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Chapter 1

Xilinx Unified Libraries

Overview

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 latest catalog of design
elements are known as “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 effi-
cient for a particular architecture. A separate library still exists for
each architecture and common symbols are duplicated in each one,
which is necessary for simulation (especially board level) where
timing depends on a particular architecture.

Note: OrCAD symbols differ in appearance. They do not support
busing; each input and output pin appears on the symbol. Inputs and
outputs only appear on the left and right sides of symbols, respec-
tively (none appear on the top or bottom).

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 new Unified
Libraries’ elements.

The XACT Libraries Guide describes the primitive and macro logic
elements available in the new Unified Libraries for XC2000, XC3000,
XC4000, and XC7000 architectures. Common logic functions can be
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implemented with these elements and more complex functions can be
built by combining macros and primitives. Several hundred design
elements (primitives and macros) are available across multiple device
architectures, providing a common base for programmable logic
designs.

This libraries guide provides a functional selection guide, describes
the design elements, and addresses attributes, constraints, and carry
logic.

This book is organized into four parts.

« Xilinx Unified Libraries

« Selection guide

« Design elements

. Constraints, attributes, and carry logic

Xilinx Unified Libraries

This chapter describes the Unified Libraries, briefly discusses the
contents of the other chapters, the general naming conventions, and
performance issues.

Selection Guide

The “Selection Guide” briefly describes, then tabularly lists the macro
logic elements that are described in detail in the “Design Elements”
chapter. The tables included in this section are organized into func-
tional categories specifying all the available elements from each of the
XC2000, XC3000, XC4000, and XC7000 families. Also included are
tables that list Unified Libraries’ replacements for existing and obso-
lete elements for each family.

Design Elements

1-2

Design elements are organized in alphanumeric order, with all
numeric suffixes in ascending order. For example, ADD4 precedes
ADDS8 and FDR precedes FDRS.

The following information is provided for each library element.

« Graphic symbol
« Functional description

Xilinx Development System
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« Primitive versus macro table
. Truth table (when applicable)
. Topology (when applicable)

« Schematic for macros

Note: Schematics are included for each architecture if the implemen-
tation differs. Also, design elements with bused or multiple 170 pins
typically include just one schematic — generally the 8-bit version. (In
cases where no 8-bit version exists, an appropriate smaller or larger
element serves as the schematic example.)

Attributes, Constraints, and Carry Logic

Libraries Guide

The “Attributes, Constraints, and Carry Logic” chapter provides
information on all attributes and constraints. Attributes are instruc-
tions placed on symbols or nets in a schematic to indicate their place-
ment, implementation, naming, directionality, and so forth.
Constraints are a type of attribute used only to indicate where an
element should be placed. The chapter describes Partition, Place, and
Route (PPR) constraints, in particular, the relative location (RLOC)
constraint, as well as Relationally Placed Macros (RPMs), and carry
logic.
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Naming Conventions

Examples of the general naming conventions for the Unified Libraries
are shown in the following figures.

Example 1
FUNCTION SIZE CONTROL PINS
Counter, Binary 4-Bit
Clear (Asynchronous)
Load
Clock Enable
r Bi-Directional
/—/\—\
—_—
Precendence of Control Pins
Example 2
FUNCTION SIZE CONTROL PINS
Flip-Flop, D-type 16-Bit
p-riop vP Reset (Synchronous)
\ Clock Enable
z—/\—\
—_—

X4565 ’
Precendence of Control Pins

Figure 1-1 Naming Conventions

Logic Function j_
Number of Inputs

Inverting (Bubble) Inputs

Number of Inverting Inputs
X4316

Figure 1-2 Combinatorial Naming Conventions

Refer to the Selection Guide for examples of functional component
naming conventions.

1-4 Xilinx Development System



Xilinx Unified Libraries

Flip-Flop, Counter, and Register Performance

Libraries Guide

All counter, register, and storage functions are derived from the flip-
flops (and latches in XC2000) available in the Configurable Logic
Blocks (CLBs).

The D flip-flop is the basic building block for all four 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 XC2000 and XC7000 flip-flops have both Clear and Preset
inputs.

PRE

|

FDCP

‘U
o

Q (¢}
ka ‘

LI X4397

The XC3000 has a direct-connect Clock Enable input and a Clear
input.

FDCE

‘(7 ‘(j ‘cj
m
LD

X3717

@]
By

Ll

The XC4000 has a direct-connect Clock Enable input and a choice of
either the Clear or the Preset inputs, but not both.

o

RE

FDCE

)

FDPE

‘O‘O‘U
m
‘O

IR
m

X3717

0

LR

X3721
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1-6

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 (C)

« Asynchronous Preset (PRE)

« Synchronous Set (S)

« Synchronous Reset (R)

« Load Enable (L)

« Shift Left/Right (LEFT)

« Clock Enable (CE)

Note: The asynchronous C and PRE inputs, by definition, have prior-
ity over all the synchronous control and clock inputs.

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. In method 2,
CE is implemented using function generator logic. CE takes prece-
dence over the L, S, and R inputs in method 1. CE has the same
priority as the L, S, and R inputs in method 2. The method used in a
particular macro is indicated in the macro’s description.
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CE
C1 CE
i EC i QT
Function c1 Function
Generator] Generator]
Cc2 Cc2
C C
Cl CE J QM
Function EC C1 Function
c2 Generator, c2 Generator
C C
Method 1 Method 2
CE implemented CE implemented as a
using dedicated EC pin. function generator input.

X4675

Figure 1-3 Clock Enable Implementation Methods
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Chapter 2

The Selection Guide briefly describes, then tabularly lists the macro
logic elements that are described in detail in the “Design Elements”
chapter. The tables included in this section are organized into func-
tional categories specifying all the available macros from each of the
XC2000, XC3000, XC4000, and XC7000 families. The tables categorize
the elements into sub-categories based on similar functions. The
sequence of each sub-category is based on an ascending order of

complexity. The categories are as follows.

Arithmetic functions
Buffers

Comparators

Counters

Data registers
Decoders

Edge decoders
Encoders

Flip-Flops

General

Input/output flip-flops
Input/output functions
Input latches

Latches

Logic primitives

Map elements

Memory elements

Libraries Guide — 0401410 01
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« Multiplexers
« PLD elements
« Shift registers
. Shifters

The elements from each architecture that provide the same function
are listed adjacent to each other in the table, even though they might
not have the same name. For particular elements, use the name speci-
fied for the architecture of interest.

Note: When converting your design between FPGA families, use
macros that have equivalent functions in each of the families to mini-
mize re-designing.

There are a number of standard TTL 7400-type functions in the
XC2000, XC3000, XC4000, and XC7000 architectures. All 7400-type
functions are in alphanumeric order starting with “X,” and the
numeric sequence uses ascending numbers following the “74” prefix.
For example, X74_42 precedes X74_138.

Functional Categories

2-2

The following sections briefly describe, then tabularly list the Unified
Libraries design element functions by category. Elements are listed in
alphanumeric order according to architecture in each applicable
architecture column. N/A means the element does not exist in that
particular architecture.

Following these functional listings, replacement and obsolete
elements are discussed.
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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

Figure 2-1 ADSU Carry-Out and Overflow Boundaries

XC2000 | XC3000 | XC4000 XC7000 Description

ACC1 N/ZA N/ZA ACC1 1-Bit Accumulator with Carry-In,
Carry-Out, and Synchronous Reset

N/A N/A N/A ACCI1X1 1-Bit Accumulator with Carry-Out for
EPLD

N/A N/A N/A ACC1X2 1-Bit Accumulator with Carry-In and
Carry-Out for EPLD

N/A ACC4 ACC4 ACC4 4-Bit Accumulator with Carry-In,
Carry-Out, and Synchronous Reset

N/A N/A N/A ACC4X1 4-Bit Accumulator with Carry-Out for
EPLD

N/A N/A N/ZA ACC4X2 4-Bit Accumulator with Carry-In and
Carry-Out for EPLD

N/ZA ACC8 ACCs8 ACCs8 8-Bit Accumulator with Carry-In,
Carry-Out, and Synchronous Reset

Libraries Guide
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XC2000 | XC3000 | XC4000 XC7000 Description

N/A N/A N/A ACC8X1 8-Bit Accumulator with Carry-Out for
EPLD

N/A N/A N/A ACC8X2 8-Bit Accumulator with Carry-In and
Carry-Out for EPLD

N/A ACC16 ACC16 ACC16 16-Bit Accumulator with Carry-In,
Carry-Out, and Synchronous Reset

N/A N/ZA N/ZA ACC16X1 16-Bit Accumulator with Carry-Out for
EPLD

N/A N/A N/ZA ACC16X2 16-Bit Accumulator with Carry-In and
Carry-Out for EPLD

ADD1 N/A N/A ADD1 1-Bit Full Adder with Carry-In and
Carry-Out

N/A N/A N/A ADD1X1 1-Bit Adder with Carry-Out for EPLD

N/A N/A N/A ADD1X2 1-Bit Adder with Carry-In and Carry-
Out for EPLD

N/A ADD4 ADDA4 ADD4 4-Bit Cascadable Full Adder with
Carry-In and Carry-Out

N/A N/ZA N/ZA ADD4X1 4-Bit Adder with Carry-Out for EPLD

N/A N/A N/ZA ADD4X2 4-Bit Adder with Carry-In and
Carry-Out for EPLD

N/A ADDS8 ADDS8 ADDS8 8-Bit Cascadable Full Adder with
Carry-In and Carry-Out

N/A N/A N/A ADD8X1 8-Bit Adder with Carry-Out for EPLD

N/A N/A N/A ADD8X2 8-Bit Adder with Carry-In and
Carry-Out for EPLD

N/A ADD16 ADD16 ADD16 16-Bit Cascadable Full Adder with
Carry-In and Carry-Out

N/A N/ZA N/ZA ADD16X1 | 16-Bit Adder with Carry-Out for EPLD

N/A N/A N/ZA ADD16X2 | 16-Bit Adder with Carry-In and
Carry-Out for EPLD

ADSU1 N/A N/A ADSU1 1-Bit Adder/Substracter with Carry-In
and Carry-Out

N/A N/A N/A ADSU1X1 | 1-Bit Adder/Subtracter with
Carry-Out for EPLD

N/A N/A N/A ADSU1X2 | 1-Bit Adder/Subtracter with Carry-In
and Carry-Out for EPLD

N/A ADSU4 | ADSU4 | ADSU4 4-Bit Cascadable Adder/Subtracter
with Carry-In and Carry-Out
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XC2000 | XC3000 | XC4000 XC7000 Description
N/A N/A N/A ADSU4X1 | 4-Bit Adder/Subtracter with
Carry-Out for EPLD
N/A N/A N/A ADSU4X2 | 4-Bit Adder/Subtracter with Carry-In
and Carry-Out for EPLD
N/A ADSU8 | ADSU8 | ADSUS8 8-Bit Adder/Subtracter with Carry-In,
Carry-Out, and Overflow
N/A N/A N/A ADSUB8X1 | 8-Bit Adder/Subtracter with
Carry-Out for EPLD
N/ZA N/ZA N/ZA ADSU8X2 | 8-Bit Adder/Subtracter with Carry-In
and Carry-Out for EPLD
N/A ADSU16 | ADSU16 | ADSU16 16-Bit Adder/Subtracter with
Overflow
N/A N/A N/A ADSU16X1 | 16-Bit Adder/Subtracter with
Carry-Out for EPLD
N/A N/A N/A ADSU16X2 | 16-Bit Adder/Subtracter with
Carry-In and Carry-Out for EPLD
X74_280 | X74_280 |X74_280 |X74_280 9-Bit Odd/Even Parity Generator/
Checker
X74 283 | X74 283 | X74 283 | X74_283 4-Bit Full Adder with Carry-In and
Carry-Out
Buffers
The buffers in this section route high fan-out signals, 3-state signals,
and clocks inside a PLD device. The “Input/Output Functions”
section later in this chapter covers off-chip interface buffers.
XC2000 XC3000 XC4000 XC7000 Description
ACLK ACLK N/A N/A Alternate Clock Buffer
BUF BUF BUF BUF General Purpose Buffers
N/A N/A N/A BUF4,
BUFS,
BUF16
N/A N/A N/A BUFCE Global Clock-Enable Input Buffer
for EPLD

Libraries Guide
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XC2000 XC3000 XC4000 XC7000 Description
N/A BUFE, BUFE, BUFE, Internal 3-State Buffers with
BUFEA4, BUFE4, BUFEA4, Active-High Enable
BUFES, BUFES, BUFES,
BUFE16 BUFE16 BUFE16
N/A N/A N/A BUFFOE Global Fast-Output-Enable (FOE)
Input Buffer for EPLD
BUFG BUFG BUFG BUFG Global Clock Buffer
N/A N/ZA BUFGP BUFGP Primary Global Buffer for Driving
Clocks or Longlines (4 per device)
N/A N/ZA BUFGS BUFGS Secondary Global Buffer for Driv-
ing Clocks or Longlines
N/A N/A BUFOD N/A Open-Drain Buffer
N/A BUFT, BUFT, BUFT, Internal 3-State Buffers with
BUFTA4, BUFT4, BUFT4, Active-Low Enable
BUFTS, BUFTS, BUFTS,
BUFT16 BUFT16 BUFT16
GCLK GCLK N/A N/A Global Clock Buffer
Comparators
There are two types of comparators, identity (COMP) and magnitude
(COMPM).
XC2000 XC3000 XC4000 XC7000 Description
COMP?2 COMP?2 COMP2 COMP?2 2-Bit Identity Comparator
COMP4 COMP4 COMP4 COMP4 4-Bit Identity Comparator
COMPS8 COMPS8 COMPS8 COMPS8 8-Bit Identity Comparator
COMP16 |COMP16 |COMP16 COMP16 16-Bit Identity Comparator
COMPM2 | COMPM2 | COMPM?2 COMPM2 | 2-Bit Magnitude Comparator
COMPM4 | COMPM4 | COMPM4 COMPM4 | 4-Bit Magnitude Comparator
COMPM8 | COMPM8 | COMPMS8 COMPMS8 | 8-Bit Magnitude Comparator
COMPM16 | COMPM16 | COMPM16 | N/A 16-Bit Magnitude Comparator
N/A N/ZA COMPMC8 | N/A 8-Bit Magnitude Comparator
N/A N/ZA COMPMC16 | N/A 16-Bit Magnitude Comparator
X74_185 X74_185 X74_185 X74_185 4-Bit Expandable Magnitude
Comparator
2-6 Xilinx Development System
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XC2000 XC3000 XC4000 XC7000 Description
X74 518 X74_518 X74 518 X74_518 8-Bit Identity Comparator with
Active-Low Enable
X74 521 X74 521 X74 521 X74 521 8-Bit Identity Comparator with
Active-Low Enable and Output
Counters

Libraries Guide

There are six types of counters with various synchronous and asyn-
chronous 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.

CB16CLED

Counter Q
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

X4577

Figure 2-2 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 illus-
trates a carry-lookahead design.
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RCO
ENP
ENT

RCO

ENP
ENT

Vce RCO

ENP
ENT

Vce

RCO
ENP

CE ENT

X4719

Figure 2-3 Carry-Lookahead Design

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 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.
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XC2000

XC3000

XC4000

XC7000

Description

CB2CE

CB2CE

CB2CE

CB2CE

2-Bit Cascadable Binary Counter
with Clock Enable and Asynchro-
nous Clear

CB2CLE

CB2CLE

CB2CLE

CB2CLE

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

CB2CLED

CB2CLED

CB2CLED

CB2CLED

2-Bit Loadable Cascadable Bidi-
rectional Binary Counter with
Clock Enable and Asynchronous
Clear

CB2RE

CB2RE

CB2RE

CB2RE

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

N/A

N/A

N/A

CB2RLE

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

N/A

N/A

N/A

CB2X1

2-Bit Loadable Cascadable Bidi-
rectional Binary Counter with
Asynchronous Clear for EPLD

N/A

N/A

N/A

CB2X2

2-Bit Loadable Cascadable Bidi-
rectional Binary Counter with
Synchronous Reset for EPLD

CB4CE

CB4ACE

CB4CE

CB4ACE

4-Bit Cascadable Binary Counter
with Clock Enable and Asynchro-
nous Clear

CB4CLE

CB4ACLE

CB4CLE

CB4CLE

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

CB4CLED

CB4CLED

CB4CLED

CB4CLED

4-Bit Loadable Cascadable Bidi-
rectional Binary Counter with
Clock Enable and Asynchronous
Clear

CB4RE

CB4RE

CB4RE

CB4RE

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

Libraries Guide
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XC2000

XC3000

XC4000

XC7000

Description

N/A

N/A

N/A

CB4RLE

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

N/A

N/A

N/A

CB4X1

4-Bit Loadable Cascadable Bidi-
rectional Binary Counter with
Asynchronous Clear for EPLD

N/A

N/A

N/A

CB4X2

4-Bit Loadable Cascadable Bidi-
rectional Binary Counter with
Synchronous Reset for EPLD

CB8CE

CB8CE

CB8CE

CB8CE

8-Bit Cascadable Binary Counter
with Clock Enable and Asynchro-
nous Clear

CB8CLE

CB8CLE

CB8CLE

CB8CLE

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

CB8CLED

CB8CLED

CB8CLED

CB8CLED

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

CB8RE

CB8RE

CB8RE

CB8RE

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

N/A

N/A

N/A

CB8RLE

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

N/A

N/A

N/A

CB8X1

8-Bit Loadable Cascadable Bidi-
rectional Binary Counter with
Asynchronous Clear for EPLD

N/A

N/A

N/A

CB8X2

8-Bit Loadable Cascadable Bidi-
rectional Binary Counter with
Synchronous Reset for EPLD

CB16CE

CB16CE

CB16CE

CB16CE

16-Bit Cascadable Binary Counter
with Clock Enable and Asynchro-
nous Clear

CB16CLE

CB16CLE

CB16CLE

CB16CLE

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

2-10
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XC2000

XC3000

XC4000

XC7000

Description

CB16CLED

CB16CLED

CB16CLED

CB16CLED

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

CB16RE

CB16RE

CB16RE

CB16RE

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

N/A

N/A

N/A

CB16RLE

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

N/A

N/A

N/A

CB16X1

16-Bit Loadable Cascadable Bidi-
rectional Binary Counter with
Asynchronous Clear for EPLD

N/A

N/A

N/A

CB16X2

16-Bit Loadable Cascadable Bidi-
rectional Binary Counter with
Synchronous Reset for EPLD

N/A

N/A

CC8CE

N/A

8-Bit Cascadable Binary Counter
with Clock Enable and Asynchro-
nous Clear

N/A

N/A

CC8CLE

N/A

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

N/A

N/A

CC8CLED

N/A

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

N/A

N/A

CC8RE

N/A

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

N/A

N/A

CC16CE

N/A

16-Bit Cascadable Binary Counter
with Clock Enable and Asynchro-
nous Clear

N/A

N/A

CC16CLE

N/A

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

Libraries Guide
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XC2000

XC3000

XC4000

XC7000

Description

N/A

N/A

CC16CLED

N/A

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

N/A

N/A

CC16RE

N/A

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

CDA4CE

CDA4CE

CD4CE

CDA4CE

4-Bit Cascadable BCD Counter
with Clock Enable and Asynchro-
nous Clear

CDA4CLE

CDA4CLE

CDA4CLE

CDA4CLE

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

CD4RE

CD4RE

CD4RE

CD4RE

4-Bit Cascadable BCD Counter
with Clock Enable and Synchro-
nous Reset

CD4RLE

CD4RLE

CD4RLE

CD4RLE

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

CJ4ACE

CJ4CE

CJ4ACE

CJ4CE

4-Bit Johnson Counter with Clock
Enable and Asynchronous Clear

CJARE

CJARE

CJARE

CJARE

4-Bit Johnson Counter with Clock
Enable and Synchronous Reset

CJI5CE

CJ5CE

CJ5CE

CJ5CE

5-Bit Johnson Counter with Clock
Enable and Asynchronous Clear

CJ5RE

CJ5RE

CJ5RE

CJ5RE

5-Bit Johnson Counter with Clock
Enable and Synchronous Reset

CJ8CE

CJ8CE

CJ8CE

CJ8CE

8-Bit Johnson Counter with Clock
Enable and Asynchronous Clear

CJ8RE

CJ8RE

CJ8RE

CJ8RE

8-Bit Johnson Counter with Clock
Enable and Synchronous Reset

CR8CE

CR8CE

CR8CE

CR8CE

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

CR16CE

CR16CE

CR16CE

CR16CE

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

2-12
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XC2000

XC3000

XC4000

XC7000

Description

X74_160

X74_160

X74_160

X74_160

4-Bit Loadable Cascadable BCD
Counter with Parallel and Trickle
Enables and Asynchronous Clear

X74_161

X74_161

X74_161

X74_161

4-Bit Loadable Cascadable Binary
Counter with Parallel and Trickle
Enables and Asynchronous Clear

X74_162

X74_162

X74_162

X74_162

4-Bit Loadable Cascadable BCD
Counter with Parallel and Trickle
Enables and Synchronous Reset

X74_163

X74_163

X74_163

X74_163

4-Bit Loadable Cascadable Binary
Counter with Parallel and Trickle
Enables and Synchronous Reset

X74_168

X74_168

X74_168

X74_168

4-Bit Loadable Cascadable Bidi-
rectional BCD Counter with Par-
allel and Trickle Enables

X74_390

X74_390

X74_390

X74_390

4-Bit BCD/Bi-Quinary Ripple
Counter with Negative-Edge
Clocks and Asynchronous Clear
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Data Registers

There are three TTL 7400-type data registers designed to function
exactly as the TTL elements for which they are named.

XC2000 XC3000 XC4000 XC7000 Description
X74_174 X74_174 X74_174 X74_174 6-Bit Data Register with Active-
Low Asynchronous Clear
X74_273 X74_273 X74_273 X74_273 8-Bit Data Register with Active-
Low Asynchronous Clear
X74_377 X74_377 X174 377 X74_377 8-Bit Data Register with Active-
Low Clock Enable
Decoders
Decoder names, shown in the following figure, indicate the number
of inputs and outputs and if an enable is available. Decoders with an
enable can be used as multiplexers. This group includes some stan-
dard TTL 7400-type decoders whose names have an “X74” prefix.
D2 4E
Decoder j_
Number of Inputs
Number of Outputs
Output Enable
Figure 2-4 Decoder Naming Convention
XC2000 XC3000 XC4000 XC7000 Description
D2 4E D2 4E D2_4E D2_4E 2- to 4-Line Decoder/Demulti-
plexer with Enable
D3 8E D3 8E D3 8E D3 8E 3- to 8-Line Decoder/Demulti-
plexer with Enable
D4 16E D4 16E D4 16E D4 16E 4- to 16-Line Decoder/Demulti-
plexer with Enable
X74_42 X74_42 X74_42 X74_42 4- to 10-Line BCD-to-Decimal
Decoder with Active-Low Outputs
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XC2000

XC3000

XC4000

XC7000

Description

X74_138

X74_138

X74_138

X74_138

3- to 8-Line Decoder/Demulti-
plexer with Active-Low Outputs
and Three Enables

X74_139

X74_139

X74_139

X74_139

2- to 4-Line Decoder/Demulti-
plexer with Active-Low Outputs
and Active-Low Enable

X74_154

X74_154

X74_154

X74_154

4- to 16-Line Decoder/Demulti-
plexer with Two Enables and
Active-Low Outputs

Edge Decoders

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

XC2000 XC3000 XC4000 XC7000 Description
N/A N/A DECODE4 N/A 4-Bit Active-Low Decoder
N/A N/A DECODES N/A 8-Bit Active-Low Decoder
N/A N/A DECODEL16 N/A 16-Bit Active-Low Decoder
Encoders
There are two priority encoders (ENCPR) that function like the TTL
7400-type elements they are named after. There is a 10- to 4-line BCD
encoder and an 8- to 3-line binary encoder.
XC2000 XC3000 XC4000 XC7000 Description
X74_147 X74_147 X74_147 X74_147 | 10- to 4-Line Priority Encoder with
Active-Low Inputs and Outputs
X74_148 X74_148 X74_148 X74_148 | 8- to 3-Line Cascadable Priority
Encoder with Active-Low Inputs
and Outputs
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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.

FDPE_1

Flip-Flop

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

Asynchronous Preset (P)

Asynchronous Clear (C)
Synchronous Set (S)
Synchronous Reset (R)

Clock Enable

Inverted Clock

]

— |

X4579

Figure 2-5 Flip-Flop Naming Convention

XC2000 XC3000 XC4000 XC7000 Description
FD FD FD FD Single and Multiple D Flip-Flops
N/A N/A N/A FD4,
FDS,
FD16
FD4CE FD4CE FD4CE FD4CE 4-Bit Data Register with Clock
Enable and Asynchronous Clear
FD4RE FD4RE FD4RE FD4RE 4-Bit Data Register with Clock
Enable and Synchronous Reset
FD8CE FD8CE FD8CE FD8CE 8-Bit Data Register with Clock
Enable and Asynchronous Clear
FDSRE FD8RE FDSRE FDSRE 8-Bit Data Register with Clock
Enable and Synchronous Reset
FD16CE FD16CE FD16CE FD16CE 16-Bit Data Register with Clock
Enable and Asynchronous Clear
FD16RE FD16RE FD16RE FD16RE 16-Bit Data Register with Clock
Enable and Synchronous Reset
FD 1 FD_1 FD_1 N/A D Flip-Flop with Negative-Edge
Clock
2-16 Xilinx Development System
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XC2000 XC3000 XC4000 XC7000 Description

FDC FDC FDC FDC D Flip-Flop with Asynchronous
Clear

FDC_1 FDC_1 FDC_1 N/A D Flip-Flop with Negative-Edge
Clock and Asynchronous Clear

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

FDCE_1 FDCE_1 FDCE_1 N/ZA D Flip-Flop with Negative-Edge

Clock, Clock Enable, and Asyn-
chronous Clear

FDCP N/A N/ZA FDCP D Flip-Flop with Asynchronous
Preset and Clear

FDCPE N/A N/A FDCPE D Flip-Flop with Clock Enable and
Asynchronous Preset and Clear

N/A N/A FDP FDP D Flip-Flop with Asynchronous
Preset

N/A N/A FDP_1 N/A D Flip-Flop with Negative-Edge
Clock and Asynchronous Preset

N/A N/A FDPE FDPE D Flip-Flop with Clock Enable and
Asynchronous Preset

N/ZA N/ZA FDPE_1 N/ZA D Flip-Flop with Negative-Edge

Clock, Clock Enable, and Asyn-
chronous Preset

FDR FDR FDR FDR D Flip-Flop with Synchronous
Reset

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

FDRS FDRS FDRS FDRS D Flip-Flop with Synchronous

Reset and Synchronous Set

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

FDS FDS FDS FDS D Flip-Flop with Synchronous Set

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

FDSR FDSR FDSR FDSR D Flip-Flop with Synchronous Set
and Reset

FDSRE FDSRE FDSRE FDSRE D Flip-Flop with Synchronous Set

and Reset and Clock Enable
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XC2000 XC3000 XC4000 XC7000 Description

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

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

FIKCP N/A N/A FIKCP J-K Flip-Flop with Asynchronous
Clear and Preset

FIKCPE N/ZA N/ZA FIKCPE J-K Flip-Flop with Asynchronous
Clear and Preset and Clock Enable

N/A N/ZA FIKP FIKP J-K Flip-Flop with Asynchronous
Preset

N/A N/A FIKPE FIKPE J-K Flip-Flop with Clock Enable
and Asynchronous Preset

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

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

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

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

FTCLE FTCLE FTCLE FTCLE Toggle/Loadable Flip-Flop with
Toggle and Clock Enable and Asyn-
chronous Clear

FTCP N/A N/A FTCP Toggle Flip-Flop with Toggle
Enable and Asynchronous Clear
and Preset

FTCPE N/A N/A FTCPE Toggle Flip-Flop with Toggle and
Clock Enable and Asynchronous
Clear and Preset

FTCPLE N/A N/A FTCPLE Loadable Toggle Flip-Flop with
Toggle and Clock Enable and Asyn-
chronous Clear and Preset

N/ZA N/A FTP FTP Toggle Flip-Flop with Toggle
Enable and Asynchronous Preset

N/A N/ZA FTPE FTPE Toggle Flip-Flop with Toggle and
Clock Enable and Asynchronous
Preset
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XC2000 XC3000 XC4000 XC7000 Description
N/A N/A FTPLE FTPLE Toggle/Loadable Flip-Flop with
Toggle and Clock Enable and Asyn-
chronous Preset
FTRSE FTRSE FTRSE FTRSE Toggle Flip-Flop with Toggle and
Clock Enable and Synchronous
Reset and Set
FTRSLE FTRSLE FTRSLE FTRSLE Toggle/Loadable Flip-Flop with
Toggle and Clock Enable and Syn-
chronous Reset and Set
FTSRE FTSRE FTSRE FTSRE Toggle Flip-Flop with Toggle and
Clock Enable and Synchronous Set
and Reset
FTSRLE FTSRLE FTSRLE FTSRLE Toggle/Loadable Flip-Flop with
Toggle and Clock Enable and Syn-
chronous Set and Reset
General
General elements include FPGA configuration functions, oscillators,
boundary-scan logic, and other functions not classified in other
sections.
XC2000 XC3000 XC4000 XC7000 Description
N/A N/A BSCAN N/A Boundary Scan Logic Con-
trol Circuit
CLB CLB N/A N/A CLB Configuration Symbol
GND GND GND GND Ground-Connection Signal
Tag
GXTL GXTL N/A N/A Crystal Oscillator with
ACLK Buffer
10B I0B N/ZA N/ZA IOB Configuration Symbol
N/ZA N/ZA MDO N/ZA Mode 0/Input Pad Used for
Readback Trigger Input
N/ZA N/ZA MD1 N/ZA Mode 1/0utput Pad Used
for Readback Data Output
N/A N/A MD2 N/A Mode 2/Input Pad
OsC OsC N/A N/A Crystal Oscillator

Libraries Guide

2-19




Libraries Guide

XC2000 XC3000 XC4000 XC7000 Description

N/A N/A 0osc4 N/A Internal 5-Frequency Clock-
Signal Generator

N/A N/A PULLDOWN | N/A Resistor to GND for Input
Pads

N/ZA PULLUP PULLUP PULLUP Resistor to VCC for Input
PADs, Open-Drain and
3-State Outputs

N/A N/A READBACK | N/A FPGA Bitstream Readback
Controller

N/A N/A STARTUP N/A User Interface to Global
Clock, Reset, and 3-State
Controls

N/A N/A TCK N/A Boundary-Scan Test Clock
Input Pad

N/A N/A TDI N/A Boundary-Scan Test Data
Input Pad

N/A N/A TDO N/A Boundary-Scan Data Out-
put Pad

N/A TIMEGRP TIMEGRP N/A Schematic-Level Table of
Basic Timing Specification
Groups

N/A TIMESPEC | TIMESPEC TIMESPEC | Schematic-Level Timing
Requirement Table

N/A N/A TMS N/ZA Boundary-Scan Test Mode
Select Input Pad
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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

D-Type

Output (O), Input (1) A

Flip-Flop

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

Inverse of Normal Initial State

Inverted Clock

X4580

Figure 2-6 Input/Output Flip-Flop Naming Convention
XC2000 XC3000 XC4000 XC7000 Description
IFD, IFD, IFD, IFD, Single- and Multiple-Input
IFDA4, IFD4, IFDA4, IFD4, D Flip-Flops
IFDS, IFDS, IFD8, IFDS,
IFD16 IFD16 IFD16 IFD16
IFD_1 IFD_1 IFD_1 N/A D Flip-Flop with Inverted Clock
N/A N/A N/A IFDX1, Input D Flip-Flops with Clock
IFD4X1, Enable for EPLD
IFD8X1,
IFD16X1
N/A N/A IFDI N/A Input D Flip-Flop (Asynchronous
Set)
N/A N/A IFDI_1 N/A D Flip-Flop with Inverted Clock
(Asynchronous Set)
N/ZA OFD, OFD, OFD, Single- and Multiple-Output
OFD4, OFD4, OFD4, D Flip-Flops
OFDS8, OFDS8, OFDS8,
OFD16 OFD16 OFD16
N/ZA OFD_1 OFD_1 N/ZA Output D Flip-Flop with Inverted
Clock
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XC2000 XC3000 XC4000 XC7000 Description
N/A OFDE, OFDE, OFDE, D Flip-Flops with Active-High
OFDE4, OFDE4, OFDE4, 3-State Output Buffers
OFDES, OFDES, OFDES,
OFDE16 OFDE16 OFDE16
N/A OFDE_1 OFDE_1 N/A D Flip-Flop with Active-High
3-State Output Buffer and Inverted
Clock
N/A N/A OFDEI N/A D Flip-Flop with Active-High
3-State Output Buffer (Asynchro-
nous Set)
N/A N/ZA OFDEI_1 |N/A D Flip-Flop with Active-High
3-State Output Buffer and Inverted
Clock (Asynchronous Set)
N/A N/ZA OFDI N/A Output D Flip-Flop (Asynchronous
Set)
N/A N/A OFDI_1 N/A Output D Flip-Flop with Inverted
Clock (Asynchronous Set)
N/A OFDT, OFDT, OFDT, Single and Multiple D Flip-Flops
OFDT4, OFDT4, OFDT4, with Active-Low 3-State Output
OFDTS, OFDTS, OFDTS, Buffers
OFDT16 OFDT16 OFDT16
N/A OFDT_1 OFDT_1 N/A D Flip-Flop with Active-Low
3-State Output Buffer and Inverted
Clock
N/A N/A OFDTI N/A D Flip-Flop with Active-Low
3-State Output Buffer (Asynchro-
nous Set)
N/A N/ZA OFDTI_1 |N/A D Flip-Flop with Active-Low
3-State Output Buffer and Inverted
Clock (Asynchronous Set)
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Input/Output Functions

Input/Output Block (I0OB) resources are configured into various
1/0 primitives and macros for convenience, such as, output buffers
(OBUFs) and output buffers with an enable (OBUFES). Pads used to
connect the circuit to PLD device pins are also included.

XC2000 XC3000 XC4000 XC7000 Description

IBUF, IBUF, IBUF, IBUF, Single- and Multiple-Input

IBUF4, IBUF4, IBUF4, IBUF4, Buffers

IBUFS, IBUFS, IBUFS, IBUFS,

IBUF16 IBUF16 IBUF16 IBUF16

I0PAD, I0PAD, IOPAD, I0PAD, Single- and Multiple-Input/

IOPAD4, I0OPAD4, IOPAD4, IOPAD4, Output Pads

IOPADS, IOPADS, IOPADS, IOPADS,

IOPAD16 |IOPAD16 |IOPAD16 |IOPAD16

IPAD, IPAD, IPAD, IPAD, Single- and Multiple-Input Pads

IPAD4, IPAD4, IPAD4, IPADA4,

IPADS, IPADS, IPADS, IPADS,

IPAD16 IPAD16 IPAD16 IPAD16

OBUF, OBUF, OBUF, OBUF, Single- and Multiple-Output

OBUF4, OBUF4, OBUF4, OBUF4, Buffers

OBUFS8, OBUFS8, OBUFS8, OBUFS,

OBUF16 OBUF16 OBUF16 OBUF16

OBUFE, OBUFE, OBUFE, OBUFE, 3-State Output Buffers with

OBUFE4, OBUFE4, OBUFE4, OBUFE4, Active-High Fast Output Enable

OBUFES, OBUFES, OBUFES, OBUFES,

OBUFE16 |OBUFE16 |OBUFE16 | OBUFEL6

N/A N/A N/A OBUFEX1, | 3-State Output Buffers with

OBUFE4X1, | Active-High Fast Output Enable
OBUFE8X1, | for EPLD
OBUFEX2

OBUFT, OBUFT, OBUFT, OBUFT, Single and Multiple 3-State

OBUFT4, OBUFT4, OBUFT4, OBUFT4, Output Buffers with Active-Low

OBUFTS, OBUFTS, OBUFTS, OBUFTS, Enable

OBUFT16 |OBUFT16 |OBUFT16 |OBUFT16

OPAD, OPAD, OPAD, OPAD, Single- and Multiple-Output Pads

OPADA4, OPAD4, OPAD4, OPAD/4,

OPADS, OPADS, OPADS, OPADS,

OPAD16 OPAD16 OPAD16 OPAD16
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XC2000 XC3000 XC4000 XC7000 Description
UPAD UPAD UPAD UPAD Connects the /0 Node of an IOB
to the Internal PLD Circuit
VCC VCC VCC VCC VCC Connection Signal Tag

Input Latches

Single and multiple input latches can hold transient data entering a
chip. Input latches use the same naming convention as 170 flip-flops.

XC2000 XC3000 XC4000 XC7000 Description
N/A ILD, ILD, ILD, Input Transparent Data Latches
ILD4, ILD4, ILD4,
ILDS, ILDS, ILDS,
ILD16 ILD16 ILD16
N/A ILD_1 ILD_1 N/A Transparent Input Data Latch with
Inverted Gate
N/A N/ZA ILDI N/A Input Transparent Data Latch
(Asynchronous Set)
N/A N/ZA ILDI_ 1 N/A Transparent Input Data Latch with
Inverted Gate (Synchronous Set)
Latches
Latches (LD) are only available in the XC2000 and XC7000 architec-
tures. XC3000 and XC4000 latches that existed in previous macro
libraries are not recommended for new designs.
XC2000 XC3000 XC4000 XC7000 Description
LD N/A N/A LD Single and Multiple Transparent
N/A N/A N/A LD4, Data Latches
LD8,
LD16
LD 1 N/A N/A N/A Transparent Data Latch with
Inverted Gate
LDC N/ZA N/ZA N/A Transparent Data Latch with Asyn-
chronous Clear
LDA4CE, N/ZA N/ZA N/A Transparent Data Latches with
LD8CE, Asynchronous Clear and Clock
LD16CE Enable
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XC2000 XC3000 XC4000 XC7000 Description

LDCP N/A N/A N/A Transparent Data Latch with Asyn-
chronous Clear and Preset

LDCPE N/A N/A N/A Transparent Data Latch with Asyn-
chronous Clear and Preset and
Clock Enable

LDC_1 N/A N/A N/A Transparent Data Latch with Asyn-
chronous Clear and Inverted Gate
Input

Logic Primitives
Combinatorial logic gates that implement the basic Boolean functions
are available in XC2000, XC3000, XC4000, and XC7000 architectures

with up to five inputs in all combinations of inverted and non-
inverted inputs, and with six to nine inputs non-inverted.

XC2000 XC3000 XC4000 XC7000 Description
AND2, AND2, AND?2, AND?2, 2- to 9-Input AND Gates
AND2B1, AND2B1, AND2B1, AND2B1, with Inverted and
AND2B?2, AND2B?2, AND2B2, AND2B2, Non-Inverted Inputs
AND3, AND3, AND3, AND3,

AND3B1, AND3B1, AND3B1, AND3B1,
AND3B2, AND3B2, AND3B2, AND3B2,
AND3B3, AND3B3, AND3B3, AND3B3,
AND4, AND4, AND4, AND4,
ANDA4B1, ANDA4B1, ANDA4B1, ANDA4B1,
ANDA4B2, ANDA4B2, ANDA4B2, ANDA4B2,
AND4B3, AND4B3, AND4B3, AND4B3,
ANDA4B4, ANDA4B4, ANDA4B4, ANDA4B4,
ANDS5, ANDS5, ANDS5, ANDS5,
AND5B], ANDS5BI1, AND5B], AND5B],
AND5B?2, AND5B2, AND5B?2, AND5B2,
AND5B3, AND5B3, AND5B3, AND5B3,
AND5B4, AND5B4, AND5B4, AND5B4,
AND5BS5, ANDS5B5, AND5BS5, ANDS5BS5,
ANDSG, ANDG, ANDG, ANDSG,
AND7, AND?7, AND7, AND7,
ANDS, ANDS, ANDS, ANDS,
AND9 AND9 AND9 AND9
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XC2000 XC3000 XC4000 XC7000 Description
INV, INV, INV, INV, Single and Multiple
INV4, INV4, INV4, INV4, Inverters
INVS, INVS, INVS, INVS,

INV16 INV16 INV16 INV16
NAND?2, NAND?2, NAND2, NAND2, 2- 10 9-Input NAND
NAND2B1, | NAND2B1, |NAND2B1, NAND2B1, | Gates with Inverted and
NAND2B2, | NAND2B2, |NAND2B2, NAND2B2, | Non-Inverted Inputs
NANDS3, NAND3, NANDS3, NAND3,
NAND3B1, |NAND3B1, |NAND3BI1, NAND3B1,
NAND3B2, |NAND3B2, |NAND3B2, NAND3B2,
NAND3B3, | NAND3B3, |NAND3B3, NAND3B3,
NAND4, NAND4, NAND4, NAND4,
NAND4B1, | NAND4B1, |NANDA4B1, NAND4B1,
NAND4B2, | NAND4B2, | NANDA4B2, NAND4B2,
NAND4B3, | NAND4B3, | NAND4B3, NANDA4B3,
NAND4B4, | NAND4B4, | NANDA4B4, NAND4B4,
NANDS, NANDS5, NANDS5, NANDS,
NANDS5B1, | NAND5B1, |NAND5BI, NAND5B1,
NANDS5B2, | NAND5B2, | NAND5B2, NANDS5B2,
NANDS5B3, | NAND5B3, | NAND5BS, NANDS5B3,
NANDS5B4, | NAND5B4, | NAND5B4, NANDS5B4,
NANDS5B5, | NAND5B5, | NAND5BS, NANDS5B5,
NANDSG, NANDS, NANDS, NANDSG,
NAND?7, NAND?7, NAND?7, NAND?7,
NANDS, NANDS, NANDS, NANDS,
NAND9 NAND9 NAND9 NAND9
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XC2000 XC3000 XC4000 XC7000 Description
NOR2, NOR2, NOR2, NOR2, 2- 1o 9-Input NOR Gates
NOR2B1, NOR2B1, NOR2B1, NOR2B1, with Inverted and
NOR2B2, NOR2B2, NOR2B2, NOR2B2, Non-Inverted Inputs
NORS, NORS, NORS3, NORS,

NOR3B1, NORS3B1, NORS3B1, NOR3B1,
NOR3B2, NOR3B2, NOR3B2, NOR3B2,
NOR3B3, NORS3B3, NORSB3, NORS3B3,
NOR4, NOR4, NOR4, NOR4,
NOR4B1, NOR4B1, NOR4B1, NOR4B1,
NOR4B2, NOR4B2, NOR4B2, NOR4B2,
NOR4B3, NOR4B3, NOR4B3, NOR4B3,
NOR4B4, NORA4B4, NOR4B4, NOR4B4,
NORS, NORS5, NORS5, NORS,
NORS5B1, NORS5B1, NORSB1, NORS5B1,
NORS5B2, NORS5B2, NORSB2, NORS5B2,
NORSB3, NORSB3, NORSB3, NORSB3,
NORS5B4, NORS5B4, NORS5B4, NORS5B4,
NORSBS5, NORSBS5, NORSBS5, NORSBS5,
NORG, NORG, NORG, NORG,
NOR?7, NOR?7, NOR?7, NOR?7,
NORS, NORS, NORS, NORS,
NOR9 NOR9 NOR9 NOR9
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XC2000 XC3000 XC4000 XC7000 Description
OR2, OR2, OR2, OR2, 2- to 9-Input OR Gates
OR2B1, OR2B1, OR2B1, OR2B1, with Inverted and
OR2B2, OR2B2, OR2B2, OR2B2, Non-Inverted Inputs
OR3, OR3, OR3, OR3,

OR3B1, OR3B1, OR3B1, OR3B1,
OR3B2, OR3B2, OR3B2, OR3B2,
OR3B3, OR3B3, OR3B3, OR3B3,
OR4, OR4, OR4, OR4,
OR4B1, ORA4B1, ORA4B1, OR4B1,
OR4B2, OR4B2, OR4B2, OR4B2,
ORA4B3, ORA4B3, ORA4B3, ORA4B3,
OR4B4, ORA4B4, ORA4B4, ORA4B4,
ORS5, ORS5, ORS5, ORS5,
OR5B1, OR5B1, OR5B1, OR5B1,
OR5B2, OR5B2, OR5B2, OR5B2,
OR5B3, ORS5B3, OR5B3, OR5B3,
OR5B4, ORS5B4, OR5B4, OR5B4,
ORS5BS, ORS5BS, ORS5BS, ORS5BS,
ORS, ORS, ORS, ORS,
OR?7, OR7, OR7, OR?7,
ORS8, ORS, ORS, ORS8,
OR9 OR9 OR9 OR9
SOP3, SOP3, SOP3, SOP3, Sum of Products
SOP3B1A, SOP3B1A, SOP3B1A, SOP3B1A,
SOP3B1B, SOP3B1B, SOP3B1B, SOP3BI1B,
SOP3B2A, SOP3B2A, SOP3B2A, SOP3B2A,
SOP3B2B, SOP3B2B, SOP3B2B, SOP3B2B,
SOP3B3, SOP3B3, SOP3B3, SOP3B3,
SOP4, SOP4, SOP4, SOP4,
SOP4B1, SOP4B1, SOP4B1, SOP4B1,
SOP4B2A, SOP4B2A, SOP4B2A, SOP4B2A,
SOP4B2B, SOP4B2B, SOP4B2B, SOP4B2B,
SOP4B3, SOP4B3, SOP4B3, SOP4B3,
SOP4B4 SOP4B4 SOP4B4 SOP4B4
N/A N/A WAND1, N/A Open-Drain Buffers

WAND4,

WANDS,

WAND16
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XC2000 XC3000 XC4000 XC7000 Description

N/A N/A WOR2AND | N/A 2-Input OR Gate with
Wired-AND Open-Drain
Buffer Output

XNOR?2, XNOR?2, XNOR?2, XNOR?2, 2-t0 9-Input XNOR Gates

XNOR3, XNORS3, XNOR3, XNOR3, with Non-Inverted Inputs

XNOR4, XNOR4, XNOR4, XNOR4,

XNORS5, XNORS5, XNORS5, XNORS5,

XNORS6, XNORS, XNORS, XNORS6,

XNOR?7, XNOR?7, XNORY7, XNOR?7,

XNORS, XNORS, XNORS, XNORS,

XNOR9 XNOR9 XNOR9 XNOR9

XOR2, XOR2, XOR2, XOR2, 2- to 9-Input XOR Gates

XOR3, XOR3, XOR3, XOR3, with Non-Inverted Inputs

XOR4, XOR4, XOR4, XOR4,

XOR5, XOR5, XOR5, XOR5,

XOR6, XORS6, XORS, XOR6,

XOR?7, XORY7, XOR?7, XORY7,

XORS, XORS, XORS, XORS,

XOR9 XOR9 XOR9 XOR9
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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 or H function generators.

XC2000 XC3000 XC4000 XC7000 Description
CLBMAP | CLBMAP |N/A N/A Logic Partitioning Control Symbol
N/A N/A FMAP N/A F Function Generator Partitioning
Control Symbol
N/ZA N/A HMAP N/ZA Random-Logic Design Constraint

Symbol

Memory Elements

The XC4000 architecture has a number of static RAM configurations

defined as macros. These 16- or 32-word RAMs are 1, 2, 4, and 8 bits

wide. There are also two ROMs in the XC4000 architecture, 16X1 and
32X1. ROMs only exist in XC4000.

XC2000 XC3000 XC4000 XC7000 Description

N/A N/A RAM16X1 | N/A 16-Deep by 1-Wide Static RAM
N/A N/A RAM16X2 | N/A 16-Deep by 2-Wide Static RAM
N/A N/A RAM16X4 | N/A 16-Deep by 4-Wide Static RAM
N/A N/A RAM16X8 | N/A 16-Deep by 8-Wide Static RAM
N/A N/A RAM32X1 | N/A 32-Deep by 1-Wide Static RAM
N/A N/ZA RAM32X2 | N/A 32-Deep by 2-Wide Static RAM
N/A N/A RAM32X4 | N/A 32-Deep by 4-Wide Static RAM
N/A N/A RAM32X8 | N/A 32-Deep by 8-Wide Static RAM
N/A N/A ROM16X1 | N/A 16-Deep by 1-Wide ROM

N/A N/A ROM32X1 | N/A 32-Deep by 1-Wide ROM
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Multiplexers

The multiplexer naming convention shown in the following figure,
indicates the number of inputs and outputs and if an enable is avail-
able. There are a number of TTL 7400-type multiplexers that have
active-Low or inverted outputs.

M8 1E

Multiplexer J_
Number of Inputs

Number of Outputs

Output Enable

X4620

Figure 2-7 Multiplexer Naming Convention

XC2000 XC3000 XC4000 XC7000 Description

M2_1 M2_1 M2_1 M2_1 2-to-1 Multiplexer

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

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

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

M4 1E M4_1E M4_1E M4_1E 4-to-1 Multiplexer with Enable

M8 1E M8 _1E M8 _1E M8 1E 8-to-1 Multiplexer with Enable

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

X74_150 X74_150 X74_150 X74_150 16-to-1 Multiplexer with Active-
Low Enable and Output

X74_151 X74_151 X74_151 X74_151 8-to-1 Multiplexer with Active-
Low Enable and Complementary
Outputs

X74_152 X74_152 X74_152 X74_152 8-to-1 Multiplexer with Active-
Low Output

X74_153 X74_153 X74_153 X74_153 Dual 4-to-1 Multiplexer with
Active-Low Enables and Common
Select Input

X74 157 X74 157 X74 157 X74 157 Quadruple 2-to-1 Multiplexer with
Common Select and Active-Low
Enable
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XC2000 XC3000 XC4000 XC7000 Description

X74_158 X74_158 X74_158 X74_158 Quadruple 2-to-1 Multiplexer with
Common Select, Active-Low
Enable, and Active-Low Outputs

X74_298 X74_298 X74_298 X74_298 Quadruple 2-Input Multiplexer
with Storage and Negative-Edge
Clock

X74_352 X74_352 X74_352 X74_352 Dual 4-to-1 Multiplexer with
Active-Low Enables and Outputs

PLD Elements

PLD elements represent custom logic functions that are defined by an

equation file in EPLD designs.

XC2000 XC3000 XC4000 XC7000 Description

N/A N/A N/A PL20PIN Generic PLD Symbols for EPLD

N/A N/A N/A PL24PIN

N/A N/A N/A PL48PIN

N/A N/A N/A PL20V8 20V8-Compatible PLD Symbol for
EPLD

N/A N/A N/A PL22V10 22V10-Compatible PLD Symbol for
EPLD

N/A N/A N/A PLFB9 EPLD High-Density Function
Block PLD Symbol

N/A N/A N/A PLFFB9 EPLD Fast Function Block PLD
Symbol
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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 avail-

able features.

SRBRLED

Shift Register g

Bit Size

Synchronous Reset (R)
Asynchronous Clear (C)

Loadable

Clock Enable

Directional

X4578

Figure 2-8 Shift Register Naming Convention

XC2000

XC3000 XC4000

XC7000

Description

SR4CE

SR4CE SR4CE

SR4CE

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

SR4CLE

SR4CLE SR4CLE

SR4CLE

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

SR4CLED

SRACLED |SR4CLED

SR4CLED

4-Bit Shift Register with Clock
Enable and Asynchronous Clear

SR4RE

SR4RE SR4RE

SR4RE

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

SR4RLE

SR4RLE SR4RLE

SR4RLE

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

SRARLED

SRARLED | SR4RLED

SRARLED

4-Bit Shift Register with Clock
Enable and Synchronous Reset

SR8CE

SR8CE SR8CE

SR8CE

8-Bit Serial-In Parallel-Out Shift
Register with Clock Enable and
Asynchronous Clear
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XC2000

XC3000

XC4000

XC7000

Description

SR8CLE

SR8CLE

SR8CLE

SR8CLE

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

SR8CLED

SR8CLED

SR8CLED

SR8CLED

8-Bit Shift Register with Clock
Enable and Asynchronous Clear

SR8RE

SR8RE

SR8RE

SR8RE

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

SR8RLE

SR8RLE

SR8RLE

SR8RLE

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

SR8RLED

SR8RLED

SR8RLED

SR8RLED

8-Bit Shift Register with Clock
Enable and Synchronous Reset

SR16CE

SR16CE

SR16CE

SR16CE

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

SR16CLE

SR16CLE

SR16CLE

SR16CLE

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

SR16CLED

SR16CLED

SR16CLED

SR16CLED

16-Bit Shift Register with Clock
Enable and Asynchronous Clear

SR16RE

SR16RE

SR16RE

SR16RE

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

SR16RLE

SR16RLE

SR16RLE

SR16RLE

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

SR16RLED

SR16RLED

SR16RLED

SR16RLED

16-Bit Shift Register with Clock
Enable and Synchronous Reset

X74_164

X74_164

X74_164

X74_164

8-Bit Serial-In Parallel-Out Shift
Register with Active-Low Asyn-
chronous Clear
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XC2000 XC3000 XC4000 XC7000 Description
X74_165S | X74_165S | X74_165S | X74_165S 8-Bit Loadable Serial/Parallel-In
Parallel-Out Shift Register with
Clock Enable
X74_194 X74_194 X74_194 X74_194 4-Bit Loadable Directional Serial/
Parallel-In Parallel-Out Shift Regis-
ter
X74_195 X74_195 X74_195 X74_195 4-Bit Loadable Serial/Parallel-In
Parallel-Out Shift Register
Shifters
Shifters are barrel shifters (BRLSHFT) of four and eight bits.
XC2000 XC3000 XC4000 XC7000 Description
N/A BRLSHFT4 | BRLSHFT4 | BRLSHFT4 | 4-Bit Barrel Shifter
N/A BRLSHFT8 | BRLSHFT8 | BRLSHFT8 | 8-Bit Barrel Shifter

Obsolete Macros

Xilinx maintains software libraries with thousands of functional
design elements (primitives and macros) for different device architec-
tures. When new elements are introduced that can provide additional
functions, greater flexibility, increased speed, or enhanced system
performance, it is necessary to remove or replace existing elements.

In some cases, design elements in the following tables have been
obsoleted because their names changed to conform with the Unified
Libraries’ naming conventions. In other cases, duplicate functions
have been eliminated. If you want a function that appears in the
following tables, and an exact or functionally similar replacement
does not exist, check the appropriate functional table listed in the
Selection Guide, earlier in this chapter to determine the appropriate
current macro.
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The Unified Libraries make certain types of elements obsolete for the
following reasons.

. Simple gates with names ending in B.

(Bs indicate inversion of all inputs) The gates are still available as
options for the generic macro (for example, for AND3B, refer to
AND).

« Some redundancies have been eliminated.

« Some macros have been eliminated because they were meaning-
less inside an FPGA (for example, X74-240).

« Some macros have been eliminated because they were inefficient
or had sub-optimal implementation.

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

The following tables list Unified Libraries exact replacements and
substitutions for existing elements that you can use to update your
designs. Exact replacements are just that; you can use them for
exactly the same function(s) as before. Substitutions provide at least
the same functionality, but may afford additional advantages.
Elements listed as obsolete are not recommended for new designs.
They can still be found in some macro libraries, but support for them
is being discontinued.

The elements are listed in alphanumeric order by architecture.
Previous library element names appear in the left-most column
followed by their exact Unified Libraries’ replacement, if available. If
an exact replacement does not exist, the closest substitution/an
element with similar functions is provided in the third column. If you
are not sure of the function provided by an exact replacement or
substitution, refer to the Selection Guide, earlier in this chapter.
Macro functions that are no longer supported are indicated in the
Obsolete column.
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XC2000 Replacement and Obsolete Macro Functions

Existing Exact Closest
XC2000 Unified Unified Obsolete
Name Replacement Replacement
ASHEET ASHEETP
BPAD IOPAD
BSHEET BSHEETL
C2BCR CB2RE
C2BCRD CB2CE
C2BP CB2CLE
C2BR CB2RE
C2BRD CB2CLE
C4BCP CB4CLE
C4BCR CB2RE
C4BCRD CB2CE
C4JCR CJ4RE
C6JCR CJ4RE
C8BCP CB4CLE
C8BCR CB4RE
C8BCRD CB4CLE
C8ICR CJARE
C10BCPRD CD4CLE
C10BCRD CD4CE
C10BPRD CDA4CLE
C10JCR CJ5RE
C12JCR CJ8RE
C16BARD CB4CE
C16BCPR CB4CLE
C16BCPRD CB4CLE
C16BCRD CB4CE
C16BPRD CB4CLE
C16BUDRD CB4CLED
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Existing Exact Closest
XC2000 Unified Unified Obsolete
Name Replacement Replacement
C16JCR CJ8RE
C256FCRD CB8CLED
CSHEET CSHEETL
D2-4 D2 _4E
D2-4E D2 4E
D3-8 D3 8E
D3-8E D3 8E
DFF FD
DLAT LDCP
DSHEET DSHEETL
ESHEET ESHEETL
FDC FDCE
FDCR FDRE
FDCS FDSE
FDM Obsolete
FDMR Obsolete
FDMRD Obsolete
FDMS Obsolete
FDMSD Obsolete
FDRD FDC
FDSD FDCP
FDSRD FDCP
FIK FIKC
FIKRD FIKC
FIKS FIKSRE
FIKSD FIKCP
FIKSRD FIKCP
FRS Obsolete
FSR Obsolete
FT FTC
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Existing
XC2000
Name

Exact
Unified
Replacement

Closest
Unified
Replacement

Obsolete

FTO

FTC

FTOR

FTRSE

FT2

FTCE

FT2R

FTRSE

FTP

FTCP

FTPRD

FTRSLE

FTR

FTSRE

FTRD

FTC

FTS

FTSRE

GADD

ADD1

GCOMP

COMP2

GEQGT

Obsolete

GMAJ

Obsolete

GMUX

M2_1

GOSC

Obsolete

GPAR

Obsolete

GXOR

XOR2

GXOR2

Obsolete

INFF

IFD

LDM

Obsolete

LDMRD

Obsolete

LDMSD

Obsolete

LDRD

LDC

LDSD

LDP

LDSRD

LDCP

M3-1

M4 1

M3-1E

M4_1E

M4-1

M4_1

M4-1E

M4_1E

M8-1

M8_1
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Existing Exact Closest
XC2000 Unified Unified Obsolete
Name Replacement Replacement

M8-1E M8 1E
NDFF Obsolete
OBUFZ OBUFT
OUTFF OFD
PAD IOPAD
PAL2RA10 Obsolete
PALG6L16A Obsolete
PALBSL14A Obsolete
PAL10H8 Obsolete
PAL10H20 Obsolete
PAL10LS8 Obsolete
PAL12H6 Obsolete
PAL12L6 Obsolete
PAL12L10 Obsolete
PAL14H4 Obsolete
PAL14L4 Obsolete
PAL14L8 Obsolete
PAL16A4 Obsolete
PAL16C1 Obsolete
PAL16H2 Obsolete
PAL16L2 Obsolete
PAL16L6 Obsolete
PAL16L8 Obsolete
PAL16P8 Obsolete
PAL16P8A Obsolete
PAL16R4 Obsolete
PAL16R4A Obsolete
PAL16R6 Obsolete
PAL16R6A Obsolete
PAL16R8 Obsolete
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Existing Exact Closest
XC2000 Unified Unified Obsolete
Name Replacement Replacement

PAL16R8A Obsolete
PAL16X4 Obsolete
PAL16RAS8 Obsolete
PAL16RP4 Obsolete
PAL16RP6 Obsolete
PAL16RP8 Obsolete
PAL18L4 Obsolete
PAL20C1 Obsolete
PAL20L2 Obsolete
PAL20L8 Obsolete
PAL20L10 Obsolete
PAL20R4 Obsolete
PAL20R6 Obsolete
PAL20R8 Obsolete
PAL20R10 Obsolete
PAL20RS4 Obsolete
PAL20RS8 Obsolete
PAL20S10 Obsolete
PAL20X4 Obsolete
PAL20X8 Obsolete
PAL20X10 Obsolete
PAL22RX8 Obsolete
PAL22V10 Obsolete
PAL32R16 Obsolete
PAL32V10 Obsolete
PAL64R32 Obsolete
RD4 FD4RE

RD8 FD8CE

RD8CR FD8RE

RS4 SR4CE
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Existing Exact Closest
XC2000 Unified Unified Obsolete
Name Replacement Replacement
RS8 SR8CE
RS8CR SR8RE
RS8PR SR8RLE
RS8R SR8RE
ZMX2000 Obsolete
ZXPAL Obsolete
ZX2000 Obsolete
74-42 X74 42
74-138 X74 138
74-139 X74 139
74-151 X74 151
74-152 X74 152
74-160 X74_160
74-161 X74 161
74-164 X74 164
74-194 X74 194
74-195 X74 195
74-352 X74 352
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XC3000 Replacement and Obsolete Macro Functions
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Existing Exact Closest
XC3000 Unified Unified Obsolete
Name Replacement Replacement
ASHEET ASHEETP
BPAD IOPAD
BRM Obsolete
BRM2 Obsolete
BSHEET BSHEETL
CBINRIP Obsolete
CDECRIP CD4CE
CSHEET CSHEETL
C2BCP Obsolete
C2BCPRD CB2CLE
C2BCR CB2RE
C2BCRD CB2CE
C2BP CB2CLE
C2BR CB2RE
C2BRD CB2CLE
C3BIT8 Obsolete
C3BIT80O7 Obsolete
C3SQUARE Obsolete
C4BCP CB4CLE
C4BCPRD CB2CLE
C4BCR CB2RE
C4BCRD CB2CE
C4JX CJ4CE
C4JxC CJ4CE
C4JXCR CJ4RE
C4JXCRD CJ4CE
C4IXRD CJ4CE
C5BIT32 Obsolete
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Existing Exact Closest
XC3000 Unified Unified Obsolete
Name Replacement Replacement
C5SQUARE Obsolete
C6ICR CJARE
C8BCP CB4CLE
C8BCPRD CB4CLE
C8BCR CB4RE
C8BCRD CB4CLE
C8ICR CJARE
C8UDLD Obsolete
C10BCPRD CD4CLE
C10BCRD CD4CE
C10BPRD CDA4CLE
C10JCR CJ5RE
C12JCR CJ8RE
C16BARD CB4CE
C16BCP CB4CLE
C16BCPR CB4CLE
C16BCPRD CB4CLE
C16BCRD CB4CE
C16BPRD CB4CLE
C16BUDRD CB4CLED
C16DNLD CB4CLED
C16JCR CJ8RE
C16UDLD CB4CLED
C16UPLD CB4CLED
C256BCP CB8CLE
C256BCPR CB8CLE
C256BCR CB8RE
C256BCRD CB8CE
C256FCRD CB8CLED
DFF FD
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Existing Exact Closest
XC3000 Unified Unified Obsolete
Name Replacement Replacement
DSHEET DSHEETL
D2-4 D2 4E
D2-4E D2 4E
D3-8 D3 8E
D3-8E D3 8E
ESHEET ESHEETL
FDC FDCE
FDCR FDRE
FDCRD FDCE
FDCS FDSE
FDM Obsolete
FDMR Obsolete
FDMRD Obsolete
FDMS Obsolete
FDRD FDC
FIK FIKC
FIKRD FIKC
FIKS FIKSRE
FRS Obsolete
FSR Obsolete
FT FTC
FTO FTC
FTOR FTRSE
FTP FTCP
FTPRD FTRSLE
FTRD FTC
FTS FTSRE
GADD ADD1
GCOMP COMP2
GLTGT COMPM2
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Existing Exact Closest
XC3000 Unified Unified Obsolete
Name Replacement Replacement
GMUX M2 1
GOSC Obsolete
HX42 X74 42
HX48 Obsolete
HX77 Obsolete
HX125 Obsolete
HX138 X74 138
HX139 X74 139
HX147 X74 147
HX148 X74 148
HX151 X74 151
HX152 X74 152
HX153 X74 153
HX154 X74 154
HX157 X74 157
HX158 X74 158
HX160 X74_160
HX161 X74 161
HX162 X74_162
HX163 X74 163
HX164 X74 164
HX166 Obsolete
HX168 X74 168
HX169 Obsolete
HX174 X74 174
HX179 Obsolete
HX194 X74 194
HX195 X74 195
HX198 Obsolete
HX199 Obsolete
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Existing Exact Closest
XC3000 Unified Unified Obsolete
Name Replacement Replacement
HX240 Obsolete
HX241 Obsolete
HX244 Obsolete
HX257 Obsolete
HX258 Obsolete
HX259 Obsolete
HX273 X74 273
HX278 Obsolete
HX280 X74 280
HX283 X74 283
HX298 X74 298
HX352 X74 352
HX373 Obsolete
HX374 Obsolete
HX377 X74 377
HX390 X74 390
HX393 Obsolete
HX518 X74 518
HX521 X74 521
HX541 Obsolete
HX577 Obsolete
HX590 Obsolete
HX595 Obsolete
INFF IFD
INLAT ILD
M3-1 M4 1
M3-1E M4 _1E
M4-1 M4 1
M4-1C Obsolete
M4-1E M4 _1E
2-47




Libraries Guide

Existing Exact Closest
XC3000 Unified Unified Obsolete
Name Replacement Replacement

M4-2 M2 1
Ms8-1 M8 1
M8-1E M8_1E
OBUFZ OBUFT
OUTFF OFD
OUTFFT OFDT
OUTFFZ OFDT
PAD IOPAD
PAL2RA10 Obsolete
PALG6L16A Obsolete
PALBL14A Obsolete
PAL10H8 Obsolete
PAL10H20 Obsolete
PAL10LS8 Obsolete
PAL12H6 Obsolete
PAL12L6 Obsolete
PAL12L10 Obsolete
PAL14H4 Obsolete
PAL14L4 Obsolete
PAL14L8 Obsolete
PAL16A4 Obsolete
PAL16C1 Obsolete
PAL16H2 Obsolete
PAL16L2 Obsolete
PAL16L6 Obsolete
PAL16L8 Obsolete
PAL16P8 Obsolete
PAL16P8SA Obsolete
PAL16RAS8 Obsolete
PAL16RP4 Obsolete
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Existing Exact Closest
XC3000 Unified Unified Obsolete
Name Replacement Replacement
PAL16RP6 Obsolete
PAL16RP8 Obsolete
PAL16R4 Obsolete
PAL16R4A Obsolete
PAL16R6 Obsolete
PAL16R6A Obsolete
PAL16R8 Obsolete
PAL16R8A Obsolete
PAL16X4 Obsolete
PAL18L4 Obsolete
PAL20C1 Obsolete
PAL20L2 Obsolete
PAL20L8 Obsolete
PAL20L10 Obsolete
PAL20RS4 Obsolete
PAL20RS8 Obsolete
PAL20R4 Obsolete
PAL20R6 Obsolete
PAL20R8 Obsolete
PAL20R10 Obsolete
PAL20S10 Obsolete
PAL20X4 Obsolete
PAL20X8 Obsolete
PAL20X10 Obsolete
PAL22RX8 Obsolete
PAL22V10 Obsolete
PAL32R16 Obsolete
PAL32V10 Obsolete
PAL64R32 Obsolete
PHFRCOMP Obsolete
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Existing Exact Closest
XC3000 Unified Unified Obsolete
Name Replacement Replacement
RD4 FD4RE
RD4RD FD4RE
RD8 FD8CE
RD8CR FD8RE
RD8RD FD8RE
RS4 SRACE
RS4C SRACE
RS4CR SR4RE
RS4CRD SRACE
RS4RD SR4RE
RS8 SR8CE
RS8C SR8CE
RS8CR SR8RE
RS8CRD SR8CE
RS8PR SR8RLE
RS8R SR8RE
RS8RD SR8RE
SAR Obsolete
TBUF BUFT
WMB8-1 Obsolete
WM16-1 Obsolete
X74160D Obsolete
X74160U X74_160
X74161D Obsolete
X74161U X74 161
X74165A X74 _165S
X74165S X74_165S
X7474 FDCP
ZMX3000 Obsolete
ZX3000 Obsolete
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Existing Exact Closest
XC3000 Unified Unified Obsolete
Name Replacement Replacement
ZXPAL Obsolete
ZXTTL Obsolete
74-42 X74 42
74-138 X74 138
74-139 X74 139
74-151 X74 151
74-152 X74 152
74-160 X74 160
74-161 X74 161
74-162 X74 162
74-163 X74 163
74-164 X74 164
74-194 X74 194
74-195 X74 195
74-352 X74 352
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XC4000 Replacement and Obsolete Macro Functions
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Existing Exact Closest
XC4000 Unified Unified Obsolete
Name Replacement Replacement
ACC8H ACC8
ACC16H ACC16
ADD1 ADD4
ADD2 ADD4
ADD12 ADD16
ADD24 Obsolete
ADD32 Obsolete
ADDSUB1 ADSU4
ADSUSBH ADSUS8
ADSU16H ADSU16
ASHEET ASHEETP
BIDI4 Obsolete
BIDI8 Obsolete
BIDI16 Obsolete
BPAD IOPAD
BSHEET BSHEETL
CDECRIP CD4CE
COMP8H COMP8
COMP16H COMP16
COMP32 Obsolete
COMPMS8H COMPMCS8
COMPM16H COMPMC16
COMPM32 Obsolete
CSHEET CSHEETL
CUP8SH CB8CLE
CUP16H CB16CLE
C2BCPRD CB2CLE
C2BCR CB2RE
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Existing Exact Closest
XC4000 Unified Unified Obsolete
Name Replacement | Replacement
C2BCRD CB2CE
C2BINRIP CB2CE
C4BCPRD CB2CLE
C4BCR CB2RE
C4BCRD CB2CE
C4BINRIP CB4CE
C4JXCR CJARE
C4JXCRD CJACE
C8BCPRD CB4CLE
C8BCR CB4RE
C8BCRD CB4CLE
C8ICR CJ4ARE
C8ICRD CJACE
C10BCPRD CD4CLE
C10BCRD CD4CE
C10JCR CJ5RE
C10JCRD CJ5CE
C16BCPRD CB4CLE
C16BCR CB4RE
C16BCRD CB4CE
C16BUDRD CB4CLED
C16JCR CJ8RE
C16JCRD CJBCE
C32BUDRD CB8CLED
C64BUDRD CB8CLED
C256BCPR CB8CLE
C256BCR CB8RE
C256BCRD CB8CE
DEC2-4EH X74 139
DEC3-8EH X74 138
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2-54

Existing Exact Closest
XC4000 Unified Unified Obsolete
Name Replacement Replacement
DECODE24 Obsolete
DSHEET DSHEETL
D2-4 D2 _4E
D2-4E D2 4E
D3-8 D3 8E
D3-8E D3 8E
D4-16 Obsolete
D4-16E D4 16E
D7SEGH Obsolete
D7SEGMH Obsolete
ENCPR8H X74 148
ESHEET ESHEETL
FDCR FDRE
FDCS FDSE
FDMRD Obsolete
FDMSD Obsolete
FDRD FDCE
FDRDKN FDCE_1
FDSD FDPE
FDSDKN FDPE_1
FIKRD FIKCE
FIKSD FIKPE
FRD FDRSE
FSD FDRSE
FTPRD FTRSLE
IN4 IBUF4
IN8 IBUF8
IN16 IBUF16
INFF IFD
INFF4 IFD4
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Existing Exact Closest
XC4000 Unified Unified Obsolete
Name Replacement Replacement
INFF8 IFD8
INFF16 IFD16
INFFS IFDI
INLAT ILD
INLAT4 ILD4
INLATS ILD8
INLAT16 ILD16
INLATS ILDI
INREG Obsolete
INREGS Obsolete
LD Obsolete
LDE Obsolete
LDM Obsolete
LDRD Obsolete
LDSD Obsolete
LRS Obsolete
LSR Obsolete
MAJ4 Obsolete
MUX4-1H M4 1
MUX8-1H M8 1
MUX16-1H M16 1
M2-1 M2 1
M2-1E M2_1E
M4-1 M4 1
M4-1E M4 _1E
Ms8-1 M8 1
M8-1E M8 1E
M16-1 M16 1
M16-1E M16 1E
OuUT4 OBUF4
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Existing Exact Closest
XC4000 Unified Unified Obsolete
Name Replacement Replacement

ouT8 OBUF8
OUT16 OBUF16
OUTFF OFD
OUTFF4 OFD4
OUTFF8 OFDS8
OUTFF16 OFD16
OUTFFS OFDT
OUTFFT OFDT
OUTFFTS OFDT
PAD IOPAD
PADU UPAD
PAL2RA10 Obsolete
PALG6L16A Obsolete
PALSL14A Obsolete
PAL10H8 Obsolete
PAL10H20 Obsolete
PAL10LS8 Obsolete
PAL12H6 Obsolete
PAL12L6 Obsolete
PAL12L10 Obsolete
PAL14H4 Obsolete
PAL14L4 Obsolete
PAL14L8 Obsolete
PAL16A4 Obsolete
PAL16C1 Obsolete
PAL16H2 Obsolete
PAL16L2 Obsolete
PAL16L6 Obsolete
PAL16L8 Obsolete
PAL16P8 Obsolete
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Existing Exact Closest
XC4000 Unified Unified Obsolete
Name Replacement Replacement
PAL16P8A Obsolete
PAL16R4 Obsolete
PAL16R4A Obsolete
PAL16R6 Obsolete
PAL16R6A Obsolete
PAL16R8 Obsolete
PAL16R8A Obsolete
PAL16RAS8 Obsolete
PAL16RP4 Obsolete
PAL16RP6 Obsolete
PAL16RP8 Obsolete
PAL16X4 Obsolete
PAL18L4 Obsolete
PAL20C1 Obsolete
PAL20L2 Obsolete
PAL20L8 Obsolete
PAL20L10 Obsolete
PAL20R4 Obsolete
PAL20R6 Obsolete
PAL20R8 Obsolete
PAL20R10 Obsolete
PAL20RS4 Obsolete
PAL20RS8 Obsolete
PAL20S10 Obsolete
PAL20X4 Obsolete
PAL20X8 Obsolete
PAL20X10 Obsolete
PAL22RX8 Obsolete
PAL22V10 Obsolete
PAL32R16 Obsolete
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Existing Exact Closest
XC4000 Unified Unified Obsolete
Name Replacement Replacement

PAL32V10 Obsolete
PAL64R32 Obsolete
PARE9H X74 280
PARO9H X74 280
PHFRCOMP Obsolete
PRSC8-9 Obsolete
RAMG64X4 RAM32X4
RAMG64X8 RAM32X8
RAM128X4 RAM32X4
RAM128X8 RAM32X8
RD4 FD4ACE
RD4R FD4RE
RD8 FD8CE
RD8H FD8RE
RD8R FD8RE
RD16 FD16CE
RD16H RAM16X1
RD16R FD16RE
RF16X4 Obsolete
RF16X8 Obsolete
RF16X16 Obsolete
RF32X4 Obsolete
RF32X8 Obsolete
RF32X16 Obsolete
RM16X2H RAM16X2
RM16X4H RAM16X4
RM16X8H RAM16X8
RM32X4H RAM32X4
RM32X8H RAM32X8
RM64X4H RAM32X4

Xilinx Development System




Selection Guide

Libraries Guide

Existing Exact Closest
XC4000 Unified Unified Obsolete
Name Replacement Replacement
RM64X8H RAM32X8
RM128X4H RAM16X4
RM128X8H RAM16X8
RS4 SRACE
RS4P SRACLE
RS4R SR4RE
RS8 SR8CE
RS8P SR8CLE
RS8PH SR8RLE
RS8R SR8RE
RS16 SR16CE
RS16P SR16CLE
RS16PH SR16RLE
RS16R SR16RE
TBUF BUFT
WMB8-1 Obsolete
WM16-1 Obsolete
X74-42 X74 42
X74-48 Obsolete
X74-83 X74 283
X74-85 X74 185
X74-138 X74 138
X74-139 X74 139
X74-147 X74 147
X74-148 X74 148
X74-150 X74 150
X74-151 X74 151
X74-152 X74 152
X74-153 X74 153
X74-154 X74 154
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Existing Exact Closest
XC4000 Unified Unified Obsolete
Name Replacement Replacement
X74-157 X74 157
X74-158 X74 158
X74-160 X74_160
X74-161 X74 161
X74-162 X74_162
X74-163 X74 163
X74-164 X74 164
X74-165S X74_165S
X74-166 SR8CLE
X74-168 X74 168
X74-174 X74 174
X74-194 X74 194
X74-195 X74 195
X74-198 X74 195
X74-199 X74 195
X74-240 BUFT8
X74-241 BUFT8
X74-244 Obsolete
X74-245 Obsolete
X74-257 M2 1
X74-258 M2 1
X74-259 Obsolete
X74-273 X74 273 FD8CE
X74-278 Obsolete
X74-280 X74 280
X74-283 X74 283
X74-298 X74 298
X74-352 X74 352
X74-373 Obsolete
X74-374 Obsolete
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Existing Exact Closest
XC4000 Unified Unified Obsolete
Name Replacement Replacement

X74-377 X74 377

X74-390 X74 390

X74-518 X74 518

X74-521 X74 521

X74-540 Obsolete
X74-541 Obsolete
X74-577 Obsolete
X74-595 SR8CE

X74160D X74 160

X74160U X74 160

X74161D X74 161

X74161U X74 161

X74 162 X74 163

ZHM4000 Obsolete
ZMX4000 Obsolete
ZX4000 Obsolete
ZXPAL Obsolete
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XC7000 Replacement and Obsolete Macro Functions

2-62

Existing Exact Closest
XC7000 Unified Unified Obsolete
Name Replacement Replacement
PAT7236A Obsolete
PAT272A Obsolete
PAT7272B Obsolete
PAT7272C Obsolete
PA73108A Obsolete
PA73108B Obsolete
PLOO NAND2
PL02 NOR2
PLO4 INV
PLO8 AND2
PL10 NAND3
PL11 AND3
PL20 NAND4
PL21 AND4
PL27 NOR3
PL30 NANDS8
PL32 OR2
PL74 FDCP
PL74PZ FD
PL76P FIKCP
PL83 ADD4
PL85 X74_ L85
PL86 XOR2
PL126 BUFE
PL138 X74 138
PL139 X74 139
PL148P X74 148
PL150 X74_150
PL151 X74 151
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Existing Exact Closest
XC7000 Unified Unified Obsolete
Name Replacement Replacement
PL153 X74 153
PL157 X74 157
PL161 X74 161
PL163 X74 163
PL164 X74 164
PL166 Obsolete
PL191P CB4X2
PL194 SR4ACLED
PL198P SR8RLED
PL240 Obsolete
PL244 BUFT4
PL266 XNOR2
PL298P X74 298
PL373P LD8
PL374 FD8
PL374PZ FD8
PL377 X74 377
PL518P X74 518
PL869P CB8X2
PLADD4 ADD4
PLADDS8 ADDS8
PLALUS ACCB8X1
PLALUSH ACC8X2
PLAND2 AND2
PLAND3 AND3
PLANDA4 AND4
PLANDS ANDS8
PLBI Obsolete
PLBI8 Obsolete
PLBUF BUF
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2-64

Existing Exact Closest
XC7000 Unified Unified Obsolete
Name Replacement Replacement
PLBUFT BUFE
PLBUFT4 BUFT4
PLCE BUFCE
PLCEIO Obsolete
PLCOMPS COMPS8
PLCOMPS8R Obsolete
PLCTR4A X74 161
PLCTR4S X74 163
PLCTRS8 CB8RLE
PLCTR8T Obsolete
PLDECOD?2 X74 139
PLDECOD3 X74 138
PLDFF FD
PLDFF8 FD8
PLDFFES8 X74 377
PLDFFEI IFDX1
PLDFFEI8 IFD8X1
PLDFFEIO Obsolete
PLDFFI IFD
PLDFFI8 IFD8
PLDFFIO Obsolete
PLDFFRSC FDCP
PLDFFT8 FD8
PLDLAT LD
PLDLATS8 LD8
PLDLATI ILD
PLDLATI8 ILD8
PLDLATIO Obsolete
PLENCODS X74 148
PLFCLKIO Obsolete

Xilinx Development System




Selection Guide

Libraries Guide

Existing Exact Closest
XC7000 Unified Unified Obsolete
Name Replacement Replacement
PLFCOMP Obsolete
PLFOE BUFFOE
PLFOEIO Obsolete
PLFPLA48 PL48PIN
PLFSTCLK BUFG
PLIN IBUF
PLINS8 IBUF8
PLINSA IBUF8
PLIO Obsolete
PLIO8 Obsolete
PLIKFFC FIKCP
PLMAG4 X74 L85
PLMAGS COMPMS8
PLMAGA4R Obsolete
PLMAGSR Obsolete
PLMUX2 M2 1
PLMUX4 M4 _1E
PLMUX8 X74 151
PLMUX16 X74 150
PLMUX2R4 X74 298
PLMUX2X4 X74 157
PLMUX4X2 X74 153
PLNAND2 NAND2
PLNAND3 NAND3
PLNAND4 NAND4
PLNANDS8 NANDS8
PLNOR2 NOR2
PLNOR3 NOR3
PLNOR4 NOR4
PLNORS NOR8
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2-66

Existing Exact Closest
XC7000 Unified Unified Obsolete
Name Replacement Replacement
PLNOT INV
PLNOTT4 Obsolete
PLOR2 OR2
PLOR3 OR3
PLOR4 OR4
PLORS ORS8
PLOUT OBUF
PLOUTS OBUF8
PLOUTS8A OBUF8
PLOUTT OBUFEX1
PLOUTTS OBUFE8X1
PLPLD9 PLFB9
PLPLD9F PLFFB9
PLSHIF4 SR4RLED
PLSHIF4A SR4CLED
PLSHIF8 SR8RLED
PLSHIF8I X74 164
PLSHIF80O Obsolete
PLUPDN4 CB4Xx2
PLUPDNS8 CB8Xx2
PLUPDNST Obsolete
PLXNOR?2 XNOR2
PLXOR2 XOR2
PLXOR3 XOR3
PLXOR4 XOR4
PLXOR5 XOR5
PLXOR6 XOR6
PLXOR? XOR7
PLXORS XORS8
PLXOR9 XOR9
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Design Elements
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This chapter contains design elements for the XC2000, XC3000,
XC4000, and XC7000 architectures. The elements are organized in
alphanumeric order, with all numeric suffixes in ascending order.

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

XC2000 XC3000 XC4000 XC7000

Macro N/A N/A Primitive*
* not supported for XC7272 or XC7336 designs

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 synchro-
nous reset (R) has priority over all other inputs and, when High,
causes the output to go to logic level zero. Clock (C) transitions are
ignored when clock enable (CE) is Low.

The accumulator is asynchronously reset, output Low, when power is
applied or when global reset, GR, is active (Low).
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.

Libraries Guide — 0401410 01 3-1




Libraries Guide

Add

When control inputs ADD and CE are both High, the accumulator
adds a 1-bit word (B0) and carry-in (CI) to the contents of the 1-bit
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 B0 and the contents of the register, which
allows cascading of ACC1s by connecting CO of one stage to Cl of the
next stage. In add mode, CO acts as a carry-out, and CO and Cl 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 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 subtract mode,
CO acts as a borrow, and CO and ClI are active-Low.

Qo0

u

al ADSU1

'—
A0 Cl

BO s

B——BO
ADDCo co
= ADD a
S0 po M2_1O . FDCE
0
. DO D1 R_SDO o Q
S0 “—Tspbo CE

= L AND2B1 -~
.CE hd 'r\ R L CE CLR
.R ya—g QO

c OR3
[

G.ND
Figure 3-1 ACC1 XC2000 Implementation
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For the XC7000 EPLD architecture, the CO output is not valid during
load (L=High), during reset (R=High), or while CE is inactive (Low).
Also, the Cl and CO pins are not implemented using the EPLD arith-
metic carry path and should be used to cascade accumulators. Refer
to “ACC1X1” and “ACC1X2” for descriptions of cascadable EPLD
accumulators.
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ACC1X1

ACC1X1

Qo

Co

3-4

X4240

1-Bit Loadable Cascadable Accumulator with
Carry-Out and Synchronous Reset for EPLD

XC2000 XC3000 XC4000 XC7000

N/A N/A N/A Primitive*
*not supported for XC7272 or XC7336 designs

ACC1X1 is implemented using the EPLD arithmetic carry-logic chain
for high-speed ripple-carry addition. ACC1X1 is a low-order adder
component that can be used as a stand-alone or cascaded with high-
order accumulators through its CO output. ACC1X1 adds or
subtracts a 1-bit binary word (B0) to or from the contents of a 1-bit
data register and stores the results in the register. The register can be
loaded with a 1-bit word. When the load input (L) is High, CE is
ignored and the data on input DO is loaded into the 1-bit register. The
synchronous reset (R) has priority over all other inputs and, when
High, causes all outputs to go to logic level zero. When reset (R) and
load (L) are inactive, clock (C) transitions are ignored when clock
enable (CE) is Low.

Add

When control inputs ADD and CE are both High, the accumulator
adds a 1-bit word (BO0) 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. In add mode, CO acts as a carry-out and is
active-High.

Subtract

When ADD is Low and CE is High, the 1-bit word B0 is 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.
In subtract mode, CO acts as a borrow and is active-Low.

The CO output is passed into the EPLD carry chain, and therefore can
only be connected to the Cl input of another EPLD-specific arithmetic
component. To generate a carry-out signal for general-purpose logic,
connect an ADD1X2 to the CO output of the accumulator and tie its A
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and B inputs to GND; the S output becomes the carry-out. If a carry-
in is required from general-purpose logic, use an ACC1X2 for the
least-significant accumulator and connect an ADD1X1 to its Cl input.
Then connect your carry-in signal to both the A and B inputs of the
ADD1X1 (the S output is not used) to generate a carry into the carry
chain for the first bit of the accumulator. The accumulator register is
initialized to zero when powered is applied or when the device
Master Reset input is activated. The clock (C) input can be driven by
either the EPLD FastCLK global net (represented by a BUFG symbol),
an ordinary input, or other on-chip logic.

Inputs Outputs
R L CE BO DO C ADD Qo0 Cco
1 X X X X ) X 0 0
0 1 X X DO ) X d 0
0 0 0 X X X X No Chg 0
0 0 1 BO X 1 1 g+b CO
0 0 1 BO X 1 0 g-b CO

Libraries Guide

d, g, b = state of referenced input one set-up time prior to active clock transition
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ACC1X2
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X4241

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

XC2000 XC3000 XC4000 XC7000

N/A N/A N/A Primitive*
* not supported for XC7272 or XC7336 designs

ACC1X2 is implemented using the EPLD arithmetic carry-logic chain
for high-speed ripple-carry addition. ACC1X2 is a high-order adder
component cascaded to lower-order accumulators through its Cl
input. ACC1X2 adds or subtracts a 1-bit binary word (B0) to or from
the contents of a 1-bit data register and stores the results in the
register. The register can be loaded with a 1-bit word. When the load
input (L) is High, CE is ignored and the data on input DO is loaded
into the 1-bit register. The synchronous reset (R) has priority over all
other inputs and, when High, causes all outputs to go to logic level
zero. When reset (R) and load (L) are inactive, clock (C) transitions are
ignored when clock enable (CE) is Low.

Add

When control inputs ADD and CE are both High, the accumulator
adds a 1-bit word (B0) and carry-in (ClI) to the contents of the 1-bit
register. The result is stored in the register and appears on output Q0
during the Low-to-High clock transition. In add mode, CO acts as a
carry-out, and CO and CI are active-High.

Subtract

When ADD is Low and CE is High, the 1-bit word B0 and CI are
subtracted from the contents of the register. The result is stored in the
register and appears on output QO during the Low-to-High clock
transition. In subtract mode, CO acts as a borrow, and CO and Cl are
active-Low.

The Cl input is taken from the EPLD carry chain, and therefore, must
only be connected to the CO output of another EPLD-specific arith-
metic component. The CO output is passed into the EPLD carry
chain, and can only be connected to the ClI input of another
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EPLD-specific arithmetic component. To generate a carry-out signal
for general-purpose logic, connect an ADD1X2 to the CO output of
the accumulator and tie its A and B inputs to GND; the S output

becomes the carry-out.

The accumulator register is initialized to zero when power is applied
or when the device Master Reset input is activated. The clock (C)
input can be driven by either the EPLD FastCLK global net (repre-
sented by a BUFG symbol), an ordinary input, or other on-chip logic.

Inputs Outputs

R L CE BO DO Cl C ADD Qo0 (6{0)
1 X X X X X 1 X 0 0
0 1 X X DO X 1 X d 0
0 0 0 X X X X X No Chg 0
0 0 1 BO X Cl 1 1 g+b+ci (6{0)
0 0 1 BO X Cl 1 0 g-b-ci CO

d, g, b, ci = state of referenced input one set-up time prior to active clock

transition
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ACC4
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ACC4

OFL

X3863

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

XC2000 XC3000 XC4000 XC7000

N/A Macro Macro Primitive*
* not supported for XC7272 or XC7336 designs

ACC4 can add or subtract a 4-bit unsigned-binary or twos-comple-
ment word to or from the contents of a 4-bit data register and store
the results in the register. The register can be loaded with a 4-bit
word. In the XC4000 family, the accumulator is implemented using
carry logic and relative location constraints, which assure most effi-
cient logic placement. The synchronous reset (R) has priority over all
other inputs, and when High, causes all outputs to go to logic level
zero. Clock (C) transitions are ignored when clock enable (CE) is Low.

The accumulator is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC3000) or global set/reset
(GSR for XC4000) is active. GR is active Low; the GSR active level is
programmable.

Load

When the load input (L) is High, CE is ignored and the data on inputs
D3 - D0 is loaded into the 4-bit register.

Unsigned Binary Versus Twos-Complement

ACC4 can operate on either 4-bit unsigned binary numbers or 4-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.

For the XC7000 EPLD architecture, the CO output is not valid during
load (L=High), during reset (R=High), or while CE is inactive (Low).
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Also, the Cl and CO pins are not implemented using the EPLD
arithmetic carry path and should be used to cascade accumulators.
Refer to “ACC1X1” and “ACC1X2” for descriptions of cascadable
EPLD accumulators. The OFL output is not provided on the ACC4
symbol in XC7000.

Unsigned Binary Operation

For unsigned binary operation, the ACC4 can represent numbers
between 0 and 15, 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 accumu-
lation of inputs B3 — BO and the contents of the register, which allows
cascading of ACC4s 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.

unsigned overflow = CO XOR ADD
OFL should be ignored in unsigned binary operation.

Twos-Complement Operation

For twos-complement operation, ACC4 can represent numbers
between -8 and +7, 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 inputs B3 — B0 and the contents of
the register, which allows cascading of ACC4s by connecting OFL of
one stage to CI of the next stage.

CO should be ignored in twos-complement operation.
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XC4000 Topology
co
OFL
A3B3 Q3
A2B2 Q2
A1B1 Q1
AoBo Qo
cl

X3662
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ACC4X1

4-Bit Loadable Cascadable Accumulator with
Carry-Out and Synchronous Reset for EPLD

BO ACC4X1 Qo

BL | | o1
B2 | | @2
B3 | | o3
DO | co

R X4244

Libraries Guide

XC2000 XC3000 XC4000 XC7000

N/A N/A N/A Primitive*
* not supported for XC7272 or XC7336 designs

ACC4X1 is implemented using the EPLD arithmetic carry-logic chain
for high-speed ripple-carry addition. ACC4X1 is a low-order adder
component, which can be used as a stand-alone or cascaded with
high-order accumulators through its CO output. ACC4X1 adds or
subtracts a 4-bit binary word (B3 — B0) to or from the contents of a
4-bit data register and stores the results in the register. The register
can be loaded with a 4-bit word. When the load input (L) is High, CE
is ignored and the data on inputs D3 — DO is loaded into the 4-bit
register. The synchronous reset (R) has priority over all other inputs
and, when High, causes all outputs to go to logic level zero. When
reset (R) and load (L) are inactive, clock (C) transitions are ignored
when clock enable (CE) is Low.

Add

When control inputs ADD and CE are both High, the accumulator
adds a 4-bit word (B3 — B0) to the contents of the 4-bit register. The
result is stored in the register and appears on outputs Q3 — Q0 during
the Low-to-High clock transition. In add mode, CO acts as a carry-
out and is active-High.

Subtract

When ADD is Low and CE is High, the 4-bit word B3 — B0 is
subtracted from the contents of the register. The result is stored in the
register and appears on outputs Q3 — Q0 during the Low-to-High
clock transition. In subtract mode, CO acts as a borrow and is active-
Low.

The CO output is passed into the EPLD carry chain, and therefore can
only be connected to the ClI input of another EPLD-specific arithmetic
component. To generate a carry-out signal for general-purpose logic,
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connect an ADD1X2 to the CO output of the accumulator and tie its A
and B inputs to GND; the S output becomes the carry-out. If a
carry-in is required from general-purpose logic, use an ACC4X2 for
the least-significant accumulator and connect an ADD1X1 to its Cl
input. Then connect your carry-in signal to both the A and B inputs of
the ADD1X1 (the S output is not used) to generate a carry into the
carry chain for the first bit of the accumulator.

The accumulator register is initialized to zero when power is applied
or when the device Master Reset pin is activated. The clock (C) input
can be driven by either the EPLD FastCLK global net (represented by
a BUFG symbol), an ordinary input, or other on-chip logic.

Refer to “ACC1X1” for truth table derivation.

3-12 Xilinx Development System



Design Elements

ACC4X2
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XC2000 XC3000 XC4000 XC7000

N/A N/A N/A Primitive*
* not supported for XC7272 or XC7336 designs

ACCA4X2 is implemented using the EPLD arithmetic carry-logic chain
for high-speed ripple-carry addition. ACC4X2 is a high-order adder
component cascaded to lower-order accumulators through its ClI
input. ACC4X2 adds or subtracts a 4-bit binary word (B3 — B0) to or
from the contents of a 4-bit data register and stores the results in the
register. The register can be loaded with a 4-bit word. When the load
input (L) is High, CE is ignored and the data on inputs D3 — DO is
loaded into the 4-bit register. The synchronous reset (R) has priority
over all other inputs and, when High, causes all outputs to go to logic
level zero. When reset (R) and load (L) are inactive, clock (C) transi-
tions are ignored when clock enable (CE) is Low.

Add

When control inputs ADD and CE are both High, the accumulator
adds a 4-bit word (B3 — B0) and carry-in (Cl) to the contents of the
4-bit register. The result is stored in the register and appears on
outputs Q3 — Q0 during the Low-to-High clock transition. In add
mode, CO acts as a carry-out, and CO and CI are active-High.

Subtract

When ADD is Low and CE is High, the 4-bit word B3 — BO and Cl are
subtracted from the contents of the register. The result is stored in the
register and appears on outputs Q3 — Q0 during the Low-to-High
clock transition. In subtract mode, CO acts as a borrow, and CO and
Cl are active-Low.

The Cl input is taken from the EPLD carry chain, and therefore must
only be connected to the CO output of another EPLD-specific arith-
metic component. The CO output is passed into the EPLD carry chain
and can only be connected to the CI input of another EPLD-specific
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arithmetic component. To generate a carry-out signal for general-
purpose logic, connect an ADD1X2 to the CO output of the accumu-
lator and tie its A and B inputs to GND; the S output becomes the
carry-out.

The accumulator register is initialized to zero when power is applied
or when the device Master Reset pin is activated. The clock (C) input
can be driven by either the EPLD FastCLK global net (represented by
a BUFG symbol), an ordinary input, or other on-chip logic.

Refer to “ACC1X2” for truth table derivation.
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XC2000 XC3000 XC4000 XC7000

N/A Macro Macro Macro*
* not supported for XC7272 or XC7336 designs

ACCS can add or subtract an 8-bit unsigned-binary or twos- comple-
ment word to or from the contents of an 8-bit data register and store
the results in the register. The register can be loaded with an 8-bit
word. In the XC4000 family, the accumulator is implemented using
carry logic and relative location constraints, which assure most effi-
cient logic placement. The synchronous reset (R) has priority over all
other inputs, and when High, causes all outputs to go to logic level
zero. Clock (C) transitions are ignored when clock enable (CE) is Low.

The accumulator is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC3000) or global set/reset
(GSR for XC4000) is active. GR is active Low; the GSR active level is
programmable.

Load

When the load input (L) is High, CE is ignored and the data on inputs
D7 - DO is loaded into the 8-bit register.

Unsigned Binary Versus Twos-Complement

ACCS can operate on either 8-bit unsigned binary numbers or 8-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.

For the XC7000 EPLD architecture, the CO output is not valid during
load (L=High), during reset (R=High), or while CE is inactive (Low).
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Also, the Cl and CO pins are not implemented using the EPLD
arithmetic carry path and should be used to cascade accumulators.
Refer to “ACC8X1” and “ACC8X2” for descriptions of cascadable
EPLD accumulators. The OFL output is not provided on the ACC8
symbol in XC7000.

Unsigned Binary Operation

For unsigned binary operation, ACC8 can represent numbers
between 0 and 255, 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 accumu-
lation of inputs B7 — BO and the contents of the register, which allows
cascading of ACCS8s by connecting CO of one stage to Cl 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.

unsigned overflow = CO XOR ADD
OFL should be ignored in unsigned binary operation.

Twos-Complement Operation

For twos-complement operation, ACC8 can represent numbers
between -128 and +127, inclusive. If an addition or subtraction opera-
tion result exceeds this range, the OFL output goes High. The over-
flow (OFL) is not registered synchronously with the data outputs.
OFL always reflects the accumulation of inputs B7 — B0 and the
contents of the register, which allows cascading of ACC8s by
connecting OFL of one stage to CI of the next stage.

CO should be ignored in twos-complement operation.
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XC2000 XC3000 XC4000 XC7000

N/ZA N/ZA N/ZA Primitive*

* not supported for XC7272 or XC7336 designs

ACCB8X1 is implemented using the EPLD arithmetic carry-logic chain
for high-speed ripple-carry addition. ACC8X1 is a low-order adder
component, which can be used as a stand-alone or cascaded with
high-order accumulators through its CO output. ACC8X1 adds or
subtracts an 8-bit binary word (B7 — B0) to or from the contents of an
8-bit data register and stores the results in the register. The register
can be loaded with an 8-bit word. When the load input (L) is High,
CE is ignored and the data on inputs D7 — DO is loaded into the 8-bit
register. The synchronous reset (R) has priority over all other inputs
and, when High, causes all outputs to go to logic level zero. When
reset (R) and load (L) are inactive, clock (C) transitions are ignored
when clock enable (CE) is Low.

Add

When control inputs ADD and CE are both High, the accumulator
adds an 8-bit word (B7 — B0) to the contents of the 8-bit register. The
result is stored in the register and appears on outputs Q7 — Q0 during
the Low-to-High clock transition. In add mode, CO acts as a carry-
out and is active-High.

Subtract

When ADD is Low and CE is High, the 8-bit word B7 — B0 is
subtracted from the contents of the register. The result is stored in the
register and appears on outputs Q7 — QO during the Low-to-High
clock transition. In subtract mode, CO acts as a borrow and is active-
Low.

The CO output is passed into the EPLD carry chain, and therefore can
only be connected to the ClI input of another EPLD-specific arithmetic
component. To generate a carry-out signal for general-purpose logic,
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connect an ADD1X2 to the CO output of the accumulator and tie its A
and B inputs to GND; the S output becomes the carry-out. If a
carry-in is required from general-purpose logic, use an ACC8X2 for
the least-significant accumulator and connect an ADD1X1 to its Cl
input. Then connect your carry-in signal to both the A and B inputs of
the ADD1X1 (the S output is not used) to generate a carry into the
carry chain for the first bit of the accumulator.

The accumulator register is initialized to zero when power is applied
or when the device Master Reset pin is activated. The clock (C) input
can be driven by either the EPLD FastCLK global net (represented by
a BUFG symbol), an ordinary input, or other on-chip logic.

Refer to “ACC1X1” for truth table derivation.
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XC2000 XC3000 XC4000 XC7000

N/A N/A N/A Primitive*
* not supported for XC7272 or XC7336 designs

ACCB8X2 is implemented using the EPLD arithmetic carry-logic chain
for high-speed ripple-carry addition. ACC8X2 is a high-order adder
component cascaded to lower-order accumulators though its CI
input. ACC8X2 adds or subtracts an 8-bit binary word (B7 — B0) to or
from the contents of an 8-bit data register and stores the results in the
register. The register can be loaded with an 8-bit word. When the load
input (L) is High, CE is ignored and the data on inputs D7 — DO is
loaded into the 8-bit register. The synchronous reset (R) has priority
over all other inputs and, when High, causes all outputs to go to logic
level zero. When reset (R) and load (L) are inactive, clock (C) transi-
tions are ignored when clock enable (CE) is Low.

Add

When control inputs ADD and CE are both High, the accumulator
adds an 8-bit word (B7 — B0) and carry-in (Cl) to the contents of the
8-bit register. The result is stored in the register and appears on
outputs Q7 — QO during the Low-to-High clock transition. In add
mode, CO acts as a carry-out, and CO and CI are active-High.

Subtract

When ADD is Low and CE is High, the 8-bit word B7 — BO and Cl are
subtracted from the contents of the register. The result is stored in the
register and appears on outputs Q7 — QO during the Low-to-High
clock transition. In subtract mode, CO acts as a borrow, and CO and
Cl are active-Low.

The Cl input is taken from the EPLD carry chain, and therefore must
only be connected to the CO output of another EPLD-specific arith-
metic component. The CO output is passed into the EPLD carry
chain, and therefore can only be connected to the CI input of another
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EPLD-specific arithmetic component. To generate a carry-out signal
for general-purpose logic, connect an ADD1X2 to the CO output of
the accumulator and tie its A and B inputs to GND; the S output
becomes the carry-out.

The accumulator register is initialized to zero when power is applied
or when the device Master Reset pin is activated. The clock (C) input
can be driven by either the EPLD FastCLK global net (represented by
a BUFG symbol), an ordinary input, or other on-chip logic.

Refer to “ACC1X2” for truth table derivation.
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XC2000 XC3000 XC4000 XC7000

N/A Macro Macro Macro*
* not supported for XC7272 or XC7336 designs

ACC16 can add or subtract a 16-bit unsigned-binary or twos-comple-
ment word to or from the contents of a 16-bit data register and store
the results in the register. The register can be loaded with a 16-bit
word. In the XC4000 family, the accumulator is implemented using
carry logic and relative location constraints, which assure most effi-
cient logic placement. The synchronous reset (R) has priority over all
other inputs, and when High, causes all outputs to go to logic level
zero. Clock (C) transitions are ignored when clock enable (CE) is Low.

The accumulator is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC3000) or global set/reset
(GSR for XC4000) is active. GR is active Low; the GSR active level is
programmable.

Load

When the load input (L) is High, CE is ignored and the data on inputs
D15 - DO is loaded into the 16-bit register.

Unsigned Binary Versus Twos-Complement

ACC16 can operate on either 16-bit unsigned binary numbers or
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 oper-
ation is how they determine when “overflow” occurs. Unsigned
binary uses CO, while twos-complement uses OFL to determine
when “overflow” occurs.

For the XC7000 EPLD architecture, the CO output is not valid during
load (L=High), during reset (R=High), or while CE is inactive (Low).
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Also, the Cl and CO pins are not implemented using the EPLD arith-
metic carry path and should be used to cascade accumulators. Refer
to “ACC8X1” and “ACC8X2” for descriptions of cascadable EPLD
accumulators. The OFL output is not provided on the ACC16 symbol
in XC7000.

Unsigned Binary Operation

For unsigned binary operation, ACC16 can represent numbers
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 regis-
tered synchronously with the data outputs. CO always reflects the
accumulation of inputs B15 — B0 and the contents of the register,
which allows cascading of ACC16s by connecting CO of one stage to
Cl 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.

unsigned overflow = CO XOR ADD
OFL should be ignored in unsigned binary operation.

Twos-Complement Operation

For twos-complement operation, ACC16 can represent numbers
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 inputs B15 - B0 and
the contents of the register, which allows cascading of ACC16s by
connecting OFL of one stage to CI of the next stage.

CO should be ignored in twos-complement operation.
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X4321

XC2000 XC3000 XC4000 XC7000
NZA N/A N/A Macro*

* not supported for XC7272 or XC7336 designs

ACC16X1 is implemented using the EPLD arithmetic carry-logic
chain for high-speed ripple-carry addition. ACC16X1 is a low-order
adder component, which can be used as a stand-alone or cascaded
with high-order accumulators though its CO output. ACC16X1 adds
or subtracts a 16-bit binary word (B15 — B0) to or from the contents of
a 16-bit data register and stores the results in the register. The register
can be loaded with a 16-bit word. When the load input (L) is High, CE
is ignored and the data on inputs D15 — DO is loaded into the

16-bit register. The synchronous reset (R) has priority over all other
inputs and, when High, causes all outputs to go to logic level zero.
When reset (R) and load (L) are inactive, clock (C) transitions are
ignored when clock enable (CE) is Low.

Add

When control inputs ADD and CE are both High, the accumulator
adds a 16-bit word (B15 — B0) to the contents of the 16-bit register. The
result is stored in the register and appears on outputs Q15 - QO
during the Low-to-High clock transition. In add mode, CO acts as a
carry-out and is active-High.

Subtract

When ADD is Low and CE is High, the 16-bit word B15 - B0 is
subtracted from the contents of the register. The result is stored in the
register and appears on outputs Q15 — Q0 during the Low-to-High
clock transition. In subtract mode, CO acts as a borrow and is active-
Low.

The CO output is passed into the EPLD carry chain, and therefore can
only be connected to the Cl input of another EPLD-specific arithmetic
component. To generate a carry-out signal for general-purpose logic,
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connect an ADD1X2 to the CO output of the accumulator and tie its
A and B inputs to GND; the S output becomes the carry-out. If a
carry-in is required from general-purpose logic, use an ACC16X2 for
the least-significant accumulator and connect an ADD1X1 to its ClI
input. Then connect your carry-in signal to both the A and B inputs of
the ADD1X1 (the S output is not used) to generate a carry into the
carry chain for the first bit of the accumulator.

The accumulator register is initialized to zero when power is applied
or when the device Master Reset pin is activated. The clock (C) input
can be driven by either the EPLD FastCLK global net (represented by
a BUFG symbol), an ordinary input, or other on-chip logic.

Refer to “ACC1X1” for truth table derivation.
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Figure 3-5 ACC16X1 XC7000 Implementation
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ACC16X2

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

c |
B[15:0]

ACC16X2 | Q[15:0]
—

Cco

g X4322

3-30

XC2000 XC3000 XC4000 XC7000
NZA N/A N/A Macro*

* not supported for XC7272 or XC7336 designs

ACC16X2 is implemented using the EPLD arithmetic carry-logic
chain for high-speed ripple-carry addition. ACC16X2 is a high-order
adder component cascaded to lower-order accumulators through its
Cl input. ACC16X2 adds or subtracts a 16-bit binary word (B15 — B0)
to or from the contents of a 16-bit data register and stores the results
in the register. The register can be loaded with a 16-bit word. When
the load input (L) is High, CE is ignored and the data on inputs

D15 - D0 is loaded into the 16-bit register. The synchronous reset (R)
has priority over all other inputs and, when High, causes all outputs
to go to logic level zero. When reset (R) and load (L) are inactive,
clock (C) transitions are ignored when clock enable (CE) is Low.

Add

When control inputs ADD and CE are both High, the accumulator
adds a 16-bit word (B15 - B0) and carry-in (CI) to the contents of the
16-bit register. The result is stored in the register and appears on
outputs Q15 — QO during the Low-to-High clock transition. In add
mode, CO acts as a carry-out, and CO and CI are active-High.

Subtract

When ADD is Low and CE is High, the 16-bit word B15 - B0 and CI
are subtracted from the contents of the register. The result is stored in
the register and appears on outputs Q15 — QO during the Low-to-
High clock transition. In subtract mode, CO acts as a borrow, and CO
and ClI are active-Low.

The Cl input is taken from the EPLD carry chain, and therefore must
only be connected to the CO output of another EPLD-specific arith-
metic component. The CO output is passed into the EPLD carry
chain, and therefore can only be connected to the CI input of another
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EPLD-specific arithmetic component. To generate a carry-out signal
for general-purpose logic, connect an ADD1X2 to the CO output of
the accumulator and tie its A and B inputs to GND; the S output
becomes the carry-out.

The accumulator register is initialized to zero when power is applied
or when the device Master Reset pin is activated. The clock (C) input
can be driven by either the EPLD FastCLK global net (represented by
a BUFG symbol), an ordinary input, or other on-chip logic.

Refer to “ACC1X2” for truth table derivation.
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Figure 3-6 ACC16X2 XC7000 Implementation
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ACLK

ACLK

Alternate Clock Buffer
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X3883

XC2000 XC3000 XC4000 XC7000
Primitive Primitive N/A N/A

ACLK, the alternate clock buffer, is used to distribute high fan-out
clock signals throughout a PLD device. One ACLK buffer on each
device provides direct access to every Configurable Logic Block
(CLB) and Input Output Block (IOB) clock pin. The ACLK buffer is
slightly slower than the global clock buffer (GCLK) but otherwise
similar. Unlike GCLK, the routing resources used for the ACLK
network can be used to route other signals if it is not used. For this
reason, if only one of the GCLK and ACLK buffers is used, GCLK is
preferred. The ACLK input (I) can come from one of the following
sources.

« A CMOS-level signal on the dedicated BCLKIN pin (XC3000
only). BCLKIN is a direct CMOS-only input to the ACLK buffer.
To use the BCLKIN pin, connect the input of the ACLK element
directly to the PAD element (without using an IBUF in between).

« A CMOS- or TTL-level external signal. To connect an external
input to the ACLK buffer, connect the input of the ACLK element
to the output of the IBUF for that signal. Unless the corresponding
PAD element is constrained otherwise, APR or PPR typically
places that 0B directly adjacent to the ACLK buffer.

« The on-chip crystal oscillator. The output of the XTAL oscillator on
XC2000 and XC3000 devices is directly adjacent to the ACLK
buffer input. If the GXTL element is used, the output of the XTAL
oscillator is automatically connected to the ACLK buffer; do not
use the ACLK element for anything else.

« Aninternal signal. To drive the ACLK buffer with an internal sig-
nal, connect that signal directly to the input of the ACLK element.

For a negative-edge clock, insert an INV (inverter) element between
the ACLK output and the clock input. Inversion is performed inside
the CLB, or in the case of 0B clock pins, on the 0B clock line (that

controls the clock sense for the IOBs on an entire edge of the chip).
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ADD1

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

SO

Cco

X4034

Libraries Guide

XC2000

XC3000

XC4000

XC7000

Macro

N/A

N/A

Primitive*

* not supported for XC7336 designs

ADD1, a cascadable 1-bit full adder with carry-in and carry-out, adds
two 1-bit words (A and B) and a carry-in (Cl), producing a binary
sum (S0) output and a carry-out (CO). For XC7000 cascadable adders,

refer to “ADD1X1” and “ADD1X2.”

Inputs Outputs
A0 BO Cl SO CO
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
= A0
™ BO
= Cl
SO =
CO.

Figure 3-7 ADD1 XC2000 Implementation
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ADD1X1

3-34

1-Bit Cascadable Full Adder with Carry-Out for EPLD

SO

CO

X4224

XC2000 XC3000 XC4000 XC7000

N/A N/A N/A Primitive*
* not supported for XC7336 designs

ADD1X1 is implemented using the EPLD arithmetic carry-logic chain
for high-speed ripple-carry addition. ADD1X1 is a low-order adder
component, which can be used as a stand-alone or cascaded with
high-order adders through its CO output. ADD1X2 adds two words
(A0 and B0) and produces a sum output (ADD1X2) and carry-out
(CO).

The CO output is passed into the EPLD carry chain, and therefore can
only be connected to the Cl input of another EPLD-specific arithmetic
component. To generate a carry-out for general-purpose logic, use an
adder (or cascaded adders) with one extra bit and tie the most-signif-
icant A and B inputs to GND; the most-significant S output becomes
the carry-out. If a carry-in is required from general-purpose logic,
extend the length of the adder by one additional bit and connect the
carry-in signal to both the least-significant A and B inputs (the least-
significant S output is not used) to generate a carry into the carry
chain for the second bit of the adder.

Refer to “ADD1” for truth table derivation.
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ADD1X2

1-Bit Cascadable Full Adder with Carry-In and
Carry-Out for EPLD

Cl
AQ

SO
BO

Cco

X4225

Libraries Guide

XC2000 XC3000 XC4000 XC7000

N/A N/A N/A Primitive*
* not supported for XC7336 designs

ADD1X2 is implemented using the EPLD arithmetic carry-logic chain
for high-speed ripple-carry addition. ADD1X2 is a high-order adder
component cascaded to lower-order adders through its Cl input.
ADD1X2 adds two words (A0 and B0) and a carry-in (Cl), producing
a sum output (S0) and carry-out (CO).

The Cl input is taken from the EPLD carry chain, and therefore must
only be connected to the CO output of another EPLD-specific arith-
metic component. The CO output is passed into the EPLD carry
chain, and therefore can only be connected to the CI input of another
EPLD-specific arithmetic component. To generate a carry-out for
general-purpose logic, use an adder (or cascaded adders) with one
extra bit and tie the most-significant A and B inputs to GND; the
most-significant S output becomes the carry-out.

Refer to “ADD1” for truth table derivation.
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ADD4

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

XC2000 XC3000 XC4000 XC7000

N/A Macro Macro Macro*

* not supported for XC7336 designs

ADD4 is implemented in the XC4000 family using carry logic and
relative location constraints, which assure most efficient logic place-
ment. ADD4 adds two words (A3 — A0 and B3 - B0) and a carry-in
(CI), producing a sum output (S3 — S0) and carry-out (CO) or over-
flow (OFL). For XC7000 cascadable adders, refer to “ADD4X1” and
“ADD4X2.” The ADD4 Cl and CO pins do not use the EPLD carry
chain.

Unsigned Binary Versus Twos Complement

ADD4 can operate on either 4-bit unsigned binary numbers or 4-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.

Unsigned Binary Operation

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

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

unsigned overflow = CO XOR ADD
OFL is ignored in unsigned binary operation.
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Twos-Complement Operation

For twos-complement operation, ADD4 can represent numbers
between -8 and +7, inclusive. OFL is active (High) when the sum
exceeds the bounds of the adder.

CO is ignored in twos-complement operation.

XC4000 Topology
co
OFL

A3B3 S3

A2B> S»o

A1B1 S1

AoBo So

[¢]]

X3665
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4-Bit Cascadable Full Adder with Carry-Out for EPLD

ADD4X1
&\
Al |
Az | )
pal =
> S2
BO =<
a2
B2 |
B3 |
b co
X4232
3-38

XC2000 XC3000 XC4000 XC7000

N/A N/A N/A Primitive*

* not supported for XC7336 designs

ADD4X1 is implemented using the EPLD arithmetic carry-logic chain
for high-speed ripple-carry addition. ADD4X1 is a low-order adder
component, which can be used as a stand-alone or cascaded with
high-order adders through its CO output. ADD4X2 adds two words
(A3 - A0 and B3 - B0), producing a sum output (S3 — S0) and carry-
out (CO).

The CO output is passed into the EPLD carry chain, and therefore can
only be connected to the Cl input of another EPLD-specific arithmetic
component. To generate a carry-out for general-purpose logic, use an
adder (or cascaded adders) with one extra bit and tie the most-signif-
icant A and B inputs to GND; the most-significant S output becomes
the carry-out. If a carry-in is required from general-purpose logic,
extend the length of the adder by one additional bit and connect the
carry-in signal to both the least-significant A and B inputs (the least-
significant S output is not used) to generate a carry into the carry
chain for the second bit of the adder.

Refer to “ADD1” for truth table derivation.
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ADDA4X2

4-Bit Cascadable Full Adder with Carry-In and
Carry-Out for EPLD

Cl
a0 —L_
Al |
A2 | | s
A3 a1
B [ -2
. | s3
B2 |
B3 |

g cO

X4233

Libraries Guide

XC2000 XC3000 XC4000 XC7000
N/ZA N/A N/ZA Primitive*

* not supported for XC7336 designs

ADD4X2 is implemented using the EPLD arithmetic carry-logic chain
for high-speed ripple-carry addition. ADD4X2 is a high-order adder
component cascaded to lower-order adders through its Cl input.
ADDA4X2 adds two words (A3 — A0 and B3 — B0) and a carry-in (Cl),
producing a sum output (S3 — S0) and carry-out (CO).

The Cl input is taken from the EPLD carry chain, and therefore must
only be connected to the CO output of another EPLD-specific arith-
metic component. The CO output is passed into the EPLD carry
chain, and therefore can only be connected to the CI input of another
EPLD-specific arithmetic component. To generate a carry-out for
general-purpose logic, use an adder (or cascaded adders) with one
extra bit and tie the most-significant A and B inputs to GND; the
most-significant S output becomes the carry-out.

Refer to “ADD1” for truth table derivation.
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ADDS

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

XC2000 XC3000 XC4000 XC7000

N/A Macro Macro Macro*
* not supported for XC7336 designs

ADDS8 is implemented in the XC4000 family using carry logic and
relative location constraints, which assure most efficient logic place-
ment. ADD8 adds two words (A7 — A0 and B7 — B0) and a carry-in
(CI), producing a sum output (S7 — S0) and carry-out (CO) or over-
flow (OFL). For XC7000 cascadable adders, refer to “ADD8X1” and
“ADD8X2.” The ADD8 Cl and CO pins do not use the EPLD carry
chain.

Unsigned Binary Versus Twos-Complement

ADDS can operate on either 8-bit unsigned binary numbers or 8-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.

Unsigned Binary Operation

For unsigned binary operation, ADD8 can represent numbers
between 0 and 255, inclusive. CO is active (High) when the sum
exceeds the bounds of the adder.

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

unsigned overflow = CO XOR ADD
OFL is ignored in unsigned binary operation.
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Twos-Complement Operation

For twos-complement operation, ADD8 can represent numbers
between -128 and +127, inclusive. OFL is active (High) when the sum
exceeds the bounds of the adder.

CO is ignored in twos-complement operation.

XC4000 Topology

co

OFL
A7B7 S7
AgsBe Se
AsBs Ss
A4Bg Sa4
A3B3 S3
A2B> So
A1B1 S1
AoBo So

cl

X3666
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o s[7:0]
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AQ
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AL
BI
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A3
B3
XOR3 XOR3 co
A[7:0] ,_D AXB
B[7:0] XNOR2 OFL
C AAB:) AABXS
AND2
AND2 XOR2

Figure 3-8 ADDS8 XC3000 Implementation
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Figure 3-9 ADDS8 XC4000 Implementation
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ADD8X1

3-44

8-Bit Loadable Cascadable Full Adder with Carry-Out
for EPLD

X4236

XC2000 XC3000 XC4000 XC7000

N/A N/A N/ZA Primitive*

* not supported for XC7336 designs

ADDB8X1 is implemented using the EPLD arithmetic carry-logic chain
for high-speed ripple-carry addition. ADD8X1 is a low-order adder
component that can be used stand-alone or cascaded with high-order
adders through its CO output. ADD8X2 adds two words (A7 — A0
and B7 — B0), producing a sum output (S7 — SO) and carry-out (CO).
The CO output passes into the EPLD carry chain, and therefore can
only be connected to the Cl input of another EPLD-specific arithmetic
component. To generate a carry-out for general-purpose logic, use an
adder (or cascaded adders) with one extra bit and tie the most-signif-
icant A and B inputs to GND; the most-significant S output becomes
the carry-out. If a carry-in is required from general-purpose logic,
extend the length of the adder by one additional bit and connect the
carry-in signal to both the least-significant A and B inputs (the least-
significant S output is not used). This procedure generates a carry
into the carry chain for the second bit of the adder.

Refer to “ADD1” for truth table derivation.
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ADD8X2

8-Bit Cascadable Full Adder with Carry-In and
Carry-Out for EPLD

X4237

Libraries Guide

XC2000 XC3000 XC4000 XC7000

N/ZA N/A N/ZA Primitive*

* not supported for XC7336 designs

ADDB8X2 is implemented using the EPLD arithmetic carry-logic chain
for high-speed ripple-carry addition. ADD8X2 is a high-order adder
component cascaded to lower-order adders through its Cl input.
ADDB8X2 adds two words (A7 — A0 and B7 — B0) and a carry-in (Cl),
producing a sum output (S7 — S0) and carry-out (CO).

The Cl input is taken from the EPLD carry chain, and therefore must
only be connected to the CO output of another EPLD-specific arith-
metic component. The CO output is passed into the EPLD carry
chain, and therefore can only be connected to the CI input of another
EPLD-specific arithmetic component. To generate a carry-out for
general-purpose logic, use an adder (or cascaded adders) with one
extra bit and tie the most-significant A and B inputs to GND; the
most-significant S output becomes the carry-out.

Refer to “ADD1” for truth table derivation.
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ADD16

Cl

A[15:0]

B[15:0]

X4378

3-46

S[15:0]

OFL

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

XC2000 XC3000 XC4000 XC7000

N/A Macro Macro Macro*

* not supported for XC7336 designs

ADD16 is implemented in the XC4000 family using carry logic and
relative location constraints, which assure most efficient logic place-
ment. ADD16 adds two words (A15 - A0 and B15 - B0) and a carry-in
(CI), producing a sum output (S15 — S0) and carry-out (CO) or over-
flow (OFL). For XC7000 cascadable adders, refer to “ADD16X1” and
“ADD16X2.” The ADD16 Cl and CO pins do not use the EPLD carry
chain.

Unsigned Binary Versus Twos-Complement

ADD16 can operate on either 16-bit unsigned binary numbers or
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 oper-
ation is how they determine when “overflow” occurs. Unsigned
binary uses CO, while twos-complement uses OFL to determine
when “overflow” occurs.

Unsigned Binary Operation

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

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

unsigned overflow = CO XOR ADD
OFL is ignored in unsigned binary operation.
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Twos-Complement Operation

For twos-complement operation, ADD16 can represent numbers
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.

XC4000 Topology
co
OFL
A15B 15 Sis
A14B1g S
A13Bi3 Si3
A12B12 S12
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A10B10 S10
AgBg So
AgBg Sg
A7B7 S7
AsBs Se
AsBs Ss
A4By Sy
A3B3 S3
A2B2 S2
A1B1 S1
AoBo So
Cl

X3667
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ADD1X1

Cl

A[15:0]

B[15:0]

Al5

A0
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BO

co
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ADD8X2

S[15:0]
s15_8
ADD8X2
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GND

OFL_ouT
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AND3B1
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BO
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Figure 3-10 ADD16 XC7000 Implementation
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ADD16X1

16-Bit Cascadable Full Adder with Carry-Out for

Al15:0]

B[15:0]

EPLD

S[15:0]

X4317

Libraries Guide

XC2000 XC3000 XC4000 XC7000

N/ZA N/A N/ZA Macro*

* not supported for XC7336 designs

ADD16X1 is implemented using the EPLD arithmetic carry-logic
chain for high-speed ripple-carry addition. ADD16X1 is a low-order
adder component, which can be used as a stand-alone or cascaded
with high-order adders through its CO output. ADD16X2 adds two
words (A15 - A0 and B15 - B0), producing a sum output (S15 — S0)
and carry-out (CO).

The CO output is passed into the EPLD carry chain, and therefore can
only be connected to the CI input of another EPLD-specific arithmetic
component. To generate a carry-out for general-purpose logic, use an
adder (or cascaded adders) with one extra bit and tie the most-signif-
icant A and B inputs to GND; the most-significant S output becomes
the carry-out. If a carry-in is required from general-purpose logic,
extend the length of the adder by one additional bit and connect the
carry-in signal to both the least-significant A and B inputs (the least-
significant S output is not used) to generate a carry into the carry
chain for the second bit of the adder.

Refer to “ADD1” for truth table derivation.
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Al15:0]

B[15:0]
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S15_ 8
ADD8X2

S[15:8]
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@ CO

Figure 3-11 ADD16X1 XC7000 Implementation
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ADD16X2

16-Bit Cascadable Full Adder with Carry-In and
Carry-Out for EPLD

X4318

Libraries Guide

XC2000 XC3000 XC4000 XC7000

N/ZA N/A N/ZA Macro*

* not supported for XC7336 designs

ADD16X2 is implemented using the EPLD arithmetic carry-logic
chain for high-speed ripple-carry addition. ADD16X2 is a high-order
adder component cascaded to lower-order adders through its Cl
input. ADD16X2 adds two words (A15 - A0 and B15 - B0) and a
carry-in (Cl), producing a sum output (S15 — S0) and carry-out (CO).

The Cl input is taken from the EPLD carry chain, and therefore must
only be connected to the CO output of another EPLD-specific arith-
metic component. The CO output is passed into the EPLD carry
chain, and therefore can only be connected to the CI input of another
EPLD-specific arithmetic component. To generate a carry-out for
general-purpose logic, use an adder (or cascaded adders) with one
extra bit and tie the most-significant A and B inputs to GND; the
most-significant S output becomes the carry-out. Refer to “ADD1” for
truth table derivation.

S7.0
ADDSX2

Cl &

A[15:0]

S[15:0]

B[15:0]
S15_8
ADDB8X2

S[15:8]

@ CO

Figure 3-12 ADD16X2 XC7000 Implementation
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ADSU1
1-Bit Cascadable Adder/Subtracter with Carry-In and
Carry-Out

;') XC2000 XC3000 XC4000 XC7000
S0 Macro N/ZA N/A Primitive*

ADD Co

X4035

3-52

* not supported for XC7336 designs

When the ADD input is High, two 1-bit words (A0 and BO0) are added
with a carry-in (Cl), producing a 1-bit output (S0) and a carry-out
(CO). When the ADD input is Low, BO is subtracted from AOQ,
producing a result (S0) and borrow (CO). In add mode, CO represents
a carry-out, and CO and ClI are active-High. In subtract mode, CO
represents a borrow, and CO and ClI are active-Low. Refer to
“ADSU1X1” and “ADSU1X2” for cascadable EPLD symbols.

Inputs Outputs
AO BO Cl SO CO
0 0 0 0 0
0 1 0 1 0
1 0 0 1 0
1 1 0 0 1
0 0 1 1 0
0 1 1 0 1
1 0 1 0 1
1 1 1 1 1

Add Function, ADD=1
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Inputs Outputs
AO BO Cl SO CO
0 0 0 1 0
0 1 0 0 0
1 0 0 0 1
1 1 0 1 0
0 0 1 0 1
0 1 1 1 0
1 0 1 1 1
1 1 1 0 1

Subtract Function, ADD=0

(= ] 1

) S0
- A0 )r(NOR4
.AO — A0_O|

A2 0| AND2

0 CI_ZJ
AND2B1
1 A1_0 SUB_CO D0M2—1
AlCI | (o] C
OR2 DL

A2C

ADD_C0

OR2

A3_0 AND2 OR?

AND2

Figure 3-13 ADSU1 XC2000 Implementation
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ADSU1X1

A0

ADD

3-54

1-Bit Cascadable Adder/Subtracter with Carry-Out
for EPLD

XC2000 XC3000 XC4000 XC7000
= N/A N/A N/A Primitive*
co * not supported for XC7336 designs

X4226 ADSU1X1 is implemented using the EPLD arithmetic carry-logic
chain for high-speed ripple-carry addition. ADSU1X1 is a low-order
adder component, which can be used as a stand-alone or cascaded
with high-order adders through its CO output. When the ADD input
is High, two 1-bit words (A0 and B0) are added, producing and a
1-bit output (S0) and carry-out (CO). When the ADD input is Low, B0
is subtracted from AQ, producing a result (S0) and borrow (CO). In
add mode, CO represents a carry-out and is active-High. In subtract

mode, CO represents a borrow and is active-Low.

The CO output is passed into the EPLD carry chain, and therefore can
only be connected to the Cl input of another EPLD-specific arithmetic

component. To generate a carry-out for general-purpose logic,

connect an ADD1X2 to the CO output of the adder/subtracter and tie
its A and B inputs to GND; the S output becomes the carry-out. If a
carry-in is required from general-purpose logic, use an ADSU1X2 for
the least-significant adder/subtracter and connect an ADD1X1 to its
Cl input. Connect your carry-in signal to both the A and B inputs of
the ADD1X1 (the S output is not used) to generate a carry into the

carry chain for the first bit of the adder/subtracter.

Refer to “ADSU1” for truth table derivation.
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ADSU1X2

1-Bit Cascadable Adder/Subtracter with Carry-In and
Carry-Out for EPLD

C

SO
BO

ADD co

X4227

Libraries Guide

XC2000 XC3000 XC4000 XC7000

N/A N/A N/A Primitive*
* not supported for XC7336 designs

ADSU1X2 is implemented using the EPLD arithmetic carry-logic
chain for high-speed ripple-carry addition. ADSU1X2 is a high-order
adder component cascaded to lower-order adders through its Cl
input. When the ADD input is High, two 1-bit words (AQ and BO) are
added with a carry-in (Cl), producing a 1-bit output (S0) and carry-
out (CO). When the ADD input is Low, B0 is subtracted from AQ,
producing a result (S0) and borrow (CO). In add mode, CO repre-
sents a carry-out, and CO and ClI are active-High. In subtract mode,
CO represents a borrow, and CO and CI are active-Low.

The Cl input is taken from the EPLD carry chain, and therefore must
only be connected to the CO output of another EPLD-specific arith-
metic component. The CO output is passed into the EPLD carry
chain, and therefore can only be connected to the CI input of another
EPLD-specific arithmetic component. To generate a carry-out signal
for general-purpose logic, connect an ADD1X2 to the CO output of
the adder/subtracter and tie its A and B inputs to GND; the S output
becomes the carry-out.

Refer to “ADSU1” for truth table derivation.
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ADSU4

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

3-56

XC2000 XC3000 XC4000 XC7000

N/A Macro Macro Macro*
* not supported for XC7336 designs

ADSU4 is implemented in the XC4000 family using carry logic and
relative location constraints, which assure most efficient logic place-
ment. When the ADD input is High, two 4-bit words (A3 - A0 and
B3 - BO) are added with a carry-in (Cl), producing a 4-bit sum
(S3-S0) and carry-out (CO) or overflow (OFL). When the ADD input
is Low, B3 — BO is subtracted from A3 — A0, producing a 4-bit differ-
ence (S3 - S0) and CO or OFL. In add mode, CO and CI are active-
High. In subtract mode, CO and CI are active-Low. For cascadable
EPLD symbols, refer to “ADSU4X1” and “ADSU4X2.” ADSU4 Cl and
CO pins do not use the EPLD carry chain.

Unsigned Binary Versus Twos-Complement

ADSU4 can operate on either 4-bit unsigned binary numbers or 4-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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Figure 3-14 ADSU Carry-Out and Overflow Boundaries

Unsigned Binary Operation

For unsigned binary operation, ADSU4 can represent numbers
between 0 and 15, 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.

unsigned overflow = 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. 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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ADSU4X1

4-Bit Cascadable Adder/Subtracter with Carry-Out
for EPLD

X4234

Libraries Guide

XC2000 XC3000 XC4000 XC7000

N/A N/ZA N/ZA Primitive*

* not supported for XC7336 designs

ADSU4X1 is implemented using the EPLD arithmetic carry-logic
chain for high-speed ripple-carry addition. ADSU4X1 is a low-order
adder component, which can be used as a stand-alone or cascaded
with high-order adders through its CO output. When the ADD input
is High, two 4-bit words (A3 — A0 and B3 — B0) are added, producing
a 4-bit output (S3 — S0) and carry-out (CO). When the ADD input is
Low, B3 - BO is subtracted from A3 — A0, producing a result (S3 — S0)
and borrow (CO). In add mode, CO represents a carry-out and is
active-High. In subtract mode, CO represents a borrow and is active-
Low.

The CO output is passed into the EPLD carry chain, and therefore can
only be connected to the ClI input of another EPLD-specific arithmetic
component. To generate a carry-out for general-purpose logic,
connect an ADD1X2 to the CO output of the adder/subtracter and tie
its A and B inputs to GND,; the S output becomes the carry-out. If a
carry-in is required from general-purpose logic, use an ADSU4X2 for
the least-significant adder/subtracter and connect an ADD1X1 to its
Cl input. Connect your carry-in signal to both the A and B inputs of
the ADD1X1 (the S output is not used) to generate a carry into the
carry chain for the first bit of the adder/subtracter.

Refer to “ADSU1” for truth table derivation.
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ADSU4X2

4-Bit Cascadable Adder/Subtracter with Carry-In and
Carry-Out for EPLD

XC2000 XC3000 XC4000 XC7000

N/A N/A N/A Primitive*
* not supported for XC7336 designs

ADSU4X2 is implemented using the EPLD arithmetic carry-logic
chain for high-speed ripple-carry addition. ADSU4X2 is a high-order
adder component cascaded to lower-order adders through its ClI

4235 input. When the ADD input is High, two 4-bit words (A3 - A0 and
B3 - BO) are added with a carry-in (Cl), producing a 4-bit output
(S3-S0) and carry-out (CO). When the ADD input is Low, B3 - B0 is
subtracted from A3 — A0, producing a result (S3 — SO0) and borrow
(CO). In add mode, CO represents a carry-out, and CO and Cl are
active-High. In subtract mode, CO represents a borrow, and CO and
Cl are active-Low.

The Cl input is taken from the EPLD carry chain, and therefore must
only be connected to the CO output of another EPLD-specific arith-
metic component. The CO output is passed into the EPLD carry
chain, and therefore can only be connected to the CI input of another
EPLD-specific arithmetic component. To generate a carry-out signal
for general-purpose logic, connect an ADD1X2 to the CO output of
the adder/subtracter and tie its A and B inputs to GND; the S output
becomes the carry-out.

Refer to “ADSU1” for truth table derivation.
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ADSUS

8-Bit Cascadable Adder/Subtracter with Carry-In,
Carry-Out, and Overflow

XC2000 XC3000 XC4000 XC7000
N/A Macro Macro Macro*
* not supported for XC7336 designs

w4350 ADSUS8 is implemented in the XC4000 family using carry logic and
relative location constraints, which assure most efficient logic place-
ment. When the ADD input is High, two 8-bit words (A7 - A0 and
B7 — BO) are added with a carry-in (Cl), producing an 8-bit sum
(S7-S0) and carry-out (CO) or overflow (OFL). When the ADD input
is Low, B7 — B0 is subtracted from A7 — AQ, producing an 8-bit differ-
ence (S7 — S0) and CO or OFL. In add mode, CO and ClI are active-
High. In subtract mode, CO and CI are active-Low. OFL is active-
High in add and subtract modes. For cascadable EPLD symbols, refer
to “ADSU8X1” and “ADSU8X2.” ADSUS8 Cl and CO pins do not use
the EPLD carry chain.

Unsigned Binary Versus Twos-Complement

ADSUS can operate on either 8-bit unsigned binary numbers or 8-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 bound-
aries.
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Figure 3-15 ADSU Carry-Out and Overflow Boundaries

Unsigned Binary Operation

For unsigned binary operation, ADSUS8 can represent numbers
between 0 and 255, 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.

unsigned overflow = CO XOR ADD
OFL is ignored in unsigned binary operation.

Twos-Complement Operation

For twos-complement operation, ADSU8 can represent numbers
between -128 and +127, inclusive. If an addition or subtraction opera-
tion result exceeds this range, the OFL output goes High.

CO is ignored in twos complement operation.
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ADSUS8X1

8-Bit Cascadable Adder/Subtracter with Carry-Out
for EPLD

X4238

3-66

XC2000 XC3000 XC4000 XC7000
N/A N/A N/A Primitive*
* not supported for XC7336 designs

ADSUB8X1 is implemented using the EPLD arithmetic carry-logic
chain for high-speed ripple-carry addition. ADSU8X1 is a low-order
adder component, which can be used as a stand-alone or cascaded
with high-order adders through its CO output. When the ADD input
is High, two 8-bit words (A7 — A0 and B7 — B0) are added, producing
an 8-bit output (S7 — S0) and carry-out (CO). When the ADD input is
Low, B7 — BO is subtracted from A7 — A0, producing a result (S7 — S0)
and borrow (CO). In add mode, CO represents a carry-out and is
active-High. In subtract mode, CO represents a borrow and is active-
Low.

The CO output is passed into the EPLD carry chain, and therefore can
only be connected to the Cl input of another EPLD-specific arithmetic
component. To generate a carry-out for general-purpose logic,
connect an ADD1X2 to the CO output of the adder/subtracter and tie
its A and B inputs to GND; the S output becomes the carry-out. If a
carry-in is required from general-purpose logic, use an ADSU8X2 for
the least-significant adder/subtracter and connect an ADD1X1 to its
Cl input. Connect your carry-in signal to both the A and B inputs of
the ADD1X1 (the S output is not used) to generate a carry into the
carry chain for the first bit of the adder/subtracter.

Refer to “ADSU1” for truth table derivation.
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ADSUS8X?2

8-Bit Cascadable Adder/Subtracter with Carry-In and
Carry-Out for EPLD

XC2000 XC3000 XC4000 XC7000

N/A N/A N/A Primitive*
* not supported for XC7336 designs

ADSUB8X2 is implemented using the EPLD arithmetic carry-logic
X4239 chain for high-speed ripple-carry addition. ADSU8X2 is a high-order
adder component cascaded to lower-order adders through its Cl
input. When the ADD input is High, two 8-bit words (A7 — A0 and
B7 — BO) are added with a carry-in (Cl), producing an 8-bit output
(S7 - S0) and carry-out (CO). When the ADD input is Low, B7 - B0 is
subtracted from A7 — A0, producing a result (S7 — S0) and borrow
(CO). In add mode, CO represents a carry-out, and CO and Cl are
active-High. In subtract mode, CO represents a borrow, and CO and
Cl are active-Low.

The Cl input is taken from the EPLD carry chain, and therefore must
only be connected to the CO output of another EPLD-specific arith-
metic component. The CO output is passed into the EPLD carry
chain, and therefore can only be connected to the CI input of another
EPLD-specific arithmetic component. To generate a carry-out signal
for general-purpose logic, connect an ADD1X2 to the CO output of
the adder/subtracter and tie its A and B inputs to GND; the S output
becomes the carry-out.

Refer to “ADSU1” for truth table derivation.
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ADSU16

16-Bit Cascadable Adder/Subtracter with Carry-In,
Carry-Out, and Overflow

XC2000 XC3000 XC4000 XC7000

N/A Macro Macro Macro*
* not supported for XC7336 designs

X4381

ADSUL16 is implemented in the XC4000 family using carry logic and
relative location constraints, which assure most efficient logic place-
ment. When the ADD input is High, two 16-bit words (A15 - A0 and
B15 - B0) are added with a carry-in (Cl), producing a 16-bit sum

(S15 - S0) and carry-out (CO) or overflow (OFL). When the ADD
input is Low, B15 — B0 is subtracted 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 CI are active-Low. OFL is
active-High in add and subtract modes. For cascadable EPLD
symbols, refer to “ADSU16X1” and “ADSU16X2.” ADSU16 Cl and
CO pins do not use the EPLD carry chain.

Unsigned Binary Versus Twos-Complement

ADSUL16 can operate on either 16-bit unsigned binary numbers or
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 oper-
ation 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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Figure 3-18 ADSU Carry-Out and Overflow Boundaries

Unsigned Binary Operation

For unsigned binary operation, ADSU16 can represent numbers
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.

unsigned overflow = CO XOR ADD
OFL is ignored in unsigned binary operation.

Twos-Complement Operation

For twos-complement operation, ADSU16 can represent numbers
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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ADSU16X1

A[15:0]

B[15:0]

3-72

16-Bit Cascadable Adder/Subtracter with Carry-Out
for EPLD

S[15:0]

X4319

XC2000 XC3000 XC4000 XC7000
N/A N/A N/A Macro*
* not supported for XC7336 designs

ADSU16X1 is implemented using the EPLD arithmetic carry-logic
chain for high-speed ripple-carry addition. ADSU16X1 is a low-order
adder component, which can be used as a stand-alone or cascaded
with high-order adders through its CO output. When the ADD input
is High, two 16-bit words (A15 — A0 and B15 — B0) are added,
producing a 16-bit output (S15 — S0) and carry-out (CO). When the
ADD input is Low, B15 - B0 is subtracted from A15 — A0, producing a
result (S15 - S0) and borrow (CO). In add mode, CO represents a
carry-out and is active-High. In subtract mode, CO represents a
borrow and is active-Low.

The CO output is passed into the EPLD carry chain, and therefore can
only be connected to the Cl input of another EPLD-specific arithmetic
component. To generate a carry-out for general-purpose logic,
connect an ADD1X2 to the CO output of the adder/subtracter and tie
its A and B inputs to GND; the S output becomes the carry-out. If a
carry-in is required from general-purpose logic, use an ADSU16X2
for the least-significant adder/subtracter and connect an ADD1X1 to
its Cl input. Connect your carry-in signal to both the A and B inputs
of the ADD1X1 (the S output is not used) to generate a carry into the
carry chain for the first bit of the adder/subtracter.

Refer to “ADSU1” for truth table derivation.
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ADSU16X2

Cl
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16-Bit Cascadable Adder/Subtracter with Carry-In

and Carry-Out for EPLD

S[15:0]

X4320

XC2000 XC3000 XC4000 XC7000
N/A N/A N/A Macro*
* not supported for XC7336 designs

ADSU16X2 is implemented using the EPLD arithmetic carry-logic
chain for high-speed ripple-carry addition. ADSU16X2 is a high-
order adder component cascaded to lower-order adders through its
Cl input. When the ADD input is High, two 16-bit words (A15 - A0
and B15 - B0) are added with a carry-in (Cl), producing a 16-bit
output (S15 — S0) and carry-out (CO). When the ADD input is Low,
B15 - BO is subtracted from A15 — AQ, producing a result (S15 — S0)
and borrow (CO). In add mode, CO represents a carry-out, and CO
and Cl are active-High. In subtract mode, CO represents a borrow,
and CO and CI are active-Low.

The Cl input is taken from the EPLD carry chain, and therefore must
only be connected to the CO output of another EPLD-specific arith-
metic component. The CO output is passed into the EPLD carry
chain, and therefore can only be connected to the CI input of another
EPLD-specific arithmetic component. To generate a carry-out signal
for general-purpose logic, connect an ADD1X2 to the CO output of
the adder/subtracter and tie its A and B inputs to GND; the S output
becomes the carry-out.

Refer to “ADSU1” for truth table derivation.
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AND

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

Name XC2000 XC3000 XC4000 XC7000
AND2 - AND4B4 Primitive Primitive Primitive Primitive
AND5 - AND5B5 Macro Primitive Primitive Primitive
ANDG6, AND7, ANDS, AND9 Macro Macro Macro Primitive

The AND function is performed in the Configurable Logic Block
(CLB) function generators for XC2000, XC3000, and XC4000 architec-
tures. AND functions of up to five inputs are available in any combi-
nation 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 FPGAs, replace functions with unused
inputs with functions having the appropriate number of inputs.

Available AND gates are shown in the following figure. Refer to the
Overview chapter for the combinatorial/AND gate haming conven-

tion.
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BRLSHFT4
4-Bit Barrel Shifter
% BRLSHFT4 | 00 XC2000 XC3000 XC4000 XC7000
n| | o1
12| | 02 N/A Macro Macro Primitive
13
T - BRLSHFT4, a 4-bit barrel shifter, can rotate four inputs (13 - 10) up to
S0 | four places. The control inputs (S1 and S0) determine the number of
S1 positions, from one to four that the data is rotated. The four outputs

(O3 - 00) reflect the shifted data inputs.

X3856

Inputs Outputs
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Rl |lO|lO
k=l K=]
DD
O|TO|T|T
o|lo|lo|o
o|lo|lala
Oflo|T|o
o lolo|T
Tl Qo
o || |

3-78 Xilinx Development System



Design Elements

BRLSHFT8
8-Bit Barrel Shifter
o BRLSHFTS % XC2000 XC3000 XC4000 XC7000
g % N/A Macro Macro Primitive
% 04 BRLSHFT8, an 8-bit barrel shifter, can rotate the eight inputs, 17 - 10,
o % up to eight places. The control inputs (S2 — S0) determine the number
17| o7 of positions, from one to eight that the data is rotated. The eight
© outputs (O7 — O0) reflect the shifted data inputs.
s |
S2
Inputs Output
S2|S1{SO(I0|I1L]|12I13|14]15]16|17]00{01[{02|03|04|05]|06|07
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Figure 3-23 BRLSHFT8 XC3000/XC4000 Implementation
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XC2000 XC3000 XC4000 XC7000

N/A N/A Primitive N/A

The BSCAN symbol indicates that boundary scan logic should be
enabled after PLD configuration is complete. It also provides optional
access to some special features of the XC4000 boundary scan logic.
An overview of the boundary scan interface follows, for complete
details, refer to the application note “Boundary Scan in XC4000
Devices” in the Programmable Logic Data Book.

To indicate that boundary scan remain enabled after configuration,
connect the BSCAN symbol to the TDI, TMS, TCK, and TDO pads
shown in the following figure. The other pins on BSCAN do not need
to be connected, unless those special functions are needed. A signal
on the TDO; input is passed to the external TDO output when the
USERL instruction is executed; the SEL, output goes High to indicate
that the USERL1 instruction is active. The TDO, and SEL, pins
perform a similar function for the USER2 instruction. The DRCK
output provides access to the data register clock (generated by the
TAP controller). The IDLE output provides access to a version of the
TCK input, which is only active while the TAP controller is in the
Run-Test-Idle state.

If boundary scan is used only before configuration is complete, do
not include the BSCAN symbol in the design, so the TDI, TMS, TCK,
and TDO pins can be used for user functions.

BSCAN

—__TDI TDO

—_ ™S DRCK

—_ TcK IDLE | To
From ( TDO1 SEL1 tlgeirc
User { TDO SEL, | 9
Logic ——

X4323
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BUF, BUF4, BUF8, and BUF16

General-Purpose Buffers

Name XC2000 XC3000 XC4000 XC7000
BUF Primitive Primitive Primitive Primitive
BUF4, BUF8, BUF16 N/A N/A N/ZA Primitive

—]>—

X3830

BUF4

E

X4614

BUF8

-

X4615

BUF16

-

X4616

BUF is a general purpose, non-inverting buffer. In FPGA architecture,
BUF is usually not necessary and is removed by the partitioning soft-
ware (XNFMap for XC2000/XC3000 and PPR for XC4000). The BUF
element can be preserved for reducing the delay on a high fan-out
net, for example, by splitting the net and reducing capacitive loading.
In this case, the buffer is preserved by attaching an X (explicit)
attribute to both the input and output nets of the BUF.

In EPLD architecture, BUF is usually removed, unless you inhibit
optimization by applying the OPT=0OFF attribute to the BUF symbol
or by using the LOGIC_OPT=0FF global attribute.
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BUFCE

Global Clock-Enable Buffer for EPLD

>

X4209

Libraries Guide

XC2000 XC3000 XC4000 XC7000
N/A N/A N/A Primitive*

* not supported for XC7236, XC7272, or XC7336 designs

BUFCE, an EPLD-specific global buffer, distributes global clock-
enable signals throughout the input-pad registers of an EPLD device.
Global clock-enable pins are available on most XC7300 series devices;
consult device data sheets for applicability.

BUFCE always acts as an input buffer. To use it in a schematic,
connect the input of the BUFCE symbol to an IPAD or an IOPAD that
represents the clock-enable signal source. Clock-enable signals gener-
ated on-chip must be passed through an OBUF-type buffer before
they are connected to a BUFCE. The output of a BUFCE can only be
connected to the CE input of an EPLD-specific input-pad register
symbol, IFDX1. Each BUFCE can drive any number of IFDX1 regis-
ters in a design. The CE input of IFDX1 is active-Low and cannot be
inverted.
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BUFE, BUFE4, BUFES, and BUFE16

Internal 3-State Buffers

BUFE

ot

X3790

BUFE4

-y

X3797

BUFES8

.

X3809

BUFE16

.

X3821
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XC2000 XC3000 XC4000 XC7000

N/A Macro Macro Primitive

BUFE, BUFE4, BUFES, and BUFEL16 are single or multiple 3-state
buffers with inputs I, 13- 10, 17 - 10, and so forth; outputs O, O3 - OO0,
O7 - 00, and so forth; and active-High output enable (E). When E is
High, data on the inputs of the buffers is transferred to the corre-
sponding 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 one time. If
none of the E inputs is active-High, a “weak-keeper” circuit (FPGA)
keeps the output bus from floating, but does not guarantee that the
bus remains at the last value driven onto it.

The E in XC3000/XC4000 BUFE macros is implemented by using a
BUFT with an inverter on the active-Low enable (T) pin. This inverter
can add an extra level of logic to the data path. Pull-up resistors can
be used to establish a High logic level if all BUFE elements are off.
Pull-up resistors are always assumed for EPLD designs. The
following figure shows BUFE XC3000/XC4000 implementation.

BUFT
X4716

Figure 3-24 BUFE XC3000/XC4000 Implementation
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Figure 3-25 BUFE8 XC3000/4000 Implementation
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BUFFOE

Global Fast Output Enable Buffer for EPLD

—% XC2000 XC3000 XC4000 XC7000

X4210 N/A N/A N/A Primitive*

* not supported for XC7272 designs

BUFFOE, an EPLD-specific global buffer, distributes global output-
enable signals throughout the output pad drivers of an EPLD device.
Global Fast Output Enable (FOE) pins are available on most XC7000
architecture devices; consult device data sheets for applicability.

BUFFOE always acts as an input buffer. To use it in a schematic,
connect the input of the BUFFOE symbol to an IPAD or an IOPAD
representing the FOE signal source. FOE signals generated on-chip
must be passed through an OBUF-type buffer before they are
connected to the BUFFOE. The output of a BUFFOE can only connect
to the E input of an EPLD-specific 3-state output buffer symbol,
OBUFEX1. Each BUFFOE can drive any number of OBUFEX1 buffers
in a design. The E input of OBUFEX1 is active-High and cannot be
inverted.
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BUFG

Global Clock Buffer

—>—

X3831

Libraries Guide

XC2000 XC3000 XC4000 XC7000

Primitive Primitive Primitive Primitive

BUFG, an architecture-independent global buffer, distributes high
fan-out clock signals throughout a PLD device. The Xilinx implemen-
tation software converts each BUFG to an appropriate type of global
buffer for the target PLD device (GCLK or ACLK for XC2000 and
XC3000, BUFGP or BUFGS for XC4000, and FastCLK for XC7000).

For an XC2000 or XC3000 design, you can use a maximum of two
BUFG symbols (assuming that no specific GCLK or ACLK buffer is
specified). For an XC4000 design, you can use a maximum of eight
BUFG symbols (assuming that no specific BUFGP or BUFGS buffers
are specified). For an XC7000 design, consult the device date sheet for
the number of available FastCLK pins.

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 XC2000 designs, the BUFG cannot be sourced directly from
the PAD symbol; an IBUF must be included between the PAD and
BUFG. 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 (10B) clock pin.

Note: For XC2000 and XC3000 designs, XNFPrep always selects an
ACLK, then a GCLK. For XC4000 designs, it always selects a BUFGS
before a BUFGP. If you want to use a specific type of buffer, manually
instantiate it.

For XC7000 designs, BUFG always acts as an input buffer. Connect
the input of BUFG to an IPAD or an IOPAD that represents the
FastCLK signal source. FastCLK signals generated on-chip must be
passed through an OBUF-type buffer before connecting to BUFG.
Each BUFG can drive any number of register clocks (or ILD latch-
enable inputs) in a design. All clock inputs driven by BUFG are
active-High and cannot be inverted.
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BUFGP

Primary Global Buffer for Driving Clocks or
Longlines (Four per PLD Device)

—]>—
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X3902

XC2000 XC3000 XC4000 XC7000

N/A N/A Primitive Primitive

BUFGP, a primary global buffer, is used to distribute high fan-out
clock or control signals throughout PLD devices. In XC7000 EPLD
designs, BUFGP is treated like BUFG. A BUFGP provides direct
access to Configurable Logic Block (CLB) and Input Output Block
(10B) clock pins and limited access to other CLB inputs. Four
BUFGPs are available on each XC4000 device, one in each corner. The
input to a BUFGP comes only from a dedicated 10B.

Alongside each column of CLBs in an XC4000 device are four global
vertical lines, which are in addition to the standard vertical longlines.
Each one of the four global vertical lines can drive the CLB clock (K)
pin directly. In addition, one of the four lines can drive the F3 pin, a
second line can drive the G1 pin, a third can drive the C3 pin, and a
fourth can drive the C1 pin. Each of the four BUFGPs drives one of
these global vertical lines. These same vertical lines are also used for
the secondary global buffers (refer to “BUFGS” for more informa-
tion).

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, PPR
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 10B.
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A BUFGP can be sourced by an internal signal, but PPR must use the
dedicated OB to drive the BUFGP, which means that the IOB is not
available for use by other signals. If possible, use a BUFGS instead,
because they can be sourced internally without using an 10B.

The dedicated inputs for BUFGPs are identified by the names PGCK1
through PGCK4 in XC4000 pinouts. The package pin that drives the
BUFGP depends on which corner the BUFGP is placed by PPR.
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BUFGS

Secondary Global Buffer for Driving Clocks or
Longlines (Four per PLD Device)

—]>—
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X3904

XC2000 XC3000 XC4000 XC7000

N/A N/A Primitive Primitive

BUFGS, a secondary global buffer, distributes high fan-out clock or
control signals throughout a PLD device. In XC7000 EPLD designs,
BUFGS is treated like BUFG. BUFGS provides direct access to Config-
urable Logic Block (CLB) clock pins and limited access to other CLB
inputs. Four BUFGSs are available on each XC4000 device, one in
each corner. The input to a BUFGS comes either from a dedicated
Input Output Block (IOB) or from an internal signal.

Alongside each column of CLBs in an XC4000 device are four global
vertical lines, which are in addition to the standard vertical longlines.
Each one of the four global vertical lines can drive the CLB clock (K)
pin directly. In addition, one of the four lines can drive the F3 pin, a
second line can drive the G1 pin, a third can drive the C3 pin, and a
fourth can drive the C1 pin. Each of the four BUFGSs can drive any of
these global vertical lines and are also used as the primary global
buffers (refer also to BUFGP for information).

Because of its structure, a BUFGS can always access a clock pin
directly. Because the BUFGS is more flexible than the BUFGP, it can
use additional global vertical lines to access the F3, G1, C3, and C1
pins, but requires multiple vertical lines in the same column. If the
vertical lines in a given column are already used for BUFGPs or
another BUFGS, PPR might have to feed signals through other CLBs
to reach the load pins.

To use a BUFGS in a schematic, connect the input of the BUFGS
element either directly to the PAD symbol (for an external input) or to
an internally sourced net. For an external signal, do not use any
IBUFs, because the signal comes directly from the dedicated I0B. The
output of the BUFGS is then used throughout the schematic. For a
negative-edge clock, insert an INV (inverter) element between the
output of the BUFGS and the clock input. This inversion is performed
inside each CLB or 10B.
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The dedicated inputs for BUFGSs are identified by the names SGCK1
through SGCK4 in XC4000 pinouts. The package pin that drives the
BUFGS depends on which corner the BUFGS is placed by PPR.
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BUFOD

Open-Drain Buffer
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XC2000 XC3000 XC4000 XC7000

N/A N/A Macro N/A

BUFOD is a buffer with input (1) and open-drain output (O). When
the input is Low, the output is Low. When the input is High, the
output is off. To establish an output High level, a pull-up resistors is
tied to output O. One pull-up resistor uses the least power; two pull-
up resistors achieve the fastest Low-to-High speed.

To indicate two pull-up resistors, append a DOUBLE parameter to
the pull-up symbol attached to the output (O) node. Refer to the
appropriate CAE tool interface user guide for details.

! — O
L 0) 4

WAND1

Figure 3-26 BUFOD XC4000 Implementation
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BUFT, BUFT4, BUFT8, and BUFT16

Internal 3-State Buffers

Name XC2000 XC3000 XC4000 XC7000

BUFT N/ZA Primitive Primitive Primitive

BUFT4, BUFTS8, BUFT16 N/A Macro Macro Primitive
BUFT BUFT, BUFT4, BUFT8, and BUFT16 are single or multiple 3-state

T buffers with inputs I, 13 - 10, 17 - 10, and so forth; outputs O, O3 - OO0,
O7 - 00, and so forth; and active-Low output enable (T). When T is
Low, data on the inputs of the buffers is transferred to the corre-
sponding outputs. When T is High, the output is high impedance

X (Z state or off). The outputs of the buffers are connected to horizontal
longlines in FPGA architectures.

. BUFTA 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. If
none of the T inputs is active (Low), a “weak-keeper” circuit (FPGAS)
prevents the output bus from floating, but does not guarantee that
the bus remains at the last value driven onto it. Pull-up resistors can
be used to establish a High logic level if all BUFT elements are off.
Pull-up resistors are always assumed for EPLD designs.

X3796 Inputs Outputs
T | @]
BUFT8
T 1 X 4
0 1 1
0 0 0
X3808
BUFT16
T
X3820
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Figure 3-27 BUFT8 XC3000/4000 Implementation
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2-Bit Cascadable Binary Counter with Clock Enable
and Asynchronous Clear

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

CB2CE is a 2-stage, 2-bit, synchronous, clearable, cascadable binary
counter. The asynchronous clear (CLR) is the highest priority input.
When CLR is High, all other inputs are ignored and data (Q1 — QO0)
and terminal count (TC) outputs go to logic level zero, independent
of clock transitions. The outputs (Q1 — Q0) increment when the clock
enable input (CE) is High during the Low-to-High clock (C) transi-
tion. 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 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(tCE-TC),
where “n” is the number of stages and “tCE-TC” is the CE-to-TC
propagation delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does
not.
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Inputs Outputs
CLR CE C Q1-QO0 TC CEO
1 X 0 0 0
0 X No Chg No Chg 0
0 1 1 Inc TC CEO
TC =(Q1-Q0)

CEO = (TC=CE)
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CB2CLE

2-Bit Loadable Cascadable Binary Counter with
Clock Enable and Asynchronous Clear
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XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

CB2CLE is a 2-stage, 2-bit, synchronous, loadable, clearable, cascad-
able binary counter. The asynchronous clear (CLR) is the highest
priority input. When CLR is High, all other inputs are ignored and
data (Q1 - Q0) and terminal count (TC) outputs go to logic level zero
on the Low-to-High clock (C) transition. The data on the D1 — DO
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 outputs (Q1 — Q0) 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 both
Q outputs are High.

Larger counters are created by connecting the count enable out (CEO)
output of the first stage to the CE input of the next stage and
connecting the C, L, and CLR inputs in parallel. CEO is active (High)
when TC and CE are High. The maximum length of the counter is
determined by the accumulated CE-to-TC propagation delays versus
the clock period. The clock period must be greater than n(tCE-TC),
where “n” is the number of stages and “tCE-TC” is the CE-to-TC
propagation delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does
not.
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Inputs Outputs
CLR| L |[CE| C |D1-D0 | Q1-QO0 TC CEO
1 X X X X 0 0 0
0 1 X ) D dl-do TC CEO
0 0 0 X X No Chg | No Chg 0
0 0 1 ) X Inc TC CEO
TC = (Q1=Q0)

CEO = (TC=CE)

dn = state of referenced input one set-up time prior to active clock transition
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CB2CLED

2-Bit Loadable Cascadable Bidirectional Binary
Counter with Clock Enable and Asynchronous Clear
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XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

CB2CLED is a 2-stage, 2-bit, synchronous, loadable, clearable, cascad-
able, bidirectional binary counter. The asynchronous clear (CLR) is
the highest priority input. When CLR is High, all other inputs are
ignored and data (Q1 — Q0) and terminal count (TC) outputs go to
logic level zero, independent of clock transitions. The data on the

D1 -DO0 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 outputs (Q1 — Q0) decrement
when CE is High and UP is Low during the Low-to-High clock tran-
sition. The outputs (Q1 — Q0) 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 clock enable out
(CEO) output of each counter is connected to the CE pin of the next
stage. The clock, UP, L, and CLR inputs are connected in parallel.
CEO is active (High) when TC and CE are High. The maximum
length of the counter is determined by the accumulated CE-to-TC
propagation delays versus the clock period. The clock period must be
greater than n(tCE-TC), where “n” is the number of stages and
“tCE-TC” is the CE-to-TC propagation delay of each stage. For EPLD
designs, refer to “CB2X1” for high-performance cascadable, bidirec-
tional counters.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does
not.

3-99



Libraries Guide

Inputs Outputs
CLR L CE C UP D1 -DO0 Q1-QO0 TC CEO
1 X X X X X 0 0 0
0 1 X 1 X D dl-do 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 ) 0 X Dec TC CEO

TC = (Q1=Q0=UP) + (Q1-Q0-UP)
CEO = (TC=CE)

dn = state of referenced input one set-up time prior to active clock transition
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2-Bit Cascadable Binary Counter with Clock Enable
and Synchronous Reset

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

CB2RE is a 2-stage, 2-bit, synchronous, resettable, cascadable binary
counter. The synchronous reset (R) is the highest priority input.
When R is High, all other inputs are ignored and data (Q1 — Q0) and
terminal count (TC) outputs go to logic level zero, independent of
clock transitions. The outputs (Q1 — QO0) increment when the clock
enable input (CE) is High during the Low-to-High clock (C) transi-
tion. 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 count enable out (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 deter-
mined by the accumulated CE-to-TC propagation delays versus the
clock period. The clock period must be greater than n(tCE-TC), where
“n” is the number of stages and “tCE-TC” is the CE-to-TC propaga-
tion delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does
not.
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Inputs Outputs
R CE C Q1-QO0 TC CEO
1 1 0 0 0
0 X No Chg No Chg 0
0 1 1 Inc TC CEO
TC =(Q1-Q0)
CEO = (TC=CE)
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2-Bit Loadable Cascadable Binary Counter with
Clock Enable and Synchronous Reset

XC2000 XC3000 XC4000 XC7000

N/A N/ZA N/ZA Primitive

CB2RLE is a 2-stage, 2-bit, synchronous, loadable, resettable, cascad-
able binary counter. The synchronous reset (R) is the highest priority
input. The synchronous R, when High, overrides all other inputs and
resets the Q1 — QO, terminal count (TC), and clock enable out (CEQO)
outputs to Low on the Low-to-High clock (C) transition.

The data on the D1 - DO inputs is loaded into the counter when the
load enable input (L) is High during the Low-to-High clock (C) tran-
sition, independent of the state of CE. The outputs (Q1 — QO0) incre-
ment 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 deter-
mined by the accumulated CE-to-CEQO propagation delays versus the
clock period.

The counter is asynchronously reset, output Low, when power is
applied or when global reset or master reset is active. When
cascading counters, use the CEO output if the counter uses the CE
input; use the TC output if it does not.
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Inputs Outputs
R L CE C | D1-DO | Q1-QO0 TC CEO
1 X X 1 X 0 0 0
0 1 X 1 D dl-do TC CEO
0 0 0 X X No Chg | No Chg 0
0 0 1 1 X Inc TC CEO
TC=Q1=Q0
CEO =TC=CE

dn = state of referenced input one set-up time prior to active clock transition
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CB2X1

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

DO CB2X1 QO

D1 Q1

el EU

L] TCD
CEU | | ceou
CED | cCEOD
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XC2000 XC3000 XC4000 XC7000

N/A N/ZA N/ZA Primitive

CB2X1 is a 2-stage, 2-bit, synchronous, loadable, clearable, bidirec-
tional binary counter. CB2X1 has separate count-enable inputs and
synchronous terminal-count outputs for up and down directions to
support high-speed cascading in the EPLD architecture.

The asynchronous clear (CLR) is the highest priority input. When
CLR is High, all other inputs are ignored, data outputs (Q1 — Q0) go
to logic level zero, and terminal count outputs TCU and TCD go to
zero and one, respectively, independent of clock transitions. The data
on the D1 - DO inputs loads into the counter on the Low-to-High
clock (C) transition when the load enable input (L) is High, indepen-
dent of the CE inputs.

The outputs (Q1 — QO0) increment when CEU is High, provided CLR
and L are Low, during the Low-to-High clock transition. The outputs
(Q1 - Q0) 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 Xilinx EPLD devices, 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.
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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, resulting 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 the device is powered-up or when the device Master
Reset pin is activated. The clock (C) input can be driven by either the
EPLD FastCLK global net (represented by a BUFG symbol), an ordi-
nary input, or other on-chip logic.

Inputs Outputs
CLR| L |CEU|CED|C [D1-DO|Q1-Q0 | TCU TCD | CEOU | CEOD
1 X X X X X 0 0 1 0 CEOD
0 1 X X ) D dl-do TCU TCD | CEOU | CEOD
0 0 0 0 X X No Chg | No Chg | No Chg 0 0
0 0 1 0 ) 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
TCU = Q1-Q0
TCD ="Q1-Q0

CEOU =TCU=CEU
CEOD =TCD=CED

dn = state of referenced input one set-up time prior to active clock transition
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CB2X2

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

po | cB2x2 |qQo

D1 | Q1
| Tcu
L | TcD
CEU | | cEOU
CED | cEOD
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XC2000 XC3000 XC4000 XC7000

N/A N/ZA N/ZA Primitive

CB2X2 is a 2-stage, 2-bit, synchronous, loadable, resettable, bidirec-
tional binary counter. CB2X2 has separate count-enable inputs and
synchronous terminal-count outputs for up and down directions to
support high-speed cascading in the EPLD architecture.

The synchronous reset (R) is the highest priority input. When R is
High, all other inputs are ignored, data outputs (Q1 — Q0) go to logic
level zero, and terminal count outputs TCU and TCD go to zero and
one, respectively, on the Low-to-High clock (C) transition. The data
on the D1 - DO inputs loads into the counter on the Low-to-High
clock (C) transition when the load enable input (L) is High, indepen-
dent of the CE inputs.

The outputs (Q1 — Q0) increment when CEU is High, provided R and
L are Low during the Low-to-High clock transition. The outputs

(Q1 - Q0) 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 transi-
tion; 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
CEOQOU and CEOD outputs of each counter are connected directly to
the CEU and CED inputs, respectively, of the next stage. The C, L,
and R inputs are connected in parallel.

In Xilinx EPLD devices, 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.
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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, resulting 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 or when the device Master Reset pin is
activated. The clock (C) input can be driven by either the EPLD
FastCLK global net (represented by a BUFG symbol), an ordinary
input, or other on-chip logic.

Inputs Outputs

R L |[CEU|CED| C |[D1-D0|Q1-Q0| TCU TCD | CEOU | CEOD
1 X X X ) X 0 0 1 0 CEOD
0 1 X X ) D di-do TCU TCD | CEOU | CEOD
0 0 0 0 X X No Chg | No Chg | No Chg 0 0
0 0 1 0 ) X Inc TCU TCD | CEOU 0
0 0 0 1 1 X Dec TCU TCD 0 CEOD
0 0 1 1 ) X Inc TCU TCD | Invalid | Invalid

TCU = Q1-Q0

TCD ="Q1-Q0

CEOU =TCU=CEU
CEOD =TCD=CED

dn = state of referenced input one set-up time prior to active clock transition
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4-Bit Cascadable Binary Counter with Clock Enable
and Asynchronous Clear

XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

CBA4CE is a 4-stage, 4-bit, synchronous, clearable, cascadable binary
counter. The asynchronous clear (CLR) is the highest priority input.
When CLR is High, all other inputs are ignored and data (Q3 — QO0)
and terminal count (TC) outputs go to logic level zero, independent
of clock transitions. The outputs (Q3 — Q0) increment when the clock
enable input (CE) is High during the Low-to-High clock (C) transi-
tion. 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(tCE-TC),
where “n” is the number of stages and “tCE-TC” is the CE-to-TC
propagation delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does
not.
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Inputs Outputs
CLR CE C Q3-Q0 TC CEO
1 X X 0 0 0
0 0 X No Chg No Chg 0
0 1 1 Inc TC CEO

TC =(Q3=Q2-Q1=Q0)
CEO = (TC=CE)
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CB4CLE

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

Do | CBACLE | oo XC2000 XC3000 XC4000 XC7000
D1

D2 ﬁ Macro Macro Macro Primitive
D3 | Q3

CBACLE is a 4-stage, 4-bit, synchronous, loadable, clearable, cascad-
L able binary counter. The asynchronous clear (CLR) is the highest
CE| cEO priority input. When CLR is High, all other inputs are ignored and
] < data (Q3 - QO0) and terminal count (TC) outputs go to logic level zero,
independent of clock transitions. The data on the D3 — DO inputs is
s xasss 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 outputs (Q3 — Q0) increment when CE is
High during the Low-to-High clock transition. The counter ignores
clock transitions when CE is Low. The TC output is High when all Q
outputs are High.

Larger counters are created by connecting the count enable out (CEO)
output of the first stage to the CE input of the next stage and
connecting the C, L, and CLR inputs in parallel. CEO is active (High)
when TC and CE are High. The maximum length of the counter is
determined by the accumulated CE-to-TC propagation delays versus
the clock period. The clock period must be greater than n(tCE-TC),
where “n” is the number of stages and “tCE-TC” is the CE-to-TC
propagation delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does
not.
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Inputs Outputs
CLR| L |[CE| C |D3-DO0 | Q3-Q0 TC CEO
1 X X X X 0 0 0
0 1 X 1 D d3-do TC CEO
0 0 0 X X No Chg | NoChg 0
0 0 1 1 X Inc TC CEO

TC = (Q3-Q2-Q1+Q0)
CEO = (TC=CE)

dn = state of referenced input one set-up time prior to active clock transition
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CB4CLED

4-Bit Loadable Cascadable Bidirectional Binary
Counter with Clock Enable and Asynchronous Clear
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XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

CBACLED is a 4-stage, 4-bit, synchronous, loadable, clearable, cascad-
able, bidirectional binary counter. The asynchronous clear (CLR) is
the highest priority input. When CLR is High, all other inputs are
ignored and data (Q3 — Q0) and terminal count (TC) outputs go to
logic level zero, independent of clock transitions. The data on the

D3 - D0 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 outputs (Q3 — Q0) decrement
when CE is High and UP is Low during the Low-to-High clock tran-
sition. The outputs (Q3 — Q0) 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 count enable out
(CEO) output of each counter is connected to the CE pin of the next
stage. The clock, UP, L, and CLR inputs are connected in parallel.
CEO is active (High) when TC and CE are High. The maximum
length of the counter is determined by the accumulated CE-to-TC
propagation delays versus the clock period. The clock period must be
greater than n(tCE-TC), where “n” is the number of stages and
“tCE-TC” is the CE-to-TC propagation delay of each stage. For EPLD
designs, refer to “CB4X1” for high-performance cascadable, bidirec-
tional counters.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does
not.
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Inputs Outputs
CLR L CE C UP D3 -DO0 Q3-Q0 TC CEO
1 X X X X X 0 0 0
0 1 X 1 X D d3-do 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

CEO = (TC=CE)

dn = state of referenced clock one set-up time prior to active clock transition
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4-Bit Cascadable Binary Counter with Clock Enable
and Synchronous Reset

XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

CBACE is a 4-stage, 4-bit, synchronous, resettable, cascadable binary
counter. The synchronous reset (R) is the highest priority input.
When R is High, all other inputs are ignored and data (Q3 — Q0) and
terminal count (TC) outputs go to logic level zero on the Low-to-High
clock (C) transition. The outputs (Q3 — QO0) 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 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 R inputs in parallel. CEO is active (High) when
TC and CE are High. The maximum length of the counter is deter-
mined by the accumulated CE-to-TC propagation delays versus the
clock period. The clock period must be greater than n(tCE-TC), where
“n” is the number of stages and “tCE-TC” is the CE-to-TC propaga-
tion delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does
not.
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Inputs Outputs
R CE C Q3-Q0 TC CEO
1 X 1 0 0 0
0 0 X No Chg No Chg 0
0 1 1 Inc TC CEO
TC = (Q3-Q2-Q2=Q0)
CEO = (TC=CE)
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XC2000 XC3000 XC4000 XC7000

N/A N/ZA N/ZA Primitive

CB4RLE is a 4-stage, 4-bit, synchronous, loadable, resettable, cascad-
able binary counter. The synchronous reset (R) is the highest priority
input. The synchronous R, when High, overrides all other inputs and
resets the Q3 — QO, TC, and CEO outputs to Low on the Low-to-High
clock (C) transition. The data on the D3 — DO 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 outputs
(Q3 - Q0) 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 deter-
mined by the accumulated CE-to-CEQO propagation delays versus the
clock period.

The counter is asynchronously reset, output Low, when power is
applied or when global reset or master reset is active. When
cascading counters, use the CEO output if the counter uses the CE
input; use the TC output if it does not.
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Inputs Outputs
R L CE C | D3-D0 | Q3-Q0 TC CEO
1 X X 1 X 0 0 0
0 1 X ) D d3-do TC CEO
0 0 0 X X No Chg | No Chg 0
0 0 1 ) X Inc TC TC

TC = Q3-Q2-Q1=Q0

CEO =TC=CE

dn = state of referenced input one set-up time prior to active clock transition
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CB4X1

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

I s XC2000 XC3000 XC4000 XC7000
% @2 N/A N/A N/A Primitive
b3 | | Q3
|Tcu  CB4X1 is a 4-stage, 4-bit, synchronous, loadable, clearable, bidirec-
CEU | 1 T€0 tional binary counter. CB4X1 has separate count-enable inputs and
CED CEOU . R R
n ceop  SYNchronous terminal-count outputs for up and down directions, to
| I support high-speed cascading in the EPLD architecture.
;. e The asynchronous clear (CLR) is the highest priority input. When

CLR is High, all other inputs are ignored, data outputs (Q3 — Q0) go
to logic level zero, and terminal count outputs TCU and TCD go to
zero and one, respectively, independent of clock transitions. The data
on the D3 - DO inputs loads into the counter on the Low-to-High
clock (C) transition when the load enable input (L) is High, indepen-
dent of the CE inputs.

The outputs (Q3 — Q0) increment when CEU is High, provided CLR
and L are Low, during the Low-to-High clock transition. The outputs
(Q3 - Q0) 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 Xilinx EPLD devices, 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.
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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, resulting 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 the device is powered-up or when the device Master
Reset pin is activated. The clock (C) input can be driven by either the
EPLD FastCLK global net (represented by a BUFG symbol), an ordi-
nary input, or other on-chip logic.

Inputs Outputs

CLR| L |CEU|CED| C |D3-D0|Q3-Q0| TCU TCD | CEOU | CEOD
1 X X X X X 0 0 1 0 CEOD
0 1 X X 1 D d3-do | 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 ) X Inc TCU TCD | Invalid | Invalid

TCU = Q3-Q2=Q1=Q0
TCD =Q3-Q2-Q1-Q0
CEOU = TCU=CEU
CEOD = TCD=CED

dn = state of referenced input one set-up time prior to active clock transition
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4-Bit Loadable Cascadable Bidirectional Binary
Counter with Clock Enable and Synchronous Reset
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N/A N/ZA N/ZA Primitive

CB4X2 is a 4-stage, 4-bit, synchronous, loadable, resettable, bidirec-
tional binary counter. CB4X2 has separate count-enable inputs and
synchronous terminal-count outputs for up and down directions to
support high-speed cascading in the EPLD architecture.

The synchronous reset (R) is the highest priority input. When R is
High, all other inputs are ignored, data outputs (Q3 — Q0) go to logic
level zero, and terminal count outputs TCU and TCD go to zero and
one, respectively, on the Low-to-High clock (C) transition. The data
on the D3 - DO inputs loads into the counter on the Low-to-High
clock (C) transition when the load enable input (L) is High, indepen-
dent of the CE inputs.

The outputs (Q3 — Q0) increment when CEU is High, provided R and
L are Low, during the Low-to-High clock transition. The outputs

(Q3 - Q0) 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 transi-
tion; 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
CEOQOU and CEOD outputs of each counter are connected directly to
the CEU and CED inputs, respectively, of the next stage. The C, L,
and R inputs are connected in parallel.

In Xilinx EPLD devices, 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.
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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 resulting 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 the device is powered-up or when the device Master
Reset pin is activated. The clock (C) input can be driven by either the
EPLD FastCLK global net (represented by a BUFG symbol), an ordi-
nary input, or other on-chip logic.

Inputs Outputs

R L |[CEU|CED | C |D3-D0|Q3-Q0| TCU TCD | CEOU | CEOD
1 X X X 1 X 0 0 1 0 CED
0 1 X X 1 D d3-do | 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 TCU 0

0 0 0 1 1 X Dec TCU TCD 0 TCD
0 0 1 1 1 X Inc TCU TCD | Invalid | Invalid

TCU = Q3-Q2=Q1=Q0
TCD =Q3-Q2-Q1-Q0
CEOU = TCU=CEU
CEOD = TCD=CED

dn = state of referenced input one set-up time prior to active clock transition
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CB8CE

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

CB8CE

QL7:0] XC2000 XC3000 XC4000 XC7000
CEO
TC Macro Macro Macro Primitive

PR
m

CBB8CE is an 8-stage, 8-bit, synchronous, clearable, cascadable binary
SR xa361 counter. The asynchronous clear (CLR) is the highest priority input.
When CLR is High, all other inputs are ignored and data (Q7 — QO0)
and terminal count (TC) outputs go to logic level zero, independent
of clock transitions. The outputs (Q7 — Q0) increment when the clock
enable input (CE) is High during the Low-to-High clock (C) transi-
tion. 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(tCE-TC),
where “n” is the number of stages and “tCE-TC” is the CE-to-TC
propagation delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does
not.
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Inputs Outputs
CLR CE C Q7-Q0 TC CEO
1 X X 0 0 0
0 0 X No Chg No Chg 0
0 1 1 Inc TC CEO

TC = (Q7=Q6=Q5=Q4=...=Q0)
CEO = (TC=CE)
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CB8CLE

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

cescLE | Q7]

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

CEO

CBB8CLE is an 8-stage, 8-bit, synchronous, loadable, clearable, cascad-
able binary counter. The asynchronous clear (CLR) is the highest
priority input. When CLR is High, all other inputs are ignored and
data (Q7 — QO0) and terminal count (TC) outputs go to logic level zero,
independent of clock transitions. The data on the D7 — DO 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 outputs (Q7 — Q0) increment when CE is
High during the Low-to-High clock transition. The counter ignores
clock transitions when CE is Low. The TC output is High when all Q
outputs are High.

Larger counters are created by connecting the count enable out (CEO)
output of the first stage to the CE input of the next stage and by
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(tCE-TC),
where “n” is the number of stages and “tCE-TC” is the CE-to-TC
propagation delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does
not.
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Inputs Outputs
CLR | L |CE | C |[D7-D0 | Q7-QO0 TC CEO
1 X X X X 0 0 0
0 1 X 1 D d7-do TC CEO
0 0 0 X X No Chg | No Chg 0
0 0 1 1 X Inc TC CEO

TC = (Q7=Q6=Q5=Q4-e...=Q0)
CEO = (TC=CE)

dn = state of referenced input one set-up time prior to active clock transition
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Figure 3-30 CBS8CLE XC2000 Implementation
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Figure 3-31 CBB8CLE XC3000/4000 Implementation
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CB8CLED

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

D[7:0l| cgscLep | QI7:01

Libraries Guide

XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

CBB8CLED is an 8-stage, 8-bit, synchronous, loadable, clearable,
cascadable, bidirectional binary counter. The asynchronous clear
(CLR) is the highest priority input. When CLR is High, all other
inputs are ignored and data (Q7 — Q0) and terminal count (TC)
outputs go to logic level zero, independent of clock transitions. The
data on the D7 — DO 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 outputs (Q7 — Q0) decrement
when CE is High and UP is Low during the Low-to-High clock tran-
sition. The outputs (Q7 — Q0) 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 count enable out
(CEO) output of each counter is connected to the CE pin of the next
stage. The clock, UP, L, and CLR inputs are connected in parallel.
CEO is active (High) when TC and CE are High. The maximum
length of the counter is determined by the accumulated CE-to-TC
propagation delays versus the clock period. The clock period must be
greater than n(tCE-TC), where “n” is the number of stages and
“tCE-TC” is the CE-to-TC propagation delay of each stage. For EPLD
designs, refer to “CB8X1” for high-performance cascadable, bidirec-
tional counters.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does
not.
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Inputs Outputs
CLR L CE C uP D7 -DO0 Q7-Q0 TC CEO

1 X X X X X 0 0 0
0 1 X 1 X D d7-do TC CEO
0 0 0 X X X NoChg | NocChg 0
0 0 1 ) 1 X Inc TC CEO
0 0 1 ) 0 X Dec TC CEO

TC = (Q7=Q6=Q5=...=Q0=UP) + (Q7=Q6=Q5=...=Q0=UP)

CEO = (TC=CE)

dn = state of referenced clock one set-up time prior to active clock transition
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Figure 3-32 CB8CLED XC2000 Implementation
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CB8RE

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

CB8RE

Q[7:0] XC2000 XC3000 XC4000 XC7000
iio Macro Macro Macro Primitive

°
m

CBS8CE is an 8-stage, 8-bit, synchronous, resettable, cascadable binary
R xase4 counter. The synchronous reset (R) is the highest priority input. When
R is High, all other inputs are ignored and data (Q7 — Q0) and
terminal count (TC) outputs go to logic level zero on the Low-to-High
clock (C) transition. The outputs (Q7 — QO0) 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 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 R inputs in parallel. CEO is active (High) when
TC and CE are High. The maximum length of the counter is deter-
mined by the accumulated CE-to-TC propagation delays versus the
clock period. The clock period must be greater than n(tCE-TC), where
“n” is the number of stages and “tCE-TC” is the CE-to-TC propaga-
tion delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does
not.

3-136 Xilinx Development System



Design Elements

Inputs Outputs
R CE C Q7-Q0 TC CEO
1 1 0 0 0
0 X No Chg No Chg 0
0 1 1 Inc TC CEO

TC = (Q7+Q6=Q5+...2Q0)
CEO = (TC=CE)

Libraries Guide 3-137




Libraries Guide

3-138

vee FTRSE

Qo0

Q1L

—
N

Q

AND3

o
>
Z
O
)
-
w

FTRSE

T S g

Q3

CE

Q3

N

AND4

FTRSE

Q4

s

AND2

Q5

T

AND3

k

FTRSE

T S g

Q6

CE

T

3

Q6

AND4

FTRSE

Q7

CEm CE
C

R® T Q7

AND2

AND2

Figure 3-35 CB8RE XC2000 Implementation

CB8RE.2K

Xilinx Development System



Design Elements

Libraries Guide

vcc

FTRSE

Qo

Q1

T2

AND2

}

Q2

T

k

AND3

Q3

T

N

AND4

Q4

f T5
AND2

Qs

T

AND3

!

FTRSE

Q6

T

J

AND4

Q7

CE®
Cm

R®

Figure 3-36 CB8RE XC3000/4000 Implementation

ANDS

AND2

Q[7:0]

CB8RE.3K, 4K

3-139



Libraries Guide

CBS8RLE

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

CBSRLE |QL7:0]

XC2000 XC3000 XC4000 XC7000
N/ZA N/ZA N/A Primitive

CBB8RLE is an 8-stage, 8-bit, synchronous, loadable, resettable, cascad-
able binary counter. The synchronous reset (R) is the highest priority
input. The synchronous R, when High, overrides all other inputs and
resets the Q7 — QO, TC, and CEO outputs to Low on the Low-to-High
clock (C) transition. The data on the D7 — DO 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.

CEO

The outputs (Q7 — QO0) 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 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.

The counter is asynchronously reset, output Low, when power is
applied or when global reset or master reset is active. When
cascading counters, use the CEO output if the counter uses the CE
input; use the TC output if it does not.
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Inputs Outputs
R L CE C D7-D0 | Q7-Q0 TC CEO
1 X X 1 X 0 0 0
0 1 X 1 D d7-do0 TC CEO
0 0 0 X X No Chg | No Chg 0
0 0 1 1 X Inc TC CEO

TC = Q7=Q6e...=Q0
CEO =TC=CE

dn = state of referenced input one set-up time prior to active clock transition
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CB8X1

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

XC2000 XC3000 XC4000 XC7000
N/ZA N/ZA N/A Primitive

CB8X1 is an 8-stage, 8-bit, synchronous, loadable, clearable, bidirec-
tional binary counter. CB8X1 has separate count-enable inputs and
synchronous terminal-count outputs for up and down directions to
support high-speed cascading in the EPLD architecture.

The asynchronous clear (CLR) is the highest priority input. When
CLR is High, all other inputs are ignored, data outputs (Q7 — Q0) go
to logic level zero, and terminal count outputs TCU and TCD go to
zero and one, respectively, independent of clock transitions. The data
on the D7 - DO inputs loads into the counter on the Low-to-High
clock (C) transition when the load enable input (L) is High, indepen-
dent of the CE inputs.

The outputs (Q7 — Q0) increment when CEU is High, provided CLR
and L are Low, during the Low-to-High clock transition. The outputs
(Q7 — QO0) 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 C, L, and
CLR inputs are connected in parallel.

In Xilinx EPLD devices, 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
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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, resulting in zero propagation from the CEU and CED
inputs and from the Q outputs, provided all connections from each
output remain on-chip. Otherwise, a macrocell buffer delay is intro-
duced.

The counter is initialized to zero (TCU Low and TCD High) when the
device is powered-up or when the device Master Reset pin is acti-
vated. The clock (C) input can be driven by either the EPLD FastCLK
global net (represented by a BUFG symbol), an ordinary input, or
other on-chip logic.

Inputs Outputs

CLR| L |CEU|CED| C |[D7-DO|Q7-Q0 | TCU TCD | CEOU | CEOD
1 X X X X X 0 0 1 0 CEOD
0 1 X X 1 D d7-do 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

TCU = Q7=Q6=Q5=...Q0
TCD = Q7=Q6=Q5=...Q0
CEOU = TCU~CEU
CEOD = TCD=CED

dn = state of referenced input one set-up time prior to active clock transition
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CB8X2

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

XC2000 XC3000 XC4000 XC7000
N/ZA N/ZA N/A Primitive

CBB8X2 is an 8-stage, 8-bit, synchronous, loadable, resettable, bidirec-
tional binary counter. CB8X2 has separate count-enable inputs and
synchronous terminal-count outputs for up and down directions to
support high-speed cascading in the EPLD architecture.

The synchronous reset (R) is the highest priority input. When R is
High, all other inputs are ignored, data outputs (Q7 — Q0) go to logic
level zero, and terminal count outputs TCU and TCD go to zero and
one, respectively, on the Low-to-High clock (C) transition. The data
on the D7 - DO inputs loads into the counter on the Low-to-High
clock (C) transition when the load enable input (L) is High, indepen-
dent of the CE inputs.

The outputs (Q7 — Q0) increment when CEU is High, provided R and
L are Low, during the Low-to-High clock transition. The outputs

(Q7 — Q0) 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 transi-
tion; 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 C, L, and
R inputs are connected in parallel.

In Xilinx EPLD devices, 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.
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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, resulting in zero propagation from the CEU and CED
inputs and from the Q outputs, provided all connections from each
output remain on-chip. Otherwise, a macrocell buffer delay is intro-
duced.

The counter is initialized to zero (TCU Low and TCD High) when the
device is powered-up or when the device Master Reset pin is acti-
vated. The clock (C) input can be driven by either the EPLD FastCLK
global net (represented by a BUFG symbol), an ordinary input, or
other on-chip logic.

Inputs Outputs
R L |CEU|CED| C |D7-D0|Q7-Q0 | TCU TCD | CEOU | CEOD
1 X X X 1 X 0 0 1 0 CEOD
0 1 X X 1 D d7-do 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

Libraries Guide

TCU = Q7=Q6=Q5=...Q0
TCD = Q7=Q6=Q5=...Q0
CEOU = TCU~CEU
CEOD = TCD=CED

dn = state of referenced input one set-up time prior to active clock transition
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CB16CE

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

CB16CE

Q501 XC2000 XC3000 XC4000 XC7000

CEO
TC Macro Macro Macro Primitive

CB16CE is a 16-stage, 16-bit, synchronous, clearable, cascadable

x4365 binary counter. The asynchronous clear (CLR) is the highest priority
input. When CLR is High, all other inputs are ignored and data

(Q15 - Q0) and terminal count (TC) outputs go to logic level zero,
independent of clock transitions. The outputs (Q15 — QO0) 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 is High and CE is 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(tCE-
TC), where “n” is the number of stages and “tCE-TC” is the CE-to-TC
propagation delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does
not.
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Inputs Outputs
CLR | CE | C |Q15-Q0 TC CEO
1 X X 0 0 0
0 0 X No Chg No Chg 0
0 1 1 Inc TC CEO

TC = (Q15-Q14+Q13=Q12...=Q0)
CEO = (TC=CE)
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CB16CLE

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

D[15:01f cpi6CLE

oL >0 XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

CEO
CB16CLE is a 16-stage, 16-bit, synchronous, loadable, clearable,

cascadable binary counter. The asynchronous clear (CLR) is the

xs  highest priority input. When CLR is High, all other inputs are
ignored and data (Q15 — Q0) and terminal count (TC) outputs go to
logic level zero, independent of clock transitions. The data on the
D15 - DO inputs is loaded into the counter when the load enable
input (L) is High during the Low-to-High clock (C) transition, inde-
pendent of the state of clock enable (CE). The outputs (Q15 — QO0)
increment when CE is High during the Low-to-High clock transition.
The counter ignores clock transitions when CE is Low. The TC output
is High when all Q outputs are High.

Larger counters are created by connecting the count enable out (CEO)
output of the first stage to the CE input of the next stage and
connecting the C, L, and CLR inputs in parallel. CEO is active (High)
when TC and CE are High. The maximum length of the counter is
determined by the accumulated CE-to-TC propagation delays versus
the clock period. The clock period must be greater than n(tCE-TC),
where “n” is the number of stages and “tCE-TC” is the CE-to-TC
propagation delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does
not.
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Inputs Outputs
CLR| L |[CE | C |D15-D0 | Q15-Q0 TC CEO
1 X X X X 0 0 0
0 1 X ) D di5-do TC CEO
0 0 0 X X No Chg | NoChg 0
0 0 1 ) X Inc TC CEO

TC = (Q15=Q14=Q13=Q12...2Q0)
CEO = (TC=CE)

dn = state of referenced input one set-up time prior to active clock transition
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CB16CLED

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

D[15:0) [ Ce16cLED |QULS0]

3-150

XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

CB16CLED is a 16-stage, 16-bit, synchronous, loadable, clearable,
cascadable, bidirectional binary counter. The asynchronous clear
(CLR) is the highest priority input. When CLR is High, all other
inputs are ignored and data (Q15 — Q0) and terminal count (TC)
outputs go to logic level zero, independent of clock transitions. The
data on the D15 — DO 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 outputs (Q15 — QO0)
decrement when CE is High and UP is Low during the Low-to-High
clock transition. The outputs (Q15 — QO0) 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 count enable out
(CEO) output of each counter is connected to the CE pin of the next
stage. The clock, UP, L, and CLR inputs are connected in parallel.
CEO is active (High) when TC and CE are High. The maximum
length of the counter is determined by the accumulated CE-to-TC
propagation delays versus the clock period. The clock period must be
greater than n(tCE-TC), where “n” is the number of stages and
“tCE-TC” is the CE-to-TC propagation delay of each stage. For EPLD
designs, refer to “CB16X1” for high-performance cascadable, bidirec-
tional counters.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does
not.
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Inputs Outputs
CLR L CE C UP D15-D0 | Q15-Q0 TC CEO
1 X X X X X 0 0 0
0 1 X 1 X D di5-do 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

Libraries Guide

CEO = (TC=CE)

dn = state of referenced clock one set-up time prior to active clock transition

TC = (Q15=Q14=Q13...=Q0=UP) + (Q15=Q14=Q13...=Q0=UP
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CB16RE

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

CB16RE

Qs XC2000 XC3000 XC4000 XC7000

CEO
TC Macro Macro Macro Primitive

o0
M

CB16RE is a 16-stage, 16-bit, synchronous, resettable, cascadable
binary counter. The synchronous reset (R) is the highest priority
input. When R is High, all other inputs are ignored and data

(Q15 - Q0) and terminal count (TC) outputs go to logic level zero on
the Low-to-High clock (C) transition. The outputs (Q15 — QO) incre-
ment 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 are High.

X4368

Py

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 R inputs in parallel. CEO is active (High) when
TC and CE are High. The maximum length of the counter is deter-
mined by the accumulated CE-to-TC propagation delays versus the
clock period. The clock period must be greater than n(tCE-TC), where
“n” is the number of stages and “tCE-TC” is the CE-to-TC propaga-
tion delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does
not.
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Inputs Outputs
R CE Q15-Q0 TC CEO
1 X 0 0 0
0 0 No Chg No Chg 0
0 1 Inc TC CEO

TC = (Q15=Q14=Q13...=Q0)

CEO = (TC=CE)
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CB16RLE

D[15:0]

3-154

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

cB16RLE |QI15:0]

CEO

XC2000 XC3000 XC4000 XC7000

N/ZA N/ZA N/A Primitive

CB16RLE is a 16-stage, 16-bit, synchronous, loadable, resettable,
cascadable binary counter. The synchronous reset (R) is the highest
priority input.

The synchronous R, when High, overrides all other inputs and resets
the Q15 - QO0, TC, and CEO outputs to Low on the Low-to-High clock
(C) transition. The data on the D15 — DO 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 outputs
(Q15 - QO0) 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
connecting the C, L, and R inputs in parallel. The maximum length of
the counter is determined by the accumulated CE-to-CEO propaga-
tion delays versus the clock period.

The counter is asynchronously reset, output Low, when power is
applied or when global reset or master reset is active. When
cascading counters, use the CEO output if the counter uses the CE
input; use the TC output if it does not.
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Inputs Outputs
R L CE C D15 -DO0 Q15-Q0 TC CEO
1 X X 1 X 0 0 0
0 1 X 1 D di5-do TC CEO
0 0 0 X X No Chg No Chg 0
0 0 1 1 X Inc TC CEO

TC = Q15=Q14=...=Q0
CEO =TC=CE

dn = state of referenced input one set-up time prior to clock transition
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CB16X1

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

D[15:0]

CLR

3-156

CB16X1

Q[15:0]
TCU
TCD
CEOU
CEOD

X4200

XC2000 XC3000 XC4000 XC7000

N/ZA N/ZA N/A Primitive

CB16X1 is a 16-stage, 16-bit, synchronous, loadable, clearable, bidirec-
tional binary counter. CB16X1 has separate count-enable inputs and
synchronous terminal-count outputs for up and down directions to
support high-speed cascading in the EPLD architecture.

The asynchronous clear (CLR) is the highest priority input. When
CLR is High, all other inputs are ignored, data outputs (Q15 — Q0) go
to logic level zero, and terminal count outputs TCU and TCD go to
zero and one, respectively, independent of clock transitions. The data
on the D15 - DO inputs loads into the counter on the Low-to-High
clock (C) transition, when the load enable input (L) is High, indepen-
dent of the CE inputs.

The outputs (Q15 — QO0) increment when CEU is High, provided CLR
and L are Low, during the Low-to-High clock transition. The outputs
(Q15 - Q0) 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 Xilinx EPLD devices, 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.
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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, resulting in zero propagation from the CEU and CED
inputs and from the Q outputs, provided all connections from each
output remain on-chip. Otherwise, a macrocell buffer delay is intro-
duced. The counter is initialized to zero (TCU Low and TCD High)
when the device is powered-up or when the device Master Reset pin
is activated. The clock (C) input can be driven by either the EPLD
FastCLK global net (represented by a BUFG symbol), an ordinary
input, or other on-chip logic.

Inputs Outputs

CLR| L |CEU|CED|C |D15-D0|Q15-Q0| TCU TCD | CEOU | CEOD
1 X X X X X 0 0 1 0 CEOD
0 1 X X 1 D di5-do | 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

Libraries Guide

TCU = Q15=Q14=Q13=...=Q0
TCD = Q15=Q14=Q13~...=Q0
CEOU = TCU=CEU
CEOD = TCD=CED

dn = state of referenced input one set-up time prior to active clock transition
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CB16X2

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

Ol CBL6X2 félj"] XC2000 XC3000 XC4000 XC7000
TCD N/A N/A N/A Primitive
CEU CEOU . i . -
CED ceop CB16X2 is a 16-stage, 16-bit, synchronous, loadable, resettable, bidi-

rectional binary counter. CB16X2 has separate count-enable inputs
and synchronous terminal-count outputs for up and down directions,
to support high-speed cascading in the EPLD architecture.

The synchronous reset (R) is the highest priority input. When R is
High, all other inputs are ignored, data outputs (Q15 — QO0) go to logic
level zero, and terminal count outputs TCU and TCD go to zero and
one, respectively, on the Low-to-High clock (C) transition. The data
on the D15 - DO inputs loads into the counter on the Low-to-High
clock (C) transition when the load enable input (L) is High, indepen-
dent of the CE inputs. The outputs (Q15 — Q0) increment when CEU
is High, provided R and L are Low, during the Low-to-High clock
transition. The outputs (Q15 — Q0) 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 transi-
tion; 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 C, L, and R inputs are
connected in parallel.

In Xilinx EPLD devices, 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.
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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, resulting 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 the device is powered-up or when the device Master
Reset pin is activated. The clock (C) input can be driven by either the
EPLD FastCLK global net (represented by a BUFG symbol), an ordi-
nary input, or other on-chip logic.

Inputs Outputs
R| L |[CEU|CED| C |[D15-D0|Q15-Q0| TCU TCD | CEOU | CEOD
1| X X X 1 X 0 0 1 0 CEOD
0 1 X X 1 D di5-do 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

Libraries Guide

TCU = Q15=Q14=Q13=...=Q0
TCD = Q15=Q14=Q13~...=Q0
CEOU = TCU=CEU
CEOD = TCD=CED

dn = state of referenced input one set-up time prior to active clock transition
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CC8CE

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

CC8CE

QI7:0] XC2000 XC3000 XC4000 XC7000

CEO

TC N/ZA N/ZA Macro N/ZA

CCB8CE is an 8-stage, 8-bit, synchronous, clearable, cascadable binary

X4290 counter. The counter is implemented using carry logic with relative
location restraints, which assures most efficient logic placement. The
asynchronous clear (CLR) is the highest priority input. When CLR is
High, all other inputs are ignored and data (Q7 — Q0) and terminal
count (TC) outputs go to logic level zero, independent of clock transi-
tions. The outputs (Q7 — Q0) 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.

i
m

CLR

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(tCE-TC),
where “n” is the number of stages and “tCE-TC” is the CE-to-TC
propagation delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global set/reset (GSR) is active. The GSR active level
is programmable. When cascading counters, use the CEO output if
the counter uses the CE input; use the TC output if it does not.

3-160 Xilinx Development System



Design Elements

Libraries Guide

Inputs Outputs
CLR CE C Q7-Q0 TC CEO
1 X X 0 0 0
0 0 X No Chg No Chg 0
0 1 ) Inc TC CEO

TC = (Q7=Q6=Q5+Q4=...=Q0)

CEO = (TC=CE)

XC4000 Topology
TC*
CEO*
D7 Q7
Ds Qs
Ds Qs
D4 Qa
D3 Qs
D2 Q2
D1 Q1
Do Qo

X3671

In the process of combining the logic that loads CEO and TC, the place and route
software might map the logic that generates CEO and TC to different function
generators. If this mapping occurs, the CEO and TC logic cannot be placed in the
uppermost CLB as indicated in the illustration.
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Figure 3-37 CCB8CE XC4000 Implementation
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CC8CLE

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

CC8CLE

QI7:0] XC2000 XC3000 XC4000 XC7000
CEO
N/A N/A Macro N/A

CCB8CLE is an 8-stage, 8-bit, synchronous, loadable, clearable, cascad-
able binary counter. The counter is implemented using carry logic
w2 With relative location constraints, which assures most efficient logic
placement.

The asynchronous clear (CLR) is the highest priority input. When
CLR is High, all other inputs are ignored and data (Q7 — Q0) and
terminal count (TC) outputs go to logic level zero, independent of
clock transitions. The data on the D7 — DO 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 outputs (Q7 — Q0) increment when CE is High during the
Low-to-High clock transition. The counter ignores clock transitions
when CE is Low. The TC output is High when all Q outputs are High.

Larger counters are created by connecting the count enable out (CEO)
output of the first stage to the CE input of the next stage and
connecting the C, L, and CLR inputs in parallel. CEO is active (High)
when TC and CE are High. The maximum length of the counter is
determined by the accumulated CE-to-TC propagation delays versus
the clock period. The clock period must be greater than n(tCE-TC),
where “n” is the number of stages and “tCE-TC” is the CE-to-TC
propagation delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global set/reset (GSR) is active. The GSR active level
is programmable. When cascading counters, use the CEO output if
the counter uses the CE input; use the TC output if it does not.
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Inputs Outputs
CLR| L |[CE| C |D7-DO0 | Q7-Q0 TC CEO
1 X X X X 0 0 0
0 1 X X D d7-do0 TC CEO
0 0 0 X X No Chg | No Chg 0
0 0 1 1 X Inc TC CEO

TC = (Q7=Q6=Q5=Q4-e...=Q0)
CEO = (TC=CE)

dn = state of referenced input one set-up time prior to active clock transition

XC4000 Topology
TC*
CEO*
D7 Q7
De Qs
Ds Qs
D4 Qa
D3 Qs
D2 Q2
D1 Q1
Do Qo

X3673

In the process of combining the logic that loads CEO and TC, the place and route
software might map the logic that generates CEO and TC to different function
generators. If this mapping occurs, the CEO and TC logic cannot be placed in the
uppermost CLB as indicated in the illustration.
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Figure 3-38 CC8CLE XC4000 Implementation
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CC8CLED

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

D[7:0]|] CC8CLED

3-166

Q[7:0]
CEO

X4287

XC2000 XC3000 XC4000 XC7000

N/ZA N/ZA Macro N/ZA

CCB8CLED is an 8-stage, 8-bit, synchronous, loadable, clearable,
cascadable, bidirectional binary counter. The counter is implemented
using carry logic with relative location constraints, which assures
most efficient logic placement.

The asynchronous clear (CLR) is the highest priority input. When
CLR is High, all other inputs are ignored and data (Q7 — Q0) and
terminal count (TC) outputs go to logic level zero, independent of
clock transitions. The data on the D7 — DO 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 outputs (Q7 — Q0) decrement when CE is High and UP is
Low during the Low-to-High clock transition. The outputs (Q7 — QO0)
increment when CE and UP are High. The counter ignores clock tran-
sitions 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 count enable out
(CEO) output of each counter is connected to the CE pin of the next
stage. The clock, UP, L, and CLR inputs are connected in parallel.
CEO is active (High) when TC and CE are High. The maximum
length of the counter is determined by the accumulated CE-to-TC
propagation delays versus the clock period. The clock period must be

greater than n(tCE-TC), where “n” is the number of stages and
“tCE-TC” is the CE-to-TC propagation delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global set/reset (GSR) is active. The GSR active level
is programmable. When cascading counters, use the CEO output if
the counter uses the CE input; use the TC output if it does not.
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Inputs Outputs
CLR L CE C UP D7 - DO Q7-Q0 TC CEO
1 X X X X X 0 0 0
0 1 X X X D d7-do0 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 ) 0 X Dec TC CEO

TC = (Q7=Q6-Q5-..=Q0=UP) + (Q7-Q6-Q5-..~Q0-UP)
CEO = (TC=CE)

dn = state of referenced clock one set-up time prior to active clock transition

XC4000 Topology
TC*
CEO*
D7 Q7
Ds Qs
Ds Qs
D4 Q4
D3 Qs
D2 Q2
D1 Q1
Do Qo

X4339

In the process of combining the logic that loads CEO and TC, the place and route
software might map the logic that generates CEO and TC to different function
generators. If this mapping occurs, the CEO and TC logic cannot be placed in the
uppermost CLB as indicated in the illustration.
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CC8RE

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

CCBRE XC2000 XC3000 XC4000 XC7000
o N/A N/A Macro N/A
CCB8RE is an 8-stage, 8-bit, synchronous, resettable, cascadable binary
R X428 counter. The counter is implemented using carry logic with relative

location constraints, which assures most efficient logic placement.
The synchronous reset (R) is the highest priority input. When R is
High, all other inputs are ignored and data (Q7 — Q0) and terminal
count (TC) outputs go to logic level zero on the Low-to-High clock
(C) transition. The outputs (Q7 — Q0) 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 count enable out (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 deter-
mined by the accumulated CE-to-TC propagation delays versus the
clock period. The clock period must be greater than n(tCE-TC), where
“n” is the number of stages and “tCE-TC” is the CE-to-TC propaga-
tion delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global set/reset (GSR) is active; the GSR active level
is programmable. When cascading counters, use the CEO output if
the counter uses the CE input; use the TC output if it does not.
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Inputs Outputs
R CE Q7-Q0 TC CEO
1 0 0 0
0 No Chg No Chg 0
0 1 Inc TC CEO

TC = (Q7=Q6=Q5=...=Q0=CE)
CEO = (TC=CE)

XC4000 Topology
TC*
CEO*
D7 Q7
Ds Qs
Ds Qs
D4 Q4
D3 Qs
D2 Q2
D1 Q1
Do Qo

X3675

In the process of combining the logic that loads CEO and TC, the place and route
software might map the logic that generates CEO and TC to different function
generators. If this mapping occurs, the CEO and TC logic cannot be placed in the
uppermost CLB as indicated in the illustration.
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CC16CE

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

Q[15:0]

CC16CE

- XC2000 XC3000 XC4000 XC7000
TC N/A N/ZA Macro N/A

CC16CE is a 16-stage, 16-bit, synchronous, clearable, cascadable

x4286 binary counter. The counter is implemented using carry logic with
relative location restraints, which assures the most efficient logic
placement. The asynchronous clear (CLR) is the highest priority
input. When CLR is High, all other inputs are ignored and data
(Q15 - QO0) and terminal count (TC) outputs go to logic level zero,
independent of clock transitions. The outputs (Q15 — QO0) 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(tCE-TC),
where “n” is the number of stages and “tCE-TC” is the CE-to-TC
propagation delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global set/reset (GSR) is active. The GSR active level
is programmable. When cascading counters, use the CEO output if
the counter uses the CE input; use the TC output if it does not.
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Inputs Outputs
CLR CE C Q15-Q0 TC CEO
1 X X 0 0 0
0 0 X No Chg No Chg 0
0 1 1 Inc TC CEO

TC = (Q15Q14+Q13+Q12+...=Q0)
CEO = (TC=CE)

XC4000 Topology
TC*
CEO*
Dis Qis
D14 Q4
D13 Q13
D12 Q12
D11 Qu1
D1o Q10
Do Qo
Dsg Qs
D7 Q7
De Qs
Ds Qs
D4 Qa
D3 Qs
D2 Q2
D1 Q1
Do Qo

X3672

In the process of combining the logic that loads CEO and TC, the place and route
software might map the logic that generates CEO and TC to different function
generators. If this mapping occurs, the CEO and TC logic cannot be placed in the
uppermost CLB as indicated in the illustration.
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CC16CLE

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

Q[15:0]
CEO

D[15:0]| cci16CLE

XC2000 XC3000 XC4000 XC7000
N/A N/ZA Macro N/A

CC16CLE is a 16-stage, 16-bit, synchronous, loadable, clearable,
cascadable binary counter. The counter is implemented using carry
logic with relative location constraints, which assures the most effi-
cient logic placement.

X4284

The asynchronous clear (CLR) is the highest priority input. When
CLR is High, all other inputs are ignored and data (Q15 — Q0) and
terminal count (TC) outputs go to logic level zero, independent of
clock transitions. The data on the D15 — DO 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 outputs (Q15 — Q0) increment when CE is High during the
Low-to-High clock transition. The counter ignores clock transitions
when CE is Low. The TC output is High when all Q outputs are High.

Larger counters are created by connecting the count enable out (CEO)
output of the first stage to the CE input of the next stage and
connecting the C, L, and CLR inputs in parallel. CEO is active (High)
when TC and CE are High. The maximum length of the counter is
determined by the accumulated CE-to-TC propagation delays versus
the clock period. The clock period must be greater than n(tCE-TC),
where “n” is the number of stages and “tCE-TC” is the CE-to-TC
propagation delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global set/reset (GSR) is active. The GSR active level
is programmable. When cascading counters, use the CEO output if
the counter uses the CE input; use the TC output if it does not.
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3-176

Inputs Outputs
CLR| L |CE|C |D15-D0 |Q15-Q0 | TC CEO
1 | X | X |X X 0 0 0
0 1] X | X D d15-do TC CEO
0 0] 0 [X X No Chg | No Chg 0
0O O] 1 |1 X Inc TC CEO
TC = (Q15=Q14=Q13=Q12=...2Q0)

CEO = (TC=CE)

dn = state of referenced input one set-up time prior to active clock transition

XC4000 Topology
TC*
CEO*
Dis Q15
D1a Q14
Dis Q13
D12 Q12
D11 Qu
Do Q1o
Do Qo
Ds Qs
D7 Q7
Ds Qs
Ds Qs
D4 Qa
D3 Q3
D> Q2
D1 Q1
Do Qo

X3674

In the process of combining the logic that loads CEO and TC, the place and route
software might map the logic that generates CEO and TC to different function
generators. If this mapping occurs, the CEO and TC logic cannot be placed in the

uppermost CLB as indicated in the illustration.
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CC16CLED

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

DR CCI6CLED | OB 50) XC2000 XC3000 XC4000 XC7000
N/A N/A Macro N/ZA

CC16CLED is a 16-stage, 16-bit, synchronous, loadable, clearable,
cascadable, bidirectional binary counter. The counter is implemented
using carry logic with relative location constraints, which assures
most efficient logic placement.

The asynchronous clear (CLR) is the highest priority input. When
CLR is High, all other inputs are ignored and data (Q15 — Q0) and
terminal count (TC) outputs go to logic level zero, independent of
clock transitions. The data on the D15 — DO 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 outputs (Q15 — Q0) decrement when CE is High and UP is
Low during the Low-to-High clock transition. The outputs (Q15 -
QO) 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 count enable out
(CEO) output of each counter is connected to the CE pin of the next
stage. The clock, UP, L, and CLR inputs are connected in parallel.
CEO is active (High) when TC and CE are High. The maximum
length of the counter is determined by the accumulated CE-to-TC
propagation delays versus the clock period. The clock period must be
greater than n(tCE-TC), where “n” is the number of stages and
“tCE-TC” is the CE-to-TC propagation delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global set/reset (GSR) is active. The GSR active level
is programmable. When cascading counters, use the CEO output if
the counter uses the CE input; use the TC output if it does not.
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Inputs Outputs
CLR L CE C UP D15-D0 | Q15-Q0 TC CEO
1 X X X X X 0 0 0
0 1 X X X D di5-do 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 ) 0 X Dec TC CEO

TC = (Q15=Q14=Q13=...«Q0=UP) + (Q15=Q14=Q13=...=Q0=UP)
CEO = (TC=CE)

dn = state of referenced clock one set-up time prior to active clock transition

XC4000 Topology
TC*
CEO*
Dis Qis
Dia Q14
Dis Qi3
D12 Q12
D11 Qu1
D10 Q1o
Do Qo
Dg Qs
D7 Q7
Ds Qs
Ds Qs
D4 Qa
D3 Q3
D2 Q2
D1 Q1
Do Qo

X4340

In the process of combining the logic that loads CEO and TC, the place and route
software might map the logic that generates CEO and TC to different function
generators. If this mapping occurs, the CEO and TC logic cannot be placed in the
uppermost CLB as indicated in the illustration.
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CC16RE

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

CCI6RE | QI15:0] XC2000 XC3000 XC4000 XC7000
N/A N/A Macro N/A

CC16RE is a 16-stage, 16-bit, synchronous, resettable, cascadable
binary counter. The counter is implemented using carry logic with
relative location constraints, which assures most efficient logic place-
ment. The synchronous reset (R) is the highest priority input. When R
is High, all other inputs are ignored and data (Q15 — Q0) and terminal
count (TC) outputs go to logic level zero on the Low-to-High clock
(C) transition. The outputs (Q15 — Q0) 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 count enable out (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 deter-
mined by the accumulated CE-to-TC propagation delays versus the
clock period. The clock period must be greater than n(tCE-TC), where
“n” is the number of stages and “tCE-TC” is the CE-to-TC propaga-
tion delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global set/reset (GSR) is active. The GSR active level
is programmable. When cascading counters, use the CEO output if
the counter uses the CE input; use the TC output if it does not.
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Inputs Outputs
R CE C Q15-Q0 TC CEO
1 X 1 0 0 0
0 0 X No Chg No Chg 0
0 1 1 Inc TC CEO

TC = (Q15=Q14=Q13e...=Q0)
CEO = (TC=CE)

XC4000 Topology
TC*
CEO*
Dis Q15
D14 Q4
D13 Q13
D12 Q12
D11 Qu
Do Q1o
Do Qo
Dsg Qs
D7 Q7
Ds Qs
Ds Qs
D4 Qa
D3 Qs
D2 Q2
D1 Q1
Do Qo

X3676

In the process of combining the logic that loads CEO and TC, the place and route
software might map the logic that generates CEO and TC to different function
generators. If this mapping occurs, the CEO and TC logic cannot be placed in the
uppermost CLB as indicated in the illustration.
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CD4C

E

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

CD4CE

R
m

| Q0
| QL
| Q2
| Q3
| CEO
| TC

CLR

X4369
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XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

CDACE is a 4-stage, 4-bit, synchronous, clearable, cascadable binary-
coded-decimal (BCD) counter. The asynchronous clear input (CLR) is
the highest priority input. When CLR is High, all other inputs are
ignored and data (Q3 — Q0) and terminal count (TC) outputs go to
logic level zero, independent of clock transitions. The outputs

(Q3 - Q0) increment when clock enable (CE) is High during the Low-
to-High clock (C) transition. The counter ignores clock transitions
when CE is Low. The TC output is High when Q3 and QO are High
and Q2 and Q1 are Low.

The counter recovers from any of six possible illegal states and
returns to a normal count sequence within two clock cycles for
XC2000, XC3000, and XC4000 architectures, as shown in the
following state diagram. For XC7000, the counter resets to zero or
recovers within the first clock cycle.

OyB.ByB.n

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(tCE-TC),
where “n” is the number of stages and “tCE-TC” is the CE-to-TC
propagation delay of each stage.
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The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does

not.
Inputs Outputs
CLR | CE C Q3 | Q2 | Q1 | Q0 | TC CEO
1 X X 0 0 0 0 0 0
0 1 L Increment-------- TC CEO
0 0 X | - No Change-------- TC 0
0 1 | x [ 1] o | o] 1 1 1

TC = (Q3=Q2-Q1-Q0)
CEO = (TC=CE)
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CDA4CLE

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

DO CD4CLE

o

N
‘O‘«O‘O‘«O
@IS [k (S

TC

L]

CE

C

CLR X4370
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XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

CDACLE is a 4-stage, 4-bit, synchronous, loadable, clearable, binary-
coded-decimal (BCD) counter. The asynchronous clear input (CLR) is
the highest priority input. When CLR is High, all other inputs are
ignored and the data (Q3 — Q0) and terminal count (TC) outputs go to
logic level zero, independent of clock transitions. The data on the

D3 - D0 inputs is loaded into the counter when the load enable input
(L) is High during the Low-to-High clock (C) transition. The outputs
(Q3 - QO0) 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
XC2000, XC3000, and XC4000, as shown in the following state
diagram. For XC7000, the counter resets to zero or recovers 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(tCE-TC),
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where “n” is the number of stages and “tCE-TC” is the CE-to-TC
propagation delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does

not.
Inputs Outputs
CLR L CE | D3-DO | C Q3 Q2 Q1 Qo0 TC CEO
1 X X X X 0 0 0 0 0 0
0 1 X D3-D0 1 d3 d2 dl do TC CEO
0 0 1 X L Increment---------- TC CEO
0 0 0 X X1 - No Change--------- TC 0
0 0 1 X X 1 | o | o | 1 1 1

Libraries Guide

TC = (Q3=Q2+-Q1+Q0)
CEO = (TC=CE)

dn = state of referenced input one set-up time prior to active clock transition
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Figure 3-42 CDA4CLE XC2000/3000/4000 Implementation
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CD4RE

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

CD4RE |0
| Q1
1 Q2.
| Q3
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C |
R J X4371
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XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

CD4RE is a 4-stage, 4-bit, 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
and (Q3 - Q0) and terminal count (TC) outputs go to logic level zero
on the Low-to-High clock (C) transition. The outputs (Q3 — QO0) incre-
ment 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 Q0 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
XC2000, XC3000, and XC4000, as shown in the following state
diagram. For XC7000, the counter resets to zero or recovers within
the first clock cycle.

OyB.ByB.n

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(tCE-TC)
where “n” is the number of stages and “tCE-TC” is the CE-to-TC
propagation delay of each stage.
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The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does

not.
Inputs Outputs
R CE C Q3 | Q2 | Q1 | QO TC CEO
1 X 1 0 0 0 0 0 0
0 1 L Increment-------- TC CEO
0 0 X | - No Change-------- TC 0
o | 1 | x| 1] o] o] 1 1

TC = (Q3=Q2-Q1-Q0)
CEO = (TC=CE)
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Figure 3-43 CD4RE XC2000/3000/4000 Implementation
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CD4RLE

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

DO CD4RLE

g

N
‘O‘«O‘O‘«O
@ N[k (S

C TC

R X4372
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XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

CDA4RLE is a 4-stage, 4-bit, 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
and the data (Q3 — Q0) and terminal count (TC) outputs go to logic
level zero on the Low-to-High clock transitions. The data on the D3 -
DO inputs is loaded into the counter when the load enable input (L) is
High during the Low-to-High clock (C) transition. The outputs

(Q3 - QO0) increment when the clock enable input (CE) is High during
the Low-to-High clock transition. The counter ignores clock transi-
tions 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
forxXC2000, XC3000, and XC4000, as shown in the following state
diagram. For XC7000, the counter resets to zero or recovers 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(tCE-TC),

Xilinx Development System



Design Elements

where “n” is the number of stages and “tCE-TC” is the CE-to-TC
propagation delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. When cascading counters, use the CEO
output if the counter uses the CE input; use the TC output if it does

not.
Inputs Outputs
R L CE | D3-DO C Q3 | Q2 | Q1 | QO TC CEO
1 X X X 1 0 0 0 0 0 0
0 1 X D3-D0 1 d3 d2 dl do TC CEO
0 0 1 X L Increment--------- TC CEO
0 0 0 X X | - No Change--------- TC 0
0 0 1 X X 1 | o[ o | 1 1 1

TC = (Q3=Q2+-Q1+Q0)
CEO = (TC=CE)

dn = state of referenced input one set-up time prior to active clock transition
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Figure 3-44 CDA4RLE XC2000/3000/4000 Implementation
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CJACE

4-Bit Johnson Counter with Clock Enable and
Asynchronous Clear

CJ4CE
| QO
| Q1
CE | | Q2
C | | Q3
CLR X4112
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XC2000
Macro

XC3000
Macro

XC4000
Macro

XC7000
Primitive

CJACE is a clearable Johnson/shift counter. The asynchronous clear
(CLR) input, when High, overrides all other inputs and causes the
data outputs (Q3 — QO) to go to logic level zero, independent of clock
(C) transitions. 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 clock transition. Clock transitions are ignored when CE is Low.
The Q3 output is inverted and fed back to input QO to provide contin-
uous counting operation.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
CLR CE C QO Q1 Q2 Q3
1 X 0 0 0 0
0 X | e No Change--------
0 1 1 @ | 90 | a1 | @2

gn = state of referenced output one set-up time prior to active clock transition
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Figure 3-45 CJ4CE XC2000/3000/4000 Implementation
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CJ4ARE

4-Bit Johnson Counter with Clock Enable and
Synchronous Reset

CJ4RE

Rlefe
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w
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m

X4113
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XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

CJARE is a resettable Johnson/shift counter. The synchronous reset
(R) input, when High, overrides all other inputs causes the data
outputs (Q3 — QO0) to go to logic level zero during the Low-to-High
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 clock transition. Clock transitions are ignored when CE
is Low. The Q3 output is inverted and fed back to input QO to provide
continuous counting operation.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
R CE c Qo0 Q1 Q2 Q3
1 1 0 0 0 0
0 X | e No Change--------
0 1 1 @3 | 9 | g | @

gn = state of referenced output one set-up time prior to active clock transition
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Figure 3-46 CJ4RE XC2000/3000/4000 Implementation
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CJ5CE

5-Bit Johnson Counter with Clock Enable and
Asynchronous Clear

CJ5CE
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XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

CJ5CE is a clearable Johnson/shift counter. The asynchronous clear
(CLR) input, when High, overrides all other inputs and causes the
data outputs (Q4 — QO) to go to logic level zero, independent of clock
(C) transitions. 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 clock transition. Clock transitions are ignored when CE
is Low. The Q4 output is inverted and fed back to input QO to provide
continuous counting operation.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
CLR CE C Qo0 Q1 Q2 Q3 Q4
1 X 0 0 0 0 0
0 X | - No Change------------
0 1 t 9 | q0 | q1 | q2 | o3

gn = state of referenced output one set-up time prior to active clock transition
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CJ5RE

5-Bit Johnson Counter with Clock Enable and
Synchronous Reset

CJ5RE

| QO
Q1
Q2
Q3

2]

Y Ol
m
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X4115

XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

CJ5RE is a resettable Johnson/shift counter. The synchronous reset
(R) input, when High, overrides all other inputs and causes the data
outputs (Q4 — QO0) to go to logic zero during the Low-to-High clock
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 clock transition. Clock transitions are ignored when CE is Low.
The Q4 output is inverted and fed back to input QO to provide contin-
uous counting operation.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
R CE C Qo Q1 Q2 Q3 Q4
1 1 0 0 0 0 0
0 X | - No Change------------
0 1 t a4 | q0 | g1 | g2 | o3

gn = state of referenced output one set-up time prior to active clock transition
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CJ8CE

CLR

CJ8CE

8-Bit Johnson Counter with Clock Enable and
Asynchronous Clear

Q[7:0]

X4118
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XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

CJBCE is a clearable Johnson/shift counter. The asynchronous clear
(CLR) input, when High, overrides all other inputs and causes the
data outputs (Q7 — QO) to go to logic level zero, independent of clock
(C) transitions. 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 clock transition. Clock transitions are ignored when CE
is Low. The Q7 output is inverted and fed back to input QO to provide
continuous counting operation.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
CLR CE C Qo Q1-Q7
1 X 0 0
0 X --No Change--
0 1 1 a7 | q0-g6

gn = state of referenced output one set-up time prior to active clock transition
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Figure 3-47 CJ8CE XC2000/3000/4000 Implementation
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CJ8RE

8-Bit Johnson Counter with Clock Enable and
Synchronous Reset
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XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

CJBRE is a resettable Johnson/shift counter. The synchronous reset
(R) input, when High, overrides all other inputs and causes the data
outputs (Q7 — QO0) to go to logic level zero during the Low-to-High
clock 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 clock transition. Clock transitions are ignored when CE
is Low. The Q7 output is inverted and fed back to input QO to provide
continuous counting operation.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
R CE c Qo Q1-Q7
1 1 0 0
0 X --No Change--
0 1 1 a7 | q0-g6

gn = state of referenced output one set-up time prior to active clock transition
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Figure 3-48 CJ8RE XC2000/3000/4000 Implementation
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CLB
CLB Configuration Symbol
XC2000 XC3000 XC4000 XC7000
Primitive Primitive N/A N/A

The CLB symbol enables you to manually specify a CLB configura-
tion. It allows you to enter portions of a logic design directly in terms
of the physical CLB, rather than schematically. Using the CLB symbol
provides precise partitioning control and requires knowledge of the
CLB architecture. Use it in place of the equivalent captured logic and
not in conjunction with it.

X4647

I

<
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A | CLB
B_|
C |
D_|
K|
XC2000
A_| CLB
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C |
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A blank XC2000 CLB primitive symbol and its corresponding config-
ured CLB primitive and circuit are shown in the following figure.

o0 ® >

K

CcLB
AA

FG
X:Q Y:G CLK:K:NOT Set A RES:D
F=B*~C

G=-B*C

CLB AA

us u3

AND2B1
u4

K C
RD

INV

AND2B1 D

X5019

Figure 3-49 XC2000 CLB Primitive Example and Equivalent
Circuit

3-204 Xilinx Development System



Design Elements

Libraries Guide

A blank XC3000 CLB primitive symbol and its corresponding config-
ured CLB primitive and circuit are shown in the following figure.
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— s
PR PN X
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—Ec YH—
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G=QX*AE*QY
A u3 U4
B F X
E D Q

AND4

FDCE

el

.k | FDCE

X5021

Figure 3-50 XC3000 CLB Primitive Example and Equivalent
Circuit

CLB symbol pins correspond to actual CLB pins. Signals connected to
these pins in a schematic are connected to the corresponding CLB
pins in the design. You must specify the BASE, CONFIG, and
EQUATE commands for the CLB. These commands are entered on
the schematic and the translator puts them into the CFG records in
the LCA Xilinx netlist file. It is not necessary for the translator
program to parse the commands specifying the CLB configuration.
The mapping program from the LCA Xilinx netlist to the LCA design
checks these commands for errors.
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The configuration commands must be consistent with the connec-
tions. For example, if you use the A input in an equation, connect a
signal to the A pin. Refer to the applicable CAE tool interface user
guide for more information on specifying the CLB configuration
commands in the schematic.

You can specify the location of a CLB on the device using the LOC

attribute. When specifying the LOC attribute, a valid CLB name (AA,
AB, and so forth) must be used. Refer to the “Attributes, Constraints,
and Carry Logic” chapter for more information on the LOC attribute.
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Logic-Partitioning Control Symbol
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XC2000 XC3000 XC4000 XC7000

Primitive Primitive N/A N/A

The CLBMAP symbol is used to control logic partitioning into
XC2000 and XC3000 family CLBs. Unlike the CLB symbol, the
CLBMAP symbol is not a substitute for logic. It is used in addition to
combinatorial gates, latches, and flip-flops for mapping control.

At the schematic level, you can implement a portion of logic using
gates, latches, and flip-flops and specify that the logic be grouped
into a single CLB by using the CLBMAP symbol. You must name the
signals that are the inputs and outputs of the CLB, then draw the
signals to appropriate pins of the CLBMAP symbol or name the
CLBMAP signals and logic signals correspondingly. The symbol can
have unconnected pins, but all signals on the logic group to be
mapped must be specified on a symbol pin.

CLBMAP primitives and equivalent circuits are shown for XC2000
and XC3000 families in the following figures.
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Figure 3-51 XC2000 CLBMAP Primitive Example and Equivalent
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Figure 3-52 XC3000 CLBMAP Primitive Example and Equivalent

Use the MAP=type parameter with the CLBMAP symbol to further
define how much latitude you want to give the mapping program.
The following table shows MAP option characters and their mean-

ings.

Character

Function

P

Pins

C

Closed — Adding logic to or removing logic
from the CLB is not allowed.

Locked - Locking CLB pins

Open — Adding logic to or removing logic from

the CLB is allowed.

Unlocked — No locking on CLB pins.

Libraries Guide
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Possible types of MAP parameters for FMAP are: MAP=PUC,
MAP=PLC, MAP=PLO, and MAP=PUO. The default parameter is
PUC. If one of the “open” parameters is used (PLO or PUO), only the
output signals must be specified.

You can lock individual pins using the “P” (Pin lock) parameter on
the CLBMAP pin in conjunction with the PUC parameter. Refer to the
appropriate CAE tool interface user guide for information on
changing symbol parameters for your schematic editor.
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COMP2

A0 |
Al |
BO |
B1 |

2-Bit Identity Comparator

COMP2

X4122
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XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

The equal output (EQ) of the COMP2 2-bit, identity comparator is
High when the two words Al — A0 and B1 - BO are equal. Equality is
determined by a bit comparison of the two words. When any two of
the corresponding bits from each word are not the same, the EQ

output is Low.
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COMP4

4-Bit Identity Comparator

A0 |
Al |
A2 |
A3 |
BO |
BL |
B2 |
B3 |

COMP4

3-212

X4126

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

The equal output (EQ) of the COMP4 4-bit, identity comparator is
High when the two words A3 — A0 and B3 - BO are equal. Equality is
determined by a bit comparison of the two words. When any two of
the corresponding bits from each word are not the same, the EQ
output is Low.
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COMPS8
8-Bit Identity Comparator
Ay e XC2000 XC3000 XC4000 XC7000
- = Macro Macro Macro Primitive
= The equal output (EQ) of the COMPS8 8-bit, identity comparator is

X4131 High when the two words A7 — A0 and B7 — BO are equal. Equality is
determined by a bit comparison of the two words. When any two of
the corresponding bits from each word are not the same, the EQ
output is Low.

ABO

AB1

) ABO3

AND4

AB2 |

AB3

ABA AND2

ABS5

) AB47
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Figure 3-53 COMP8 XC2000/3000/4000 Implementation
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COMP16

Al15:0]

B[15:0]

3-214

16-Bit Identity Comparator

COMP16

X4133

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

The equal output (EQ) of the COMP16 16-bit, identity comparator is
High when the two words A15 - A0 and B15 — B0 are equal. Equality
is determined by a bit comparison of the two words. When any two
of the corresponding bits from each word are not the same, the EQ
output is Low.
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COMPM2

AO |
Al |
BO |
B1 |

2-Bit Magnitude Comparator

COMPM2

X4123
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XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

COMPM2 is a 2-bit, magnitude comparator that compares two posi-
tive binary-weighted words A1 - A0 and B1 - BO, where Al and B1
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.
Inputs Outputs
Al Bl A0 BO GT LT
0 0 0 0 0 0
0 0 1 0 1 0
0 0 0 1 0 1
0 0 1 1 0 0
1 1 0 0 0 0
1 1 1 0 1 0
1 1 0 1 0 1
1 1 1 1 0 0
1 0 X X 1 0
0 1 X X 0 1
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COMPMA4

A0 |
Al |
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A3 |
BO |
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3-216

4-Bit Magnitude Comparator

COMPM4

X4127

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive*

* not supported for XC7336 designs

COMPMA4 is a 4-bit, magnitude comparator that compares two posi-
tive binary-weighted words A3 — A0 and B3 - BO, where A3 and B3
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.
Inputs Outputs
A3,B3 | A2,B2 Al,B1 | A0, BO GT LT
A3>B3 X X X 1 0
A3<B3 X X X 0 1
A3=B3 A2>B2 X X 1 0
A3=B3 A2<B2 X X 0 1
A3=B3 A2=B2 Al1>B1 X 1 0
A3=B3 A2=B2 Al<Bl X 0 1
A3=B3 A2=A2 Al=B1 A0>B0 1 0
A3=B3 A2=B2 Al=B1 A0<BO0 0 1
A3=B3 A2=B2 Al=B1 A0=B0 0 0
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COMPM8

8-Bit Magnitude Comparator

A[7:0]| COMPM8
|

B[7:0]
L

X4132

Libraries Guide

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive*

* not supported for XC7336 designs

COMPMS8 is an 8-bit, magnitude comparator that compares two posi-
tive binary-weighted words A7 — A0 and B7 — B0, where A7 and B7
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. Refer to the “COMPMA4” section earlier in this chapter for a
representative truth table.
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EQ 1

—

OR4

OR4

t)DC P e — LT01
A0 XNOR2 AND3B1 OR2 LTA
—, GEO_1
BO — AND4
AND3B1
GTA
AL GTO_1
B1 ST > ND4
OR2
AND2B1
7.1
Q.3 AND2B1
jDC (e T\ F23 — LT2.3
—) ’ — _LTB
A2 XNOR2 AND3B1 OR2 —1 )
” —  GE2_3 £z 3| | § AND3
, AND3B1 oro NOR2 g
A Gt T L/
B3 < = 1) ' AND3
AND2B1 OR2
LT3
AND2B1
EQ.5
Q’_|ﬂ LE4 5 LT4_5
—) T8 — Lrc
AL XNOR2 AND3B1 OR2 P
&— GE4S EQa s
B4
AND3B1 NOR2 GT
GTC
AS 6T s s—, & _Di_b_-
BS s AND2
AND2BL
AND2B1
EQ_7
e\ 'E67 LTD
) » 7>
A6 XNOR2 [ Anpss1 OR2
— GE6_7
o D, EQ6_7
AND3B1 NOR2
Azo) I, GTD
—\ GT_7 ) )Y
B0 B7 o)
AND2B1 OR2
LT 7
AND2B1
Figure 3-54 COMPMS8 XC2000/3000/4000 Implementation
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COMPM16

16-Bit Magnitude Comparator

A[15:0] | COMPM16
—_—

B[15:0]
_—

X4134

Libraries Guide

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

N/A

COMPM16 is a 16-bit, magnitude comparator that compares two
positive binary-weighted words A15 — A0 and B15 - B0, where Al5
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. Refer to the “COMPM4” section earlier in this chapter for a
representative truth table.
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COMPMCS8

8-Bit Magnitude Comparator

Al7:0]
—_—

B[7:0]
L

COMPMC8

3-220

X4264

XC2000 XC3000 XC4000 XC7000
N/A N/A Macro N/A

COMPMCS8 is an 8-bit, magnitude comparator that compares two
positive binary-weighted words A7 — A0 and B7 — BO, where A7 and
B7 are the most significant bits. The comparator is implemented using
carry logic with relative location constraints, which assures most effi-
cient 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 measured
with this macro by comparing both outputs with a NOR gate. Refer to
the “COMPMA4” section earlier in this chapter for a representative
truth table.

XC4000 Topology

GT*

LT

A7B7

AgBg

As5B5s

A4sBg

A3B3

A2B>

A1B1

AoBo

X4341

In the process of combining the logic that loads GT and LT, the place and route
software might map the logic that generates GT and LT to different function
generators. If this mapping occurs, the GT and LT logic cannot be placed in the
uppermost CLB, as indicated in the illustration.
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Al7:0] e—

B[7:0]

Libraries Guide

RLOC=ROCO
cva |
_ BlEGl; couT|
“{ai(c4 L couT
Bo(F2) courto
—ro(Fy)
—_|ADD(F3)
CARRY MODE [ Jonf o
INV
EXAMINE-CI o 7 3 L,
CY4_42 "
= S7 567
RLOC=RIC0| )
CY4 E! T
AND2
B7 lo B1(G1) couT| XNOR2 ] NOR2
 NAT AL(G4) I couto ND4
B6 BO(F2)
B8 BoER) FMAP
_|ADD(F3) —14
—13 S7
CARRY MODE CIN o
o ol o wBl 02 HMAP
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i3 S67
SUB-FG-Cl xNOR2 RLOC=R1C0.G 2 O -
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Figure 3-55 COMPMCS8 XC4000 Implementation



Libraries Guide

COMPMC16
16-Bit Magnitude Comparator
AlL50] | COMPMCLE XC2000 XC3000 XC4000 XC7000
|GT
|t N/A N/A Macro N/A
B[15:0]
- COMPMCI16 is a 16-bit, magnitude comparator that compares two

X4265 positive binary-weighted words A15 — A0 and B15 - B0, where Al15
and B15 are the most significant bits. The comparator is implemented
using carry logic with relative location constraints, which assures
most 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
measured with this macro by comparing both outputs with a NOR
gate. Refer to the “COMPM4” section earlier in this chapter for a
representative truth table.
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XC4000 Topology

GT*

LT*

A15B1s5

A14B1a

A13B13

A12B12

A11B11

A10B1o

AgBg

AgBg

A7B7

AeBe

AsBs

A4By

A3B3

A2B2

A1B1

AopBo

X4342

In the process of combining the logic that loads GT and LT, the place and route
software might map the logic that generates GT and LT to different function
generators. If this mapping occurs, the GT and LT logic cannot be placed in the
uppermost CLB, as indicated in the illustration.
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CR8CE

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

CR8CE | Q[7:0]
[
cE |
€4
CLR X4116
3-224

XC2000
Macro

XC3000
Macro

XC4000
Macro

XC7000
Primitive

CRS8CE is an 8-bit, cascadable, clearable, binary, ripple counter. The
asynchronous clear (CLR), when High, overrides all other inputs and
causes the outputs (Q7 — QO0) 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 transi-
tions when CE is Low.

Larger counters can be created by connecting the Q7 output 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 - Q), where n is the number of stages and TC - Q is the C-to-Q7
propagation delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. For XC7000, the clock (C) cannot be driven by
a FastCLK (BUFG).

Inputs Outputs
CLR CE C Q7 -Q0
1 X 0
0 X No Chg
0 1 ! Inc
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QI7:0]
FDCE_1 FDCE_1
TQ0 [p Qo Q4 5 o Q4
INV CE NV —|cE
wC $CcLr Q3 OpCCLR
T Qo I Q4
FDCE_1 FDCE_1
01 1o o) TQS| ) Q5
INV CE INV CE
CCLR OCelr
— ey o5
FDCE_1 FDCE_1
T02 5 Q2 TQS| ) lols |
INV CE INV CE
CcLR CcLR
Y I Qs
FDCE_1 FDCE_1
T03 1§ Qs3} TQ7 ) Q7
INV CE INV CE
%CcLR opC CLR
I Q3 Q7
L CLR
;CE

Figure 3-56 CR8CE XC2000/3000/4000 Implementation
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CR16CE

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

CRI16CE | Q[15:0]
|

LR
m

X4120

3-226

XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

CR16CE is a 16-bit, cascadable, clearable, binary, ripple counter. The
asynchronous clear (CLR), when High, overrides all other inputs and
causes the outputs (Q15 — QO0) 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 transi-
tions when CE is Low.

Larger counters can be created by connecting the Q15 output 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 - Q), where n is the number of stages and TC - Q is the C-t0-Q15
propagation delay of each stage.

The counter is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. For XC7000, the clock (C) cannot be driven by
a FastCLK (BUFG).

Inputs Outputs
CLR CE C Q15-Q0
1 X X 0
0 0 X No Chg
0 1 ! Inc
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D2_4E

2- to 4-Line Decoder/Demultiplexer with Enable

A0 D2_4E DO
Al D1

XC2000

XC3000

XC4000

XC7000

D2

Macro

Macro

Macro

Primitive

‘ m

D3

X3853

When the enable (EN) input of the D2_4E decoder/demultiplexer is
High, one of four active-High outputs (D3 — D0) is selected with a
2-bit binary address (Al — A0) input. The non-selected outputs are

Low. Also, when the EN input is Low, all outputs are Low. In demul-
tiplexer applications, the EN input is the data input.

Inputs Outputs
Al A0 E D3 D2 D1 DO
X X 0 0 0 0 0
0 0 1 0 0 0 1
0 1 1 0 0 1 0
1 0 1 0 1 0 0
1 1 1 1 0 0 0
DO
—9 -
ND3B2
D1
I
ND3B1
D2
=
E ND3B1
AO D3 -

.Al
L

AND3

Figure 3-57 D2_4E XC2000/3000/4000 Implementation
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D3 8E

3- to 8-Line Decoder/Demultiplexer with Enable

A0 D3_8E DO
AL | | o1 XC2000 XC3000 XC4000 XC7000
4 % Macro Macro Macro Primitive

ﬁ‘ When the enable (EN) input of the D3_8E decoder/demultiplexer is

o6 High, one of eight active-High outputs (D7 — DO) is selected with a

| D7 3-bit binary address (A2 — A0) input. The non-selected outputs are
Low. Also, when the EN input is Low, all outputs are Low. In demul-

X3854 tiplexer applications, the EN input is the data input.

‘ m

Inputs Outputs
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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D[7:0]

EEER
> > |» [m
N |- (O

AND4

Figure 3-58 D3_8E XC2000/3000/4000 Implementation
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D4_16E

4- to 16-Line Decoder/Demultiplexer with Enable

A0 |
Al
A2 |
A3 |

‘ m

D4_16E

| D2
| D3
| D4
| D5
| D6
| b7
| D8
| D9
ID10
ID11
D12
D13
ID14
D15

3-230

X3855

DO
D1

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

When the enable (EN) input of the D4_16E decoder/demultiplexer is
High, one of 16 active-High outputs (D15 - DO) is selected with a 4-bit
binary address (A3 — AQ) input. The non-selected outputs are Low.
Also, when the EN input is Low, all outputs are Low. In demulti-
plexer applications, the EN input is the data input. Refer to “D3_8E”
for truth table derivation.
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D[15:0]

AND5B4

D1

o—d )
|/

AND5B3

— D2
—

ANDS5B3

— D3
—

ANDS5B2

D4

o—d )
L/

b
ANDSB3

— D5
L/

$—CANDS5B2

— D6
—

b CAND5B2

— D7
I/

1 CANDSB1

— D8
|/

ANDS5B3

— D9
—

AND5B2

— D10
—

OAND5B2

ol

—, D11
I/

AND5B1

— D12
-

3
AND5B2

— D13
|/

‘AND5B1

— D14

E
AL - D15
a2 L/
A3

Figure 3-59 D4_16E XC2000/3000/4000 Implementation
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DECODE4, DECODES, and DECODE 16

4-, 8-, and 16-Bit Active-Low Edge Decoders

A0 |
Al |
A2

A3 |

DECODE4

o

X3907

A0 |
Al |
A2 |
A3 |
A4 |
A5 |
A6 |
A7 |

DECODES8

o

A0 |
Al |
A2 |
A3 |
A4 |
A5 |
A6 |
A7 |
A8 |
A9 |
Al0|
ALl
A12]
A13|
Al4]
A5

DECODE16

o

X3909

3-232

XC2000

XC3000

XC4000

XC7000

N/A

N/A

Macro

N/A

These decoders are open-drain wired-AND gates. When one or more
of the inputs (I) are Low, output (O) is Low. When all of the inputs are
High, the output is High or “Off.” A pull-up resistor must be
connected to the output node to achieve a true logic High. A double
pull-up resistor can be used to achieve faster performance but uses

more power.

The XACT software implements these macros using the open-drain

AND gates around the periphery of the XC4000 devices.

Note: Diamonds in library symbols indicate an open-drain output.

Inputs Outputs
10 11 In—-1 O
1 1 1 1 1
0 X X X 0
X 0 X X 0
X X X 0 0

A pull-up resistor must be connected to the output to establish High—-level drive

current.
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A0 ™\ (o]
= L& WaAND1
A DECODE
| Y
= L& —WaNDI
DECODE
m2 )
L& WaAND1
A3 DECODE
)
= L & WaND1
a DECODE
™ A)
= L & WaND1
a5 DECODE
)
= L & —WANDL
DECODE
m 8 )
L& WaAND1
DECODE
ey o
=" wAND1
DECODE

Figure 3-60 DECODES8 XC4000 Implementation
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FD, FD4, FD8, and FD16

Single and Multiple D Flip-Flops

o | FP Q
C
X3715
0o FD4 Q0
D1 Q1
D2 Q2
D3 Q3

‘0

X4608

X4609

D[15:0] Ql15:0]

c

X4610

3-234

Element XC2000 XC3000 XC4000 XC7000
FD Macro Macro Macro Primitive
FD4, N/A N/A N/A Primitive
FDS8,

FD16

FD is a single D-type flip-flop with data input (D) and data output
(Q). FD4, FDS8, and FD16 are 4-bit, 8-bit, and 16-bit registers, each
with a common clock (C). The data on the D inputs is loaded into the

flip-flop during the Low-to-High clock (C) transition.

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs

C Q

1 0

1 1
FDCP

.D b PRE Q Q.

C

CLR
o———

Figure 3-61 FD XC2000 Implementation

GND
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T FDCE
ul D Q On
c CE
= € cr
T

GND

Figure 3-62 FD XC3000/4000 Implementation
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FD_1

D Flip-Flop with Negative-Edge Clock

FD_1

‘U

| Q

853

X3726

3-236

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

N/A

FD_1is asingle 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

High-to-Low clock (C) transition.

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
D Q
0 0
1 1
FDCP
sl b PRE g On
= C {>”\(R/ CB LR
o———
GD
Figure 3-63 FD_1 XC2000 Implementation
VvCC
T FDCE
) D Q O
C CB &
= iR
INV

Figure 3-64 FD_1 XC3000/4000 Implementation

GND
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FDA4CE

4-Bit Data Register with Clock Enable and
Asynchronous Clear

FDACE

RiRiele
wIiN k- IO

CLR

X3733

Libraries Guide

XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

When clock enable (CE) is High, and asynchronous clear (CLR) is
Low, the data on the four data inputs (D3 — D0) of FD4CE is trans-
ferred to the corresponding data outputs (Q3 — Q0) during the Low-
to-High clock (C) transition. When CLR is High, it overrides all other
inputs and resets the data outputs (Q3 — Q0) Low. When CE is Low,
clock transitions are ignored.

The flip-flops are asynchronously reset, outputs Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
CLR CE D3 -DO0 C Q3-Q0
1 X X X 0
0 0 X X No Chg
0 1 Dn ) dn

dn = state of corresponding input one set-up time prior to active clock transition
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FD4RE

4-Bit Data Register with Clock Enable and

Synchronous Reset

FD4RE

° [REREE
me Nk

)

X3734

3-238

XC2000

XC3000

XC4000

XC7000

Macro

akelole

Macro

Macro

Primitive

When the clock enable (CE) input is High, and the synchronous reset
(R) input is Low, the data on the four data inputs (D3 — D0) of FD4RE
is transferred to the corresponding data outputs (Q3 — Q0) during the
Low-to-High clock (C) transition. When R is High, it overrides all
other inputs and resets the data outputs (Q3 — Q0) Low on the Low-
to-High clock transition. When CE is Low, clock transitions are

ignored.

The flip-flops are asynchronously reset, outputs Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global

set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
R CE D3 -DO0 C Q3-Q0
1 X 1 0
0 X X No Chg
0 1 Dn 1 dn

dn = state of corresponding input one set-up time prior to active clock transition
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FD8CE

8-Bit Data Register with Clock Enable and
Asynchronous Clear

FD8CE | Q[7:0]

o XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

When clock enable (CE) is High, and asynchronous clear (CLR) is
Low, the data on the eight data inputs (D7 — D0) of FD8CE is trans-
ferred to the corresponding data outputs (Q7 — QO0) during the Low-
to-High clock (C) transition. When CLR is High, it overrides all other
inputs and resets the data outputs (Q7 — Q0) Low. When CE is Low,
clock transitions are ignored.

o
>
2

R
m

CLR X3850

The flip-flops are asynchronously reset, outputs Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
CLR CE D7 - DO C Q7 -Q0
1 X X X 0
0 0 X X No Chg
0 1 Dn 1 dn

dn = state of corresponding input one set-up time prior to active clock transition
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Q[7:0]

Figure 3-65 FD8CE XC2000/3000/4000 Implementation
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FD8RE

8-Bit Data Register with Clock Enable and
Synchronous Reset

2
S
k=]

Pyl ‘O‘OI,
m

FD8RE  [Q[7:0]
E—

X3735

Libraries Guide

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

When the clock enable (CE) input is High, and the synchronous reset
(R) input is Low, the data on the eight data inputs (D7 — D0) of FD8RE
is transferred to the corresponding data outputs (Q7 — QO0) during the
Low-to-High clock (C) transition. When R is High, it overrides all
other inputs and resets the data outputs (Q7 — Q0) Low on the Low-
to-High clock transition. When CE is Low, clock transitions are

ignored.

The flip-flops are asynchronously reset, outputs Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global

set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
R CE D7 - DO C Q7-Q0
1 X 1 0
0 X X No Chg
0 1 Dn 1 dn

dn = state of corresponding input one set-up time prior to active clock transition
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Q[7:0]

Figure 3-66 FD8RE XC2000/3000/4000 Implementation
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FD16CE

16-Bit Data Register with Clock Enable and
Asynchronous Clear

D[15:0]| FD16CE | Q[i5:0]

XC2000
Macro

XC3000
Macro

XC4000
Macro

XC7000
Primitive

When clock enable (CE) is High, and asynchronous clear (CLR) is
Low, the data on the 16 data inputs (D15 — D0) of FD16CE is trans-
ferred to the corresponding data outputs (Q15 — QO0) during the Low-
to-High clock (C) transition. When CLR is High, it overrides all other
inputs and resets the data outputs (Q15 — Q0) Low. When CE is Low,
clock transitions are ignored.

The flip-flops are asynchronously reset, outputs Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Libraries Guide

Inputs Outputs
CLR CE D15 - D0 C Q15-Q0
1 X X 0
0 0 X X No Chg
0 1 Dn ) dn

dn = state of corresponding input one set-up time prior to active clock transition
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FD16RE

16-Bit Data Register with Clock Enable and
Synchronous Reset

D“i—;’] FOIoRE (G50 XC2000 XC3000 XC4000 XC7000

c Macro Macro Macro Primitive

R X3 When the clock enable (CE) input is High, and the synchronous reset
(R) input is Low, the data on the 16 data inputs (D15 — D0) of FD16RE
is transferred to the corresponding data outputs (Q15 — QO0) during
the Low-to-High clock (C) transition. When R is High, it overrides all
other inputs and resets the data outputs (Q15 — Q0) Low on the Low-
to-High clock transition. When CE is Low, clock transitions are
ignored.

The flip-flops are asynchronously reset, outputs Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
R CE D15 - D0 C Q15-Q0
1 X 1 0
0 X X No Chg
0 1 Dn 1 dn

dn = state of corresponding input one set-up time prior to active clock transition
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FDC

D Flip-Flop with Asynchronous Clear

FDC

‘ o

| Q

‘ (¢}

CLR X3716

Libraries Guide

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

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 reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
CLR D C Q
1 X X 0
0 1 1 1
0 0 1 0
FDCP
= D D PRE Q Q.
[1® c
= CLR CI|_R

GND

Figure 3-67 FDC XC2000 Implementation

vce

FDCE
nl D Q
c CE
= ¢ CLR
= CLR T

Figure 3-68 FDC XC3000/4000 Implementation
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FDC 1

D Flip-Flop with Negative-Edge Clock and

Asynchronous Clear

o | Fca1 | g
€9

CLR X3847
3-246

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

N/A

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 reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
CLR D C Q
1 X X 0
0 1 ! 1
0 0 ! 0
FDCP
ul D PRE @ Om
= C CB ~
wCLR INV CII-R

GND

Figure 3-69 FDC_1 XC2000 Implementation
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vee

FDCE
ul D Q Ql
c = CE
B
= [>o C R
aCR INV T

Figure 3-70 FDC_1 XC3000/4000 Implementation

Libraries Guide 3-247



Libraries Guide

FDCE

D Flip-Flop with Clock Enable and Asynchronous

Clear

FDCE

< XC2000

XC3000

XC4000

XC7000

PR [°
m

Macro

Primitive

Primitive

Primitive

[}

LR

X3717 When 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 reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs

Outputs

CLR

CE

X|X] O

—

oO|Oo|(O|kF

RO X

ol |X|X|O

—

M2_1

.CE

FDCP
——
b PRE g

DO 0oQD
D1
SO

= CLR

C
CLR
T

G

ND

Figure 3-71 FDCE XC2000 Implementation
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FDCE_1

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

D | FPCEL | g XC2000 XC3000 XC4000 XC7000
CE |
cq Macro Macro Macro N/A

- FDCE_1 is a single D-type flip-flop with data (D), clock enable (CE),
CLR X3727

and asynchronous clear (CLR) inputs and data output (Q). The asyn-

chronous CLR input, when High, overrides all other inputs and sets
the Q output Low. The data on the D input is loaded into the flip-flop
when CLR is Low and CE is High on the High-to-Low clock (C) tran-
sition. When CE is Low, the clock transitions are ignored.

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs

Outputs

CLR

CE

oO|O|O|kF

RO X

ol |X|X]|] O

Libraries Guide
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M2_1 FDCP
DO 0Q.D
) TD—\ b PRE o O
mCE S0
c cB
. INV ~ CLR
.cm T

Figure 3-72 FDCE_1 XC2000 Implementation

FDCE
ul D Q On
mCE CE
c cB
= ~e € R
mCLR T

Figure 3-73 FDCE_1 XC3000/4000 Implementation
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FDCP

PRE

D |

‘O

FDCP

o

CLR

X4397

Libraries Guide

D Flip-Flop with Asynchronous Preset and Clear

XC2000 XC3000 XC4000 XC7000

Primitive N/A N/A Primitive*

* not supported for XC7336 designs

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. When both PRE and CLR are active, the flip-flop is
cleared. 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 reset, output Low, when power is
applied or when global reset (GR) is active (Low).

Inputs Outputs
CLR PRE D C Q
1 X X X 0
0 1 X X 1
0 0 0 1 0
0 0 1 1 1
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FDCPE

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

% XC2000 XC3000 XC4000 XC7000

o | FOcPE Macro N/A N/A Primitive*

CE | | Q * not supported for XC7336 designs

“ FDCPE is a single D-type flip-flop with data (D), clock enable (CE),
LR - 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. When both
PRE and CLR are active, the flip-flop is cleared. Data on the D input is
loaded into the flip-flop when PRE and CLR are Low and CE is High
on the Low-to-High clock (C) transition. When CE is Low, the clock
transitions are ignored.

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR) is active (Low).

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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PRE

Q

On

o0 TDM
CE SO
mPRE FDCFI’
D
mc € cir
= CLR |
Figure 3-74 FDCPE XC2000 Implementation
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FDP

D Flip-Flop with Asynchronous Preset

PRE

FDP

o

> I°

X3720

3-254

XC2000

XC3000

XC4000

XC7000

N/A

N/A

Macro

Primitive

FDP is a single D-type flip-flop with data (D) and asynchronous
preset (PRE) inputs, and data output (Q). The asynchronous PRE,
when High, overrides all other inputs and presets the Q output High.
The data on the D input is loaded into the flip-flop when PRE is Low
on the Low-to-High clock (C) transition. The flip-flop is asynchro-
nously set, output High, when global set/reset (GSR) is active; the

GSR active level is programmable.

Inputs Outputs
PRE C D Q
1 X X 1
0 1 1 1
0 1 0 0
vee
FDPE
= PRE I
al o PRE Qg
CE
wt c

Figure 3-75 FDP XC4000 Implementation
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FDP_1

PRE

]

D Flip-Flop with Negative-Edge Clock and
Asynchronous Preset

b FDP_1

(go

o

X3728

Libraries Guide

XC2000

XC3000

XC4000

XC7000

N/A

N/A

Macro

N/A

FDP_1 is a single D-type flip-flop with data (D) and asynchronous
preset (PRE) inputs, and data output (Q). The asynchronous PRE,
when High, overrides all other inputs and presets the Q output High.
The data on the D input is loaded into the flip-flop when PRE is Low
on the High-to-Low clock (C) transition. The flip-flop is asynchro-
nously set, output High, when global set/reset (GSR) is active; the

GSR active level is programmable.

Inputs Outputs
PRE C D Q

1 X X 1

0 ! 1 1

0 ! 0 0

vee
FDPE

= PRE s
ml b PRE g Qn
= C CB EE

INV

Figure 3-76 FDP_1 XC4000 Implementation
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FDPE

D Flip-Flop with Clock Enable and Asynchronous
Preset

o

RE

XC2000 XC3000 XC4000 XC7000
FDPE N/A N/A Primitive Primitive

FDPE is a single D-type flip-flop with data (D), clock enable (CE), and
asynchronous preset (PRE) inputs and data output (Q). The asynchro-
xar2l nous PRE, when High, overrides all other inputs and sets the Q
output High. Data on the D input is loaded into the flip-flop when
PRE is Low and CE is High on the Low-to-High clock (C) transition.
When CE is Low, the clock transitions are ignored. The flip-flop is
asynchronously set, output High, when global set/reset (GSR) is
active; the GSR active level is programmable.

)

o

O |00
m

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
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FDPE_1

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

T

RE

|

FDPE_1

SRP
m

o

X3852
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XC2000

XC3000

XC4000

XC7000

N/A

N/A

Macro

N/A

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) tran-
sition. When CE is Low, the clock transitions are ignored. The flip-
flop is asynchronously set, output High, when global set/reset (GSR)
is active; the GSR active level is programmable.

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
mFRE FDPE

1
- 25 p PREg Om
:C CB EE
INV
Figure 3-77 FDPE_1 XC4000 Implementation
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FDR

D Flip-Flop with Synchronous Reset

FDR

‘ o

‘ (¢}

e

R

3-258

X3718

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

FDR is a single D-type flip-flop with data (D) and synchronous reset

(R) inputs and data output (Q). The synchronous reset (R) input,

when High, overrides all other inputs and resets the Q output Low on

the 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 clock

transition.

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global

set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active

level is programmable.

Inputs Outputs

R D C Q

1 X 1 0

0 1 1 1

0 0 ) 0

FD

: [R) N D_R o Om
e AND2B1

Figure 3-78 FDR XC2000/3000/4000 Implementation
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FDRE

D Flip-Flop with Clock Enable and Synchronous

Reset

FDRE
Q

PR
m

X3719

)

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

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

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs

Outputs

CE

@]

X | —

—

o|lo|lo|r] A

RO X

ol | X|X]| O

—

A0

—

AND3B2

B

OR2

)

AND3B1

FD

Libraries Guide

Figure 3-79 FDRE XC2000/3000/4000 Implementation
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FDRS

:

D Flip-Flop with Synchronous Reset and
Synchronous Set

‘ lw)

FDRS

o

3-260

-

X3731

XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

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

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

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
FDR

5 o2 fo o on
.C OR2 -~ .
.R T

Figure 3-80 FDRS XC2000/3000/4000 Implementation
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FDRSE
D Flip-Flop with Synchronous Reset and Set and
Clock Enable
S
XC2000 XC3000 XC4000 XC7000
p | FORSE 1 o Macro Macro Macro Primitive
CE |
c | FDRSE is a single D-type flip-flop with synchronous reset (R),
synchronous set (S), and clock enable (CE) inputs and data output
R X373z (Q). The reset (R) input, when High, overrides all other inputs and

Libraries Guide

resets the Q output Low during the Low-to-High clock transition.
(Reset has precedence over Set.) When the set (S) input is High and R
is Low, the flip-flop is set, output High, during the Low-to-High clock
(C) transition. Data on the D input is loaded into the flip-flop when R
and S are Low and CE is High during the Low-to-High clock transi-
tion.

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
R S CE D C Q
1 X X X 1 0
0 1 X X 1 1
0 0 0 X X No Chg
0 0 1 1 1 1
0 0 1 0 1 0
= 2 ) D_S
= O:Rz FDRE
CE_S D Q Qg
= CE CE
™ (] OR2 c
=R 1

Figure 3-81 FDRSE XC2000/3000/4000 Implementation
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FDS

S

D Flip-Flop with Synchronous Set

FDS

‘ v}

‘ (e]

lo

3-262

X3722

XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

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

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs

S D C Q

1 X ) 1

0 1 1 1

0 0 ) 0
5 FD

o > b o o
e OR2 -

Figure 3-82 FDS XC2000/3000/4000 Implementation
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FDSE
D Flip-Flop with Clock Enable and Synchronous Set
) XC2000 XC3000 XC4000 XC7000
o | E o Macro Macro Macro Primitive
CE
c | FDSE is a single D-type flip-flop with data (D), clock enable (CE), and
synchronous set (S) inputs and data output (Q). The synchronous set

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

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
S CE D C Q
1 X X 1 1
0 0 X X No Chg
0 1 1 1 1
0 1 0 1 0
AND2B1 "
s A S
" l AL
cE OR3
a0 | FD
AND2 D Q Om
= (] (o]

Figure 3-83 FDSE XC2000/3000/4000 Implementation
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FDSR

S

D Flip-Flop with Synchronous Set and Reset

XC2000 XC3000 XC4000 XC7000

‘U

‘O

FDSR

o

R

3-264

X3729

Macro Macro Macro Primitive

FDSR is a single 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 High, it overrides all other inputs and sets the Q output High
during the Low-to-High 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 clock transition. Data on the D input
is loaded into the flip-flop when S and R are Low on the Low-to-High
clock transition.

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
c Q

o|lo|lo|lr|l W
o|lo|r|X]| X
o|~r|X|X]| O

1
0
1
0

> |- |- |-

D_R

ul —
aR d )

AND2B1

Figure 3-84 FDSR XC2000/3000/4000 Implementation
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FDSRE
D Flip-Flop with Synchronous Set and Reset and
Clock Enable
° XC2000 XC3000 XC4000 XC7000
p | PSR 1 o Macro Macro Macro Primitive
CE
c | FDSRE is a single D-type flip-flop with synchronous set (S), synchro-
nous reset (R), and clock enable (CE) inputs and data output (Q).
R X370 When synchronous set (S) is High, it overrides all other inputs and

Libraries Guide

sets the Q output High during the Low-to-High clock transition. (Set
has precedence over Reset.) When synchronous reset (R) is High and
S is Low, output Q is reset Low during the Low-to-High clock transi-
tion. Data is loaded into the flip-flop when S and R are Low and CE is
High during the Low-to-high clock transition. When CE is Low, clock
transitions are ignored.

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
S R CE D C Q
1 X X X 1 1
0 1 X X 1 0
0 0 0 X X No Chg
0 0 1 1 1 1
0 0 1 0 1 0
s FDSE
ul — N\ DR b S 0,
Q .
=t O;\Imz/m cE
ce CE_R| C
- c OR2
L

Figure 3-85 FDSRE XC2000/3000/4000 Implementation
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FJKC

J-K Flip-Flop with Asynchronous Clear

FIKC

[

‘ (¢}

o

CLR

X3753

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

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

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs

Outputs

CLR

oO|Oo|Oo|O|F

RlRr|lOo|lOo|X] <«

Rlo|lrRr|lolX]| A

AND3B2

A0

AND3B1

AND2B1

n /7

OR3

FDC

C
CLR
T
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Figure 3-86 FJKC XC2000/3000/4000 Implementation
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FIKCE
J-K Flip-Flop with Clock Enable and Asynchronous
Clear
g | FKCE XC2000 XC3000 XC4000 XC7000
EE 2 Macro Macro Macro Primitive
c |

X3756

@]
Y

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

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs

CLR CE J Q

0

No Chg

No Chg

Pl |O|X
RO O|X]|X
Rrlo|r|lo|X|X]| A
- == | X|x[x] O

O|O|O|O|O|F

Toggle
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AND3B2 A0
® Al \ N AD
n /7
AND3B1 OR3
ul ®
nk ’ o| D_ FDCE
AND2B1 D
= gE CE
= ~ CLR
= CLR T

Figure 3-87 FJKCE XC2000/3000/4000 Implementation
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J-K Flip-Flop with Asynchronous Clear and Preset

FIKCP
b FJKCP
CLR X4390

Libraries Guide

XC2000 XC3000 XC4000 XC7000

Macro N/A N/A Primitive*
* not supported for XC7336 designs

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

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR) is active (Low).

Inputs Outputs

CLR PRE J

Rr|lo|lrRr|lo|X|X]| R

o|lo|lo|o|o|r

o|lo|lo|o|r | X

RO |Oo| X|X
[EEY
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Figure 3-88 FJKCP XC2000 Implementation
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FIKCPE

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

)
m

R

3 FIKCPE

K| | Q
CE

c |

CLR X4391
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XC2000 XC3000 XC4000 XC7000

Macro N/A N/A Primitive*
* not supported for XC7336 designs

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

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR) is active (Low).

Inputs Outputs
CLR PRE CE J K C Q
1 X X X X X 0
0 1 X X X X 1
0 0 0 0 X X No Chg
0 0 1 0 0 X No Chg
0 0 1 0 1 1 0
0 0 1 1 0 1 1
0 0 1 1 1 1 Toggle
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Figure 3-89 FJKCPE XC2000 Implementation
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FIKP
J-K Flip-Flop with Asynchronous Preset
PRE
XC2000 XC3000 XC4000 XC7000
g | PP N/A N/A Macro Primitive
K Q - - . .
] I FJKP is a single J-K-type flip-flop with J, K, and asynchronous preset
c | (PRE) inputs and data output (Q). The asynchronous preset (PRE)
input, when High, overrides all other inputs and sets the Q output
xars High on the Low-to-High clock (C) transition. When PRE is Low, the
Q output responds to the state of the J and K inputs, as shown in the
following truth table, during the Low-to-High clock transition. The
flip-flop is asynchronously set, output High, when global set/reset
GSR) is active. The GSR active level is programmable.
Inputs Outputs
PRE J K C Q
1 X X X 1
0 0 0 X No Chg
0 0 1 1 0
0 1 0 1 1
0 1 1 1 Toggle
[
AND3B2 A0
Py AL N N__AD
q A /A
AND3B1 OR3
= J
RS ’ 3
o PRE AND2B1 FDIP
DPREQL o Om
= C c
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Figure 3-90 FJKP XC4000 Implementation
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FIKPE

J-K Flip-Flop with Clock Enable and Asynchronous

Preset

PR

m

)

FIKPE

R [
m

o
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X3757

XC2000

XC3000

XC4000

XC7000

N/A

N/A

Macro

Primitive

FIJKPE is a single J-K-type flip-flop with J, K, clock enable (CE), and
asynchronous preset (PRE) inputs and data output (Q). The asynchro-
nous preset (PRE), when high, overrides all other inputs and sets the
Q output High. When PRE is Low and CE is High, the Q output
responds to the state of the J and K inputs, according to the following
truth table, during the Low-to-High clock (C) transition. When CE is
Low, clock transitions are ignored. The flip-flop is asynchronously
set, output High, when global set/reset (GSR) is active. The GSR
active level is programmable.

Inputs

Outputs

PRE

J

Q

1

No Chg

X|X|x] O

No Chg

—

—

oO|O|O|OC|O|F

Rl |O|X

RiRr|lO|lOo|X|X

RlOo|lrR|O|X|X] A~

Toggle
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J
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AND2B1
mFPRE FDPE
1
w p PRE ® Om
= CE
"ie c

Figure 3-91 FJKPE XC4000 Implementation
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FIKRSE

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

!

XC2000 XC3000 XC4000 XC7000

FIKRSE

00 |x |«
m

o

)
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X3760

Macro Macro Macro Primitive

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

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs

CE

@]

Q

0

1

No Chg

No Chg

_,
o

—
[N

o|lo|lo|lo|o|o|~| T
o|lo|lo|lo|o|~r|X]l W

Rl |O|X|X

RlRr[Oo|lOo|X|X|X] <«

Rrlo|lRr|Oo|X|X|X] R
X >< - | >

1 Toggle
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Figure 3-92 FJKRSE XC2000/3000/4000 Implementation
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FIKSRE

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

:

FIKSRE

PRE
m

)
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X3759

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

FIKSRE is a single J-K-type flip-flop with J, K, synchronous set (S),
synchronous reset (R), and clock enable (CE) inputs and data output
(Q). When synchronous set (S) is High, all other inputs are ignored
and output Q is set High. (Set has precedence over Reset.) When
synchronous reset (R) is High and S is Low, output Q is reset Low.
When S and R are Low and CE is High, output Q responds to the state
of the J and K inputs, as shown in the following truth table, during
the Low-to-High clock (C) transition. When CE is Low, clock transi-
tions are ignored.

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
S R CE J K C Q
1 X X X X 1 1
0 1 X X X 1 0
0 0 0 X X X No Chg
0 0 1 0 0 X No Chg
0 0 1 0 1 1 0
0 0 1 1 0 1 1
0 0 1 1 1 1 Toggle
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n /S
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Figure 3-93 FJKSRE XC2000/3000/4000 Implementation
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FMAP

F Function Generator Partitioning Control Symbol

14|
13|
12|
1

FMAP

o
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X4646

XC2000 XC3000 XC4000 XC7000
N/A N/A Primitive N/A

The FMAP symbol is used to control logic partitioning into XC4000
family 4-input function generators. The place and route software
chooses an F or a G function generator as a default, unless you specify
an F or G. Refer to the appropriate CAE tool interface user guide for
information about specifying this attribute in your schematic design
editor.

The FMAP symbol is usually used with the HMAP symbol, which
partitions logic into the 3-input generator of the Configurable Logic
Block (CLB). You can implement a portion of logic using gates,
latches, and flip-flops, and specify the logic to be grouped into F, G,
and H function generators by naming logic signals and
FMAP/HMAP signals correspondingly. These symbols are used for
mapping control in addition to the actual gates, latches, and flip-
flops, not as a substitute for them.

Xilinx Development System




Design Elements

The following figure gives an example of how logic can be placed
using FMAP and HMAP symbols.

IN_F1 UL

AND4

u2

DO
D1

SE
EN

M2-1E

NF2 ] F_FUNC

IN_F3 DO

B — ) G_FUNC

IN_F4 S D1 H_FUNC

SE

M2-1 U4
IN_F1
IN_F2 "
= 12 F_FUNC
IN_F3 ol
IN_Fa 3
= 14
FMAP
CLB_R*C*F
us
IN_G1 1
| IN_G2 12 of__cFunc
I IN_G3 3 —
| IN_G4 "
| FMAP
I CLB_R'C*G
HFUNC | U6
F_FUNC
| Grone | H_FUNC
| IN_HL 2 °
| = 13
_ HMAP
—_—— X1882

Figure 3-94 Partitioning Logic Using FMAP and HMAP Symbols

The MAP=type parameter can be used with the FMAP symbol to
further define how much latitude you want to give the mapping
program. The following table shows MAP option characters and their

meanings.

Character

Function

P

Pins

C

Closed — Adding logic to or removing
logic from the CLB is not allowed.

L

Locked - Locking CLB pins

o

Open — Adding logic to or removing logic
from the CLB is allowed.

U

Unlocked — No locking on CLB pins.

Possible types of MAP parameters for FMAP are: MAP=PUC,
MAP=PLC, MAP=PLO, and MAP=PUO. The default parameter is

Libraries Guide
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PUC. If one of the “open” parameters is used (PLO or PUO), only the
output signals must be specified.

The FMAP symbol can be assigned to specific CLB locations using
LOC attributes. Refer to the appropriate CAE tool interface user
guide for more information on assigning LOC attributes.
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FTC

Toggle Flip-Flop with Toggle Enable and

Asynchronous Clear

FTC

‘4

‘ (e}

| Q

CLR

X3761

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

FTC is a synchronous, resettable toggle flip-flop. The asynchronous
clear (CLR) input, when High, overrides all other inputs and resets
the data output (Q) Low. The Q output toggles, or changes state,
when the toggle enable (T) input is High and CLR is Low during the
Low-to-High clock transition.

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs

Outputs

CLR

T

Q

0

No Chg

X
0
1

- [ X[ X O

Toggle

D

C

FDC l
Q

CLR
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Figure 3-95 FTC XC2000/3000/4000 Implementation
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FTCE

Toggle Flip-Flop with Toggle and Clock Enable and

Asynchronous Clear

FTCE

PR
m

| Q

CLR

X3764

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

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

tion. When CE is Low, clock transitions are ignored.

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs

Outputs

CLR

CE

Q

0

No Chg

X[ X|X]O

No Chg

o|Oo|O|F

RO X

Rlo|X|X]|H

Toggle

——;ﬁ > T%

XOR2

FDCE

D Q

On

CE

~
CLR
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Figure 3-96 FTCE XC2000/3000/4000 Implementation
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FTCLE

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

FTCLE

PR
m

X3769

@)
py)

L
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XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

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

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs

CLR CE

o|lo|lo|o|o|r

o|lo|lo|r|r|X]|r

PR o|X]|X|X

Rlo|X|X|X|X]|

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

> X[ X[|=|=[X]O
o
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Figure 3-97 FTCLE XC2000/3000/4000 Implementation
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FTCP

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

XC2000 XC3000 XC4000 XC7000

FTCP Macro N/A N/A Primitive*
* not supported for XC7336 designs

T
py)
m

-

(¢}
o

When the asynchronous clear (CLR) input is High, all other inputs
CLR 352 are ignored and the output (Q) is reset Low. When the asynchronous
preset (PRE) input is High (provided CLR is Low), all other inputs
are ignored and Q is set High. When the toggle enable input (T) is
High and CLR and PRE are Low, output Q toggles, or changes state,
during the Low-to-High clock (C) transition.

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR) is active (Low).

Inputs Outputs
CLR PRE T C Q
1 X X X 0
0 1 X X 1
0 0 0 X No Chg
0 0 1 1 Toggle
m " RE FDCP l
al S o PRE g %
c XOR2
= Ccir
T

Figure 3-98 FTCP XC2000 Implementation

Libraries Guide 3-287



Libraries Guide

FTCPE

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

e XC2000 XC3000 XC4000 XC7000
T FTCPE Macro N/A N/A Primitive*
CE L Q * not supported for XC7336 designs
] When the asynchronous clear (CLR) input is High, all other inputs
CLR aass are ignored and the output (Q) is reset Low. When the asynchronous
preset (PRE) input is High (provided CLR is Low), all other inputs are
ignored and Q is set High. When the toggle enable input (T) and the
clock enable input (CE) are High and CLR and PRE are Low, output
Q toggles, or changes state, during the Low-to-High clock (C) transi-
tion. Clock transitions are ignored when CE is Low.
The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR) is active (Low).
Inputs Outputs
CLR PRE CE T 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 X No Chg
0 0 1 1 1 Toggle
@ PRE PFEI
o ﬁr\ TQ p PRE o Q -
CE XOR2 | CE
L C
at [ CII_R
@ CLR J
Figure 3-99 FTCPE XC2000 Implementation
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FTCPLE

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

= XC2000 XC3000 XC4000 XC7000
p | FTCPLE Macro N/A N/A Primitive*
L * not supported for XC7336 designs
T | Q
e T When the asynchronous clear (CLR) input is High, all other inputs
c | are ignored and the output (Q) is reset Low. When the asynchronous
o preset (PRE) input is High (provided CLR is Low), all other inputs
CLR ©ason are ignored and Q is set High. The load input (L) loads the data on
input D into the flip-flop on the Low-to-High clock transition, regard-
less of the state of the clock enable (CE). When the toggle enable
input (T) and the clock enable input (CE) are High and CLR, PRE,
and L are Low, output Q toggles, or changes state, during the Low-to-
High clock (C) transition. Clock transitions are ignored when CE is
Low.
The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR) is active (Low).
Inputs Outputs
CLR PRE L CE T C D Q
1 X X X X X X 0
0 1 X X X X X 1
0 0 1 X X 1 0 0
0 0 1 X X ) 1 1
0 0 0 0 X X X No Chg
0 0 0 1 0 X X No Chg
0 0 0 1 1 1 X Toggle
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T
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CE
[
PRE OR2 FDCPE
L ]
p PRE Q Q -
c CE
C
= CLR
= CLR T

Figure 3-100 FTCPLE XC2000 Implementation
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FTP
Toggle Flip-Flop with Toggle Enable and
Asynchronous Preset
PRE
XC2000 XC3000 XC4000 XC7000
| o ]loe N/A N/A Macro Primitive
c | When the asynchronous preset (PRE) input is High, all other inputs
are ignored and output Q is set High. When toggle enable input (T) is
xarez High and PRE is Low, output Q toggles, or changes state, during the
Low-to-High clock (C) transition. The flip-flop is asynchronously set,
output High, when global set/reset (GSR) is active. The GSR active
level is programmable.
Inputs Outputs
PRE T C Q
1 X X 1
0 0 X No Chg
0 1 1 Toggle
PRE FDP
Q
. ﬁD TQ b PRE o a
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Figure 3-101 FTP XC4000 Implementation
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FTPE

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

h
2
m

FTPE

PR [
m

o

PRE

X3765

XC2000 XC3000 XC4000 XC7000
N/ZA N/ZA Macro Primitive

When the asynchronous preset (PRE) input is High, all other inputs
are ignored and output Q is set High during the Low-to-High clock
(C) transition. When the toggle enable input (T) is High, clock enable
(CE) is High, and PRE is Low, output Q toggles, or changes state,
during the Low-to-High clock transition. When CE is Low, clock tran-
sitions are ignored. The flip-flop is asynchronously set, output High,
when global set/reset (GSR) is active. The GSR active level is
programmable.

Inputs Outputs

Q

1
No Chg
No Chg
1 Toggle

PRE CE

X|X[|X| O

o|lo|lo|r
=l K=
RO X| X d

ﬁr\ L1®] p PRE 0 Om

CE

[ B BN B |
—
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Figure 3-102 FTPE XC4000 Implementation
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FTPLE

Toggle/Loadable Flip-Flop with Toggle and Clock

Enable and Asynchronous Preset

T
m

R

)

FTPLE

PRITIP
m

X3770
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XC2000

XC3000

XC4000

XC7000

N/A

N/A

Macro

Primitive

When the asynchronous preset input (PRE) is High, all other inputs
are ignored and output Q is set High during the Low-to-High clock
(C) transition. When the load enable input (L) is High and PRE is
Low, the clock enable (CE) is overridden and the data on input (D) is
loaded into the flip-flop during the Low-to-High clock transition.
When L and PRE are Low and toggle enable input (T) and CE are
High, output Q toggles, or changes state, during the Low-to-High
clock transition. When CE is Low, clock transitions are ignored. The
flip-flop is asynchronously set, output High, when global set/reset
(GSR) is active. The GSR active level is programmable.

Inputs

Outputs

PRE

CE

oO|OoO|lOo|O|O|F

o|lo|lo|r |, |X|

RO X]|X]|X

RPlOo|X|X|X|X]|H

X|X|X|o|»|X] O

- I X[ X|= |~ |X] O
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Figure 3-103 FTPLE XC4000 Implementation
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FTRSE

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

.

FTRSE

O |0 |
m
o

X3768

)

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

When the synchronous reset input (R) is High, it overrides all other
inputs and the data output (Q) is reset Low. When the synchronous
set input (S) is High and R is Low, clock enable input (CE) is over-
ridden and output Q is set High. (Reset has precedence over Set.)
When toggle enable input (T) and CE are High and R and S are Low,
output Q toggles, or changes state, during the Low-to-High clock
transition.

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs

CE C Q

0

1

No Chg

X|X|[—= |-

No Chg

o|lo|lo|o|~]| O
o|lo|lo|~|X] W

Rlo| X|X|X]H

Rl |lO| XX

—

Toggle

XM

OR2 FDRE

_DLCE
c

OR2 —C¢ R
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Figure 3-104 FTRSE XC2000/3000/4000 Implementation
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FTRSLE

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

:

FTRSLE

‘O ‘O ‘4 ‘r-‘o
m
‘KD

X3773

)

XC2000
Macro

XC3000
Macro

XC4000
Macro

XC7000
Primitive

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

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs

CE

@}
O

o|lo|o|o|o|o|—~]| O

o|lo|o|o|o|r|ol W,

olo|o|r|r|X|X]|r

RO X[ X | X|X|X] -

PR |o| X[ XXX
X|X|X|o|r|[X|X] O
— >< >< el el el

2z

o

(@)

>

(o]
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Figure 3-105 FTRSLE XC2000/3000/4000 Implementation
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FTSRE

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

S
XC2000 XC3000 XC4000 XC7000
T | FIRE | o Macro Macro Macro Primitive
CE
c | The synchronous set input, when High, overrides all other inputs and
sets data output (Q) High. (Set has precedence over Reset.) When
R X387 synchronous reset input (R) is High and S is Low, clock enable input
(CE) is overridden and output Q is reset Low. When toggle enable
input (T) and CE are High and S and R are Low, output Q toggles, or
changes state, during the Low-to-High clock transition.
The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.
Inputs Outputs
S R CE T C Q
1 X X X ) 1
0 1 X X 1 0
0 0 0 X X No Chg
0 0 1 0 X No Chg
0 0 1 1 1 Toggle
[ ) .
R XOR2 D_R
|
s AND2B1 FDSIE
CE_R D ° Q Q.
mCE _Z>_—CE
c OR2 I—-C
=

Figure 3-106 FTSRE XC2000/3000/4000 Implementation
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FTSRLE

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

:

FTSRLE

‘O ‘0 ‘_' "_ ‘U
m
lo

X3772

)

Libraries Guide

XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

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

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
S R L CE T D C Q
1 0 X X X X 1 1
0 1 X X X X ) 0
0 0 1 X X 1 1 1
0 0 1 X X 0 ) 0
0 0 0 0 X X X No Chg
0 0 0 1 0 X X No Chg
0 0 0 1 1 X ) Toggle
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T \_\ T
[
XOR2 M2 1
Lo O MD
=D D1
=i SO MD_S

R
- s AND2B1 FD?E
S
D Om
N~ CERL CE
mCE A >C
aC OR3

Figure 3-107 FTSRLE XC2000/3000/4000 Implementation
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GCLK
Global Clock Buffer
%} XC2000 XC3000 XC4000 XC7000
x3884 Primitive Primitive N/ZA N/A

GCLK, the global clock buffer, distributes high fan-out clock signals.
One GCLK buffer on each device provides direct access to every
Configurable Logic Block (CLB) and Input Output Block (I0B) clock
pin. If itis not used in a design, its routing resources are not used for
any signals. Therefore, the GCLK should always be used for the
highest fan—out clock net in the design. The GCLK input (I) can come
from one of the following sources.

o From a CMOS-level signal on the dedicated TCLKIN pin (XC3000
only). TCLKIN is a direct CMOS-only input to the GCLK buffer.
To use the TCLKIN pin, connect the input of the GCLK element
directly to the PAD element (without using an IBUF in between).

« Froma CMOS or TTL-level external signal. To connect an external
input to the GCLK buffer, connect the input of the GCLK element
to the output of the IBUF for that signal. Unless the corresponding
PAD element is constrained otherwise, APR or PPR typically
places that 10B directly adjacent to the GCLK buffer.

. Froman internal signal. To drive the GCLK buffer with an internal
signal, connect that signal directly to the input of the GCLK ele-
ment.

The output of the GCLK buffer can drive all the clock inputs on the
chip, but it cannot drive non-clock inputs. For a negative-edge clock,
insert an INV (inverter) element between the GCLK output and the
clock input. This inversion is performed inside the CLB, or in the case
of IOB clock pins, on the 10B clock line (which controls the clock
sense for the IOBs on an entire edge of the chip).
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GND

Ground-Connection Signal Tag

X3858

3-302

XC2000 XC3000 XC4000 XC7000

Primitive Primitive Primitive Primitive

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

When the logic-trimming software (XNFPrep) or fitter (XEPLD)
encounters a net or input function tied to GND, it removes any logic
that is disabled by the GND signal. The GND signal is only imple-
mented when the disabled logic cannot be removed.
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GXTL
Crystal Oscillator with ACLK Buffer
XC2000 XC3000 XC4000 XC7000
= Macro Macro N/A N/A

X3886

Libraries Guide

The GXTL element drives an internal ACLK buffer with a frequency
derived from an external crystal-controlled oscillator. The GXTL (or
ACLK) output is connected to an internal clock net.

There are two dedicated input pins (XTAL 1 and XTAL 2) on each
FPGA device that are internally connected to pads and input/output
blocks that are in turn connected to the GXTL amplifier. The external
components are connected as shown in the following example. Refer
to The Programmable Gate Array Data Book for details on component
selection and tolerances.

oscC

|_‘D—| 0SC_ouT N o -
=
T—ij I/ACLK

@PULSELO=@PULSEL
@PULSEHI=@PULSEH

Figure 3-108 GXTL XC2000/3000 Implementation
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HMAP

H Function Generator Partitioning Control Symbol
% HMAP o XC2000 XC3000 XC4000 XC7000
n | N N/A N/A Primitive N/A

The HMAP symbol is used to control logic partitioning into XC4000
family 3-input H function generators. It is usually used with FMAP,
which partitions logic into F and G function generators. You can
implement a portion of logic using gates, latches, and flip-flops and
specify the logic to be grouped into F, G, and H function generators
by naming logic signals and HMAP/FMAP signals correspondingly.
These symbols are used for mapping control in addition to the actual
gates, latches, and flip-flops and not as a substitute for them. The
following figure gives an example of how logic can be placed using
HMAP and FMAP symbols.

X4659

IN_F1 U1
u3
INF2 ] F_FUNC
IN_F3 f————{wo
INFS | G_FUNC
IN_F4 & D1 H_FUNC
" AND4 o
SE
U2 M2-1 U4
IN_G1 IN_F1
IN_G2 bo IN_F2 *
D1 12 F_FUNC
o IN_F3 5
IN_G3 sE IN_F4 M
IN_G4 N
FMAP
M2-1E CLB R*C*F
IN_H1
Us
IN_G1 i
[ A IN_62 12 G_FUNC
I | I IN_G3 3 OfF——
| N F1 | IN_G4 “
IN_F2
| nNrs E | FMAP
CLB_R*C*G
| INF4 |
I HFUNC | U6
IN_G1 H F_FUNC 1
I Ne l_ | GFNC |, H_FUNC
| NGs G | IN_H1 3
| |
HMAP
L —————————————— J X1882

Figure 3-109 Partitioning Logic Using FMAP and HMAP
Symbols
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The MAP=type parameter can only be set to the default value, PUC,
for the HMAP symbol. PUC means pins are not locked to the signals
but the CLB is closed to addition or removal of logic.

The HMAP symbol can be assigned to specific CLB locations using
LOC attributes. Refer to the “Attributes, Constraints, and Carry
Logic” chapter for more information on assigning LOC attributes.
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IBUF, IBUF4, IBUF8, and IBUF16

Single- and Multiple-Input Buffers

—]>—

X3784

IBUF4

E

X3791

IBUF8

-

X3803

IBUF16

-

X3815

3-306

Name XC2000 XC3000 XC4000 XC7000
IBUF Primitive Primitive Primitive Primitive
IBUF4, Macro Macro Macro Macro
IBUFS,

IBUF16

IBUF, IBUF4, IBUF8, and IBUF16 are single and multiple input
buffers. An IBUF isolates the internal circuit from the signals coming
into a chip. IBUFs are contained in input/output blocks (10B). IBUF
inputs (I) are connected to an IPAD or an IOPAD. IBUF outputs (O)
are connected to the internal circuit.

00

o1

\VAY/

53
c
S

02

03

AvAv)

o4

05

fvAv/

06

[
F

o7

I[7:0]

Figure 3-110

gVaV

o[7:0]

IBUF8 XC2000/3000/4000/7000 Implementation
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IFD, IFD4, IFD8, and IFD16

Single- and Multiple-Input D Flip-Flops

IFD

r?

‘(7

| Q

X3776

IFD4

FEEE

‘0

kR

X3799

D[7:0] IFD8
L

Q[7:0]
J—

X3811

D[15:0]|  IFD16
|

‘ o

Q[15:0]
—_—

X3833
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Name XC2000 XC3000 XC4000 XC7000
IFD Primitive Primitive Primitive Primitive*
IFD4, Macro Macro Macro Macro*
IFDS,

IFD16

* not supported for XC7336 designs

The IFD D-type flip-flop is contained in an input/output block (10B).
The input (D) of the flip-flop is connected to an IPAD or an IOPAD
(without using an IBUF). The D input provides data input for the flip-
flop, which synchronizes data entering the chip. The data on input D
is loaded into the flip-flop during the Low-to-High clock (C) transi-
tion and appears at the output (Q). The clock input is controlled by
the internal circuit. For XC7000 EPLDs, the clock (C) can only be
driven by a FastCLK represented by the BUFG symbol.

The flip-flops are asynchronously reset, outputs Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable. For XC7000 EPLDs (except XC7272), the flip-
flops are set High when power is applied.
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Refer to the following figures for legal IFD/ILD combinations for
XC3000 and XC4000 respectively.

ILD ILD_1
IPAD IPAD
D L2 Q— D Q—
—6G —q6
IFD_1 IFD
IPAD IPAD
> D Q— = Y
»—pC c

X4690

Figure 3-111 Legal Combinations of IFD and ILD for a Single
Device Edge of XC3000 IOB

ILD ILD_1
IPAD IPAD
L D Qf— = Db o
|G —d6G
IFD_1 IFD
D Q— D Q—
CLOCK —PC CLOCK C

X4688

Figure 3-112 Legal Combinations of IFD and ILD for a Single

XC4000 10B
Inputs Outputs
Dn C on
Dn 1 dn

dn = state of referenced input one set-up time prior to active clock transition
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IFD
DO D Q Q0
C Qo
IFD
D1 D 0 Q1
C
IFD
D2 D al Q2
Q2
IFD
D3 D o Q3
C
Q3
IFD
D4 D Q 04
C
Q4
IFD
D5 D Q Q5
Q5
IFD
D6 D Q Q6
Q6
IFD
D7 D o Q7
[ SR
D[7:0] Q7
= C
Figure 3-113 IFD8 XC2000/3000/4000/7000 Implementation

Q[7:0]
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IFD_1

Input D Flip-Flop with Inverted Clock

IFD_1

rJ

| Q

X3777

3-310

XC2000 XC3000 XC4000 XC7000

Macro Macro Macro N/A

The IFD_1 D-type flip-flop is contained in an input/output block
(10B). The input (D) of the flip-flop is connected to an IPAD or an
IOPAD. The D input also provides data input for the flip-flop, which
synchronizes data entering the chip. The data on input D is loaded
into the flip-flop during the High-to-Low clock (C) transition and
appears at the output (Q). The clock input is controlled by the internal
circuit.

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Refer to the following figures for legal IFD/ILD combinations for
XC3000 and XC4000 respectively.

ILD ILD_1
IPAD IPAD
—>——p Qf— D ol—
—G —d6
IFD_1 IFD
IPAD IPAD
[ D QI [ D Q—
—CPC C

X4690

Figure 3-114 Legal Combinations of IFD and ILD for a Single
Device Edge of XC3000 I0OB

Xilinx Development System




Design Elements

ILD ILD_1
IPAD IPAD

IFD_1 IFD

D QF— D Q
CLOCK Cc CLOCK C

X4688

Figure 3-115 Legal Combinations of IFD and ILD for a Single

XC4000 10B
Inputs Outputs
D C Q
D ! d

d = state of referenced input one set-up time prior to active clock transition

IFD

CB

INV

Figure 3-116 IFD_1 XC2000/3000/4000 Implementation
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IFDX1, IFD4X1, IFD8X1, and IFD16X1

Input D Flip-Flops for EPLD

il

IFDX1

o

X4213

Name

XC2000

XC3000

XC4000

XC7000

IFDX1

N/A

N/A

N/A

Primitive*

IFD4X1,

N/A

N/A

N/A

Macro*

IFD8X1,
IFD16X1

* not supported for XC7236, XC7272, or XC7336 designs

The IFDX1 symbols are D-type flip-flops with synchronous clock
enable implemented in the input blocks of an EPLD device. They are
commonly used to synchronize and store data entering a chip. The
data input (D) of the flip-flop is connected directly to an IPAD or an
IOPAD (without using an IBUF). When the clock enable (CE) input is
Low, the data on input D is loaded into the flip-flop during the Low-
to-High clock (C) transition and appears at the output (Q). The flip-
flop ignores clock transitions when CE is High.

IFD4X1

o
o

D1
D2

2R iel
[ I O = Y

D3

(@]
24

X4216

9
i

il E
B

IFD8X1 Q[7:0]

The clock input (C) must be driven by a global FastCLK net of the

EPLD device, represented by the BUFG symbol. The clock enable

input (CE) must be driven by a global clock enable net of the EPLD
device, represented by the BUFCE symbol.

The flip-flops are asynchronously set, outputs High, when power is
applied or when the device Master Reset pin is activated.

D[15:0]] [IFD16X1 [Q[15:0]
L p—

o8
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Xa222

Inputs

Outputs

CE

Q

1

No Chg

0

R|o|X] O

1
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IFDX1 o
DO
b Q
——o| CE
c
IFpx1 ° o
D1
D Q
®—O CE
C
IFDX1 .
D2
D Q
e—o| CE
c
IFDX1 @2 0
D3
D Q
e—o| CE
C
IFDX1 o
D4
b Q
e— CE
¢
IFDx1 o
D5
b Q
e——o| CE
C
IFDX1 ® o
D6
b Q
¢—oO| CE
c
IFDx1 ° o
D7
b Q
e—o| CE
C
D[7:0]
Q7
C
|
CE
|
Figure 3-117 IFD8X1 XC7000 Implementation

Q[7:0]
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IFDI

Input D Flip-Flop (Asynchronous Set)

IFDI

‘(J

| Q

‘(3

X4617

3-314

XC2000 XC3000 XC4000 XC7000
N/A N/A Primitive N/A

The IFDI D-type flip-flop is contained in an input/output block
(10B). The input (D) of the flip-flop is connected to an IPAD or an
IOPAD. The D input provides data input for the flip-flop, which
synchronizes data entering the chip. The data on input D is loaded
into the flip-flop during the Low-to-High clock (C) transition and
appears at the output (Q). The clock input is controlled by the internal
circuit. The flip-flop is asynchronously set, output High, when power
is applied or when global set/reset (GSR) is active. The GSR active
level is programmable.

Refer to the following figures for legal IFDIZILDI combinations for
XC3000 and XC4000 respectively.

ILDI ILDI_1
IPAD IPAD
—>—— b Q D Q
—1G —dq6
IFDI_1 IFDI
IPAD IPAD
— D Q — D Q
»—OC (03

X3677

Figure 3-118 Legal Combinations of IFDI and ILDI for a Single
Device Edge of XC3000 I0B

Xilinx Development System




Design Elements

Libraries Guide

ILDI ILDI_1
IPAD IPAD
> D Qf— = D o}—
— G —dG
IFDI_1 IFDI
D Q— D Q—
CLOCK ——OPC CLOCK C

X4511

Figure 3-119 Legal Combinations of IFDI and ILDI for a Single
XC4000 10B

Inputs Outputs
D C Q
D ) d

d = state of referenced input one set-up time prior to active clock transition
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D Flip-Flop with Inverted Clock (Asynchronous Set)

IFDI_1
D | IFDI_1 | o
cq

X4386
3-316

XC2000 XC3000 XC7000
N/A N/A N/A

XC4000
Macro

The IFDI_1 D-type flip-flop is contained in an input/output block
(10B). The input (D) of the flip-flop is connected to an IPAD or an
IOPAD. The D input provides data input for the flip-flop, which
synchronizes data entering the chip. The data on input D is loaded
into the flip-flop during the High-to-Low clock (C) transition and
appears at the output (Q). The clock input is controlled by the internal
circuit. The flip-flop is asynchronously set, output High, when power
is applied or when global set/reset (GSR) is active. The GSR active
level is programmable.

Refer to the following figures for legal IFDIZILDI combinations for
XC3000 and XC4000 respectively.

ILDI ILDI_1
IPAD IPAD
Lo D Qf— — D Ql—
— G —dG
IFDI_1 IFDI
D Q— D Q—
CLOCK ——OPC CLOCK C

X4511

Figure 3-120 Legal Combinations of IFDI and ILDI for a Single
XC4000 10B

Inputs Outputs
D C Q
D ! d

d = state of referenced input one set-up time prior to active clock transition
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IFDI

Dl D Q -

cm >o— e

INV IFDI_1.4K

Figure 3-121 IFDI_1 XC4000 Implementation
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ILD, ILD4, ILDS8, and ILD16

Input Transparent Data Latches

ILD

D_| Q Name XC2000 XC3000 XC4000 XC7000
G | ILD N/A Primitive Macro Primitive*
il ILDA4, N/A Macro Macro Macro*
ILDS,
ILD16
po| "B 1qo * not supported for XC7336 designs
b B ILD, ILD4, ILDS8, and ILD16 are single or multiple transparent data
D2 22 latches, which can be used to hold transient data entering a chip. The
D3 B latch input (D) is connected to an IPAD or an IOPAD (without using
G | an IBUF). When the gate input (G) is High, data on the inputs (D)
appears on the outputs (Q). Data on the D inputs during the High-to-

X3798 Low G transition is stored in the latch. For XC7000 EPLDs, the gate
input (G) must be driven by a FastCLK, represented by the BUFG
symbol.

p[7:0)[  ILD8 Q[7:0]
| |

The latch is reset, output Low, when power is applied or when global
reset (GR for XC3000) or global set/reset (GSR for XC4000) is active.
X310 GR is active-Low; the GSR active level is programmable. For XC7000
EPLDs (except XC7272) the latches are set High when power is
applied.

D[5:0]|  ILD16  [Q[15:0]
| ]

e XC4000 ILD

xa832 The XC4000 ILD is actually the input flip-flop master latch. It is
possible to access two different outputs from the input flip-flop: one
that responds to the level of the clock signal and another that
responds to an edge of the clock signal. When using both outputs
from the same input flip-flop, a transparent High latch (ILD) corre-
sponds to a falling edge-triggered flip-flop (IFD_1). Similarly, a trans-
parent Low latch (ILD_1) corresponds to a rising edge-triggered flip-
flop (IFD). Refer to the following figure for XC4000 legal IFD/I1LD
combinations.
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ILD ILD_1
IPAD IPAD
— D Q— D D Q—
|G G
IFD_1 IFD
D Q— D ol—
CLOCK —PC CLOCK C

X4688

Figure 3-122 Legal Combinations of IFD and ILD for a Single
XC4000 10B

XC3000 ILD

The XC3000 ILD is actually the input flip-flop master latch. If both
ILD and IFD elements are controlled by the same clock signal, the
relationship between the transparent sense of the latch and the active
edge of the flip-flop is fixed as follows: a transparent High latch (ILD)
corresponds to a falling edge-triggered flip-flop (IFD_1), and a trans-
parent Low latch (ILD_1) corresponds to a rising edge-triggered flip-
flop (IFD). Because the place and route software does not support
using both phases of a clock for IOBs on a single edge of the device,
certain combinations of ILD and IFD elements are not allowed. Refer
to the following figure for XC3000 legal IFD/ILD combinations.
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ILD ILD_1
IPAD IPAD
D Q— D Q—
— |G —d6G
IFD_1 IFD

IPAD IPAD
> D Q— = D Qf—

s—PC Cc

X4690

Figure 3-123 Legal Combinations of IFD and ILD for a Single
Device Edge of XC3000 I0B

Inputs Outputs
Q

G D

1 1 1
1 0 0
! D d

d = state of referenced input one set-up time prior to High-to-Low gate transition

ILD_1

D D Q a

cm [>o——E qg¢

INV

ILD.4K

Figure 3-124 ILD XC4000 Implementation
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Q[7:0]

ILD
DO D Q Q0
G
Q0
ILD
D1 D 0 Q1
G
Q1
ILD
D2 D Q Q2
G
Q2
ILD
D3 D Q Q3
G
Q3
ILD
D4 D Q Q4
G
Q4
ILD
D5 D Q Q5
G
Q5
ILD
D6 D Q Q6
G
Q6
ILD
D7 D Q Q7
G
D[7:0] Q7|
= G
Figure 3-125 1LD8 XC3000/4000/7000 Implementation
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Transparent Input Data Latch with Inverted Gate

ILD 1
b | w1 | g
cd

X4387
3-322

XC2000 XC3000 XC4000 XC7000
N/A Macro Primitive N/A

ILD_1is a transparent data latch, which can be used to hold transient
data entering a chip. When the gate input (G) is Low, data on the data
input (D) appears on the data output (Q). Data on D during the Low-
to-High G transition is stored in the latch. For implementation details,
refer to the “ILD, ILD4, ILD8, and ILD16” section earlier in this
chapter.

The latch is reset, output Low, when power is applied or when global
reset (GR for XC3000) or global set/reset (GSR for XC4000) is active.
GR is active-Low; the GSR active level is programmable.

Refer to the following figures for legal IFD/I1LD combinations, for
XC3000 and XC4000 respectively.

ILD ILD_1

IPAD IPAD

O————p Q— D Q—
—1G —q6

IFD_1 IFD

IPAD IPAD

> D Q— O D ofl—
»—O)C C

X4690

Figure 3-126 Legal Combinations of IFD and ILD for a Single
Device Edge of XC3000 I0B
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ILD ILD_1
IPAD IPAD

IFD_1 IFD

D QI— D Q
CLOCK C CLOCK C

X4688

Figure 3-127 Legal Combinations of IFD and ILD for a Single

XC4000 10B
Inputs Outputs
G D Q
0 1 1
0 0 0
1 D d

d = state of referenced input one set-up time prior to Low-to-High gate transition

ILD

INV

Figure 3-128 ILD_1 XC3000 Implementation
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ILDI

Input Transparent Data Latch (Asynchronous Set)

ILDI

‘CJ

e]

‘ ®

X4388

3-324

XC2000 XC3000 XC4000 XC7000
N/A N/A Macro N/A

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

The ILDI is actually the input flip-flop master latch. It is possible to
access two different outputs from the input flip-flop: one that
responds to the level of the clock signal and another that responds to
an edge of the clock signal. When using both outputs from the same
input flip-flop, a transparent High latch (ILDI) corresponds to a
falling edge-triggered flip-flop (IFDI_1). Similarly, a transparent Low
latch (ILDI_1) corresponds to a rising edge-triggered flip-flop (IFDI).
Refer to the following figures for legal IFDIZILDI combinations for
XC3000 and XC4000 respectively.

ILDI ILDI_1
IPAD IPAD
[ D Q— > D QI
—1G —dq6
IFDI_1 IFDI
D QF— D QF—
cLock ——e—pC CLOCK ¢

X4511

Figure 3-129 Legal Combinations of IFDI and ILDI for a Single
XC4000 10B

The latch is set, output High, when power is applied or when global
set/reset (GSR) is active. The GSR active level is programmable.
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Inputs Outputs
G D Q
1 1 1
1 0 0
! D d

d = state of referenced input one set-up time prior to High-to-Low gate transition

ILDI_1

@

Dl

cH {>C GB
INV

Figure 3-130

ILDI_1.4K

ILDI XC4000 Implementation
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ILDI_1

Transparent Input Data Latch with Inverted Gate
(Asynchronous Set)

ILDI_1

D L Q XC2000 XC3000 XC4000 XC7000
G 9 N/ZA N/ZA Primitive N/A
Xa518 ILDI_1 is a transparent data latch, which can hold transient data

entering a chip. When the gate input (G) is Low, data on the data
input (D) appears on the data output (Q). Data on D during the Low-
to-High G transition is stored in the latch. For implementation details,
refer to the “ILD, ILD4, ILD8, and ILD16” section earlier in this
chapter.

The latch is set, output High, when power is applied or when global
set/reset (GSR) is active. The GSR active level is programmable.

Refer to the following figures for legal IFDI/ILDI combinations for
XC3000 and XC4000 respectively.

ILDI ILDI_1
IPAD IPAD
o b of— >—+—0 of—
—c —dc
IFDI_1 IFDI
D Qf— D Qf—
cLocK »—>C cLocK c

X4511

Figure 3-131 Legal Combinations of IFDI and ILDI for a Single
XC4000 10B
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Inputs Outputs
G D Q
0 1 1
0 0 0
1 D d

d = state of referenced input one set-up time prior to Low-to-High gate transition
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INV, INV4, INV8, and INV16

Single and Multiple Inverters

Y

X3788

ey

X3795

V

X3807

{

X3819

3-328

Name XC2000 XC3000 XC4000 XC7000
INV Primitive Primitive Primitive Primitive
INV4, Macro Macro Macro Primitive
INVS,

INV16
These single and multiple inverters identify signal inversions in a
schematic.
0[7:0]
10 {>O o0
1 {>”\é\>/ o1
INV
. w o
14 {%\‘C\)/ o4
15 o5
16 06
17 EO,\(‘?/ o7
I[7:0] INV
Figure 3-132 INV8 XC2000/3000/4000 Implementation
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OB

IOB Configuration Symbol

Libraries Guide

XC2000 XC3000 XC4000 XC7000

Primitive Primitive N/A N/A

The 10B symbol is used to manually specify an IOB configuration.
Use it in place of, not in conjunction with, other 1/0 primitives. The
configuration of the IOB is specified using the BASE and CONFIG
commands. Enter these commands on the schematic; the translator
puts them into the CFG records in the LCA Xilinx netlist file. It is not
necessary for the translator program to parse the commands speci-
fying the 10B configuration. The mapping program from the LCA
Xilinx netlist to the FPGA design checks these commands for errors.

T | 10B
o | !
K|

X4649

XC2000

T I0B
O | !
K| | Q
oK |

X4652

XC3000

Refer to the appropriate CAE tool interface user guide for more infor-
mation on specifying the I0B configuration commands in a sche-
matic.
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The XC2000 blank 10B primitive symbol and its corresponding
configured 1OB primitive and circuit are shown in the following

figure.
T
— 10B
o | |
K|
P12
1:Q BUF:TRI
u2 T
10B P12 0 o
OBUFT
U3
—o—
PAD UL

P12
|

IFD

X4674

Figure 3-133 XC2000 IOB Primitive Example and Equivalent
Circuit
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The XC3000 blank 10B primitive symbol and its corresponding
configured OB primitive and circuit are shown in the following
figure.

10B

I
| Q

= -
il

Ji3

10
IN:IQ:LATCH OUT:0Q TRI:T

U2 T
0
% o —°

us c
<CO—9  OouTFFT

PAD
u4

313 W
D Q

Q

INLAT

X4673

Figure 3-134 XC3000 IOB Primitive Example and Equivalent
Circuit

The configuration commands must be consistent with the connec-
tions to the pins on the symbol. For example, if the configuration
commands specify the IOB as a 3-state buffer, the T and O pins must
be connected to signals.

You can specify the location of the IOB on the device. When speci-
fying the LOC attribute, a valid 10B location name must be used.
Refer to the “Attributes, Constraints, and Carry Logic” chapter for
more information the LOC attribute.
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IOPAD, IOPADA4, IOPADS, and IOPAD16

Input/Output Pads

<>

X3828

IOPAD4

X3841

X3845

3-332

Name XC2000 XC3000 XC4000 XC7000
IOPAD Primitive Primitive Primitive Primitive
I0PD4, Macro Macro Macro Macro
IOPADS,

IOPAD16

IOPAD, IOPAD4, IOPADS, and IOPAD16 are single and multiple
input/output pads. The IOPAD is a connection point from a device
pin, used as a bidirectional signal, to a PLD device. The IOPAD is
connected internally to an input/output block (10B), which is config-
ured by the XACT software as a bidirectional block. Bidirectional
blocks can consist of any combinations of a 3-state output buffer
(such as OBUFT or OFDE) and any available input buffer (such as
IBUF or IFD). Refer to the appropriate CAE tool interface user guide

for details on assigning pin location and identification.

100

IOPAD

101

IOPAD

102

IOPAD

103

IOPAD

104

IOPAD

105

IOPAD
IOPAD

106

IOPAD

107

Figure 3-135

10[7:0]

IOPAD8 XC2000/3000/4000/7000 Implementation

Xilinx Development System




Design Elements

IPAD
Single- and Multiple-Input Pads

[ > Name XC2000 | XC3000 | XC4000 | XC7000
X3827 IPAD Primitive Primitive Primitive Primitive
IPAD4, Macro Macro Macro Macro
10 IPADS,
N IPAD16
12 IPAD, IPAD4, IPADS, and IPAD16 are single and multiple input pads

(IPADs). The IPAD is a connection point from a device pin used for
an input signal to the PLD device. It is connected internally to an
input/output block (I0B), which is configured by the XACT software
X3837 as an IBUF, IFD or ILD. Refer to the appropriate CAE tool interface
user guide for details on assigning pin location and identification.

X3840
[IPAD 10
[IPAD 11
13
X3844 LIPAD
(IPAD 4
[IPAD 15
[IPAD 16
[IPAD I7

Figure 3-136 IPAD8 XC2000/3000/4000/7000 Implementation
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LD, LD4, LD8, and LD16

Single and Multiple Transparent Data Latches

o | Y ]o
G |

X3740
Do LD4 Q0
D1 | | o1
D2 | Q2
D3 Q3

‘O

X4611

D[7:0]
|

Element XC2000 XC3000 XC4000 XC7000
LD Macro N/A N/A Primitive*
LD4, N/A N/A N/A Primitive*
LDS,

LD16

* not supported for XC7336 designs

The data output (Q) of the latch reflects the data (D) input while the
gate enable (G) input is High. The data on the D input during the
High-to-Low gate transition is stored in the latch. The data on the Q
output remains unchanged as long as G remains Low. LD4, LD8, and
LD16 have 4, 8, and 16 transparent latches, respectively, with a
common Gate enable (G).

The latch is reset, output Low, when power is applied or when global
reset (GR) is active. For EPLD designs, the G input may not be driven
by a FastCLK signal (BUFG).

x4612 Inputs Outputs
G D Q
)[15:&] LD16 | Q[15:0] 1 0 0
G 1 1 1
0 X No Chg
X4613 l D d

3-334

d = state of input one set-up time prior to High-to-Low gate transition

LDCP
> b PRE q O
G
= G cr
"—,

GND

Figure 3-137 LD XC2000 Implementation
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LD 1
Transparent Data Latch with Inverted Gate
o | 1 o XC2000 XC3000 XC4000 XC7000
e g Macro N/A N/A N/A
The data output (Q) of the latch reflects the data (D) input while the

X3741

gate enable (G) input is Low. The data on the D input during the
Low-to-High gate transition is stored in the latch. The data on the Q
output remains unchanged as long as G remains High.

The latch is reset, output Low, when power is applied or when global
reset (GR) is active.

Inputs Outputs
G D Q
0 0 0
0 1 1
1 X No Chg
1 D d

d = state of input one set-up time prior to Low-to-High gate transition

LDCP
.l p PRE .
G GB
= e © cir
o

“GND

Figure 3-138 LD_1 XC2000 Implementation
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LDC

Transparent Data Latch with Asynchronous Clear
b | "¢ |ao XC2000 XC3000 XC4000 XC7000
G | Macro N/A N/A N/A
LR o7 When the asynchronous clear input (CLR) is High, it overrides the

other inputs and resets the data (Q) output Low. Q reflects the data
(D) input while the gate enable (G) input is High and CLR is Low. The
data on the D input during the High-to-Low gate transition is stored
in the latch. The data on the Q output remains unchanged as long as
G remains Low.

The latch is reset, output Low, when power is applied or when global
reset (GR) is active.

Inputs Outputs
CLR G D Q
1 X X 0
0 1 1 1
0 1 0 0
0 0 X No Chg
0 ! D d

d = state of input one set-up time prior to High-to-Low gate transition

LDCP

.l D PRE Ca

[ ] G

CLR
T

Figure 3-139 LDC XC2000 Implementation
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LDACE, LD8CE, and LD16CE

Transparent Data Latches with Asynchronous Clear

and Clock Enable

00 LD4CE

D1
D2
D3

Y

CLR X3747

p[7:0)] LD8CE |Q[7:0]
]

X3748

D[15:0)| LD16CE |ops:

il |
m

X3749

]
py)

Ll
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XC2000

XC3000

XC4000

XC7000

Macro

N/A

N/A

N/A

LDA4CE, LD8CE, and LD16CE have 4, 8, and 16 transparent data
latches, respectively. When the asynchronous clear input (CLR) is
High, it overrides the other inputs and resets the data (Q) outputs
Low. Q reflects the data (D) inputs while the gate enable (G) input is
High, clock enable (CE) is High, and CLR is Low. If CE is Low, data
on D cannot be latched. The data on the D input during the High-to-
Low gate transition is stored in the latch. The data on the Q output

remains unchanged as long as G or CE remains Low.

The latch is reset, output Low, when power is applied or when global

reset (GR) is active.

Inputs Outputs
CLR CE G Dn Qn
1 X X X 0
0 0 X X No Chg
0 1 1 1 1
0 1 1 0 0
0 1 0 X No Chg
0 1 ! Dn dn

Dn = referenced input, for example, DO, D1, D2
Qn = referenced output, for example, Q0, Q1, Q2

dn = referenced input state, one set-up time prior to High-to-Low gate transition
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DO

LDCPE

b PRE g

Qo0

CE
CLR

D1

T
LDCPE

b PRE g

Qo0

Q1

CE
CLR

D2

T
LDCPE

b PRE g

Q1

Q2

CE
CLR

D3

T
LDCPE

b PRE g

Q2

Q3

CE

CLR

B EER
®

CE
CLR

Q3

Figure 3-140 LDA4CE XC2000 Implementation
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CLR GND

Figure 3-141 LD8CE XC2000 Implementation
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LDCP

T
Py
m

LDCP

o

@

o

CLR

3-340

X4395

Transparent Data Latch with Asynchronous Clear
and Preset

XC2000

XC3000

XC4000

XC7000

Primitive

N/A

N/A

N/A

When the asynchronous clear input (CLR) is High, it overrides the
other inputs and resets the data (Q) output Low. When the asynchro-
nous preset (PRE) input is High (and CLR is Low), it sets Q High. Q
reflects the data (D) input while the gate enable (G) input is High and
CLR and PRE are Low. The data on the D input during the High-to-
Low gate transition is stored in the latch. The data on the Q output
remains unchanged as long as G remains Low.

The latch is reset, output Low, when power is applied or when global
reset (GR) is active.

Inputs

Outputs

CLR

PRE

o|lo|lo|r | X

X| |k |o|X|X] O

oO|OoO|lOo|O|O|F

—|lo|rRr|rRP|IX|X]®

D

d = state of input one set-up time prior to High-to-Low gate transition
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LDCPE

PRE

)

LDCPE

>R
m

o

L|

:

X4396

Libraries Guide

Transparent Data Latch with Asynchronous Clear
and Preset and Clock Enable

XC2000

XC3000

XC4000

XC7000

Macro

N/A

N/A

N/A

When the asynchronous clear input (CLR) is High, it overrides the
other inputs and resets the data (Q) output Low. When the asynchro-
nous preset (PRE) input is High (and CLR is Low), it sets Q High. Q
reflects the data (D) input while the gate enable (G) input and clock
enable (CE) are High and CLR and PRE are Low. If CE is Low, data on
D cannot be latched. The data on the D input during the High-to-Low
gate transition is stored in the latch. The data on the Q output
remains unchanged as long as G or CE remains Low.

The latch is reset, output Low, when power is applied or when global
reset (GR) is active.

Inputs

Outputs

CLR

PRE

CE

oO|Oo|lO|O|O|F

ojlo|lo|lo|r | X

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

Rl |O|X]|X

—|lo|lr|P|X|X|X]®

D

d = state of input one set-up time prior to High-to-Low gate transition
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M2_1

DO D
o0 TDo_Q—
.t S0 LDCP
= PRE I

b PRE
G

= G cir
aCLR T

Figure 3-142 LDCPE XC2000 Implementation
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LDC_1

b LDC_1

€9

l Q

CLR

X3752

Libraries Guide

Transparent Data Latch with Asynchronous Clear
and Inverted Gate Input

XC2000

XC3000

XC4000

XC7000

Macro

N/A

N/A

N/A

When the asynchronous clear input (CLR) is High, it overrides the
other inputs (D and G) and resets the data (Q) output Low. Q reflects
the data (D) input while the gate enable (G) input and CLR are Low.
The data on the D input during the Low-to-High gate transition is
stored in the latch. The data on the Q output remains unchanged as
long as G remains High.

The latch is reset, output Low, when power is applied or when Global

Reset (GR) is active.

Inputs

Outputs

CLR

G

Q

0

1

0

oO|Oo(O|k

X|lo|lr—|X]| O

No Chg

Rl E=1K=2"4¢

D

d

d = state of input one set-up time prior to Low-to-High gate transition

D m

LDCP
1

PRE

C B

CLR m

G
CLR

GND

LDC_1.2K

Figure 3-143 LDC_1 XC2000 Implementation
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MDO
Mode O/Input Pad Used for Readback Trigger Input

MDO XC2000 XC3000 XC4000 XC7000
X3896 N/A N/A Primitive N/A

The MDO input pad is connected to the Mode 0 (MO0) input pin, which
is used to determine the configuration mode on an XC4000 device.
Following configuration, MDO can be used as an input pad, but it
must be connected through an IBUF to the user circuit. However, the
user input signal must not interfere with the device configuration.
The MDO pad cannot be used as an output pad and the 10B associ-
ated with it has no flip-flop or latch. For compatibility with XC2000
and XC3000 devices, this pad is usually connected to the RTRIG input
of the READBACK function.
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MD1

Mode 1/Output Pad Used for Readback Data Output

X3898

Libraries Guide

XC2000

XC3000

XC4000

XC7000

N/A

N/A

Primitive

N/A

The MD1 input pad is connected to the Mode 1 (M1) input pin, which
is used to determine the configuration mode on an XC4000 device.
Following configuration, MD1 can be used as a 3-state or simple
output pad, but it must be connected through an OBUF or an OBUFT
to the user circuit. However, the user output signal must not interfere
with the device configuration. An MD1 pad cannot be used as an
input pad and the I0B associated with it has no flip-flop or latch. This
pad is usually connected to the DATA output of the READBACK
function, and the output-enable input of the 3-state OBUFT is
connected to the RIP output of the READBACK function.
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MD2

3-346

Mode 2/Input Pad

X3900

XC2000 XC3000 XC4000 XC7000
N/A N/A Primitive N/A

The MD2 input pad is connected to the Mode 2 (M2) input pin, which
is used to determine the configuration mode on an XC4000 device.
Following configuration, MD2 can be used as an input pad, but it
must be connected through an IBUF to the user circuit. However, the
user input signal must not interfere with the device configuration. An
MD2 pad cannot be used as an output pad and the IOB associated
with it has no flip-flop or latch.
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M 2_1
2-to-1 Multiplexer
% 0 XC2000 XC3000 XC4000 XC7000
so | Macro Macro Macro Primitive

X4026
The M2_1 multiplexer chooses one data bit from two sources (D1 or

DO0) under the control of the select input (S0). The output (O) reflects
the state of the selected data input. When Low, SO selects DO and
when High, S0 selects D1.

Inputs Outputs
SO D1 DO (0]
1 1 X 1
1 0 X 0
0 X 1 1
0 X 0 0
- DO
=0 AND2B1
4
= D1

AND2

Figure 3-144 M2_1 XC2000/3000/4000 Implementation
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M2_1B1

2-to-1 Multiplexer with DO Inverted

ED)‘; o XC2000 XC3000 XC4000 XC7000

S0 Macro Macro Macro Primitive

X4027
The M2_1B1 multiplexer chooses one data bit from two sources (D1

or DO0) under the control of select input (S0). When S0 is Low, the
output (O) reflects the state of DO. When S0 is High, O reflects the

state of D1.
Inputs Outputs
SO D1 DO O
1 1 X 1
1 0 X 0
0 X 1 0
0 X 0 1

O
AND2B2

AND2

Figure 3-145 M2_1B1 XC2000/3000/4000 Implementation
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M2_1B2
2-to-1 Multiplexer with DO and D1 Inverted
g;’ o XC2000 XC3000 XC4000 XC7000
S0 Macro Macro Macro Primitive

X4028
The M2_1B2 multiplexer chooses one data bit from two sources (D1

or DO0) under the control of select input (S0). When S0 is Low, the
output (O) reflects the state of DO. When S0 is High, O reflects the

state of D1.
Inputs Outputs
SO D1 DO 0]
1 1 X 0
1 0 X 1
0 X 1 0
0 X 0 1

AND2B1

Figure 3-146 M2_1B2 XC2000/3000/4000 Implementation

Libraries Guide 3-349



Libraries Guide

M2_1E

3-350

2-to-1 Multiplexer with Enable

XC2000

XC3000

XC4000 XC7000

Macro

Macro

Macro Primitive

When the enable input (E) is High, the M2_1E chooses one data bit

from two sources (D1 or D0) under the control of select input (S0).
When E is High, the output (O) reflects the state of the selected input.
When Low, S0 selects DO and when High, SO selects D1. When E is
Low, the output is Low.

Inputs Outputs
E SO D1 DO (0]
0 X X X 0
1 0 X 1 1
1 0 X 0 0
1 1 1 X 1
1 1 0 X 0
DO
Em R MO
SO & O
AND3B1 j>—0.
OR2
R M1
Dl W —

AND3

M2_1E.2K

Figure 3-147 M2_1E XC2000/3000/4000 Implementation
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M4_1E

4-to-1 Multiplexer with Enable

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

X4030

When the enable input (E) is High, the M4_1E multiplexer chooses
one data bit from four sources (D3, D2, D1, or D0) under the control

of the select inputs (S1 — S0). The output (O) reflects the state of the
selected input as shown in the truth table. When E is Low, the output

is Low.
Inputs Outputs

E S1 SO DO D1 D2 D3 (@]
0 X X X X X X 0

1 0 0 DO X X X DO
1 0 1 X D1 X X D1
1 1 0 X X D2 X D2
1 1 1 X X X D3 D3
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M8_1E

8-to-1 Multiplexer with Enable

DO [—0

X4031

3-352

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

When the enable input (E) is High, the M8 _1E multiplexer chooses
one data bit from eight sources (D7 — DO) under the control of the
select inputs (S2 — S0). The output (O) reflects the state of the selected
input as shown in the truth table. When E is Low, the output is Low.

Inputs Outputs

E S2 S1 SO D7 - DO 0]
0 X X X X 0

1 0 0 0 DO DO
1 0 0 1 D1 D1
1 0 1 0 D2 D2
1 0 1 1 D3 D3
1 1 0 0 D4 D4
1 1 0 1 D5 D5
1 1 1 0 D6 D6
1 1 1 1 D7 D7

Dn represents signal on the Dn input; all other data inputs are don’t-cares (X).
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o
L

o
L

M2_1E

MO03 DO

M47 D1 o o
SO (¢]
E

Figure 3-148 M8_1E XC2000/3000/4000 Implementation
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M16_1E

16-to-1 Multiplexer with Enable

DO [~—0u

X4032

3-354

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

When the enable input (E) is High, the M16_1E multiplexer chooses
one data bit from 16 sources (D15 — D0) under the control of the select
inputs (S3 - S0). The output (O) reflects the state of the selected input
as shown in the truth table. When E is Low, the output is Low.

Inputs Outputs

E S3 S2 S1 SO D15 - DO (0]
0 X X X X X 0
1 0 0 0 0 DO Do
1 0 0 0 1 D1 D1
1 0 0 1 0 D2 D2
1 0 0 1 1 D3 D3
1 1 1 0 0 D12 D12
1 1 1 0 1 D13 D13
1 1 1 1 0 D14 D14
1 1 1 1 1 D15 D15

Dn represents signal on the Dn input; all other data inputs are don’t-cares (X).
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NAND

2- to 9-Input NAND Gates with Inverted and
Non-Inverted Inputs

Name XC2000 XC3000 XC4000 XC7000
NAND2 - NAND4B4 Primitive Primitive Primitive Primitive
NANDS5 - NAND5B5 Macro Primitive Primitive Primitive
NAND6 - NAND9 Macro Macro Macro Primitive

T I

NAND3

DD

NAND3B1

NAND2B2 ﬂ

NAND3B2

NAND2

NAND2B1

The NAND function is performed in the Configurable Logic Block
(CLB) function generators for XC2000, XC3000, and XC4000. NAND
functions of up to five inputs are available in any combination of
inverting and non-inverting inputs. NAND functions of six to nine
inputs are available with only non-inverting inputs. To invert some
or all inputs, use external inverters. Since each input uses a CLB
resource, replace functions with unused inputs with functions having
the necessary number of inputs.

>

NAND4

4

NAND4Bl

S

NAND4B2

NAND3B3 %

Libraries Guide

NAND4B3

-

NAND4B4

Figure 3-149

ANDS

B

ANDSB1

[ -

AND5B2

oo Nl I I o I S N N

NAND5B3

>

NAND5B4

NANDSBS

P

NAND6

P

NAND?7

NAND Gate Representations

[ -

2L LI

AND8

lll!)llll

NAND9

3-355




Libraries Guide

3-356

i3 | 147
s J
14 AND3
: :g |—\ 124 o
= 11 AND3
: 0 [ NAND4

147

mr I AND4

.
» | ==
.
"

10 NANDS

Figure 3-152 NAND8 XC4000 Implementation

Xilinx Development System



Design Elements

NOR
2- to 9-Input NOR Gates with Inverted and
Non-Inverted Inputs
Name XC2000 XC3000 XC4000 XC7000
NOR2 - NOR4B4 Primitive Primitive Primitive Primitive
NOR5 - NOR5B5 Macro Primitive Primitive Primitive
NOR6 — NOR9 Macro Macro Macro Primitive

The NOR function is performed in the Configurable Logic Block
(CLB) function generators for XC2000, XC3000, and XC4000. NOR
functions of up to five inputs are available in any combination of
inverting and non-inverting inputs. NOR functions of six to nine
inputs are available with only non-inverting inputs. To invert some
or all inputs, use external inverters. Since each input uses a CLB
resource, replace functions with unused inputs with functions having
the necessary number of inputs.

NORS NOR5B3
NOR6

NORS8

NOR5B4 %@

NOR2
NOR3

NOR4

v

Vi) ¥
i
VY
WY
VY

NOR2B1 NOR3B1

NOR4B1
NOR2B2

NOR3B2 NOR5B1

NOR4B2

Y
21
2

W

NOR3B3
NOR7

NOR5B2
NOR4B3

NOR5B5 NOR9

vl

NOR4B4

Figure 3-153 NOR Gate Representations
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ﬁ ~ 147
.IG

NOR4

Figure 3-154 NORS8 XC2000 Implementation

17

16

E 147

14 OR4

13
12 o
i ] o .

10 | NORS

Figure 3-155 NORS8 XC3000 Implementation

Figure 3-156 NORS8 XC4000 Implementation
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OBUF, OBUF4, OBUF8, and OBUF16

Single- and Multiple-Output Buffers

—]>—

X3785

OBUF4

E

X3792

OBUF8

-

X3804

OBUF16

-

X3816

Libraries Guide

Name XC2000 XC3000 XC4000 XC7000
OBUF Primitive Primitive Primitive Primitive
OBUF4, Macro Macro Macro Macro
OBUFS,

OBUF16

OBUF, OBUF4, OBUF8, and OBUF16 are single and multiple output
buffers. An OBUF isolates the internal circuit and provides drive
current for signals leaving a chip. OBUFs exist in input/output
blocks (I0OB). The output (O) of an OBUF is connected to an OPAD or
an IOPAD. For XC7000, if a high impedance (Z) signal from an
on-chip 3-state buffer (like BUFE) is applied to the input of an OBUF,
it is propagated to the EPLD device output pin.

I[7:0]

Q0

o1

02

03

04

05

06

o7

oYoVoYeYeYaVaVeY

o[7:0]

Figure 3-157 OBUF8 XC2000/3000/4000/7000 Implementation
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OBUFE, OBUFE4, OBUFES8, and OBUFE16

3-State Output Buffers with Active-High Output
Enable

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Macro

OBUFE, OBUFE4, OBUFES8, and OBUFE16 are single or multiple
3-state buffers with inputs I, 13 - 10, 17 - 10, and so forth, outputs O,
03-00, O7 - 00, and so forth, and active-High output enable (E).
OBUFE4 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 imped-
ance (off or Z state). An OBUFE isolates the internal circuit and
provides drive current for signals leaving a chip. An OBUFE output is
connected to an OPAD or an IOPAD. An OBUFE input is connected
to the internal circuit.

ot

X3787

VPR

Inputs Outputs
X3794 E I O
0 X z
OBUFES
E 1 1 1
1 0 0

X3806

OBUFE16

.

X3818
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o[7:0]
E
10 ~ 00
EY" OBUFE
1 o1
EY" OBUFE
12 02
£ OBUFE
13 | N\ 03
EY" oBUFE
14 04
E“” OBUFE
15 05
E“" OBUFE
16 06
* E“" OBUFE
17 o7
Y oBUFE
I[7:0]
mE

Figure 3-158 OBUFES8 XC2000/3000/4000/7000 Implementation

E
' s
BUF

\
]
o

E OBUF

Figure 3-159 OBUFE XC7000 Implementation
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OBUFEX1, OBUFE4X1, OBUFE8X1, and OBUFEX2

EPLD 3-State Output Buffers with Active-High Output

Enable

OBUFEX1

E
X4212

OBUFE4X1
E
X4215

OBUFES8X1

E
I17:0] [ o[7:.0]

X4218

OBUFEX2
E

I[15:0] [ O[15:0]

X4221

3-362

Name XC2000 XC3000 XC4000 XC7000
OBUFEX1 N/A N/A N/A Primitive*
OBUFE4X1, N/A N/A N/A Macro*
OBUFES8X1,

OBUFEX2

* not supported for XC7272 designs

OBUFEX1, OBUFE4X1, OBUFE8X1, and OBUFEX2 provide one, four,
eight, and sixteen 3-state output buffers, respectively, with active-
High output enable (E) and EPLD-style 3-state properties. OBUFEX1
symbols identify signals that are driven onto EPLD device pins.
When E is High, data on the inputs of the buffers is transferred to the
corresponding device outputs. When E is Low, the output is high
impedance (off or Z state). The E input can only be driven by an
EPLD global Fast Output Enable (FOE) net represented by the
BUFFOE symbol.

If the input (1) of an OBUFEXL is driven by an on-chip 3-state buffer
(such as BUFT), the 3-state signal is propagated through the
OBUFEX1 onto the EPLD device pin, which means the output driver
of the device pin is controlled by both the on-chip 3-state buffer and
the E input of the OBUFEX1. An output of an OBUFEX1 is connected
to an OPAD or an IOPAD.

Inputs Outputs
E I O
0 X z
1 1 1
1 0 0
1 Zz z
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o[7:0]
E_ o
10 N 00
) £ OBUFEX1
’—,\I 1
11 o1
) £~ OBUFEX1
’—,\I 2
12 02
< £~ OBUFEXL
'—'\I 3
13 03
£~ OBUFEXL
0—|\| 4
14 04
) Y~ OBUFEX1
>—'\| 5
15 05
J £~ OBUFEX1
6
16 N| 06
) £ OBUFEX1
7
17 N| o7
L~ oBUFEX1
1[7:0]
mE

Figure 3-160 OBUFE8X1 XC7000 Implementation
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OBUFT, OBUFT4, OBUFTS8, and OBUFT16

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

OBUFT Name XC2000 XC3000 XC4000 XC7000
T
OBUFT Primitive Primitive Primitive Macro*
g OBUFT4, Macro Macro Macro Macro*
OBUFTS,
xare OBUFT16

* not supported for XC7336 designs

OBUFT, OBUFT4, OBUFTS8, and OBUFT16 are single and multiple
3-state output buffers with inputs I, 13- 10, 17 - 10, 115 - 10, outputs O,
03-00, 07 - 00, 015 - 00, and active-Low output enables (T).
When T is Low, data on the inputs of the buffers is transferred to the
corresponding outputs. When T is High, the output is high imped-
ance (off or Z state). OBUFTSs isolate the internal circuit and provide
extra drive current for signals leaving a chip. An OBUFT output is
connected to an OPAD or an IOPAD.

OBUFT4

VPR

X3793
Inputs Outputs
OBUFTS T | O
T 1 X Z
| [ o[8:0] 0 1 1
0 0 0

X3805

OBUFT16

0[16:0]

L

X3817
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O[7:0]
T

10 ~ 00
TV OBUFT

1 o1
TV OBUFT

12 02
TV OBUFT

13 03
TV OBUFT

14 04
TV OBUFT

I5 05
TV OBUFT

16 06
‘ TV OBUFT

17 o7
Y oBUFT

I[7:0]

.T

Figure 3-161 OBUFT8 XC2000/3000/4000/7000 Implementation

.T T
Ng
»! > > mo

Figure 3-162 OBUFT XC7000 Implementation
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OFD, OFD4, OFDS8, and OFD16

Single- and Multiple-Output D Flip-Flops

OFD

D_| e} Name XC2000 XC3000 XC4000 XC7000
c | OFD N/A Primitive Primitive Macro
— OFD4, N/A Macro Macro Macro
OFDS8,
OFD16
Do| % 1o  OFD, OFD4, OFDS8, and OFD16 are single and multiple output D flip-
D1 L o1 flops. The flip-flops exist in an input/output block (10B) for XC3000
D2 | Q2 and XC4000. The outputs (for example, Q3 — QO0) are connected to
D3 | 03 OPADs or IOPADs. The data on the D inputs is loaded into the flip-
c flops during the Low-to-High clock (C) transition and appears on the
O Q outputs.

X3800

The flip-flops are asynchronously reset, outputs Low, when power is
applied or when global reset (GR for XC3000) or global set/reset
(GSR for XC4000) is active. GR is active-Low; the GSR active level is
programmable.

Di7:0] OFD8 | Q[7:0]
|| _—

‘ O

— Inputs Outputs
D C Q
DiI5:0]| OFD16 | Q5] D 1 dn
— =3
c | dn = state of referenced input one set-up time prior to active clock transition

X3834
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QI7:01
OFD
DO 5 Q Q0
C
OFD
D1 D Q 01
o C
o1
OFD
D2 b Q Q2
o—c .,
OFD
D3 b Q 03
| SV
03
OFD
D4 b Q 04
o C
04
OFD
D5 S Q Q5
[ S
05
OFD
D6 D Q Q6
[ G
Q6
OFD
D7 S Q Q7
D[7:0] C o
e

Figure 3-163 OFD8 XC3000/4000 Implementation
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3-368

Q[7:0]
FD
DO b Q ~_ 0 Qo
“oBUF
-
b %
D1 1 Q1
D Q IS
I/OBUF
C
b &
D2 2 Q2
D Q ™~
“oBUF
-
b &
D3 3 Q3
D Q I
~oBUF
C
03
FD
D4 b 2 ~_ 4 Q4
“oBUF
-
b ¥
D5 5 Q5
D Q I
“oBUF
C
b &
D6 6 Q6
D Q >
I/OBUF
-
b %
D7 7 Q7
° ° ,l>OBUF
C
D[7:0
[7:0] o7
=l
Figure 3-164 OFD8 XC7000 Implementation
FD
D ~_O Q
» D Q a
I/OBUF

Figure 3-165 OFD XC7000 Implementation
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OFD 1

Output D Flip-Flop with Inverted Clock

‘U

OFD_1

| Q

X3779

Libraries Guide

XC2000

XC3000

XC4000

XC7000

N/A

Macro

Macro

N/A

OFD_1 exists in an input/output block (I0OB). The output (Q) of the D
flip-flop is connected to an OPAD or an IOPAD. The data on the D
input is loaded into the flip-flop during the High-to-Low clock (C)
transition and appears on the Q output.

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC2000, XC3000) or global
set/reset (GSR for XC4000) is active. GR is active-Low; the GSR active
level is programmable.

Inputs Outputs
D C Q
D ! d

d = state of referenced input one set-up time prior to active clock transition

.D

OFD

D

.C

B |c¢

INV

Q

On

Figure 3-166 OFD_1 XC3000/4000 Implementation
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OFDE, OFDE4, OFDES8, and OFDE16

D Flip-Flops with Active-High Enable Output Buffers

OFDE

‘ o

‘ O

X3782

X3802

OFDE8 Q[7:0]

X3814

E

D[15:0]|] OFDE16 |Q[15:0]
—

e

X3836

3-370

Name XC2000 XC3000 XC4000 XC7000
OFDE N/A Macro Macro Macro
OFDE4, N/A Macro Macro Macro
OFDES,

OFDE16

OFDE, OFDE4, OFDES, and OFDE16 are single or multiple D flip-
flops whose outputs are enabled by 3-state buffers. The flip-flop data
outputs (Q) are connected to the inputs of output buffers (OBUFE).
The OBUFE outputs (O) are connected to OPADs or IOPADs. These
flip-flops and buffers are contained in input/output blocks (I0B) for
XC3000 and XC4000. The data on the data inputs (D) is loaded into
the flip-flops during the Low-to-High clock (C) transition. When the
active-High enable inputs (E) are High, the data on the flip-flop
outputs (Q) appears on the O outputs. When E is Low, outputs are
high impedance (Z state or off).

The flip-flops are asynchronously reset, outputs Low, when power is
applied or when global reset (GR for XC3000) or global set/reset
(GSR for XC4000) is active. GR is active-Low; the GSR active level is
programmable.

Inputs Outputs
E D C O
0 X X Z, not off
1 1 ) 1
1 0 1 0

Xilinx Development System




Design Elements

Libraries Guide

=
FD | E
D 1 o o
. Y oBuFE "
I R
Figure 3-167 OFDE XC7000 Implementation
OFDE 0[7:0]
P
DO Q 00
00
OFDE

D1

D2

D3

D4

D5

D6

D7

Figure 3-168 OFDES8 XC3000/4000 Implementation
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o[7:0]
mE
FD E
DO
5 5 & 0 00
OBUFE
C
0
D1 o ‘_,\|E o1
D Q o> t
OBUFE
C
Q1
FD E
D2
5 5 ’—,\1‘/ 2 o2
OBUFE
C
. FD @2 E
5 o ‘/; 3 03
OBUFE
C
D4 Fbo_% '—,\|E o4
D Q > 4
OBUFE
C
FD @4 £
D5 L
5 o q ‘/; 5 05
OBUFE
C
05
FD E
D6 L
5 5 ’—,\1‘/ 6 06
OBUFE
C
0f
FD E
D7
5 o & 7 o7
OBUFE
C
D[7:0] Q1
e

Figure 3-169 OFDES8 XC7000 Implementation
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OFDE_1

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

OFDE_1

‘U

X3783

Libraries Guide

XC2000 XC3000 XC4000 XC7000

N/A Macro Macro N/A

OFDE_1 and its output buffer exist in an input/output block (I0B).
The data output of the flip-flop (Q) is connected to the input of an
output buffer or OBUF. The output of the OBUF is connected to an
OPAD or an IOPAD. The data on the data input (D) is loaded into the
flip-flop on the High-to-Low clock (C) transition. When the active-
High enable input (E) is High, the data on the flip-flop output (Q)
appears on the O output. When E is Low, the output is high imped-
ance (Z state or off).

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC3000) or global set/reset
(GSR for XC4000) is active. GR is active-Low; the GSR active level is
programmable.

Inputs Outputs
E D C O
0 X X z
1 1 ! 1
1 0 ! 0
. ; OFDT
. >o
sl INV b Q _‘ﬁ Om
c cB c

Figure 3-170 OFDE_1 XC3000/4000 Implementation
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OFDEI

D Flip-Flop with Active-High Enable Output Buffer
(Asynchronous Set)

XC2000 XC3000 XC4000 XC7000
OFDEI N/A N/A Macro N/ZA

‘ w)

OFDEl is a D flip-flop whose output is enabled by a 3-state buffer.

s 1he data output (Q) of the flip-flop is connected to the input of an
output buffer or OBUF. The output of the OBUF (O) is connected to
an OPAD or an IOPAD. These flip-flops and buffers are contained in
input/output blocks (IOB). The data on the data input (D) is loaded
into the flip-flop during the Low-to-High clock (C) transition. When
the active-High enable input (E) is High, the data on the flip-flop
output (Q) appears on the O output. When E is Low, the output is
high impedance (Z state or off). The flip-flop is asynchronously set,
output High, when power is applied or when global set/reset (GSR)
is active. The GSR active level is programmable.

‘ (e}

Inputs Outputs
E D C O
0 X X Zz
1 1 1 1
1 0 ) 0

OFDTI

ER [>o—T
INV (o]
O b Q

cm c

OFDELI.4K

Figure 3-171 OFDEI XC4000 Implementation
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OFDEI_1

OFDEI_1

‘ o

([)0

Libraries Guide

X4383

D Flip-Flop with Active-High Enable Output Buffer
and Inverted Clock (Asynchronous Set)

XC2000 XC3000 XC4000 XC7000

N/A N/ZA Macro N/A

OFDEI_1 and its output buffer exist in an input/output block (10B).
The data output of the flip-flop (Q) is connected to the input of an
output buffer or OBUF. The output of the OBUF is connected to an
OPAD or an IOPAD. The data on the data input (D) is loaded into the
flip-flop on the High-to-Low clock (C) transition. When the active-
High enable input (E) is High, the data on the flip-flop output (Q)
appears on the O output. When E is Low, the output is high imped-
ance (Z state or off). The flip-flop is asynchronously set, output High,
when power is applied or when global set/reset (GSR) is active. The
GSR active level is programmable.

Inputs Outputs
E D C (0]
0 X X z
1 1 ! 1
1 0 ! 0
NV OFDTI
Em [>o—T
om D Q —&—OI
INV
cCHl {>C ce c
OFDEI_1.4K
Figure 3-172 OFDEI_1 XC4000 Implementation
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OFDI

‘U

‘O

OFDI

| Q

3-376

X4582

Output D Flip-Flop (Asynchronous Set)

XC2000

XC3000

XC4000

XC7000

N/A

N/A

Primitive

N/A

OFDI is contained in an input/output block (10B). The output (Q) of
the D flip-flop is connected to an OPAD or an IOPAD. The data on the
D input is loaded into the flip-flop during the Low-to-High clock (C)
transition and appears at the output (Q).

The flip-flop is asynchronously set, output High, when power is
applied or when global set/reset (GSR) is active. The GSR active level

is programmable.

Inputs Outputs
D C Q
D 1 d

d = state of referenced input one set-up time prior to active clock transition
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OFDI_1

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

‘ O

(gﬂ

OFDI_1

e]

X4384

Libraries Guide

XC2000

XC3000

XC4000

XC7000

N/A

N/A

Macro

N/A

OFDI_1 exists in an input/output block (I0B). The D flip-flop output
(Q) is connected to an OPAD or an IOPAD. The data on the D input is
loaded into the flip-flop during the High-to-Low clock (C) transition
and appears on the Q output. The flip-flop is asynchronously set,

output High, when power is applied or when global set/reset (GSR)

is active. The GSR active level is programmable.

Inputs Outputs
D C Q
D ! d

d = state of referenced input one set-up time prior to the active clock transition

Dl

OFDI

cs c

chlt {>C

INV

Figure 3-173 OFDI_1 XC4000 Implementation

OFDI_1.4K
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OFDT, OFDT4, OFDTS8, and OFDT16

Single and Multiple D Flip-Flops with Active-High
3-State Active-Low Output Enable Buffers

. Name XC2000 XC3000 XC4000 XC7000
p | ©FDbT OFDT N/A Primitive Primitive Macro*
c OFDT4, N/A Macro Macro Macro*
T OFDTS,

X3780 OFDT16

X3801

o
e} ~
2

OFDT8 [ Q[7:0]

X3813

o]
=
a -
| B

OFDT16 |Q[15:0] |npUtS OUtpLItS
| T D C o
X3835 1 X X Z
0 D 1 d

3-378

* not supported for XC7336 designs

OFDT, OFDT4, OFDTS8, and OFDT16 are single or multiple D flip-
flops whose outputs are enabled by a 3-state buffers. The data
outputs (Q) of the flip-flops are connected to the inputs of output
buffers (OBUFT). The outputs of the OBUFTs (O) are connected to
OPADs or IOPADs. These flip-flops and buffers exist in input/output
blocks (I0B) for XC3000 and XC4000. The data on the data inputs (D)
is loaded into the flip-flops during the Low-to-High clock (C) transi-
tion. When the active-Low enable inputs (T) are Low, the data on the
flip-flop outputs (Q) appears on the O outputs. When T is High,
outputs are high impedance (off).

The flip-flops are asynchronously reset, outputs Low, when power is
applied or when global reset (GR for XC3000) or global set/reset
(GSR for XC4000) is active. GR is active-Low; the GSR active level is
programmable.

d = state of referenced input one set-up time prior to active clock transition
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D[7:0]

DO

o[7:0]

D1

D2

D3

D4

D5

D6

D7

o7

Figure 3-174 OFDT8 XC3000/4000 Implementation
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o[7:0]

00

:7}

OBUFT

o1

:7}

OBUFT

02

VJ_'

OBUFT

o3

:7}

OBUFT

04

:7}

OBUFT

05

va*

OBUFT

06

vJ*

OBUFT

L7 o7
OBUFT

\

D[7:0]
cH

Figure 3-175 OFDT8 XC7000 Implementation

TH
FD |

OBUFT

Figure 3-176 OFDT XC7000 Implementation
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OFDT 1

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

XC2000 XC3000 XC4000 XC7000
OFDT_1 N/A Macro Macro N/A

OFDT_1 and its output buffer exist in an input/output block (I0B).
The flip-flop data output (Q) is connected to the input of an output
e buffer (OBUF). The OBUF output is connected to an OPAD or an
IOPAD. The data on the data input (D) is loaded into the flip-flop on
the High-to-Low clock (C) transition. When the active-Low enable
input (T) is Low, the data on the flip-flop output (Q) appears on the O
output. When T is High, the output is high impedance (off).

‘ o

AO

The flip-flop is asynchronously reset, output Low, when power is
applied or when global reset (GR for XC3000) or global set/reset
(GSR for XC4000) is active. GR is active-Low; the GSR active level is
programmable.

Inputs Outputs
T D C O]
1 X X z
0 1 ! 1
0 0 ! 0
OFDT
= T T
L= b e —é °u
= C CB c
INV

Figure 3-177 OFDT_1 XC3000/4000 Implementation
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OFDTI

D Flip-Flop with Active-High 3-State and Active-Low
Output Buffer (Asynchronous Set)

T XC2000 XC3000 XC4000 XC7000

o | oT |g ) N/A N/A Primitive N/A

OFDTI and its output buffer are contained in an input/output block

(I0B). The data output of the flip-flop (Q) is connected to the input of

4581 an output buffer (OBUF). The output of the OBUF is connected to an
OPAD or an IOPAD. The data on the data input (D) is loaded into the
flip-flop on the Low-to-High clock (C) transition. When the active-
Low enable input (T) is Low, the data on the flip-flop output (Q)

appears on the output (O). When T is High, the output is high imped-
ance (off).

‘ (e]

The flip-flop is asynchronously set, output High, when power is
applied or when global set/reset (GSR) is active. The GSR active level
is programmable.

Inputs Outputs
T D C 0]
1 X X z
0 1 1 1
0 0 1 0
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OFDTI_1

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

XC2000 XC3000 XC4000 XC7000
OFDTI_1 N/A N/ZA Macro N/A

OFDTI_1 and its output buffer are contained in an input/output
block (10B). The data output of the flip-flop (Q) is connected to the
input of an output buffer (OBUF). The OBUF output is connected to
an OPAD or an IOPAD. The data on the data input (D) is loaded into
the flip-flop on the High-to-Low clock (C) transition. When the
active-Low enable input (T) is Low, the data on the flip-flop output
(Q) appears on the O output. When T is High, the output is high
impedance (off).

‘ O

(go

X4385

The flip-flop is asynchronously set, output High, when power is
applied or when global set/reset (GSR) is active. The GSR active level
is programmable.

Inputs Outputs
T D C 0]
1 X X z
0 1 ! 1
0 0 ! 0

OFDTI
TR T

o
D D Q

cH {>c CB c

INV OFDTI_1.4K

Figure 3-178 OFDTI_1 XC4000 Implementation

Libraries Guide 3-383



Libraries Guide

OPAD, OPAD4, OPADS8, and OPAD16

Single- and Multiple-Output Pads

OPAD

—]

X3829

OPAD4
00
o1
02
03

OPADS8

X3842

X3839

OPAD16

X3846

3-384

Name XC2000 XC3000 XC4000 XC7000
OPAD Primitive Primitive Primitive Primitive
OPAD4, Macro Macro Macro Macro
OPADS,

OPAD16

OPAD, OPAD4, OPADS, and OPAD16 are single and multiple output
pads. An OPAD connects a device pin to an output signal of a PLD. It
is internally connected to an input/output block (I0B), which is

configured by the XACT software as an OBUF, an OBUFT, an OBUFE,
an OFD, or an OFDT.

Refer to the appropriate CAE tool interface user guide for details on

assigning pin location and identification.

o[7:0]

00

o1

OPAD |

02

OPAD |

03

OPAD |

04

OPAD |

05

OPAD |

06

OPAD |

o7

OPAD |

OPAD |

Figure 3-179 OPAD8 XC2000/3000/4000 Implementation
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OR
2- to 9-Input OR Gates with Inverted and
Non-Inverted Inputs
Name XC2000 XC3000 XC4000 XC7000
OR2 - OR4B4 Primitive Primitive Primitive Primitive
OR5 - OR5B5 Macro Primitive Primitive Primitive
OR6 - OR9 Macro Macro Macro Primitive

The OR function is performed in the Configurable Logic Block (CLB)
function generators for XC2000, XC3000, and XC4000. OR functions
of up to five inputs are available in any combination of inverting and
non-inverting inputs. OR functions of six to nine inputs are available
with only non-inverting inputs. To invert some or all inputs, use
external inverters. Since each input uses a CLB resource, replace func-
tions with unused inputs with functions having the necessary

number of inputs.
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Figure 3-180 OR Gate Representations
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OSC

Crystal Oscillator Amplifier

oscC

{}

X3885

Libraries Guide

XC2000

XC3000

XC4000

XC7000

Primitive

Primitive

N/A

N/A

The OSC element’s clock signal frequency is derived from an external
crystal-controlled oscillator. The OSC output can be connected to an
ACLK buffer, which is connected to an internal clock net.

Two dedicated input pins (XTAL 1 and XTAL 2) on each FPGA device
are internally connected to pads and input/output blocks that are
connected to the OSC amplifier. The external components are
connected as shown in the following example. Refer to The Program-
mable Gate Array Data Book for details on component selection and

tolerances.

IPAD

—1

ACLK

OPAD

X2762
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0SC4
Internal 5-Frequency Clock-Signal Generator
osca %"OK XC2000 XC3000 XC4000 XC7000
| F16K N/A N/A Primitive N/A
F490
| F15 OSC4 provides internal clock signals in applications where timing is
not critical. The available frequencies are determined by FPGA device
X3912 components, which are process dependent. Therefore, the available

frequencies vary from device to device. Nominal frequencies are 8
MHz, 500 KHz, 16 KHz, 490 Hz, and 15 Hz. Although there are five
outputs, only three can be used at a time, with 8 MHz on one output
and one frequency each on any two of the remaining four outputs. An
error occurs if more than three outputs are used simultaneously. The
internal circuit must be connected through buffers to OSC4 outputs.
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PL20PIN, PL24PIN, and PL48PIN

Generic PLD Symbols for EPLD

PIN1 |
PIN2 |
PINS |
PIN4 |
PINS |
PING |
PIN7 |
PINS |
PINO |
PIN10|

PL20PIN

3

N20
N19
PIN18
N17
N16
PIN15
N14

PIN13

PIN12
|PIN11

3

3

HE

PLD =

X4204

PIN1 |
PIN2 |
PINS |
PIN4 |
PINS |
PING |
PIN7 |
PIN8 |
PINO |
PIN10|
PIN11|
PIN12|

PL24PIN

h

IN24
PIN23
PIN22
PIN21
IN20
N19
PIN18
|PIN17
IPIN16
|PIN15
|PIN14
|PIN13

b

2]

PLD =

X4205

PINI |
PIN2 |
PINS |
PIN4 |
PINS |
PING |
PIN7 |
PINS |
PIN |

PIN1O |

PIN11 |

PIN12 |

PIN3 |

PIN14 |

PIN5 |

PIN6 |

PINL7 |

PIN8 |

PIN9 |

PIN20 |

PIN21 |

PIN22 |

PIN23 |

PIN24 |

PL48PIN

| PINag
| PIN47
|PIN46
| PIN45
| PIN44
| PINa3
| PIN42
| PINAL
IPINdO
|PIN39
| PIN38
| PIN37
| PIN36
| PIN35
| PIN34
| PIN33
| PIN2
| PIN31
| PIN30
PIN29
| PIN28
| PIN27
| PIN26
IPIN25

PLD =

X4208
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XC2000 XC3000 XC4000 XC7000

N/A N/A N/A Primitive

PL20PIN, PL24PIN, and PL48PIN symbols represent various discrete
PLD devices that can be integrated into an EPLD design. Function-
ality is defined using PALASM-compatible Boolean equation files,
similar to files used to pattern actual PLD devices. Pins on the generic
PLD symbol correspond to the ordered list of signal names appearing
in the equation file. The equation file defines the functionality; it is
specified by applying the attribute PLD=filename. EPLD implementa-
tion software reads the specified equation file when it encounters the
generic PLD symbol.

By default, the PIN1 input of the generic PLD symbol is the clock for
all registered outputs, unless otherwise specified by CLKF equations.

If a PLD symbol output is connected to an output buffer (OBUF or
OBUFEX1), any 3-state (TRST) control function specified for the
output controls the corresponding 170 pin of the chip. By default,
3-state control equations only control the 3-state drivers of connected
EPLD device pins; the signals received by any other on-chip logic and
feedback always remain enabled, unless you specify NODETRST or
you use an XC7272 device.

EPLD Device Limitations

In XC7272 designs, both SETF and TRST equations cannot be used for
the same output. Also, you can only specify one input variable (true
or complement) as a 3-state function; AND functions are not
supported in TRST equations. For XC7272, the only behavior avail-
able is NODETRST. Therefore, any 3-state output signals are
completely disabled by the 3-state (TRST) control equation, including
feedback within the PLD equation file.
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PL20V8

20V8-Compatible PLD Symbol for EPLD

PIN1 [ PL20V8 |PIN23
PIN2 | | PIN22
PINS | | PIN21
PIN4 | | PIN20
PINS | |PIN19
PING | |PIN18
PIN7 | |PIN17
PIN8 | |PIN16
PIN9 | |PIN15
PIN10] |PIN14
PIN11| | PIN13

PLD = X4202
3-390

XC2000 XC3000 XC4000 XC7000
N/A N/A N/A Primitive

The PL20V8 symbol represents a GAL20V8 PLD covering all 24-pin
medium PAL devices. Functionality is defined using the same
PALASM-compatible Boolean equation file or GAL20V8 JEDEC
programming file used to pattern an actual GAL or PAL device. Pins
on the PL20V8 symbol correspond to the ordered list of signal names
appearing in the equation file (or JEDEC file). You can specify the
equation file used to define the functionality by applying the attribute
PLD=filename. EPLD implementation software reads the specified
equation file when it encounters the PL20V8 symbol.

GAL20V8-Compatible Functionality

Generally, the PL20V8 produces up to eight output functions. You can
synchronize each output with a D-type flip-flop. Flip-flops are trig-
gered on the rising edge of the clock signal. By default, the PIN1
input is the clock for all registers. You can invert each output.

Each output has 3-state drive capability. If the output is connected to
an output buffer (OBUF or OBUFEX1), the corresponding 3-state 1/0
pin is controlled by the PL20V8 output-enable control input, PIN 13,
or a 3-state (TRST) control equation. By default, each output specified
by a non-registered equation is always enabled, and each registered
output is enabled when the PIN13 input is Low, which makes it
compatible with 24-pin medium PAL devices. Unused output pins
are always disabled to allow these pins to be reused as inputs. A
single product term can be used to control the output enable of each
output (pins 15 - 22) through the 3-state (TRST) control equation.

The defaults mentioned in the previous paragraphs override the
normal defaults for the Xilinx PLUSASM equation language when
PL20V8 is the specified PLD component type.
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GAL20V8 Exceptions

By default, the output enable controls of a PL20V8 control only the
3-state drivers of the EPLD device pins, not the signals received by
any other on-chip logic. For example, if a 3-state control equation is
specified and the corresponding output only connects to other
on-chip logic symbols, the 3-state equation has no effect. You can
override this default by using the PLUSASM NODETRST declaration
in your equation file. When NODETRST is specified, the output
signal is disabled by the 3-state control equation everywhere it occurs
in the design, including feedback within the PL20V8 equation file.

Extended Functionality

As an alternative to using the default clock, PIN1, you can take a
single product term from each registered output function and use it
as the clock source (logic-controlled clocking) by specifying a CLKF
control equation in your equation file.

You can synchronously set and/Zor reset each output register using
single product-term functions. You can take a single product term
from each output to control the register set or reset by specifying the
SETF or the RSTF control equation. The register is forced High or
Low while the set or reset product term is satisfied.

When the EPLD device is powered up or its Master Reset pin is acti-
vated, all registers in the device are initialized. You can select the
initial state of each PL20V8 output flip-flop using the PLUSASM
PRLD control equation. Polarity inversion is performed before the
D-input to the flip-flop, making the results of reset, set, and pre-
loading (power on or Master Reset) on the outputs independent of
selected polarity.

You can override the default 3-state control of registered outputs
through PIN 13 by specifying the control equation
output=TRST=VCC in the equation file for each output. Overriding
the default forces the output to always be enabled, allows PIN13 to be
used as an ordinary logic input, and allows the associated product
term to be used as part of the output logic-defining function.
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Pin Description

PINL1 is the default clock input. It triggers all registers on the Low-to-
High transition and can be driven by a FastCLK global net (BUFG
symbol). Only the PIN1 input can be driven by a FastCLK global net.
If it is driven by a FastCLK net, the signal cannot be used in any equa-
tions in the PLD. PINL1 can be used as a general-purpose logic input if
it is not driven by a FastCLK.

PIN2 - PIN11, PIN14, and PIN23 are general-purpose logic inputs.

PIN13 is the default active-Low output-enable control input for regis-
tered outputs. Outputs are enabled while pin 13 is Low. Pin 13 can
also be used as an ordinary logic input.

PIN15 - PIN22 are logic function outputs with optional 3-state
control. These pins can be used as ordinary logic inputs when no
corresponding output function is specified.

PIN12 and PIN24 are not shown on the PL20V8 symbol, because they
are the ground and VCC pins.

EPLD Device Limitations

In XC7272 designs, both SETF and TRST equations cannot be used for
the same output. Also, only one input variable (true or complement)
can be specified as a 3-state function; AND functions are not
supported in TRST equations. For XC7272, only the NODETRST
behavior is available. Therefore, any 3-state output signals are
completely disabled by the 3-state control equation (or pin 13 for
registered outputs), including feedback within the PL20V8 equation
file.
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22V10-Compatible PLD Symbol for EPLD

PL22V10
PIN1 | PL22V10 |PIN23
PIN2 | |PIN22
PINS | | PIN21
PIN4 | |PIN20
PINS | |PIN19
PING | |PIN18
PIN7 | |PIN17
PINS | lPIN16
PINO | |PIN15
PIN10| |PIN14
PIN11| |PIN13

PLD = X4203
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XC2000 XC3000 XC4000 XC7000
N/A N/A N/A Primitive

The PL22V10 symbol represents a PAL22V10 PLD. Functionality is
defined using the same PALASM-compatible Boolean equation file or
PAL22V10 JEDEC programming file used to pattern an actual
PAL22V10 device. The pins on the PL22V10 symbol correspond to the
ordered list of signal names appearing in the equation file (or JEDEC
file). Specify the equation file by applying the attribute PLD=filename.
EPLD implementation software reads the specified equation file
when it encounters the PL22V10 symbol.

PAL22V10-Compatible Functionality

Generally, the PL22V10 produces up to 10 output functions. You can
synchronize each output with a D-type flip-flop. Flip-flops are trig-
gered on the rising edge of the clock signal. By default, the PIN1
input is the clock for all registers.

Each output has 3-state drive capability. If the output is connected to
an output buffer (OBUF or OBUFEX1), the corresponding 3-state I1/0
pin is controlled by the PL22V10 output-enable (TRST) control equa-
tion. By default, each output equation is always enabled. Unused
PL22V10 output pins are always disabled, allowing the symbol pin to
be re-used as an input. You can use a single product term to control
the output enable of each output through the 3-state control equation.

You can implement global asynchronous reset by specifying a signal
name in the 25th pin position in the equation file and by applying a
RSTF control equation that is compatible with PALASM syntax for
the PAL22V10 architecture. Implementing global asynchronous reset
causes the EPLD implementation software to automatically replicate
the reset function on each of the outputs' reset product terms. All
registers are forced Low while the global asynchronous reset function
is satisfied.

Similarly, you can implement global synchronous preset by speci-
fying a signal name in the 25th pin position in the equation file and
by applying a SETF control equation. Implementing global synchro-
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nous preset causes the EPLD implementation software to automati-
cally replicate it into each of the registered output logic functions. All
registers are forced High synchronously with the clock, if the global
synchronous preset function is satisfied.

Individual output SETF and RSTF control equations are not
supported for PL22V10 equation files.

Each output can be inverted. EPLD software automatically emulates
PAL22V10 architecture by applying logic inversions to the Q-output
of the flip-flop. The results of asynchronous reset, synchronous
preset, and pre-loading (power-on) at the outputs are reversed as a
result of selecting active-Low output polarity.

The defaults mentioned in the previous paragraphs override the
normal defaults for the Xilinx PLUSASM equation language when
PL22V10 is the specified PLD component type.

PAL22V10 Exceptions

Output-enable controls, by default, only control EPLD device pin
3-state drivers, not signals received by any other on-chip logic. For
example, if you specify a 3-state control equation and the corre-
sponding output only connects to other on-chip logic symbols, the
3-state equation has no effect. You can override this default using the
PLUSASM NODETRST declaration in your equation file. When
NODETRST is specified, the output signal is disabled by the 3-state
control equation everywhere it occurs, including feedback within the
PL22V10 equation file.

Extended Functionality

As an alternative to using the default clock, PIN1, you can take a
single product term from each registered output function and use it
as the clock source (logic-controlled clocking) by specifying a CLKF
control equation in your equation file.
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When the EPLD device is powered up or its Master Reset pin is acti-
vated, all registers in the device are initialized. You can select the
initial state of each PL22V10 output flip-flop using the PLUSASM
PRLD control equation.

Pin Description

PIN1, the default clock input, triggers all registers on the Low-to-
High transition. It can be driven by a FastCLK global net (BUFG
symbol). Only the PIN1 input can be driven by a FastCLK global net.
If it is driven by a FastCLK net, the signal on PIN1 cannot be used in
any equations in the PLD. PIN1 can be used as a general-purpose
logic input if it is not driven by a FastCLK.

PIN2 - PIN11 and PIN13 are general-purpose logic inputs.

PIN14 — PIN23 are logic function outputs with optional 3-state
control. These pins can be used as ordinary logic inputs when no
corresponding output function is specified.

PIN12 and PIN24 are not shown on the PL22V10 symbol, because
they are the ground and VCC pins.

EPLD Device Limitations

In XC7272 designs, 3-state control equations cannot be used if an
asynchronous reset function is also specified. You can only specify
one input variable (true or complement) as a 3-state function; AND
functions are not supported in TRST equations. Only the NODETRST
behavior is available for XC7272. Therefore, any 3-state output
signals are completely disabled by the 3-state control equation,
including feedback within the PL22V10 equation file.
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PLFB9

EPLD High-Density Function Block PLD Symbol

c_ |
PINL |
PIN2 |
PINS |
PIN4 |
PINS |
PING |
PIN7 |
PINg |
PIN |
PIN10|
PIN11
PIN12|
PIN13]
PIN14|
PIN15|
PIN31/
PIN32|

PLFB9

|PIN19
|PIN18
|PIN17
|PIN16

X4206

PLD =

3-396

XC2000 XC3000 XC4000 XC7000

N/A N/A N/A Primitive*

* not supported for XC7336 designs

PLFB9 is a Xilinx-proprietary PLD configuration with all the logic
and macrocell resources available in a Xilinx EPLD High-Density
Function Block. Its features are a superset of various discrete PLD
products, including medium PAL devices and registered-asynchro-
nous devices, such as PAL20RA10.

Specify custom logic functions using the Xilinx PLUSASM Boolean
equation language in a syntax upwardly compatible with the popular
PALASM Boolean equation language. PLFB9 pins correspond to the
ordered list of signal names appearing in the equation file. The equa-
tion file used to define the functionality is specified by applying the
attribute PLD=filename. EPLD implementation software reads this
equation file when it encounters the PLFB9 symbol in the schematic.
(For equivalent logic of XC7272 macrocells, consult the device data
sheet.)
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Figure 3-184 PLFB9 Macrocell Equivalent Logic

You can generate up to nine output functions. Each output can be
synchronized (registered) by a D-type flip-flop. Flip-flops are trig-
gered on the Low-to-High transition of a clock signal. The PLFB9 has
two dedicated clock inputs, PIN31 and PIN32; each can only be
driven by a global FastCLK signal, represented by the BUFG symbol.
By default, PIN31 is the clock for all registers, unless otherwise speci-
fied by a CLKF control equation. You must specify signal names in
pin positions 31 and 32 in the equation file if the corresponding clock
input is used.

When the EPLD device is powered up or its Master Reset pin is acti-
vated, all registers in the device are initialized. You can select the
initial state of each output flip-flop using the PLUSASM PRLD
control equation.
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PLFB9 Inputs and Outputs

Each PLFB9 output has an available feedback path that feeds back
into the logic array. Therefore, output variables defined by PLUSASM
equations can be reused as inputs to the same or other equations for
state sequencing or cascaded logic. A total of 21 input channels feed
into the logic array in a high-density function block. The product
terms can use both true and complement of each input. These

21 input channels include any output feedback paths used by any of
the equations, as well as inputs applied to PLFB9. The software
automatically allocates one of the available logic array input channels
whenever an output is reused by any of the equations. The total
number of input variables used by all logic equations must therefore
not exceed 21, even though the PLFB9 symbol provides more external
connections.

PLFB9 has 30 generic I/0 pins (PIN1 - PIN30) so that all logic array
input channels and output functions are accessible when no output
feedbacks are used. You can attach the incoming or outgoing signals
to any of the symbol pins. Pin direction is determined according to
usage. Unused symbol pins must be left unconnected and their corre-
sponding positions in the equation file pin list must indicate NC (not
connected).

If a PLFB9 symbol output is connected to an output buffer (OBUF or
OBUFEX1), any 3-state (TRST) control function specified for the
output controls the corresponding 1/0 pin of the chip. By default,
3-state control equations in the PLD only control 3-state drivers of
connected EPLD device pins; the signals received by any other on-
chip logic and feedback always remain enabled unless you specify
NODETRST or you use an XC7272 device.

EPLD Device Limitations

In XC7272 designs, you cannot use both SETF and TRST equations for
the same output. You can specify only one input variable (true or
complement) as a 3-state function; AND functions are not supported
in TRST equations. Only the NODETRST behavior is available in
XC7272. Therefore, any 3-state output signals are completely disabled
by the 3-state control equation, including feedback within the PLD
equation file.
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Arithmetic Carry

You can specify arithmetic functions across a set of adjacent outputs.
The ADD (or ADDMODE) extension in PLUSASM enables the arith-
metic carry path between macrocells to build efficient, high-speed,
ripple-carry adders, subtracters, magnitude comparators, and accu-
mulators. The output order is defined by the equation file pin list;
output variables are listed from least- to most-significant bits.

Cl and CO pins represent arithmetic carry paths into and out of the
function block. CI represents the carry-in of the first macrocell. CO
represents the carry-out from the ninth macrocell, and therefore is
only valid if an arithmetic output function is specified in the equation
file for the ninth macrocell. The Cl input is from the EPLD carry chain
and must only be connected to the CO output of another PLFB9 or
EPLD-specific arithmetic component. The CO output passes into the
EPLD carry chain and can only be connected to the CI input of
another PLFB9 or EPLD-specific arithmetic component.

Pin Descriptions

PIN1 - PIN30 are generic I/0 pins. Each pin can be used as one of the
21 high-density function block (HDFB) logic array inputs or nine
function outputs.

PIN31 and PIN32 are clock inputs that trigger registers on Low-to-
High transitions. They must be driven by a FastCLK buffer (BUFG)
and cannot be used in any logic equations.

Cl is the arithmetic carry-in to the first macrocell of the function
block; it can only be driven by the CO from another arithmetic
component or PLFB9.

CO is the arithmetic carry-out from the ninth macrocell of the func-
tion block; it can only drive a Cl input of another arithmetic compo-
nent or PLFB9.

Libraries Guide 3-399



Libraries Guide

PLFFB9

EPLD Fast Function Block PLD Symbol

';'I% PLAFE . XC2000 XC3000 XC4000 XC7000
iy . N/A N/A N/A Primitive*
IN4 | | PIN30
PINS | [PIN29 » ot supported for XC7236 or XC7272 designs
PING | | PIN28
PIN7 | P27 Pl FFB9 is a Xilinx-proprietary PLD configuration with the all logic
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PIN11 PIN23 H H H H
o] (e Boolean equation Iangque in a syntax u_pwardly compatible with the
PINI3] lrnzi PALASM Boolean equation language. Pins on a PLFFB9 symbol
PINL4| ienzo  correspond to the ordered list of signal names appearing in the equa-
E:ﬁ ﬁiz tion file. Specify the equation file used to define the functionality by
lenaz  applying the attribute PLD=filename to the PLFFB9 instance in the
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PLb= of XC7336 macrocells, consult the device data sheet.)
AND Array
24 Array Inputs
from any of 12
33 1/0 Pins
(Including up to = Sum-of-Products
12 Fastinputs) IS from

and 9 Macrocell
Feedbacks

3-400

Macrocell Output

( ] Previous
Macrocell CLK1 CLK2
5 1 of 9 Macrocells

5 Private
P-Terms per
N
N D
FJ—I> -
SETF — )
- 1/

Macrocell
Q
S
_|:| ): @ Register

PiTerm Transparent

Assignment Control
Control

Sum-of-Products
to X3595
Next Macrocell

Figure 3-185 PLFFB9 Macrocell Equivalent Logic

Xilinx Development System



Design Elements

Libraries Guide

You can generate up to nine output functions. Each output can be
synchronized (registered) by a D-type flip-flop. Flip-flops are trig-
gered on the Low-to-High transition of a clock signal. PLFFB9 has
two dedicated clock inputs, PIN34 and PIN35; each can only be
driven by a global FastCLK signal (represented by the BUFG
symbol). By default, PIN34 is the clock for all registers, unless other-
wise specified by a CLKF control equation. Signal names must be
specified in pin positions 34 and 35 in the equation file if the corre-
sponding clock input is used.

PLFFB9 Inputs and Outputs

Each output has an available feedback path that feeds back into the
logic array. Output variables defined by PLUSASM equations can be
reused as inputs to the same or other equations for state sequencing
or cascaded logic. A total of 24 input channels are available to feed
into the logic array in a Fast Function Block. Both true and comple-
ment of each input can be used by the product terms. These 24 input
channels include any output feedback paths used by any of the equa-
tions, as well as inputs applied to a PLFFB9 symbol. The software
automatically allocates one of the available logic array input channels
whenever an output re-uses any of the equations. The total number
of input variables used by all logic equations must not exceed 24,
even though more external connections are provided.

There are 33 generic I/0 pins (PIN1 - PIN33) so that all logic array
input channels and output functions are accessible when no output
feedbacks are used. Any of the symbol pins can be used to attach the
incoming or outgoing signals. Pin direction is determined according
to usage. Unused symbol pins must be left unconnected and their
corresponding positions in the equation file pin list must indicate NC
(not connected).

Pin Descriptions

PIN1-PIN33 are generic I/0 pins. Each pin can be used as one of the
24 Fast Function Block logic array inputs or nine function outputs.

PIN34 and PIN35 are clock inputs that trigger registers on Low-to-
High transitions. They must be driven by a FastCLK buffer (BUFG)
and cannot be used in any logic equations.
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PULLDOWN
Resistor to GND for Input Pads
XC2000 XC3000 XC4000 XC7000
N/A N/A Primitive N/A

PULLDOWN resistor elements are available in each XC4000
— Input/Output Block (IOB). They are connected to input, output, or
bidirectional pads to guarantee a logic Low level for nodes that might

X3860 float.
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PULLUP

Resistor to V ¢ for Input PADs, Open-Drain, and
3-State Outputs

XC2000 XC3000 XC4000 XC7000
N/A Primitive Primitive Primitive

PULLUP resistor elements are available in each XC3000 and XC4000
Input/Output Block (I0B). XC3000 10Bs only use PULLUP resistors

X3861 on input pads. XC4000 IOBs connect PULLUP resistors to input,
output, or bidirectional pads to guarantee a logic High level for
nodes that might float.

The pull-up elements also establish a High logic level for open-drain
elements and macros (DECODE, WAND, WORAND) or 3-state
nodes (TBUF) when all the drivers are off.

The buffer outputs are connected together as a wired-AND to form
the output (O). When all the inputs are High, the output is off. To
establish an output High level, a PULLUP resistor(s) is tied to output
(O). One PULLUP resistor uses the least power, two pull-up resistors
achieve the fastest Low-to-High speed.

To indicate two PULLUP resistors, append a DOUBLE parameter to
the pull-up symbol attached to the output (O) node. Refer to the
appropriate CAE tool interface user guide for details.

The PULLUP element is ignored in XC7000 designs. PULLUP is only
supported for compatibility with FPGA designs. Internal 3-state
nodes (from BUFE or BUFT) in EPLD designs are always pulled up
when not driven.
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RAM16X1

16-Deep by 1-Wide Static RAM

BR*ERFS

RAM16X1 o)

3-404

X4124

XC2000 XC3000 XC4000 XC7000

N/A N/A Primitive* N/A
* Not supported for XC4010D designs

RAM16X1 is a 16-word by 1-bit static read-write random-access
memory. When the write enable (WE) is High, the data on the data
input (D) is loaded into the word selected by the 4-bit address

(A3 - A0). The data output (O) reflects the selected (addressed) word,
whether WE is High or Low. When WE is Low, the RAM content is
unaffected by address or input data transitions. Address inputs must
be stable before the High-to-Low WE transition for predictable
performance.

RAM16X1 cannot be initialized during configuration, only after
configuration. Mode selection is shown in the following truth table.

Inputs Outputs

WE(mode) D @)
O(read) X data
1(write) D data

data = word addressed by bits A3 - A0
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RAM16X2

Do |
D1 |
WE |
A |
AL |
A2 |
A3 |

Libraries Guide

16-Deep by 2-Wide Static RAM

RAM16X2

X4128

XC2000 XC3000 XC4000 XC7000

N/A N/A Macro* N/A

* Not supported for XC4010D designs

RAM16X2 is a 16-word by 2-bit static read-write random-access
memory. When the write enable (WE) is High, the data on data inputs
(D1 - DO0) is loaded into the word selected by the 4-bit address

(A3 - A0). The data outputs (O1 — OO0) reflect the selected (addressed)
word, whether WE is High or Low. When WE is Low, the RAM
content is unaffected by address or data input transitions. Address
inputs must be stable before the High-to-Low WE transition for
predictable performance.

RAM16X2 cannot be initialized during configuration, only after
configuration. Mode selection is shown in the following truth table.

Inputs Outputs

WE(mode) D1-DO0 01-00
O(read) X data
1(write) D1-D0 data

data = word addressed by bits A3 - A0
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RAM16X4

DO |
D1 |
D2 |
D3 |
WE |
A0 |
Al |
A2 |
A3 |

16-Deep by 4-Wide Static Ram

RAM16X4

3-406

X4135

| 00
| o1
| 02
| 03

XC2000 XC3000 XC4000 XC7000

N/A N/A Macro* N/A
* Not supported for XC4010D designs

RAM16X4 is a 16-word by 4-bit static read-write random-access
memory. When the write enable (WE) is High, the data on data inputs
(D3 - DO0) is loaded into the word selected by the 4-bit address

(A3 - A0). The data outputs (O3 — O0) reflect the selected (addressed)
word, whether WE is High or Low. When WE is Low, the RAM
content is unaffected by address or data input transitions. Address
inputs must be stable before the High-to-Low WE transition for
predictable performance.

RAM16X4 cannot be initialized during configuration, only after
configuration. Mode selection is shown in the following truth table.

Inputs Outputs

WE(mode) D3 -DO0 03-00
O(read) X data
1(write) D3-D0 data

data = word addressed by bits A3 - A0
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RAM16X8
16-Deep by 8-Wide Static RAM

D[7:0]
|
WE
A0 |
AL |
A2 |
A3 |

RAM16X8 |Q[7:0]
p—

X4142

Libraries Guide

XC2000 XC3000 XC4000 XC7000

N/A N/A Macro* N/A

* Not supported for XC4010D designs

RAM16X8 is a 16-word by 8-bit static read-write random-access
memory. When the write enable (WE) is High, the data on data inputs
(D7 - DO0) is loaded into the word selected by the 4-bit address

(A3 - A0). The data outputs (O7 — OO0) reflect the selected (addressed)
word, whether WE is High or Low. When WE is Low, the RAM
content is unaffected by address or data input transitions. Address
inputs must be stable before the High-to-Low WE transition for
predictable performance.

RAM16X8 cannot be initialized during configuration, only after
configuration. Mode selection is shown in the following truth table.

Inputs Outputs

WE(mode) D7 - DO 07 -00
O(read) X data
1(write) D7-D0 data

data = word addressed by bits A3 - A0
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or7:0]
RAM16X1 RAM16X1
DO D o) 00 D4 D o o4
WE WE
AO AO
AL Al
A2 A2
—1a3 o, — a3,
RAM16X1 RAM16X1
b1 5 o o1 D5 5 o 05
WE WE
A0 A0
Al Al
A2 A2
A3 o1 —1A3 o5
RAM16X1 RAM16X1
D2 T o 02 D6 S 06
WE WE
AO AO
AL Al
A2 A2
A3 o A3 op
RAM16X1 RAM16X1
D3 D [6) 03 D7 D [6) o7
WE WE
AO A0
Al Al
A2 A2
A3 o3 —1A3 o7
D[7:0]
—
a NE
=20
AL
A2
BA3

Figure 3-186 RAM16X8 XC4000 Implementation
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RAM32X1

32-Deep by 1-Wide Static RAM

WE |
A0 |
Al |
A2 |
A3 |
A4 |

RAM32X1 o

X4125

Libraries Guide

XC2000 XC3000 XC4000 XC7000

N/A N/A Primitive* N/A

* Not supported for XC4010D designs

RAM32X1 is a 32-word by 1-bit static read-write random-access
memory. When the write enable (WE) is High, the data on the data
input (D) is loaded into the word selected by the 5-bit address

(A4 - AD). The data output (O) reflects the selected (addressed) word,
whether WE is High or Low. When WE is Low, the RAM content is
unaffected by address or input data transitions. Address inputs must
be stable before the High-to-Low WE transition for predictable
performance.

RAM32X1 cannot be initialized during configuration, only after
configuration. Mode selection is shown in the following truth table.

Inputs Outputs

WE(mode) D 0]
O(read) X data
1(write) D data

data = word addressed by bits A4 — A0
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RAM32X2

DO |
D1 |
WE |
A0 |
Al |
A2 |
A3 |
A4 |

32-Deep by 2-Wide Static RAM

RAM32X2

3-410

X4129

XC2000 XC3000 XC4000 XC7000

N/A N/A Macro* N/A
* Not supported for XC4010D designs

RAM32X2 is a 32-word by 2-bit static read-write random-access
memory. When the write enable (WE) is High, the data on the data
inputs (D1 - DO) is loaded into the word selected by the address bits
(A4 - A0). The data outputs (O1 — O0) reflect the selected (addressed)
word, whether WE is High or Low. When WE is Low, the RAM
content is unaffected by address or input data transitions. Address
inputs must be stable before the High-to- Low WE transition for
predictable performance.

RAM32X2 cannot be initialized during configuration, only after
configuration. Mode selection is shown in the following truth table.

Inputs Outputs

WE(mode) D1 -DO0 01-00
O(read) X data
1(write) D1-D0 data

data = word addressed by bits A4 — A0
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RAM32X4

DO |
D1 |
D2 |
D3 |
WE |
A0 |
AL |
A2 |
A3 |
A4 |

32-Deep by 4-Wide Static RAM

RAM32X4

X4136
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| 00
| o1
| 02
| o3

XC2000 XC3000 XC4000 XC7000

N/A N/A Macro* N/A
* Not supported for XC4010D designs

RAM32X4 is a 32-word by 4-bit static read-write random-access
memory. When the write enable (WE) is High, the data on the data
inputs (D3 - DO) is loaded into the word selected by the address bits
(A4 - A0). The data outputs (O3 — OO0) reflect the selected (addressed)
word, whether WE is High or Low. When WE is Low, the RAM
content is unaffected by address or input data transitions. Address
inputs must be stable before the High-to- Low WE transition for
predictable performance.

RAM32X4 cannot be initialized during configuration, only after
configuration. Mode selection is shown in the following truth table.

Inputs Outputs

WE(mode) D3 -DO0 03-00
O(read) X data
1(write) D3-D0 data

data = word addressed by bits A4 — A0
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RAM32X8

32-Deep by 8-Wide Static RAM

D[7-0]
WE
A0
AL

A3
Ad |

RAM32X8  |Q[7-0]
—

3-412

X4143

XC2000 XC3000 XC4000 XC7000

N/A N/A Macro* N/A
* Not supported for XC4010D designs

RAM32X8 is a 32-word by 8-bit static read-write random-access
memory. When the write enable (WE) is High, the data on the data
inputs (D7 — DO) is loaded into the word selected by the address bits
(A4 - A0). The data outputs (O7 — O0) reflect the selected (addressed)
word, whether WE is High or Low. When WE is Low, the RAM
content is unaffected by address or input data transitions. The
address inputs must be stable before the High-to- Low WE transition
for predictable performance.

RAM32X8 cannot be initialized during configuration, only after
configuration. Mode selection is shown in the following truth table.

Inputs Outputs

WE(mode) D7 - DO 07 -00
O(read) X data
1(write) D7-D0 data

data = word addressed by bits A4 — A0
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0[7:0]
RAM32X1 RAM32X1
DO D o o0 D4 D ° 04
WE WE
A0 A0
Al Al
A2 A2
A3 A3
— A4 oq — A4 o4
RAM32X1 RAM32X1
D1 b o o1 D5 > o 05
WE WE
A0 A0
Al Al
A2 A2
A3 A3
— A4 o1 A4 05
RAM32X1 RAM32X1
D2 b o 02 D6 > o 06
WE WE
A0 A0
Al Al
A2 A2
A3 A3
o— A4 02 p A4 06
RAM32X1 RAM32X1
D3 D o 03 D7 5 o o7
WE WE
A0 A0
Al Al
A2 A2
A3 A3
— A4 o3 — A4 o7
D[7:0]
A0
®AL
A2
= A3
o Ad
Figure 3-187 RAM32X8 XC4000 Implementation
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READBACK

FPGA Bitstream Readback Controller

CLK| READBACK [DATA
TRIG RIP

X3918

3-414

XC2000 XC3000 XC4000 XC7000
N/A N/A Macro N/A

The READBACK macro accesses the bitstream readback function. A
Low-to-High transition on the TRIG input initiates the readback
process. The readback data appears on the DATA output. The RIP
(readback-in-progress) output remains High during the readback
process. If you use the ReadAbort:Enable option in MakeBits, a High-
to-Low transition on the TRIG input aborts the process. The signal on
the CLK input clocks out the readback data; if no signal is connected
to the CLK input, the internal CCLK is used. Set the ReadClk option
in MakeBits to indicate the readback clock source.

Typically, READBACK inputs are sourced by device-external input
pins and outputs drive device-external output pins. If you want
external input and output pins, connect READBACK pins through
IBUFs or OBUFs to pads, as with any 1/0 device. However, you can
connect READBACK pins to device-internal logic instead. For details
on the readback process, refer to the application note “Using the
XC4000 Readback Capability” in The Programmable Logic Data Book.

RDCLK
@ CLK |
RDBK
@ IRIG TRIG DATA DATA
RIP RIP o

Figure 3-188 READBACK XC4000 Implementation
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ROM16X1

A0 |
Al |
A2 |
A3 |

16-Deep by 1-Wide ROM

ROM16X1

| O

X4137
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XC2000 XC3000 XC4000 XC7000

N/A N/A Primitive* N/A
* Not supported for XC4010D designs

ROM16X1 is a 16-word by 1-bit read-only memory. The data output
(O) reflects the word selected by the 4-bit address (A3 — A0). The
ROM is initialized to a known value during configuration with the
INIT=value parameter. The value consists of four hexadecimal digits
that are written into the ROM from the most-significant digit A=FH
to the least-significant digit A=0H. For example, the INIT=10A7
parameter produces the data stream

0001 0000 1010 0111

An error occurs if the INIT=value is not specified. Refer to the appro-
priate CAE tool interface user guide for details.
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ROM32X1

32-Deep by 1-Wide ROM

AO |
Al |
A2 |
A3 |
A4 |

ROM32X1

| ©

3-416

X4130

XC2000 XC3000 XC4000 XC7000

N/A N/A Primitive* N/A
* Not supported for XC4010D designs

ROM32X1 is a 32-word by 1-bit read-only memory. The data output
(O) reflects the word selected by the 5-bit address (A4 — A0). The
ROM is initialized to a known value during configuration with the
INIT=value parameter. The value consists of eight hexadecimal digits
that are written into the ROM from the most-significant digit A=1FH
to the least-significant digit A=00H. For example, the INIT=10A78F39
parameter produces the data stream

0001 0000 1010 0111 1000 1111 0011 1001

An error occurs if the INIT=value is not specified. Refer to the appro-
priate CAE tool interface user guide for details.
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SOP
Sum Of Products
Name XC2000 XC3000 XC4000 XC7000
SOP3 - SOP3B3 Macro Macro Macro Primitive
SOP4 - SOP4B4 Macro Macro Macro Primitive

D 28

SOP3

e 2

SOP3B1A

D 28

SOP3B1B

Libraries Guide

Sum Of Products macros and primitives provide common logic func-
tions by OR gating the outputs of two AND functions or the output
of one AND function with one direct input. Variations of inverting
and non-inverting inputs are available.

SOP3B2A %
Z SOP4 SOP4B2B
SOP3B28B %D7
SOP4B1
SOP4B3
SOP3B3 %D7

SOP4B2A

A

SOP4B4

Figure 3-189 SOP Gate Representations
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SR4ACE

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

SLI

o0
m

SR4CE

Rlerlk

CLR

3-418

X4145

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

SR4CE is a 4-bit shift register with a shift-left serial input (SLI),
parallel outputs (Q3 — QO0), and clock enable (CE) and asynchronous
clear (CLR) inputs. The CLR input, when High, overrides all other
inputs and resets the data outputs (Q3 — Q0) Low. When CE is High
and CLR is Low, the data on the SLI input is loaded into the first bit of
the shift register during the Low-to-High clock (C) transition and
appears on the QO output. During subsequent Low-to-High clock
transitions, when CE is High and CLR is Low, data is shifted to the
next highest bit position as new data is loaded into QO (SLIO QO,
Q00 Q1, Q1O Q2, and so forth). The register ignores clock transitions
when CE is Low.

Registers can be cascaded by connecting the Q3 output of one stage to
the SLI input of the next stage and connecting clock, CE, and CLR in
parallel.

The register is asynchronously reset, outputs Low, when power is
applied or when Global Reset (XC2000, XC3000) or Global Set/Reset
(XC4000) is active. GR is active-Low; the GSR active level is program-
mable.

Inputs Outputs
CLR CE SLI C Q0 Q3-0Q1
1 X X X 0 0
0 0 X X ---No Change---
0 1 1 1 1 agn-1
0 1 0 ) 0 gn-1

gn-1 = state of referenced output one set-up time prior to active clock transition
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SRACLE

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

S|
DO |
D1 |
D2 |
D3 |

SRACLE

R
m

2kklele

CLR

X4147

XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

SRACLE is a 4-bit shift register with a shift-left serial input (SLI),
parallel inputs (D3 — DO0), parallel outputs (Q3 — QO0), and three
control inputs — clock enable (CE), load enable (L), and asynchronous
clear (CLR).The register ignores clock transitions when L and CE are
Low. The asynchronous CLR, when High, overrides all other inputs
and resets the data outputs (Q3 — Q0) Low. When L is High and CLR
is Low, data on the D3 — DO inputs is loaded into the corresponding
Q3 - QO bits of the register. When CE is High and L and CLR are Low,
data on the SLI input is loaded into the first bit of the shift register
during the Low-to-High clock (C) transition and appears on the Q0
output. During subsequent clock transitions, when CE is High and L
and CLR are Low, the data is shifted to the next highest bit position as
new data is loaded into QO (SLIO Q0, Q0O Q1, Q100 Q2, and so forth).

Registers can be cascaded by connecting the Q3 output of one stage
to the SLI input of the next stage and connecting clock, CE, L, and
CLR inputs in parallel.

The register is asynchronously reset, outputs Low, when power is
applied or when Global Reset (XC2000, XC3000) or Global Set/Reset
(XC4000) is active. GR is active-Low; the GSR active level is program-
mable.

Inputs Outputs

CLR

CE D3 -DO0 Qo0 Q3-0Q1

X X 0 0

D3-D0 do dn

SLI X SLI gn-1

oO|Oo|O|F

olo|r | X| ™

Ok | X | X
X
x|-|- || O

X X

--No Change--

Libraries Guide

dn or gn-1 = state of referenced input or output one set-up time prior to active
clock transition
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SR4CLED

4-Bit Shift Register with Clock Enable and
Asynchronous Clear

SL|
DO |
D1 |
D2 |
D3 |
SRI|

LEFT|

SR4CLED

X4149

skl

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

SR4CLED is a 4-bit shift register with shift-left (SLI) and shift-right
(SRI) serial inputs, four parallel inputs (D3 — D0), and four control
inputs — clock enable (CE), load enable (L), shift left/right (LEFT),
and asynchronous clear (CLR). The register ignores clock transitions
when CE and L are Low. The asynchronous clear, when High, over-
rides all other inputs and resets the data outputs (Q3 — Q0) Low.
When L is High and CLR is Low, the data on the D3 — DO inputs is
loaded into the corresponding Q3 — QO bits of the register. When CE
is High and L and CLR are Low, data is shifted right or left,
depending on the state of the LEFT input. If LEFT is High, data on the
SLI is loaded into Q0 during the Low-to-High clock transition and
shifted left (to Q1, Q2, and so forth) during subsequent clock transi-
tions. If LEFT is Low, data on the SRI is loaded into Q3 during the
Low-to-High clock transition and shifted right (to Q2, Q1, and so
forth) during subsequent clock transitions. The truth table indicates
the state of the Q3 — QO outputs under all input conditions.

The register is asynchronously reset, outputs Low, when power is
applied, or when Global Reset (XC2000, XC3000) or Global Set/Reset
(XC4000) is active. GR is active-Low; the GSR active level is program-
mable.

Inputs Outputs

CLR

CE

LEFT | SLI | SRI |D3-DO Q0 | Q3 |Q2-0Q1

X X X X 0 0

x

X D3-D0 do d3 dn

X X

x| X

SLI X

oO|Oo|O0|Oo|F

olo|o|—|X]| ™

RO X|X

o

O | X| X

X | SRI X ql | SRI | qgn+l

3-420

dn, gn-1 or gn+1 = state of referenced input one set-up time prior to active clock
transition
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SR4RE

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

SLI SR4RE

i
m

R X4144

Libraries Guide

XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

skl

SR4RE is a 4-bit shift register with shift-left serial input (SLI), parallel
outputs (Q3 — Q0), clock enable (CE), and synchronous reset (R)
inputs. The R input, when High, overrides all other inputs and resets
the data outputs (Q3 — Q0) Low. When CE is High and R is Low, the
data on the SLI is loaded into the first bit of the shift register during
the Low-to-High clock (C) transition and appears on the QO output.
During subsequent Low-to-High clock transitions, when CE is High
and R is Low, data is shifted to the next highest bit position as new
data is loaded into QO (SLIO Q0, Q00 Q1, Q10 Q2, and so forth). The
register ignores clock transitions when CE is Low.

Registers can be cascaded by connecting the Q3 output of one stage
to the SLI input of the next stage and connecting clock, CE, and R in
parallel.

The register is asynchronously reset, outputs Low, when power is
applied or when Global Reset (XC2000, XC3000) or Global Set/Reset
(XC4000) is active. GR is active-Low; the GSR active level is program-
mable.

Inputs Outputs
R CE SLI C Q0 Q3-0Q1
1 X X 1 0 0
0 0 X X ---No Change---
0 1 1 1 1 gn-1
0 1 0 1 0 gn-1

gn-1 = state of referenced output one set-up time prior to active clock transition
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SR4RLE

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

% SRARLE 0 XC2000 XC3000 XC4000 XC7000
% % Macro Macro Macro Primitive
D3 | | Q3 SRARLE is a 4-bit shift register with shift-left serial input (SLI),

four parallel inputs (D3 — D0), four parallel outputs (Q3 — Q0), and
three control inputs — clock enable (CE), load enable (L), and synchro-

‘ [l

CcE| nous reset (R). The register ignores clock transitions when L and CE

c | are Low. The synchronous R, when High, overrides all other inputs
and resets the data outputs (Q3 — Q0) Low. When L is High and R is

R | e Low, data on the D3 — DO inputs is loaded into the corresponding

Q3 - QO bits of the register. When CE is High and L and R are Low,
data on the SLI input is loaded into the first bit of the shift register
during the Low-to-High clock (C) transition and appears on the Q0
output. During subsequent clock transitions, when CE is High and L
and R are Low, the data is shifted to the next highest bit position as
new data is loaded into QO (SLIO Q0, Q0O Q1, Q10 Q2, and so forth).

Registers can be cascaded by connecting the Q3 output of one stage to
the SLI input of the next stage and connecting clock, CE, L, and R
inputs in parallel.

The register is asynchronously reset, outputs Low, when power is
applied or when Global Reset (XC2000, XC3000) or Global Set/Reset
(XC4000) is active. GR is active-Low; the GSR active level is program-

mable.
Inputs Outputs
R L CE SLI D3 -DO0 C Q0 Q3-0Q1
1 X X X X 1 0 0
0 1 X X D3 -D0 1 do dn
0 0 1 SLI X 1 SLI gn-1
0 0 0 X X X --No Change--

dn or gn-1 = state of referenced input one set-up time prior to active clock
transition
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SR4RLED

4-Bit Shift Register with Clock Enable and
Synchronous Reset

SL |
DO |
D1 |
D2 |
D3 |
SRI|

LEFT
CE

SR4RLED

X4148

koo

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

SR4ARLED is a 4-bit shift register with shift-left (SLI) and shift-right
(SRI) serial inputs, four parallel inputs (D3 — DO0), and four control
inputs — clock enable (CE), load enable (L), shift left/right (LEFT),
and synchronous reset (R). The register ignores clock transitions
when CE and L are Low. The synchronous R, when High, overrides
all other inputs and resets the data outputs (Q3 — Q0) Low. When L is
High and R is Low, the data on the D3 — DO inputs is loaded into the
corresponding Q3 — QO bits of the register. When CE is High and L
and R are Low, data is shifted right or left, depending on the state of
the LEFT input. If LEFT is High, data on SL1 is loaded into Q0 during
the Low-to-High clock transition and shifted left (to Q1, Q2, and so
forth) during subsequent clock transitions. If LEFT is Low, data on
the SRI is loaded into Q3 during the Low-to-High clock transition
and shifted right (to Q2, Q1, and so forth) during subsequent clock
transitions. The truth table indicates the state of the Q3 — QO outputs
under all input conditions.

The register is asynchronously reset, outputs Low, when power is
applied or when Global Reset (XC2000, XC3000) or Global Set/Reset
(XC4000) is active. GR is active-Low; the GSR active level is program-
mable.

Inputs Outputs

LEFT | SLI | SRI |D3-DO0 Q3 |Q2-0Q1

(@]
Q
o

X X X X 0 0 0

X D3-D0 do d3 dn

>

X X | X | -—NoChange----

x| X

SLI X SLI g2 qn-1

o|o|o|o(] O

o|lo|o|r | X]| ™

RO XX

o~ | XX
—>—>><—>—>
pa
o
O
0
QD
>
«Q
D

X | SRI X ql | SRI | gn+l
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dn, gn-1 or gn+1 = state of referenced input one set-up time prior to active clock
transition
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SR8CE

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

St SwecE L XC2000 XC3000 XC4000 XC7000
i Macro Macro Macro Primitive
o e SR8CE is an 8-bit shift-left serial input (SLI), parallel output (Q7 — Q0)

shift register with clock enable (CE) and asynchronous clear (CLR)
inputs. The CLR input, when High, overrides all other inputs and
resets the data outputs (Q7 — Q0) Low. When CE is High and CLR is
Low, the data on the SLI is loaded into the first bit of the shift register
during the Low-to-High clock (C) transition and appears on the Q0
output. During subsequent Low-to-High clock transitions, when CE
is High and CLR is Low, data is shifted to the next highest bit position
as new data is loaded into QO (SLIO QO0, Q0 Q1, Q10 Q2, and so
forth). The register ignores clock transitions when CE is Low.

Registers can be cascaded by connecting the Q7 output of one stage to
the SLI input of the next stage and connecting clock, CE, and CLR in
parallel.

The register is asynchronously reset, outputs Low, when power is
applied or when Global Reset (XC2000, XC3000) or Global Set/Reset
(XC4000) is active. GR is active-Low; the GSR active level is program-

mable.
Inputs Outputs
CLR CE SLI C Q0 Q7-0Q1
1 X X X 0 0
0 0 X X --No Change---
0 1 1 1 1 agn-1
0 1 0 ) 0 gn-1

gn-1 = state of referenced output one set-up time prior to active clock transition
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Figure 3-190 SR8CE XC2000/3000/4000 Implementation
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SR8CLE

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

SLU |
D[7:0]
_—

SR8CLE

‘ -

[eN[e}
m

Q7:0]
]

CLR

X4153

XC2000
Macro

XC3000
Macro

XC4000
Macro

XC7000
Primitive
SR8CLE is an 8-bit shift register with a shift-left serial input (SLI),
parallel inputs (D7 — D0), parallel outputs (Q7 — QO0), and three
control inputs — clock enable (CE), load enable (L) and asynchronous
clear (CLR). The register ignores clock transitions when L and CE are
Low. The asynchronous CLR, when High, overrides all other inputs
and resets the data outputs (Q7 — Q0) Low. When L is High and CLR
is Low, data on the D7 — DO inputs is loaded into the corresponding
Q7 - QO bits of the register. When CE is High and L and CLR are Low,
data on the SLI input is loaded into the first bit of the shift register
during the Low-to-High clock (C) transition and appears on the Q0
output. During subsequent clock transitions, when CE is High and L
and CLR are Low, the data is shifted to the next highest bit position as
new data is loaded into QO (SLIO Q0, Q0O Q1, Q10 Q2, and so forth).

Registers can be cascaded by connecting the Q7 output of one stage to
the SLI input of the next stage and connecting clock, CE, L, and CLR
inputs in parallel.

The register is asynchronously reset, outputs Low, when power is
applied or when Global Reset (XC2000, XC3000) or Global Set/Reset
(XC4000) is active. GR is active-Low; the GSR active level is program-
mable.

Inputs Outputs

CLR

CE D7 - DO Q0 |Q7-0Q1

X X 0 0

D7 -D0 do dn

SLI X SLI qn-1

O|O|O|(F

olo|r|X| ™

O | X |[X
X

X X --No Change--
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dn or gn-1 = state of referenced input one set-up time prior to active clock
transition
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Figure 3-191 SR8CLE XC2000/3000/4000 Implementation
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SR8CLED

8-Bit Shift Register with Clock Enable and
Asynchronous Clear

SLI| SR8CLED
DI70] XC2000 XC3000 XC4000 XC7000
B Qo] Macro Macro Macro Primitive
LEL; SR8CLED is an 8-bit shift register with shift-left (SLI) and shift-right
cE | (SRI) serial inputs, parallel inputs (D7 — D0), and four control inputs —
o clock enable (CE), load enable (L), shift left/right (LEFT), and asyn-

chronous clear (CLR). The register ignores clock transitions when CE
and L are Low. The asynchronous CLR, when High, overrides all
other inputs and resets the data outputs (Q7 — Q0) Low. When L is
High and CLR is Low, data on the D7 — DO inputs is loaded into the
corresponding Q7 — QO bits of the register. When CE is High and L
and CLR are Low, data is shifted right or left depending on the state
of the LEFT input. If LEFT is High, data on the SL1I is loaded into QO
during the Low-to-High clock transition and shifted left (to Q1, Q2,
and so forth) during subsequent clock transitions. If LEFT is Low,
data on the SRI is loaded into Q7 during the Low-to-High clock tran-
sition and shifted right (to Q6, Q5, and so forth) during subsequent
clock transitions. The truth table indicates the state of the Q7 — Q0
outputs under all input conditions.

CLR X4155

The register is asynchronously reset, outputs Low, when power is
applied or when Global Reset (XC2000, XC3000) or Global Set/Reset
(XC4000) is active. GR is active-Low; the GSR active level is program-

mable.
Inputs Outputs
CLR L CE |LEFT | SLI | SRI |D7-D0 | C QO Q7 |Q6-Q1
1 X X X X X X X 0 0 0
0 1 X X X X D7-DO0 1 do d7 dn
0 0 0 X X X X X | - No Change-----
0 0 1 1 SLI X X ) SLI g6 gn-1
0 0 1 0 X SRI X ) ql SRI gn+1

dn, gn-1 or gn+1 = state of referenced input one set-up time prior to active clock
transition

3-428 Xilinx Development System



Design Elements

»CE s~ L ORCE
Ol\i%_l M2_1 FDCE o7
2 St DO, O MDLO 02 o IMDRO[5— o Q0 :
DO D1| S0 TvbRO CE
¢——9"TwvpLo Celr
T Q0
M2_1 oM2_1 FDCE
o DOr OMDLL g(l)i\' o | | [MDR1 > o Q1L
4 SO TMDR1|
p so:r’MDLl P MDR Corn
™ o1
M2 1 oM2_1 FDCE
D2 %'\' ompL2 [ p1] }O 1 MPR2 g © %
SO
e ! MDR2 Corn
T Q2
M2_1 oM2_1 FDCE
DO~ ~—— o | | [Mbr3 Q3
_|\' OMDL3 D1| D Q
D3 [S)é:,/' qMDR3 CE
- MDL3 Colr
T 03
D'<\)/|2_1 D’(\)A'Zil. o MDR4 FDCE Q4
D4 57| j.oMDLa [Tp1| D Q
LSO CE
o&ﬁom b MDR4 CoLR
o4
M2_1 M2_1 FDCE
DO ~—— o | | [MDRs Q5
O MDL5 D1] b Q
D5 DL
= CE
p S L ry & S0TvbRs .
T Q5
D(I)VI2_1 é\glz_\l. o | | |MDRrs FDCE Q6
OMDL6 Y| D o
D6 DL
S0 T CE
oi'ﬁol_e ‘ MDR®6 ColRr
o6
M2 1 M2_1 FDCE
D[7:0] o7 Do ompL7 [ p1] FIMOR7 [5 Q7
- SO TwpL7 ¢SO0 —TvDR7 CE
SRI CLR
L_LEFT Q7
LEFT _D*i
CLR OR2
C

Figure 3-192 SR8CLED XC2000/3000/4000 Implementation
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SR8RE

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

SLI SR8RE

CE
c |

Q7]
|—_—

R

3-430

X4150

XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

SR8RE is an 8-bit shift-left serial input (SLI), parallel output (Q7 — Q0)
shift register with clock enable (CE) and synchronous reset (R) inputs.
The R input, when High, overrides all other inputs and resets the data
outputs (Q7 — Q0) Low. When CE is High and R is Low, the data on
the SLI is loaded into the first bit of the shift register during the Low-
to-High clock (C) transition and appears on the Q0 output. During
subsequent Low-to-High clock transitions, when CE is High and R is
Low, data is shifted to the next highest bit position as new data is
loaded into QO (SLIC Q0, Q0O Q1, Q10 Q2, and so forth). The register
ignores clock transitions when CE is Low.

Registers can be cascaded by connecting the Q7 output of one stage to
the SLI input of the next stage and by connecting clock, CE, and R in
parallel.

The register is asynchronously reset, outputs Low, when power is
applied or when Global Reset (XC2000, XC3000) or Global Set/Reset
(XC4000) is active. GR is active-Low; the GSR active level is program-
mable.

Inputs Outputs
R CE SLI C Q0 Q7-Q1
1 X X 1 0 0
0 0 X X --No Change---
0 1 1 1 1 agn-1
0 1 0 ) 0 gn-1

gn-1 = state of referenced output one set-up time prior to active clock transition

Xilinx Development System



Design Elements

Q[7:0]
e~ ——
FDRE 3 FDRE
aSL D B — 1 5 Q 04
=CE CE CE
C R C R
———T 00 ———T 04
FDRE FDRE
D Q Q1L D Q Q5
CE CE
¢ gr ¢ r
o—T o1 &— o5
FDRE FDRE
b Q2 b Q6
CE CE
CRr CRr
——— :gz &———1 06
D Q Q3 D Q Q7
CE CE
CR c R
o——— @3 e——— Q7
c
[ L
=R ®

Figure 3-193 SR8RE XC2000/3000/4000 Implementation
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SR8RLE

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

S|
D[7:0]
|

SR8RLE

‘ -

PR
m

X4152

Q7]
]

XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

SR8RLE is an 8-bit shift register with shift-left serial input (SLI),
parallel inputs (D7 — D0), parallel outputs (Q7 — QO0), and three
control inputs — clock enable (CE), load enable (L), and synchronous
reset (R). The register ignores clock transitions when L and CE are
Low. The synchronous R, when High, overrides all other inputs and
resets the data outputs (Q7 — Q0) Low. When L is High and R is Low,
data on the D7 — DO inputs is loaded into the corresponding Q7 — QO
bits of the register. When CE is High and L and R are Low, data on the
SLI is loaded into the first bit of the shift register during the Low-to-
High clock (C) transition and appears on the Q0 output. During
subsequent clock transitions, when CE is High and L and R are Low,
the data is shifted to the next highest bit position as new data is
loaded into QO (SLI1O QO0, Q0 Q1, Q10 Q2, and so forth). Registers
can be cascaded by connecting the Q7 output of one stage to the SLI
input of the next stage and connecting clock, CE, L, and R inputs in
parallel.

The register is asynchronously reset, outputs Low, when power is
applied or when Global Reset (XC2000, XC3000) or Global Set/Reset
(XC4000) is active. GR is active-Low; the GSR active level is program-
mable.

Inputs Outputs

CE SLI | D7-DO C Q0 |Q7-0Q1

X X 0 0

X D7 -D0 do dn

SLI gn-1

o|o|o|r|

o|o|r|X|

ol | X| X

;

;
SLI X 1
X X X --No Change--
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dn or gn-1 = state of referenced input one set-up time prior to active clock
transition
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Figure 3-194 SR8RLE XC2000/3000/4000 Implementation
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SR8RL

ED

8-Bit Shift Register with Clock Enable and
Synchronous Reset

SLI| SR8RLED

Q7]
]

X4154

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

SR8RLED is an 8-bit shift register with shift-left (SLI) and shift-right
(SRI) serial inputs, parallel inputs (D7 — DO0), and four control inputs —
clock enable (CE), load enable (L), shift left/right (LEFT), and
synchronous reset (R). The register ignores clock transitions when CE
and L are Low. The synchronous R, when High, overrides all other
inputs and resets the data outputs (Q7 — Q0) Low. When L is High
and R is Low, the data on the D7 — DO inputs is loaded into the corre-
sponding Q7 — QO bits of the register. When CE is High and L and R
are Low, data is shifted right or left depending on the state of the
LEFT input. If LEFT is High, data on SLI is loaded into Q0 during the
Low-to-High clock transition and shifted left (to Q1, Q2, and so forth)
during subsequent clock transitions. If LEFT is Low, data on SRI is
loaded into Q7 bit during the Low-to-High clock transition and
shifted right (to Q6, Q5, and so forth) during subsequent clock transi-
tions. The truth table indicates the state of the Q7 — QO outputs under
all input conditions.

The register is asynchronously reset, outputs Low, when power is
applied or when Global Reset (XC2000, XC3000) or Global Set/Reset
(XC4000) is active. GR is active-Low; the GSR active level is program-
mable.

Inputs Outputs

CE

LEFT | SLI | SRI | D7- DO Q0 | Q7 |Q6-01

@]

X X X X 0 0 0

X D7 -D0 do d7 dn

x

X X ----No Change-----

x| X

SLI X SLI q6 gn-1

o|o|o|o(] O
o|lo|o|r | X]| ™

RO X|X

o | X[ X
== |X|—=|—

X | SRI X ql | SRI | qgn+l
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dn, gn-1 or gn+1 = state of referenced input one set-up time prior to active clock
transition
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SR16CE

SLI

PR
m

CLR

SR16CE

3-436

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

Q[15:0]

X4157

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

SR16CE is a 16-bit a shift-left serial input (SLI), parallel outputs

(Q15 - QO) shift register with clock enable (CE) and asynchronous
clear (CLR) inputs. The CLR input, when High, overrides all other
inputs and resets the data outputs (Q15 — Q0) Low. When CE is High
and CLR is Low, the data on the SLI input is loaded into the first bit of
the shift register during the Low-to-High clock (C) transition and
appears on the QO output. During subsequent Low-to-High clock
transitions, when CE is High and CLR is Low, data is shifted to the
next highest bit position as new data is loaded into QO (SLIO QO,
Q00 Q1, Q1O Q2, and so forth). The register ignores clock transitions
when CE is Low. Registers can be cascaded by connecting the Q15
output of one stage to the Shift Left Input (SLI) of the next stage and
connecting clock, CE, and CLR in parallel.

The register is asynchronously reset, outputs Low, when power is
applied or when Global Reset (XC2000, XC3000) or Global Set/Reset
(XC4000) is active. GR is active-Low; the GSR active level is program-
mable.

Inputs Outputs
CLR CE SLI C QO Q15-0Q1
1 X X X 0 0
0 0 X X ---No Change---
0 1 1 1 1 gn-1
0 1 0 ) 0 gn-1

gn-1 = state of referenced output one set-up time prior to active clock transition
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SR16C

LE

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

sLi| Sri6cLE
D[15:0]
_—

Q[15:0]
—

X4159

XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

SR16CLE is a 16-bit shift register with shift-left serial input (SLI),
parallel inputs (D15 — DQ), parallel outputs (Q15 — Q0), and three
control inputs — clock enable (CE), load enable (L), and asynchronous
clear (CLR). The register ignores clock transitions when L and CE are
Low. The asynchronous CLR, when High, overrides all other inputs
and resets the data outputs (Q15 - Q0) Low. When L is High and CLR
is Low, data on the D15 — DO inputs is loaded into the corresponding
Q15 - QO bits of the register. When CE is High and L and CLR are
Low, data on the SLI is loaded into the first bit of the shift register
during the Low-to-High clock (C) transition and appears on the Q0
output. During subsequent clock transitions, when CE is High and L
and CLR are Low, the data is shifted to the next highest bit position as
new data is loaded into QO (SLIO QO0, Q00 Q1, Q11 Q2, and so forth).
Registers can be cascaded by connecting the Q15 output of one stage
to the Shift Left Input (SLI) of the next stage and connecting clock,
CE, L, and CLR inputs in parallel.

The register is asynchronously reset, outputs Low, when power is
applied or when Global Reset (XC2000, XC3000) or Global Set/Reset
(XC4000) is active. GR is active-Low; the GSR active level is program-
mable.

Inputs Outputs

CLR

CE SLI | D15-DO QO Q15-0Q1

X X 0 0

X D15-DO0 do dn

SLI X SLI qn-1

oO|o|O|F

olo|r | X| ™

o | X[ X

X X --No Change--

Libraries Gu

ide

dn or gn-1 = state of referenced input one set-up time prior to active clock
transition
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SR16CLED

16-Bit Shift Register with Clock Enable and
Asynchronous Clear

SLI| SR16CLED

Dl15:0] XC2000 XC3000 XC4000 XC7000

RI

%)

WSl Macro Macro Macro Primitive

SR16CLED is a 16-bit shift register with shift-left (SLI) and shift-right
(SRI) serial inputs, parallel inputs (D15 — DO0), and four control
inputs — clock enable (CE), load enable (L), shift left/right (LEFT),
and asynchronous clear (CLR). The register ignores clock transitions
when CE and L are Low. The asynchronous CLR, when High, over-
rides all other inputs and resets the data outputs (Q15 — Q0) Low.
When L is High and CLR is Low the data on the D15 — DO inputs is
loaded into the corresponding Q15 — QO bits of the register. When CE
is High and L and CLR are Low, data is shifted right or left depending
on the state of the LEFT input. If LEFT is High, data on SLI is loaded
into QO during the Low-to-High clock transition and shifted left (to
Q1, Q2, and so forth) during subsequent clock transitions. If LEFT is
Low, data on SRI is loaded into Q15 during the Low-to-High clock
transition and shifted right (to Q14, Q13, and so forth) during subse-
qguent clock transitions. The truth table indicates the state of the Q15 -
QO outputs under all input conditions.

‘ —

,_
m
m
=

0|0
m

X4161

e}
[
kY

The register is asynchronously reset, outputs Low, when power is
applied or when Global Reset (XC2000, XC3000) or Global Set/Reset
(XC4000) is active. GR is active-Low; the GSR active level is program-

mable.
Inputs Outputs
CLR| L CE | LEFT | SLI |SRI | D15-D0 C Q0 [Q15 | Q14-Q1
1 X X X X X X X 0 0 0
0 1 X X X X D15 - D0 1 do | di5 dn
0 0 0 X X X X X ----No Change-----
0 0 1 1 SLI X X ) SLI | q14 gn-1
0 0 1 0 X SRI X ) gl | SRI gn+1

dn, gn-1 or gn+1 = state of referenced input one set-up time prior to active clock
transition

3-438 Xilinx Development System



Design Elements

SR16RE

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

SLI| SR16RE
Q[15:0]
]
CE
Cc |
R X4156

Libraries Guide

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

SR16RE is a 16-bit shift-left serial input (SLI), parallel output

(Q15 - QO) shift register with clock enable (CE) and synchronous
reset (R) inputs. The R input, when High, overrides all other inputs
and resets the data outputs (Q15 — QO0) Low. When CE is High and R
is Low, the data on the SLI is loaded into the first bit of the shift
register during the Low-to-High clock (C) transition and appears on
the QO output. During subsequent Low-to-High clock transitions,
when CE is High and R is Low, data is shifted to the next highest bit
position as new data is loaded into QO (SLI1 QO0, Q00 Q1, Q10 Q2,
and so forth). The register ignores clock transitions when CE is Low.
Registers can be cascaded by connecting the Q15 output of one stage
to the SLI input of the next stage and connecting clock, C, and R in
parallel.

The register is asynchronously reset, outputs Low, when power is
applied or when Global Reset (XC2000, XC3000) or Global Set/Reset
(XC4000) is active. GR is active-Low; the GSR active level is program-
mable.

Inputs Outputs
R CE SLI C QO Q15-Q1
1 X X 1 0 0
0 0 X X ---No Change---
0 1 1 1 1 gn-1
0 1 0 ) 0 gn-1

gn-1 = state of referenced output one set-up time prior to active clock transition
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SR16RLE

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

SLI| SR16RLE

DI150] XC2000 XC3000 XC4000 XC7000
o) Macro Macro Macro Primitive

SR16RLE is a 16-bit shift register with shift-left serial input (SLI),
parallel inputs (D15 — D0), parallel outputs (Q15 — QO0), and control
inputs — clock enable (CE), load enable (L), and synchronous reset (R).
The register ignores clock transitions when L and CE are Low. The
synchronous R, when High, overrides all other inputs and resets the
data outputs (Q15 - Q0) Low. When L is High and R is Low, data on
the data D15 - DO inputs is loaded into the corresponding Q15 — Q0
bits of the register. When CE is High and L and R are Low, data on the
SLI is loaded into the first bit of the shift register during the Low-to-
High clock (C) transition and appears on the Q0 output. During
subsequent clock transitions, when CE is High and L and R are Low,
the data is shifted to the next highest bit position as new data is
loaded into QO (SLI1O QO0, Q0 Q1, Q10 Q2, and so forth). Registers
can be cascaded by connecting the Q15 output of one stage to the
Shift Left Input (SLI) of the next stage and connecting clock, CE, L,
and R inputs in parallel.

‘ -

R
m

R x4158

The register is asynchronously reset, outputs Low, when power is
applied or when Global Reset (XC2000, XC3000) or Global Set/Reset
(XC4000) is active. GR is active-Low; the GSR active level is program-
mable.

Inputs Outputs

CE SLI | D15-DO QO Q15-0Q1
X X 0 0

@]

X D15- D0 do dn

SLI X SLI gn-1

o|o|o|r|
o|o(r|X|rr
O | X[ X
><—>—>—>

X X --No Change--

dn or gn-1 = state of referenced input one set-up time prior to active clock
transition
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SR16RLED

16-Bit Shift Register with Clock Enable and
Synchronous Reset
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X4160

XC2000
Macro

XC3000
Macro

XC4000
Macro

SR16RLED is a 16-bit shift register with shift-left (SLI) and shift-right
(SRI) serial inputs, parallel inputs (D15 — D0), and four control
inputs — clock enable (CE), load enable (L), shift left/right (LEFT),
and synchronous reset (R). The register ignores clock transitions
when CE and L are Low. The synchronous R, when High, overrides
all other inputs and resets the data Q15 — QO outputs Low. When L is
High and R is Low, the data on the D15 - DO inputs is loaded into the
corresponding Q15 — QO bits of the register. When CE is High and L
and R are Low, data is shifted right or left depending on the state of
the LEFT input. If LEFT is High, data on SL1 is loaded into Q0 during
the Low-to-High clock transition and shifted left (to Q1, Q2, and so
forth) during subsequent clock transitions. If LEFT is Low, data on
SRI is loaded into Q15 during the Low-to-High clock transition and
shifted right (to Q14, Q13, and so forth) during subsequent clock
transitions. The truth table indicates the state of the Q15 — QO outputs
under all input conditions.

XC7000
Primitive

The register is asynchronously reset, outputs Low, when power is
applied or when Global Reset (XC2000, XC3000) or Global Set/Reset
(XC4000) is active. GR is active-Low; the GSR active level is program-
mable.

Inputs Outputs

CE

LEFT | SLI | SRI |D15-DO0

@]

Q0 | Q15 |Q14-0Q1

X X X

X

>

D15 - D0 do di5

X X ----No Change-----

x| X

SLI X SLI

o|o|o|o(] O

o|o|o|r—|X]|

RO X|X

O | X|X
—>—>><—>—>

X X

gl

Libraries Guide

dn, gn-1 or gn+1 = state of referenced input one set-up time prior to active clock
transition
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STARTUP

GSR| STARTUP
GTS

CLK

User Interface to Global Clock, Reset, and 3-State
Controls

o XC2000 XC3000 XC4000 XC7000
e N/A N/A Primitive N/A

3-442

X3911

The STARTUP macro is used for Global Set/Reset, global 3-state
control, and the user configuration clock. The Global Set/Reset (GSR)
input, when High, sets or resets every flip-flop in the device,
depending on the initialization state (S or R) of the flip-flop.
Following configuration, the global 3-state control (GTS), when High,
forces all the 0B outputs into High impedance mode, which isolates
the device outputs from the circuit but leaves the inputs active.

The configuration clock input (CLK) must be connected to a user
clock if the start-up of the device is synchronized with the user clock.
Also, “user clock” must be selected in the MakeBits program.

The STARTUP outputs (Q2, Q3, Q1Q4, and DONEIN) display the
progress/status of the start-up process following the configuration.

Xilinx Development System
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TCK

Boundary-Scan Test Clock Input Pad

TCK

X3895

Libraries Guide

XC2000

XC3000

XC4000

XC7000

N/A

N/A

Primitive

N/A

The TCK input pad is connected to the boundary-scan test clock,
which shifts the serial data and instructions into and out of the
boundary-scan data registers. The function of the TCK pad is device

configuration dependent and can be used as follows.

« During configuration TCK is connected to the boundary-scan

logic.

. After configuration, if boundary-scan is not used, the TCK pad is
unrestricted and can be used by the XACT routing tools as an

input/output pad.

. After configuration, if boundary-scan is used, the TCK pad can be
used for user-logic input by connecting it directly to the user logic.
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TDI

TDI

3-444

Boundary-Scan Test Data Input Pad

X3897

XC2000 XC3000 XC4000 XC7000

N/A N/A Primitive N/A

The TDI input pad is connected to the boundary-scan TDI input. It
loads instructions and data on the Low-to-High TCK transition. The
function of the TDI pad is device configuration dependent and can be
used as follows.

« During configuration, TDI is connected to the boundary-scan
logic.

. After configuration, if boundary-scan is not used, the TDI pad is
unrestricted and can be used by the XACT routing tools as an
input/output pad.

. After configuration, if boundary-scan is used, the TDI pad can be
used for user-logic input by connecting the TDI pad directly to the
user logic.
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TDO

Boundary-Scan Data Output Pad

X3899

Libraries Guide

XC2000

XC3000

XC4000

XC7000

N/A

N/A

Primitive

N/A

The TDO data output pad is connected to the boundary-scan TDO
output. It is connected to the external circuit to provide the
boundary-scan data for each Low-to-High TCK transition. The func-
tion of the TDO pad is device configuration dependent and can be

used as follows.

« During configuration, TDO is connected to the boundary-scan

logic.

. After configuration, if boundary-scan is not used, the TDO pad
can be used as a bidirectional 3-state 1/0 pad by the XACT rout-

ing tools.

. After configuration, if boundary-scan is used, the TDO pad is still

used as an output from the boundary-scan logic.
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TIMEGRP

Schematic-Level Table of Basic Timing Specification
Groups

3-446

XC2000 XC3000 XC4000 XC7000
N/ZA Primitive Primitive N/ZA

The TIMEGRP primitive table defines timing groups used in “from-
to” TIMESPEC statements in terms of other groups. The TIMEGRP
table is shown in the following figure.

TIMEGRP

X4699

These groups can include predefined groups, such as “ffs,” groups
created by using TNM attributes, such as TNM-reg on schematics,
and other groups defined by a statement in the TIMEGRP symbol.

The following example statement defines groups in a TIMEGRP
symbol.

=all_but_regs=ffs:except:regs

The table can contain up to 8 statements of any character length, but
only 30 characters are displayed in the symbol.
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TIMESPEC
Schematic-Level Timing Requirement Table
XC2000 XC3000 XC4000 XC7000
N/A Primitive Primitive Primitive*

* ignored in XC7000 designs

The TIMESPEC primitive is a table that specifies up to eight timing
attributes (TS). TS attributes can be any length, but only 30 characters
are displayed in the TIMESPEC window. The TIMESPEC table is
displayed in the follow figure.

TIMESPEC

X3866

XC4000 OrCAD Only Schematic-Level Timing
Requirement Signal Tag

The TS Signal Tag or parameter attaches timing attributes to nets in
the schematic.

Refer to the appropriate CAE tool interface user guide for details
about using the TIMESPEC primitive and TS Signal Tag.
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TMS

Boundary-Scan Test Mode Select Input Pad

™S XC2000 XC3000 XC4000 XC7000
N/A N/A Primitive N/A

The TMS input pad is connected to the boundary-scan TMS input. It
determines which boundary-scan operation is performed. The func-
tion of the TMS pad is device configuration dependent and can be
used as follows.

« During configuration, TMS is connected to the boundary-scan
logic.

. After configuration, if boundary-scan is not used, the TMS pad is
unrestricted and can be used by the XACT routing tools as an
input/output pad.

. After configuration, if boundary-scan is used, the TMS pad can be
used for user-logic input by connecting the TMS pad directly to
the user logic.
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UPAD
Connects the I/0O Node of an IOB to the Internal PLD
Circuit
XC2000 XC3000 XC4000 XC7000
Primitive Primitive Primitive Primitive

A UPAD allows the use of any unbonded IOBs in a device. It is used
the same way as a IOPAD, except that the signal output is not visible
on any external device pins.

Libraries Guide
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VCC

Vcc

X3859

3-450

VCC-Connection Signal Tag

XC2000 XC3000 XC4000 XC7000

Primitive Primitive Primitive Primitive

The V¢ signal tag or parameter forces a net or input function to a
logic High level. A net tied to V¢ cannot have any other source.

When the placement and routing software (APR for XC2000, XC3000;
PPR for XC4000; or FITNET for XC7000) encounters a net or input
function tied to V¢, it removes any logic that is disabled by the V¢
signal. The V¢ signal is only implemented when the disabled logic
cannot be removed.
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WAND1, WAND4, WANDS, and WAND16

Open-Drain Buffers

{o—

X3905

11 WAND4

=
o

X3915

I[7:01] wANDs8
Q 70

X3916

I[15:0]] wAND16
fol

| ©

X3917

Libraries Guide

Name XC2000 XC3000 XC4000 XC7000
WAND1 N/A N/A Primitive N/A
WANDA4, N/A N/A Macro N/A
WANDS,

WAND16

WAND1, WAND4, WANDS8, and WAND16 are single and multiple
open-drain buffers. Each buffer has an input (I) and an open-drain
output (O). When any of the inputs is Low, the output is Low. When
all the inputs are High, the output is off. To obtain a High output, add
pull-up resistors to the output (O). One pull-up resistor uses the least
power, and two pull-up resistors achieve the fastest Low-to-High
transition.

To indicate two pull-up resistors, add a DOUBLE parameter to the
pull-up symbol attached to the output (O) node. Refer to the appro-
priate CAE tool interface user guide for details.

[¢]

)

WAND1

"

WAND1

)

WAND1

)

WAND1

¢l

WAND1

"

WAND1

)

WAND1

"

I7:0] WAND1

Figure 3-196 WANDS8 XC4000 Implementation
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WOR2AND

2-Input OR Gate with Wired-AND Open-Drain Buffer

Output

To-

3-452

X3906

XC2000 XC3000 XC4000 XC7000
N/ZA N/ZA Primitive N/ZA

WOR2AND is a 2-input (11 and 12) OR gate/buffer with an open-
drain output (O). It is used in bus applications by tying multiple
open-drain outputs together. When both inputs (11 and 12) are Low,
the output (O) is Low. When either input is High, the output is off;
wor2and cannot source or sink current. To establish an output High
level, tie a pull-up resistor(s) to the output (O). One pull-up resistor
uses the least power, two pull-up resistors achieve the fastest Low-to-
High speed.

To indicate two pull-up resistors, append a DOUBLE parameter to
the pull-up symbol attached to the output (O) node. Refer to the
appropriate CAE tool interface user guide for details.
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XNOR
2- to 9-Input XNOR Gates with Non-Inverted Inputs
Name XC2000 XC3000 XC4000 XC7000
XNOR3 - XNOR4 Primitive Primitive Primitive Primitive
XNOR5 Macro Primitive Primitive Primitive
XNOR6 - XNOR9 Macro Macro Macro Primitive*

XNOR2 :)Do
XOR3 9Do

XNORS5 %DO

XNORG6 %

) >>
XNOR?7 %DO‘

XNORS8 %}
XNOR9 }

Libraries Guide

v

y

* XNOR7 — XNOR9 not supported for XC7336 designs

The XNOR function is performed in the Configurable Logic Block
(CLB) function generators in XC2000, XC3000, and XC4000. XNOR
functions of up to nine inputs are available. All inputs are non-
inverting. Because each input uses a CLB resource, replace functions
with unused inputs with functions having the necessary number of
inputs.

™ 16 E > 147
™ 15 /
14 XOR3
13 124
. ) >
5 ) Do——°a
™ 11 XOR3
™ 10 XNOR4

147
XOR4 |
12 o
: o——a
11 l/

XNORS5

Figure 3-198 XNORS8 XC3000 Implementation
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147

Figure 3-199 XNORS8 XC4000 Implementation
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XOR
2- to 9-Input XOR Gates with Non-Inverted Inputs
Name XC2000 XC3000 XC4000 XC7000
XOR2 - XOR4 Primitive Primitive Primitive Primitive
XOR5 Macro Primitive Primitive Primitive
XOR6 — XOR9 Macro Macro Macro Primitive*

xorR2 ") -
XOR3 9D—

xors ?D

XOR5 %D—

XOR6 %D—
XOR7 %D—

XOR8

y

Y

XOR9 %

Libraries Guide

* XOR7 - XOR9 not supported for XC7336 designs

The XOR function is performed in the Configurable Logic Block
(CLB) function generators for XC2000, XC3000, and XC4000. XOR
functions of up to nine inputs are available. All inputs are non-
inverting. Because each input uses a CLB resource, replace functions
with unused inputs with functions having the necessary number of
inputs.

™ 16 \E > 147

15

m XOR3

13 124
L D

XOR3

™ 11
= 10 XOR4

147

L] XOR4
1 D

XOR5

Figure 3-201 XOR8 XC3000 Implementation
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\ o
R XOR4 -
|2 \ 113 |

XOR3

XOR3

.IO

Figure 3-202 XOR8 XC4000 Implementation

3-456 Xilinx Development System



Design Elements

X74_42

4- to 10-Line BCD-to-Decimal Decoder with

Active-Low Outputs

X74_42

Pl

T 7 T s T T T T = s

X4162

Libraries Guide

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

X74_42 decodes the 4-bit BCD number on the data inputs (A — D).
Only one of the ten outputs (Y9 — Y0) is active (Low) at a time, which
reflects the decimal equivalent of the BCD number on inputs A - D.
All outputs are inactive (High) during any one of six illegal states, as
shown in the truth table.

Inputs

Outputs

W)

O

(o8]

>

Selected (Low)
Output*

YO

Y1

Y2

Y3

Y4

Y5

Y6

Y7

Y8

Y9

All Outputs High

All Outputs High

All Outputs High

All Outputs High

P O|O|RP|P|IO|O|FRP|P|O(O|FRL|FRL|[O|O

All Outputs High

RPlRr|lRP|P|P|P|[R|[R|lOo|lo|o|o|lo|lo|lo|o

PP IPPOIO|IOCOIOC|FRP|FP|IP|IPIO|lOC|OC|O

[E=N

P|IOIRP|O(RP|IO|FRP|IO|P|O|RP|O|FRL|O|FRL,|O

All Outputs High

* Selected output is Low (0) and all others are High.
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3-458

e ——

OR4
Y1
q
NAND4B3
Y2
[
NAND4B3

Q

)O Y3 -

NAND4B2

Y4

NAND4B3

Q
&—oO

)O Y5 -

NAND4B2

O
¢—O

)C Y6 u

NAND4B2

)C Y7 -

NAND4B1
L
Y8

NAND4B3
[ ‘B‘ Yo
™ 3 )O — %
ul 0
™ D NAND4B2

Figure 3-203 X74_42 XC2000/3000/4000 Implementation
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X74 L85

4-Bit Expandable Magnitude Comparator

AGBI| X74_185 |AGBO
AEBI | | AEBO
ALBI | | ALBO
A0 |
Al |
A2 |
A3 |
BO |
BL |
B2 |
B3 |

X4163

Libraries Guide

XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive*

* not supported for XC7336 designs

X74 L85 is a 4-bit magnitude comparator that compares two 4-bit
binary-weighted words A3 — A0 and B3 — B0, where A3 and B3 are
the most significant bits. The greater-than output, AGBO, is High
when A>B. The less-than output, ALBO, is High when A<B, and the
equal output, AEBO, is High when A=B. The expansion inputs,
AGBI, ALBI, and AEBI, are the least significant bits. Words of greater
length can be compared by cascading the comparators. The AGBO,
ALBO, and AEBO outputs of the stage handling less-significant bits
are connected to the corresponding AGBI, ALBI, and AEBI inputs of
the next stage handling more- significant bits. For proper operation,
the stage handling the least significant bits must have AGBI and
ALBI tied Low and AEBI tied High.
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Inputs Outputs
A3, B3 [A2,B2 |Al,B1 |AO, BO |AGBI ALBI AEBI AGBO ALBO AEBO
A3>B3 X X X X X X 1 0 0
A3<B3 X X X X X X 0 1 0
A3=B3 | A2>B2 X X X X X 1 0 0
A3=B3 | A2<B2 X X X X X 0 1 0
A3=B3 | A2=B2 | A1>B1 X X X X 1 0 0
A3=B3 | A2=B2 | Al<B1 X X X X 0 1 0
A3=B3 | A2=B2 | A1=B1 | A0>B0 X X X 1 0 0
A3=B3 | A2=B2 | A1=B1 | A0<BO X X X 0 1 0
A3=B3 | A2=B2 | A1=B1 | A0O=B0 1 0 0 1 0 0
A3=B3 | A2=B2 | A1=B1 | A0O=B0 0 1 0 0 1 0
A3=B3 | A2=B2 | A1=B1 | A0=B0 0 0 1 0 0 1
A3=B3 | A2=B2 | A1=B1 | A0=B0 0 1 1 0 1 1
A3=B3 | A2=B2 | A1=B1 | A0=B0 1 0 1 1 0 1
A3=B3 | A2=B2 | A1=B1 | A0=B0 1 1 1 1 1 1
A3=B3 | A2=B2 | A1=B1 | A0O=B0 1 1 0 1 1 0
A3=B3 | A2=B2 | A1=B1 | A0O=B0 0 0 0 0 0 0
For XC7000, outputs differ when A=B and when more than one expansion input
(AGBI, ALBI, or AEBI) is high.
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AEBI
. AEBO
—] )
AGBI ANDS
NI
— 4|\_\ AGBO
-
- s ——
| Ac7 ORS
— —'T\ ALBO
ANDS —_{—/
L~ Ago ORS
——
a0 A_BO ANDSBL
NA_B1
AND2B1 —
B0 NOR2
AND2B1
—__ ABL
——
ANDS5B1
AB2
Al A B2 AND4B1
NA_B3
AND2E\1A B3
B1 \_!
NOR2
AND2B1
AB3
AND4B1
AB4
a2 A_B4 AND3B1
NA_B5
ANDZBIA .
B2 — NOR2
AND2B1
ABS5
AND3B1
AB6
a3 A_B6 AND2B1
NA_B7
ANDZBlA 87
B3 — NOR2
AND2B1 AB7
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AND2B1

Figure 3-204 X74_L85 XC2000/3000/4000 Implementation
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X74 138

3- to 8-Line Decoder/Demultiplexer with Active-Low
Outputs and Three Enables

X74_138

il

2 8
FEE

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

T T T e T s T T

X74_138 is an expandable decoder/demultiplexer with one

active-High enable input (G1), two active-Low enable inputs
(G2A and G2B), and eight active-Low outputs (Y7 — Y0). When G1 is
High and G2A and G2B are Low, one of the eight active-Low outputs

X164 is selected with a 3-bit binary address on address inputs A, B, and C.
The non-selected outputs are High. When G1 is Low or when G2A or
G2B is High, all outputs are High.

X74_138 can be used as an 8-output active-Low demultiplexer by
tying the data input to one of the enable inputs.

Inputs

Outputs

Gl

G2A

G2B

<
~
<
»

<
(6}

Y4

Y3

<
N

<
(=
<
o

X|X|X|r|Rr|lkr|lkr|lOo|lo|lo|jo]l O
X[ X|X|r|r|lOo|lOo|r|r|lo|lo]l @

X|X|X|—|lo|r|lo|r|olr|o] >
AP k=l Ll el

Xl | X|o|lo|lo|lo|lo|o|o|o

R =R
IR

R EIE R

R R

R

RlRRrRrRPrR|Rr(R|O|R|~

R =

RlRrRrRrRPrRP|IRPr(RPR|RL|O
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G1
™ G2A
G2B
AND3B2
AND4B3
O
p———O
NAND4B2
O
p———O
AND4B2
——O
NAND4B1
NAND4B2
NAND4B1
O
NAND4B1
- >
s
L
NAND4
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Y[7:0]

Figure 3-205 X74_138 XC2000/3000/4000 Implementation
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X74 139

2- to 4-Line Decoder/Demultiplexer with Active-Low
Outputs and Active-Low Enable

>

‘m

C[)O

X74_139

TS

3-464

X4165

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

X74_139 implements one half of a standard 74139 dual 2- to 4-line
decoder/demultiplexer. When the active-Low enable input (G) is
Low, one of the four active-Low outputs (Y3 - Y0) is selected with the
2-bit binary address on the A and B address input lines. B is the High-
order address bit. The non-selected outputs are High. Also, when G is
High all outputs are High.

X74_139 can be used as a 4-output active-Low demultiplexer by tying
the data input to G.

Inputs Outputs
G B A Y3 Y2 Y1 YO
0 0 0 1 1 1 0
0 0 1 1 1 0 1
0 1 0 1 0 1 1
0 1 1 0 1 1 1
1 X X 1 1 1 1
E )3 YO -
T\IOANDBB?:
Y1 .
[ Y2
. A NAND3B2
L] D v:
[ 35 Y3

NAND3B1

Figure 3-206 X74_139 XC2000/3000/4000 Implementation
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X74 147

10- to 4-Line Priority Encoder with Active-Low Inputs
and Outputs

2 I XC2000 XC3000 XC4000 XC7000
ig OO:E Macro Macro Macro Primitive
%o X74_147 is a 10-line-to-BCD-priority encoder that accepts data from
79 nine active-Low inputs (19 — 11) and produces a binary-coded decimal
Eg (BCD) representation on the four active-Low outputs A, B, C, and D.
19 The data inputs are weighted, so when more than one input is active,
only the one with the highest priority is encoded, with 19 having the
e highest priority. Only nine inputs are provided, because the implied
“zero” condition requires no data input. “Zero” is encoded when all
data inputs are High.
Inputs Outputs
19 18 17 16 15 14 13 12 11 D C B A
1 1 1 1 1 1 1 1 0 1 1 1 0
1 1 1 1 1 1 1 0 X 1 1 0 1
1 1 1 1 1 1 0 X X 1 1 0 0
1 1 1 1 1 0 X X X 1 0 1 1
1 1 1 1 0 X X X X 1 0 1 0
1 1 1 0 X X X X X 1 0 0 1
1 1 0 X X X X X X 1 0 0 0
1 0 X X X X X X X 0 1 1 1
0 X X X X X X X X 0 1 1 0
1 1 1 1 1 1 1 1 1 1 1 1 1

Libraries Guide
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I~ \__Do
L/
ull 4
ANDS5B1
2 b1
w3 O
AND4B1 Ag
D2|
NOR5B1
AND3B1
D3
AND2B1
D D4
O
AND4B1
e
AND4B1
AND2B1
L D7
AND2B1
D8
ul
AND2B1
q
ul5
AND2B1
16 )
"
AND2B1 NOR4
L D11
ul’
=8 AND2B1 D
gl . ) L

AND2

Figure 3-207 X74_147 XC2000/3000/4000 Implementation
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X74 148

8- to 3-Line Cascadable Priority Encoder with
Active-Low Inputs and Outputs

s e gﬁ XC2000 XC3000 XC4000 XC7000
%3 oA2 Macro Macro Macro Primitive
Eg FO X74_148 8-input priority encoder accepts data from eight active-Low
%3 o= inputs (17 — 10) and produces a binary representation on the three
E; active-Low outputs (A2 — AQ). The data inputs are weighted, so when
e more than one of the inputs is active, only the input with the highest
priority is encoded, 17 having the highest priority. The active-Low
xaer group signal (GS) is Low whenever one of the data inputs is Low and
the active-Low enable input (EI) is Low.
The active-Low enable input (El) and active-Low enable output (EO)
are used to cascade devices and retain priority control. The EO of the
highest priority stage is connected to the El of the next-highest
priority stage. When El is High, the data outputs and EO are High.
When El is Low, the encoder output represents the highest-priority
Low data input, and the EO is High. When El is Low and all the data
inputs are High, the EO output is Low to enable the next-lower
priority stage.
Inputs Outputs
El 17 16 15 14 13 12 11 0 | A2 | A1 | AO |GS |EO
1 X X X X X X X X 1 1 1 1 1
0 1 1 1 1 1 1 1 1 1 1 1 1 0
0 1 1 1 1 1 1 1 0 1 1 1 0 1
0 1 1 1 1 1 1 0 X 1 1 0 0 1
0 1 1 1 1 1 0 X X 1 0 1 0 1
0 1 1 1 1 0 X X X 1 0 0 0 1
0 1 1 1 0 X X X X 0 1 1 0 1
0 1 1 0 X X X X X 0 1 0 0 1
0 1 0 X X X X X X 0 0 1 0 1
0 0 X X X X X X X 0 0 0 0 1
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210
)
I/
—CAND5B1 EO
NAND2
)
—
P—CANDS5B1 GS
NAND2B1
DO
11 OD—
¢—CAND5B2
12
=13
NOR2
r D7
NOR2
o4
215
16
17
SET

NOR2

Figure 3-208 X74_148 XC2000/3000/4000 Implementation
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X74 150

16-to-1 Multiplexer with Active-Low Enable and

Output

EO X74_150

T

X4168

Libraries Guide

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

When the active-Low enable input (G) is Low, the X74_150 multi-
plexer chooses one data bit from 16 sources (E15 — EO) under the
control of select inputs A, B, C, and D. The active-Low output (W)
reflects the inverse of the selected input, as shown in the truth table.
When the enable input (G) is High, the output (W) is High.

Inputs

Outputs

®

C

(o8]

Selected Input Appears
(Inverted) on W

1

EO

El

E2

E3

O|0O|0O|l0O|0O|0O|0O|O|O|O|O|O|O|O|OC|O|F

RlRr|RPRP|P|P|RP|(P|lO|Oo|Oo|lo|o|o|o|o|X]| O

RlRrlR|lR|O|lO|C|O|FR|FR|FR|IRPR|O|lOC|O|O| X
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X74 151

8-to-1 Multiplexer with Active-Low Enable and

Complementary Outputs

po | x74 151

ﬁ)é ‘-<

X4169
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XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

When the active-Low enable (G) is Low, the X74_151 multiplexer
chooses one data bit from eight sources (D7 — DO) under control of the
select inputs A, B, and C. The output (Y) reflects the state of the
selected input, and the active-Low output (W) reflects the inverse of
the selected input as shown in the truth table. When G is High, the Y
output is Low, and the W output is High.

Inputs Outputs

G C B A Y w

1 X X X 1 0

0 0 0 0 DO DO
0 0 0 1 D1 D1
0 0 1 0 D2 D2
0 0 1 1 D3 D3
0 1 0 0 D4 D4
0 1 0 1 D5 D5
0 1 1 0 D6 D6
0 1 1 1 D7 D7
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8-to-1 Multiplexer with Active-Low Output

X74 152
% X74_152
D1
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D4 W
D5
D6 |
D7 |
A |
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C |

X4170
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XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

X74_152 multiplexer chooses one data bit from eight sources

(D7 - D0) under control of the select inputs A, B, and C. The active-
Low output (W) reflects the inverse of the selected data input, as
shown in the truth table.

Inputs Outputs

C B A w

0 0 0 DO
0 0 1 D1
0 1 0 D2
0 1 1 D3
1 0 0 D4
1 0 1 D5
1 1 0 D6
1 1 1 D7
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X74 153

Dual 4-to-1 Multiplexer with Active-Low Enables and
Common Select Input

1ico| x74_153 | vi
11C1]

11C2]

11C3|

12C0 Y2
12C1 |

12c2|

12C3

A |

B |

614

G2

X4171
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XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

When the active-Low enable inputs G1 and G2 are Low, the data
output Y1, reflects the data input chosen by select inputs A and B
from data inputs 11C3 — 11C0. The data output Y2 reflects the data
input chosen by select inputs A and B from data inputs 12C3 - 12C0.
When G1 or G2 is High, the corresponding output, Y1 or Y2 respec-
tively, is Low.

Inputs Outputs

B Y

0

ICO

IC1

IC2

o|lo|o|o|—,] O
R, |O|Oo| X

mlolk,|lo| x| >

IC3
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X74 154

4- to 16-Line Decoder/Demultiplexer with Two

Enables and Active-Low Outputs

’;— X154 o:f XC2000 XC3000 XC4000 XC7000
. o=
c | oY2 Macro Macro Macro Primitive
D | Y3
gyj When the active-Low enable inputs G1 and G2 of the X74_154
o5 decoder/demultiplexer are Low, one of 16 active-Low outputs,
O:f Y15 - Y0, is selected under the control of four binary address inputs
8@ A, B, C, and D. The non-selected inputs are High. Also, when either
Yo input G1 or G2 is High, all outputs are High.
Y10
gyll The X74_154 can be used as a 16-to-1 demultiplexer by tying the data
oY12 input to one of the G inputs and tying the other G input Low.
Y13
G2 oL
X4172
Inputs Outputs
Gl1|{G2| D |C|B|A|Y15 |Y14 | Y13 | Y12 |Y11l | Y10 | Y9 .. YO
1| X | X | X | X | X 1 1 1 1 1 1 1 w1
X 1 X | X | X | X 1 1 1 1 1 1 1 w1
o0 |1 |1]1]1 0 1 1 1 1 1 1 w1
o011 |1]0 1 0 1 1 1 1 1 1
o001 |1]0]1 1 1 0 1 1 1 1 w1
oOo|l0|0|O0]O0]O 1 1 1 1 1 1 1 .0
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X74 157

Quadruple 2-to-1 Multiplexer with Common Select
and Active-Low Enable
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X4173
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XC4000
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Macro

Macro

Macro

Primitive

When the active-Low enable input (G) is Low, a 4-bit word is selected
from one of two sources (A3 — A0 or B3 — BO) under the control of the
select input (S) and is reflected on the four outputs (Y4 - Y1). When S
is Low, the outputs reflect A3 — AQ; when S is High, the outputs

reflect B3 — BO. When G is High, the outputs are Low.

Inputs

Outputs

Y
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Figure 3-214 X74_157 XC2000/3000/4000 Implementation
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X74 158

Quadruple 2-to-1 Multiplexer with Common Select,
Active-Low Enable, and Active-Low Outputs

Al X74_158 Y1
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XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

When the active-Low enable (G) is Low, a 4-bit word is selected from
one of two sources (A3 — A0 or B3 — B0) under the control of the
common select input (S). The inverse of the selected word is reflected
on the active-Low outputs (Y4 - Y1). When S is Low, A3 — A0 appear
on the outputs; when S is High, B3 — B0 appear on the outputs. When
G is High, the outputs are High.

Inputs Outputs
G S B A Y
1 X X X 1
0 1 1 X 0
0 1 0 X 1
0 0 X 1 0
0 0 X 0 1
M2_1E
- e
S0 o1 INV
E
M2 _1E
A2 =
: B2 gg | 002 o Y2
S0 02 INV
e_E
s oo M2_1E
: 53 o1 0 03 Y3.
S0 03 INV
=
" o M2_1E
2Bl D1 | 0 04 “a
s S0 04 INV
= G {>O E E

INV

Figure 3-215 X74_158 XC2000/3000/4000 Implementation
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X74_160

4-Bit BCD Counter with Parallel and Trickle Enables,
Active-Low Load Enable, and Asynchronous Clear

X74_160
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Macro

XC7000
Primitive

X74_160 is a 4-stage, 4-bit, synchronous, loadable, resettable, cascad-
able, binary-coded decimal (BCD) counter. The active-Low asynchro-
nous clear (CLR), when Low, overrides all other inputs and resets the
data (QD, QC, QB, QA) and ripple carry-out (RCO) outputs Low
during the Low-to-High clock (C) transition. When the active-Low
load enable input (LOAD) is Low, parallel clock enable (ENP), and
trickle clock enable (ENT) are overridden and data on inputs A, B, C,
and D are loaded into the counter during the Low-to-High clock tran-
sition. The data outputs (QD, QC, QB, QA) increment when ENP,
ENT LOAD, and CLR are High during the Low-to-High clock transi-
tion. The counter ignores clock transitions when ENP or ENT are
Low and LOAD is High. RCO is High when QD, QA, and ENT are
High and QC and QB are Low.

Inputs Outputs

CLR

LOAD

ENP ENT ck |op-0A | RCO

0 0

d-a RCO

[EEN

No Chg RCO

[N

No Chg 0

PRk |k|o

[y

| X|o| X | X
PO X| X | X
= | X[ X]|= | X

Inc RCO

Libraries Guide

RCO = (QD=QC=QB=QA=ENT)

d - a = state of referenced input one set-up time prior to active clock transition

The carry-lookahead design allows cascading of large counters
without extra gating. Both ENT and ENP must be High to count. ENT
is fed forward to enable RCO, which produces a High output pulse

with the approximate duration of the QA output. The following
figure illustrates a carry-lookahead design.
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Figure 3-216 Carry-Lookahead Design

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.

The counter recovers from any of six possible illegal states and
returns to a normal count sequence within two clock cycles.
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X74 161

4-Bit Counter with Parallel and Trickle Enables
Active-Low Load Enable and Asynchronous Clear

X74_161

_

8
SEPIPP
el

m
z
5

Q
Py

| QA
| QB
| Qc
| QD

5
o
t

X4176

RCO

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

X74_161 is a 4-stage, 4-bit, synchronous, loadable, resettable, cascad-
able binary counter. The active-Low asynchronous clear (CLR), when
Low, overrides all other inputs and resets the data outputs (QD, QC,
QB, QA) and the ripple carry-out output (RCO) Low. When the
active-Low load enable (LOAD) is Low and CLR is High, parallel
clock enable (ENP) and trickle clock enable (ENT) are overridden and
the data on inputs A, B, C, and D is loaded into the counter during
the Low-to-High clock (C) transition. The data outputs (QD, QC, QB,
QA) increment when LOAD, ENP, ENT, and CLR are High during the
Low-to-High clock transition. The counter ignores clock transitions
when LOAD is High and ENP or ENT are Low. RCO is High when
QD - QA and ENT are High.

Inputs Outputs

CLR

LOAD

ENP ENT D-A ck |op-0A | RCO

0 0

d-a RCO

No Chg RCO

No Chg 0

=)

=)

| X|o| X | X
PO X|X|X
= | X[ X]|= | X

Inc RCO
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RCO = (QD=QC=QB=QA=ENT)

d - a = state of referenced input one set-up time prior to active clock transition
The carry-lookahead design accommodates large counters without
extra gating. Both the ENT and ENP inputs must be High to count.
ENT is fed 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.
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Figure 3-218 Carry-Lookahead Design

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.
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X74 162

4-Bit Counter with Parallel and Trickle Enables and
Active-Low Load Enable and Synchronous Reset

X74_162
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Macro Macro Macro Primitive

X74_162 is a 4-stage, 4-bit, synchronous, loadable, resettable, cascad-
able binary-coded decimal (BCD) counter. The active-Low synchro-
nous reset (R), when Low, overrides all other inputs and resets the
data (QD, QC, QB, QA) and ripple carry-out (RCO) outputs Low
during the Low-to-High clock (C) transition. When the active-Low
load enable input (LOAD) is Low, parallel clock enable (ENP) and
trickle clock enable (ENT) are overridden and data on inputs A, B, C,
and D is loaded into the counter during the Low-to-High clock transi-
tion. The data outputs (QD, QC, QB, QA) increment when ENP, ENT,
LOAD, and R are High during the Low-to-High clock transition. The
counter ignores clock transitions when ENP or ENT are Low and
LOAD is High. RCO is High when QD, QA, and ENT are High and
QC and QB are Low.

Inputs Outputs

LOAD

ENP

ENT

CK

QD - QA

RCO

0

0

d-a

RCO

No Chg

RCO

No Chg

0

Ll k=] Y

=

R X[o|X|X

O X]| X | X

Inc

RCO
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RCO = (QD=QC=QB=QA=ENT)

d - a = state of referenced input one set-up time prior to active clock transition

The carry-lookahead design accommodates cascading large counters
without extra gating. Both ENT and ENP must be High to count. The
ENT is fed forward to enable RCO, which produces a High output

pulse with the approximate duration of the QA output. The
following figure illustrates a carry-lookahead design.
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Figure 3-220 Carry-Lookahead Design

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.

The counter recovers from any of six possible illegal states and
returns to a normal count sequence within two clock cycles.
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X74 163

4-Bit Counter with Parallel and Trickle Enables,
Active-Low Load Enable, and Synchronous Reset

X74_163

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

8Rislke
O 0 |m >
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SLPPP

X74_163 is a 4-stage, 4-bit, synchronous, loadable, resettable, cascad-
able binary counter. The active-Low synchronous reset (R), when
Low, overrides all other inputs and resets the data outputs (QD, QC,
QB, QA) and the ripple carry-out output (RCO) Low. When the
active-Low load enable (LOAD) is Low and R is High, parallel clock
enable (ENP) and trickle clock enable (ENT) are overridden and the
data on inputs (A, B, C, D) is loaded into the counter during the Low-
to-High clock (C) transition. The outputs (QD, QC, QB, QA) incre-
ment when LOAD, ENP, ENT, and R are High during the Low-to-
High clock transition. The counter ignores clock transitions when
LOAD is High and ENP or ENT are Low; RCO is High when

QD - QA and ENT are High.

m
Z
O
P
Q
O

m
z
=

o
A
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Inputs Outputs

LOAD ENP ENT D-A CK QD-QA | RCO
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d-a RCO
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RCO = (QD=QC=QB=QA=ENT)

d - a = state of referenced input one set-up time prior to active clock transition

The carry-lookahead design accommodates large counters without
extra gating. 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.
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Figure 3-222 Carry-Lookahead Design

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.
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X74 164

8-Bit Serial-In Parallel-Out Shift Register with
Active-Low Asynchronous Clear
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XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

X74_164 is an 8-bit, serial input (A and B), parallel output (QH — QA)
shift register with an active-Low asynchronous clear (CLR) input.
The asynchronous CLR, when Low, overrides the clock input and sets
the data outputs (QH — QA) Low. When CLR is High, the AND func-
tion of the two data inputs (A and B) is loaded into the first bit of the
shift register during the Low-to-High clock (C) transition and
appears on the QA output. During subsequent Low-to-High clock
transitions, with CLR High, the data is shifted to the next-highest bit
position as new data is loaded into QA (A and B QA, QAL QB,
QB QC, and so forth).

Registers can be cascaded by connecting the QH output of one stage
to the A input of the next stage, by tying B High, and by connecting
the clock and CLR inputs in parallel.

Inputs Outputs
CLR A B CK QA QB -QH
0 X X X 0 0
1 1 1 1 1 gA -qG
1 0 X 1 0 gA -qG
1 X 0 1 0 gA -qG

gA - qG = state of referenced output one set-up time prior to active clock
transition
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X74_165S

8-Bit Loadable Serial/Parallel-In Parallel-Out Shift
Register with Clock Enable
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Macro Macro Macro Primitive

X74_165S is an 8-bit shift register with serial-input (SI), parallel-
inputs (H — A), parallel-outputs (QH — QA), and two control

inputs — clock enable (CE) and active-Low shift/load enable (S_L).
When S_L is Low, data on the H — A inputs is loaded into the corre-
sponding QH - QA bits of the register on the Low-to-High clock (C)
transition. When CE and S_L are High, data on the Sl input is loaded
into the first bit of the register during the Low-to-High clock transi-
tion. During subsequent Low-to-High clock transitions, with CE and
S_L High, the data is shifted to the next-highest bit position (shift
right) as new data is loaded into QA (SI00 QA, QA QB, QB QC,
and so forth). The register ignores clock transitions when CE is Low
and S_L is High.

Registers can be cascaded by connecting the QH output of one stage
to the Sl input of the next stage and connecting clock, CE, and S_L
inputs in parallel.

Inputs Outputs
S L CE Sl A-H CK QA QB -QH
0 X X A-H ) ga gb-gh
1 0 X X X --No Change---
1 1 SI X t si | gA-qG

si, gn represent state of referenced input or output one set-up time prior to active
clock transition.
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o
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Figure 3-225 X74_165S XC2000/3000/4000 Implementation
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X74 168

4-Bit BCD Bidirectional Counter with Parallel and
Trickle Clock Enables and Active-Low Load Enable

X74_168

,_
mm 9

szgoom>
o7

e
A

& BRkiglk

X4278

XC2000
Macro

XC3000
Macro

XC4000
Macro

XC7000
Primitive

X74_168 is a 4-stage, 4-bit, synchronous, loadable, cascadable, bidi-
rectional binary-coded-decimal (BCD) counter. The data on the D - A
inputs is loaded into the counter when the active-Low load enable
(LOAD) is Low during the Low-to-High clock (C) transition. The
LOAD input, when Low, has priority over parallel clock enable
(ENP), trickle clock enable (ENT), and the bidirectional (U_D)
control. The outputs (QD — QA) increment when U_D and LOAD are
High and ENP and ENT are Low during the Low-to-High clock tran-
sition. The outputs decrement when LOAD is High and ENP, ENT,
and U_D are Low during the Low-to-High clock transition. The
counter ignores clock transitions when LOAD and either ENP or
ENT are High.

Inputs Outputs

LOAD

ENP

ENT QA-QD | RCO

ga-qd RCO

Inc RCO

Dec RCO

No Chg RCO

PR

Xlrr|o|lo|X

Rlo|lo|o|X
|C
><><OI—‘><D

No Chg 1

Libraries Guide

ga - qd = state of referenced input one set-up time prior to active clock transition

The active-Low ripple carry-out output (RCO) is Low when QD, QA,
and U_D are High and QC, QB, and ENT are Low. RCO is also Low

when all outputs, ENT and U_D are Low. The following figure illus-
trates a carry-lookahead design.
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RCO
ENP
ENT

RCO

ENP
ENT

Vce RCO
ENP
ENT

Vce

RCO
ENP

CE ENT

X4719

Figure 3-226 Carry-Lookahead Design

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 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.
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A M2_1 FDCE
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Figure 3-227 X74_168 XC2000/3000/4000 Implementation

Libraries Guide

3-499



Libraries Guide

X74 174

6-Bit Data Register with Active-Low Asynchronous
Clear

217" e XC2000 XC3000 XC4000 XC7000

03 | | Q3 Macro Macro Macro Primitive

D4 | | Q4

D5 | | 05 The active-Low asynchronous clear input (CLR), when Low, over-

De | | Q6 rides the clock and resets the six data outputs (Q6 — Q1) Low. When

= CLR is High, the data on the six data inputs (D6 — D1) is transferred to

LR w193 the corresponding data outputs on the Low-to-High clock (C) transi-

3-500

tion.
Inputs Outputs
CLR D6 - D1 CK Q6-Q1
0 X X 0
1 D6 -D1 ) d6 -d1

dn = state of referenced input one set-up time prior to active clock transition

Xilinx Development System
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FDC

C cLr

FDC

CcLr

FDC

CLR

FDC

Ccr
o ——— T
FDC

D5 D Q Q5g

L 4 C cr
o———— T Q5
FDC

= D6 D Q 06.

CcK o
= v CLR

CLRB
mCLR >0 ® Q6
INV

Figure 3-228 X74_174 XC2000/3000/4000 Implementation
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X74_194

4-Bit Loadable Bidirectional Serial/Parallel-In
Parallel-Out Shift Register

SLI| X74_194

Al | QA

B | | QB

c | | QC

D | | QD

SRI |

S0 |

s1 |

CK

CLR X4181
3-502

XC2000 XC3000 XC4000 XC7000

Macro Macro Macro Primitive

X74_194 is a 4-bit shift register with shift-right serial input (SRI), shift-
left serial input (SLI), parallel inputs (D — A), parallel outputs

(QD - QA), two control inputs (S1, S0), and active-Low asynchronous
clear (CLR). The shift register performs the following functions.

o Clear When CLR is Low, all other inputs are ignored and
outputs QD - QA go to logic state zero during the
Low-to-High clock transition.

. Load When S1 and SO are High, the data on inputs D — A
is loaded into the corresponding output bits
QD - QA during the Low-to-High clock transition.

. ShiftRight = When S1is Low and SO0 is High, the data is shifted
to the next-highest bit position (right) as new data
is loaded into QA (SRIO QA, QAL QB, QB QC,
and so forth).

« Shift Left When S1 is High and SO is Low, the data is shifted
to the next-lowest bit position (left) as new data is
loaded into QD (SLIC QD, QDO QC, QCO QB, and
so forth).

Registers can be cascaded by connecting the QD output of one stage

to the SRI input of the next stage, the QA output of one stage to the

SRI input of the next stage, and connecting clock, S1, SO, and CLR

inputs in parallel.

Xilinx Development System
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Inputs Outputs
CLR S1 SO SRI SLI A-D CK QA QB QC QD
0 X X X X X X 0 0 0 0
1 0 0 X X X X -----No Change--------
1 1 1 X X A-D 1 a b c d
1 0 1 SRI X X ) Sri ga gb qc
1 1 0 X SLI X ) gb qc qd sli
Lowercase letters represent state of referenced input or output one set-up time
prior to active clock transition.
R
"jl:v% M2_1 FDC
S0 DO
NZ 1 1] }© MA_ b q ©
- iR' B(l)l OMRA S0 Ty ~
= CLR
o—39 "TvRA 0
i
D1 OMLB M2_1 EDC
S0 LB DO
L Nz 1 o1 o Me [ 4 QB g
DO~ \ire o S0 =Tys -
ut 2 | CLR
r MRB T 0B
Dgﬂi—l
gél O MLC D2A2_1 EDC
iz i o] }° MC b Q ==
Do OMRC qMc -
c D1]
= S0 TiRe CLR
L T QC
KT
et O] j—\MLZMLD M2_1 FDC
DO —= S0
o0 Bl ;’M MD o
S1 S0 p—
- MRD QD
: CLR >o
&K INV

Figure 3-229 X74_194 XC2000/3000/4000 Implementation
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X74_195

4-Bit Loadable Serial/Parallel-In Parallel-Out Shift
Register

SIPPEP

%
—

(@]
~

X74_195 | QA

QB
| QC
| QD

O@B

L|

E@ |

X4182

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

X74_195 is a 4-bit shift register with shift-right serial inputs (J and K),
parallel inputs (D — A), parallel outputs (QD — QA) and QDB,
shift/load control input (S_L), and active-Low asynchronous clear
(CLR). Asynchronous CLR, when Low, overrides all other inputs and
resets data outputs QD — QA Low and QDB High. When S_L is Low
and CLR is High, data on the D — A inputs is loaded into the corre-
sponding QD - QA bits of the register during the Low-to-High clock
(C) transition. When S_L and CLR are High, the first bit of the register
(QA) responds to the J and K inputs during the Low-to-High clock
transition, as shown in the truth table. During subsequent Low-to-
High clock transitions, with S_L and CLR High, the data is shifted to
the next-highest bit position (shift right) as new data is loaded into
QA (J, KO QA, QADQB, QB QC, and so forth).

Registers can be cascaded by connecting the QD and QDB outputs of
one stage to the J and K inputs, respectively, of the next stage and
connecting clock, S_L and CLR inputs in parallel.

Inputs Outputs

CLR

A-D|CK |QA |QB |0QCc | QD |oDB

0 0 0 0 1

a b c d d

1 ga gb qc qc

ga ga qb qc qc

Rk |o

RO X]]

o|lkr|r|lo|X|X]~
>

ROk |o|X|X] <

X
;
1 0 ga gb qc qc
:
:
:

ga ga ab qc qc

3-504

Lowercase letters represent state of referenced input or output one set-up time
prior to active clock transition.
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CcLrR
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M2_1 FDC
=B DO——
- ol 12 MB_Ip o By
S0 MB
CcLR
o8
c M2 1 FDC
- —— 0 MC QcC_
D1 D Q -
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™ oe
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Figure 3-230 X74_195 XC2000/3000/4000 Implementation
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8-Bit Data Register with Active-Low Asynchronous

X74 273

Clear
DL | X74.273 [ Q1
b2 | | Q2
D3 | | Q3
D4 | | Q4
D5 | | 05
D6 | | Q6
D7 | | o7
D8 | | o8
CK |

CLR f X4183

3-506

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

The active-Low asynchronous clear (CLR), when Low, overrides all

other inputs and resets the data outputs (Q8 — Q1) Low. When CLR is
High, the data on the data inputs (D8 — D1) is transferred to the corre-
sponding data outputs (Q8 — Q1) during the Low-to-High clock tran-

sition.
Inputs Outputs
CLR D8 - D1 CK Q8-Q1
0 X X 0
1 D8 -D1 ) dg-d1

dn = state of referenced input one set-up time prior to active clock transition
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FDC
mll D Q QL
C
CLR
—Fpc &
= D2 D Q Q2
C
CLR
| 2
9 Foc ©
= D3 D Q Q3
c CLR
* Foc &
= D4 D Q Q4
c
CLR
A— |
) Fbc %
= D5 D Q Q5
c CLR
¢ Fc®
= D6 D Q Q6
¢ CLR
S
¢ FoCc %
(el D Q Q7
C
CLR
* Foc &
= D8 D Q Q8
CK
L CLR
= CLR {>C CLRB T Q8
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Figure 3-231 X74_273 XC2000/3000/4000 Implementation
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X74 280

9-Bit Odd/Even Parity Generator/Checker

X74_280

>

EVEN
OoDD

N i

X4184

3-508

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive*

* not supported for XC7336 designs

X74_280 parity generator/checker compares up to nine data inputs
(I - A) and provides both even (EVEN) and odd parity (ODD)
outputs. The EVEN output is High when an even number of inputs is
High. The ODD output is High when an odd number of inputs is

High.

Expansion to larger word sizes is accomplished by tying the ODD
outputs of up to nine parallel components to the data inputs of one
more X74_280; all other inputs are tied to ground.

Inputs Outputs
Number of Ones EVEN oDD
onA-—|
0,2,4,6,0r8 1 0
1,3,5,7,0r9 0 1
.A
wl l\ X5
C
:D /D ) > ODD g
=t | XOR2
XOR5
nt ]
s NN X4
H ) D )
:I f DC EVENg

XOR4

XNOR2

Figure 3-232 X74_280 XC2000/3000/4000 Implementation
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X74 283

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

co |
Al |
A2
A3
A4
Bl
B2 |

B3
B4 |

X74_283 | s1
| s2
| s3
| S4
| C4

X4185

Libraries Guide

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive*

* not supported for XC7336 designs

X74_283, a 4-bit full adder with carry-in and carry-out, adds two 4-bit
words (A4 — Al and B4 — B1) and a carry-in (C0) and produces a

binary sum output (S4 — S1) and a carry-out (C4).

16(C4)+8(S4)+4(S3)+2(S2)+S1=8(A4+B4)+4(A3+B3)+2(A2+B2)+

(A1+B1)+CO, where “+” = addition.
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Figure 3-233 X74_283 XC2000/3000/4000 Implementation
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X74 298

Quadruple 2-Input Multiplexer with Storage and
Negative-Edge Clock

Al | x74.298 | QA
A2 |
BL | | 0B
B2 |
Ct | | QC
c2 |
D1 | | oD
D2 |
ws |
Ky

X4186

Libraries Guide

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive*

* not supported for XC7336 designs

X74_298 selects 4-bits of data from two sources (D1 - Al or D2 - A2)
under the control of a common word select input (WS). When WS is

Low, D1 - Alischosen, and when WS is High, D2 — A2 is chosen. The
selected data is transferred into the output register (QD — QA) during
the High-to-Low transition of the negative-edge triggered clock (CK).
For XC7000, the CK input cannot be driven by a FastCLK signal

(from BUFG).

Inputs Outputs
WS Al-D1 A2 -D2 CK QA-QD
Al-D1 X ! al-di

1 X A2 -D2 l a2 -d2

an — dn = state of referenced input one set-up time prior to active clock transition
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M2 1 FD_1
AL DO =
T j/'o—m b g Qg
S0 MA
— ocC
QA
M2 1 FD_1
B1 DO =
:B2 b1 | MB___ |p Q— QB g
J S0 MB
————C
QB
M2 1 FD_1
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: c2 D1 | ME D —a
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Qc
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Figure 3-234 X74_298 XC2000/3000/4000 Implementation
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X74_352
Dual 4-to-1 Multiplexer with Active-Low Enables and
Outputs
l'% A o XC2000 XC3000 XC4000 XC7000
ezl Macro Macro Macro Primitive
11C3|
12C0 L2 X74_352 comprises two 4-to-1 multiplexers with separate enables
12¢1] (G1 and G2) but with common select inputs (A and B). When an
:jc% active-Low enable (G1 or G2) is Low, the multiplexer chooses one
Al data bit from the four sources associated with the particular enable
B_| (11C3 - 11C0 for G1 and 12C3 — 12C0 for G2) under the control of the
Elg common select inputs (A and B). The active-Low outputs (Y1 and Y2)
€ reflect the inverse of the selected data as shown in truth table. Y1 is
187 associated with G1 and Y2 is associated with G2. When an active-

Low enable is High, the associated output is High.

Inputs Outputs
G B A ICO IC1 IC2 IC3 Y
1 X X X X X X 1
0 0 0 ICO X X X 1C0
0 0 1 X IC1 X X IC1
0 1 0 X X IC2 X 1C2
0 1 1 X X X IC3 IC3
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M2_1
= 11C0 DO | o
™ 11C1 D1 M2_1E
S0 M1C01 ([(M1C01 DO \I o Y1B Y1.
M2 1 M1C23 D1 N
11C2 DO = o S0 Y1
ml1C3 D1 | E
S0 M1C23
= G1 {>C GiB
INV
M2 1

m12C0 DOF=—_
m2C1 D1 |
S0 M2C01  [M3 v2q
M2_1
m12C2 DO o
m2C3 D1
A P M2C23

- CBEZ G2B
L

Figure 3-235 X74_352 XC2000/3000/4000 Implementation
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X74 377

8-Bit Data Register with Active-Low Clock Enable

DL | X74.377 | Q1
D2 | | Q2
D3 | | Q3
D4 | |
o5 | | o5
o6 | | Qe
o7 | | Q7
o8 | | qs
G 4

o]

X4188

Libraries Guide

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

When the active-Low clock enable (G) is Low, the data on the eight
data inputs (D8 — D1) is transferred to the corresponding data
outputs (Q8 — Q1) during the Low-to-High clock (CK) transition. The

register ignores clock transitions when G is High.

Inputs Outputs
G D8 - D1 CK Q8-0Q1
1 X X No Change
0 D8 -D1 1 d8-di

dn = state of referenced input one set-up time prior to active clock transition
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Figure 3-236 X74_377 XC2000/3000/4000 Implementation
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X74 390

4-Bit BCD/Bi-Quinary Ripple Counter with
Negative-Edge Clocks and Asynchronous Clear

CKAL X74_390 QA
CKB QB
| QC
QD

CLR X4189

Libraries Guide

XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive*

* not supported for XC7336 designs

X74_390 is a cascadable, resettable binary-coded decimal (BCD) or
bi-quinary counter that can be used to implement cycle lengths equal
to whole and/or cumulative multiples of 2 and/or 5. In BCD mode,
the output QA is connected to negative-edge clock input (CKB), and
data outputs (QD — QA) increment during the High-to-Low clock
transition as shown in the truth table, provided asynchronous clear
(CLR) is Low. In bi-quinary mode, output QD is connected to the
negative-edge clock input (CKA). As shown in the truth table, in bi-
guinary mode, QA supplies a divide-by-five output and QB supplies
a divide-by-two output, provided asynchronous CLR is Low. When
asynchronous CLR is High, the other inputs are overridden, and data
outputs (QD — QA) are reset Low.

Larger ripple counters are created by connecting the QD output (BCD
mode) or QA output (biquinary mode) of the first stage to the appro-
priate clock input of the next stage and connecting the CLR inputs in
parallel. For XC7000, CKA and CKB cannot be driven by a FastCLK
signal from (BUFG).
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Figure 3-237 X74_390 XC2000/3000/4000 Implementation
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X74 518

8-Bit Identity Comparator with Active-Low Enable

PO |
Qo |
P1 |
Q1 |
P2 |
Q2 |
P3 |
03 |
&
Q4 ]
P5
Q5 |
P6 |
Q6 |
P7 |
Q7 |
G d

X74_518

| PEQ

Libraries Guide

XC2000

XC3000

XC4000

XC7000

Macro

Macro

Macro

Primitive

X74 518 is an 8-bit identity comparator with 16 data inputs for two
8-bit words (P7 — PO and Q7 — Q0), data output (PEQ), and active-
Low enable (G). When G is High, the PEQ output is Low. When G is
Low and the two input words are equal, PEQ is High. Equality is
determined by a bit comparison of the two words. When any of the
two equivalent bits from the two words are not equal, PEQ is Low.

PO
oo ) o——

XNOR2

) Q1
XNOR2 I—Dﬂ
P2 P2 [ |
2
::x)%gc ANDA
) Do
XNOR2 PEQ
XNOR2
) PQs
XNOR2 )7PQ47
T Pee_|
XNOR2 AND4
P77 PQ7
.G XNOR2
Figure 3-238 X74_518 XC2000/3000/4000 Implementation
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X74 521
8-Bit Identity Comparator with Active-Low Enable
and Output
xras2t XC2000 XC3000 XC4000 XC7000
Macro Macro Macro Primitive

[}
FEEBBEREEERBRERESSE

X4191 0
XNOR2
P1
") o 2oL
XNOR2 I—
me ) o oz
XNOR2 AND4
P3
PO3
erra—
XNOR2
4
XNOR2
p
B ) o P0s
XNOR2 I—
e ) o Qe
XNOR2 AND4
7
XNOR2
G

X74_521 is an 8-bit identity comparator with 16 data inputs for two
8-bit words (P7 — PO and Q7 — Q0), active-Low data output (PEQ), and
active-Low enable (G). When G is High, the PEQ output is High.
e When G is Low and the two input words are equal, PEQ is Low.
X74_521 does a bit comparison of the two words to determine
equality. When any of the two equivalent bits from the two words are
not equal, PEQ is High.

PEQ.

PQ47

NAND3B1

Figure 3-239 X74_521 XC2000/3000/4000 Implementation
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Chapter 4

Attributes, Constraints, and Carry Logic

Attributes

This chapter lists and describes all the attributes and constraints that
you can use with your schematic entry software or enter in a
constraints file. In particular, it describes the relative location (RLOC)
constraint. It also describes PPR placement constraints, relationally
placed macros (RPMs), and carry logic.

Attributes are instructions placed on symbols or nets in an FPGA or
EPLD schematic to indicate their placement, implementation,
naming, directionality, and so forth. This information is used by the
design implementation software during placement and routing of a
design. Constraints, which are a type, or subset, of attributes, are
used only to indicate where an element should be placed.

All the attributes listed in this chapter are available in the schematic
entry tools directly supported by Xilinx unless otherwise noted, but
some may not be available in textual entry methods such as VHDL.

Attributes applicable only to a certain schematic entry tool are
described in the documentation for that tool. For third-party inter-
faces, consult the interface user guides for information on which
attributes are available and how they are used.

There are three types of attributes discussed in this section:

. Component attributes, which affect only the component instances
on which they are placed.

. Global attributes, which affect the entire design. These attributes
apply to EPLD devices only.

« Net attributes, which affect individual component outputs or
inputs and are represented by attributes applied to nets.
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BASE

In some software programs, particularly Mentor Graphic’s, attributes
are called properties, but their functionality is the same as that of
attributes. In this document, they are referred to as attributes.

There are two types of Mentor Graphics properties: in one, a property
is equal to a value, for example, LOC=AA, in the other, the property
name and the value are the same, for example, DECODE. In the first
type, “attribute” refers to the property; in the second, “attribute”
refers to the property and the value.

The attributes in this section are listed in alphabetical order.

Architectures
The BASE attribute applies to the XC2000 and XC3000 families only.

Description

The BASE attribute defines the base configuration of a CLB or an IOB.
For an IOB primitive, it should always be set to 10. For a CLB primi-
tive, it can be one of three modes in which the CLB function generator
operates.

In XC2000 devices, these three modes are the following:

« F mode allows any function of up to four variables to be imple-
mented, where one of the inputs can be the Q output of the flip-
flop in the CLB.

« FG mode allows two three-input functions to be implemented,
where the input can be chosen from the four inputs to the CLB and
the Q output of the flip-flop in the CLB.

« FGM mode is similar to FG mode except that the inputs must be
chosen from four inputs to the CLB or the Q feedback. The B input
to the CLB acts as the control for a multiplexer between the two
four-input functions.

The three modes are very similar in XC3000 devices:

« F mode allows the CLB to implement any one function of up to
five variables.

. FG mode gives the CLB any two functions of up to four variables.
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Of the two sets of four variables, one input (A) must be common,
two (B and C) can be either independent inputs or feedback from
the Qx and Qy outputs of the flip-flops within the CLB, and the

fourth can be either of the two other inputs to the CLB (D and E).

. FGM mode is similar to FG, but the fourth input must be the D
input. The E input is then used to control a multiplexer between
the two four-input functions, allowing some six- and seven-input
functions to be implemented.

The following two figures illustrate the CLB and 10B base configura-
tions of the XC2000 and XC3000 families, respectively. In these draw-
ings, BASE F, FG, and FGM are for CLBs; BASE 10O is for 10Bs.

CLB: BASE F CLB: BASE FG
E E|
E E|

I0B: BASE 10

QX
P
PAD
Qv
P

‘ X4708

Figure 4-1 Base Configurations for XC3000 CLB and 10B
Primitives
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CLB: BASE F CLB: BASE FG

E
P

Id

CLB: BASE FGM I0B: BASE 10

PAD

X4707

Figure 4-2 Base Configurations for XC2000 CLB and 10B
Primitives

Syntax

The syntax of the BASE attribute is the following:

BASE=mode
where mode can be F, FG, or FGM for a CLB, or 10 for an IOB.

BLKNM

4-4

Architectures
The BLKNM attribute applies to all FPGA families.

Description

The BLKNM attribute assigns LCA block names to qualifying primi-
tives and logic elements. If the same BLKNM attribute is assigned to
more than one instance, the software attempts to map them into the
same LCA block. Conversely, two symbols with different BLKNM
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names are not mapped into the same block. Placing similar BLKNMs
on instances that do not fit within one LCA block creates an error.

Specifying identical BLKNM attributes on FMAP and/or HMAP
symbols tells the software to group the associated function genera-
tors into a single CLB. Using BLKNM, you can partition a complete
CLB without constraining the CLB to a physical location on the
device.

For an XC4000 CLB, the maximum number of elements that can be
assigned the same block name is two flip-flops, two FMAPs, and one
HMAP. For an XC3000 CLB, the maximum number of elements that
can be assigned the same block name is two flip-flops or one
CLBMAP. For an XC2000 CLB, the maximum number is one flip-flop
or one CLBMAP.

BLKNM attributes, like LOC constraints, are specified from the sche-
matic. Hierarchical paths are not prefixed to BLKNM attributes, so
BLKNM attributes for different CLBs must be unique throughout the
entire design. See the section on the HBLKNM attribute for informa-
tion on attaching hierarchy to block names.

Use the BLKNM attribute to attach a name to the following symbols:
o XC4000 flip-flop primitives (FDCE, FDPE)

« XC3000 flip-flop primitives (FDCE)

« XC2000 flip-flop and latch primitives (FDCP, LDCP)

« 1/0 buffers, flip-flops, and latches (IBUF, OBUF, OBUFT, ILD,
IFD, OFD, OFDT)

« PAD primitives (PAD, IPAD, OPAD, BPAD, UPAD, PADU)
« 170 block primitives (IOB symbols)

« Configurable logic blocks (CLB symbols)

. 3-state buffers (BUFT symbols)

. Mapping control symbols (CLBMAP, FMAP, HMAP)
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CAP

Syntax
The syntax of the BLKNM attribute is the following:
BLKNMablockname

where blockname is a valid LCA block name for that type of symbol.
For a list of prohibited block names, see the “Naming Conventions”
section of each user interface manual.

For information on assigning hierarchical block names, see the
HBLKNM attribute description in this chapter.

Example

Suppose that you want to map together two flip-flops within one
CLB. You give both the BLKNM=FFGRP1 attribute. You then trans-
late, place, and route the design. When you examine it in EditLCA,
you see that both flip-flops reside within a CLB named FFGRP1.

Architectures
The CAP attribute applies to the XC4000H family only.

Description

You can specify an XC4000H output driver as operating in either
resistive (RES) or capacitive, “softedge” (CAP) mode. In resistive
mode, the output is faster and draws more power. Use this mode
when the output is attached to purely resistive loads, or when ground
bounce is not expected to be a problem with the output.

The CAP attribute allows you to specify capacitive mode. Use capaci-
tive mode when connecting an output to a capacitive mode, or when
ground bounce is predicted to be a problem with the output. In
capacitive mode, the pull-down transistor is slowly turned off as the
output is pulled to ground, minimizing the likelihood of ground
bounce.

See the section on the RES attribute for more information.

Use the CAP attribute on the following symbols:
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« 10B output symbols OBUF, OBUFT
. 10B pads OPAD, IOPAD, UPAD
« Special function access symbols TDI, TMS, TCK

Syntax
The CAP attribute has the following syntax:
CAP

CLOCK_OPT

Architectures

The CLOCK_OPT attribute applies to the XC7200 and XC7300 fami-
lies only.

Description

The CLOCK_OPT global attribute controls FastCLK optimization for
the entire design. FastCLK optimization changes a product-term
clock to a FastCLK global signal, which reduces the number of
universal interconnect matrix (UIM) inputs and product terms
required by each function block.

Syntax
Use the following syntax with the CLOCK_OPT attribute:
CLOCK_OPT={on|off}

The On setting enables FastCLK optimization; the Off setting inhibits
it. On is the default.
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Architectures
The CMOS attribute applies to the XC4000H family only.

Description

The CMOS attribute configures output drivers on the XC4000H to
drive to CMOS-compatible levels. Similarly, it configures 10Bs to
have CMOS-compatible input thresholds.

To configure output drive levels, attach the CMOS attribute to any of
the following output symbols: OBUF, OBUFT, OUTFF/OFD,
OUTFFT/OFDT.

To configure input threshold levels, attach the CMOS attribute to any
of the following input symbols: IBUF, INFF/IFD, INLAT/ILD,
INREG.

See the section on the TTL attribute for more information.

Syntax
The syntax of the CMOS attribute is the following:
CMOS

CONFIG

4-8

Architectures
The CONFIG attribute applies to XC2000 and XC3000 families only.

Description

The CONFIG attribute specifies logic element inputs and the storage
element function for a CLB or IOB symbol.

CONFIG attributes can only be attached to 10B and CLB symbols.
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Syntax
Use the following syntax for the CONFIG attribute:
CONFIG=ag:[ value]:[ value]

where tag and value are derived from the following tables.

Table 4-1 XC2000 CLB Configuration Options

Tag BASE F BASE FG BASE FGM*
X FQ F G, Q M, Q
Y FQ FGQ M, Q
Q FF, LATCH FF, LATCH FF, LATCH
SET A F A F AM
RES D,F D, G D,M
CLK K, C, F, NOT K,C,G,NOT |K,C, M, NOT
F A/ B,C,D,Q |ABCDQ |ABCDQ
G None A/B,C,D,Q A/B,C,D,Q
*For BASE FGM, M=F if B=1, and M=G if B=0.
Table 4-2 XC2000 IOB Configuration Options

Tag BASE IO

I PAD, Q
BUF ON, TRI

Libraries Guide
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Table 4-3 XC3000 CLB Configuration Options

Tag BASE F BASE FG BASE FGM*
X F, QX F, QX M, QX
Y F, QY G, QY M, QY
DX DI, F DILF G DI, M
DY DI, F DILF G DI, M
CLK K, NOT K, NOT K, NOT
RSTDIR RD RD RD
ENCLK EC EC EC
F AB,CDEQX, |AB,CDEQX, |AB,C,DQX,
QY QY QY
G None AB,C,D,E,QX, |AB,C,D,QX,
QY QY
*For BASE FGM, M=F if E=0, and M=G if E=1.
Table 4-4 XC3000 I0OB Configuration Options
Tag BASE 10
IN I, 1Q, IKNOT, FF, LATCH,
PULLUP
ouT 0, 0Q, NOT, OKNOT, FAST
TRI T, NOT
Example

Following is an example of a valid XC2000 CLB CONFIG attribute

value:

X:Q Y:G CLK:K:NOT Q:FF SET:A RES:D
Here is an example of a valid XC3000 CLB CONFIG attribute value:
X:QX Y:QY DX:F DY:G CLK:K ENCLK:EC

4-10

Xilinx Development System




Attributes, Constraints, and Carry Logic

DECODE

Architectures
The DECODE attribute applies to the XC4000 family only.

Description

The DECODE attribute defines where a wired-AND (WAND)
instance is placed, either within a BUFT or an edge decoder. If the
DECODE attribute is placed on a single-input WAND! gate, the gate
is implemented as an input to a wide-edge decoder in an XC4000
design.

Syntax

The syntax of the DECODE attribute is the following:
DECODE

DECODE attributes can only be attached to a WAND1 symbol.

DOUBLE

Libraries Guide

Architectures
The DOUBLE attribute applies to the XC3000 family only.

Description

The DOUBLE attribute specifies double pull-up resistors on the hori-
zontal longline. On XC3000 parts, there are internal nets that can be
set as 3-state with two programmable pull-up resistors available per
line. If the DOUBLE attribute is placed on a PULLUP symbol, both
pull-ups are used, enabling a fast, high-power line. If the DOUBLE
attribute is not placed on a pull-up, only one pull-up is used,
resulting in a slower, lower-power line.

When the DOUBLE attribute is present, the speed of the distributed
logic is increased, as is the power consumption of the part. When
only half of the longline is used, there is only one pull-up at each end
of the longline.
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While the DOUBLE attribute can be used for the XC4000 family, it is
not recommended. PPR activates both pull-up resistors if the entire
longline (not a half-longline) is used.

Syntax
The syntax of the DOUBLE attribute is the following:

DOUBLE
The DOUBLE attribute can only be attached to a BUFT symbol.

EQUATE_F and EQUATE_G

Architectures

The EQUATE_F and EQUATE_G attributes apply to the XC2000 and
XC3000 families only.

Description

The EQUATE_F and EQUATE_G attributes set the logic equations
describing the F and G function generators of a CLB, respectively.

Syntax

The syntax of the EQUATE_F and EQUATE_G attributes is the
following:

EQUATE_For EQUATE_G

The following table lists the Boolean operators used in the logic equa-
tions.

Table 4-5 Valid XC2000 and XC3000 Boolean Operators

Symbol Boolean Equivalent
~ NOT
* AND
@ XOR
+ OR
O Group expression
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FAST

FILE
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Example

Here are two examples illustrating the use of the EQUATE_F
attribute:

EQUATE_F=F=((~A*B)+D))@Q
F=A@B+(C*~D)

Architectures

The FAST attribute applies to XC3000, XC3000A/L, XC4000, and
XC4000A families only.

Description

The FAST slew-rate attribute is attached to an output buffer, output
flip-flop, or pad to increase the speed of an IOB output. It produces a
faster output but may increase noise and power consumption.

The FAST attribute can be attached to the following symbols:

« 10OB symbols OBUF, OBUFT, OFD, OFDI, OFDT, OFDTI, OPAD,
IOPAD, UPAD

« Special function access symbols TDI, TMS, TCK

Syntax
The syntax of the FAST attribute is the following:
FAST

Architectures
The FILE attribute applies to all FPGA families.

Description

The FILE attribute is placed on symbols that do not have underlying
schematics. It references the XNF file containing the Xilinx netlist for
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the logic represented by the symbol. When XNFMerge encounters
such a symbol, it looks in the design directory for the XNF file and
replaces the description of the symbol in the XNF file with the func-
tionality found in the XNF file.

Syntax
Use the following syntax for the FILE attribute:
FILE= filename

where filename is the name of an XNF file without the .xnf extension.

Example

Suppose that a symbol is created, called new_and2, whose function
mimics that of a 2-input AND gate. A Xilinx ABEL file describes the
function of the new_and2 symbol and is translated to an XNF file
called new_and2.xnf. A FILE attribute is placed on the symbol, and
the attribute is given a value of new_and2. The top-level design
containing the new_and?2 symbol is translated to an XNF file, and the
following lines are found within it:

SYM, 1$2, NEW_AND2, FILE=NEW_AND2
PIN, 11, I, NET_IN1

PIN, 12, I, NET_IN2

PIN, O1, O, NET_OUT1

END

The new_and2.xnf file contains the following lines:
SYM, 1$1, AND2

PIN, 1, I, 11
PIN, 2,1, 12
PIN, O, O, O1
END
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The top-level file is then processed by XNFMerge, which reads
new_and2.xnf and replaces the description of the symbol with the
description of the functionality, resulting in the following lines in the
top-level design:

SYM, 1$2/1$1, AND2
PIN, 1, I, NET_IN1
PIN, 2, I, NET_IN2
PIN, O, O, NET_OUT1
END

The functionality of the symbol is added to the top-level design,
while the connectivity found in the top-level design is maintained.

FOE_OPT

Architectures

The FOE_OPT attribute applies to the XC7200 and XC7300 families
only.

Description

The FOE_OPT global attribute controls the optimization of the fast
output enable (FOE) for the entire design. FOE optimization gener-
ally applies only to BUFE, OBUFE, or 3-state PLD outputs driving an
OBUF. FOE optimization changes a product-term 3-state signal to an
FOE global control signal. Like FastCLK assignment, it reduces the
number of UIM inputs and product terms required by each function
block.

Syntax
Use the following syntax with the FOE_OPT attribute:
FOE_OPT={on|off}

Off inhibits FOE optimization of the entire design, and On, which is
the default, activates it.
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HBLKNM

Architectures
The HBLKNM attribute applies to all FPGA families.

Description

The HBLKNM attribute assigns hierarchical LCA block names to
logic elements and controls grouping in a flattened hierarchical
design. When elements on different levels of a hierarchical design
carry the same block name and the design is flattened, XNFMerge
prefixes a hierarchical path name to the HBLKNM value.

Like BLKNM, the HBLKNM attribute forces function generators and
flip-flops into the same CLB. Symbols with the same HBLKNM
attribute map into the same CLB, if possible. However, using
HBLKNM instead of BLKNM has the advantage of adding hierarchy
path names during translation, and therefore the same HBLKNM
attribute and value can be used on elements within different
instances of the same macro.

Use the HBLKNM attribute to attach a name to the following
symbols:

« XC4000 flip-flop primitives (FDCE, FDOP)
« XC3000 flip-flop primitives (FDCE)
« XC2000 flip-flop and latch primitives (FDCP, LDCP)

« 1/0 buffers, flip-flops, and latches (IBUF, OBUF, OBUFT, ILD, IFD,
OFD, OFDT)

« PAD primitives (PAD, IPAD, OPAD, BPAD, UPAD, PADU)
« 1/0 block primitives (IOB symbols)

. Configurable logic blocks (CLB symbols)

« 3-state buffers (BUFT symbols)

« Mapping control symbols (CLBMAP, FMAP, HMAP)
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Syntax
The syntax of the HBLKNM attribute is the following:
HBLKNMblockname

where blockname is a valid LCA block name for that type of symbol.
For a list of prohibited block names, see the “Naming Conventions”
section of each user interface manual.

Example

A schematic is created that contains a four-input function and a flip-
flop. The logic function is mapped using an FMAP symbol. Both the
FMAP and the flip-flop are given the attribute HBLKNM=GROUP1.
A symbol is created to represent the schematic, and both are given
the name of FUNC. Another schematic is then created, and four
instances of FUNC are placed on it. Because hierarchy is taken into
account when the design is translated, the software recognizes four
distinct groups, as opposed to one large group called GROUP1, and
each instance of FUNC is mapped into a separate CLB.

HU SET

Libraries Guide

Architectures

The HU_SET constraint applies to the XC4000 and XC4000A/H fami-
lies only.

Description

Like the H_SET constraint, the HU_SET constraint is defined by the
design hierarchy. However, it also allows you to specify a set name. It
is possible to have only one H_SET constraint within a given hierar-
chical element (macro) but by specifying set names, you can specify
several HU_SET sets.

XNFMerge hierarchically qualifies the name of the HU_SET as it flat-
tens the design and attaches the hierarchical names as prefixes. The
difference between an HU_SET constraint and an H_SET constraint is
that an HU_SET has an explicit user-defined and hierarchically quali-
fied name for the set, but an H_SET constraint has only an implicit
hierarchically qualified name generated by the design-flattening
program. An HU_SET set “starts” with the symbols that are assigned
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the HU_SET constraint, but an H_SET set “starts” with the instanti-
ating macro one level above the symbols with the RLOC constraints.

For detailed information about this attribute, refer to the “Relative
Location (RLOC) Constraints” section later in this chapter.

Syntax

To designate a design element as a member of a HU_SET set, apply
the following syntax to a design element:

HU_SET=ame

where name is the identifier for the set; it must be unique among all
the sets in the design.

Architectures
The INIT attribute applies to the XC4000 and XC4000A/H families
only.

Description
The INIT attribute initializes ROMs.

On a ROM, the INIT attribute gives an initial value to the contents of
the ROM. Either four or eight hexadecimal digits are required,
depending on the width of the ROM.

Syntax
Use the following syntax to implement the INIT attribute:

INIT= value

For ROMs, value can be four or eight hexadecimal digits, depending
on whether the ROM is a 16- or 32-word-deep ROM, respectively.
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Architectures
The LOC constraint applies to all families.

Description for FPGAs

For FPGAs, the LOC constraint defines where a symbol can be placed
within an FPGA. It specifies the absolute placement of a design
element on the FPGA die. It can be a single location, a range of loca-
tions, or a list of locations. The LOC constraint can only be specified
from the schematic. However, statements in a constraints file can also
be used to direct placement.

The LOC constraint can be used on the following elements:

« BUFTs

. Elements that map into a CLB: flip-flops, FMAPs, HMAPs, CLB-
MAPs, CLBs

« Elements that map into an I0OB: pads, IBUFs, OBUFs, INFFs, OUT-
FFs, and so forth

« For XC4000 only, WANDs and clock buffers

If a LOC constraint is placed on a macro symbol, XNFMerge passes it
down onto every symbol of the appropriate type underneath that
macro. For example, if LOC=CLB_R3C7 is placed on a macro, that
LOC constraint is passed to flip-flops and map symbols but not to
BUFTs.

You can use the LOC constraint to assign a specific LCA location to
the following symbols:

. Allflip-flop and latch primitives

« Xilinx soft macros (only flip-flops are affected)

« User-created symbols (only flip-flops are affected)
« Input buffers, output buffers, or pad symbols

o Clock buffers (ACLK, GCLK, BUFGP, BUFGS)

« 1/0 block primitives (I0B symbols) — XC2000, XC3000,
XC3000A/L, XC3100, and XC3100A only
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. Configurable logic blocks (CLB symbols) — XC2000, XC3000,
XC3000A/L, XC3100, and XC3100A only

. 3-state buffers (BUFT symbols) — XC3000, XC3000A/L, XC3100,
XC3100, and XC4000 only

« XC3000 horizontal longline pull-up resistors (PULLUP symbols)
« XC4000 wide-edge decoders (WANDnN and DECODEN symbols)
« Mapping control symbols (CLBMAP, FMAP, HMAP)

You can ignore LOC constraints in the design or in various parts of
the design by using the Ignore_xnf_locs option in XNFPrep and PPR.

You can specify multiple LOC constraints for the same symbol by
using a semicolon (;) to separate each LOC within the field. It speci-
fies that the symbols be placed or prohibited from being placed in any
of the locations specified. Also, you can specify an area in which to
place a symbol or group of symbols.

The legal names are a function of the target LCA part type. However,
to find the correct syntax for specifying a target location, you can load
an empty part into the XACT Design Editor (XDE). Place the cursor
on any block to display its location in the lower left corner of the
screen. Do not include the pin name such as .1, .0, or .T as part of the
location.

You can use the LOC constraint for logic that uses multiple CLBs,
I0Bs, soft macros, or other symbols. To do this, use the LOC attribute
on a soft macro symbol, which passes the location information down
to the logic on the lower level. However, the location restrictions are
only applied to the flip-flops within the logic block or to mapping
symbols or 3-state buffers in user-created macros.

Description for EPLDs

For EPLDs, use the LOC=pinname attribute on a PAD symbol to
assign the signal to a specific pin. The PAD symbols are IPAD, OPAD,
IOPAD, and UPAD.

Pin assignments are unconditional; that is, the software does not
attempt to relocate a pin if it cannot achieve the specified assignment.
You can apply the LOC constraint to as many PAD symbols in your
design as you like. However, each pin assignment further constrains

Xilinx Development System



Attributes, Constraints, and Carry Logic

Libraries Guide

the software as it automatically allocates logic and 1/0 resources to
internal nodes and 170 pins with no LOC constraints.

To save all resulting pin assignments so they are preserved the next
time you modify and re-integrate the design, use the PinSave
command in the XDM Translate menu. This command saves the pin
assignments to a design_name.vmf file. You can override individual
pin assignments saved in the VMF file by changing or adding
LOC=pinname attributes in the schematic.

Note: Pin assignment using the LOC attribute is not supported for
bus pad symbols such as OPADS.

Syntax for FPGAs

The syntax for specifying single LOC constraints for FPGAs is the
following:

LOCHocation
where location is a legal LCA location for the LCA part type.

You can specify areas of CLBs or BUFTs using the LOC constraint.
Specify the upper left and lower right corners of an area in which
logic is to be placed. Use a colon (;) to separate the two boundaries.

LOCHocation: location

Conversely, you can also prohibit the placement of logic into a partic-
ular CLB or IOB by using the following syntax. Single locations or an
entire area can be prohibited.

LOC<>ocation
LOC<=ocation: location

LOC= and LOC<> constraints can be used on the same symbol. If
multiple LOC= constraints are placed on a single symbol or group of
symbols, such as a macro, they are interpreted by the software as
“ORing” each of the constraints together. Multiple LOC<>
constraints are interpreted as “ANDing” the constraints together. The
convention for specifying multiple LOC constraints is to separate
each of them with a semicolon (;). Examples are shown in the “Exam-
ples” section, following.
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Syntax for EPLDs

For EPLDs, the LOC syntax is the following:

LOC=pinname

where the pin name is Pnn for PC packages; nn is a pin number. The

pin name is rc (row number and column number) for PG packages.
Examples are LOC=P24 and LOC=G2.

Examples

This section gives several examples of the LOC syntax for FPGAs.

Single LOC Constraints

Examples of the syntax for single LOC constraints are given in Table

4-6.

Table 4-6 Single LOC Constraint Examples

(XC2000 and XC3000 only)

Attribute Description

LOC=P12 Place 170 at location P12.

LOC=B Place decode logic or 1/0 on the
bottom edge.

LOC=TL Place decode logic or 1/0 on the
top leftedge, or global buffer in the
top left corner.

LOC=AA Place logic in CLB AA.

LOC=TBUF.AC.2
(XC2000 and XC3000 only)

Place BUFT in TBUF above and one
column to the right of CLB AC.

LOC=CLB_R3C5
(XC4000 only)

Place logic in the CLB in row 3, col-
umn 5.

LOC=CLB_RA4C5.ffx
(XC4000 only)

Place CLB flip-flop inthe X flip-flop
of the CLB in row 4,
column 5.

LOC=CLB_R4C5.F

(XC4000 only)

Place CLB function generatorinthe
F generator of CLB-R4C5.
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Attribute

Description

LOC=TBUF_R2C1.1
(XC4000 only)

Place BUFT in row 2, column 1,
along the top.

LOC=TBUF_R*CO
(XC4000 only)

Place BUFT inany row incolumn0.

Area LOC Constraints

Examples of LOC constraints used to specify area are given in Table

4-7.

Table 4-7 Area LOC Constraint Examples

Attribute

Description

LOC=AA:FF
(XC2000 and XC3000 only)

Place CLB logic anywhere in the
top left corner of the LCA
bounded by row F and column F.

LOC=CLB_R1C1:CLB_R5C5
(XC4000 only)

Place logic in the top left corner
of the LCAinab5x5area
bounded by row 5 and column 5.

LOC=TBUF_R1C1:TBUF_R2C8
(XC4000 only)

Place BUFT anywhere in the area
bounded by row 1, column 1 and
row 2, column 8.

Prohibit LOC Constraints

Examples of the correct syntax for prohibiting locations are shown in

Table 4-8.

Table 4-8 Prohibit LOC Constraint Examples

Attribute Description
LOC<>T Do not place 1/0 or decoder on
the top edge.
LOC<>A* Do not place logic anywhere in
(XC2000 and XC3000 only) the top row.

Libraries Guide

4-23



Libraries Guide

4-24

Attribute Description
LOC<>CLB_R5C*.ffy Do not place the CLB flip-flop in
(XC4000 only) the Y flip-flop of any CLB in row

5.
LOC<>CLB_R1C1:CLB_R5C5 |Do not place the logic in any CLB
(XC4000 only) in the top left corner extending

to row 5, column 5.
LOC<>TBUF_R*CO Do not place BUFT anywhere in
(XC4000 only) column 0.

Multiple LOC Constraints
Examples of multiple LOC constraints are provided in Table 4-9.

Table 4-9 Multiple LOC Constraint Examples

Attribute Description
LOC<>*A;LOC<>*D Do not place flip-flop in first or
(XC2000 and XC3000 only) fourth column of CLBs
LOC=T:LOC=L Place 170 or decoder (XC4000)

on the top or left edge.

LOC=CLB_R1C1:CLB_R5CS5; Place CLB logic in the top left
LOC<>CLB_R5C5 corner of the LCAina5 x5 area,
(must be specified in one but not in the CLB in row 5, col-
continuous line) (XC4000 only) |(umn5.

CLB Placement Examples

You can assign soft macros and flip-flops to a single CLB location, a
list of CLB locations, or a rectangular block of CLB locations. You can
also specify the exact function generator or flip-flop within a CLB.
CLB locations are identified as CLB_R#C# for an XC4000, or nn for an
XC2000 or XC3000, where nn is a two-letter designator. The upper left
CLBis CLB_R1C1 or AA.

The following examples illustrate the format of CLB constraints.
Enter LOC= or LOC<> and the pin or CLB location. If the target
symbol represents a soft macro, the LOC constraint is applied to all
appropriate symbols (flip-flops, maps) contained in that macro. If the
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indicated logic does not fit into the specified blocks, an error is gener-
ated.

The following statements place logic in the designated CLB.

LOC=AAXC2000 and XC3000)
LOC=CLB_R1C{XC4000)

The following statements prohibit the placement of logic in the desig-
nated CLB.

LOC<>AAXC2000 and XC3000)
LOC<>CLB_R1C{XC4000)

The following statements place logic within the first column of CLBs.
The asterisk (*) is a wildcard character.

LOC=*A(XC2000 and XC3000)
LOC=CLB_R*C1XC4000)

The next two statements place logic in any of the three designated
CLBs. There is no significance to the order of the LOC statements.

LOC=AA;LOC=AB;LOC=ACXC2000 and XC3000)
LOC=CLB_R1C1;LOC=CLB_R1C2;LOC=CLB_R1C3XC4000)

The following statements place logic within the rectangular block
defined by the first specified CLB in the upper left corner and the
second specified CLB in the lower right corner.

LOC=AA:HEXC2000 and XC3000)
LOC=CLB_R1C1:CLB_R8CEXC4000)

The next statement places logic in the X flip-flop of CLB_R2C2. For
the Y flip-flop, use the FFY tag.

LOC=CLB_R2C2.FFXXC4000)

IOB Placement Examples

You can assign 1/0 pads, buffers, and registers to an individual I0OB
location or to a specified die edge or half-edge. IOB locations are
identified by the corresponding package pin designation or by the
edge of the FPGA array.

The following examples illustrate the format of IOB constraints.
Specify either LOC= or LOC<> and the pin location. If the target
symbol represents a soft macro containing only 170 elements, for
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example, INFF8, the LOC constraint is applied to all 170 elements
contained in that macro. If the indicated 1/0 elements do not fit into
the specified locations, an error is generated.

The following statement places the 1/0 element in location P13. For
PGA packages, the letter-number designation is used, for example,
B3.

LOC=P13

The next statement places I/0 elements in IOBs along the top edge of
the die. For the other three die edges, use B (bottom), L (left), or R

(right).
LOC=T

The following statement places 1/0 elements in IOBs along the top
half of the left edge of the die. The first letter in this code represents
the die edge, and the second letter represents the desired half of that
edge. Other legal half-edge values are LB (left bottom), RT (right top),
RB (right bottom), TL (top left), TR (top right), BL (bottom left), and
BR (bottom right).

LOC=LT

The next statement prohibits the placement of 1/0 elements on the
left edge of the die.

LOC<>L

Note: The edges referred to in these constraints are die edges, which
do not necessarily correspond to package edges. View the device in
EditLCA to determine which pins are on which die edge.

BUFT Placement Examples

You can assign internal 3-state buffers (BUFTSs) to an individual BUFT
location, a list of BUFT locations, or a rectangular block of BUFT loca-
tions. In XC4000, BUFT locations are identified by the adjacent CLB.
Thus, TBUF_R1C1.1is just above CLB_R1C1, and TBUF_R1C1.2 is
just below it in an XC4000 part. In XC2000 and XC3000, BUFT loca-
tions are not as straightforward. View the device in EditLCA to deter-
mine the exact BUFT names.

BUFT constraints all refer to locations with a prefix of TBUF, which is
the name of the physical element on the device.
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The following examples illustrate the format of BUFT LOC
constraints. Specify either LOC= or LOC<> and the BUFT location.

The following statements place the BUFT in the designated location.

LOC=TBUF.AA.1(XC2000 and XC3000)
LOC=TBUF_R1C1.1(XC4000)

The next statements place BUFTs at any location in the first column of
BUFTs. The asterisk (*) is a wildcard character.

LOC=TBUF.*A(XC2000 and XC3000)
LOC=TBUF_R*C@XC4000)

The following statements place BUFTs within the rectangular block
defined by the first specified BUFT in the upper left corner and the
second specified BUFT in the lower right corner.

LOC=TBUF.AA:TBUF.BH(XC2000 and XC3000)
LOC=TBUF_R1C1:TBUF_R2CBXC4000)

The following statements prohibit the placement of BUFTs at any
location in the first row of BUFTSs.

LOC<>TBUF.A*(XC2000 and XC3000)
LOC<>TBUF_R1C{XC4000)

Global Buffer Placement Examples (XC4000 Only)

You can assign global buffers (BUFGP and BUFGS) to one of the four
corners of the die. Specify either LOC= or LOC<> and the global
buffer location. The following example illustrates the format of global
buffer constraints.

LOC=TL

This statement places the global buffer in the top left corner of the
die. For the other three corners, use TR (top right), BL (bottom left),
and BR (bottom right).

You cannot assign placement to the GCLK or ACLK buffers in the
XC2000 and XC3000 families, since there is only one of each, and their
placements are fixed on the die.
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Decode Logic Placement Examples (XC4000 Only)

In an XC4000 design, you can assign the decode logic to a specified
die edge or half-edge. All elements of a single decode function must
lie along the same edge.

The following example illustrates the format of decode constraints.
Specify either LOC= or LOC<> and the decode logic symbol location.
If the target symbol represents a soft macro containing only decode
logic, for example, DECODES, the LOC constraint is applied to all
decode logic contained in that macro. If the indicated decode logic
does not fit into the specified decoders, an error is generated.

LOC=L

This statement places the decoder logic along the left edge of the die.
For the other three edges, use T (top), B (bottom), or R (right).

LOGIC_OPT
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Architectures

The LOGIC_OPT attribute applies to the XC7200 and XC7300 families
only.

Description

The LOGIC_OPT global attribute controls the default logic optimiza-
tion for the entire design.

Syntax
The syntax for this attribute is the following:
LOGIC_OPT={on|off}

To inhibit logic optimization for the whole design, set this attribute to
Off. The default is On. You can override the global setting for indi-
vidual symbols using the OPT=on or OPT=0off component attribute.
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MAP
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Architectures
The LOWPWR attribute applies to the XC7300 family only.

Description

You can use the LOWPWR attribute as either a global or component
attribute. When used as a component attribute, it determines the
power setting of the macrocells used by an individual symbol. When
used as a global attribute, it makes low power the global default
power setting.

This attribute is ignored if it is assigned to a symbol that uses no
macrocells, such as an inverter, AND/OR gate (when optimized),
input register, and so on.

Syntax

To make low power the setting of the macrocells used by an indi-
vidual symbol, use the following syntax:

LOWPWR={on|off}

To make low power the global default power setting, place the
following syntax in the schematic:

LOWPWR=ALL

The default is LOWPWR=0ff, indicating a high-speed power setting
for all macrocells used in the design unless otherwise specified.

Architectures
The MARP attribute applies to all FPGA families.

Description

The MARP attribute is placed on an FMAP, HMAP, or CLBMAP to
specify whether pin swapping and the merging of other functions
with the logic in the map are allowed. If pin swapping is allowed, the
net connections to the pins on the CLB may differ from the
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connections to the map symbol. If merging with other functions is
allowed, other logic can also be placed within the CLB, if space
allows.

Syntax

The syntax of the MAP attribute is the following:
MAP={PLC|PUC|PLO|PUO}

where the keywords have the following meanings:

« PLC means that the CLB pins are locked, and the CLB is closed.

« PLO means that the CLB pins are locked, and the CLB is open.

« PUC means that the CLB pins are unlocked, and the CLB is closed.
« PUO means that the CLB pins are unlocked, and the CLB is open.

“Locked” in these definitions means that the software cannot swap
signals among the pins on the CLB; “unlocked” indicates that it can.
“Open’ means that the software can add or remove logic from the
CLB; conversely, “closed” indicates that the software cannot add or
remove logic from the function specified by the MAP symbol.

The default is PUC.

Example

A two-input function is mapped using an FMAP. Upon reaching the
place and route stage of the design, the software determines that
additional logic could be merged into the function generator
containing the first function. If the MAP attribute value is PLO or
PUO, the logic is merged into the function generator. If the MAP
attribute value is PLC or PUC, the logic is not merged into the func-
tion generator. The software also determines that routing can be
improved if the first and second pins on the function generator
containing the 2-input function are swapped. If the MAP attribute is
PUC or PUO, the pins are swapped. If the MAP attribute value is PLC
or PLO, the pins are not swapped.
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MEDFAST and MEDSLOW

Architectures

The MEDFAST and MEDSLOW attributes apply to the XC4000A
family only.

Description

MEDFAST and MEDSLOW specify the slew rate of an XC4000A
output driver. MEDFAST decreases output transition time and is
slightly faster than MEDSLOW, possibly resulting in more noise and
power consumption that an output driver specified as MEDSLOW.

The MEDFAST and MEDSLOW attributes can be attached to the 1/0
symbols and the special function access symbols TDI, TMS, and TCK.

Syntax

The syntax of the MEDFAST and MEDSLOW attributes is the
following:

MEDFASTor MEDSLOW
MINIMIZE

Architectures

The MINIMIZE attribute applies to the XC7200 and XC7300 families
only.

Description

The MINIMIZE global attribute determines whether or not the soft-
ware minimizes the logic for the whole design. If the logic is mini-
mized, any redundant or non-effective logic found in any user-speci-
fied equation files is eliminated through Boolean minimization.
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Syntax
The syntax of the MINIMIZE attribute is the following:
MINIMIZE={on|off}

where On allows logic minimization, and Off inhibits it. The default
is On.

MRINPUT

Net

4-32

Architectures
The MRINPUT attribute applies to the XC7300 family only.

Description

The MRINPUT global attribute in an XC7354 or XC7336 design
changes the master reset pin to an ordinary input pin. If this attribute
is set to On, the EPLD device is initialized only on power-up.

Syntax
The syntax of the MRINPUT attribute is the following:
MRINPUT={on|off}

The On setting changes the master reset pin to an ordinary input pin.
The default is Off.

Architectures

Net attributes apply to all families except where noted in the
following paragraphs.
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Description

Attaching attributes to nets affects the mapping, placement,
and/or routing of the LCA design. Net attributes can be any of the
following values:

o C Ciritical (all FPGA families)

The C net attribute flags a net as critical so the software tries to
route the net earlier than others. See also W, the weight net
attribute.

Note: The use of the C (critical) and W (weight net) attributes is not
recommended. In many cases, their use can degrade rather than
improve routability and performance.

o F(XC7300 only)

The F net attribute in an XC7300 device specifies that the
macrocell implementing a component output should be placed in
a fast function block (FFB). When placed on the output of an IBUF,
the F attribute specifies that the input signal is to use the Fastinput
(FI) path when the signal is used in a fast function block.

The F attribute is not valid on outputs of components that require
features only present in high-density function blocks, such as
PLFB9, ADD, ADSU, ACC, COMPM, LD, FDCP, FDCPE, XOR?7,
XORS8, and XORO9.

Note: The BUFE symbol can be assigned to FFB only when driving
an OBUF, and it must allow FOE optimization.

« G G Output (XC2000 and XC2000L only on flip-flop clock pins
and latch enable pins)

Any CLB clocks driven by this net are connected to the G function
output.

o H (XC7300 only)

The H net attribute in an XC7300 device specifies that the
macrocell implementing a component output should be placed in
a high-density function block.

The H attribute is not valid on outputs of a PLFFB9 or any of the
input/output buffer symbols.
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| C Input (XC2000 and XC2000L only on flip-flop clock pins
and latch enable pins)

Any CLB clocks driven by this net are connected to the C input
pin.

K K Input (XC2000 and XC2000L only on flip-flop clock pins
and latch enable pins)

Any CLB clocks driven by this net are connected to the K input.
L  Longline (XC2000, XC3000, and XC3100 only)

The APR router attempts to use a longline to route this net; a
longline is useful for nets with high fan-out that need low skew.

N  Non-critical (all FPGA families)

The N attribute flags a net as non-critical so the routing software
gives this signal low priority. See also W, the weight net attribute.

Note: The use of the N (non-critical) and W (weight net) attributes is
not recommended. In many cases, their use can degrade rather than
improve routability and performance.

P Pin-lock (XC2000 and XC3000 only on CLBMAP primitives;
XC4000 only on FMAPs and HMAPS)

The P attribute specifies that the signal should not be moved from
the CLB pin to which it is assigned. It is useful for aligning CLB
inputs with a specified longline.

S  Save (all FPGA families)

The S attribute prevents the removal of unconnected signals,
which is useful when using the map-then-merge method on
lower-level hierarchy. If you do not have the S attribute on a net,
any signal not connected to logic and/or an I/0 primitive is
removed.

W  Weight Net (all FPGA families)

The W attribute indicates the routing order of the specified net by
assigning it a net weight. For XC4000 and XC3000A/L (PPR)
designs, legal values are 1-99, with 0 being equivalent to the N
(non-critical) attribute and 100 being equivalent to the C (critical)
attribute. For XC2000 and XC3000 devices (APR), a value of 0 or 1
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means non-critical, 10 or higher means critical, and net weights of
2 through 9 are not graded.

Note: The use of the C (critical) or N (non-critical) and W (weight
net) attributes is not recommended. In many cases, their use can
degrade rather than improve routability and performance.

o X Explicit or External (all FPGA families)

With this attribute, XNFMAP or PPR ensures that a net is not
mapped inside the combinational logic of a CLB, which would
make the net “disappear.” For example, an external net between a
logic gate and a flip-flop forces the software to place the
combinational logic and the flip-flop in different CLBs. This
mapping may make the mapping of the design less efficient, but it
guarantees that the flagged net exists at a CLB output, which
allows the signal to be probed in XDE.

Syntax

Methods of entering this attribute vary by user interface. Consult the
appropriate user interface guide for instructions.

NODELAY

Libraries Guide

Architectures

The NODELAY attribute applies to the XC4000 and XC4000A fami-
lies only.

Description

The default configuration of 10B flip-flops in XC4000 and XC4000A
designs includes an input delay that results in no external hold time
on the input data path. However, this delay can be removed by
placing the NODELAY attribute on input flip-flops or latches,
resulting in a smaller setup time but a positive hold time.

The NODELAY attribute can be attached to the 1/0 symbols and the
special function access symbols TDI, TMS, and TCK.

4-35



Libraries Guide

4-36

OPT

Syntax
The syntax of the NODELAY attribute is the following:
NODELAY

Architectures
The OPT attribute applies to the XC7200 and XC7300 families only.

Description

The OPT attribute controls the optimization of all macrocells used by
a symbol.

If you build combinational logic using low-level gates and multi-
plexers, the logic optimizer attempts to pack all logic bounded
between device I/0 pins and registers into a single macrocell.

The logic optimizer optimizes components forward into components
connected to their outputs. It also moves forward any logic, whether
combinational or sequential, that is buffered by a 3-state buffer.
However, logic that itself contains a 3-state control is not moved
forward.

The OPT=off attribute prevents any logic in a component from opti-
mizing forward.

The OPT attribute has no effect on any symbol that contains no
macrocell logic, such as an input/output buffer.
Syntax
The syntax of the OPT attribute is the following:
OPT={on|off}

OPT=on allows optimization of macrocell logic; OPT=off inhibits
optimization. The default is the value of the LOGIC_OPT attribute,
which is On unless otherwise specified.
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PLD

Architectures
The PLD attribute applies to XC7200 and XC7300 families only.

Description

The PLD attribute is placed on a PLD symbol to specify the name of
the file containing the logic equations for that PLD. Use it on custom
primitive symbols and the following PLDs: PL20V8, PL22V10,
PL20PIN, PL24PIN, PL48PIN, PLFB9, and PLFFB9.

All PLD components in your schematic design must be assigned the
PLD attribute. Running XEMake automatically assembles all equa-
tion files named by all PLD=filename attributes found in the sche-
matic. If you do not use XEMake, you must assemble each PLD file in
the design using PLUSASM before you run the FITNET command.

Like PLDs, user-specified (custom) primitives are defined by
PLUSASM equation files. The PLD=filename attribute is not required
but can be applied as a convenient way to have your equation file
automatically assembled when XEMake is invoked. If you omit the
PLD attribute, FITNET will expect to find a bitmap file for the symbol
(symbol_name.vmh) in your local CLIB subdirectory.

Syntax
Following is the syntax of the PLD attribute:
PLD=filename

Do not specify the filename extension. You must specify this filename
as the first parameter of the CHIP statement inside the equation file,
as described in the “PLUSASM Language Reference” section of the

XEPLD Reference Guide. Here is an example:

CHIP filename PL22V10
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PRELOAD_OPT

Architectures

The PRELOAD_OPT attribute applies to XC7200 and XC7300 families
only.

Description

The PRELOAD_OPT global attribute allows the XEPLD softwatre to
change the preload values in the design to match the preload values
supported by specified device resources such as fast function blocks
and input registers. The XEPLD software can therefore map your
design most efficiently, using the device resources most suited to the
elements of your design. Unless you specify PRELOAD_OPT=0ff, the
software is free to change the initial register states of any component,
including PLD (custom) components defined in PLUSASM. Use
PRELOAD=0ff to preserve the initial states specified in this manual
for library components and in the PRLD equations in your PLUSASM
file for PLD or custom components.

You can set a high or low preload for high-density function blocks.
The preload value of fast function blocks depends on the use of Set or
Reset. Input register preload values are fixed at 1, except for those on
the XC7272, which are undefined.

Syntax
The syntax of the PRELOAD_OPT attribute is the following:

PRELOAD_OPT={on|off}

The On setting, which is the default, allows XEPLD to change the
preload values; Off preserves all preload values defined in the library
and specified in your PLD equation files.
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REG_OPT

Architectures
The REG_OPT attribute applies to XC7200 and XC7300 families only.

Description

The REG_OPT global attribute controls input register optimization
for the entire design. Input register optimization reduces the number
of macrocells in a design by moving simple FD registers connected to
IBUFs into a pad register, provided that the IBUF has no other
fanouts. The clock by which the input register is controlled must be a
FastCLK or an input that can be assigned to a FastCLK pin.

Syntax
Use the following the syntax with the REG_OPT option:
REG_OPT={on|off}

To inhibit input register optimization, set this attribute to Off. To
enable this optimization, set it to On, which is the default.

RES

Architectures
The RES attribute applies to the XC4000H family only.

Description

You can specify an XC4000H output driver as operating in either
resistive (RES) or capacitive, “softedge” (CAP) mode. In resistive
mode, the output is faster and draws more power. Use this mode
when the output is attached to purely resistive loads, or when
ground bounce is not predicted to be a problem with the output. The
RES attribute allows you to specify resistive mode.
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RLOC

Use capacitive mode when connecting an output to a capacitive
mode, or when ground bounce is predicted to be a problem with the
output. In capacitive mode, the pull-down transistor is slowly turned
off as the output is pulled to ground, minimizing the likelihood of
ground bounce.

See the section on the CAP attribute for more information.

The RES attribute can be attached to the 1/0 symbols and the special
function access symbols TDI, TMS, and TCK.

Syntax
The syntax of the RES attribute is the following:
RES

Architectures

The RLOC constraint applies to XC4000 and XC4000A/H families
only.

Description

Relative location (RLOC) constraints group logic elements into
discrete sets and allow you to define the location of any element
within the set relative to other elements in the set, regardless of even-
tual placement in the overall design. See the “Relative Location
(RLOC) Constraints” section later in this chapter for detailed infor-
mation about this type of constraint.

Syntax
Use the following syntax with the RLOC constraint:
RLOC=Row#Ccolumn#[. extension]

where the row and column numbers can be any positive integer,
including zero.

The optional .extension can take all the values that are available with
the current absolute LOC syntax: FFX, FFY, F, G, H, 1,and 2. The 1
and 2 values are available for BUFT primitives, and the rest are
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available for primitives associated with CLBs. Only extensions for the
XC4000 family designs are currently supported.

The RLOC value cannot specify a range or a list of several locations; it
must specify a single location.

See the “Relative Location (RLOC) Constraints” section later in this
chapter for information on the RLOC syntax.

RLOC_ORIGIN

Architectures

The RLOC_ORIGIN constraint applies to XC4000 and XC4000A/H
families only.

Description

An RLOC_ORIGIN constraint fixes the members of a set at exact die
locations. This constraint must specify a single location, not a range
or a list of several locations. For detailed information about this
constraint, refer to the “Relative Location (RLOC) Constraints”
section later in this chapter.

The RLOC_ORIGIN constraint is required for a set that includes

BUFT symbols.

Syntax

The syntax of the RLOC_ORIGIN constraint is the following:
RLOC_ORIGIN=Row#Ccolumn#

where the row and column numbers are positive non-zero integers.
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RLOC_RANGE

TNM

Architectures

The RLOC_RANGE constraint applies to XC4000 and XC4000A/H
families only.

Description

The RLOC_RANGE constraint is similar to the RLOC_ORIGIN
constraint except that it limits the members of a set to a certain range
on the die. The range or list of locations is meant to apply to all appli-
cable elements with RLOCsS, not just to the origin of the set.

Syntax
The RLOC_RANGE constraint has the following syntax:
RLOC_RANGE=Bw1#Ccol#:R row2#Ccol2#

where the row numbers and the column numbers can be non-zero
positive numbers or the wildcard (*) character. This syntax allows
three kinds of range specifications, which are defined in the
RLOC_RANGE section of the “Relative Location (RLOC)
Constraints” section later in this chapter.

Architectures

The TNM attribute applies to XC3000A/L, XC3100A, and XC4000
families only, and only when XACT-Performance is used.

Description

The TNM attribute tags specific flip-flops, RAMs, pads, and input
latches as members of a group to simplify the application of timing
specifications to the group.

See the “XACT-Performance Utility”” chapter of the XACT Reference
Guide for detailed information about this attribute.
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Syntax
Following is the syntax of the TNM attribute:
TNM=4dentifier

where identifier can be any combination of letters, numbers, or under-
scores.

Do not use reserved words, such as FFS, LATCHES, RAMS, or PADS
for TNM identifiers.

TSidentifier

Architectures

The TSidentifier attribute applies to XC3000A/L, XC3100A, and
XC4000 families only.

Description

TSidentifier properties beginning with the letters “TS” are placed on
the TIMESPEC symbol. The value of the TSidentifier attribute corre-
sponds to a specific timing specification that can then be applied to
paths in the design.

See the “XACT-Performance Utility” chapter of the XACT Reference
Guide for detailed information about this attribute.

Syntax
The syntax of the TSidentifier attribute is the following:
TSidentifier

where identifier can be any combination of letters, numbers, or under-
scores. It is commonly 01, 02, 03, and so forth. In Mentor, it must be
01, 02, 03, and so forth.
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TTL
Architectures
The TTL attribute applies to the XC4000H family only.
Description
The TTL attribute configures output drivers on the XC4000H to drive
to TTL-compatible levels. Similarly, it configures 10Bs to have TTL-
compatible input thresholds.
To configure output drive levels, attach the TTL attribute to any of the
following output symbols: OBUF, OBUFT, OUTFF/OFD, OUTFFT/
OFDT.
To configure input threshold levels, attach the TTL attribute to any of
the following input symbols: IBUF, INFF/IFD, INLAT/ILD, INREG.
See the section on the CMOS attribute for more information.
Syntax
The syntax of the TTL attribute is the following:

TTL
UIM_OPT

Architectures

The UIM_OPT attribute applies to the XC7200 and XC7300 families
only.

Description

UIM optimization extracts AND expressions and inverters out of
macrocell logic functions and moves them into the UIM, which
reduces the use of function block resources. The UIM_OPT global
attribute turns this type of optimization on or off.
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Syntax
The syntax of the UIM_OPT attribute is the following:
UIM_OPT={on|off}

where On activates UIM optimization, and Off inhibits it. The On
setting is the default.

USE_RLOC

Architectures

The USE_RLOC constraint applies to the XC4000 and XC4000A/H
families only.

Description

The USE_RLOC constraint turns on or off the RLOC constraint for a
specific element or section of a set. For detailed information about
this constraint, refer to the “Relative Location (RLOC) Constraints”
section later in this chapter.

Syntax
The syntax of the USE_RLOC constraint is the following:
USE_RLOC={true|false}

where True turns on the RLOC attribute for a specific element, and
False turns it off.

U_SET
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Architectures

The U_SET constraint applies to the XC4000 and XC4000A/H fami-
lies only.

Description

The U_SET constraint groups design elements with attached RLOC
constraints that are distributed throughout the design hierarchy into
a single set. The elements that are members of a U_SET can cross the
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design hierarchy; that is, you can arbitrarily select objects without
regard to the design hierarchy and tag them as members of a U_SET.
For detailed information about this attribute, refer to the “Relative
Location (RLOC) Constraints” section later in this chapter.

Syntax
The syntax of the U_SET constraint is the following:

U_SET=name

where name is the identifier of the set. This name is absolute; you
specify it, and it is not prefixed by a hierarchical qualifier.

PPR Placement Constraints

This section describes the legal PPR placement constraints for each
type of logic element, such as flip-flops, 1/0 pads, BUFTs, memories,
3-state buffers, global buffers, and edge decoders in FPGA designs.
Individual logic gates, such as AND or OR gates, are mapped into
CLB function generators before the constraints are read and therefore
cannot be constrained. However, if gates are represented by an FMAP
or HMAP symbol, you can place a placement constraint on that
symbol.

This section first describes the syntax for using constraints on sche-
matics and in a constraints (CST) file, then it gives examples showing
how both kinds of syntax are used to place constraints on the various
types of logic elements.

Schematic Syntax
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This section describes how to place constraints on symbols on a sche-
matic. You can use LOC, RLOC, BLKNM, and HBLKNM constraints
on these symbols; these constraints are described earlier in this
chapter in the “Attributes” section. Although you can prohibit indi-
vidual symbols from being placed in a certain location, you cannot
prohibit symbol placement in general.

To specify a single location, use the following syntax:

constraint=location
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To specify a list of locations, use this syntax:

constraint=location; constraint=location; constraint=location

The following syntax defines the two corners of a bounding box:
constraint=blockname: blockname

A colon is only used to separate the corners of a bounding box.

A semicolon separates locations.

The < > arrows can be substituted for the equals sign, =, to specify a
“prohibit” location constraint.

Here are some examples of location constraints:
LOC=CLB_R1C2
LOC=P12
LOC=CLB_R5C6;LOC=CLB_R6C6
LOC=CLB_R2C2:CLB_R3C3
LOC<>CLB_R1C2
LOC<>P7

Constraints File Syntax

Libraries Guide

This section describes how to place constraints on instances and
blocks in the constraints file. It also gives the syntax for all the state-
ments that can be placed in the constraints file.

Instances and Blocks

Because the statements in the constraints file concern instances and
blocks, these entities are defined here.

An instance is a symbol on the schematic. An instance name is the
symbol name as it appears in the XNF file. Instance constraints are
used for XC4000 designs.

A block is a CLB or an 10B. A block name depends on the design
family used. In XC3000 and XC3000A/L designs, the name is
assigned by XNFMAP using BLKNM, HBLKNM, and signal names
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associated with the block. In XC4000 designs, you assign the block
name with the BLKNM or HBLKNM attribute.

Place Instance Constraints

The Place Instance constraint instructs PPR to place or not place an
instance in a specific location.The Place Instance and Notplace
Instance constraints cannot be used for XC3000A/L or XC3100A
designs, because the design is partitioned into CLBs before PPR
processes it. Only the Place Block and Notplace Block statements,
described in the next section, are allowed for these families, since
these constraints operate on mapped blocks instead of mapped
instances.

The general syntax for placing PPR constraints on an instance in the
constraints file is the following:

{place|notplace} instance instance_name: location;
where the keywords are the following:

. Place Instance specifies the location of an instance to be placed.

. Notplace Instance prohibits placement of an instance in the speci-
fied location.

Instance_name is the name of the instance affected by the keyword.
Location can be one of the following three types of locations:
. Single location

. List of locations separated by spaces

. Locations of two bounding box corners, which must be enclosed
in square brackets and separated by spaces.

The syntax that you can use to specify locations is given in the “State-
ments” section later in this chapter.

Each constraint statement must end with a semicolon(;).

A colon separates the instance name from the location in constraint
statements.
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Following are some examples showing how instances are
constrained:

place instance $112/$113:CLB_R5C3;
place instance $213/$215/$316:P12;

Place Block Constraints

The Place Block constraint constrains CLBs or 10Bs that have been
named by BLKNM or HBLKNM attributes, or by XNFMAP for
XC3000, XC3000A/L, or XC3100A designs. The general syntax of this
constraint is the following:

{place|notplace} block blockname: location;
where the keywords are the following:

« Place Block specifies the location of a block to be placed.

. Notplace Block prohibits placement of a block in the specified
location.

For CLBs, the blockname field must match the BLKNM attribute on the
individual FMAPs, HMAPs, CLBMAPs, and/or flip-flops. For 10Bs,
the blockname must match the BLKNM attribute on individual 1/0
elements.

The location for CLBs can be a single CLB location, a range of CLBs, or
a wildcard constraint. For IOBs, the location is a package pin, such as
P12 or A6, or a die edge, such as T for top. The syntax that you can
use to specify locations is given in the “Statements” section later in
this chapter. Each constraint statement must end with a semicolon(;).

A colon separates the instance name from the location in constraint
statements.

Here are some examples showing how CLBs are constrained:

place block ABC:CLB_R3C7;
place block DEF:[CLB_R1C2 CLB_R5C4];
place block GHI:CLB_R*C3;

The Place Block constraint differs from other PPR constraints because
the logic is referenced by the LCA block name rather than the XNF
symbol’s instance name.
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Syntactical Conventions

The following syntactical conventions are used in the CST file state-
ments given in the “Statements” section, following:

. Lower-case words are literal.

« [0-9] means arange of numbers between 0 and 9, inclusive.

. [a-z] means arange of characters between A and Z, inclusive.
« = means “can be composed of.”

« | indicates alternatives; you must select either one or the other.

« {} means that you must choose one of the items enclosed in the
brackets.

. [] enclose items that are optional. Brackets also enclose a range.
. Items in italics are variables for which you substitute a value.

. Itemsin Courier ,ortypewriter ,fontare to be entered liter-
ally.

Wildcards

You can use the wildcard (*) character in constraint statements as
follows.

In an instance name, a wildcard character by itself represents every
symbol of the appropriate type. For example, the following constraint
applies to every BUFT in the design:

notplace instance *: TBUF_R1C1.1;

If the wildcard character is used as part of a longer instance name, the
wildcard represents one or more characters at that position. However,
only symbols of the appropriate type are constrained. For example,
consider the following constraint:

notplace instance cntr/g*: CLB_R7C3;

This constraint would apply to a flip-flop named cntr/q7, but not to a
BUFT named cntr/q7_data.

In a location, a wildcard character can be used for either the row
number or column number. For example, the following constraint
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prevents the flip-flop named cntr/q0 from being placed in any CLB
in the third column:

notplace instance cntr/q0: CLB_R*C3;
Wildcard characters cannot be used in dot extensions; for example,
CLB_R1C3.*is illegal.

Statements

Following are the statements that you can use in the CST file. It is not
recommended that you use the flag_constraint and weight_constraint
statements.

constraints ::={ place_constraint| flag_constraint| weight_constraint
| time_spec| time_grp}

Place Constraints
place_constraint ::={ place_instance| place_block}

place_instance ::= {place|notplace} instance instance_list:
loc_list;

instance_list ::= alphanum [ alphanum alphanum alphanum...]
loc_list ::= loc_spec [ loc_spec loc_spec loc_spec... ]

loc_spec ::={ clb_locs| pin_locs| edge_locs| buft_locs}

clb_locs ::={ clb_loc[ bel] |[ clb_loc clb_loc][ bel]} , where [ clb_loc
clb_loc] is a range from the lowest to the highest.

bel ::= .{f|g|ffx|ffy|1]|2}
clb_loc::=clb_r  row_col ¢ row_col

row_col ::= number, where number can be any number between 0 and
99, inclusive.

pin_locs ::= See the appropriate data book for the pin package
names, for example, p12, or unbonded pad names, for example, ulé.

edge_locs ::= {t|b|l|r|tltr|bl|br]|rt|rb]lt|Ib}

The edge locations corresponding to these terms are given in the
“1/0 Constraints” section later in this chapter.
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buft_locs ::={ buft_loc[ bel]|[ buft_loc buft_loc][ bel]} , where
[ buft_loc buft_loc] is a range from the lowest to the highest.

buft_loc ::=tbuf r row_col ¢ row_col

place_block ::= {place|notplace} block alphanum:
block _loc_list;
block _loc_list ::= block loc_spec [ block _loc_spec block loc_spec

block loc_spec... ]

block_loc_spec ::={ clb_loc|[ clb_loc clb_loc]| pin_locs|
edge_locs| buft_locs} , where [ clb_loc clb_loc] is a range from the lowest
to the highest.

alphanum ::=  Any combination or number of letters A through Z and
any combination or number of numbers 0 through 9 can be used.
Letters can be upper case or lower case. Underscores are acceptable.
Any characters that can be used in an XNF file are also acceptable;
however, alphanum must start with a letter.

Flag Constraints

flag_constraint ::= flag net {critical|uncritical} net_list;

net_list ::= alphanum [ alphanum alphanum alphanum...]

Weight Constraints
weight_constraint ::= weight net net_weight net_list;
net_weight ::=[ 0-100]

TIMESPEC Constraints

timespec ::= TIMESPEC="timespec_line" ;

timespec_line ::= tsldentifier = timespec_statement

tsldentifier := TS tlabel

tlabel ;= alphatnm [ alphatnm ...]

alphatnm :={[ a-z]|[ A-Z]|[ 0-9]_}

timespec_statement ::={ default_spec| delay_spec| link|ignore}
default_spec ::={ dc2s| dp2s| dc2p| dp2p}
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delay_spec::={ from_to| c2s| p2s| c2p| p2p}

link ::= link: tsldentifier[: tsldentifier: tsldentifier...]
dc2s ::=dc2s:  dmax_delay[: thi]

dp2s ::=dp2s:  dmax_delay

dc2p ::=dc2p:  dmax_delay

dp2p ::=dp2p:  dmax_delay

from_to::=from:  group:to: group=max_delay
c2s::=c2s: dmax_delay[: thi]

p2s::=p2s: dmax_delay[: signame]

c2p :=c2p: dmax_delay[: signame]

p2p ;= p2p: dmax_delay: signame: signame
dmax_delay ::= { requirement|auto|ignore}

thi::= float_number

group ::={ tlabel| whole_class | pattern}
whole_class ::= {ffs|pads|rams|latches}

max_delay ::={ requirement|auto}

pattern ::=  whole_class ( signame {; signame})
signame ::={ alphanum|*|?}[{  alphanum|*|?}...]
requirement ::= {  float_number [ unit]| reference}

unit ::= {ns|us|mhz|khz}

reference ::=  tsldentifier operator float_number

operator ::= *|/ In this case, the asterisk is a multiplier, not a wild-
card.

float_number ::= number [. number] , where number can be any

number between 0 and 9, inclusive.
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TIMEGRP Constraints
timegrp ::= TIMEGRP="timegrp_line" ;

timegrp_line ::=  tlabel=derived_group
derived_group ::= compound| difference| rise_fall
compound ::=  group[: group : group...]
difference ;;= compound:except: compound
rise_fall ::=  edge: group

edge ::= {rising|falling}

Restrictions

You should observe the following restrictions when using constraints
in the CST file.

Use only pin_locs and edge_locs to place constraints on 10B ele-
ments.

Use only two-character edge_locs on BUFGSs and BUFGPs.

Since BUFGs can only go in corners, “tI” means the top left corner.
For 10Bs, “tI” means the top left half-edge.

Do not use Notplace Instance with decoders or WANDSs having a
DECODE attribute.

BUFT_locs can only be used on BUFT elements.

On decoders only, use full- or half-edge constraints; no pin_locs are
allowed. You can only specify one location.

Determining Symbol Names

In a constraints file, each placement constraint acts upon one or more
symbols. Every symbol in a design carries a unique name, which is
defined in the input file. Use this name in a constraint statement to
identify the symbol.

For each type of constraint described in the following sections, the
method of determining the symbol name is explained and examples
are given.
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Flip-flops can be constrained to a specific CLB, a range of CLBs, a row
or column of CLBs, or a specific half-CLB. Flip-flop constraints can be
assigned from the schematic or through the CST file.

You cannot use Place Instance constraints on XC3000A/L flip-flops.

From the schematic, attach LOC constraints to the target flip-flop.
The constraints are then passed into the XNF and XTF files and read
by PPR. For more information on attaching LOC constraints, see the
appropriate interface user guide.

In the CST file, a flip-flop is identified by a unique instance name. A
flip-flop instance of type DFF can be found in the input file. Assume
that the following lines appear in the input file:

sym, /top-12/fdrd, dff, init=r
sym, /top-54/fdsd, dff, init=s

The instance names of these two flip-flops are /top-12/fdrd and
/top-54/fdsd. These names are used in the following examples
showing how constraints are applied to flip-flops on the schematic
and in the constraints file.

In the following examples, repeating the LOC constraint, separated
by a semicolon, specifies multiple locations for an element.

Example 1:

Schematic constraint  loc=clb_rlc5

Constraints file place instance /top-12/fdrd:
clb_ric5;

Place the flip-flop in the CLB in row 1, column 5. CLB R1C5 is in the
upper left corner of the device.

Example 2:
Schematic constraint  loc=clb_rlcl:clb_r5c7

Constraints file place instance /top-12/fdrd:
[clb_r1c1 clb_r5c7];

Place the flip-flop in the rectangular area bounded by the CLB R1C1
in the upper left corner and CLB R5C7 in the lower right.
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Example 3:
Schematic constraint  loc=clb_r*c3

Constraints file place instance /top-12/fdrd
/top-54/fdsd: clb_r*c3;

Place the flip-flops in any row of column 3. The wildcard (*) character
can be used in place of either the row or column number to specify an
entire row or column of CLBs.

From the schematic, the same LOC constraint is attached to both flip-
flops.

Example 4:
Schematic constraint  loc=clb_r2c4;loc=clb_r7c9

Constraints file place instance /top-54/fdsd:
clb_r2c4 clb_r7c9;

Place the flip-flop in either CLB R2C4 or CLB R7C9.

Example 5:

Schematic constraint  loc=clb_r3c5.ffy

Constraints file place instance /top-12/fdrd:
clb_r3c5.ffy;

Place the flip-flop in CLB R3C5 and assign the flip-flop output to the
XQ pin. Use the FFY tag to indicate the YQ pin of the CLB. If the FFX
or FFY tags are specified, the wildcard (*) character cannot be used for
the row or column numbers.

Example 6:

Schematic constraint  loc<>clb_r5c*

Constraints file notplace instance /top-12/fdrd:
clb_r5c*;

Do not place the flip-flop in any column of row 5. The wildcard (*)
character can be used in place of either the row or column number to
specify an entire row or column of CLBs.
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ROM and RAM Constraints
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A ROM or RAM can be constrained to a specific CLB, a range of
CLBs, or a row or column of CLBs. Memory constraints can be
assigned from the schematic or through the CST file.

From the schematic, attach the LOC constraints to the memory
symbol. The constraints are then passed into the XNF and XTF files
and read by PPR. For more information on attaching LOC
constraints, see the appropriate interface user guide.

In the constraints file, a memory is identified by a unique instance
name. For a memory not created by MemGen, one or more memory
instances of type ROM or RAM can be found in the input file. All
memory macros larger than 16 x 1 or 32 x 1 are broken down into
these basic elements in the XNF file. Examples of non-MemGen
memory instances in the XNF file are shown following:

sym, /top-7/rq, rom, init=05a3
sym, /top-11-ram64x8/ram-3, ram

The instance name of the ROM primitive is /top-7/rq. The instance
name of the RAM primitive, which is a piece of a RAM64X8 macro, is
/top-11-ram64x8/ram-3. These names are used in the following
examples.

A MemGen-created memory is represented by a hierarchical symbol
in the XNF file, as shown in this example:

sym, /top-17/bigram, bigram, file=bigram

The instance name of the MemGen module is /top-17/bigram.

Example 1:

Schematic constraint  loc=clb_r1c5

Constraints file place instance /top-7/rq:
clb_ric5;

Place the memory in the CLB in row 1, column 5. CLB R1C5 is in the
upper left corner of the device. A single-CLB constraint such as this
can only be applied to a 16 x 1 or 32 x 1 memory.
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Example 2:
Schematic constraint  loc=clb_r2c4;loc=clb_r7c9

Constraints file place instance /top-7/rq:
clb_r2c4 clb_r7c9

Place the memory in either CLB R2C4 or CLB R7C9.

Example 3:
Schematic constraint  loc=clb_rlcl:clb_r5c7

Constraints file place instance /top-17/bigram/*:
[clb_rlcl clb_r5c7];

Place the MemGen modaule in the rectangular area bounded by the
CLB R1C1 in the upper left corner and CLB R5C7 in the lower right.

From the schematic, attach the LOC constraint to the MemGen
symbol.

In the CST file, the /* is appended to the end of the MemGen symbol
instance name found in the XNF file. The wildcard (*) character is
used here to specify all instances that begin with the /top-17/
bigram/ prefix.

Example 4:

Schematic constraint  loc<>clb_r5c*

Constraints file notplaceinstance /topl1lram64x8*;
clb_r5c*;

Do not place the memory in any column of row 5. The wildcard (*)
character can be used in place of either the row or column number in
the CLB name to specify an entire row or column of CLBs.

From the schematic, the LOC constraint is simply attached to the
RAMG64X8 macro symbol and is passed through to each individual
RAM in the XNF file.

In the CST file, the wildcard (*) character specifies all instances that
begin with the /top-11-/ram64x8/ prefix.
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Mapping Constraints

FMAP and HMAP Constraints

The FMAP and HMAP symbols control mapping in an XC4000
design. They are similar to the XC2000/XC3000 CLBMAP symbol.

FMAP and HMAP control the mapping of logic into function genera-
tors. These symbols do not define logic on the schematic; instead,
they specify how portions of logic shown elsewhere on the schematic
should be mapped into a function generator.

The FMAP symbol defines mapping into a four-input (F) function
generator. PPR assigns this function to an F or G function generator,
so you are not required to specify whether it belongs in F or G.

The HMAP symbol defines mapping into a three-input (H) function
generator. If the HMAP has two FMAP outputs and, optionally, one
normal (non-FMAP) signal as its inputs, PPR normally places all the
logic related to these symbols into one CLB.

An example of how to use these symbols in your schematic appears
in Figure 4-3 and Figure 4-4.

For the FMAP symbol, as with the CLBMAP primitive, MAP={PUC,
PUO, PLC or PLO} is supported, as well as the LOC constraint.

For the HMAP symbol, only MAP=PUC is supported.

You can ignore FMAP and HMAP symbols in the input file by using
the PPR Ignore_maps option described in the “PPR” chapter of the
XACT Reference Guide.
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Figure 4-4 PPR Implementation of FMAP and HMAP

Example 1:

Schematic constraint  loc=clb_r7c3

Constraints file place instance $11323: clb_r7c3;

Place the FMAP or HMAP symbol in the CLB at row 7, column 3.
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Example 2:
Schematic constraint  loc=clb_r2c4;loc=clb_r3c4

Constraints file place instance top/dec0011.:
clb_r2c4 clb_r3c4;

Place the FMAP or HMAP symbol in either the CLB at row 2, column
4 or the CLB at row 3, column 4.

Example 3:

Schematic constraint  loc=clb_r5c5:clb_r10c8

Constraints file place instance $3127: [clb_r5c5
clb_r10cs8;

Place the FMAP or HMAP symbol in the area bounded by CLB R5C5
in the upper left corner and CLB R10C8 in the lower right.

Example 4:

Schematic constraint  loc=clb_r10c11.f

Constraints file place instance top/done:
clb_r1011.f;

Place the FMAP in the F function generator of CLB R10C11. The .G
extension specifies the G function generator. An HMAP can only go
into the H function generator, so there is no need to specify this place-
ment explicitly.

CLBMAP Constraints

With the CLBMAP symbol, you can specify logic mapping at the
schematic level for all XC3000 designs. It is used in conjunction with
standard logic elements, such as gates and flip-flops. It implicitly
specifies the configuration of a CLB by defining the signals on its
pins. Use the CLBMAP symbol to control mapping when the default
mapping is not acceptable.

Enter the CLBMAP symbol on the schematic and assign signals to its
pins. XNFMAP processes this symbol and maps the appropriate
logic, as defined by the input and output signals, into one CLB. The
easiest way to define a CLBMAP is to connect a labeled wire segment
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to each pin, which connects that pin to the net carrying the same
label.

If a CLBMAP specifies an illegal CLB configuration, XNFMAP
ignores the CLBMAP and issues a warning explaining why the
CLBMAP isillegal.

A CLBMAP can be either closed or open. A closed CLBMAP must
specify both the input and output signals for that CLB. XNFMAP
maps a closed CLBMAP exactly as specified, unless the indicated
configuration is illegal. XNFMAP does not add any logic to a CLB
specified with a closed CLBMAP.

An open CLBMAP specifies only the output signals for the CLB.
XNFMAP assigns those signals to the CLB output pins and maps the
source logic into the CLB as appropriate. Use an open CLBMAP to
specify the function of a CLB without specifying the exact configura-
tion.

Specify whether a CLBMAP is either open or closed by attaching the
appropriate MAP attribute to the symbol. See Table 4-10 for the exact
conventions.

The pins on a CLBMAP can be either locked or unlocked. Specify
whether a CLBMAP has locked or unlocked pins by attaching the
appropriate MAP attribute to the symbol. See Table 4-10 for the exact
conventions. With an open CLBMAP, only the output pins are locked.

If a CLBMAP is indicated as having unlocked pins, you can lock indi-
vidual CLBMAP pins by attaching a P (pin-lock) attribute to the
corresponding net. On an open CLBMAP, you can assign P attributes
only to output pins.

Table 4-10 Map Attributes for CLBMAP Symbols

Closed CLB Open CLB
Pins locked MAP=PLC MAP=PLO
Pins unlocked MAP=PUC MAP=PUO

Xilinx Development System



Attributes, Constraints, and Carry Logic

Example 1:

Schematic constraint  loc=CB

Constraints file place block top/cntq7: CB;
Place the CLBMAP in the CB CLB.

Example 2:
Schematic constraint  loc=AA:EE
Constraints file place block reg/bit7: [AA:EE];

Place the CLBMAP in the area bounded by CLB AA in the upper left
corner and CLB EE in the lower right.

CLB Constraints
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You can prohibit PPR from using a specific CLB, a range of CLBs, or a
row or column of CLBs. Such prohibit constraints can be assigned
only through the constraints file. CLBs are prohibited by specifying a
Notplace Instance constraint with only a wildcard (*) character as the
instance name, as shown in the following examples.

Example 1:
Schematic constraint  None

Constraints file notplace instance *: clb_rlc5;

Do not place any logic in the CLB in row 1, column 5. CLB R1C5 is in
the upper left corner of the device.

Example 2:

Schematic constraint ~ None

Constraints file notplace instance *: [clb_rlcl
clb_r5c7];

Do not place any logic in the rectangular area bounded by the CLB
R1C1 in the upper left corner and CLB R5C7 in the lower right.
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Example 3:
Schematic constraint ~ None
Constraints file notplace instance *: clb_r*c3;

Do not place any logic in any row of column 3. The wildcard (*) char-
acter can be used in place of either the row or column number to
specify an entire row or column of CLBs.

Example 4:

Schematic constraint ~ None

Constraints file notplace instance *: clb_r2c4
clb_r7c9;

Do not place any logic in either CLB R2C4 or CLB R7C9.

I/O Constraints
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You can constrain 1/0s to one edge of the die, half an edge of the die,
or a specific IOB. 1/0 constraints can be assigned from the schematic
or through the CST file.

From the schematic, attach LOC constraints to the target PAD symbol.
The constraints are then passed into the XNF and XTF files and read
by PPR. For more information on attaching LOC constraints, see the
appropriate interface user guide.

A pad can be found in the XNF file as an EXT record. Assume the
following lines appear in the XNF file.

ext, /top-102/data0, i,, blknm=data0
ext, /top-117/q13, o,, blkknm=out13

For a CST file constraint, the instance names of these 1/Os are /top-
102/data0_pad and /top-117/q13_pad.

Example 1:
This example uses a pin number to lock to one pin.

Schematic constraint  loc=p17

Constraints file place instance /top-102/
data0_pad: p17;
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Place the 170 in the IOB at pin 17. For pin grid arrays, a pin name
such as B3 or T1 is used.

Example 2:

The following example uses a letter to lock to a side of the die.
Schematic constraint  loc=t

Constraints file place instance /top-117/
gl3_pad: t;

Place the 170 in any IOB on the top edge of the die. Table 4-11 shows
the legal edge designations.

Table 4-11 Legal Edge Designations for IOBs

Edge Code Edge Location
b Bottom edge
| Left edge
r Right edge
t Top edge

Note: When assigning global location constraints specifically to I0Bs
and edge decoders, refer to the die locations, not the package loca-
tions. The package edges do not necessarily correspond to the die
edges. The die locations are rotated with respect to the package loca-
tions. The only way to see where these edges are is to load the design
into EditLCA. See the EditLCA section in the “XACT Design Editor”
chapter of the XACT Reference Guide for additional information.

Example 3:
This example uses multiple locations.

Schematic constraint  loc=t;loc=b

Constraints file place instance /top-117/
gl3_pad:tb;

Place the 170 in any 10B on the top or bottom edges of the die.
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Example 4:

A two-letter combination is used to lock to a half-edge in the
following example.

Schematic constraint  loc=tl

Constraints file place instance /top-102/
data0_pad: tl;

Place the 170 in any 10B on the left half of the top edge of the die.
Table 4-12 shows the legal half-edge designations.

Table 4-12 Legal Half-Edge Designations for IOBs

Half-Edge Code Edge Location

TL Left half of top edge

TR Right half of top edge

BL Left half of bottom edge
BR Right half of bottom edge
LT Top half of left edge

LB Bottom half of left edge
RT Top half of right edge

RB Bottom half of right edge
Example 5:

This example constrains 1/0s to the right edge of the 10B.
Schematic constraint  loc=r

Constraints file place instance /top-117/q*_pad:
r

Place the 1/0s in the 10Bs on the right edge of the die.

From the schematic, the LOC constraint is attached to all target PAD
symbols.

In the CST file, the wildcard (*) character specifies all instances that
begin with /top-117/q and end with _pad. It identifies the external
signals /top-117/q0_pad, /top-117/q9l_pad, and so on.
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IOB Constraints

You can prohibit PPR from using a specific IOB. This step might be
taken to keep user 1/0 signals away from semi-dedicated configura-
tion pins. Such prohibit constraints can be assigned only through the
CST file.

10Bs are prohibited by specifying a Notplace Instance constraint with
only a wildcard (*) character as the instance name, as shown in the
following example.

Schematic constraint None

Constraints file notplace instance *: p36 p37
p4l;

Do not place user 1/0s in the 10Bs at pins 36, 37, or 41. For pin grid
arrays, pin names such as D14, C16, or H15 are used.

BUFT Constraints
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You can constraint 3-state buffers to a specific BUFT, a range of
BUFTSs, or a row or column of BUFTs. BUFT constraints can be
assigned from the schematic or through the CST file. BUFT
constraints all refer to locations with a prefix of TBUF, which is the
name of the physical element on the device.

From the schematic, LOC constraints are attached to the target BUFT.
The constraints are then passed into the XNF and XTF files and read
by PPR. For more information on attaching LOC constraints, see the
appropriate user interface guide.

In a constraints file, a BUFT is identified by a unique instance name.
A BUFT instance can found in the XNF file. Assume the following
lines appear in the XNF file. A BUFT symbol can be translated to the
equivalent TBUF type.

sym, /top-72/rd0, TBUF
sym, /top-79/ed7, TBUF

The instance names of these two BUFTs are /top-72/rd0 and
/top-79/ed7. These names are used in the following examples.
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Example 1:
This example specifies BUFTs adjacent to a specific CLB.
Schematic constraint  loc=TBUF _rlc5

Constraints file place instance /top-72/rd0:
TBUF_ric5;

Place the BUFT adjacent to CLB R1C5. You can use either the longline
above the row of CLBs or the longline below.

Example 2:
The following example places a specific BUFT.
Schematic constraint  loc=TBUF _rl1c5.1

Constraints file place instance /top-72/rd0:
TBUF _ric5.1;

Place the BUFT adjacent to CLB R1C5. The .1 tag specifies the longline
above the row of CLBs. The .2 tag specifies the longline below it.

BUFTSs that drive the same signal must carry consistent constraints. If
you specify the longline for one BUFT constraint, you must specify it
for all constraints on that line of BUFTs. However, not all BUFTs on a
line need be constrained. Constraining one BUFT to a specific
longline forces the remaining BUFTs onto that line.

Example 3:
The next example specifies a column of BUFTSs.
Schematic constraint  loc=TBUF_r*c3

Constraints file place instance /top-72/rd0
top-79/ed7: TBUF _r*c3;

Place BUFTs in column 3 on any row. This constraint might be used to
align BUFTs with a common enable signal. You can use the wildcard
(*) character in place of either the row or column number to specify
an entire row or column of BUFTSs.

From the schematic, the same LOC constraint is attached to both
BUFTs.
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Example 4:
This example specifies a row of BUFTSs.
Schematic constraint  loc=TBUF_r7c*

Constraints file place instance /top-79/ed7:
TBUF_r7c%;

Place the BUFT on either the top or bottom horizontal longline in row
7, in any column. You can use the wildcard (*) character in place of
either the row or column number to specify an entire row or column
of BUFTs.

Edge Decoder Constraints
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Edge decoders can only be constrained to a single edge of the die;
they cannot be split across two edges of the die. If you use decoder
constraints, you must assign all decode inputs for a given function to
the same edge. From the schematic, attach LOC constraints to the
decode logic — either a DECODE macro or a WAND gate with the
DECODE attribute. The constraints are then passed into the XNF and
XTF files and read by PPR. For more information on attaching LOC
constraints, see the appropriate interface user guide.

Here is an example:

Schematic constraint  loc=T

Constraints file place instance dec1/$111:T;

Place the decoder along the top edge of the die. Table 4-13 shows the
legal edge designations.

Table 4-13 Legal Edge Designations for Edge Decoders

Edge Code Edge Location
T Top edge
B Bottom edge
L Left edge
R Right edge
TL Left half of top edge
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Edge Code Edge Location
TR Right half of top edge
BL Left half of bottom edge
BR Right half of bottom edge
LT Top half of left edge
LB Bottom half of left edge
RT Top half of right edge
RB Bottom half of right edge

To constrain decoders to precise positions within a side, constrain the
associated pads. However, because PPR determines decoder edges
before processing pad constraints, it is not enough to constrain the
pads alone. To constrain decoders to a specific die side, use the
following rule. For every output net that you want to constrain,
specify the side for at least one of its input decoders (WAND gates),
using one of the following.

LOC=LLOC=T
LOC=RLOC=B

Global Buffer Constraints

You can constrain a global buffer — BUFGP or BUFGS — to a corner
of the die. From the schematic, attach LOC constraints to the global
buffer symbols. The constraints are then passed into the XNF and
XTF files and read by PPR. For more information on attaching LOC
constraints, see the appropriate interface user guide.

Here is an example:
Schematic constraint  loc=TL
Constraints file place instance bufl:TL;

Place the global buffer in the top left corner of the die. Table 4-14
shows the legal corner designations.
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Table 4-14 Legal Corner Designations for Global Buffers

Corner Code Corner Location
TL Top left corner
TR Top right corner
BL Bottom left corner
BR Bottom right corner

If a global buffer is sourced by an external signal, the dedicated 10B
for that buffer must not be used by any other signal. For example, if a
BUFGP is constrained to TL, the PGCK1 pin must be used to source
it, and no other 1/0 can be assigned to that pin.

Relative Location (RLOC) Constraints

This section describes the relative location (RLOC) constraint, RLOC
sets, and RLOC set constraints and modifiers.

Description
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Relative location constraints group logic elements into discrete sets.
You can define the location of any element within the set relative to
other elements in the set, regardless of eventual placement in the
overall design. For example, if RLOC constraints are applied to a
group of eight flip-flops organized in a column, PPR maintains the
columnar order and moves the entire group of flip-flops as a single
unit. In contrast, absolute location (LOC) constraints constrain design
elements to specific locations on the FPGA die with no relation to
other design elements.

RLOC constraints allow you to place logic blocks relative to each
other to increase speed, use die resources efficiently, and take advan-
tage of the special carry logic built into the control logic blocks (CLBs)
of the XC4000 devices. They provide an order and structure to related
design elements without requiring you to specify their absolute
placement on the FPGA die. They allow you to replace any existing
hard macro with an equivalent that can be directly simulated.

The relationally placed macro (RPM) library, which replaces the hard
macro library, uses RLOC constraints to define the order and
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Syntax
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structure of the underlying design primitives. 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. Because these macros are built upon standard schematic parts,
they do not have to be translated before simulation.

In the Unified Libraries, you can use RLOC constraints with BUFT-
and CLB-related primitives, that is, DFF, HMAP, FMAP, and CY4
primitives. You can also use them on non-primitive macro symbols.
There are some restrictions on the use of RLOC constraints on BUFT
symbols. See the section on the RLOC_ORIGIN attribute later in this
chapter. However, you cannot use RLOC constraints with decoders,
clocks, or 170 primitives. LOC constraints, on the other hand, can be
used on all primitives: BUFTs, CLBs, IOBs, decoders, and clocks.

The libraries created before the release of the Unified Libraries do not
include RLOC constraints on the primitive symbols below the macro
symbols. To add RLOC constraints to the underlying macro primi-
tives, make a copy of the library in your local directory and add the
RLOC=R0CO constraint to the underlying primitives. You can also
attach RLOC constraints directly to non-macro primitives as you can
for the Unified Libraries.

The following symbols (primitives) accept RLOCs:

FDCE
FDPE
FMAP
HMAP
RAM16X1
RAM32X1
ROM16X1
ROM32X1
BUFT

The syntax of the RLOC constraint is the following:
RLOC = Rrow#Ccolumn#[. extension]

where the optional .extension can take all the values that are available
with the current absolute LOC syntax: FFX, FFY, F, G, H, 1,and 2. The
1 and 2 values are available for BUFT primitives, and the rest are
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available for primitives associated with CLBs. Only extensions for the
XC4000 family designs are currently supported.

The row and column numbers can be any positive integer, including
zero. Absolute die locations, in contrast, cannot have zero as a row or
column number. Because row and column numbers in RLOC
constraints define only the order and relationship between design
elements and not their absolute die locations, their numbering can
include zero. Even though you can use any positive integer in
numbering rows and columns for RLOC constraints, it is recom-
mended that you use small integers for clarity and ease of use.

It is not the absolute values of the row and column numbers that is
important in RLOC specifications but their relative values or differ-
ences. For example, if design element A has an RLOC=R3C4
constraint and design element B has an RLOC=R6C7 constraint, the
absolute values of the row numbers (3 and 6) are not important in
themselves. However, the difference between them is important; in
this case, 3 (6 -3) specifies that the location of design element B is
three rows away from the location of design element A. To capture
this information, a normalization process is used at some point in the
design implementation. In the example just given, normalization
would reduce the RLOC on design element A to ROCO, and the RLOC
on design element B to R3C3.

In Xilinx programs, rows are humbered in increasing order from top
to bottom, and columns are numbered in increasing order from left to
right. RLOC constraints follow this numbering convention.

Figure 4-5a demonstrates the use of RLOC constraints. Four flip-flop
primitives named A, B, C, and D are assigned RLOC constraints as
shown. These RLOC constraints require each flip-flop to be placed in
a different CLB in the same column and stacked in the order shown:
A above B, C, and D. Within a CLB, however, they can be placed
either in the FFX or FFY position.

If you wish to place more than one of these flip-flop primitives per
CLB, you can specify the RLOCs as shown in Figure 4-5b. The
arrangement in Figure 4-5b requires that A and B be placed in a
single CLB and that C and D be placed in another CLB immediately
below the AB CLB. However, within a CLB, the flip-flops can be
placed in either of the two flip-flop positions, FFX or FFY.
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To control the ordering of these flip-flop primitives specifically, you
can use the extension field, as shown in Figure 4-5c. In this figure, the
same four flip-flops are constrained to use specific resources in the
CLBs. This specification always ensures that these elements are
arranged exactly as shown: A must be placed in the FFX spot, B in
the same CLB at the FFY spot, and so on.

@ (b) (©
RLOC = ROCO RLOC = ROCO RLOC = ROCO.FFX
A A
b
RLOC = ROCO RLOC = ROCO.FFY
B B
RLOC = R1C0Q I RLOC = R1C0 C RLOC = R1CO.FFX
b
RLOC = R1C0 RLOC = R1CO.FFY
D D
RLOC = R2CQ
c
Shaded lines indicate a CLB grid.
D RLOC = R3C0Q

X4292

Figure 4-5 Different RLOC Specifications for Four Flip-flop
Primitives

RLOC Sets
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As noted previously, RLOC constraints give order and structure to
related design elements. This section describes RLOC sets, which are
groups of related design elements to which RLOC constraints have
been applied. For example, the four flip-flops in Figure 4-5 are related
by RLOC constraints and form a set. Elements in a set are related by
RLOC constraints to other elements in the same set. Each member of
a set must have an RLOC constraint, which relates it to other
elements in the same set. You can create multiple sets, but a design
element can belong to one set only.
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Sets can be defined in several ways: explicitly through the use of a
set parameter or implicitly through the structure of the design hier-
archy.

There are four distinct types of rules associated with each set:

« Definition rules define the requirements for membership in a set.

. Linkage rules specify how elements can be linked to other ele-
ments to form a single set.

. Modification rules dictate how to specify parameters that modify
RLOC values of all the members of the set.

« Naming rules specify the nomenclature of sets.
These rules are discussed in the sections that follow.

The following sections discuss three different set constraints: U_SET,
H_SET, and HU_SET. Elements must be tagged with both the RLOC
constraint and one of these set constraints to belong to a set.

U_SET

U_SET constraints enable you to group into a single set design
elements with attached RLOC constraints that are distributed
throughout the design hierarchy. The letter U in the name U_SET
indicates that the set is user-defined. U_SET constraints allow you to
group elements, even though they are not directly related by the
design hierarchy. By attaching a U_SET constraint to design elements,
you can explicitly define the members of a set. The design elements
tagged with a U_SET constraint can exist anywhere in the design
hierarchy; they can be primitive or non-primitive symbols. When
attached to non-primitive symbols, the U_SET constraint propagates
to all the primitive symbols with RLOC constraints that are below it
in the hierarchy.

The syntax of the U_SET constraint is the following:
U_SET=name

where name is the user-specified identifier of the set. All design
elements with RLOC constraints tagged with the same U_SET
constraint name belong to the same set. Names therefore must be
unique among all the sets in the design.
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H_SET

In contrast to the U_SET constraint, which you explicitly define by
tagging design elements, the H_SET (hierarchy set) is defined implic-
itly through the design hierarchy. The combination of the design hier-
archy and the presence of RLOC constraints on elements defines a
hierarchical set, or H_SET set. You do not use an HSET constraint to
tag the design elements to indicate their set membership. The set is
defined automatically by the design hierarchy. All design elements
with RLOC constraints at a single node of the design hierarchy are
considered to be in the same H_SET set unless they are tagged with
another type of set constraint such as RLOC_ORIGIN or
RLOC_RANGE. These constraints are discussed later in this chapter.
If you explicitly tag any element with an RLOC_ORIGIN,
RLOC_RANGE, U_SET, or HU_SET constraint, it is removed from an
H_SET set. Most designs contain only H_SET constraints, since they
are the underlying mechanism for relationally placed macros.

The design-flattening program, XNFMerge, recognizes the implicit
H_SET set, derives its name, or identifier, attaches the H_SET
constraint to the correct members of the set, and writes them to the
output file.

The syntax of the H_SET constraint as generated by XNFMerge
follows:

H_SET=name

Name is the identifier of the set and is unique among all the sets in the
design. The base name for any H_SET is “hset,” to which XNFMerge
adds a hierarchy path prefix to obtain unique names for different
H_SET sets in the XNFMerge output file.
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Macro A

N ~ ~ 4 \
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\
\

Design-top

Instl

Inst2

RLOC
=>H_SET = Inst1/hset

RLOC
=>H_SET = Inst1/hset

RLOC
=>H_SET = Inst1/hset

RLOC
=>H_SET = Inst1/hset

Macro A

RLOC
=>H_SET = Inst2/hset

RLOC
=>H_SET = Inst2/hset

RLOC
=>H_SET = Inst2/hset

RLOC
=>H_SET = Inst2/hset

Figure 4-6 Macro A Instantiated Twice

X4294

Note: In Figure 4-6 and the other figures shown in this section, the
italicized text prefixed by => is added by XNFMerge during the
design flattening process. You add all other text.

Figure 4-6 demonstrates a typical use of the implicit H_SET (hier-
archy set). The figure shows only the first “RLOC” portion of the
constraint. In a real design, the RLOC constraint must be specified
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completely with RLOC=Rrow#Ccol#. In this example, macro A is orig-
inally designed with RLOC constraints on four flip-flops: A, B, C, and
D. The macro is then instantiated twice in the design: Instl and Inst2.
When the design is flattened, two different H_SET sets are recognized
because two distinct levels of hierarchy contain elements with RLOC
constraints. XNFMerge creates and attaches the appropriate H_SET
constraint to the set members: H_SET=Inst1/hset for the macro
instantiated in Instl, and H_SET=Inst2/hset for the macro instanti-
ated in Inst2. The design implementation programs place each of the
two sets individually as a unit with relative ordering within each set
specified by the RLOC constraints. However, the two sets are
regarded as completely independent of each other.
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The name of the H_SET set is derived from the symbol or node in the
hierarchy that includes all the RLOC elements. In Figure 4-6, Instl is
the node (instantiating macro) that includes the four flip-flop
elements with RLOCs shown on the left of Figure 4-6. Therefore, the
name of this H_SET set is the hierarchically qualified name of “Inst1”
followed by “hset.” The Instl symbol is considered the “start” of the
H_SET, which gives a convenient handle to the entire H_SET and
attaches constraints that modify the entire H_SET. Constraints that
modify sets are discussed later in this chapter.

Figure 4-6 demonstrates the simplest use of a set that is defined and
confined to a single level of hierarchy. Through linkage and modifica-
tion, you can also create an H_SET set that is linked through two or
more levels of hierarchy. Linkage allows you to link elements through
the hierarchy into a single set. On the other hand, modification allows
you to modify RLOC values of the members of a set through the hier-
archy.

Set Linkage

The example in Figure 4-7 explains and illustrates the process of
linking together elements through the design hierarchy. Again, the
complete RLOC specification, RLOC=Rrow#Ccol#, is required for a
real design.

Note: In this and other illustrations in this section, the sets are shaded
differently to distinguish one set from another.
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Figure 4-7 Three H_SET Sets

As noted previously, all design elements with RLOC constraints at a
single node of the design hierarchy are considered to be in the same
H_SET set unless they are assigned another type of set constraint, an
RLOC_ORIGIN constraint, or an RLOC_RANGE constraint. In
Figure 4-7, RLOC constraints have been added on primitives and
non-primitives C, D, F, G, H, I, J, K, M, N, O, P, Q, and R. No RLOC
constraints were placed on B, E, L, or S. Macros C and D have an
RLOC constraint at node A, so all the primitives below C and D that
have RLOCs are members of a single H_SET set. Furthermore, the
name of this H_SET set is “A/hset” because it is at node A that the set
starts. The start of an H_SET set is the lowest common ancestor of all
the RLOC-tagged constraints that constitute the elements of that
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H_SET set. Because element E does not have an RLOC constraint, it is
not linked to the A/hset set. The RLOC-tagged elements M and N,
which lie below element E, are therefore in their own H_SET set. The
start of that H_SET set is A/E, giving it the name “A/E/hset.”

Similarly, the Q and R primitives are in their own H_SET set because
they are not linked through element L to any other design elements.
The lowest common ancestor for their H_SET set is L, which gives it
the name “A/D/L/hset.” After the flattening, XNFMerge attaches
H_SET=A/hset to the F, G, H, O, P, J, and K primitives; H_SET=A/
D/L/hset to the Q and R primitives; and H_SET=A/E/hset to the M
and N primitives.

Consider a situation in which a set is created at the top of the design.
In Figure 4-7, there would be no lowest common ancestor if macro A
also had an RLOC constraint, since A is at the top of the design and
has no ancestor. In this case, the base name “hset” would have no
hierarchically qualified prefix, and the name of the H_SET set would
simply be “hset.”

Set Modification

As noted earlier, the RLOC constraint assigns a primitive an RLOC
value (the row and column numbers with the optional extensions),
specifies its membership in a set, and links together elements at
different levels of the hierarchy. In Figure 4-7, the RLOC constraint on
macros C and D links together all the objects with RLOC constraints
below them. An RLOC constraint is also used to modify the RLOC
values of constraints below it in the hierarchy. In other words, RLOC
values of elements affect the RLOC values of all other member
elements of the same H_SET set that lie below the given element in
the design hierarchy.

When the design is flattened, the row and column numbers of an
RLOC constraint on an element are added to the row and column
numbers of the RLOC constraints of the set members below it in the
hierarchy. This feature gives you the ability to modify existing RLOC
values in submodules and macros without changing the previously
assigned RLOC values on the primitive symbols. This modification
process also applies to the optional extension field. However, when
using extensions for modifications, you must ensure that inconsistent
extensions are not attached to the RLOC value of a design element
that may conflict with RLOC extensions placed on underlying
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elements. For example, if an element has an RLOC constraint with
the FFX extension, all the underlying elements with RLOC
constraints must either have the same extension, in this case FFX, or
no extension at all; any underlying element with an RLOC constraint
and an extension different from FFX, such as FFY or F, is flagged as an
error. After resolving all the RLOC constraints, extensions that are
not valid on primitives are removed from those primitives. For
example, if XNFMerge generates an FFX extension to be applied on a
primitive after propagating the RLOC constraints, it applies the
extension if and only if the primitive is a flip-flop. If the primitive is
an element other than a flip-flop, the extension is ignored. Only the
extension is ignored in this case, not the entire RLOC constraint.

Figure 4-8 illustrates the process of adding RLOC values down the
hierarchy. The row and column values between the parentheses show
the addition function performed by XNFMerge. The italicized text
prefixed by => is added by XNFMerge during the design flattening
process and replaces the original RLOC constraint that you added.

Design-top
XNFMerge adds

R2C3 below to
create new RLOC A

RLOC = R2C3

RLOC = ROCO (+R2C3)
B =>RLOC = R2C3

RLOC = R1CO (+R2C3)
=>RLOC = R3C3

RLOC = R2C0 (+R2C3)
=>RLOC = R4C3

XNFMerge adds
R5C3.FEX below to g |RLOC=RscOFFX (+R2CY)
create new RLOC =>RLOC = R5C3.FFX
1 -
T =
RLOC = ROCO (+R5C3.FFX)
F =>RLOC = R5C3.FFX

G RLOC = R1CO (+R5C3.FFX)
=>RLOC = R6C3.FFX

X4296

Figure 4-8 Adding RLOC Values Down the Hierarchy
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The ability to modify RLOC values down the hierarchy is particularly
valuable when instantiating the same macro more than once. Typi-
cally, macros are designed with RLOC constraints that are modified
when the macro is instantiated. Figure 4-9 is a variation of the
sample design in Figure 4-6. The RLOC constraint on Instl and Inst2
now link all the objects in one H_SET set. Because the RLOC=R0C0
modifier on the Instl macro does not affect the objects below it,
XNFMerge only adds the H_SET tag to the objects and leaves the
RLOC values as they are. However, the RLOC=R0R1 modifier on the
Inst2 macro causes XNFMerge to change the RLOC values on objects
below it, as well as to add the H_SET tag, as shown in the italicized

text.
Design-top
Instl Inst2
RLOC = R0OCO RLOC = ROC1
add ROCO—no
change -
< <z
SN S~
s S Sss
- ~ S~
< <
g RLOC = ROCO g RLOC = ROCO (+R0C1)
<] 8
S A | =>H_SET=hset | = A | =>H_SET=hset
=>RLOC = R0C1
5 RLOC = R1CO 5 RLZCS:EF;ICZ (:ROCl)
=>) = hsel
=> = —
H_SET = hset — >RLOC = RIC1
RLOC = R2CO RLOC = R2CO (+R0C1)
C | —sH sET=hset C | =>H_SET=hset
- =>RLOC = R2C1
RLOC = R3CO RLOC = R3CO (+R0C1)
D = >H SET = hset D =>H_SET = hset
- =>RLOC = R3C1

add ROC1 to shift
the set 1 column
to the right

x4297

Figure 4-9 Modifying RLOC Values of Same Macro and Linking

Together as One Set

HU_SET

The HU_SET constraint is a variation of the implicit H_SET (hier-
archy set). Like H_SET, HU_SET is defined by the design hierarchy.
However, you can use the HU_SET constraint to assign a user-
defined name to the HU_SET.

The syntax of the HU_SET constraint is the following:

HU_SEFname
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where name is the identifier of the set; it must be unique among all the
sets in the design. You must define the base names to ensure unique
hierarchically qualified names for the sets after XNFMerge flattens
the design and attaches the hierarchical names as prefixes.

This user-defined name is the base name of the HU_SET set. Like the
H_SET set, in which the base name of “hset” is prefixed by the hierar-
chical name of the lowest common ancestor of the set elements, the
user-defined base name of an HU_SET set is prefixed by the hierar-
chical name of the lowest common ancestor of the set elements.

The HU_SET constraint defines the start of a new set: all design
elements at the same node that have the same user-defined value for
the HU_SET constraint are members of the same HU_SET set. Along
with the HU_SET constraint, elements can also have an RLOC
constraint. The presence of an RLOC constraintinan H_SET
constraint links the element to all elements tagged with RLOCs above
and below in the hierarchy. However, in the case of an HU_SET
constraint, the presence of an RLOC constraint along with the
HU_SET constraint on a design element does not automatically link
the element to other elements with RLOC constraints at the same
hierarchy level or above.
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Design-top

RLOC
=>H_SET = Alhset

RLOC
=>H_SET = A/hset

v \
\
\
\
\

RLOC HU_SET = bar

\E )

e > N Tt
~ SO -

RLOC RLOC

=>H_SET = A/hset =>HU_SET = A/bar
RLOC D RLOC

=>H_SET = Alhset =>HU_SET = Albar

4

v

RLOC HU_SET = bar

Roe E Roe
=>HU_SET = Albar =>HU_SET = A/E/bar

X4298

Figure 4-10 HU_SET Constraint Linking and Separating
Elements from H_SET Sets

Figure 4-10 demonstrates how HU_SET constraints designate
elements as set members, break links between elements tagged with
RLOC constraints in the hierarchy to separate them from H_SET sets,
and generate names as identifiers of these sets. The user-defined
HU_SET constraint on E separates its underlying design elements,
namely H, I, J, K, L, and M from the implicit H_SET=A/hset that
contains primitive members B, C, F, and G. The HU_SET set that is
defined at E includes H, I, and L (through the element J). XNFMerge
hierarchically qualifies the name value “bar” on element E to be A/
bar, since A is the lowest common ancestor for all the elements of the
HU_SET set, and attaches it to the set member primitives H, I, and L.
An HU_SET constraint on K starts another set that includes M, which
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receives the HU_SET=A/E/bar constraint after processing by
XNFMerge. In Figure 4-10, the same name field is used for the two
HU_SET constraints, but because they are attached to symbols at
different levels of the hierarchy, they define two different sets.

Design-top

=>H_SET = A/hset

=>H_SET = Alhset

HU_SET = bar HU_SET = bar

- N
- N i -~
- ~ -

=> HU_SET = Albar

=>HU_SET = A/bar

o]

=>HU_SET = A/bar

=>HU_SET = A/bar

X4299

Figure 4-11 Linking Two HU_SET Sets

Figure 4-11 shows how HU_SET constraints link elements in the
same node together by naming them with the same identifier.
Because of the same name, “bar,” on two elements, D and E, the
elements tagged with RLOC constraints below D and E become part
of the same HU_SET.

Set Modifiers

Libraries Guide

A modifier, as its name suggests, modifies the RLOC constraints asso-
ciated with design elements. Since it modifies the RLOC constraints
of all the members of a set, it must be applied in a way that propa-
gates it to all the members of the set easily and intuitively.
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For this reason, the RLOC modifiers of a set are placed at the start of
that set. This section discusses the different modifiers that you can
use to modify the RLOC set constraints.

RLOC

As discussed previously, the RLOC constraint associated with a
design element modifies the values of other RLOC constraints below
the element in the hierarchy of the set. Regardless of the set type,
RLOC row, column, and extension values on an element always prop-
agate down the hierarchy and are added at lower levels of the hier-
archy to RLOC constraints on elements in the same set.

RLOC_ORIGIN

Specifying RLOC constraints to describe the spatial relationship of
the set members to themselves allows the members of the set to float
anywhere on the die as a unit. You can, however, fix the exact die
location of the set members. The RLOC_ORIGIN constraint allows
you to change the RLOC values into absolute LOC constraints that
respect the structure of the set.

Following is the syntax of this constraint:
RLOC_ORIGIN=Row#Ccolumn#

where the row and column numbers are positive non-zero integer
values. When an RLOC_ORIGIN constraint is applied to a set, the
row and column values of the RLOC_ORIGIN are added to the indi-
vidual RLOC values of the members of the set to obtain a final LOC
constraint for each element in the set. Since the row and column
numbers of an RLOC_ORIGIN constraint refer to actual die locations,
its value must exclude zero.

Note: In the XACT 5.0 release, you must use the RLOC_ORIGIN con-
straint with sets that include BUFT symbols. Sets with BUFT symbols
must be fixed to an exact die location.

The design flattening program, XNFMerge, translates the
RLOC_ORIGIN constraint into LOC constraints. The row and column
values of the RLOC_ORIGIN are added individually to the members
of the set after all RLOC modifications have been made to their row
and column values by addition through the hierarchy. The final
values are then turned into LOC constraints on individual primitives.
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When this constraint is used in conjunction with an implicit H_SET
(hierarchy set), it must be placed on the element that is the start of the
H_SET set, that is, on the lowest common ancestor of all the members
of the set. If you apply an RLOC_ORIGIN constraint to an HU_SET
constraint, place it on the element at the start of the HU_SET set, that
is, on an element with the HU_SET constraint. However, since there
could be several elements linked together with the HU_SET
constraint at the same node, the RLOC_ORIGIN constraint can be
applied to only one of these elements to prevent more than one
RLOC_ORIGIN constraint from being applied to the HU_SET set.
Similarly, when used with a U_SET constraint, the RLOC_ORIGIN
constraint can be placed on only one element with the U_SET
constraint. If you attach the RLOC_ORIGIN constraint to an element
that has only an RLOC constraint, the membership of that element in
any set is removed, and the element is considered the start of a new
H_SET set with the specified RLOC_ORIGIN constraint attached to
the newly created set.
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Design-top

A RLOC_ORIGIN = R2C3 XNFMerge adds RLOC_ORIGIN

(R2C3) below to get final LOC constraint

RLOC = ROCO (+R2C3)

B =>L0OC = CLB_R2C3
RLOC = R1CO (+R2C3)
C =>LOC = CLB_R3C3

RLOC = R2CO (+R2C3)
D =>L0OC = CLB_R4C3

XNFMerge adds ROC1 and RLOC_ORIGIN

E RLOC =R0C1 (R2C3) below to get final LOC constraint

RLOC = ROCO (+ROC1 + R2C3)
F | =stoc=cLB rR2c4

RLOC = R1CO (+ROC1 + R2C3)
=>LOC = CLB_R3C4

X4300

Figure 4-12 Using an RLOC_ORIGIN Constraint to Modify an
H_SET Set

In Figure 4-12, the elements B, C, D, F, and G are members of an
H_SET set with the name A/hset. This figure is the same as Figure 4-
8 except for the presence of an RLOC_ORIGIN constraint at the start
of the H_SET set (at A). The RLOC_ORIGIN values are added to the
resultant RLOC values at each of the member elements to obtain the
values that are then converted by XNFMerge to LOC constraints. For
example, the RLOC value of F, given by adding the RLOC value at E
(ROC1) and that at F (ROCO), is added to the RLOC_ORIGIN value
(R2C3) to obtain the value of (R2C4), which is then converted to a
LOC constraint, LOC = CLB_R2C4.

Xilinx Development System



Attributes, Constraints, and Carry Logic

Libraries Guide

Design-top

RLOC_ORIGIN = R1C2

[>]

add RLOC_ORIGIN ~
to H_SET ==

RLOC = ROCO (+R1C2)
=>H_SET = Ahset
=>L0C=CLB_RIC2

RLOC = R1CO (+R1C2)
=>H_SET = A/hset

=>L0OC=CLB_R2C2

(o]

HU_SET = bar add RLOC_ORIGIN
HU_SET = bar RLOC_ORIGIN = R3C3 and RLOC below
RLOC = ROC1
. < == ==
e SN T =l
P N -

[°]

add RLOC_ORIGIN
to H_SET

RLOC = ROCO (+R3C3)
=> HU_SET = Albar
=>10C=CLB_R3C3

RLOC = R1CO (+R3C3)
=>HU_SET = Abar
=>L0C=CLB_R4C3

RLOC = ROCO (+R0C1 + R3C3)
=>HU_SET = A/bar
=>L0C = CLB_R3C4

RLOC = R1CO (+R0C1 + R3C3)
=> HU_SET = Albar

=>L0OC=CLB_R4C4

X4301

Figure 4-13 Using an RLOC_ORIGIN to Modify H_SET and
HU_SET Sets

Figure 4-13 shows an example of an RLOC_ORIGIN constraint
modifying an HU_SET constraint. The start of the HU_SET A/bar is
given by element D or E. The RLOC_ORIGIN attached to E, therefore,
applies to this HU_SET set. On the other hand, the RLOC_ORIGIN at
A, which is the start of the H_SET set A/hset, applies to elements B
and C, which are members of the H_SET set.

RLOC_RANGE

As noted in the previous discussion, you can fix the members of a set
at exact die locations with the RLOC_ORIGIN constraint. In the
XACT 5.0 release, you must use the RLOC_ORIGIN constraint with
sets that include BUFT symbols. However, for sets that do not include
BUFT symbols, you can limit the members of a set to a certain range
on the die. In this case, the set could “float” as a unit within the range
until a final placement. Since every member of the set must fit within
the range, it is important that you specify a range that defines an area
large enough to respect the spatial structure of the set.
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The syntax of this constraint is the following:
RLOC_RANGE=Bw1#Ccol1#:R row?2#Ccol 2#

where rowl, row2, coll, and col2 can be non-zero positive numbers, or
the wildcard (*) character. This syntax allows for three kinds of range
specifications:

o RrlCcl:Rr2Cc2 — A rectangular region enclosed by rows ri, r2,
and columns cl, c2

o R*Ccl:R*C c2 — A region enclosed by the columns c1 and c2 (any
row number)

« RrlC*R r2C*— A region enclosed by the rows r1 and r2 (any col-
umn number)

For the second and third kinds of specifications with wildcards,
applying the wildcard asterisk differently on either side of the sepa-
rator colon creates an error. For example, specifying R*C1:R2C* is an
error since the wildcard asterisk is applied to rows on one side and to
columns on the other side of the separator colon.

The values of the RLOC_RANGE constraint are not simply added to
the RLOC values of the elements. In fact, the RLOC_RANGE
constraint does not change the values of the RLOC constraints on
underlying elements. It is an additional constraint that is attached
automatically by XNFMerge to every member of a set. The
RLOC_RANGE constraint is attached to design elements in exactly
the same way as the RLOC_ORIGIN constraint. The values of the
RLOC_RANGE constraint, like RLOC_ORIGIN values, must be non-
zero positive numbers since they directly correspond to die locations.

USE_RLOC

Another important set modifier is the USE_RLOC constraint. It turns
the RLOC constraints on and off for a specific element or section of a
set.

The syntax of this constraint is:
USE_RLOCwalue
where value is either True or False.

The application of the USE_RLOC constraint is strictly based on hier-
archy. A USE_RLOC constraint attached to an element applies to all
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its underlying elements that are members of the same set. If it is
attached to a symbol that defines the start of a set, the constraint is
applied to all the underlying member elements, which represent the
entire set. However, if it is applied to an element below the start of
the set (for example, E in Figure 4-14), only the members of the set (H
and 1) below the specified element are affected.You can also attach the
USE_RLOC constraint directly to a primitive symbol so that it affects
only that symbol.

Design-top

apply USE_RLOC = FALSE
USE_RLOC

to H_SET

RLOC = ROCO

= > H SET = Alhset Parameters removed

—_—

RLOC = R1CO
Parameters removed
=>H SET = A/hset

HU_SET = bar propagate

E HU_SET = bar RLOC = R0OC1 USE_RLOC
USE_RLOC = FALSE and remove
-~ set parameters

- =
- ~ T below

RLOC = R0OCO
=> HU_SET = Abar Parameters

removed

G RLOC =R1CO RLOC =R1CO
Parameters
removed

RLOC = ROCO

=>HU_SET = Abar

H

=HU_SET = Albar =>HU_SET = Albar

X4302

Figure 4-14 Using the USE_RLOC Constraint to Control RLOC
Application on H_SET and HU_SET Sets

When the USE_RLOC=false constraint is applied, the RLOC and set
constraints are removed from the affected symbols in the XNFMerge
output file. This process is different than that followed for the
RLOC_ORIGIN constraint. For RLOC_ORIGIN, XNFMerge gener-
ates and outputs a LOC constraint in addition to all the set and RLOC
constraints in the output file. XNFMerge does not retain the original
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constraints in the presence of a USE_RLOC=false constraint because
these cannot be turned on again in later programs.

Figure 4-14 illustrates the use of the USE_RLOC constraint to mask an
entire set as well as portions of a set.

Applying the USE_RLOC constraint on U_SET sets is a special case
because of the lack of hierarchy in the U_SET set. Because the
USE_RLOC constraint propagates strictly in a hierarchical manner,
the members of a U_SET set that are in different parts of the design
hierarchy must be tagged separately with USE_RLOC constraints; no
single USE_RLOC constraint is propagated to all the members of the
set that lie in different parts of the hierarchy. If you create a U_SET set
through an instantiating macro, you can attach the USE_RLOC
constraint to the instantiating macro to allow it to propagate hierar-
chically to all the members of the set. You can create this instantiating
macro by placing a U_SET constraint on a macro and letting
XNFMerge propagate that constraint to every symbol with an RLOC
constraint below it in the hierarchy.

Figure 4-15 illustrates an example of the use of the USE_RLOC=false
constraint. The USE_RLOC-=false on primitive E removes it from the
U_SET set, and USE_RLOC=false on element F propagates to primi-
tive G and removes it from the U_SET set.

Design-top

U_SET = bar

U_SET = bar
L F USE_RLOC = FALSE

C RLOC = ROCO

propagate USE_RLOC
and remove set parameters
below

U_SET = bar

D | rLoc=RicO

U_SET = bar Parameters
E RLOC = R2C0 [ removed

USE_RLOC = FALSE

U_SET = bar
RLOC = R3C0

f

Parameters
removed

X4303

Figure 4-15 Using the USE_LOC Constraint to Control RLOC

Application on U_Sets
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While propagating the USE_RLOC constraint, XNFMerge ignores
underlying USE_RLOC constraints if it encounters elements higher
in the hierarchy that already have USE_RLOC constraints. For
example, if XNFMerge encounters an underlying element with a
USE_RLOC-=true constraint during the propagation of a

USE_RLOC-=false constraint, it ignores the newly encountered True
constraint.

Xilinx Macros

Libraries Guide

Xilinx-supplied flip-flop macros include an RLOC_ROCO constraint
on the underlying primitive, which allows you to attach an RLOC to
the macro symbol. This symbol links the underlying primitive to the
set that contains the macro symbol. Simply attach an appropriate
RLOC constraint to the instantiation of the actual Xilinx flip-flop
macro. XNFMerge adds the RLOC value that you specified to the
underlying primitive so that it has the desired value.

FDRE Macro
CE Q
FD
D__|
R —4
C
RLOC=R0CO
Inst 1
RLOC = R1C1 Propagate R1C1

RLOC = ROCO (+R1C1)
FD

FDRE

=>RLOC =R1C1

X4304

Figure 4-16 Typical Use of a Xilinx Macro
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For example, in Figure 4-16, the RLOC = R1C1 constraint is attached
to the instantiation (Instl) of the FDRE macro. It is added to the ROCO
value of the RLOC constraint on the flip-flop within the macro to
obtain the new RLOC values.

If you do not put an RLOC constraint on the flip-flop macro symbol,
the underlying primitive symbol is the lone member of a set.
XNFMerge removes RLOC constraints from a primitive that is the
only member of a set or from a macro that has no RLOC objects below
it.

LOC Propagation Through Design Flattening

XNFMerge continues to propagate LOC constraints down the design
hierarchy. It adds this constraint to appropriate objects that are not
members of a set. While RLOC constraint propagation is limited to
sets, the LOC constraint is applied from its start point all the way
down the hierarchy.

Summary

Table 4-15 summarizes the RLOC set types and the constraints that
identify members of these sets.

Table 4-15 Summary of Set Types

Type Definition Naming Linkage Modification
Set A setis a collec-
tion of elements
to which rela-
tive location
constraints are
applied.
U_SET= | All elements The name of the |U_SET links ele- |U_SET is modi-
name with the same setis the same as | ments to all other |fied by applying
user-tagged the user-defined | elements with the |RLOC_ORIGIN
U_SET con- name without same value for the |or RLOC_RANGE
straint value are |any hierarchical |U_SET constraint. |constraints on, at
members of the | qualification. most, one of the
same U_SET set. U_SET constraint-
tagged elements.
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hierarchically
qualified name
are members of
the same set.

the members is
prefixed to the
user-defined
name to obtain
the name of the
set.

the same node
with the same
HU_SET con-
straint value. It
links to elements
with RLOC con-
straints below.

Type Definition Naming Linkage Modification
H_SET RLOC on the The lowest com- |H_SET links ele- |H_SET is modified
(implicit | node. Any other | mon ancestor of | ments to other ele- | by applying
through constraint the members ments at the same |RLOC_ORIGIN
hier- removes a node |defines the start |node thatdonot |and
archy)is |fromthe H_SET |of the set. The have other con- RLOC_RANGE at
not avail- |set. name is the hier- |straints. It links the start of the set:
able as a archically quali- | down to all ele- the lowest com-
constraint fied name of the | ments that have mon ancestor of
that you start followed by | RLOC constraints |all the elements of
can attach the base name, |and no other con- |the set.
to sym- “hset.” straints. Similarly,
bols. it links to other

elements up the

hierarchy that

have RLOC con-

straints but no

other constraints.
HU_SET= | All elements The lowest com- | HU_SET links to | The start of the set
name with the same mon ancestor of |other elements at |is made up of the

elements on the
same node that are
tagged with the
same HU_SET
constraint value.
An
RLOC_ORIGIN
or an
RLOC_RANGE
can be applied to,
at most, one of
these start ele-
ments of an
HU_SET set.
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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 sym-
bols, and FMAP/HMAP symbols, where appropriate. RPMs are
currently only available in the XC4000 library.

Designs created with RPMs can be functionally simulated.

The HM2RPM utility translates old custom hard macro files into RPM
files. If you created your own hard macro files, you must run
HM2RPM on each hard macro file and place the new XNF file in your
current working directory or in a search directory specified for
XNFMerge. For instructions on using the HM2RPM utility, see the
“HM2RPM” chapter of the XACT Reference Guide.

RPMs can, but need not, include all the following elements:

« FMAPs, HMAPs, and CLB-grouping attributes to control map-
ping. FMAPs and HMAPSs have pin-lock attributes, which allow
better control over routing. FMAPs and HMAPs are described in
the “Mapping Constraints” section of the “PPR Placement Con-
straints” section earlier in this chapter.

. Relative location (RLOC) constraints to provide placement struc-
ture. They allow positioning of elements relative to each other.
They are discussed in the “Relative Location Constraints” section
earlier in this chapter.

. Carry logic primitive symbols. Carry logic is discussed in the next
section, “Carry Logic in XC4000 LCAs.”

These elements allow you to access carry logic easily and to control
mapping and block placement. Because RPMs are a super-set of ordi-
nary macros, you can design them in the normal design entry envi-
ronment. 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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RPMs do not include routing capability. XACT-Performance specifi-
cations address timing issues more effectively.

Carry Logic in XC4000 LCAs

This section describes the use of carry logic in XC4000 CLBs and lists
all the carry logic configuration mnemonics available. The XC4000
carry logic modes are shown in the following figure.
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Figure 4-17 XC4000 Carry Logic Modes
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The XC4000 CLB contains a feature called dedicated carry logic. This
carry logic is independent of the function generators, although it
shares some of the same input pins. Dedicated interconnect propa-
gates carry signals through a column of CLBs. The carry logic in each
CLB can implement approximately 40 different functions, which you

can use to build faster and more efficient adders, subtracters,

counters, comparators, and so forth. Figure 4-18 shows the carry logic

in an XC4000 CLB.

G4

G3

G2

couTt

-

4 COouTL J

Gl

F4

LG4
G3 G1 G
o G Carry
F3  Logic
—62 couTo
T
ﬁ Fa F3 couTo
F3 F3 F2
F Carry
F2 F2 F1 Logic
F1 F1 CIN

DOWN

X4592 @ Configuration Memory Bit

Figure 4-18 XC4000 CLB Carry Logic

Primitives and Symbols

The schematic capture libraries that Xilinx supports contain one
generic carry logic primitive and several specific carry mode primi-

CIN
upP

tive symbols. The generic carry logic primitive represents the
complete carry logic in a single CLB. The carry mode primitive
symbols represent unique carry modes, such as ADD-FG-CI. To

specify the particular mode that you wish, connect a carry mode
symbol to the C0-C7 mode pins of the carry logic symbol. It is the pair

of symbols that defines the specific kind of carry logic desired.
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A carry logic symbol requires you to place either a LOC or an RLOC
constraint on it. If a LOC constraint is used, it must be a single LOC=
constraint; it cannot be an area or prohibit LOC constraint or use
wildcards in its syntax.

Table 4-16 lists the carry mode names and symbols.

Table 4-16 Carry Modes

Carry Mode Name Symbol
ADD-F-CI cy4 01
ADD-FG-CI cy4 02
ADD-G-F1 cy4_03
ADD-G-CI cy4 04
ADD-G-F3 cy4_05
ADDSUB-F-CI cy4 12
ADDSUB-FG-CI cy4d 13
ADDSUB-G-F1 cy4_14
ADDSUB-G-CI cy4_15
ADDSUB-G-F3 cy4d 16
FORCE-0 cy4 37
FORCE-1 cy4_38
FORCE-F1 cy4 39
FORCE-CI cy4_40
FORCE-F3 cyd 41
EXAMINE-CI cy4_42
DEC-F-CI cy4 24
DEC-FG-CI cy4_25
DEC-FG-0 cy4 26
DEC-G-0 cy4 27
DEC-G-F1 cy4_28
DEC-G-CI cy4d 29
DEC-G-F3- cy4_30
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Carry Mode Name Symbol
INC-F-CI cyd 17
INC-FG-CI cy4 18
INC-FG-1 cyd 19
INC-G-1 cyd 20
INC-G-F1 cyd 21
INC-G-CI cyd 22
INC-G-F3- cyd 23
SUB-F-CI cy4_06
SUB-FG-CI cyd 07
SUB-G-1 cy4 08
SUB-G-F1 cy4 10
SUB-G-CI cy4 09
SUB-G-F3 cyd 11
INCDEC-F-CI cy4 31
INCDEC-FG-CI cyd 32
INCDEC-FG-1 cyd 33
INCDEC-G-0 cy4_34
INCDEC-G-F1 cyd 35
INCDEC-G-CI cy4 36

cy4 and cy4_n are not supported by XC7000.

Carry Logic Handling in XNFPrep

The XNFPrep program checks for legal connections between carry
logic symbols and also performs simple trimming on some carry
modes. CY4 symbols might be trimmed as follows:

If neither the COUTO pin nor the COUT pin is used, the CY4 sym-
bol is removed from the design. However, if the signal on the CIN
pin connects to other logic, XNFPrep converts the CY4 to the
EXAMINE-CI mode. An EXAMINE-CI mode CY4 is trimmed
only if there is no other load on the signal on the CIN pin.
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o Ifthe COUTO pin is used but the COUT pin is not, XNFPrep
attempts to convert the CY4 symbol to use a 1-bit equivalent
mode. That is, if the mode was originally of the form -FG-CI, it
converts it to the equivalent -F-Cl mode, allowing signals to be
removed from the CY4 Al and B1 operand inputs, which may
save routing resources.

. If the specified mode does not require any of the A0, BO, A1, B1,
and/or ADD CY4 inputs, XNFPrep removes the signals from
these pins, which may save routing resources.

Carry Mode Configuration Mnemonics

Libraries Guide

The first step in configuring a CLB for carry logic is to choose the
appropriate carry mode configuration mnemonic. Each of the 42
possible configurations of the carry logic has been assigned a three-
part mnemonic code, for example:

ADD-FG-CI

. The first field (ADD) describes the operation performed in the
CLB function generators, in this case, a binary addition. By impli-
cation, the carry logic in this CLB calculates the carry for this addi-
tion.

« The second field (FG) indicates which of the two function genera-
tors is used in the specified operation, in this case, both F and G.

. The last field (CI) specifies the source of the carry-in signal to the
CLB, in this case, the CIN pin itself.

Consider another example:
INCDEC-G-F1

This mnemonic describes a CLB in which the G function generator
performs an increment/decrement function. The carry-in to this CLB
is sourced by the F1 pin.

All available carry mode configuration mnemonics are listed in the
next section, “Carry Logic Configurations.”

To determine which carry mode primitive corresponds to which
mnemonic, see Table 4-16.
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This section lists and describes all the available carry mode configura-
tion mnemonics. The following information is given for each
mnemonic:

« The name of the mode mnemonic

« A brief description of the CLB function

« The COUTO0 and COUT1 equations performed by the carry logic
. Default equations for the F and G function generators

. Default assignments for the F4, G2, and G3 inputs

The default F and G functions and default F4, G2, and G3 inputs are
based on the generic CLB function described. You can change these
defaults as required, allowing for features such as parallel enable or
synchronous reset. However, if these defaults are changed, the CLB
may no longer function as the mnemonic describes.

The COUTO0 and COUTL1 equations are absolutely determined by the
carry mode configuration mnemonic. The only way to change these
carry logic outputs is by selecting a different mnemonic.

ADD-F-CI

The ADD-F-CI configuration performs a 1-bit addition of A+B in the
F function generator, with the A and B inputs on the F1 and F2 pins.
The carry signal enters on the CIN pin, propagates through the F
carry logic, and exits on the COUT pin. This configuration can be
used as the MSB of an adder, with the G function generator accessing
the carry-out signal or calculating a twos-complement overflow.

F=(F1@F2)@F4
COUTO=(F1*F2) + CIN*(F1+F2)
G=

COUT1=COUTO

F4=CIN

G2=G2I (COUTO for overflow, OFL=G2@G3, or for carry-out,
C0O=G2)

G3=G3I (CIN for overflow, OFL=G2@G3)
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ADD-FG-CI

The ADD-FG-CI configuration performs a 2-bit addition of A+B in
both the F and G function generators, with the lower-order A and B
inputs on the F1 and F2 pins, and the higher-order A and B inputs on
the G1 and G4 pins. The carry signal enters on the CIN pin, propa-
gates through the F and G carry logic, and exits on the COUT pin.
This configuration comprises the middle bits of an adder.

F=(F1L@F2)@F4

COUTO=(F1*F2) + CIN*(F1+F2)
G=(G4@G1)@G2

COUT1=(G4*G1) + COUTO*G4+G1)
F4=CIN

G2=COUTO

G3=G3l

ADD-G-F1

The ADD-G-F1 configuration performs a 1-bit addition of A+B in the
G function generator, with the A and B inputs on the G1 and G4 pins.
The carry signal enters on the F1 pin, propagates through the G carry
logic, and exits on the COUT pin. This configuration comprises the
LSB of an adder, where the carry-in signal is routed to F1. The F func-
tion generator is not used.

F=

COUTO=F1

G=(G4@G1)@G2

COUT1=(G4*G1) + COUTO*G4+G1)
F4=F4

G2=COUTO

G3=G3l

4-103



Libraries Guide

4-104

ADD-G-CI

The ADD-G-CI configuration performs a 1-bit addition of A+B in the
G function generator, with the A and B inputs on the G1 and G4 pins.
The carry signal enters on the CIN pin, propagates through the G
carry logic, and exits on the COUT pin. This configuration is for the
middle bit of an adder, where the F function generator is reserved for
another purpose.

F=

COUTO0=CIN

G=(G4@G1)@G2

COUT1=(G4*G1) + COUTO*(G4+G1)
F4=F4l

G2=COUTO

G3=G3l

ADD-G-F3-

The ADD-G-F3- configuration performs a 1-bit addition of A+B in the
G function generator, with the A and B inputs on the G1 and G4 pins.
The carry signal enters on the F3 pin, is inverted by the F carry logic,
propagates through the G carry logic, and exits on the COUT pin.
This configuration comprises the LSB of an adder, where the inverted
carry-in signal is routed to F3. The F function generator is not used.

F=

COUTO0=~F3

G=(G4@G1)@G2

COUT1=(G4*G1) + COUTO*(G4+G1)
F4=F4l

G2=COUTO

G3=G3l
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SUB-F-CI

The SUB-F-CI configuration performs a 1-bit twos-complement
subtraction of A-B in the F function generator, with the A input on F1
and the B input on F2. The carry signal enters on the CIN pin, propa-
gates through the F carry logic, and exits on the COUT pin. This
configuration can be used as the MSB of a subtracter, with the G func-
tion generator accessing the carry-out signal or calculating a twos-
complement overflow.

F=(F1@F2)@~F4=~(F1@F2@F4)
COUTO=(F1*~F2) + CIN*(F1+~F2)
G=

COUT1=COUTO

F4=CIN

G2=G2I (COUTO for overflow, OFL=G2@G3, or for carry-out,
CO=G2)

G3=G3I (CIN for overflow, OFL=G2@G3)

SUB-FG-CI

The SUB-FG-CI configuration performs a 2-bit twos-complement
subtraction of A-B in both the F and G function generators. For the
lower bit, the A input is on F1 and the B input is on F2. For the upper
bit, the A input is on G4 and the B input is on G1. The carry signal
enters on the CIN pin, propagates through the F and G carry logic,
and exits on the COUT pin. This configuration comprises the middle
bits of a subtracter.

F=(F1@F2)@~F4=~(F1@F2@F4)
COUTO=(F1*~F2) + CIN*(F1+~F2)
G=(G4@G1)@~G2=~(G4@G1@G2)
COUT1=(G4*~G1) +COUTO*(G4+~G1)
F4=CIN

G2=COUTO

G3=G3l
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SUB-G-1

The SUB-G-1 configuration performs a 1-bit twos-complement
subtraction of A-B in the G function generator, with the A input on
G4 and the B input on G1. The carry-in is tied High (no borrow). The
carry signal propagates through the G carry logic and exits on the
COUT pin. This configuration comprises the LSB of a subtracter with
no carry-in. The F function generator is not used.

F=
COUTO0=1
G=(G4@G1)
COUT1=(G4+~G1)
F4=F4l

G2=G2I

G3=G3l

SUB-G-F1

The SUB-G-F1 configuration performs a 1-bit twos-complement
subtraction of A-B in the G function generator, with the A input on
G4 and the B input on G1. The carry signal enters on the F1 pin, prop-
agates through the G carry logic, and exits on the COUT pin. This
configuration comprises the LSB of a subtracter, where the carry-in
signal is routed to F1. The F function generator is not used.

F=
COUTO0=F1
G=(G4@G1)@~G2=~(G4@G1@G2)
COUT1=(G4*~G1) + COUTO*(G4+~G1)
F4=F4l

G2=COUTO

G3=G3l
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SUB-G-CI

The SUB-G-CI configuration performs a 1-bit twos-complement
subtraction of A-B in the G function generator, with the A input on
G4 and the B input on G1. The carry signal enters on the CIN pin,
propagates through the G carry logic, and exits on the COUT pin.
This configuration is for the middle bit of a subtracter, where the F
function generator is reserved for another purpose.

F=
COUTO0=CIN
G=(G4@G1)@~G2=~(G4@G1@G2)
COUT1=(G4*~G1) + COUTO*(G4+~G1)
F4=F4

G2=COUTO

G3=G3l

SUB-G-F3-

The SUB-G-F3- configuration performs a 1-bit twos-complement
subtraction of A-B in the G function generator, with the A input on
G4 and the B input on G1. The carry signal enters on the F3 pin, is
inverted by the F carry logic, propagates through the G carry logic,
and exits on the COUT pin. This configuration comprises the LSB of a
subtracter, where the inverted carry-in signal is routed to F3. The F
function generator is not used.

F=
COUTO0=~F3
G=(G4@G1)@~G2=~(G4@G1@G2)
COUT1=(G4*~G1) + COUTO*(G4+~G1)
F4=F4

G2=COUTO

G3=G3l
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ADDSUB-F-CI

The ADDSUB-F-C1 configuration performs a 1-bit twos-complement
add/subtract of A+B in the F function generator, with the A input on
F1 and the B input on F2. The carry signal enters on the CIN pin,
propagates through the F carry logic, and exits on the COUT pin. The
F3 input indicates add (F3=1) or subtract (F3=0). This configuration
can be used as the MSB of an adder/subtracter, with the G function
generator accessing the carry-out signal or calculating a twos-comple-
ment overflow.

F=(F1@F2)@F4@~F3=~(F1L@F2@F4@F3)

COUTO=F3*((F1*F2) + CIN*(F1+F2)) + ~F3*((F1*~F2) +
CIN*(F1+~F2))

G=
COUT1=COUTO
F4=CIN

G2=G2I (COUTO for overflow, OFL=G2@G3, or for carry-out,
C0=G2)

G3=G3I (CIN for overflow, OFL=G2@G3)

ADDSUB-FG-CI

The ADDSUB-FG-CI configuration performs a 2-bit twos- comple-
ment add/subtract of A+B in both the F and G function generators.
For the lower bit, the A input is on F1 and the B input is on F2. For the
upper bit, the A input is on G4 and the B input is on G1. The carry
signal enters on the CIN pin, propagates through the F and G carry
logic, and exits on the COUT pin. The F3 and G3 inputs indicate add
(F3=G3=1) or subtract (F3=G3=0): the add/subtract control signal
must be routed to both the F3 and G3 pins. This configuration
comprises the middle bits of an adder/subtracter.

F=(F1@F2)@F4@~F3=~(F1L@F2@F4@F3)

COUTO=F3*((F1*F2) + CIN*(F1+F2)) + ~F3*((F1*~F2) +
CIN*(F1+~F2))

G=(G4@G1)@G2@~G3=~(G4@G1@G2@G3)
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COUT1=F3*(G4*G1)+COUTO*(G4+G1))+~F3*((G4*~G1)+COUTO*(G
4+~G1))

F4=CIN
G2=COUTO0
G3=G3l

ADDSUB-G-F1

The ADDSUB-G-F1 configuration performs a 1-bit twos-complement
add/subtract of A+B in the G function generator, with the A input on
G4 and the B input on G1. The carry signal enters on the F1 pin, prop-
agates through the G carry logic, and exits on the COUT pin. The F3
and G3 inputs indicate add (F3=G3=1) or subtract (F3=G3=0): the
add/subtract control signal must be routed to both the F3 and G3
pins. This configuration comprises the LSB of an adder/subtracter,
where the carry-in signal is routed to F1. The F function generator is
not used.

F=

COUTO0=F1

G=(G4@G1)@G2@~G3=~(G4@G1@G2@G3)

COUT1=F3*((G4*G1)+COUTO*(G4+G1))+~F3*((G4*~G1)+COUTO*(G
4+~G1))

F4=F4l
G2=COUTO
G3=G3l
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ADDSUB-G-CI

The ADDSUB-G-CI configuration performs a 1-bit twos-complement
add/subtract of A+B in the G function generator, with the A input on
G4 and the B input on G1. The carry signal enters on the CIN pin,
propagates through the G carry logic, and exits on the COUT pin. The
F3 and G3 inputs indicate add (F3=G3=1) or subtract (F3=G3=0): the
add/subtract control signal must be routed to both the F3 and G3
pins. This configuration is for the middle bit of an adder/subtracter,
where the F function generator is reserved for another purpose.

F=
COUTO0=CIN
G=(G4@G1)@G2@~G3=~(G4@G1@G20G3)

COUT1=F3*(G4*G1)+COUTO*(G4+G1))+~F3*((G4*~G1)+COUTO*(G
4+~G1))

F4=F4I
G2=COUTO
G3=G3l

ADDSUB-G-F3-

The ADDSUB-G-F3 configuration performs a 1-bit twos-complement
add/subtract of A+B in the G function generator, with the A input on
G4 and the B input on G1. The carry signal enters on the F3 pin, is
inverted by the F carry logic, propagates through the G carry logic,
and exits on the COUT pin. Because the F3 input also indicates add
(F3=1) or subtract (F3=0), the carry-in is always null (0 for add, 1 for
subtract). This configuration comprises the LSB of an adder/
subtracter with no carry-in. The F function generator is not used.

F=

COUTO0=~F3

G=(G4@G1)

COUT1=F3*G4*G1 + ~F3(G4+~G1)
F4=F4l

G2=COUTO

G3=G3l
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INC-F-CI

The INC-F-CI configuration performs a 1-bit increment in the F func-
tion generator, with the input on the F1 pin. The carry signal enters
on the CIN pin, propagates through the F carry logic, and exits on the
COUT pin. The G function generator can be used to output the
terminal count of a counter.

F=(F1@F4)

COUTO=CIN*F1

G=

COUT1=COUTO0

F4=CIN

G2=G2I (COUTO for terminal count, TC=G2)
G3=G31

INC-FG-CI

The INC-FG-CI configuration performs a 2-bit increment in both the
F and G function generators, with the lower-order input on the F1 pin
and the higher-order input on the G4 pin. The carry signal enters on
the CIN pin, propagates through the F and G carry logic, and exits on
the COUT pin. This configuration comprises the middle bits of an
incrementer.

F=(F1@F4)
COUTO=CIN*F1
G=(G4@G?2)
COUT1=COUT0*G4
F4=CIN

G2=COUTO

G3=G3l

4-111



Libraries Guide

4-112

INC-G-1

The INC-G-1 configuration performs a 1-bit increment in the G func-
tion generator, with the input on the G4 pin. The carry-in is tied High.
The carry signal propagates through the G carry logic and exits on the
COUT pin. This configuration comprises the LSB of an incrementer
that is always enabled. The F function generator is not used. This
configuration is identical to DEC-G-0, since the LSB of an incrementer
is identical to the LSB of a decrementer.

F=
COUTO0=0
G=~(G4)
COUT1=G4
F4=F4l
G2=G2I
G3=G3l

INC-G-F1

The INC-G-F1 configuration performs a 1-bit increment in the G func-
tion generator, with the input on the G4 pin. The carry signal enters
on the F1 pin, propagates through the G carry logic, and exits on the
COUT pin. This configuration comprises the LSB of an incrementer
where F1 is an active-High enable. The F function generator is not
used.

F=
COUTO0=F1
G=(G4@G?2)
COUT1=COUT0*G4
F4=F4l

G2=COUTO

G3=G3l
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INC-G-CI

The INC-G-CI configuration performs a 1-bit increment in the G
function generator, with the input on the G4 pin. The carry signal
enters on the CIN pin, propagates through the G carry logic, and exits
on the COUT pin. This configuration is for the middle bit of an incre-
menter where the F function generator is reserved for another
purpose.

F=
COUTO0=CIN
G=(G4@G2)
COUT1=COUT0*G4
F4=F4l

G2=COUTO

G3=G3l

INC-G-F3-

The INC-G-F3- configuration performs a 1-bit increment in the G
function generator, with the input on the G4 pin. The carry signal
enters on the F3 pin, is inverted in the F carry logic, propagates
through the G carry logic, and exits on the COUT pin. This configura-
tion comprises the LSB of an incrementer where F3 is an active-Low
enable. The F function generator is not used.

F=
COUTO0=~F3

G=(G4@G2)
COUT1=COUT0*G4=~F3*G4
F4=F4

G2=COUTO

G3=G3l
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INC-FG-1

The INC-FG-1 configuration performs a 2-bit increment in both the F
and G function generator, with the lower-order A input on the F1 pin
and the higher-order A input on the G4 pin. The carry-in is tied High.
The carry signal propagates through the F and G carry logic and exits
on the COUT pin. This configuration comprises the two least signifi-
cant bits of an incrementer that is always enabled.

F=~(F1)

COUTO0=F1
G=G2@G4
COUT1=COUT0*G4
F4=F4l or CIN
G2=COUTO0

G3=G3l or CIN

DEC-F-CI

The DEC-F-CI configuration performs a 1-bit decrement in the F func-
tion generator, with the input on the F1 pin. The carry signal enters
on the CIN pin, propagates through the F carry logic, and exits on the
COUT pin. The G function generator can be used to output the
terminal count of a counter.

F=~(F1@F4)

COUTO0=F1+CIN*~F1

G=

COUT1=COUTO0

F4=CIN

G2=G2I (COUTO for terminal count, TC=G2)
G3=G31
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DEC-FG-CI

The DEC-FG-CI configuration performs a 2-bit decrement in both the
F and G function generators, with the lower-order input on the F1 pin
and the higher-order input on the G4 pin. The carry signal enters on
the CIN pin, propagates through the F and G carry logic, and exits on
the COUT pin. This configuration comprises the middle bits of a
decrementer.

F=~(F1@F4)
COUTO=F1+CIN*~F1
G=~(G4@G2)
COUT1=G4+COUT0*~G4
F4=CIN

G2=COUTO

G3=G3l

DEC-G-0

The DEC-G-0 configuration performs a 1-bit decrement in the G func-
tion generator, with the input on the G4 pin. The carry-in is tied High
(no borrow). The carry signal propagates through the G carry logic
and exits on the COUT pin. This configuration comprises the LSB of a
decrementer that is always enabled. The F function generator is not
used. This configuration is identical to INC-G-1, since the LSB of an
incrementer is identical to the LSB of a decrementer.

F=
COUT0=0
G=~(G4)
COUT1=G4
F4=F4
G2=G2I
G3=G3l
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DEC-G-F1

The DEC-G-F1 configuration performs a 1-bit decrement in the G
function generator, with the input on the G4 pin. The carry signal
enters on the F1 pin, propagates through the G carry logic, and exits
on the COUT pin. This configuration comprises the LSB of a decre-
menter where F1 is an active-Low enable. The F function generator is
not used.

F=
COUTO=F1
G=~(G4@G2)
COUT1=COUTO + G4
F4=F4I

G2=COUTO

G3=G3l

DEC-G-CI

The DEC-G-CI configuration performs a 1-bit decrement in the G
function generator, with the input on the G4 pin. The carry signal
enters on the CIN pin, propagates through the G carry logic, and exits
on the COUT pin. This configuration is for the middle bit of a decre-
menter, where the F function generator is reserved for another
purpose.

F=

COUTO0=CIN
G=~(G4@G2)
COUT1=G4+COUT0*~G4
F4=F4l

G2=COUTO

G3=G3l
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DEC-G-F3-

The DEC-G-F3- configuration performs a 1-bit decrement in the G
function generator, with the input on the G4 pin. The carry signal
enters on the F3 pin, is inverted in the F carry logic, propagates
through the G carry logic, and exits on the COUT pin. This configura-
tion comprises the LSB of a decrementer, where F3 is an active-High
enable. The F function generator is not used.

F=
COUTO0=~F3
G=~(G4@G2)
COUT1=COUTO + G4
F4=Fal

G2=COUTO

G3=G3I

DEC-FG-0

The DEC-FG-0 configuration performs a 2-bit decrement in both the F
and G function generator, with the lower-order input on the F1 pin
and the higher order input on the G4 pin. The carry-in is tied Low.
The carry signal propagates through the F and G carry logic and exits
on the COUT pin. This configuration comprises the two least signifi-
cant bits of a decrementer that is always enabled.

F=~(F1)

COUTO=F1

G=~(G4@G2)
COUT=COUT1=(COUT0*~G4) + G4
F4=F4

G2=COUTO

G3=G3l
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INCDEC-F-CI

The INCDEC-F-CI configuration performs a 1-bit increment/decre-
ment in the F function generator, with the input on the F1 pin. The
carry signal enters on the CIN pin, propagates through the F carry
logic, and exits on the COUT pin. The F3 input indicates increment
(F3=1) or decrement (F3=0). The G function generator can be used to
output the terminal count of a counter.

F=(F1@F4)@~F3

COUTO0=~F3*(F1+ CIN) + F3*F1*CIN

G=

COUT1=COUTO0

F4=CIN

G2=G2I (COUTO for terminal count, TC=G2)
G3=G31

INCDEC-FG-CI

The INCDEC-FG-CI configuration performs a 2-bit increment/decre-
ment in both the F and G function generators, with the lower-order
input on the F1 pin and the higher-order input on the G4 pin. The
carry signal enters on the CIN pin, propagates through the Fand G
carry logic, and exits on the COUT pin. The F3 and G3 inputs indicate
increment (F3=G3=1) or decrement (F3=G3=0): the increment/decre-
ment control signal must be routed to both the F3 and G3 pins. This
configuration comprises the middle bits of an incrementer/decre-
menter.

F=(F1@F4)@~F3

COUTO0=~F3*(F1+ CIN) + F3*F1*CIN
G=(G4@G2)@~G3

COUT1=~F3*(G4+ COUTO) + F3*G4*COUTO
F4=CIN

G2=COUTO

G3=G3l
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INCDEC-G-0

The INCDEC-G-0 configuration performs a 1-bit increment/decre-
ment in the G function generator, with the input on the G4 pin. The
carry-in is tied High. The carry signal propagates through the G carry
logic and exits on the COUT pin. This configuration comprises the
LSB of an incrementer/decrementer that is always enabled. The F
function generator is not used. F3 is not required for increment/
decrement control, since the LSB of an incrementer is identical to the
LSB of a decrementer; this configuration is identical to INC-G-1 and
DEC-G-0.

F=
COUTO0=0
G=~(G4)
COUT1=G4
F4=F4l
G2=G2I
G3=G3l

INCDEC-G-F1

The INCDEC-G-F1 configuration performs a 1-bit increment/decre-
ment in the G function generator, with the input on the G4 pin. The
carry signal enters on the F1 pin, propagates through the G carry
logic, and exits on the COUT pin. This configuration comprises the
LSB of an incrementer/decrementer where the carry-in signal is
routed to F1. The carry-in is active-High for an increment operation
and active-Low for a decrement operation. The F function generator
is not used. The F3 and G3 inputs indicate increment (F3=G3=1) or
decrement (F3=G3=0): the increment/decrement control signal must
be routed to both the F3 and G3 pins.

F=
COUTO0=F1
G=(G4@G2)@~G3
COUT1=F3*(G4*COUTO0) + ~F3*(G4+COUTO)
F4=F4l
G2=COUTO
G3=G3l
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INCDEC-G-CI

The INCDEC-G-CI configuration performs a 1-bit increment/decre-
ment in the G function generator, with the input on the G4 pin. The
carry signal enters on the CIN pin, propagates through the G carry
logic, and exits on the COUT pin. The F3 and G3 inputs indicate
increment (F3=G3=1) or decrement (F3=G3=0): the increment/decre-
ment control signal must be routed to both the F3 and G3 pins. This
configuration is for the middle bit of an incrementer/decrementer,
where the F function generator is reserved for another purpose,
although the F3 pin is used by the carry logic.

F=
COUTO=CIN

G=(G4@G2)@~G3

COUT1=~F3¥G4+ COUTO) + F3*G4*COUTO
F4=Fal

G2=COUTO

G3=G3I

INCDEC-FG-1

The INCDEC-FG-1 configuration performs a 2-bit increment/decre-
ment in both the F and G function generator, with the lower- order
input on the F1 pin and the higher-order input on the G4 pin. The F3
and G3 inputs indicate increment (F3=G3=1) or decrement
(F3=G3=0): the increment/decrement control signal must be routed
to both the F3 and G3 pins. The carry-in is always active (High in
increment mode and Low in decrement mode). The carry signal prop-
agates through the F and G carry logic and exits on the COUT pin.
This configuration comprises the two least significant bits of an incre-
menter/decrementer that is always enabled.

F=~(F1)

COUTO0=F1

G=(G2@G4)@~G3

COUT=COUT1=~F3*(COUT0*~G4)+G4) + F3*(G4*COUTO)
F4=F4l

G2=COUTO

G3=G3l
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FORCE-0

The FORCE-0 configuration forces the carry-out signal on the COUT
pin to be 0.

COUTO0=0
COUT1=0

FORCE-1

The FORCE-1 configuration forces the carry-out signal on the COUT
pin to be 1.

COUTO0=1
COUT1=1

FORCE-F1

The FORCE-F1 configuration forces the signal on the F1 pin to pass
through to the COUT pin.

COUTO0=F1
COUT1=COUTO0=F1

FORCE-CI

The FORCE-CI configuration forces the signal on the CIN pin to pass
through to the COUT pin.

COUTO=CIN
COUT1=COUTO0=CIN

FORCE-F3-

The FORCE-F3- configuration forces the signal on the F3 pin to pass
inverted to the COUT pin.

COUTO0=~F3
COUT1=COUTO0=~F3
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EXAMINE-CI

The EXAMINE-CI configuration allows the carry signal on the CIN
pin to be used in the F or G function generators. This configuration
forces the signal on the CIN pin to pass through to the COUT pin and
is equivalent to the FORCE-CI configuration. EXAMINE-CI is
provided for CLBs in which the carry logic is unused but the CIN
signal is required.

COUTO=CIN
COUT1=COUTO0=CIN
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A

ACC, 4-33

ACLK, 4-19, 4-27
ADD, 4-33
ADD-F-CI, 4-102
ADD-FG-CI, 4-103
ADD-G-CI, 4-104
ADD-G-F1, 4-103
ADD-G-F3-, 4-104
ADDSUB-F-C1, 4-108
ADDSUB-FG-CI, 4-108
ADDSUB-G-CI, 4-110
ADDSUB-G-F1, 4-109
ADDSUB-G-F3, 4-110
ADSU, 4-33

APR, 4-34

B
BASE attribute
architectures, 4-2
purpose, 4-2
syntax, 4-4
XC2000 modes, 4-2
XC3000 modes, 4-2
BLKNM attribute, 4-4, 4-47
architectures, 4-4
Place Block constraint, 4-49
purpose, 4-4
symbols, 4-5
syntax, 4-6, 4-46
Boolean minimization, 4-31
Boolean operators
XC2000, 4-12
XC3000, 4-12
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BPAD, 4-5
BUFE, 4-15
BUFGP, 4-19, 4-27, 4-54, 4-70, 4-71
BUFGS, 4-19, 4-27, 4-54, 4-70
BUFT, 4-20, 4-67
constraints, 4-67
LOC placement examples, 4-26
placement constraint syntax, 4-52, 4-54
use with BLKNM attribute, 4-5
use with DECODE attribute, 4-11
use with DOUBLE attribute, 4-12
use with HBLKNM attribute, 4-16
use with LOC constraint, 4-19, 4-21, 4-
72
use with net attributes, 4-33
use with RLOC constraint, 4-40, 4-72
use with RLOC_ORIGIN constraint, 4-
41, 4-86
use with RLOC_RANGE constraint, 4-
89
bus pad symbols, 4-21

C
C net attribute, 4-33
CAP attribute
architectures, 4-6
purpose, 4-6
symbols, 4-6
syntax, 4-7
capacitive mode, 4-6, 4-40
carry logic, 4-96, 4-97
carry mode configuration mnemonics,
4-101
carry mode names and symbols, 4-99
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carry mode primitive symbols, 4-98
handling in XNFPrep, 4-100
LOC constraints, 4-99
primitives, 4-98
RLOC constraints, 4-99
carry mode configuration mnemonics, 4-
101
carry mode names and symbols, 4-99
carry mode primitive symbols, 4-98
CIN pin, 4-100, 4-101
CIN pin see also individual carry mode con-
figuration mnemonics
CLBMAP, 4-20, 4-59
closed, 4-62
locked pins, 4-62
mapping constraints, 4-61
open, 4-62
unlocked pins, 4-62
use with BLKNM attribute, 4-5
use with HBLKNM attribute, 4-16
use with LOC constraint, 4-19
use with MAP attribute, 4-29
use with net attributes, 4-34
use with Place Block constraint, 4-49
CLBMAP constraints, 4-61
CLBs, 4-55
aligning inputs with longline, 4-34
base configuration, 4-2
block definition, 4-47
CLBMAP constraints, 4-61
clocks, 4-33
combinational logic, 4-35
constraints, 4-63
dedicated carry logic, 4-98, 4-101
flip-flop constraints, 4-55
LOC constraint examples, 4-24
mapping gates into function generators,
4-46
mapping with BLKNM attribute, 4-5
pin swapping, 4-29
Place Block constraint, 4-49

prohibiting logic placement, 4-21
ROM and RAM constraints, 4-57
setting logic equations for function
generators, 4-12
specifying functions with CONFIG
attribute, 4-8
symbols, 4-16, 4-20
use with BLKNM attribute, 4-5
use with LOC constraint, 4-19, 4-21, 4-
72
use with RLOC constraint, 4-73
XC2000 configuration options, 4-9
XC3000 configuration options, 4-10
clock buffers, 4-19
CLOCK_OPT attribute
architectures, 4-7
purpose, 4-7
syntax, 4-7
CMOS attribute
architectures, 4-8
output drive levels, 4-8
purpose, 4-8
symbols, 4-8
syntax, 4-8
COMPM, 4-33
CONFIG attribute
architectures, 4-8
purpose, 4-8
symbols, 4-8
syntax, 4-9
XC2000 CLB configuration options, 4-9
XC2000 I0B configuration options, 4-9
XC3000 CLB configuration options, 4-
10
XC3000 10B configuration options, 4-10
constraints file see CST file, 4-46
COUT pin, 4-100
COUT pin see also individual carry mode
configuration mnemonics
COUTO pin, 4-100, 4-102
COUT1 pin, 4-102
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CST file, 4-46
BUFT constraints, 4-67
CLB constraints, 4-63
CLBMAP constraints, 4-61
edge decoder constraints, 4-69
flag constraints, 4-52
flip-flop constraints, 4-55
FMAP constraints, 4-59
global buffer constraints, 4-70
HMAP constraints, 4-59
1/0 constraints, 4-64
IOB constraints, 4-67
Notplace Block constraints, 4-49
Notplace Instance constraints, 4-48, 4-
54, 4-63, 4-67
Place Block constraints, 4-49
place constraints, 4-51
Place Instance constraints, 4-48, 4-55
PPR, 4-55, 4-67
RAM constraints, 4-57
restrictions, 4-54
ROM constraints, 4-57
symbol names, 4-54
syntactical conventions, 4-50
TIMEGRP constraints, 4-54
TIMESPEC constraints, 4-52
weight constraints, 4-52
wildcards, 4-50, 4-66

CY4 symbols, 4-72, 4-99, 4-100

D
DEC-F-CI, 4-114
DEC-FG-0, 4-117
DEC-FG-CI, 4-115
DEC-G-0, 4-115
DEC-G-CI, 4-116
DEC-G-F1, 4-116
DEC-G-F3-, 4-117
DECODE attribute, 4-69
architectures, 4-11
purpose, 4-11
symbols, 4-11
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syntax, 4-11
decode logic, 4-28
DECODE macro, 4-69
DECODEN symbols, 4-20
decoders, 4-72
dedicated carry logic, 4-98
design, 4-94
design hierarchy, 4-16, 4-17, 4-45, 4-75, 4-
76, 4-78, 4-79, 4-80, 4-82, 4-92
DFF, 4-72
DOUBLE attribute
architectures, 4-11
purpose, 4-11
symbols, 4-12
syntax, 4-12

E
edge decoders, 4-11, 4-46
constraints, 4-69
edge designations, 4-69
EditLCA, 4-6, 4-26, 4-65
EQUATE_F attribute
architectures, 4-12
purpose, 4-12
syntax, 4-12
EQUATE_G attribute
architectures, 4-12
purpose, 4-12
syntax, 4-12
EXAMINE-CI, 4-100, 4-122
EXT record, 4-64

F
F mode, 4-2
F net attribute, 4-33
FAST attribute
architectures, 4-13
purpose, 4-13
symbols, 4-13
syntax, 4-13
fast function blocks, 4-33, 4-38
FastCLK, 4-39
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optimization, 4-7
Fastlnput path, 4-33
FD registers, 4-39
FDCE, 4-5, 4-72
FDCP, 4-5, 4-33
FDCPE, 4-33
FDPE, 4-5, 4-72
FFB, 4-33
FG mode, 4-2
FGM mode, 4-2
FILE attribute
architectures, 4-13
example, 4-14
purpose, 4-13
syntax, 4-14
FITNET command, 4-37
flag constraints, 4-52
flip-flops, 4-5
clock pins, 4-33
constraints, 4-55
CST file, 4-55
I0B, 4-35
macros, 4-93
Q output, 4-2
use with BLKNM attribute, 4-5
use with FAST attribute, 4-13
use with LOC constraint, 4-19, 4-24, 4-
55
use with RLOC constraint, 4-73, 4-78, 4-
81
X, 4-25
XC3000A/L, 4-55
XC4000 primitives, 4-5
Y, 4-25
FMAP
mapping constraints, 4-59
placement constraints, 4-46
relationally placed macros, 4-96
schematics example, 4-60
Unified Libraries, 4-72
use with BLKNM attribute, 4-5

use with HBLKNM attribute, 4-16
use with LOC constraint, 4-19, 4-20
use with MAP attribute, 4-29
use with net attributes, 4-34
use with Place Block constraint, 4-49
use with RLOC constraint, 4-72
FMAP constraints, 4-59
FOE, 4-15, 4-33
FOE_OPT attribute
architectures, 4-15
purpose, 4-15
syntax, 4-15
FORCE-O0, 4-121
FORCE-1, 4-121
FORCE-CI, 4-121
FORCE-F1, 4-121
FORCE-F3-, 4-121
function generators, 4-101
base configuration modes, 4-2
carry logic, 4-98
carry mode configuration syntax, 4-101
grouping with BLKNM attribute, 4-5
grouping with HBLKNM attribute, 4-16
logic equations for F and G, 4-12, 4-102
mapping constraints, 4-59
mapping into F, 4-59
mapping into H, 4-59
merging with MAP attribute, 4-30
placement constraints, 4-46
specifying with LOC constraint, 4-24
function generators see also individual car-
ry mode configuration mnemonics

G
G net attribute, 4-33
GCLK, 4-19, 4-27
global buffers, 4-46
constraints, 4-70
corner designations, 4-70
LOC placement examples, 4-27
ground bounce, 4-6, 4-39
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H
H net attribute, 4-33
H_SET constraint, 4-17, 4-76, 4-77, 4-87, 4-
95
HBLKNM attribute, 4-47
architectures, 4-16
purpose, 4-16
symbols, 4-16
syntax, 4-17, 4-46
hierarchical design see design hierarchy, 4-
16
high-density function blocks, 4-33, 4-38
HM2RPM utility, 4-96
HMAP
mapping constraints, 4-59
placement constraints, 4-46
relationally placed macros, 4-96
schematics example, 4-60
Unified Libraries, 4-72
use with BLKNM attribute, 4-5
use with HBLKNM attribute, 4-16
use with LOC constraint, 4-19, 4-20
use with MAP attribute, 4-29
use with net attributes, 4-34
use with Place Block constraint, 4-49
use with RLOC constraint, 4-72
HMAP constraints, 4-59
horizontal longline, 4-11, 4-20, 4-69
HU_SET constraint, 4-87, 4-95
architectures, 4-17
purpose, 4-17
purppose, 4-82
syntax, 4-18, 4-82

I

I net attribute, 4-34

170 block primitives, 4-5, 4-16, 4-19
170 buffers, 4-5, 4-16, 4-25, 4-36
I1/0 constraints, 4-64

170 pads, 4-25, 4-46

170 pins, 4-21, 4-36
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1/0 primitives, 4-34, 4-72
1/0 registers, 4-25
1/0 symbols, 4-31, 4-35, 4-40
IBUF, 4-5, 4-8, 4-19, 4-33, 4-39, 4-44
IFD, 4-5, 4-8, 4-44
Ignore_xnf_locs option, 4-20
ILD, 4-5, 4-8, 4-44
INCDEC-F-CI, 4-118
INCDEC-FG-1, 4-120
INCDEC-FG-CI, 4-118
INCDEC-G-0, 4-119
INCDEC-G-CI, 4-120
INCDEC-G-F1, 4-119
INC-F-CI, 4-111
INC-FG-1, 4-114
INC-FG-CI, 4-111
INC-G-1, 4-112
INC-G-ClI, 4-113
INC-G-F1, 4-112
INC-G-F3-, 4-113
INFF, 4-8, 4-19, 4-44
INIT attribute
architectures, 4-18
purpose, 4-18
syntax, 4-18
INLAT, 4-8, 4-44
input buffers, 4-19
input registers, 4-29, 4-38, 4-39
input threshold levels, 4-8
INREG, 4-8, 4-44
I0Bs, 4-67
base configuration, 4-2
block definition, 4-47
constraints, 4-54, 4-67
edge designations, 4-65
half-edge designations, 4-66
1/0 constraints, 4-64
increasing output speed with FAST
attribute, 4-13
LOC constraint examples, 4-25
Notplace Instance constraints, 4-67
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output symbols, 4-7
pads, 4-7
prohibiting logic placement, 4-21
removing default delay, 4-35
specifying function with CONFIG
attribute, 4-8
symbols, 4-13, 4-19
use with BLKNM attribute, 4-5
use with global buffers, 4-71
use with LOC constraint, 4-72
XC2000 configuration options, 4-9
XC3000 configuration options, 4-10
IOPAD, 4-7, 4-13, 4-20
IPAD, 4-5, 4-20

K
K net attribute, 4-34

L

L net attribute, 4-34

latch enable pins, 4-33, 4-34

latches, 4-5, 4-16, 4-19, 4-35, 4-42

LCA block names, 4-4, 4-49

LD, 4-33

LDCP, 4-5

LOC constraint, 4-55, 4-57
architectures, 4-19
area constraints, 4-23, 4-99
BUFT placement examples, 4-26
carry logic, 4-99
CLB placement examples, 4-24
decode logic placement examples, 4-28
global buffer placement examples, 4-27
global buffers, 4-70
IOB placement examples, 4-25
multiple constraints, 4-24
prohibit constraints, 4-23, 4-99
propagation through flattening, 4-94
purpose for EPLDs, 4-20
purpose for FPGAs, 4-19
single constraints, 4-22, 4-99
syntax, 4-46

Vi

syntax for EPLDs, 4-22
syntax for FPGAs, 4-21
logic optimization, 4-36
LOGIC_OPT attribute
architectures, 4-28
purpose, 4-28
syntax, 4-28
LOWPWR attribute
architectures, 4-29
purpose, 4-29
syntax, 4-29
LSB, 4-103, 4-104, 4-106, 4-107, 4-109, 4-
110, 4-112, 4-113, 4-115, 4-116, 4-117, 4-119

M
macro symbols, 4-93
macrocells, 4-29, 4-33, 4-36, 4-39, 4-44
MAP attribute, 4-62
architectures, 4-29
purpose, 4-29
syntax, 4-30
mapping control symbols, 4-5
MEDFAST attribute
architectures, 4-31
purpose, 4-31
syntax, 4-31
MEDSLOW attribute
architectures, 4-31
purpose, 4-31
syntax, 4-31
MemGen, 4-57, 4-58
Mentor, 4-2, 4-43
MINIMIZE attribute
architectures, 4-31
purpose, 4-31
syntax, 4-32
MRINPUT attribute
architectures, 4-32
purpose, 4-32
syntax, 4-32
MSB, 4-102, 4-105, 4-108
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N output buffers, 4-19
N net attribute, 4-34 output drive levels, 4-8
net attributes P
architectures, 4-32 P net attribute, 4-34
C,4-33 PAD, 4-5, 4-20
F, 4-33 pad names, 4-51
G, 4-33 PAD primitives, 4-5, 4-16
H, 4-33 pad registers, 4-39
l,4-34 PAD symbols, 4-20, 4-64, 4-66
K, 4-34 pad symbols, 4-19, 4-21
L, 4-34 pads, 4-42
N, 4-34 PADU, 4-5
P, 4-34

pin grid arrays, 4-67

purpose, 4-33 PinSave command, 4-21
S, 4-34 Place Block constraints, 4-49
syntax, 4-35 place constraints, 4-51
W, 4-34 Place Instance constraints, 4-48, 4-55
X, 435 PLC, 4-30
NODELAY attribute PLD attribute

architectures, 4-35
purpose, 4-35
syntax, 4-36

architectures, 4-37
purpose, 4-37

. syntax, 4-37
Notplace Block constramts_, 4-49 PLD equation file, 4-38
Notplace Instance constraints, 4-48, 4-54, PLFBO, 4-33
4-63, 4-67 PLO, 4-30, 4-59
O PLUSASM, 4-37, 4-38
OBUF, 4-5, 4-7, 4-8, 4-13, 4-15, 4-19, 4-44 PPR
OBUFE, 4-15 BUFT constraints, 4-67
OBUFT, 4-5, 4-7, 4-8, 4-13, 4-44 CLB constraints, 4-63
OFD, 4-5, 4-8, 4-13, 4-44 edge decoder constraints, 4-69
OFDI, 4-13 FMAP mapping, 4-59, 4-60
OFDT, 4-5, 4-8, 4-13, 4-44 global buffer constraints, 4-70
OFDTI, 4-13 HMAP mapping, 4-59, 4-60
OPAD, 4-5, 4-7, 4-13, 4-20 1/0 constraints, 4-64
OPT attribute Ignore_maps option, 4-59
architectures, 4-36 Ignore-xnf_locs option, 4-20
purpose, 4-36 I0B constraints, 4-67
syntax, 4-36 LOC constraints, 4-55, 4-57
OUTFF, 4-8, 4-19, 4-44 Place Block constraints, 4-49
OUTFFT, 4-8, 4-44 Place Instance constraints, 4-48

placement constraints, 4-46
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constraints file syntax, 4-47

schematic syntax, 4-46
RLOC constraints, 4-71
use with DOUBLE attribute, 4-12
weight net attribute values, 4-34
X net attribute, 4-35
PRELOAD_OPT attribute
architectures, 4-38
purpose, 4-38
syntax, 4-38
PRLD equations, 4-38
properties, 4-2
PUC, 4-30, 4-59
pull-down transistors, 4-6, 4-40
pull-up resistors, 4-11, 4-12, 4-20
PULLUP symbols, 4-11, 4-20
PUO, 4-30, 4-59

R
RAM constraints, 4-57
RAM16X1, 4-72
RAM32X1, 4-72
RAMG64X8, 4-57, 4-58
RAMs, 4-42
REG_OPT attribute
architectures, 4-39
purpose, 4-39
syntax, 4-39
registers, 4-36, 4-38
relationally placed macros, 4-71, 4-96
RES attribute
architectures, 4-39
purpose, 4-39
syntax, 4-40
resistive mode, 4-6, 4-39
RLOC constraint, 4-18
architectures, 4-40
carry logic, 4-99
propagation, 4-94
purpose, 4-40, 4-71
set linkage, 4-78

viii

set modification, 4-80
set modifiers, 4-85
sets, 4-74, 4-94
symbols, 4-72
syntax, 4-40, 4-46, 4-72
use with  pre-Unified Libraries
elements, 4-72
use with Unified Libraries elements, 4-
72
use with Xilinx macros, 4-93
RLOC_ORIGIN constraint, 4-72, 4-91
architectures, 4-41
modifying H_SET, 4-87
modifying HU_SET, 4-87
purpose, 4-41, 4-86
syntax, 4-41, 4-86
RLOC_RANGE constraint
architectures, 4-42
purpose, 4-42, 4-89
syntax, 4-42, 4-90
ROM constraints, 4-57
ROM16X1, 4-72
ROMB32X1, 4-72
ROMs, 4-18
RPMs, 4-71, 4-96

S

S net attribute, 4-34

soft macros, 4-19, 4-20, 4-24, 4-25, 4-96
special function access symbols, 4-7, 4-13,
4-31, 4-35, 4-40

SUB-F-CI, 4-105

SUB-FG-CI, 4-105

SUB-G-1, 4-106

SUB-G-CI, 4-107

SUB-G-F1, 4-106

SUB-G-F3-, 4-107

synchronous reset, 4-102

T
TCK, 4-7, 4-13, 4-31, 4-35, 4-40
TDI, 4-7, 4-13, 4-31, 4-35, 4-40
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three-state buffers, 4-5, 4-46
three-state PLD outputs, 4-15
TIMEGRP constraints, 4-54
TIMESPEC constraints, 4-52
TMS, 4-7, 4-13, 4-31, 4-35, 4-40
TNM attribute
architectures, 4-42
purpose, 4-42
syntax, 4-43
Translate menu, 4-21
TSidentifier attribute
architectures, 4-43
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	Sum Of Products

	SR4CE
	4-Bit Serial-In Parallel-Out Shift Register with C...

	SR4CLE
	4-Bit Loadable Serial/Parallel-In Parallel-Out Shi...

	SR4CLED
	4-Bit Shift Register with Clock Enable and Asynchr...

	SR4RE
	4-Bit Serial-In Parallel-Out Shift Register with C...

	SR4RLE
	4-Bit Loadable Serial/Parallel-In Parallel-Out Shi...

	SR4RLED
	4-Bit Shift Register with Clock Enable and Synchro...

	SR8CE
	8-Bit Serial-In Parallel-Out Shift Register with C...

	SR8CLE
	8-Bit Loadable Serial/Parallel-In Parallel-Out Shi...

	SR8CLED
	8-Bit Shift Register with Clock Enable and Asynchr...

	SR8RE
	8-Bit Serial-In Parallel-Out Shift Register with C...

	SR8RLE
	8-Bit Loadable Serial/Parallel-In Parallel-Out Shi...

	SR8RLED
	8-Bit Shift Register with Clock Enable and Synchro...

	SR16CE
	16-Bit Serial-In Parallel-Out Shift Register with ...

	SR16CLE
	16-Bit Loadable Serial/Parallel-In Parallel-Out Sh...

	SR16CLED
	16-Bit Shift Register with Clock Enable and Asynch...

	SR16RE
	16-Bit Serial-In Parallel-Out Shift Register with ...

	SR16RLE
	16-Bit Loadable Serial/Parallel-In Parallel-Out Sh...

	SR16RLED
	16-Bit Shift Register with Clock Enable and Synchr...

	STARTUP
	User Interface to Global Clock, Reset, and 3-State...

	TCK
	Boundary-Scan Test Clock Input Pad

	TDI
	Boundary-Scan Test Data Input Pad

	TDO
	Boundary-Scan Data Output Pad

	TIMEGRP
	Schematic-Level Table of Basic Timing Specificatio...

	TIMESPEC
	Schematic-Level Timing Requirement Table
	XC4000 OrCAD Only Schematic-Level Timing Requireme...


	TMS
	Boundary-Scan Test Mode Select Input Pad

	UPAD
	Connects the I/O Node of an IOB to the Internal PL...

	VCC
	VCC-Connection Signal Tag

	WAND1, WAND4, WAND8, and WAND16
	Open-Drain Buffers

	WOR2AND
	2-Input OR Gate with Wired-AND Open-Drain Buffer O...

	XNOR
	2- to 9-Input XNOR Gates with Non-Inverted Inputs

	XOR
	2- to 9-Input XOR Gates with Non-Inverted Inputs

	X74_42
	4- to 10-Line BCD-to-Decimal Decoder with Active-L...

	X74_L85
	4-Bit Expandable Magnitude Comparator

	X74_138
	3- to 8-Line Decoder/Demultiplexer with Active-Low...

	X74_139
	2- to 4-Line Decoder/Demultiplexer with Active-Low...

	X74_147
	10- to 4-Line Priority Encoder with Active-Low Inp...

	X74_148
	8- to 3-Line Cascadable Priority Encoder with Acti...

	X74_150
	16-to-1 Multiplexer with Active-Low Enable and Out...

	X74_151
	8-to-1 Multiplexer with Active-Low Enable and Comp...

	X74_152
	8-to-1 Multiplexer with Active-Low Output

	X74_153
	Dual 4-to-1 Multiplexer with Active-Low Enables an...

	X74_154
	4- to 16-Line Decoder/Demultiplexer with Two Enabl...

	X74_157
	Quadruple 2-to-1 Multiplexer with Common Select an...

	X74_158
	Quadruple 2-to-1 Multiplexer with Common Select, A...

	X74_160
	4-Bit BCD Counter with Parallel and Trickle Enable...

	X74_161
	4-Bit Counter with Parallel and Trickle Enables Ac...

	X74_162
	4-Bit Counter with Parallel and Trickle Enables an...

	X74_163
	4-Bit Counter with Parallel and Trickle Enables, A...

	X74_164
	8-Bit Serial-In Parallel-Out Shift Register with A...

	X74_165S
	8-Bit Loadable Serial/Parallel-In Parallel-Out Shi...

	X74_168
	4-Bit BCD Bidirectional Counter with Parallel and ...

	X74_174
	6-Bit Data Register with Active-Low Asynchronous C...

	X74_194
	4-Bit Loadable Bidirectional Serial/Parallel-In Pa...

	X74_195
	4-Bit Loadable Serial/Parallel-In Parallel-Out Shi...

	X74_273
	8-Bit Data Register with Active-Low Asynchronous C...

	X74_280
	9-Bit Odd/Even Parity Generator/Checker

	X74_283
	4-Bit Full Adder with Carry-In and Carry-Out

	X74_298
	Quadruple 2-Input Multiplexer with Storage and Neg...

	X74_352
	Dual 4-to-1 Multiplexer with Active-Low Enables an...

	X74_377
	8-Bit Data Register with Active-Low Clock Enable

	X74_390
	4-Bit BCD/Bi-Quinary Ripple Counter with Negative-...

	X74_518
	8-Bit Identity Comparator with Active-Low Enable

	X74_521
	8-Bit Identity Comparator with Active-Low Enable a...
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