keyword

FDCP_1_| NSTANCE_NAME : FDCP_1
-- synthesis translate_off
generic map (INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
CLR => user_CLR,
D => user_D,
PRE => user _PRE);
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Verilog Instantiation Template

FDCP_1 FDCP_1_instance_nane (.Q (user_Q,
.C (user_0QO),
.CLR (user_CLR),
.D (user_D),
. PRE (user_PRE));

def param FDCP_1_i nstance_nanme. INI T = bit_val ue;

Commonly Used Constraints
BLKNM
HBLKNM
HU_SET
INIT

10B

LOC

REG
RLOC
TIMEGRP
TNM
U_SET
XBLKNM
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FDCPE
D Flip-Flop with Clock Enable and Asynchronous Preset and Clear
Architectures Supported
FDCPE
Spartan-I11, Spartan-I1E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-Il, Virtex-11 Pro, Virtex-11 Pro X Primitive
XC9500, XC9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-II Primitive
FDCPE is a single D-type flip-flop with data (D), clock enable (CE), asynchronous
orE 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
FDCPE output Low. Data on the D input is loaded into the flip-flop when PRE and CLR are
E—E Low and CE is High on the Low-to-High clock (C) transition. When CE is Low, the
o | —2 clock transitions are ignored.
The flip-flop is asynchronously cleared, output Low, when power is applied.

(@]
=
Py

X4389

For XC9500/XV/XL, CoolRunner XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs
CLR PRE CE D C Q
1 X X X X 0
0 1 X X X 1

0 0 0 X X No Chg
0 0 1 0 1 0
0 0 1 1 1 1
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vce

CE
AND2B1
AND2

I
AND2 OR2

CLR | Q

X7804

FDCPE Implementation XC9500/XV/XL, CoolRunner XPLA3

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.

VHDL Inference Code

architecture Behavioral of fdcpe is
begin

process (C, CLR PRE) begin

if (CLR="1") then

Q<="0";
elsif (PRE ="'1") then
Q<="1"

elsif (C event and C="'1") then
if (CE="1) then
Q<=D
end if;
end if;
end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge CLR or posedge PRE or posedge C) begin
if (CLR)
Q <= 0;
else if (PRE)
Q<=1
else if (CE)
Q <= D
end

VHDL Instantiation Template

-- Conponent Decl aration for FDCPE shoul d be pl aced
-- after architecture statenment but before begin keyword
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component FDCPE
-- synthesis translate_off
generic (INIT : bit:="1");
-- synthesis translate_on
port(Q : out STD ULOG C
C: in STD ULGE C
CE : in STD ULGGE G
CLR : in STD_ULCQG C;
D: in STD ULOG G,
PRE : in STD ULCQd C);
end conponent;

-- Conponent Attribute specification for FDCPE
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDCPE_instance_nane : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDCPE shoul d be placed
-- in architecture after the begin keyword

FDCPE_I NSTANCE_NAME : FDCPE
-- synthesis translate_off
generic map (INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
CE => user_CE,
CLR => user_CLR,
D => user_D,
PRE => user_PRE);

Verilog Instantiation Template

FDCPE FDCPE_i nstance_nane (.Q (user_Q),
.C (user_Q),
.CE (user_CE),
.CLR (user_CLR),
.D (user_D),
. PRE (user_PRE));

def param FDCPE_i nstance_name. INIT = bit_val ue;

Commonly Used Constraints

BLKNM, HBLKNM, HU_SET, INIT, IOB, LOC, REG, RLOC, TIMEGRP, TNM, U_SET,

and XBLKNM.
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FDCPE_1
D Flip-Flop with Negative-Edge Clock, Clock Enable, and
Asynchronous Preset and Clear
Architectures Supported
FDCPE_1
Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Primitive
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No
PRE 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
o [FocPe_1 asynchronous PRE, when High, sets the Q output High; CLR, when High, resets the
e | Q output Low. Data on the D input is loaded into the flip-flop when PRE and CLR are
c [ Low and CE is High on the High-to-Low clock (C) transition. When CE is Low, the
9 clock transitions are ignored.

CLR

X8360

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

Spartan-I1, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-1l, Virtex-11 Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTAN3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs
CLR PRE CE D C Q
1 X X X X 0
0 1 X X X 1
0 0 0 X X No Chg
0 0 1 0 ! 0
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.

Libraries Guide

ISE 6.li

www.xilinx.com 461
1-800-255-7778


http://www.xilinx.com

SUXILINX®

FDCPE_1

VHDL Inference Code

architecture Behavioral of fdcpe_1 is
begi n

process (C, CLR PRE) begin

if (CLR="1") then

Q<="'0";
elsif (PRE ="'1") then
Q<="1"

elsif (C event and C = "'0") then
if (CE="1) then
Q<=D
end if;
end if;
end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge CLR or posedge PRE or negedge C) begin
if (CLR
Q<=0
else if (PRE)
Q<=1
else if (CE)
Q<= D
end

VHDL Instantiation Template

-- Conponent Decl aration for FDCPE_1 shoul d be placed
-- after architecture statenment but before begin keyword

component FDCPE_1
-- synthesis translate_off
generic (INIT : bit :="1");
-- synthesis translate_on
port (Q: out STD ULCG C;
C: in STD ULCG C
CE : in STD ULQG G
CLR : in STD ULOG C
D: in STD ULCQG G;
PRE : in STD ULCA Q) ;
end conponent;

-- Conponent Attribute specification for FDCPE_1
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;

attribute INIT of FDCPE_1_instance_nane : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDCPE_1 shoul d be pl aced
-- in architecture after the begin keyword

FDCPE_1_| NSTANCE_NAME : FDCPE 1
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-- synthesis translate_off
generic map (INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q

C => user_C,

CE => user_CE,

CLR => user_CLR,

D => user_D,

PRE => user_PRE);

Verilog Instantiation Template

FDCPE_1 FDCPE_1 _instance_name (.Q (user_Q,
.C (user_0O),
. CE (user_CEF),
.CLR (user_CLR),
.D (user_D),
. PRE (user_PRE));

def param FDCPE_1_i nstance_nane. INIT = bit_val ue;

Commonly Used Constraints

BLKNM, HBLKNM, HU_SET, INIT, IOB, LOC, REG, RLOC, TIMEGRP, TNM, U_SET,
XBLKNM
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FDD

SUXILINX®

FDD

Dual Edge Triggered D Flip-Flop

Architectures Supported

FDD

Spartan-Il, Spartan-II1E N

(o]

Spartan-3 N

(o]

Virtex, Virtex-E N

(0]

Virtex-11, Virtex-1l Pro, Virtex-11 Pro X | No

XC9500, XC9500XV, XC9500XL No

CoolRunner XPLA3 No

CoolRunner-I11 Macro

FDD

lo

High and the High-to-Low clock (C)

> P°

transitions.

FDD is a single dual edge triggered D-type flip-flop with data input (D) and data
output (Q). The data on the D input is loaded into the flip-flop during the Low-to-

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

X9661
power-on condition can be simulated in Verilog by applying a High-level pulse on the

PRLD global net.

See FDDA4,8,16 for information on multiple D flip-flops for CoolRunner-I11.

Inputs

Outputs

Q

| ol o]l O

0
1
0
1

FDDCP

PRE

| D

| C
CLR

J

GND

FDD Implementation CoolRunner

Q

X9662
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FDD

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.

VHDL Inference Code

architecture Behavioral of fdd is
begin
process (O
begin
if C event then
Q<= D
end if;
end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge C) begin
Q<=0
end

VHDL Instantiation Template

-- Conponent Decl aration for FDD should be pl aced
-- after architecture statenment but before begin keyword

conponent FDD
-- synthesis translate_off
generic (INIT : bit :="1");
-- synthesis translate_on
port (Q: out STD ULCG C;
C: in STD ULCG C
D: in STD ULCd O);
end conponent;

-- Conponent Attribute specification for FDD
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDD_instance_name : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDD shoul d be pl aced
-- in architecture after the begin keyword

FDD_| NSTANCE_NAME : FDD
-- synthesis translate_off
generic map (INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
D => user_D);

466
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Verilog Instantiation Template
FDD FDD_i nst ance_nane (.Q (user_Q,

.C (user_Q),
.D (user_D));

def param FDD_i nstance_nane. INIT = bit_val ue;
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FDD4,8,16 SXILINX®

FDD4,8,16

Multiple Dual Edge Triggered D Flip-Flops

Architectures Supported

FDD4, FDDS8, FDD16

Spartan-Il, Spartan-II1E No

Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II Macro

po| FOD4 | o FDD4, FDDS8, FDD16 are multiple dual edge triggered D-type flip-flops with data
1 | [ o1 inputs (D) and data outputs (Q). FDD4, FDD8, and FDD16 are, respectively, 4-bit, 8-
D2 | | Q2 bit, and 16-bit registers, each with a common clock (C). The data on the D inputs is
D3 | | Q3 loaded into the flip-flop during the Low-to-High and High-to-Low clock (C)
transitions.

|0

The flip-flops are asynchronously cleared, output Low, when power is applied. The
9663 power-on condition can be simulated in Verilog by applying a High-level pulse on the
PRLD global net.

Q[7:0]
Inputs Outputs
X9664 Dz - DO C Qz-Q0
0 1 0
D[15:0] Q[15:0] 1 1 1
0 1 0
e
1 ! 1

X9665 z =3 for FDD4; z = 7 for FDDS; z = 15 for FDD16
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Q[7:0]
FDD FDD
ML PN Q Qo D4 b Q Q4
C C
Qo0 Q4
FDD FDD
D1 o 0 Q1 D5 5 o Q5
C C
Q1 Q5
FDD FDD
D2 b Q Q2 D6 b Q Q6
C C
Q2 Q6
FDD FDD
D3 b 9 Q3 D7 b Q Q7
C C
Q7
2 C
L X9666
FDD8 Implementation CoolRunner-I|
Usage
For HDL, these deign elements are inferred rather than instantiated.
VHDL Inference Code
architecture Behavioral of fdd4 is
begin
process (O
begin
if C event then
Q<= D
end if;
end process;
end Behavioral ;
Verilog Inference Code
al ways @ (posedge C or negedge C) begin
d3:0] <=D3:0] ;
end
470 www.xilinx.com Libraries Guide
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FDDA4CE, FDD8CE, FDD16CE

4-, 8-, 16-Bit Dual Edge Triggered Data Registers with Clock Enable

and Asynchronous Clear

po | FDD4CE | qo

D1 | o1
D2 | [ 02
D3| [ Qs
CE

]

CLR

D[15:0] | FDD16CE | QI15:0]

X9669

Architectures Supported

FDDA4CE, FDDSCE, FDD16CE

Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No

Virtex-l, Virtex-1l Pro, Virtex-11 Pro X | No

XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-Il Macro

FDDACE, FDDS8CE, and FDD16CE are, respectively, 4-, 8-, and 16-bit data registers
with 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
corresponding data outputs (Q) during the Low-to-High and High-to-Low clock (C)
transitions. When CLR is High, it overrides all other inputs and resets the data

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

The flip-flops are asynchronously cleared, output Low, when power is applied. The
power-on condition can be simulated in Verilog by applying a High-level pulse on the

PRLD global net.

Inputs Outputs
CLR CE Dz - DO C Qz-QO0
1 X X X 0
0 0 X X No Chg
0 1 Dn 1 Dn
0 1 Dn ! Dn

z = 3 for FDDACE; z = 7 for FDD8CE; z = 15 for FDD16CE.
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FDDA4CE, FDD8CE, FDD16CE

Q[7:0]

X9670

FDD8CE Implementation CoolRunner-II

Usage

For HDL, these design elements are inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of fdd4ce is
begi n
process (C, CLR) begin
if (CLR="1") then
Q <= "0000";
elsif (C event) then
if (CE="1") then
Q<= D
end if;
end if;
end process;
end Behavioral ;

Verilog Inference Code

al ways @ posedge C or negedge C or posedge CLR)
begi n
if (CLR
Q <= 4' ho;
else if (CE)
d3:0] <= D0 3:0];

end

472

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

Libraries Guide
ISE 6.li


http://www.xilinx.com

FDD4RE, FDD8RE, FDD16RE

SUXILINX®

FDD4RE, FDD8RE, FDD16RE

4-, 8-, 16-Bit Dual Edge Triggered Data Registers with Clock Enable
and Synchronous Reset

Do | FDD4RE | Qo
D1 | Q1
D2 | Q2
D3 | [ 03
CE |

C |

R |

D[15:0] | EpD16RE | Q[15:0]

X9673

Architectures Supported

FDD4RE, FDD8RE, FDD16RE
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-l, Virtex-1l Pro, Virtex-11 Pro X | No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Macro

FDDA4RE, FDD8RE, and FDD16RE 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 or High-to-Low clock (C) transition. When R is High, it
overrides all other inputs and resets the data outputs (Q) Low on the Low-to-High
and High-to-Low clock transitions. When CE is Low, clock transitions are ignored.

The flip-flops are asynchronously cleared, output Low, when power is applied. The
power-on condition can be simulated in Verilog by applying a High-level pulse on the

PRLD global net.

Inputs Outputs
R CE Dz - DO Qz-QO0
1 X X 0
1 X X 0
0 0 X No Chg
0 1 Dn Dn
0 1 Dn Dn

z =3 for FDD4RE; z = 7 for FDD8RE; z = 15 for FDD16RE
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FDD4RE, FDD8RE, FDD16RE

Q[7:0]

FDD8RE Implementation CoolRunner-II

Usage

For HDL, these design elements are inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of fdd4re is

begi n
process (C) begin
if (C event) then
if (CE="1") then
if (R="1") then

Q <= "0000";
el se
Q<= D
end if;
end if;
end if;

end process;
end Behavi oral ;
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Verilog Inference Code
al ways @ (posedge C or negedge C) begin

if (R
Q <= 4' ho;
else if (CE
Q3:0] <= D 3:0]
end
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FDDC SXILINX®
FDDC
D Dual Edge Triggered Flip-Flop with Asynchronous Clear
Architectures Supported
FDDC
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | No
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II Macro
5 oo | o FDDCisa si_ngle dual edge triggered D-type flip-flop with data (D) and as_ynchronous
] — clear (CLR) inputs and data output (Q). The asynchronous CLR, when High,
c | 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 and High-to-Low
CLR X9675 clock (C) transitions.
The flip-flop is asynchronously cleared, output Low, when power is applied. The
power-on condition can be simulated in Verilog by applying a High-level pulse on the
PRLD global net.
Inputs Outputs
CLR D Q
1 X 0
0 1 1
0 1 1
0 0 0
0 0 0
FDDCP
.D b PRE o Q.
[ c
CLR
= CLR Q
GND X9676
FDDC Implementation CoolRunner-II
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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.

VHDL Inference Code

architecture Behavioral of fddc is
begin

process (C, CLR) begin

if (CLR="1") then

Q<="0

elsif (C event) then
Q<= D

end if;

end process;
end Behavi oral ;

Verilog Inference Code
al ways @ (posedge C or negedge C or posedge CLR)

begin
if (CLR
Q <= 1'hO;
el se
Q<=D;
end

VHDL Instantiation Template

-- Conponent Decl aration for FDDC shoul d be pl aced
-- after architecture statement but before begin keyword

component FDDC
-- synthesis translate_off
generic (INIT : bit :="1");
-- synthesis translate_on
port (Q: out STD ULCG C
C: in STD _ULQG C
CLR : in STD ULCGE G
D: in STD UCA O);
end conponent;

-- Conponent Attribute specification for FDDC
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;

attribute INIT of FDDC_instance_nane : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDDC shoul d be pl aced
-- in architecture after the begin keyword

FDDC_| NSTANCE_NAME : FDDC
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-- synthesis translate_off
generic map (INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q

C => user_C,

CLR => user_CLR,

D => user_D);

Verilog Instantiation Template

FDDC FDDC i nstance_nane (.Q (user_Q,
.C (user_Q),
.CLR (user_CLR),
.D (user_D));

def param FDDC_i nst ance_nane. I NI T = bit_val ue;
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SUXILINX®

FDDCE

Dual Edge Triggered D Flip-Flop with Clock Enable and Asynchronous

Clear

FDDCE

lo

X9677

Architectures Supported

FDDCE
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-l, Virtex-1l Pro, Virtex-11 Pro X | No
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Primitive

FDDCE is a single dual edge triggered D-type flip-flop with clock enable and
asynchronous clear. When clock enable (CE) is High and asynchronous clear (CLR) is
Low, the data on the data input (D) of FDDCE is transferred to the corresponding data
output (Q) during the Low-to-High and High-to-Low clock (C) transitions. 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. The
power-on condition can be simulated in Verilog by applying a High-level pulse on the
PRLD global net.

Logic connected to the clock enable (CE) input may be implemented using the clock
enable product term (p-term) in the macrocell, provided the logic can be completely
implemented using the single p-term available for clock enable without requiring
feedback from another macrocell. Only FDDCE and FDDPE flip-flops primitives may
take advantage of the clock-enable p-term.

Inputs Outputs
CLR CE D C Q
1 X X X 0
0 0 X X No Chg
0 1 1 1 1
0 1 0 1 0
0 1 1 ! 1
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.
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VHDL Inference Code

architecture Behavioral of fddce is
begi n
process (C, CLR) begin
if (CLR="1") then
Q<="0";
elsif (C event) then
if (CE="1") then
Q<=Dh
end if;
end if;
end process;
end Behavioral ;

Verilog Inference Code

al ways @ (posedge C or negedge C or posedge CLR)
begi n
if (CLR
Q <= 1' bO;
el se
if (CE
Q<=D;
end

VHDL Instantiation Template

-- Conponent Decl aration for FDDCE shoul d be pl aced
-- after architecture statenment but before begin keyword

component FDDCE
port (Q: out STD ULCG C;
C: in STD_ULQG G
CE : in STD_ULOG C;
CLR : in STD ULOGE G
D: in STD UCd O);
end conponent;

-- Conponent Attribute specification for FDDCE
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for FDDCE shoul d be placed
-- in architecture after the begin keyword

FDDCE_| NSTANCE_NAME : FDDCE
port map (Q => user_Q
C => user_C,
CE => user_CE,
CLR => user_CLR
D => user_D);
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Verilog Instantiation Template

FDDCE FDDCE_i nstance_nane (.Q (user_Q),
.C (user_Q),
. CE (user_CE),
.CLR (user_CLR),
.D (user_D));
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FDDCP SXILINX®
FDDCP
Dual EdgeArchitectures Supported Triggered D Flip-Flop
Asynchronous Preset and Clear
Architectures Supported
FDDCP
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-l, Virtex-1l Pro, Virtex-11 Pro X | No
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II Primitive
PRE FDDCRP is a single dual edge triggered D-type flip-flop with data (D), asynchronous
preset (PRE) and clear (CLR) inputs, and data output (Q). The asynchronous PRE,
FDDCP when High, sets the Q output High; CLR, when High, resets the output Low. Data on

r P
lo

CLR
X9678

the D input is loaded into the flip-flop when PRE and CLR are Low on the Low-to-
High and High-to-Low clock (C) transitions.

The flip-flop is asynchronously cleared, output Low, when power is applied. The
power-on condition can be simulated in Verilog by applying a High-level pulse on the
PRLD global net.

Inputs Outputs
CLR PRE D C Q
1 X X X 0
0 1 X X 1
0 0 0 ) 0
0 0 1 1 1
0 0 0 ! 0
0 0 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.

VHDL Inference Code

architecture Behavioral of fddcp is
begin

process (C, CLR PRE) begin

if (CLR="1") then
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FDDCP

Q<="0";
elsif (PRE ="'1") then
Q<="1"
elsif (C event) then
Q<= D
end if;

end process;

end Behavioral ;

Verilog Inference Code

al ways @ (posedge C or negedge C or posedge CLR or posedge PRE)
begin
if (CLR
Q <= 1' bO;
el se
if (PRE)
Q <= 1'bi;
el se
Q<=D;
end

VHDL Instantiation Template

-- Conponent Decl aration for FDDCP shoul d be pl aced
-- after architecture statenment but before begin keyword

component FDDCP
-- synthesis translate_off
generic (INIT : bit :="1");
-- synthesis translate_on
port (Q: out STD ULCG C;
C: in STD ULCG C
CLR : in STD ULOG C
D: in STD ULCQA G;
PRE : in STD ULCd Q) ;
end conponent;

-- Conponent Attribute specification for FDDCP
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDDCP_i nstance_nane : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDDCP shoul d be placed
-- in architecture after the begin keyword

FDDCP_I NSTANCE_NAME : FDDCP
-- synthesis translate_off
generic map (INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
CLR => user_CLR,
D => user_D,
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PRE => user _PRE);

Verilog Instantiation Template

FDDCP FDDCP_i nst ance_nane (.Q (user_Q),
.C (user_Q),
.CLR (user_CLR),
.D (user_D),
. PRE (user_PRE));

def param FDDCP_i nst ance_name. INIT = bit_val ue;
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FDDCPE SXILINX®
FDDCPE
Dual Edge Triggered D Flip-Flop with Clock Enable and Asynchronous
Preset and Clear
Architectures Supported
FDDCPE
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-l, Virtex-1l Pro, Virtex-11 Pro X | No
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II Primitive
PRE FDDCPE is a single dual edge triggered D-type flip-flop with data (D), clock enable
(CE), asynchronous preset (PRE), and asynchronous clear (CLR) inputs and data
p | Foocre output (Q). The asynchronous PRE, when High, sets the Q output High; CLR, when
cE| | o High, resets the output Low. Data on the D input is loaded into the flip-flop when PRE
c | and CLR are Low and CE is High on the Low-to-High and High-to-Low clock (C)
transitions. When CE is Low, the clock transitions are ignored.

0
2.
Py

X9679

The flip-flop is asynchronously cleared, output Low, when power is applied. The
power-on condition can be simulated in Verilog by applying a High-level pulse on the

PRLD global net.

Inputs Outputs
CLR PRE CE D C Q
1 X X X X 0
0 1 X X X 1

0 0 0 X X No Chg
0 0 1 0 1 0
0 0 1 1 1 1
0 0 1 0 ! 0
0 0 1 1 ! 1
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Vce

AND2B1
AND2

PRE FDDCP
»
PRE
D Om
s’ .
CLR
CLR Q

X9680

FDDCPE Implementation CoolRunner-I|

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.

VHDL Inference Code

architecture Behavioral of fddcpe is
begi n

process (C, CLR PRE) begin

if (CLR="1") then

Q<="0";
elsif (PRE ="'1") then
Q<=1

elsif (C event) then
if (CE="1") then
Q<=D
end if;
end if;
end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge C or posedge CLR or posedge PRE)
begi n
if (CLR
Q <= 1' bO;
el se
if (PRE)
Q <= 1'bi;
el se
if (CEB)
Q<=D;
end

VHDL Instantiation Template

-- Conponent Decl aration for FDDCPE shoul d be pl aced
-- after architecture statenment but before begin keyword
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component FDDCPE
port (Q: out STD ULCG C
C: in STD_ULQOG G
CE : in STD _ULOG C;
CLR : in STD ULCGE G
D: in STD ULOA C

PRE : in STD_ULOG O);

end conponent;

-- Conponent Attribute specification for
-- shoul d be placed after architecture declaration but

-- before the begin keyword

-- Enter val ues here

-- Conponent Instantiation for

FDDCPE shoul d be pl aced

-- in architecture after the begin keyword

FDDCPE_| NSTANCE_NAME : FDDCPE

port map (Q => user_Q
C => user_C,

CE => user_CE,

CLR => user _CLR

D => user_D,

PRE => user_PRE);

Verilog Instantiation Template

FDDCPE FDDCPE_i nst ance_nane (.
.C (user_Q),
.CE (user_CF),
.CLR (user_CLR),
.D (user_D),
. PRE (user_PRE));

Q (user_Q,

FDDCPE
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FDDP
Dual Edge Triggered D Flip-Flop with Asynchronous Preset
Architectures Supported
FDDP
Spartan-Il, Spartan-Il1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | No
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II Macro
PRE FDDP is a single dual edge triggered D-type flip-flop with data (D) and asynchronous
preset (PRE) inputs and data output (Q). The asynchronous PRE, when High,
p | FPOP | o overrides all other inputs and presets the Q output High. The data on the D input is
c loaded into the flip-flop when PRE is Low on the Low-to-High and High-to-Low
] clock (C) transitions.
X9681 The flip-flop is asynchronously cleared, output Low, when power is applied. The
power-on condition can be simulated in Verilog by applying a High-level pulse on the
PRLD global net.
Inputs Outputs
PRE C D Q
1 X X 1
0 1 1 1
0 1 0 0
0 1 1 1
0 1 0 0
- PRE FDDCP
.D D PRE Q.
s c
CLR
[
GT\ID X9682
FDDP Implementation CoolRunner-I|
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Usage

For HDL, this design element can be inferred or instantiated.

VHDL Inference Code

architecture Behavioral of fddp is
begin
process (C, PRE) begin
if (PRE="1") then
Q<="1"
elsif (C event) then
Q<= D
end if;
end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge C or posedge PRE)
begin
if (PRE)
Q <= 1'bil;
el se
Q<=D;
end

VHDL Instantiation Template

-- Conponent Decl aration for FDDP should be pl aced
-- after architecture statement but before begin keyword

conponent FDDP
-- synthesis translate_off
generic (INIT : bit :="1");
-- synthesis translate_on
port (Q: out STD ULCG C
C: in STD ULCG C
D: in STD ULQA G
PRE : in STD ULCA Q) ;
end conponent;

-- Conponent Attribute specification for FDDP
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDDP_i nstance_nane : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDDP shoul d be pl aced
-- in architecture after the begin keyword

FDDP_| NSTANCE_NAME : FDDP
-- synthesis translate_off
generic map (INIT => bit_val ue)
-- synthesis translate_on
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port map (Q => user_Q
C => user_C,
D => user_D,
PRE => user_PRE);

Verilog Instantiation Template

FDDP FDDP_i nstance_nane (.Q (user_Q,
.C (user_Q),
.D (user_D),
. PRE (user_PRE));

def param FDDP_i nst ance_nane. INI T = bit_val ue;
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FDDPE

PRE

Dual Edge Triggered D Flip-Flop with Clock Enable and Asynchronous

Preset

FDDPE

lo

X9683

Architectures Supported

FDDPE
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-l, Virtex-1l Pro, Virtex-11 Pro X | No
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Primitive

FDDPE is a single dual edge triggered 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 and High-to-Low clock (C) transitions. When CE is Low, the clock transitions are
ignored.

The flip-flop is asynchronously cleared, output Low, when power is applied. The
power-on condition can be simulated in Verilog by applying a High-level pulse on the
PRLD global net.

Logic connected to the clock enable (CE) input may be implemented using the clock
enable product term (p-term) in the macrocell, provided the logic can be completely
implemented using the single p-term available for clock enable without requiring
feedback from another macrocell. Only FDDCE and FDDPE flip-flops primitives may
take advantage of the clock-enable p-term.

Inputs Outputs
PRE CE D C Q
1 X X X 1
0 0 X X No Chg
0 1 0 1 0
0 1 1 1 1
0 1 0 ! 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.
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VHDL Inference Code

architecture Behavioral of fddpe is
begi n
process (C, PRE) begin
if (PRE="1") then
Q<=1
elsif (C event) then
if (CE="1") then
Q<=Dh
end if;
end if;
end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge C or posedge PRE)
begi n
if (PRE)
Q <= 1'bil;
el se
if (CE
Q<=D;
end

VHDL Instantiation Template

-- Conponent Decl aration for FDDPE shoul d be pl aced
-- after architecture statenment but before begin keyword

conponent FDDPE
port (Q: out STD ULCG C;
C: in STD_ULGGE G
CE : in STD _ULGA C
D: in STD_ULQG C;
PRE : in STD ULOG C);
end conponent;

-- Conponent Attribute specification for FDDPE
-- shoul d be placed after architecture declaration but
-- before the begin keyword

-- Enter attributes here

-- Conponent Instantiation for FDDPE shoul d be placed
-- in architecture after the begin keyword

FDDPE_I NSTANCE_NAME : FDDPE
port map (Q => user_Q
C => user_C,
CE => user_CE,
D => user_D,
PRE => user_PRE);

Verilog Instantiation Template

FDDPE FDDPE_i nstance_nane (.Q (user_Q),
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.C (user_Q),

. CE (user_CE),
.D (user_D),

. PRE (user_PRE));

def param FDDPE_i nstance_name. INIT = bit_val ue;
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FDDR SXILINX®
FDDR
Dual Edge Triggered D Flip-Flop with Synchronous Reset
Architectures Supported
FDDR

Spartan-Il, Spartan-II1E No

Spartan-3 No

Virtex, Virtex-E No

Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | No

XC9500, XC9500XV, XC9500XL No

CoolRunner XPLA3 No

CoolRunner-II Macro
5 FooR | o FDDR is a single dual edge triggered D-type flip-flop with data _(D) and synchronous
] — reset (R) inputs and data output (Q). The synchronous reset (R) input, when High,
c | overrides all other inputs and resets the Q output Low on the Low-to-High and High-

to-Low clock (C) transitions. The data on the D input is loaded into the flip-flop when
R o684 R is Low during the Low-to-High or High-to-Low clock transitions.

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

power-on condition can be simulated in Verilog by applying a High-level pulse on the

PRLD global net.

Inputs

Outputs

Q

o|lo|oco|lo|r]|r| O
o|lr| ok | X|X

0
0
1
0
1
0

FDD

D_R

AND2B1

FDDR Implementation CoolRunner-II

Usage

For HDL, this design element is inferred rather than instantiated.

X9685
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VHDL Inference Code

architecture Behavioral of fddr is
begi n
process (C) begin

if (C event) then

if (R="1) then

Q<="0
el se
Q<=Dh
end if;
end if;

end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge O
begi n
if (R
Q <= 1'bO;
el se
Q<=D;
end
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FDDRCPE SXILINX®
FDDRCPE
Dual Data Rate D Flip-Flop with Clock Enable and Asynchronous
Preset and Clear
Architectures Supported
FDDRCPE
Spartan-Il, Spartan-II1E No
Spartan-3 Primitive
Virtex, Virtex-E No
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Primitive
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 No
% FDDRCPE is a Dual Data Rate (DDR) D flip-flop with two separate clocks (C0 and C1)

po [FODRCPE| o
D1 |
CE]
co|
ci|

CLR
X9399

phase shifted 180 degrees that allow selection of two separate data inputs (D0 and
D1). It also has 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 DO input is loaded
into the flip-flop when PRE and CLR are Low and CE is High on the Low-to-High CO
clock transition. Data on the D1 input is loaded into the flip-flop when PRE and CLR
are Low and CE is High on the Low-to-High C1 clock transition. When CE is Low, the
clock transitions are ignored.

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

Use the INIT attribute to initialize FDDRCPE during configuration.

Inputs Outputs
(60] C1 CE DO D1 CLR PRE Q
X X X X X 1 0 0
X X X X X 0 1 1
X X X X X 1 1 0
X X 0 X X 0 0 No Chg
1 X 1 DO X 0 0 Do
X 1 1 X D1 0 0 D1
Usage

For HDL, this design element is instantiated rather than inferred.
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VHDL Instantiation Template

-- Conponent Decl aration for FDDRCPE shoul d be pl aced
-- after architecture statement but before begin keyword

conmponent FDDRCPE
-- synthesis translate_off
generic (INIT : bit :="1");
-- synthesis translate_on
port (Q: out STD ULCG C
CO : in STD ULGA G
Cl : in STD ULGE G
CE : in STD ULGA C
CLR : in STD ULOGE G
DO : in STD ULQA G
DL : in STD ULQA C,
PRE : in STD ULOGQ O);
end conponent;

-- Conponent Attribute specification for FDDRCPE
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDDRCPE_i nstance_nane : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDDRCPE shoul d be pl aced
-- in architecture after the begin keyword

FDDRCPE_I NSTANCE_NAME : FDDRCPE
-- synthesis translate_off
generic map (INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q

C0 => user_Q0,
Cl => user_C1,
CE => user_CE,
CLR => user_CLR,
DO => user_DO,
D1 => user_D1,
PRE => user _PRE);
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Verilog Instantiation Template

FDDRCPE FDDRCPE_i nstance_name (. Q (user_Q,

.C0 (user_Q0),
.Cl (user_Cl),

. CE (user_CE),
.CLR (user_CLR),
. DO (user_DOQ),
.D1 (user_D1),

. PRE (user_PRE));

def par am FDDRCPE_i nst ance_nane. INI T = bit_val ue;
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FDDRE SXILINX®
FDDRE
Dual Edge Triggered D Flip-Flop with Clock Enable and Synchronous
Reset
Architectures Supported
FDDRE
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-l, Virtex-1l Pro, Virtex-11 Pro X | No
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 Macro
o [ Foore | o FDDRE is a single dual edge trig_gered D-type flip-flop with data (D), clock enable
cE | — (CE), and synchronous reset (R) inputs and data output (Q). The synchronous reset
c | (R) input, when High, overrides all other inputs and resets the Q output Low on the
Low-to-High or High-to-Low clock (C) transition. The data on the D input is loaded
R X9686 into the flip-flop when R is Low and CE is High during the Low-to-High and High-to-

Low clock transitions.

The flip-flop is asynchronously cleared, output Low, when power is applied. The
power-on condition can be simulated in Verilog by applying a High-level pulse on the

PRLD global net.

Inputs

Outputs

Q

0

0

No Chg

oOlojloo|o|r|r]| XD

PR kPP O X]|X

Ol | Ok | X|X|X]| O

o || O
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- CE )
AND2
R [
|

AND3B2

.D FDD
™ 4D—y — .

OR2
AND3B1

X9687

FDDRE Implementation CoolRunner-II

Usage

For HDL, this design element can be inferred but not instantiated.

VHDL Inference Code

architecture Behavioral of fddre is
begi n
process (C) begin
if (C event) then
if (R="1) then

Q<="0";

elsif (CE="1") then
Q<= D

end if;

end if;
end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge O
begin
if (R
Q <= 1'bO;
el se
if (CE)
Q<=D;
end
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FDDRRSE
FDDRRSE
Dual Data Rate D Flip-Flop with Clock Enable and Synchronous Reset
and Set
Architectures Supported
FDDRRSE
Spartan-Il, Spartan-II1E No
Spartan-3 Primitive
Virtex, Virtex-E No
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Primitive
XC9500, XC9500XV, XCI500XL No
CoolRunner XPLA3 No
CoolRunner-11 No
5—| FDDRRSE is a Dual Data Rate (DDR) D flip-flop with two separate clocks (CO and C1)

Do | FDDRRSE | o
D1
CE|
co

el
R ]

X9254

phase shifted 180 degrees that allow selection of two separate data inputs (D0 and
D1). It also has 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 any Low-to-High clock transition (C0 or C1).
(Reset has precedence over Set.) When the S input is High and R is Low, the flip-flop is
set, output High, during a Low-to-High clock transition (CO or C1). Data on the DO
input is loaded into the flip-flop when R and S are Low and CE is High during the
Low-to-High CO clock transition. Data on the D1 input is loaded into the flip-flop
when R and S are Low and CE is High during the Low-to-High C1 clock transition.

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

Use the INIT attribute to initialize FDDRRSE during configuration.

Inputs Outputs
CO C1 CE DO D1 R S Q
1 X X X X 1 0 0
i X X X X 0 1 1
1 X X X X 1 1 0
X 1 X X X 1 0 0
X 1 X X X 0 1 1
X 1 X X X 1 1 0
X X 0 X X 0 0 No Chg
i X 1 DO X 0 0 DO
X 1 1 X D1 0 0 D1
Usage
For HDL, this design element is instantiated rather than inferred.
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VHDL Instantiation Template

-- Conponent Decl aration for FDDRRSE shoul d be pl aced
-- after architecture statement but before begin keyword

conmponent FDDRRSE
-- synthesis translate_off
generic (INIT : bit :="1");
-- synthesis translate_on
port (Q: out STD ULCG C
QG0 : in STD ULOG G
Cl : in STD ULGE G
CE : in STD ULGA C
DO : in STD ULQA G
DL : in STD ULQA C,
R: in STD ULQA G,
S: in STD ULCE Q) ;
end conponent;

-- Conponent Attribute specification for FDDRRSE
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDDRRSE_instance_nane : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDDRRSE shoul d be pl aced
-- in architecture after the begin keyword

FDDRRSE_| NSTANCE_NAME : FDDRRSE
-- synthesis translate_off
generic map (INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q

C0 => user_Q0,
Cl => user_C1,
CE => user_CE,
DO => user_DO,
D1 => user_D1,
R => user_R

S => user_S);
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Verilog Instantiation Template

FDDRRSE FDDRRSE_i nst ance_name (. Q (user_Q,
.C0 (user_Q0),
.Cl (user_Cl),
. CE (user_CE),
. D0 (user_DO),
.D1 (user_D1),
.R (user_R),
.S (user_9S));

def param FDDRRSE i nst ance_nane. INI T = bit_val ue;
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FDDRS SXILINX®
FDDRS
Dual Edge Triggered D Flip-Flop with Synchronous Reset and Set
Architectures Supported
FDDRS
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | No
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-I1 Macro
s FDDRS is a single dual edge triggered D-type flip-flop with data (D), synchronous set
(S), and synchronous reset (R) inputs and data output (Q). The synchronous reset (R)
p | FPDRS | o input, when High, overrides all other inputs and resets the Q output Low during the
Low-to-High or High-to-Low clock (C) transitions. (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 or High-to-Low clock transition. When R and S are Low, data on the (D) input is
R X9688

loaded into the flip-flop during the Low-to-High and High-to-Low clock transitions.

The flip-flop is asynchronously cleared, output Low, when power is applied. The
power-on condition can be simulated in Verilog by applying a High-level pulse on the
PRLD global net.

Inputs Outputs
R S D Cc Q
1 X X 1 0
1 X X ! 0
0 1 X 1 1
0 1 X ! 1
0 0 1 1 1
0 0 1 ! 1
0 0 0 1 0
0 0 0 ! 0
)
LU
AND2B1
s | FDD
OR2 ‘ D Q Om

AND2B1

X9689

FDDRS Implementation CoolRunner-II
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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.

VHDL Inference Code

architecture Behavioral of fddrs is
begin
process (C) begin
if (C event) then
if (R="1") then
Q<='0;
elsif (S
Q<="1;
el se
Q<= D
end if;
end if;
end process;
end Behavi oral ;

I o

'"1") then

Verilog Inference Code

al ways @ (posedge C or negedge C)
begin
if (R
Q <= 1'ho;
el se
if (9
Q <= 1'bil;
el se
Q<=D;
end

VHDL Instantiation Template

-- Conponent Decl aration for FDDRS shoul d be pl aced
-- after architecture statenment but before begin keyword

component FDDRS
-- synthesis translate_off
generic (INIT : bit :="1");
-- synthesis translate_on
port (Q: out STD ULCG C;

C: in STD ULCG C

D: in STD ULQG G

R: in STD ULCQA G;

S: in STD ULCA Q) ;

end conponent;

-- Conponent Attribute specification for FDDRS
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
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attribute INIT of FDDRS_ instance_nane : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDDRS shoul d be placed
-- in architecture after the begin keyword

FDDRS_| NSTANCE_NAME : FDDRS
-- synthesis translate_off
generic map (INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q

user_C,

user _D,

user _R,

user_S);

»wXOO
I nn
V VVYV

Verilog Instantiation Template

FDDRS FDDRS i nstance_nane (.Q (user_Q),
.C (user_Q),
.D (user_D),
.R (user_R),
.S (user_9));

def param FDDRS_i nstance_name. INIT = bit_val ue;
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FDDRSE SXILINX®
FDDRSE
Dual Edge Triggered D Flip-Flop with Synchronous Reset and Set and
Clock Enable
Architectures Supported
FDDRSE
Spartan-Il, Spartan-I1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-l, Virtex-1l Pro, Virtex-11 Pro X | No
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II Macro
s FDDRSE is a single dual edge triggered D-type flip-flop with synchronous reset (R),
synchronous set (S), and clock enable (CE) inputs and data output (Q). The reset (R)
p | FDDRSE [ @ input, when High, overrides all other inputs and resets the Q output Low during the
gi Low-to-High or High-to-Low clock transitions. (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
o Low-to-High or High-to-Low clock (C) transition. Data on the D input is loaded into
X9690

the flip-flop when R and S are Low and CE is High during the Low-to-High and High-
to-Low clock transitions.

The flip-flop is asynchronously cleared, output Low, when power is applied. The
power-on condition can be simulated in Verilog by applying a High-level pulse on the
PRLD global net.

Inputs Outputs

C Q
T 0

(@)
m

0
1
1
X No Chg
1
0
1
0

o|lo|lo|lo|o|lo|lo|r]|~| D
olo|lo|lo|lo|lr|rRr|X|X]| ®n

Pl O X| X|X|X

o|lr|lo|kr | X|X|X|X|X| O
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FDDRSE Implementation CoolRunner-II

Usage

For HDL, this design element is inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of fddrse is
begi n
process (C) begin
if (C event) then
if (R="1) then

Q<="0";

elsif (S="1") then
Q<="1%

elsif (CE="1") then
Q<= D

end if;

end if;
end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge O
begin
if (R
Q <= 1' bO;
el se
if (9
Q <= 1'bi;
el se
if (CB
Q<=D;
end

X9691
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FDDS

Dual Edge Triggered D Flip-Flop with Synchronous Set

D FDDS

lo

X9692

Architectures Supported

FDDS
Spartan-Il, Spartan-Il1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | No
XC9500, XCI500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II Macro

FDDS is a single dual edge triggered 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 or High-to-Low clock (C) transition. The data on the
D input is loaded into the flip-flop when S is Low during the Low-to-High and High-
to-Low clock (C) transitions.

The flip-flop is asynchronously cleared, output Low, when power is applied. The
power-on condition can be simulated in Verilog by applying a High-level pulse on the
PRLD global net.

Inputs Outputs

D C Q

o|lo|oc|lo|rlkr|l W
oO|lr|oOo|kr| X]|X
N

1
1
1
1 0
1
0

FDD

OR2

X9693

FDDS Implementation CoolRunner-Il

Usage

For HDL, this design element is inferred rather than instantiated.
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VHDL Inference Code

architecture Behavioral of fdds is
begi n
process (C) begin
if (C event) then
if (S="1) then
Q<="1
el se
Q<=Dh
end if;
end if;
end process;
end Behavioral ;

Verilog Inference Code

al ways @ (posedge C or negedge O
begi n
if (9
Q <= 1'bil;
el se
Q<=D;
end
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FDDSE SXILINX®
FDDSE
D Flip-Flop with Clock Enable and Synchronous Set
Architectures Supported
FDDSE

Spartan-Il, Spartan-II1E No

Spartan-3 No

Virtex, Virtex-E No

Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | No

XC9500, XC9500XV, XC9500XL No

CoolRunner XPLA3 No

CoolRunner-II Macro
s FDDSE is a single dual edge triggered D-type flip-flop with data (D), clock enable

(CE), and synchronous set (S) inputs and data output (Q). The synchronous set (S)
D | FDDSE | Q input, when High, overrides the clock enable (CE) input and sets the Q output High
gi during the Low-to-High or 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 Low-to-High and

X9694

High-to-Low clock (C) transitions.

The flip-flop is asynchronously cleared, output Low, when power is applied. The
power-on condition can be simulated in Verilog by applying a High-level pulse on the

PRLD global net.

Inputs Outputs
S CE D Q
1 X X 1
1 X X 1
0 0 X No Chg
0 1 1 1
0 1 0 0
0 1 1 1
0 1 0 0
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Vce

CE
AND2 AND2B1

S

. 4/_/‘\
OR3
) 4D7 FDD
AND2
b o2 u

[ c

Q X9695

FDDSE Implementation CoolRunner-ll

Usage

For HDL, this design element is inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of fddse is
begi n
process (C) begin
if (C event) then
if (S="1) then

Q<=1

elsif (CE="1") then
Q<= D,

end if;

end if;
end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge C)
begin
if (S
Q <= 1'bi;
el se
if (CB)
Q<=D;
end
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FDDSR SXILINX®
FDDSR
Dual Edge Triggered D Flip-Flop with Synchronous Set and Reset
Architectures Supported
FDDSR
Spartan-Il, Spartan-II1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | No
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II Macro
s FDDSR is a single dual edge triggered D-type flip-flop with data (D), synchronous
reset (R) and synchronous set (S) inputs and data output (Q). When the set (S) input is
p | FPDSR | o High, it overrides all other inputs and sets the Q output High during the Low-to-High
c or High-to-Low clock transition. (Set has precedence over Reset.) When reset (R) is
] High and S is Low, the flip-flop is reset, output Low, on the Low-to-High or High-to-
o Low clock transition. Data on the D input is loaded into the flip-flop when S and R are
X9696 Low on the Low-to-High and High-to-Low clock transitions.
The flip-flop is asynchronously cleared, output Low, when power is applied. The
power-on condition can be simulated in Verilog by applying a High-level pulse on the
PRLD global net.
Inputs Outputs
S R D Q
1 X X 1
1 X X 1
0 1 X 0
0 1 X 0
0 0 1 1
0 0 0 0
0 0 1 1
0 0 0 0
D
R
AND2B1 FDD
s ) D Qb———————— C9m
c OR2 -
Q X9697
FDDSR Implementation CoolRunner-II
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FDDSR

Usage

For HDL, this design element is inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of fddsr is
begin
process (C) begin
if (C event) then
if (S="1) then

Q<="19
elsif (R="1") then
Q<="0";

el se
Q<=D
end if;

end if;
end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge C)
begin
if (9
Q <= 1'bi;
el se
if (R
Q <= 1' bO;
el se
Q<= D
end
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FDDSRE SXILINX®
FDDSRE
Dual Edge Triggered D Flip-Flop with Synchronous Set and Reset and
Clock Enable
Architectures Supported
FDDSRE
Spartan-Il, Spartan-I1E No
Spartan-3 No
Virtex, Virtex-E No
Virtex-l, Virtex-1l Pro, Virtex-11 Pro X | No
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II Macro
s FDDSRE is a single dual edge triggered D-type flip-flop with synchronous set (S),
synchronous reset (R), and clock enable (CE) inputs and data output (Q). When
D_[ FDDSRE | o synchronous set (S) is High, it overrides all other inputs and sets the Q output High
Ei during the Low-to-High or High-to-Low clock transition. (Set has precedence over
] Reset.) When synchronous reset (R) is High and S is Low, output Q is reset Low

Pyl

X9698

during the Low-to-High or High-to-Low clock transition. Data is loaded into the flip-
flop when S and R are Low and CE is High during the Low-to-High and High-to-Low
clock transitions. When CE is Low, clock transitions are ignored.

The flip-flop is asynchronously cleared, output Low, when power is applied. The
power-on condition can be simulated in Verilog by applying a High-level pulse on the
PRLD global net.

Inputs Outputs

C Q
T 1

(@)
m

Pl O X| X|X|X
o|lr|lo|kr | X|X|X|X]|X| O

1
0
0
X No Chg
1
0
1
0

olo|lo|lo|lo|lo|lo|r]|~|®n
olo|lo|lo|lo|lr|krR|X|X| D
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SXILINX® FDDSRE

vVce

= CE }
AND2
R <
|

AND3B2 FDD

OR3

—

AND3B1

[ X9699

FDDSRE Implementation CoolRunner-II

Usage

For HDL, this design element is inferred rather than instantiated.

VHDL Inference Code

architecture Behavioral of fddsre is
begi n
process (C) begin
if (C event) then
if (S="1") then
Q<=1
elsif (R="1") then
Q<="0";
elsif (CE="1") then
Q<= D
end if;
end if;
end process;

end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C or negedge C)
begi n
if (S
Q <= 1'bi;
el se
if (R
Q <= 1'bO;
el se
if (CB)
Q<= D
end
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FDE SUXILNX®
FDE
D Flip-Flop with Clock Enable
Architectures Supported
FDE

Spartan-Il, Spartan-11E Primitive

Spartan-3 Primitive

Virtex, Virtex-E Primitive

Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive

XC9500, XC9500XV, XC9500XL No

CoolRunner XPLA3 No

CoolRunner-II No
o TDE FDE is a single D-type fIip-rop_witr_] data input (D), clock_enablt_e (CE), anq data _
cE | o output (Q). When clock enable is High, the data on the D input is loaded into the flip-
c | [~ flop during the Low-to-High clock (C) transition.

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

X8361

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs
CE D C Q
0 X X No Chg
1 0 1 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.

VHDL Inference Code

architecture Behavioral of fde is
begi n
process (O
begin

if (C event and C='"1') then

if (CE="1") then

Q<=D
end if;
end if;
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end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C) begin
if (CE)
Q<= D
end

VHDL Instantiation Template

-- Conponent Declaration for FDE should be placed
-- after architecture statenment but before begin keyword

component FDE
-- synthesis translate_off
generic (INIT : bit :="1");
-- synthesis translate_on
port (Q: out STD ULCG C;
C: in STD ULOG C
CE : in STD ULQG C;
D: in STD ULCE Q) ;
end conponent;

-- Conponent Attribute specification for FDE
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDE_instance_nanme : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDE should be pl aced
-- in architecture after the begin keyword

FDE_| NSTANCE_NAME : FDE
-- synthesis translate_off
generic map (INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
CE => user _CE,
D => user_D);

Verilog Instantiation Template

FDE FDE_i nstance_name (.Q (user_Q),
.C (user_Q),
. CE (user_CE),
.D (user_D));

def param FDE_i nstance_nane. INI T = bit_val ue;
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FDE SXILINX®

Commonly Used Constraints

BLKNM, HBLKNM, HU_SET, INIT, IOB, LOC, REG, RLOC, TIMEGRP, TNM, U_SET,
XBLKNM
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SUXILINX®

FDE_1
FDE_1
D Flip-Flop with Negative-Edge Clock and Clock Enable
Architectures Supported
FDE_1
Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No
5 [ FoEL 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-
CE | | Q . . L.
cq flop during the High-to-Low clock (C) transition.
The flip-flop is asynchronously cleared, output Low, when power is applied.

X8362

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,

or STARTUP_VIRTEX2 symbol.

Inputs Outputs
CE D C Q
0 X X No Chg
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.

VHDL Inference Code

architecture Behavioral of fde 1 is
begi n
process (O
begin

if (C event and C='0') then

if (CE="1") then

Q<=D
end if;
end if;
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end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (negedge C) begin
if (CE)
Q<= D
end

VHDL Instantiation Template

-- Conponent Declaration for FDE_1 should be pl aced
-- after architecture statenment but before begin keyword

component FDE_1
-- synthesis translate_off
generic (INIT : bit :="1");
-- synthesis translate_on
port (Q: out STD ULCG C;
C: in STD ULOG C
CE : in STD ULQG C;
D: in STD ULCE Q) ;
end conponent;

-- Conponent Attribute specification for FDE_ 1
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDE 1 _instance_nane : |label is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDE_1 shoul d be placed
-- in architecture after the begin keyword

FDE_1_I NSTANCE_NAME : FDE 1
-- synthesis translate_off
generic map (INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
CE => user _CE,
D => user_D);

Verilog Instantiation Template

FDE_1 FDE 1 instance_nane (.Q (user_Q),
.C (user_Q),
. CE (user_CE),
.D (user_D));

def param FDE_1_i nstance_name. INIT = bit_val ue;
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Commonly Used Constraints

BLKNM, HBLKNM, HU_SET,INIT, I0B, LOC, REG, RLOC, TIMEGRP, TNM, U_SET,
XBLKNM
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FDP SXILINX®
FDP
D Flip-Flop with Asynchronous Preset
Architectures Supported
FDP
Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XC9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-II Macro
PRE 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
p | FBP | o and presets the Q output High. The data on the D input is loaded into the flip-flop
c when PRE is Low on the Low-to-High clock (C) transition.
For XC9500/XV/XL, CoolRunner XPLA3, and CoolRunner-Il, the flip-flop is

X3720

asynchronously cleared, output Low, when power is applied. The power-on condition
can be simulated by applying a High-level pulse on the PRLD global net.

For Spartan-Il, Spartan-11E, Spartan-3, Virtex, Virtex-E, Virtex-1l, Virtex-1l Pro, and
Virtex-1l Pro X, the flip-flop is asynchronously preset, output High, when power is
applied.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate power-on 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_SPARTAN?2,
STARTUP_SPARTANS3, STARTUP_VIRTEX, or STARTUP_VIRTEX2 symbol.

Inputs Outputs
PRE C D Q
1 X X 1
0 1 1 1
1 0 0
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FDCP
- PRE
) , PRE Om
"R c

CLR

X7805

FDP Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-II

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.

VHDL Inference Code

architecture Behavioral of fdp is
begin

process (C, PRE) begin

if (PRE="1") then

Q<="1"

elsif (C event and C = "'1") then
Q<= D

end if;

end process;
end Behavi oral ;

Verilog Inference Code
al ways @ (posedge PRE or posedge C) begin

i f (PRE)
Q<=1
el se
Q<= D

end

VHDL Instantiation Template

-- Conponent Declaration for FDP should be placed
-- after architecture statement but before begin keyword

component FDP
-- synthesis translate_off
generic (
INNT : bit :="'1");
-- synthesis translate_on
port (Q: out STD ULCA C
C: in STD_ULQG G
D: in STD ULOA C
PRE : in STD ULOGQ O);
end conponent;

-- Conponent Attribute specification for FDP
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-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDP_instance_name : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDP should be pl aced
-- in architecture after the begin keyword

FDP_I NSTANCE_NAME : FDP
-- synthesis translate_off
generic map (
INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
D => user_D,
PRE => user _PRE);
Verilog Instantiation Template

FDP FDP_i nstance_nanme (.Q (user_Q,
.C (user_Q),
.D (user_D),
. PRE (user_PRE));

def param FDP_i nstance_nane. INI T = bit_val ue;

Commonly Used Constraints
BLKNM
HBLKNM
HU_SET
INIT

10B

LOC

REG
RLOC
TIMEGRP
TNM
U_SET
XBLKNM
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FDP 1

PRE

|

D Flip-Flop with Negative-Edge Clock and Asynchronous Preset

4?

FDP_1

lo

X3728

Architectures Supported

FDP_1
Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No

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.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate power-on 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_SPARTAN?2,
STARTUP_SPARTANS3, STARTUP_VIRTEX, or STARTUP_VIRTEX2 symbol.

Inputs Outputs
PRE Cc D Q
X X 1
! 1 1
0 ! 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.

VHDL Inference Code

architecture Behavioral of fdp_1 is
begi n
process (C, PRE) begin
if (PRE="1") then
Q<="1"
elsif (C event and C="'0") then
Q<=D
end if;
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end process;
end Behavi oral ;

Verilog Inference Code
al ways @ (posedge PRE or negedge C) begin

i f (PRE)
Q<=1
el se
Q<= D

end

VHDL Instantiation Template

-- Conponent Declaration for FDP_1 shoul d be pl aced
-- after architecture statenment but before begin keyword

component FDP_1
-- synthesis translate_off
generic (
INNT : bit :="1");
-- synthesis translate_on
port (Q: out STD ULCG C
C: in STD_ULQG G
D: in STD ULOA C
PRE : in STD ULOGQ O);
end conponent;

-- Conponent Attribute specification for FDP_1
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INNT of FDP_1_instance_nane : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDP_1 shoul d be placed
-- in architecture after the begin keyword

FDP_1_| NSTANCE_NAME : FDP_1
-- synthesis translate_off
generic map (

INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
D => user_D,
PRE => user _PRE);

Verilog Instantiation Template

FDP_1 FDP_1 instance_nane (.Q (user_Q),
.C (user_Q),
.D (user_D),
. PRE (user_PRE));

def param FDP_1_i nstance_name. INIT = bit_val ue;
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Commonly Used Constraints
BLKNM
HBLKNM
HU_SET
INIT

I0B

LOC

REG
RLOC
TIMEGRP
TNM
U_SET
XBLKNM

Libraries Guide
ISE 6.li

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

541


http://www.xilinx.com

STXILINX® FDP_1

542 www.xilinx.com Libraries Guide
1-800-255-7778 ISE 6.li


http://www.xilinx.com

FDPE 7 XILINX®

FDPE

D Flip-Flop with Clock Enable and Asynchronous Preset
Architectures Supported

FDPE

Spartan-Il, Spartan-11E Primitive

Spartan-3 Primitive

Virtex, Virtex-E Primitive

Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XCI9500XV, XC9500XL Primitive
CoolRunner XPLA3 Primitive
CoolRunner-II Primitive

PRE 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,

FDPE 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)

c | transition. When CE is Low, the clock transitions are ignored.

For XC9500/XV/XL, CoolRunner XPLA3, and CoolRunner-Il, the flip-flop is
X3721 asynchronously cleared, output Low, when power is applied. The power-on condition
can be simulated by applying a High-level pulse on the PRLD global net.

For XC9500XL and XC9500XV devices, logic connected to the clock enable (CE) input
may be implemented using the clock enable product term (p-term) in the macrocell,
provided the logic can be completely implemented using the single p-term available
for clock enable without requiring feedback from another macrocell. Only FDCE and
FDPE flip-flop primitives may take advantage of the clock-enable p-term.

w]
]

For Spartan-Il, Spartan-l1E, Spartan-3, Virtex, Virtex-E, Virtex-1l, Virtex-1l Pro, and
Virtex-1l Pro X, the flip-flop is asynchronously preset, output High, when power is
applied. These devices simulate power-on 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_SPARTAN?2,
STARTUP_SPARTANS3, STARTUP_VIRTEX, or STARTUP_VIRTEX2 symbol.

Inputs Outputs

PRE CE

X | X1 O
=

o|lo|lo|kr
P, oOo| X
Rlo| X|X| O
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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.

VHDL Inference Code

architecture Behavioral of fdpe is
begin
process (C, PRE) begin
if (PRE="1") then
Q<="1
elsif (C event and C = "'1") then
if (CE="1") then
Q<=D
end if;
end if;
end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge PRE or posedge C) begin
i f (PRE)
Q<= 1
else if (CE)
Q<= D
end

VHDL Instantiation Template

-- Conponent Decl aration for FDPE should be pl aced
-- after architecture statenment but before begin keyword

conponent FDPE
-- synthesis translate_off
generic (
INNT @ bit :="1");
-- synthesis translate_on
port (Q: out STD ULCG C;
C: in STD_ULQG C
CE : in STD _ULOG C;
D: in STD ULQA G,
PRE : in STD ULOGQ O);
end conponent;

-- Conponent Attribute specification for FDPE
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of

FDPE_i nst ance_nanme : |abel is "0";
-- values can be (0 or 1)
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-- Conponent Instantiation for FDPE shoul d be pl aced
-- in architecture after the begin keyword FDPE_| NSTANCE NAME : FDPE
-- synthesis translate_off
generic map (
INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
CE => user_CE,
D => user_D,
PRE => user_PRE);

Verilog Instantiation Template

FDPE FDPE_i nstance_nane (.Q (user_Q,
.C (user_Q),
. CE (user_CEF),
.D (user_D),
. PRE (user_PRE));

def param
FDPE_i nstance_nanme. INIT = bit_val ue;

Commonly Used Constraints

BLKNM, HBLKNM, HU_SET, INIT, IOB, LOC, REG, RLOC, TIMEGRP, TNM, U_SET,
and XBLKNM
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FDPE_1

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

he)
Py
m

FDPE_1

lo

SIRP
m

X3852

Architectures Supported

FDPE_1
Spartan-Il, Spartan-I1E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Primitive
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 No

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.

Spartan-11, Spartan-llE, Spartan-Ill, Virtex, Virtex-E, Virtex-11, Virtex-1l Pro, and
Virtex-1l1 Pro X simulate power-on 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_SPARTAN?2,
STARTUP_SPARTANS3, STARTUP_VIRTEX, or STARTUP_VIRTEX2 symbol.

Inputs Outputs
PRE CE D C Q
1 X X X 1
0 0 X X No Chg
0 1 1 ! 1
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.

VHDL Inference Code

architecture Behavioral of fdpe_ 1 is
begin

process (C, PRE) begin

if (PRE="1) then
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Q<="1%
elsif (C event and C="'0") then
if (CE="1") then

Q<= D
end if;
end if;

end process;

end Behavioral ;

Verilog Inference Code

al ways @ (posedge PRE or negedge C) begin
if (PRE)
Q<=1
else if (CE
Q<= D
end

VHDL Instantiation Template

-- Conponent Decl aration for FDPE_1 shoul d be pl aced
-- after architecture statenment but before begin keyword

component FDPE_1
-- synthesis translate_off
generic (
INNT : bit :="'1");
-- synthesis translate_on
port (Q: out STD ULCG C
C: in STD_ULQG G
CE : in STD ULGA C
D: in STD ULOA C
PRE : in STD ULOGQ O);
end conponent;

-- Conponent Attribute specification for FDPE 1
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDPE 1_instance_nane : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDPE_1 should be pl aced
-- in architecture after the begin keyword --

FDPE_1_| NSTANCE_NAME : FDPE_1
-- synthesis translate_off
generic map (

INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
CE => user_CE,
D => user_D,
PRE => user _PRE);
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Verilog Instantiation Template

FDPE_1 FDPE_1_instance_nane (.Q (user_Q,
.C (user_0QO),
. CE (user_CE),
.D (user_D),
. PRE (user_PRE));

def param FDPE_1_i nstance_nanme. INI T = bit_val ue;

Commonly Used Constraints
BLKNM
HBLKNM
HU_SET
INIT

10B

LOC

REG
RLOC
TIMEGRP
TNM
U_SET
XBLKNM
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FDR
FDR
D Flip-Flop with Synchronous Reset
Architectures Supported
FDR
Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XC9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-I1 Macro
— FDR is a single D-type flip-flop with data (D) and synchronous reset (R) inputs and
b < data output (Q). The synchronous reset (R) input, when High, overrides all other
c | 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 during the Low-to-High
R s clock transition.

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

For XC9500/XV/XL, CoolRunner XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

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

VHDL Inference Code

architecture Behavioral of fdr is
begi n

process (C) begin

if (C event and C ="'1") then
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if (R="'1") then
Q<="0"
el se
Q<= D
end if;
end if;
end process;
end Behavi oral ;

Verilog Inference Code

al ways @ (posedge C) begin
if (R
Q<=0
el se
Q<= D
end

VHDL Instantiation Template

-- Conponent Declaration for FDR should be placed
-- after architecture statenment but before begin keyword

component FDR
-- synthesis translate_off
generic (
INNT : bit :="'1");
-- synthesis translate_on
port (Q: out STD ULCG C
C: in STD_ULQG G
D: in STD ULOA C
R: in STD ULCd Q) ;
end conponent;

-- Conponent Attribute specification for FDR
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDR_instance_name : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDR shoul d be pl aced
-- in architecture after the begin keyword

FDR_| NSTANCE_NAME : FDR
-- synthesis translate_off
generic map (
INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
> user_D,
> user_R);

5562

www.xilinx.com Libraries Guide
1-800-255-7778 ISE 6.li


http://www.xilinx.com

FDR SXILINX®

Verilog Instantiation Template

FDR FDR_i nst ance_name (.Q (user_Q,
.C (user_Q),
.D (user_D),
.R (user _R));

def param FDR_i nstance_nane. INI T = bit_val ue;

Commonly Used Constraints
BLKNM
HBLKNM
HU_SET
INIT

0B

LOC

REG
RLOC
TIMEGRP
TNM
U_SET
XBLKNM
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FDR 1
D Flip-Flop with Negative-Edge Clock and Synchronous Reset
Architectures Supported
FDR_1
Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-I1 No
o [ ForR1 FDR_1is asingle D-type flip-flop with data (D) and synchronous reset (R) inputs and
] o data output (Q). The synchronous reset (R) input, when High, overrides all other
c [ inputs and resets the Q output Low on the High-to-Low clock (C) transition. The data
9 on the D input is loaded into the flip-flop when R is Low during the High-to-Low
g clock transition.

X8363

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

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

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

VHDL Inference Code

architecture Behavioral of fdr_1 is
begi n
process (C) begin
if (C event and C ="'0") then
if (R="1) then
Q<="0"
el se
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Q<=D
end if;
end if;
end process;
end Behavi oral ;

Verilog Inference Code
al ways @ (negedge C) begin

if (R
Q<=0

el se
Q<= D

end

VHDL Instantiation Template

-- Conponent Decl aration for
-- after architecture statenment but before begin keyword

conponent FDR 1

-- synthesis translate_off

generic (
INNT @ bit :="1");

-- synthesis translate_on
port (Q: out STD ULCG C;

C: in STD ULOG C
D: in STD ULOG C

R: in STD ULOG O);

end conponent;

-- Conponent Attribute specification for FDR 1
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;

attribute INIT of FDR 1 _instance_nane :

-- values can be (0 or 1)

-- Conponent Instantiation for
-- in architecture after the begin keyword

FDR 1 | NSTANCE NAME : FDR 1
-- synthesis translate_off

generic map (
INIT => bit_val ue)

-- synthesis translate_on

port map (Q => user_Q
C => user_C,
D => user_D,
R => user_R);

FDR_1 shoul d be pl aced

FDR_1 shoul d be pl aced
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Verilog Instantiation Template

FDR_ 1 FDR 1 _instance_nane (.Q (user_Q,
.C (user_Q),
.D (user_D),
.R (user _R));

def param FDR_1_i nstance_name. INIT = bit_val ue;

Commonly Used Constraints
BLKNM
HBLKNM
HU_SET
INIT

0B

LOC

REG
RLOC
TIMEGRP
TNM
U_SET
XBLKNM
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FDRE
D Flip-Flop with Clock Enable and Synchronous Reset
Architectures Supported
FDRE
Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-11, Virtex-1l Pro, Virtex-Il1 Pro X | Primitive
XC9500, XC9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-l11 Macro
o [ ForE | o FDRE is a single D-type flip-flop with data (D), clock enable (CE_), and synchro_nous
cE | — reset (R) inputs and data output (Q). The synchronous reset (R) input, when High,
c | 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
R X3719 is High during the Low-to-High clock transition.

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

For XC9500/XV/XL, CoolRunner XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs
R CE D C Q
1 X X 1 0
0 0 X X No Chg
0 1 1 1 1
0 1 0 1 0
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FDRE Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-I|

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.

VHDL Inference Code

architecture Behavioral of fdre is
begin
process (C) begin
if (C event and C="1") then
if (R="1) then

Q<="0";

elsif (CE="1) then
Q<= D

end if;

end if;
end process;
end Behavi oral ;

Verilog Inference Code
al ways @ (posedge C) begin

if (R
Q<=0
else if (CE)
Q<= D

end

VHDL Instantiation Template

-- Conponent Decl aration for FDRE shoul d be placed
-- after architecture statenment but before begin keyword

component FDRE
-- synthesis translate_off
generic (

560

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

Libraries Guide
ISE 6.li


http://www.xilinx.com

FDRE

SUXILINX®

INNT : bit :="1");

-- synthesis translate_on
port (Q: out STD ULCG C

C: in STD_ULQOG G

CE : in STD ULOG C;

D: in STD ULOA C

R: in STD ULCd O);

end conponent;

-- Conponent Attribute specification for FDRE
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDRE_ instance_nane : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDRE shoul d be pl aced
-- in architecture after the begin keyword

FDRE_| NSTANCE_NAME : FDRE
-- synthesis translate_off
generic map (
INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
CE => user_CE,
D => user_D,
R => user_R);

Verilog Instantiation Template

FDRE FDRE i nstance_nane (.Q (user_Q,
.C (user_Q),
. CE (user_CE),
.D (user_D),
.R (user _R));

def param FDRE_i nst ance_nane. INI T = bit_val ue;

Commonly Used Constraints

BLKNM, HBLKNM, HU_SET, INIT, IOB, LOC, REG, RLOC, TIMEGRP, TNM, U_SET,

XBLKNM
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FDRE_1
D Flip-Flop with Negative-Clock Edge, Clock Enable, and Synchronous
Reset
Architectures Supported
FDRE_1
Spartan-Il, Spartan-I1E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Primitive
XC9500, XC9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-II No
o [ ForRE_1 FDRE_1 is a single D-type flip-flop with data (D), clock enable (CE), and synchronous
£ o reset (R) inputs and data output (Q). The synchronous reset (R) input, when High,
c overrides all other inputs and resets the Q output Low on the High-to-Low clock (C)
-9 transition. The data on the D input is loaded into the flip-flop when R is Low and CE
R is High during the High-to-Low clock transition.

X8364

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

Spartan-11, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-1l, Virtex-11 Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTAN3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs
R CE D C Q
1 X X ! 0
0 0 X X No Chg
0 1 1 ! 1
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.

VHDL Inference Code

architecture Behavioral of fdre_ 1 is
begin
process (C) begin
if (C event and C ="'0") then
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if (R="1) then
Q<="0";
elsif (CE="1") then
Q<= D
end if;
end if;
end process;
end Behavioral ;

Verilog Inference Code

al ways @ (negedge C) begin
if (R
Q<=0
else if (CE
Q<= D
end

VHDL Instantiation Template

-- Conponent Declaration for FDRE_1 shoul d be pl aced
-- after architecture statenment but before begin keyword

component FDRE_1
-- synthesis translate_off
generic (
INNT : bit :="'1");
-- synthesis translate_on
port (Q: out STD ULCG C
C: in STD_ULQG G
CE : in STD ULGA C
D: in STD ULOA C
R: in STD ULCd O);
end conponent;

-- Conponent Attribute specification for FDRE 1
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDRE 1_instance_nane : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDRE_1 should be pl aced
-- in architecture after the begin keyword

FDRE_1 | NSTANCE_NAME : FDRE_1
-- synthesis translate_off
generic map (

INIT => bit_val ue)
-- synthesis translate_on
port map (Q => user_Q
C => user_C,
CE => user_CE,
D => user_D,
R => user_R);
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Verilog Instantiation Template

FDRE_1 FDRE_1_instance_nane (.Q (user_Q,

def param FDRE_1_i nstance_nanme. INI T = bit_val ue;

Commonly Used Constraints

.C (user_0QO),

. CE (user_CE),
.D (user_D),
.R (user _R));

BLKNM, HBLKNM, HU_SET, INIT, IOB, LOC, REG, RLOC, TIMEGRP, TNM, U_SET,

XBLKNM
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FDRS
D Flip-Flop with Synchronous Reset and Set
Architectures Supported
FDRS
Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-11, Virtex-11 Pro, Virtex-11 Pro X | Primitive
XC9500, XC9500XV, XC9500XL Macro
CoolRunner XPLA3 Macro
CoolRunner-II Macro
s 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,
o | FDRS | o overrides all other inputs and resets the Q output Low during the Low-to-High clock
c (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

i

X3731

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 XC9500/XV/XL, CoolRunner XPLAS3, and CoolRunner-Il, the power-on
condition can be simulated by applying a High-level pulse on the PRLD global net.

Spartan-Il, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-Il Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTANS3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

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

AND2B1

D Q
AND2B1 OR2

Q

X7811

FDRS Implementation XC9500/XV/XL, CoolRunner XPLA3, CoolRunner-Il|

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.

VHDL Inference Code

architecture Behavioral of fdrs is
begin
process (C) begin
if (C event and C="'1") then
if (R="1) then

Q<="0

elsif (S="1") then
Q<= "1

el se

Q<=D

end if;

end if;

end process;
end Behavi oral ;

Verilog Inference Code
al ways @ (posedge C) begin

if (R
Q<=0
else if (9
Q<=1
el se
Q<= D

end

VHDL Instantiation Template

-- Conponent Decl aration for FDRS should be placed
-- after architecture statement but before begin keyword

component FDRS
-- synthesis translate_off
generic (
INNT : bit :="'1");
-- synthesis translate_on
port (Q: out STD ULCG C
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in STD_ULCQG C;
in STD_ULCQG C;
in STD _ ULOJ C;
in STD ULOGE Q) ;
end conponent;

nwoVOO

-- Conponent Attribute specification for FDRS
-- shoul d be placed after architecture declaration but
-- before the begin keyword

attribute INIT : string;
attribute INIT of FDRS_instance_nane : |abel is "0";
-- values can be (0 or 1)

-- Conponent Instantiation for FDRS shoul d be pl aced
-- in architecture after the begin keyword

FDRS_| NSTANCE_NAME : FDRS

-- synthesis translate_off

generic map (

INIT => bit_val ue)

-- synthesis translate_on

port map (Q => user_Q
user_C,
user _D,
user _R,
user_S);

»wXOO
I nn
V V VYV

Verilog Instantiation Template

FDRS FDRS i nstance_nane (.Q (user_Q,
.C (user_Q),
.D (user_D),
.R (user_R),
.S (user_9));

def param FDRS_i nst ance_nane. INI T = bit_val ue;

Commonly Used Constraints

BLKNM, HBLKNM, HU_SET, INIT, IOB, LOC, REG, RLOC, TIMEGRP, TNM, U_SET,

XBLKNM
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FDRS_1 SXILINX®

FDRS 1

D Flip-Flop with Negative-Clock Edge and Synchronous Reset and Set
Architectures Supported

FDRS_1
Spartan-Il, Spartan-11E Primitive
Spartan-3 Primitive
Virtex, Virtex-E Primitive
Virtex-Il, Virtex-1l Pro, Virtex-11 Pro X | Primitive
XC9500, XCI9500XV, XC9500XL No
CoolRunner XPLA3 No
CoolRunner-11 No

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,
FDRS_1 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.

i

lo

[ A)O |U

X8365
The flip-flop is asynchronously cleared, output Low, when power is applied.

Spartan-11, Spartan-lIE, Spartan-3, Virtex, Virtex-E, Virtex-Il, Virtex-11 Pro, and Virtex-
Il Pro X simulate 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_SPARTANZ2, STARTUP_SPARTAN3, STARTUP_VIRTEX,
or STARTUP_VIRTEX2 symbol.

Inputs Outputs
c Q

olo|lo|r| =
oo~ | X| W0
ol | X | X| O
ol | r|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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VHDL Inference Code

architecture Behavioral of fdrs_1 is
begi n
process (C) begin
if (C event and C ="