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Chapter 1

Introduction

This supplement documents new library architectures or supersets of
existing ones that have been developed since the XACT 5.0 release of
the Unified Libraries. It also lists the Configurable Logic Block (CLB)
count of elements and which elements are Relationally Placed
Modules (RPM) by architecture. The information contained in this
supplement will be incorporated in the Libraries Guide when that
manual is reissued.

Like the Libraries Guide, the design elements in this supplement are
organized in alphanumeric order by architecture, with all numeric
suffixes in ascending order. A graphic symbol, functional description,
primitive versus macro table, truth table (when applicable), and
schematics for each implementation, generally the 8-bit version, are
included for each design element.

Note: XC8000 design elements are not included in this supplement.
They are currently documented in the Series 8000 User Guide.

Supplement Contents

This supplement consists of the “Introduction,” “Selection Guide and
Constraints and Attributes,” and “New Design Elements (XC4000E
and XC5200)” chapters.

CLB Count, RPMs, Constraints and Attributes

CLB count information for the XC2000, XC3000, and XC4000/4000E
architecture design elements is provided in alphanumeric order.

Relationally Placed Modules (RPMs) are discussed in the “Attributes,
Constraints, and Carry Logic” chapter of the Libraries Guide. Existing
and new non-carry logic RPMs are listed by architecture in this
chapter of the supplement for easy identification.

Libraries Supplement Guide — 0401301 01 1-1
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New Design Elements (XC4000E and XC5200)

This chapter contains information about the XC4000E and XC5200
elements. XC4000E is a superset of the XC4000 architecture. It
presents symbols, macro versus primitive tables, truth tables (when
applicable), and schematics in the same form as the existing elements
in the Libraries Guide.
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Selection Guide and Constraints and

Chapter 2

Attributes
This chapter provides the CLB count for XC2000, XC3000, and
XC4000 design elements. It also provides a list of the Relationally
Placed Modules (RPMs) by family; a functional category selection
guide of new XC4000E and XC5200 design elements; and constraints
and attributes specific to XC5200 elements.

CLB Count

The “CLB Count” table lists the design elements in alphanumeric
order with the CLB count for each applicable architecture.

Table 2-1 CLB Count

XC4000/
Element Name XC2000 XC3000 4000E
ACC1 6 - -
ACC4 - 9 7
ACCS8 - 17 12
ACC16 - 33 19
ADD1 1 - -
ADD4 - 5 4
ADDS8 - 9 6
ADD16 - 17 10
ADSU1 2 - -
ADSU4 - 5 4
ADSUS - 9 6
Libraries Supplement Guide — 0401301 01 2-1
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XC4000/
Element Name XC2000 XC3000 4000E
ADSU16 - 17 10
AND5 2 - -
AND5B1 2 - -
AND5B2 2 - -
AND5B3 2 - -
AND5B4 2 - -
AND5B5 2 - -
AND6 2 2 1
AND7 2 2 1
ANDS 3 2 -
AND9 3 2 1
BRLSHFT4 - 4 4
BRLSHFTS8 - 12 13
CB2CE 2 3 2
CB2CLE 5 4 3
CB2CLED 5 4 4
CB2RE 3 3 2
CB4CE 5 4 3
CB4CLE 10 8 6
CB4CLED 13 9 7
CB4RE 6 4 5
CB8CE 10 8 6
CB8CLE 21 16 14
CB8CLED 23 17 16
CB8RE 13 9 10
CB16CE 21 15 11
CB16CLE 42 32 26
CB16CLED 47 34 30
CB16RE 26 18 19
CCS8CE - - 6
CC8CLE - - 7
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XC4000/
Element Name XC2000 XC3000 4000E
CC8CLED - - 12
CC8RE - - 7
CC16CE - - 10
CC16CLE - - 11
CC16CLED - - 21
CC16RE - - 11
CD4CE 6 4 3
CD4CLE 8 6 5
CD4RE 7 5 6
CD4RLE 10 7 6
CJ4CE 4 2 2
CJ4RE 4 2 2
CJ5CE 5 3 3
CJ5RE 5 3 3
CJ8CE 8 4 4
CJ8RE 8 4 4
COMP2 1 1 1
COMP4 5 4 1
COMP8 1 9 2
COMP16 21 17 5
COMPM2 3 3 1
COMPM4 9 8 4
COMPMS 21 19 9
COMPM16 45 39 20
COMPMCS8 - - 6
COMPMCl16 - - 10
CR8CE 8 8 8
CR16CE 16 16 16
D2_4E 2 2 2
D3_8E 8 4 4
D4_16E 17 16 16
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XC4000/
4000E

2

Element Name XC2000 XC3000

FD4CE 4
FD4RE 4
8
8

FDSCE
FDSRE
FD16CE 16
FD16RE 16
FDC
FDC_1
FDCE
FDCE_1
FDCPE
FDP -
FDP_1
FDPE_1
FDR
FDRE
FDRS
FDRSE
FDS
FDSE
FDSR
FDSRE
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FJKCE
FJKCP
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FJKSRE
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Element Name

XC2000

XC3000

XC4000/
4000E

FTCE

1

FTCLE

FTCP

FTCPE

FTCPLE

WIN| R |[W|[F

FTP

FTPE

FTPLE

FTRSE

FTRSLE

FTSRE

FTSRLE

LD

LD4CE

LD8CE

O ||| ]| w

LD16CE

—
(o))

LD_1

LDC

LDC_1

LDCPE

M2_1

M2_1B1

M2_1B2

M2_1E

M4_1E

MS8_1E
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NAND5B3
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2-6

Element Name

XC2000

XC4000/

XC3000 4000E

NAND5B4

NANDS5B5

NAND6

NAND?7

NANDS

NAND9

NININ|IDN
[ S S e

NOR5

NOR5B1

NOR5B2

NORS5B3

NOR5B4

NORSB5

NOR6

NOR?7

NORS

NOR9

OR5

OR5B1

OR5B2

OR5B3

OR5B4

OR5B5

OR6

OR7

ORS8

OR9

QI WININININ NN NI WQWININININININININ[Q[WINNIN|DN

RAM16X2

RAM16X4

RAM16X8

RAM32X2

RAM32X4

1
BRIN BRI R RR] =R
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XC4000/
Element Name XC2000 XC3000 4000E
RAM32X8 - - 8
SOP3 1 1 1
SOP3B1A 1 1 1
SOP3B1B 1 1 1
SOP3B2A 1 1 1
SOP3B2B 1 1 1
SOP3B3 1 1 1
SOP4 1 1 1
SOP4B1 1 1 1
SOP4B2A 1 1 1
SOP4B2B 1 1 1
SOP4B3 1 1 1
SOP4B4 1 1 1
SR4CE 4 2 2
SR4CLE 8 3 3
SR4CLED 11 5 5
SR4RE 4 2 2
SR4RLE 8 6 5
SR4RLED 12 7 7
SR8CE 8 4 4
SR8CLE 16 5 5
SR8CLED 21 9 10
SR8RE 8 4 4
SR8RLE 16 12 9
SR8RLED 24 13 18
SR16CE 16 8 16
SR16CLE 32 9 9
SR16CLED 41 17 17
SR16RE 16 8 8
SR16RLE 32 24 17
SR16RLED 48 25 25
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XC4000/
Element Name XC2000 XC3000 4000E
XNOR5 2 - -
XNOR6 2 2 1
XNOR7 2 2 1
XNORS8 3 2 1
XNOR9 3 2 1
XOR5 2 - -
XOR6 2 2 1
XOR7 2 2 1
XORS8 3 2 1
XOR9 3 2 1
X74_42 10 5 5
X74_1.85 17 14 11
X74_138 9 5 5
X74_139 2 2 2
X74_147 13 8 5
X74_148 15 10 6
X74_150 13 12 5
X74_151 8 5 3
X74_152 6 5 3
X74_153 6 6 2
X74_154 18 17 16
X74_157 4 4 2
X74_158 4 4 2
X74_160 10 9 6
X74_161 11 9 6
X74_162 10 8 8
X74_163 13 9 8
X74_164 8 5 4
X74_165S 16 5 9
X74_168 18 9 7
X74_174 6 4 3
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Element Name

XC2000

XC3000

XC4000/
4000E

X74_194

&)

X74_195

X74_273

X74_280

X74_283

X74_298

X74_352

X74_377

X74_390

|0 [\ |[H=|[H|[H|]C0|UT1|\O

X74_518

—_
—_

X74_521

—_
—_

O[O [ W| G| (=[] W|U|&|[\O

QIR W[ ININ|O[W[k|W

Relationally Placed Modules

This section lists the RPMs by family. RPMs are “soft” macros that

contain relative location constraint (RLOC) information. Only non-
carry logic (CY4_*) RPMs are listed. See the Libraries Guide

“ Attributes, Constraints, and Carry Logic” chapter for more
information on XC4000 carry logic and RPMs.

The “RPMs by Architecture” table lists non-carry logic RPMs by
architecture for easy identification.

Table 2-2 RPMs by Architecture

Element Name

XC4000/4000E

XC5000

ACC4

O

O

ACCS8

ACC16

ADD4

ADDS8

ADD16

ADSU4

g|jojg|ojg|o

[ I Y
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Element Name

XC4000/4000E

XC5000

ADSUS

O

O

ADSU16

O

ANDS

AND9

AND12

AND16

CCS8CE

CC8CLE

CC8CLED

CC8RE

CC16CE

CC16CLE

CC16CLED

CC16RE

COMPMCS8

COMPMC16

I I

CY_INIT

CY_MUX

DECODE4

DECODES

DECODE16

DECODE32

DECODE64

DEC_CC4

DEC_CC8

DEC_CC16

NANDS

NAND9

NAND12

Ooooo|ooogojgo|jojg|ojg|ojg|ojg|joyg|ojg|ojgo|joyo|joa| g
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Element Name XC4000/4000E XC5000

NAND16 g
NORS
NOR9
NOR12
NOR16
OR12
OR16

Oojojgo|jao|lo|da

Functional Categories

The tables in this section briefly describe and list the XC4000E and
5200 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.

Note: Only new design elements are listed. Refer to the “Selection
Guide” chapter of the Libraries Guide for functional listings of the
design elements of existing architectures.

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.

XC4000E XC5200 Description
N/A CY_MUX 2-to-1 multiplexer for carry logic
N/A CY_INIT Initialization stage for carry chain
Decoders

Decoder names indicate the number of inputs and outputs and if an
enable is available. Decoders with an enable can be used as

Libraries Supplement Guide 2-11
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multiplexers. XC4000E decoders are edge decoders or open-drain

wired-AND gates. XC5200 decoders are implemented by cascading

CY_MUX elements driven from lookup tables (LUTs).

XC4000E XC5200 Description

DECODE4, DECODE4, 4-, 8-, 16-, and 32-bit active-Low

DECODES, DECODES, decoders

DECODE16 DECODE16

N/A DECODE32, |32-and 64-bit active-Low decoders
DECODE64

N/A DEC_C(C4, 4-, 8-, and 16-bit active-Low decod-
DEC_CCS, ers
and
DEC_CCl16

General

General elements include FPGA configuration functions, oscillators,

boundary scan logic, and other functions not classified in other

sections.
XC4000E XC5200 Description

N/A BSCAN Boundary scan logic control circuit

N/A CK_DIV Internal multiple-frequency clock
divider

N/A CY_INIT Initialization stage for carry chain

N/A 0OSC5 Internal multiple-frequency clock-
signal generator

STARTUP STARTUP User interface to global clock, reset,

and tristate controls

Xilinx Development System
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Input/Output Flip-Flops

Input/output flip-flops are configured in IOBs. They include flip-
flops whose outputs are enabled by tristate buffers, flip-flops that can
be set upon global set/reset rather than reset, and flip-flops with
inverted clock inputs.

XC4000E XC5200 Description

IFDX, IFDX4, [N/A Single- and multiple-input D flip-

IFDX8, and flops

IFDX16

IFDX_1 N/A/ Input D flip-flop with inverted
clock

IFDXI N/A/ Input D flip-flop (asynchronous set)

IFDXI_1 N/A D flip-flop with inverted clock
(asynchronous set)

OFDEX, N/A D flip-flops with active-High enable

OFDEX4, output buffers

OFDEXS, and

OFDEX16

OFDEX_1 N/A D flip-flop with active-High enable
output buffer and inverted clock

OFDEXI N/A D flip-flop with active-High enable
output buffer (asynchronous set)

OFDEXI_1 N/A D flip-flop with active-High enable
output buffer and inverted clock
(asynchronous set)

OFDTX, N/A Single and multiple D flip-flops

OFDTX4, with active-High tristate and active-

OFDTXS8, and Low output enable buffers

OFDTX16

OFDTX_1 N/A D flip-flop with active-High tristate
and active-Low output buffer and
inverted clock

OFDTXI N/A D flip-flop with active-High tristate
and active-Low output buffer (asyn-
chronous set)

Libraries Supplement Guide
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XC4000E XC5200 Description

OFDTXI_1 N/A D flip-flop with active-High tristate,
active-Low output buffer and
inverted clock

OFDX, N/A Single- and multiple-output D flip-

OFDX4, flops

OFDX8, and

OFDX16

OFDX_1 N/A Output D flip-flop with inverted
clock

OFDXI N/A Output D flip-flop (asynchronous
set)

OFDXI_1 N/A Output D flip-flop with inverted
clock (asynchronous set)

Input Latches

Single and multiple input latches can hold transient data entering a

chip.
XC4000E XC5200 Description

ILDX, ILDX4, (N/A Input transparent data latches

ILDX8, and

ILDX16

ILDX_1 N/A Transparent input data latch with
inverted gate

ILDXI N/A Input transparent data latch (asyn-
chronous set)

ILDXIL_1 N/A Transparent input data latch with
inverted gate (asynchronous set)

Latches

Latches are two-state buffers fed by two inputs: D and L. When the L
input is Low, it acts as a transparent input; in this case, the latch acts

2-14
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as a buffer and outputs the value input by D. When the L input is
High, it ignores the D input value.

XC4000E XC5200 Description
N/A LDCE Transparent data latch with asyn-
chronous clear and gate enable
N/A LDCE_1 Transparent data latch with asyn-
chronous clear, gate enable, and
inverted gate input
N/A LDACE, Transparent data latches with asyn-
LD8CE, and |chronous clear and clock enable
LD16CE

Logic Primitives

New combinatorial logic gates that implement the basic Boolean
functions are available in the XC5200 architecture.

XC4000E XC5200 Description

N/A AND12, 2- to 9-input AND gates with
AND16 inverted and non-inverted inputs

N/A NAND12, 2- to 9-input NAND gates with
NAND16 inverted and non-inverted inputs

N/A NOR12, 2- to 9-input NOR gates with
NOR16 inverted and non-inverted inputs

N/A OR12, OR16 |2-to9-input OR gates with inverted

and non-inverted inputs

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.
XC4000E XC5200 Description
N/A F5MAP 5-input function partitioning con-
trol symbol

Libraries Supplement Guide
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Memory Elements

The XC4000/4000E 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.
XC4000E XC5200 Description

RAM16X1D |N/A 16-deep by 1-wide static dual port
synchronous RAM

RAM16X2D [N/A 16-deep by 2-wide static dual port
synchronous RAM

RAM16X4D |N/A 16-deep by 4-wide static dual port
synchronous RAM

RAM16X8D |N/A 16-deep by 8-wide static dual port
synchronous RAM

RAM16X1S N/A 16-deep by 1-wide static synchro-
nous RAM

RAM16X2S |N/A 16-deep by 2-wide static synchro-
nous RAM

RAM16X4S |N/A 16-deep by 4-wide static synchro-
nous RAM

RAM16X8S N/A 16-deep by 8-wide static synchro-
nous RAM

RAM32X1S |N/A 32-deep by 1-wide static synchro-
nous RAM

RAM32X2S |N/A 32-deep by 2-wide static synchro-
nous RAM

RAMB32X4S N/A 32-deep by 4-wide static synchro-
nous RAM

RAM32X8S |N/A 32-deep by 8-wide static synchro-
nous RAM
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Multiplexers

Reprogrammable routing control. This component selects one input
wire as output from a selection of wires.

XC4000E XC5200 Description
N/A CY_MUX 2-to-1 multiplexer for carry logic
N/A F5_MUX 2-to-1 lookup table multiplexer

XC5200 Constraints and Attributes

Attributes are instructions placed on symbols or nets in an FPGA or
EPLD schematic to indicate their placement, implementation,
naming, directionality, and so forth. Constraints are a type, or subset,
of attributes that are only used to indicate where an element should
be placed.

The constraints and attributes described in this section are specific to
the XC5200 architecture. XC5200 does support the constraints and
attributes supported by the XC4000/4000E architectures which are
described in detail in the “Attributes, Constraints, and Carry Logic”
chapter of the Libraries Guide.

These are the XC5200-specific attributes and constraints.
. DIVIDE1_BY

. DIVIDE2_BY

DIVIDE1_BY and DIVIDE2_BY are new attributes.

. NODELAY

. RLOC

NODELAY and RLOC are existing attributes that have been modified
to support XC5200.

DIVIDE1_BY and DIVIDE2_BY

DIVIDE1_BY=value and DIVIDE2_BY=value attributes are user-
defined parameters added to the schematic for the OSC5 and
CK_DIV symbols. These attributes have the following syntax.

DIVIDEL_BY={4| 16| 64| 256}
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DIVIDE2_BY={2| 8| 32| 128| 1024 | 4096 | 16384 | 65536 }

For the OSC5 symbol, these attributes define the amount by which
the internal 16-MHz clock is to be divided for the OSC1 and /or OSC2
outputs. The DIVIDE1_BY attribute applies to the OSC1 output and
the DIVIDE2_BY attribute applies to the OSC2 output.

For the CK_DIV symbol, the attributes define the amount by which
the user-specified clock input (C) is to be divided.

NODELAY

RLOC

2-18

The default configuration of input buffers that directly source flip-
flops and data latches 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 buffers
(IBUFs), resulting in a smaller setup time but a positive hold time.
This is the syntax of the NODELAY attribute.

NODELAY

RLOC=value is a parameter added to schematic symbols to control
relative placement of the elements contained in the schematic. This is
the RLOC parameter syntax.

RLOC=Row# Ccolumn# [ . extension]

The row and column numbers of the LCA grid array can be any
positive integer or zero.

The optional .extension further denotes positioning of FMAPs, flip-
flops, latches, and CY_MUX symbols within the appropriate logic cell
of the CLB. Its value can be LC0, LC1, LC2, or LC3.

The RLOC value cannot specify a range or a list of several locations; it
must specify a single location.

For more details on the RLOC constraints, refer to the Libraries Guide.
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New Design Elements (XC4000E and XC5200)

This chapter contains design elements for the XC4000E and XC5200
architectures. The elements are organized in alphanumeric order,
with all numeric suffixes in ascending order. A graphic symbol;
functional description; primitive versus macro table; truth table
(when applicable); and schematics for each implementation,
generally the 8-bit version, are included for each design element.

The XC4000E architecture is a superset of the XC4000 architecture.
The design elements in this section are variations of those included in
the XC4000 architecture but can be used with them.

Note: Some of the design elements in this chapter are also in the
Libraries Guide; they are repeated in this supplement to show how
those elements are implemented for the XC5200 architecture.
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ACCS8

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

XC3000

XC4000 XC4000E XC5200 XC70002

Macro

Macro Macro Macro Macro

a. not supported for XC7272 or XC7336 designs

Cl |
B[7:0]

ACC8 Q[7:0]

Co
OFL

R X4374

ACCS8 can add or subtract an 8-bit unsigned-binary or twos-
complement 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 XC4000/4000E family, the accumulator is implemented using
carry logic and relative location constraints to ensure efficient
placement of logic. 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, with Low outputs, when
power is applied or when global reset (GR) for XC3000 and 5200 or
global set/reset (GSR) for XC4000/4000E 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 - D0 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” (OFL) occurs. Unsigned binary uses
carry-out (CO) to determine when “overflow” occurs, while twos
complement uses OFL.
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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 CI 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 (CO) is not registered
synchronously with the data outputs. CO always reflects the
accumulation of inputs B7 — B0 and the contents of the register, which
allows cascading of ACC8s by connecting CO of one stage to CI 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
operation result exceeds this range, the OFL output goes High. The
overflow 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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XC4000/4000E Topology
coO
OFL
A7B7 Q7
AeBs Qs
AsBs Qs
A4By4 Q4
A3B3 Q3
A2B2 Q2
A1B1 Q1
AoBo Qo
C
X3663
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Figure 3-1 ACC8 XC3000 Implementation
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ADDS8

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

XC3000

XC4000 XC4000E XC5200 XC70002

Macro

Macro Macro Macro Macro

a. not supported for XC7336 designs

3-8

X4377

ADDS is implemented in the XC4000/4000E family using carry logic
and relative location constraints to ensure efficient placement of logic.
ADDS adds two words (A7 — A0 and B7 — B0) and a carry-in (CI),
producing a sum output (57 — S0) and carry-out (CO) or overflow
(OFL). For XC7000 cascadable adders, refer to the “ADD8X1” and
“ADD8X2"” descriptions in the Libraries Guide. The ADDS8 CI 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, ADDS8 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 s ignored in twos-complement operation.

XC4000/4000E Topology

co

OFL
A7B7 S7
AgBg Ss
AsBs Ss
A4Bg Sa
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A2Bo S»2
A1B1 S1
AoBo So

Cl

X3666
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Figure 3-4 ADD8 XC3000 Implementation
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ADSUS

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

XC3000 XC4000 XC4000E XC5200 XC70002

Macro Macro Macro Macro Macro

a. not supported for XC7336 designs

cl ADSUS is implemented in the XC4000/4000E family using carry
logic and relative location constraints, which assure most efficient
logic placement.

When the ADD input is High, two 8-bit words (A7 — A0 and B7 — B0)
xazg0 are added with a carry-in (CI), producing an 8-bit sum (57 — 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 difference (S7
- 50) and CO or OFL. In add mode, CO and CI 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 the
“ADSU8X1” and “ADSU8X2” descriptions in the Libraries Guide.
ADSUS8 CI 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 to
determine when “overflow” occurs, while twos complement uses

OFL.

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.
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This figure shows carry-out and overflow boundaries.

Overflow

Carry-Out X4720

Figure 3-7 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, ADSUS8 can represent numbers
between -128 and +127, 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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XC4000/4000E Topology
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AND

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

Element XC2000 | XC3000 | XC4000 |XC4000E | XC5200 | XC7000
AND2, AND2B1, Primitive | Primitive | Primitive | Primitive | Primitive | Primitive
AND2B2, AND3B1,

AND3B2, AND3B3,

ANDA4B1, AND4B2,

ANDA4B3, AND4B4

ANDS5, AND5BI1, Macro | Primitive | Primitive | Primitive | Macro | Primitive
AND5B2, AND5B3,

AND5B4, AND5B5

AND6, AND?7, Macro Macro Macro Macro Macro | Primitive
ANDS8

AND9 Macro Macro Macro Macro Macro | Primitive
AND12, AND16 N/A N/A N/A N/A Macro N/A

The AND function is performed in the Configurable Logic Block
(CLB) function generators for XC2000, XC3000, XC4000/4000E, and
XC5200 architectures.

AND functions of up to five inputs are available in any combination
of inverting and non-inverting inputs. AND functions of six to nine
inputs are available with only non-inverting inputs. To make some or
all inputs inverting, use external inverters. Because each input uses a
CLB resource in FPGAs, replace functions with unused inputs with
functions having the appropriate number of inputs.

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

Refer to the “Overview” chapter of the Libraries Guide for the
combinatorial/ AND gate naming convention.
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Figure 3-11 AND Gate Representations
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BSCAN

Boundary Scan Logic Control Circuit

XC4000, XC4000E

TDI
TCK
TDO1|

BSCAN

| TDO
|DRCK
lIDLE
|SEL1
|SEL2

XC5200

X3910

DI
TCK
001 |
DO |

BSCAN

| RESET
| UPDATE
| SHIFT

| TDO

| DRCK

| IDLE

| SEL1

| SEL2

X4984

XC4000 XC4000E XC5200

Primitive Primitive Primitive

The BSCAN symbol indicates that boundary scan logic should be
enabled after the programmable logic device (PLD) configuration is
complete. It also provides optional access to some special features of
the XC5200 boundary scan logic.

Note: For more information on boundary scan, refer to the
application note “Boundary Scan in XC4000 Devices” in The
Programmable Logic Data Book.

To indicate that boundary scan remains enabled after configuration,
connect the BSCAN symbol to the TDI, TMS, TCK, and TDO pads
shown in the “Boundary Scan XC4000/4000E Representation”
illustration and the “Boundary Scan XC5200 Representation”
illustration. The other pins on BSCAN do not need to be connected,
unless those special functions are needed. A signal on the TDO1
input is passed to the external TDO output when the USER1
instruction is executed; the SEL1 output goes High to indicate that
the USERI instruction is active. The TDO2 and SEL2 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. The RESET, UPDATE, and SHIFT pins of the XC5200
BSCAN symbol represent the decoding of the corresponding state of
the boundary scan internal state machine. These functions are not
available in the XC4000/4000E architecture.
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If boundary scan is used only before configuration is complete, do not
include the BSCAN symbol in the design. The TDI, TMS, TCK, and
TDO pins can be reserved for user functions.

o TDI
o T™MS
TCK
From ( TDO1
User { TDO3
Logic

Figure 3-14 Boundary Scan XC4000/4000E Representation

BSCAN

TDO

DRCK
IDLE | To
SEL; [ User
SEL, Logic

X4323

TCK

From ( TDO1
User { TDO3z
Logic | —

BSCAN

RESET
I | To
| UPDATE | yser
SHIFT | Logic
TDO
DRCK
IDLE | To
SEL; [ User
SEL, Logic

X6236

Figure 3-15 Boundary Scan XC5200 Representation
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BUFE

Internal Tristate Buffers

XC3000

XC4000 XC4000E XC5200 XC7000

Macro

Macro Macro Macro Primitive

BUFE

y

X3790

BUFE4

oy

X3797

BUFES8

L

X3809

BUFE16

.

X3821

BUFE, BUFE4, BUFES, and BUFE16 are single or multiple tristate
buffers with inputs I, I3 - 10, 17 - 10, and so forth; outputs O, O3 - OO0,
07 - 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
corresponding outputs. When E is Low, the output is high impedance
(Z state or Off). The outputs of the buffers are connected to horizontal
longlines in FPGA architectures.

The outputs of separate BUFE symbols can be tied together to form a
bus or a multiplexer. Make sure that only one E is High at any one
time. If none of the E inputs is active-High, a “weak-keeper” circuit
(XC2000, 3000, 4000/4000E, and 5200) keeps the output bus from
floating, but does not guarantee that the bus remains at the last value
driven onto it.

The E signal in XC3000/4000/4000E 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 in XC3000 and XC4000/4000E. Pull-ups cannot be
used in conjunction with BUFT or BUFE macros in the XC5200
architecture, because there are no pull-ups available at the ends of the
horizontal longlines. Pull-up resistors are always used for EPLD
designs. This figure shows BUFE XC3000/4000/4000E
implementation.

BUFT

X4716

Figure 3-16 BUFE XC3000/XC4000/4000E Implementation
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CC8CE

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

cesce | Qrro) XC4000 XC4000E XC5200
CE CEO
c | TC Macro Macro Macro
LR CC8CE is an 8-stage, 8-bit, synchronous, clearable, cascadable binary
X4290

counter. The counter is implemented using carry logic with relative
location constraints to ensure efficient placement of logic. The
asynchronous clear (CLR) is the highest priority input. When CLR is
High, all other inputs are ignored and data (Q7 — Q0) 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) 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 7 is the number of stages and “tCE-TC” is the CE-to-TC
propagation delay of each stage.

The counter is asynchronously reset, with Low outputs, when power
is applied or when global set/reset (GSR) for XC4000/4000E or
global reset (GR) for XC5200 is active. The GSR active level is
programmable. When cascading counters, use the CEO output if the
counter uses the CE input; otherwise, use the TC output.
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Inputs Outputs
CLR CE c Q7-Q0 Tca CEQP
1 X 0 0 0
0 0 X No Chg No Chg 0
0 1 1 Inc TC CEO

a. TC = (Q72Q6°Q52Q4e...Q0)
b. CEO = (TC*CE)

XC4000/4000E Topology !

TC*

CEO*
D7 Q7
Ds Qs
Ds Qs
D4 Q4
D3 Q3
D2 Q2
D1 Q1
Do Qo

X3671

1. 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 3-18 CC8CE XC4000/4000E Implementation
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CC8CLE

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

CC8CLE

Q[7:0] XC4000 XC4000E XC5200

CEO

Macro Macro Macro

CCS8CLE is an 8-stage, 8-bit, synchronous, loadable, clearable,
cascadable binary counter. The counter is implemented using carry
289 logic with relative location constraints to ensure efficient placement
of logic.

The asynchronous clear (CLR) is the highest priority input. When
CLR is High, all other inputs are ignored 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
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, with Low output, when power
is applied or when global set/reset (GSR) for XC4000/4000E or
global reset (GR) for XC5200 is active. The GSR active level is
programmable. When cascading counters, use the CEO output if the
counter uses the CE input; otherwise, use the TC output.
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Inputs Outputs
CLR| L |CE| C |[D7-D0?| Q7-QO0 TCh CEOQO°
1 X X X X 0 0 0
0 1 X X D d7 -do TC CEO
0 0 0 X X No Chg | No Chg 0
0 0 1 1 X Inc TC CEO

a. dn = state of referenced input one set-up time prior to active clock transition
b. TC = (Q72Q6°Q52Q4e...eQ0)
c. CEO = (TC*CE)

XC4000 Topology !

TC*

CEO*
D7 Q7
De Qs
Ds Qs
D4 Q4
D3 Q3
D2 Q2
D1 Q1
Do Qo

X3673

1. 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 3-20 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 | Q[7:0] XC4000 XC4000E XC5200

CEO

Macro Macro Macro

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 to ensure efficient
xzsr  Pplacement of logic.

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) 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
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.
CEOQ 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) for XC4000/4000E or global
reset (GR) for XC5200 is active. The GSR active level is
programmable. When cascading counters, use the CEO output if the
counter uses the CE input; otherwise, use the TC output.
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Inputs Outputs
CLR L CE C UP | D7-D0? Q7-Q0 TCcP | CEO°
1 X X X X X 0 0 0
0 1 X X X D d7-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

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

b. TC = (Q7*Q6°Q5¢...eQ0e UP) + (Q7+Q6+Q5e...e Q0+ UD)
c. CEO = (TC+CE)

XC4000 Topology !

TC*

CEO*
D7 Q7
De Qs
Ds Qs
Dg Qa
D3 Q3
D2 Q2
D1 Q1
Do Qo

X4339

1. 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 3-23 CC8CLED XC4000/4000E Implementation
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CC8RE

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

CC8RE Q[7:0]

CEO
TC

o R
m

X4288

3-40

XC4000 XC4000E XC5200

Macro Macro Macro

CC8RE is an 8-stage, 8-bit, synchronous, resettable, cascadable binary
counter. The counter is implemented using carry logic with relative
location constraints to ensure efficient placement of logic. The
synchronous reset (R) is the highest priority input. When R is High,
all other inputs are ignored 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
determined by the accumulated CE-to-TC propagation delays versus
the clock period. The clock period must be greater than n(tCE-TC),
where 7 is the number of stages and “tCE-TC” is the CE-to-TC
propagation delay of each stage.

The counter is asynchronously reset, with Low outputs, when power
is applied or when global set/reset (GSR) for XC4000/4000E or global
reset (GR) for XC5200 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? CEOP
1 X 0 0 0
0 0 No Chg | NoChg 0
0 1 Inc TC CEO

a. TC = (Q7¢Q6#Q5¢...eQ0CE)

b. CEO = (TCCE)

XC4000/4000E Topology !

TC*

CEO*
D7 Q7
De Qs
Ds Qs
D4 Qa
D3 Q3
D> Q2
D1 Q1
Do Qo

X3675

1. 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 3-24 CC8RE XC4000/4000E Implementation
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Figure 3-25 CC8RE XC5200 Implementation
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CK_DIV

CK_DIV

D>

OSC1

osc2

@DIVIDE1_BY=
@DIVIDE2_BY=

3-44

X4970

Internal Multiple-Frequency Clock Divider

XC4000E

XC5200

N/A

Macro

CK_DIV divides a user-provided external clock signal with different
divide factors on either or both of the outputs. Only one CK_DIV may
be used per design. The CK_DIV is not available if the OSC5 element

is used.

The clock frequencies of the OSC1 and OSC2 outputs are determined
by specifying the DIVIDE1_BY=n, attribute for the OSC1 output, and
the DIVIDE2_BY=nj attribute for the OSC2 output. n; and n, are
integer numbers by which the clock input (C) is divided to produce
the desired output clock frequency. The available values of n; and n,

are shown in the table.

nq ny
4
16
64 32
256 128
1,024
4,096
16,384
65,536
0SC52
osc1 OsCl py
[ = ¢ osc oscz g

OSC="USER_CLK"
DIVIDE1_BY=@DIVIDE1_BY
DIVIDE2_BY=@DIVIDE2_BY

X6373

Figure 3-26 CK_DIV XC5200 Implementation
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COMPMCS8

8-Bit Magnitude Comparator

A[7:0] COMPMCS8 XC4000

XC4000E

XC5200

o Macro

Macro

Macro

B[7:0]

COMPMCS is an 8-bit, magnitude comparator that compares two

4264 positive binary-weighted words A7 — A0 and B7 — B0, where A7 and
B7 are the most significant bits. The comparator is implemented
using carry logic with relative location constraints to ensure efficient
logic placement. The greater-than output (GT) is High when A>B,
and the less-than output (LT) is High when A<B. When the two
words are equal, both GT and LT are Low. Equality can be flagged
with this macro by connecting both outputs to a NOR gate, as shown

in the table.

Inputs Outputs
A3,B3 | A2,B2 | A1,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<B1 X 0 1
A3=B3 | A2=A2 | Al=Bl A0>B0 1 0
A3=B3 A2=B2 Al1=B1 A0<BO 0 1
A3=B3 A2=B2 Al=B1 A0=B0 0 0
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XC4000/4000E Topology !

GT*

LT*

A7B7

AsBg

AsBs

A4Bg

A3B3

A2B2

A1B1

AoBo

X4341

1. 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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Figure 3-27 COMPMC8 XC4000/4000E Implementation
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Figure 3-28 COMPMC8 XC5200 Implementation
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CY_INIT

Initialization Stage for Carry Chain

cout| XCA4000E XC5200

CY_INIT

INIT | N/A Macro

x4924 CY_INIT is used to initialize the carry chain in the XC5200
architecture. It is used in conjunction with multiple CY_MUX
elements to implement high speed carry-propagate or high speed
cascade logic. CY_INIT must be placed in the logic cell (LC)
immediately below the least-significant carry element (CY_MUX) in
the carry/cascade chain. The INIT input is driven from the direct
input (DI) to LC. The CY_INIT carry-out (COUT) drives the C;;, input
of the first LC in the carry chain. The COUT output reflects the state
of the DI input. This figure represents the schematic implementation

of CY_INIT.
COUT .
RLOC=R0CO
CcO The select line is forced Low
so as to force the "INIT" signal
CY_MUX either High or Low and thereby
S initialize the carry chain
0 1
DI Cl
GND
. INIT

X6370

Figure 3-29 CY_INIT XC5200 4-Bit Adder Implementation
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CY_MUX
2-to-1 Multiplexer for Carry Logic
XC4000E XC5200
N/A Primitive

CY_MUX s used to implement a 1-bit high-speed carry propagate
function. One such function can be implemented per logic cell (LC),
for a total of 4-bits per configurable logic block (CLB). The direct
input (DI) of an LC is connected to the DI input of the CY_MUX. The
carry in (CI) input of an LC is connected to the CI input of the
CY_MUX. The select input (S) of the CY_MUX is driven by the output
of the lookup table (LUT), and configured as an XOR function. The
carry-out (CO) of the CY_MUX reflects the state of the selected input
and implements the carry out function of each LC. When Low, S
selects DI; when High, S selects CI.

X4923

Inputs Outputs
S DI Cl Cco
0 1 X 1
0 0 X 0
1 X 1 1
1 X 0 0

The “CY_MUX XC5200 4-Bit Adder Schematic” illustration depicts
the application of the CY_MUX for a 4-bit adder. Also shown are the
associated FMAP symbols and the CY_INIT function.
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Cco

> OF

XOR2
CY_MUX |co FMAP FMAP
.33—’_) i3 S RLOC=R0CO.LC3 - I
A3 > 1 -
A3 i3 s3
XOR2 DI cl B3 —® o 13 p Oof——=
s 2 a2 it
) = w3 In
c2 XOR2 RLOC=R0CO.LC3 RLOC=R0C1.LC3
CY_MUX |co EMAP FMAP
.Bz—’_) 2 S/3 1\ RLOC=ROCOLC? - T
Ty 4 1= 1 .
XOR2 DI cl B2 I8 o 12 12 ol—*n
) =2 A2 |11 mCl_Ju
c1 XOR2 RLOC=ROCO.LC2 RLOC=R0C1.LC2
CY_MUX |co FMAP FMAP
.’?‘i—>—>E i S/3 1\ RLOC=RoCO.LCL - I
- 1 I 1 —3 s1
XOR2 o e Bl I3 ol—% o Of—=
s S1 wAL 2 [CIU N '}}
) ] wAl i1
co XOR2 RLOC=ROCO.LC1 RLOC=ROC1LCL
CY_MUX |co FMAP FMAP
.‘B‘g—»—:)E 10 /5 7\ RLOC=R0COLCO - Em
1 1 —13 S0
XOR2 b Bo |3 o1 2 OfF——=
— S0 ',_\07:? =CIN_ |1
C_IN XOR2 RLOC=R0C0.LCO RLOC=R0C1.LCO
cout
= INIT RLOC=R1CO.LC3

CY_INIT

Figure 3-30 CY_MUX XC5200 4-Bit Adder Schematic
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DECODE4, DECODES, DECODE16, DECODE32, and
DECODEG64

4- 8-, 16-, 32-, and 64-Bit Active-Low Decoders

Element XC4000 XC4000E XC5200
DECODE4, Macro Macro Macro
DECODES,

DECODE16
DECODE32, N/A N/A Macro
DECODE64

In the XC4000/4000E architectures, decoders are open-drain wired-
AND gates. When one or more of the inputs (A) are Low, output (O)
is Low. When all 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; however, it uses more power. The XACT software
implements these macros using the open-drain AND gates around
the periphery of the XC4000/4000E devices.

In XC5200, decoders are implemented by cascading CY_MUX
elements driven by lookup tables (LUTs). When one or more of the
inputs are Low, the output is Low. When all the inputs are High, the
output is High. You can decode patterns by adding inverters to
inputs.

Note: Pull-ups cannot be used on XC5200 longlines. Diamonds in
library symbols indicate an open-drain output.
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A0 |
Al |
A2 |
A3 |

A0 |
Al |
A2 |
A3 |
A4 |
A5 |
A6 |
A7 |

DECODE4
Py e
X3907
DECODES
ol ©

X3908

A0 | DECODE16 XC5200 XC5200 XC5200
DECODE4
AL A0 | DECO A0 | DECODE16 A[31:0] | DECODE32
AZJ e A1 |
A % [e} A2 | [¢]
Ad | o — A3
A5 A4 |
A6 X6456 A5 | X4977
A7 | A6 |
A8 XC5200 % XC5200
A9 A8 |
A10 A0 | DECODES A9 | A[63:0] | DECODES64
Al | AL0]
Al; 627 éll o
Al2 A3 | A12] | ©
Al3| A4 | A13|
Al4 A5 | Al4| X4978
Al15 ol 0 A8 A15]| | o
A7 | | O
X3909 X6458
X6457
Inputs Outputs @

A0 Al A(n-1) 0]

1 1 1 1 1

0 X X X 0

X 0 X X 0

X X X 0 0

a. A pull-up resistor must be connected to the output to establish High-level drive cur-

rent.
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A0

Al

Q)
L="wAND1
DECODE

A2

[,
L—="wAND1
DECODE

Q)

A3

=" waAND1
DECODE

A4

)
L—"wAND1
DECODE

A5

A6

A7

O)
=" wAND1

DECODE X6500

Figure 3-31 DECODES8 XC4000/XC4000E Implementation

RLOC=R0CO0.LC3

e
w2 s1 RLOC=R0CO.LC2
mAL ——
A0 DI cl
| —
AND4
GND C_INO
vee
couT
INIT
CY_INIT

RLOC=R0CO.LC1

FMAP

-7;7; 14

B3 S1
o——=nu

L R

s

AP=PUO
RLOC=R0CO0.LC3

.72 14

| L S0
o—m

[Y.¥ S P

[N 7Y

MAP=PUO
RLOC=R0CO0.LC2

X6397

Figure 3-32 DECODES8 XC5200 Implementation

Xilinx Development System



New Design Elements (XC4000E and XC5200)

DEC_CC4, DEC_CCS8, and DEC_CC16

4- 8-, and 16-Bit Active Low Decoders

A0 | DEC_CC4 Element XC4000E XC5200
Al

A2 | DEC_CC4, N/A Macro
A3 | | o |DEC_CCS,

CIN| DEC_CC16

xa27  These decoders are used to build wide-decoder functions. They are
implemented by cascading CY_MUX elements driven by lookup

Ao | DEC_CC8 tables (LUTs). The C_IN pin can only be driven by a CY_INIT or by

AL | the output (O) of a previous decode stage. When one or more of the

% inputs (A) are Low, the output is Low. When all the inputs are High

| and the C_IN input is High, the output is High. You can decode

A5 | patterns by adding inverters to inputs.

A6

A7 o Inputs Outputs

C_IN

] A0 Al e A(n-1) C_IN @)
xaszs 1 1 1 1 1 1

Ao [ bEC_cci6 X X X X 0 0

AL | 0 X X X X 0

A2 |

A3 | X 0 X X X 0

A X X X 0 X 0

As |

A6 |

A7

A |

A9 |

A0 |

ALl |

A12 |

A13 |

Al4 |

A15 | | o

CIN]

X4929
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%
[ CY_MUX | g
A2

B S0 S \

m AL 01

g0 DI| |CI

AND4
GND
g SN

The C_IN pin can only be initialized
by a CY_INIT or by the output of a

previous decode stage. X6537

Figure 3-33 DEC_CC4 XC5200 Implementation

DEC_CC4

.AO—AO

mAl  a
[ Lo 0
[ VLt M o) e —
C.IN

DEC_CC4

[~ LA S
1 EE V]
.AG— A2
B a3 o
meN_ lewN

The C_IN pin can only be initialized
by a CY_INIT or by the output of a
previous decode stage.
X6396

Figure 3-34 DEC_CC8 XC5200 Implementation
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FS_MUX

2-to-1 Lookup Table Multiplexer
" o XCA4000E XC5200
= X4926 N/A Primitive

F5_MUX provides a multiplexer function in one half of a CLB. The
output from the lookup table (LUT) in LC1 is connected to the I1
input of the F5_MUX and the output from the LUT in LCO is
connected to the 12 input. The direct input (DI) of LCO is connected to
the DI input of the F5_MUX. The output (O) reflects the state of the
selected input. When Low, DI selects I1; when High, DI selects 12.
Similarly, the F5_MUX can connect to the LUTs in LC2 and LC3. The
F5_MUX can also implement any 5-input function in the top or
bottom half of a CLB when the mapping of the function is controlled

by FSMAP.
Inputs Outputs
DI 11 12 (0]
0 1 X 1
0 0 X 0
1 X 1 1
1 X 0 0
Tt
| in F5_MUX
_ |
L3
] DI
~ vt J
| in
__|Leco
X6427

Figure 3-35 F5_MUX Representation
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FSMAP

5-Input Function Partitioning Control Symbol

F5MAP

3-58

X4925

XC4000E XC5200

N/A Primitive

The FSMAP symbol is used to control the logic partitioning of 5-input
functions into the top or bottom half of a CLB. The FEMAP symbol is
not a substitute for logic. It is used in addition to combinatorial gates
for mapping control.

At the schematic level, any 5-input logic function can be
implemented using gates, and mapped into half of a single CLB by
using the FSMAP symbol. The signals that are the inputs and outputs
of the 5-input function must be labelled and connected to appropriate
pins of the FSMAP symbol, or the FSMAP signals and logic signals
must have identical labels. The symbol can have unconnected pins,
but all signals on the logic group to be mapped must be specified on a
symbol pin.

Using FSMAP forces any 5-input function to be implemented by two
lookup tables (LUTs), the direct input (DI), and the F5_MUX
primitive, which are contained within adjacent CLB logic cells LCO
and LC1 or LC2 and LC3.

This figure illustrates the connections within a CLB.

i F4
[ 1
m 2 F3| LUT
m 3 F2[ in F5_MUX
g Fi| Lc1
1 o
o}
12
DI
a2 DI
F4
F3| LUT
F2| in
LF1] Lco
X6428

Figure 3-36 Two LUTs in Parallel Combined to Create a 5-Input
Function
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An F5MAP primitive example is shown in this figure.

A0

BO
Co
—

AND3
:)D -
Al XOR2
(LA
B1
LT )
AND2
F5MAP
A0
(LA
.igL———|4
COo 13 (o) -
(ST
Bl
=

X6443

Figure 3-37 F5SMAP Primitive Example
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FDP

PRE

FDP

i

o

3-60

D Flip-Flop with Asynchronous Preset

XC4000

XC4000E

XC5200

XC7000

Macro

Macro

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
asynchronously set, output High, when global set/reset (GSR) for
XC4000/4000E or global reset (GR) for XC5200 is active. The GSR/GR
active level is programmable.

Inputs Outputs
PRE D C Q
1 X X 1
0 1 1 1
0 0 1 0
PRE FDI?E
m D 5 PRE o Qm
CE
mC c
RLOC=R0CO X6393

Figure 3-38 FDP XC4000/4000E/5200 Implementation
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FDP_1
D Flip-Flop with Negative-Edge Clock and

Asynchronous Preset

PRE

o

b FDP_1

(go

o

X3728

XC4000

XC4000E

XC5200

Macro

Macro

Macro

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
asynchronously set, output High, when global set/reset (GSR) for
XC4000/4000E or global reset (GR) for XC5200 is active. The GSR/
GR active level is programmable.

Inputs Outputs
PRE D Q
1 X 1
0 1 1
0 0 0
vee
FDPE
B PRE ‘
- D b PRE 9 Q -
CE
B C CB c

INV

RLOC=R0OCO

X6392

Figure 3-39 FDP_1 XC4000/4000E/5200 Implementation
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FDPE
D Flip-Flop with Clock Enable and Asynchronous
Preset
FL‘ XC4000 XC4000E XC5200 XC7000
FDPE ) Primitive Primitive Macro Primitive

PR [°
m

FDPE is a single D-type flip-flop with data (D), clock enable (CE), and
asynchronous preset (PRE) inputs and data output (Q). The

xa721 asynchronous PRE, when High, overrides all other inputs and sets
the Q output High. Data on the D input is loaded into the flip-flop
when PRE is Low and CE is High on the Low-to-High clock (C)
transition. When CE is Low, the clock transitions are ignored. The
flip-flop is asynchronously set, output High, when global set/reset
(GSR) for XC4000/4000E or global reset (GR) for XC5200 is active.
The GSR/GR active level is programmable.

Inputs Outputs
PRE CE D C Q
1 X X X 1
0 0 X X No Chg
0 1 0 ) 0
0 1 1 ) 1
FDCE
QB
. < CLR
mERE T

RLOC=R0CO

X6394

Figure 3-40 FDPE XC5200 Implementation
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FDPE_1

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

= XC4000 XC4000E XC5200

p | FPPEL | o Macro Macro Macro

CE |

(5 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

X3852

asynchronous PRE, when High, overrides all other inputs and sets
the Q output High. Data on the D input is loaded into the flip-flop
when PRE is Low and CE is High on the High-to-Low clock (C)
transition. When CE is Low, the clock transitions are ignored. The
flip-flop is asynchronously set, output High, when global set/reset
(GSR) for XC4000/4000E or global reset (GR) for XC200 is active. The
GSR/GR 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 l 1
0 1 0 ! 0
m PRE FD'?E
D b PRE Q Q -
[ CE CE
[} CB
] %9 c
X6395

RLOC=R0CO

Figure 3-41 FDPE_1 XC4000/4000E/5200 Implementation
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FIKP

)
Py
m

FIKP

"

‘ (e}

3-64

X3754

J-K Flip-Flop with Asynchronous Preset

XC4000 XC4000E XC5200 XC7000

Macro Macro Macro Primitive

FJKP is a single J-K-type flip-flop with ], K, and asynchronous preset
(PRE) inputs and data output (Q). The asynchronous preset (PRE)
input, when High, overrides all other inputs and sets the Q output
High on the Low-to-High clock (C) transition. When PRE is Low, the
Q output responds to the state of the ] 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) for XC4000/4000E or global reset (GR) for XC5200 is active; the
GSR/GR 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
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o
AND3B2 20

® \ Al ; \ AD
AND3B1 OR3

n ®

w

ﬁ

Figure 3-42 FJKP XC4000/4000E/5200 Implementation
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J-K Flip-Flop with Clock Enable and Asynchronous

FIKPE
Preset

PRE

3 FIJKPE

K| | Q

CE

C |

X3757

3-66

XC4000

XC4000E

XC5200

XC7000

Macro

Macro

Macro

Primitive

FJKPE is a single J-K-type flip-flop with ], K, clock enable (CE), and
asynchronous preset (PRE) inputs and data output (Q). The
asynchronous preset (PRE), when High, overrides all other inputs
and sets the Q output High. When PRE is Low and CE is High, the Q
output responds to the state of the ] and K inputs, as shown in the
truth table, during the Low-to-High clock (C) transition. When CE is
Low, clock transitions are ignored. The flip-flop is asynchronously
set, output High, when global set/reset (GSR) for XC4000/4000E or
global reset (GR) for XC5200 is active; the GSR/GR active level is
programmable.

Inputs

Outputs

PRE

J

Q

1

No Chg

x| x| x| O

No Chg

—

||| O| O

m == =] of *

== oo X X

—lo|l~—|lo| x| xX| &

Toggle
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AND3B2

AND2B1

o Q g

RLOC=R0CO

X6390

Figure 3-43 FJKPE XC4000/4000E/5200 Implementation
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FTP

Toggle Flip-Flop with Toggle Enable and

Asynchronous Preset

PRE

FTP

o

> I

X3762

mPRE

XC4000

XC4000E

XC5200

XC7000

Macro

Macro

Macro

Primitive

When the asynchronous preset (PRE) input is High, all other inputs

are ignored and output Q is set High. When toggle-enable input (T) is

High and PRE is Low, output Q toggles, or changes state, during the
Low-to-High clock (C) transition. The flip-flop is asynchronously set,
output High, when global set/reset (GSR) for XC4000/4000E or
global reset (GR) for XC5200 is active; the GSR/GR level is

programmable.

Inputs

Outputs

PRE

T

Q

1

X| X O

No Chg

X
0
1

Toggle

T

Om

RLOC=R0CO

X6371

Figure 3-44 FTP XC4000/4000E/5200 Implementation
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FTPLE

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

)
m

R

)

FTPLE

PRITTP
m

X3770

XC4000 XC4000E XC5200 XC7000

Macro Macro 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 (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)
for XC4000/4000E or global reset (GR) for XC5200 is active; the GSR/
GR active level is programmable.

Inputs Outputs

PRE CE

C Q

<
—

-
—_

X[ X~
Z
o
@
=3
da

o|lo|lo|o|o|~
o|lo|o|r|=|X| ™
Rl X| XX

—lo| X| X[ X|X| -
X[ X[ X|o|~|Xx] O

_,
—
®]

a9

aQ
—
@
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s
.L

PRE FDPE
L ]

PRE
mCE D Q On
CE

[ O c

RLOC=R0CO

X6372

Figure 3-45 FTPLE XC4000/4000E/5200 Implementation
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IFD, IFD4, IFD8, and IFD16

Single- and Multiple-Input D Flip-Flops

Element

XC2000

XC3000

XC4000

XC4000E

XC5200

XC70002

IFD

Primitive

Primitive

Primitive

Macro

Macro

Primitive

IFD4, IFDS,
IFD16

Macro

Macro

Macro

Macro

Macro

Macro

a. not supported for XC7336 designs

D

Cc

IFD

o

X3776

IFD4

R R

D[15:0]

Libraries Supplement Guide

X3799

X3811

X3833

Q[7:0]

Q[15:0]

The IFD D-type flip-flop is contained in an input/output block (IOB),
except for XC5200. The input (D) of the flip-flop is connected to an
IPAD or an IOPAD (without using an IBUF). The D input provides
data input for the flip-flop, which synchronizes data entering the
chip. The data on input D is loaded into the flip-flop during the Low-
to-High clock (C) transition and appears at the output (Q). The clock
input 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 with Low outputs, when
power is applied or when global reset (GR) for XC2000, 3000, and
5200 or global set/reset (GSR) for XC4000/4000E is active. GR is
active-Low for XC2000 and 3000. The GR active level is
programmable for XC5200. The GSR active level is programmable for
XC4000/4000E. For XC7000 EPLDs (except XC7272), the flip-flops are
set High when power is applied.
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These figures illustrate legal IFD/ILD combinations for XC3000 and
XC4000/4000E respectively.

ILD

IPAD
[>———p
— G
IFD_1
IPAD
[ D
—OPC

IPAD

IPAD
[

ILD_1

IFD

X4690

Figure 3-46 Legal Combinations of IFD and ILD for a Single
Device Edge of XC3000 I0OB

ILD

IPAD
> D Qf—
—1G
IFD_1
D Q—
cLock ——e—pc

IPAD

ILD_1

IFD

CLOCK

X4688

Figure 3-47 Legal Combinations of IFD and ILD for a Single
XC4000/4000E I10B

Inputs Outputs
Dn C Qn
Dn 1 dn?

a. dn = state of referenced input one set-up time prior to active clock transition
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vCC
T IFDX
m> D Q Om
CE
PR c
X6501

Figure 3-48 IFD XC4000E Implementation

FD

PN DN Q
u
l/IBUF Q

X6388

Figure 3-49 IFD XC5200 Implementation
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Q[7:0]
[
IFD
Do b R Q0
c
Q0
IFD
D1 5 o Q1
c o
IFD
D2 b o Q2
c
Q2
IFD
D3 R R Q3
c
Q3
IFD
D4 5 R Q4
c o
IFD
D5 o R Qs
c
L Q]
IFD
D6 o Q Q6
c I
IFD
D7 o R Q7
D[7:0] Q7
X6389
g

Figure 3-50 IFD8 XC2000/3000/4000/4000E/5200 Implementation
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IFD_1

IFD_1

‘U

| Q
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X3777

Input D Flip-Flop with Inverted Clock

XC2000 XC3000 XC4000 XC4000E XC5200

Macro Macro Macro Macro Macro

The IFD_1 D-type flip-flop is contained in an input/output block
(IOB) except for XC5200. The input (D) of the flip-flop is connected to
an IPAD or an IOPAD. The D input also provides data input for the
flip-flop, which synchronizes data entering the chip. The D input
data is loaded into the flip-flop during the High-to-Low clock (C)
transition and appears at the output (Q). The clock input is controlled
by the internal circuit.

The flip-flop is asynchronously reset with Low output, when power
is applied or when global reset (GR) for XC2000, 3000, and 5200 or
global set/reset (GSR) for XC4000/4000E is active. GR is active-Low
for XC2000 and 3000. The GR active level is programmable for
XC5200. The GSR active level is programmable for XC4000/4000E.

These figures illustrate legal IFD/ILD combinations for XC3000 and
XC4000/4000E, respectively.

ILD ILD_1
IPAD IPAD
D Qf— D Qf—
—1G 4G
IFD_1 IFD

IPAD IPAD
L D Qf— = b o

—_pC C

X4690

Figure 3-51 Legal Combinations of IFD and ILD for a Single
Device Edge of XC3000 IOB
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IPAD

ILD

CLOCK

IPAD

ILD_1

IFD

CLOCK

X4688

Figure 3-52 Legal Combinations of IFD and ILD for a Single
XC4000/4000E 10B

Inputs Outputs
D C Q
D ! d?

a. d = state of referenced input one set-up time prior to active clock transition

IFD

CB

X6398

Figure 3-53 XC2000/3000/4000/4000E/5200 Implementation
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IFDX, IFDX4, IFDX8, and IFDX16

Single- and Multiple-Input D Flip-Flops with Clock

Enable

D | IFDX )
CE |
c |

X6009
DO IFDX4 | 59
D1 Q1
D2 Q2
D3 | Q3
CE
Cc |

X6010

D[15:0] IFDX16

CE

X6011

Q[15:0]

X6012

Element XC4000E XC5200
IFDX Primitive N/A
IFDX4, IFDXS, Macro N/A
IFDX16

The IFDX D-type flip-flop is contained in an input/output block
(IOB). The input (D) of the flip-flop is connected to an IPAD or an
IOPAD (without using an IBUF). The D input provides data input for
the flip-flop, which synchronizes data entering the chip. The data on
input D is loaded into the flip-flop during the Low-to-High clock (C)
transition and appears at the output (Q). The clock input is controlled
by the internal circuit. When CE is Low, flip-flop outputs do not
change.

The flip-flops are asynchronously reset with Low outputs, when
power is applied or when global set/reset (GSR) is active. The GSR
active level is programmable.

This figure illustrates legal IFDX/ILDX combinations for XC4000E.

ILDX ILDX_1
IPAD IPAD

> D Qf— = D o}—

I0_ENABLE GE I0_ENABLE GE

— G —dG
IFDX_1 IFDX

D Qf— D ol—

CE CE

CLOCK ——OPC CLOCK C

X6024

Figure 3-54 Legal Combinations of IFDX and ILDX for a Single
XC4000E I10B
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Inputs Outputs
CE Dn C Qn
1 Dn 1 dn?
0 X X No Chg

a. dn = state of referenced input one set-up time prior to active clock transition
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D[7:0]

CE

DO

D1

D2

D3

D4

D5

D6

D7

Figure 3-55 IFDX8 XC4000E Implementation
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IFDX
D Q i
CE
Qo
IFDX
D Q o
CE
Q1
IFDX
D Q Q2
———CE
Q2
IFDX
D Q o
CE
Q3
IFDX
D Q o
CE
Q4
IFDX
D Q s
CE
Q5
IFDX
D Q Q6
CE
Q6
IFDX
D Q Ul
CE
Q7

X6404

Q[7:0]
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IFDX_1

§RP
m

IFDX_1

| Q

3-80

X6014

Input D Flip-Flop with Inverted Clock

XC4000E XC5200

Macro N/A

The IFDX_1 D-type flip-flop is contained in an input/output block
(IOB). The input (D) of the flip-flop is connected to an IPAD or an
IOPAD. The D input also provides data input for the flip-flop, which
synchronizes data entering the chip. 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. When the CE pin is Low, the output (Q) does not change.

The flip-flop is asynchronously reset with Low output, when power
is applied or when global set/reset (GSR) is active. The GSR active
level is programmable.

This figure illustrates legal IFDX/ILDX combinations for XC4000E.

ILDX ILDX_1
IPAD IPAD
L> D Q— > D Q—
IO_ENABLE GE IO_ENABLE GE
—1G —q6
IFDX_1 IFDX
D Qf— D ol—
CE CE
CLOCK ————e—C CLOCK c

X6024

Figure 3-56 Legal Combinations of IFDX and ILDX for a Single
XC4000E I0B
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Inputs Outputs
CE D C Q
1 D ! d?
0 X X No Chg

a. d = state of referenced input one set-up time prior to active clock transition

IFDX

C

Figure 3-57 IFDX_1 XC4000E Implementation
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INV

CE

X6422
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IFDXI

Input D Flip-Flop (Asynchronous Set)

IFDXI
| Q

R P
m

X6016

3-82

XC4000E XC5200

Primitive N/A

The IFDXI D-type flip-flop is contained in an input/output block
(IOB). The input (D) of the flip-flop is connected to an IPAD or an
IOPAD. The D input provides data input for the flip-flop, which
synchronizes data entering the chip. The data on input D is loaded
into the flip-flop during the Low-to-High clock (C) transition and
appears at the output (Q). The clock input is controlled by the internal
circuit. The flip-flop is asynchronously set with High output, when
power is applied or when global set/reset (GSR) is active. The GSR
active level is programmable. When the CE pin is Low, the output (Q)
does not change.

This figure illustrates legal IFDXI/ILDXI combinations for XC4000E.

ILDXI ILDXI_1
IPAD IPAD
Lo D Q— [ D Qf—
I0_ENABLE GE I0_ENABLE GE
—1G —6G
IFDXI_1 IFDXI
D QI D ol—
CE CE
CLOCK —pC CLOCK c

X6027

Figure 3-58 Legal Combinations of IFDXI and ILDXI for a Single
XC4000E 10B
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Inputs Outputs
CE D C Q
1 D 1 da@
0 X X No Chg

a. d = state of referenced input one set-up time prior to active clock transition

Libraries Supplement Guide
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IFDXI_1

D Flip-Flop with Inverted Clock (Asynchronous Set)

IFDXI_1 o

SRE
m

X6018

3-84

XC4000E XC5200
Macro N/A

The IFDXI_1 D-type flip-flop is contained in an input/output block
(IOB). The input (D) of the flip-flop is connected to an IPAD or an
IOPAD. The D input provides data input for the flip-flop, which
synchronizes data entering the chip. The data on input D is loaded
into the flip-flop during the High-to-Low clock (C) transition and
appears at the output (Q). The clock input is controlled by the internal
circuit. The flip-flop is asynchronously set with High output, when
power is applied or when global set/reset (GSR) is active. The GSR
active level is programmable. When the CE pin is Low, the output (Q)
does not change.

This figure illustrates legal IFDXI/ILDXI combinations for XC4000E.

ILDXI ILDXI_1
IPAD IPAD
Lo D Q— = D Qf—
I0_ENABLE GE I0_ENABLE GE
—1G —d6
IFDXI_1 IFDXI
D Qf— D ol—
CE CE
cLock —e—<pc CLOCK c

X6027

Figure 3-59 Legal Combinations of IFDXI and ILDXI for a Single
XC4000E I0OB
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Inputs Outputs
CE D C Q
1 D l da@
0 X X No Chg

a. d = state of referenced input one set-up time prior to active clock transition

IFDXI

Figure 3-60 IFDXI_1 XC4000E Implementation
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X6421
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ILD, ILD4, ILDS8, and ILD16

Input Transparent Data Latches

Element XC3000 XC4000 XC4000E XC5200 XC7000 @
ILD Primitive Macro Macro Macro Primitive
ILD4, ILDS, Macro Macro Macro Macro Macro
ILD16

a. not supported for XC7336 designs
o ILD o LD, ILD4, ILD8, and ILD16 are single or multiple transparent data
T | latches, which can be used to hold transient data entering a chip. The
G | latch input (D) is connected to an IPAD or an IOPAD (without using
an IBUF). When the gate input (G) is High, data on the inputs (D)
X3774 appears on the outputs (Q). Data on the D inputs during the High-to-
Low G transition is stored in the latch. For XC7000 EPLDs, the gate
input (G) must be driven by a FastCLK, represented by the BUFG
ool P loo symbol.
D1 | el
oo | 02 The latch is reset with Low output, when power is applied or when
o3 | 0 global reset (GR) for XC3000 and 5200 or global set/reset (GSR) for
] XC4000/4000E is active. GR is active-Low; the GSR active level is
G | programmable. For XC7000 EPLDs (except XC7272), the latches are
— set High when power is applied.
XC4000/4000E ILD
D[7:0] ILD8 Q[7:0]

X3810

D[15:0]] ILD16  |Q[15:0]

G

X3832

3-86

The XC4000/4000E 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)
corresponds to a falling edge-triggered flip-flop (IFD_1). Similarly, a
transparent Low latch (ILD_1) corresponds to a rising edge-triggered
flip-flop (IFD).
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This figure illustrates XC4000/4000E legal IFD/ILD combinations.

ILD ILD_1
IPAD IPAD
Lo D Qf— — D of—
—1G —96G
IFD_1 IFD
D Qf— D ol—
CLOCK —pcC CLOCK »—DC

X4688

Figure 3-61 Legal Combinations of IFD and ILD for a Single
XC4000/4000E 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
transparent 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 “Legal Combinations of IFD and ILD for a Single Device Edge
of XC3000 IOB” illustration for XC3000 legal IFD/ILD combinations.
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ILD ILD_1
IPAD IPAD
O————p Q— D Q—
—1G —q6G
IFD_1 IFD
IPAD IPAD
> D Qf— O D ofl—
»—O)C C

X4690

Figure 3-62 Legal Combinations of IFD and ILD for a Single
Device Edge of XC3000 I0B

ILD 1
[ D Q |

G
= >o—FCB g
INV X6492

Figure 3-63 ILD XC4000/4000E Implementation

Inputs Outputs
G D Q
1 1 1
1 0 0
! D d?

a. d = state of referenced input one set-up time prior to High-to-Low gate transition

LD

D_IN
= D Q On

| ]
V4

| G

RLOC=R0CO

X6386

Figure 3-64 ILD XC5200 Implementation
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ILD_1

Transparent Input Data Latch with Inverted Gate

ILD_1
e

‘ o

é)o

X4387

Libraries Supplement Guide

XC3000 XC4000 XC4000E XC5200

Macro Primitive Macro Macro

ILD_1 is a transparent data latch, which can be used to hold transient
data entering a chip. When the gate input (G) is Low, data on the data
input (D) appears on the data output (Q). Data on D during the Low-
to-High G transition is stored in the latch. For implementation
details, refer to the “ILD, ILD4, ILDS8, and ILD16” section.

The latch is reset with Low output, when power is applied or when
global reset (GR) for XC3000 and 5200 or global set/reset (GSR) for
XC4000/4000E is active. GR is active-Low; the GSR active level is
programmable.

These figures illustrate legal IFD/ILD combinations for XC3000 and
XC4000/4000E, respectively.

ILD ILD_1
IPAD IPAD
o>——p  of— >—0  of—
—1G 4G
IFD_1 IFD
IPAD IPAD
[ D Ql— [ D Ql—
—OpC C

X4690

Figure 3-65 Legal Combinations of IFD and ILD for a Single
Device Edge of XC3000 IOB

3-89



Libraries Supplement Guide

IPAD

ILD

CLOCK

IPAD

ILD_1

IFD

CLOCK

X4688

Figure 3-66 Legal Combinations of IFD and ILD for a Single
XC4000/4000E IOB

Inputs Outputs
G D Q
0 1 1
0 0 0
1 D d?

a. d = state of referenced input one set-up time prior to Low-to-High gate transition

ILD
n> D Q Qn
s >o—CB g
INV X6493
Figure 3-67 ILD_1 XC3000 Implementation
vce
ILDX_1
m> D Q OQm
GE
nC ol G
X6491

Figure 3-68 ILD_1 XC4000/4000E Implementation

3-90
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LD

5

GB

.(D
2/ 5

X6387

Figure 3-69 ILD_1 XC5200 Implementation
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ILDX, ILDX4, ILDX8, and ILDX16

Input Transparent Data Latches

o [ mwx | Element XC4000E XC5200
%E ILDX, ILDX4, Macro N/A
& ILDX8, ILDX16

X6020

ILDX, ILDX4, ILDX8, and ILDX16 are single or multiple transparent
Do | LDx4 data latches, which can be used to hold transient data entering a chip.

0
o1 i The latch input (D) is connected to an IPAD or an IOPAD (without
oo | using an IBUF). When the gate input (G) is High, data on the inputs
2% (D) appears on the outputs (Q). Data on the D inputs during the
b3 %% High-to-Low G transition is stored in the latch.
GE |
G The latch is reset, output Low, when power is applied or when global

set/reset (GSR) is active. The GSR active level is programmable.

X6021

XC4000E ILDX

2% The XC4000E ILDX is actually the input flip-flop master latch. Two
different outputs can be accessed from the input flip-flop: one that
responds to the level of the clock signal and another that responds to
an edge of the clock signal. When using both outputs from the same
input flip-flop, a transparent High latch (ILDX) corresponds to a
iox16 |ousoy falling edge-triggered flip-flop (IFDX_1). Similarly, a transparent Low
latch (ILDX_1) corresponds to a rising edge-triggered flip-flop
(IFDX).

X6022

X6023
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This figure illustrates XC4000E legal IFDX/ILDX combinations.

ILDX ILDX_1
IPAD IPAD
> D Q— = D o—
IO_ENABLE GE I0_ENABLE GE
— |G —d6G
IFDX_1 IFDX
D Qf— D ol—
CE CE
CLOCK —C CLOCK C

X6024

Figure 3-70 Legal Combinations of IFDX and ILDX for a Single

XC4000E 10B
Inputs Outputs
GE G Q

1 1 D

1 0 D

0 1 No Chg

0 0 No Chg

ILDX_1
[ D Q =
= GE GE
G GB

. %VO 9° X6419

Figure 3-71 ILDX XC4000E Implementation
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DO

D1

D2

D3

D4

D5

D6

D7

D[7:0]
—

GE

Q[7:0]
ILDX
Qo
D Q
GE
G
Qo0
ILDX
Q1
b Q
GE
G
Q1
ILDX
Q2
b Q
GE
G
Q2
ILDX
D Q «*
GE
G
Q3
ILDX
D Q Q4
GE
G
Q4
ILDX
D Q Qs
GE
G
Q5
ILDX
Q6
D Q
GE
G
Q6
ILDX
D Q @

GE

G

X6405

Figure 3-72 ILDX8 XC4000E Implementation
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ILDX_1

Transparent Input Data Latch with Inverted Gate

X1 | q XC4000E XC5200
Primitive N/A

& RP
m

ILDX_1 is a transparent data latch, which can be used to hold
transient data entering a chip. When the gate input (G) is Low, data
on the data input (D) appears on the data output (Q). Data on D
during the Low-to-High G transition is stored in the latch. For
implementation details, refer to the “ILDX, ILDX4, ILDX8, and
ILDX16"” section.

X6025

The latch is reset with Low output, when power is applied or when
global set/reset (GSR) is active. The GSR active level is
programmable.

This figure illustrates legal IFDX/ILDX combinations for XC4000E.

ILDX ILDX_1
IPAD IPAD
L D Qf— = D Q}—
I0_ENABLE GE I0_ENABLE GE
—{G —J6G
IFDX_1 IFDX
D Ql— D ol—
CE CE
CLOCK —pC cLocK c

X6024

Figure 3-73 Legal Combinations of IFDX and ILDX for a Single
XC4000E 10B
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Inputs Outputs
GE G Q
1 0 D?
1 1 D
0 0 No Chg
0 1 No Chg

a. D = state of referenced input one set-up time prior to Low-to-High gate transition
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ILDXI

Input Transparent Data Latch (Asynchronous Set)

ILDXI
| Q

P RE
m

X6026

XC4000E XC5200

Macro N/A

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

The ILDXI is actually the input flip-flop master latch. Two different
outputs can be accessed from the input flip-flop: one that responds to
the level of the clock signal and another that responds to an edge of
the clock signal. When using both outputs from the same input flip-
flop, a transparent High latch (ILDXI) corresponds to a falling edge-
triggered flip-flop (IFDXI_1). Similarly, a transparent Low latch
(ILDXI_1) corresponds to a rising edge-triggered flip-flop (IFDXI).
This figure illustrates legal IFDXI/ILDXI combinations for XC4000E.

ILDXI ILDXI_1
IPAD IPAD
> D Qf— = D o}—
I0_ENABLE GE I0_ENABLE GE
— G —d6G
IFDXI_1 IFDXI
D Qf— D ol—
CE CE
CLOCK ——OPC CLOCK C

X6027

Figure 3-74 Legal Combinations of IFDXI and ILDXI for a Single
XC4000E 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
GE G Q
1 1 D?
1 0 D
0 1 No Chg
0 0 No Chg

a. D = state of referenced input one set-up time prior to High-to-Low gate transition

ILDXI_1
=2 D Q  m
= GE GE
[ = >0 €8 Je
INV X6420

Figure 3-75 ILDXI XC4000E Implementation
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ILDXI_1

Transparent Input Data Latch with Inverted Gate

(Asynchronous Set)

ILDXLL | o XC4000E

XC5200

Primitive

&R
m

N/A

X6028

ILDIX_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 “ILDX, ILDX4, ILDXS8, and ILDX16" section.

The latch is set, output High, when power is applied or when global
set/reset (GSR) is active. The GSR active level is programmable.

This figure illustrates legal IFDXI/ILDXI combinations XC4000E.

ILDXI

IPAD

> D Q
I0_ENABLE GE

—1G

IFDXI_1

D Q
CE
CLOCK —C

I0_ENABLE

CLOCK

IPAD

=

ILDXI_1
D Ql—
GE

—de

IFDXI
D Ql—
CE

c

X6027

Figure 3-76 Legal Combinations of IFDXI and ILDXI for a Single

XC4000E 10B
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Inputs Outputs
GE G Q
1 0 D?
1 1 D
0 0 No Chg
0 1 No Chg

a. D = state of referenced input one set-up time prior to Low-to-High gate transition
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LD, LD4, LD8, and LD16

Single and Multiple Transparent Data Latches

Element XC2000 XC4000E XC5200 XC70002
LD Macro N/A Macro Primitive
LD4, N/A N/A N/A Primitive
LDS,
LD16

a. not supported for XC7336 designs

o | " |oe
G |

X3740
po| P4 Q0
D1 | | Q1
D2 | | Q2
D3 | | Q3
G |

X4611
D[7:0] Q[7:0]
-—

X4612

D[15:0] LD16 Q[15:0]
| _—

G |

X4613

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) for XC2000 and 5200 is active. For EPLD designs, the G
input may not be driven by a FastCLK signal (BUFG).

Inputs Outputs
G D Q
1 0 0
1 1 1
0 X No Chg
! D d@

a. d = state of input one set-up time prior to High-to-Low gate transition.
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LDCP
ml b PRE ¢ Qm
G
= C cLr
[ S

GND X6487

Figure 3-77 LD XC2000 Implementation

vee
LDCE
n> D Q On
GE
G
G
= CLR
RLOC=ROCO
L X6368
GND

Figure 3-78 LD XC5200 Implementation
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LD 1

Transparent Data Latch with Inverted Gate

b1 | g XC2000 XC4000E XC5200

Macro N/A Macro

‘U

(J)O

The data output (Q) of the latch reflects the data (D) input while the
gate enable (G) input is Low. The data on the D 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.

X3741

The latch is reset with Low output, 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?

a. d = state of input one set-up time prior to Low-to-High gate transition

LDCP
— —
D
- b PRE q Qo
G GB
[ >0 .

GND X6488

Figure 3-79 LD_1 XC2000 Implementation
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vce
LDCE
m> D Q ]
GB cE
G
| G
%\9 CLR
I —
RLOC=R0CO
1 X6369
GND

Figure 3-80 LD_1 XC5200 Implementation
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LDC

Transparent Data Latch with Asynchronous Clear

p | ¢ | o XC2000 XC4000E XC5200

G | Macro N/A Macro

R When the asynchronous clear input (CLR) is High, it overrides the
X4070

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 with Low output, when power is applied or when
global reset (GR) is active.

Inputs Outputs
CLR G D Q
1 X X 0
0 1 0 0
0 1 1 1
0 0 X No Chg
0 ! D d?2

a. d = state of input one setup time prior to High-to-Low gate transition

LDCP
nl b PRE q Qu
e C cir
mCLR |
GED X6489

Figure 3-81 LDC XC2000 Implementation
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VCC
LDCE

ml D Q On

GE
[1s G

CLR

= CLR T

RLOC=R0OCO

X6382

Figure 3-82 LDC XC5200 Implementation
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LDC 1

Transparent Data Latch with Asynchronous Clear
and Inverted Gate Input

p | el | q XC2000 XC4000E XC5200
¢4 Macro N/A Macro
R _— 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 with Low output, when power is applied or when
global reset (GR) is active.

Inputs Outputs
CLR G D Q
1 X X 0
0 0 0 0
0 0 1 1
0 1 X No Chg
0 1 D d?

a. d = state of input one setup time prior to Low-to-High gate transition
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LDCP
D
- b PRE o Cum
G GB
[ >0 I
LR INV |
[
= X6490
GND

Figure 3-83 LDC_1 XC2000 Implementation

vee

LDCE

GB

b Q
GE

CLR

T

= CLR

RLOC=R0CO

X6384

Figure 3-84 LDC_1 XC5200 Implementation

Xilinx Development System



New Design Elements (XC4000E and XC5200)

LDCE

Transparent Data Latch with Asynchronous Clear
and Gate Enable

LOCE | o XC4000E XC5200
N/A Primitive

‘O ‘O ‘D
m

When the asynchronous clear input (CLR) is High, it overrides the
CLR x4979 other inputs and resets the data (Q) output Low. Q reflects the data
(D) input while the gate (G) input and gate enable (GE) are High and
CLR is Low. If GE is Low, data on D cannot be latched. The data on
the D input during the High-to-Low gate transition is stored in the
latch. The data on the Q output remains unchanged as long as G or
GE remains low.

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

Inputs Outputs

CLR GE G D Q

1 X X X 0

0 0 X X No Chg

0 1 1 0 0

0 1 1 1 1

0 1 0 X No Chg

0 1 ! D d?

a. d = state of input one setup time prior to High-to-Low gate transition
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LDCE_1

Transparent Data Latch with Asynchronous Clear,
Gate Enable, and Inverted Gate Input

LDCE1 | o XC4000E XC5200
N/A Macro

O‘G) ‘U
m

When the asynchronous clear input (CLR) is High, it overrides the
CLR X4930 other inputs and resets the data (Q) output Low. Q reflects the data
(D) input while the gate (G) input and CLR are Low and gate enable
(GE) is High. If GE is Low, the data on D cannot be latched. The data
on the D input during the Low-to-High gate transition is stored in the
latch. The data on the Q output remains unchanged as long as G
remains High or GE remains Low.

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

Inputs Outputs

CLR GE G D Q

1 X X X 0

0 0 X X No Chg

0 1 0 0 0

0 1 0 1 1

0 1 1 X No Chg

0 1 1 D d?

a. d = state of input one setup time prior to Low-to-High gate transition

LDCE
> D Qnm
mCGE GE
G GB
= G
{%\(/) CLR
= CLR T X6383
RLOC=R0CO

Figure 3-85 LDCE_1 XC5200 Implementation
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LD4CE, LD8CE, and LD16CE

Transparent Data Latches with Asynchronous Clear
and Clock Enable

Element XC2000 XC4000E XC5200
LDA4CE, Macro N/A Macro
LDSCE,

LD16CE

LDA4CE, LDS8CE, 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 (G) input is High;
gate enable (CE for XC2000, GE for XC5200) is High; and CLR is Low.
If CE for XC2000 or GE for XC5200 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 for XC2000/GE for XC5200 remains

Low.
o | LPCE | o XC5200 XC5200
D1 | | Q1 DO LD4CE Q0 -
DO | | Q0 Di15:0] | LD16CE | Qs
D2 | | Q2 D1 Q1 [ ]
D3| | Q3 N
cE | D2 | | Q2
[ D3 | 3
GE
LR X3747 G |
X4982
CLR
X4980
XC5200

D[15:0] LD16CE Q[15:0]

X4981
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The latch is reset with Low output, when power is applied or when
global reset (GR) is active.

Inputs Outputs

CLR GE fg;IE)(cc):rwoo 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©

a. Dn = referenced input, for example, D0, D1, D2
b. Qn = referenced output, for example, Q0, Q1, Q2

c. dn = referenced input state, one set-up time prior to High-to-Low gate transition

DO

D1

Q0

Q0

D2

Ql g

Q1

D3

Q2

Q2

GE

Q3

H EEN
®

CLR

I Q3

X6486

Figure 3-86 LD4CE XC2000 Implementation
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LDCE
- DO D 0 Q0 -
GE
G
CLR
[ | Qo0
LDCE
- D1 D Q Q1
® GE
G
¢ CLR
o———1 Q1
LDCE
- D2 D 0 Q2
[ GE
G
¢ CLR
'—J Q2
LDCE
lggE D Q Qs |
| G @ GE
B @ G CLR
.CLR ® I Q3 X6538

Figure 3-87 LD4CE XC5200 Implementation
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CLR GND X6485

Figure 3-88 LD8CE XC2000 Implementation
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Q[7:0]
LDCE LDCE
DO D Q Qo D4 D Q Q4
GE GE
G G
CLR CLR
P | Q0 1 Q4
LDCE LDCE
D1 o Q Q1 D5 b 9 Q5
GE GE
G G
CLR CLR
p— | Q1 p———— 1
LDCE LDCE
D2 b 2 Q2 D6 b o Q6
GE GE
G G
CLR CLR
—————— Q2 p—————— Q6
LDCE LDCE
D3 b Q Q3 D7 b Q Q7
GE GE
G G
CLR CLR
D[7:0] p——————— 3 p— T Q7
.GE
G
mER X6385
Figure 3-89 LD8CE XC5200 Implementation
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NAND

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

Name

XC2000

XC3000

XC4000

XC4000E

XC5200

XC7000

NAND2 NAND2B]1,
NAND2B2, NAND3,
NAND3BI1,
NAND3B2,
NAND3B3, NAND4,
NANDA4B]1,
NAND4B2,
NANDA4B3,
NAND4B4

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

NANDS5, NANDS5BI,
NANDS5B2,
NANDS5B3,
NANDS5B4,
NANDS5B5

Macro

Primitive

Primitive

Primitive

Macro

Primitive

NAND6, NAND?,
NANDS, NAND9

Macro

Macro

Macro

Macro

Macro

Macro

NAND12, NAND16

N/A

N/A

N/A

N/A

Macro

N/A

The NAND function is performed in the Configurable Logic Block
(CLB) function generators for XC2000, XC3000, XC4000/4000E, and
XC5200. 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 inputs, use external inverters. Since each input uses a CLB
resource, replace functions with unused inputs with functions having
the necessary number of inputs.

The 12- and 16-input NAND functions are available only with non-
inverting inputs. To invert some or all inputs, use external inverters.
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NAND2 NAND3 NAND4

X6259 <6262

U
15

NAND2B1 NAND3B1
NAND4B1

8
J

X6260
X6263

NAND2B2 NAND3B2 x6267

U
U

NAND4B2

x6261 X6264

NAND3B3 .

x
3
R
&
&

NAND4B3

x
3
2
3
8

NAND4B4

o)

X6270

X6271

NANDS5B1

1

-0

X6272

NAND5B2

1

—Of
-0

X6273

NAND5B3

P

X6274

NAND5B4

P

X6275

NANDSBS

P

X6276

NAND6

b

X6277

NAND7

P

X6278

NAND7

P

X6278

Figure 3-90 NAND Gate Representations
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X6279

X6280

milb

X4932

NAND16

X4933
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147

g

AND3

124

U

o=

‘ NAND4

i AND3
B

X6525

Figure 3-91 NAND8 XC2000 Implementation

IIVAAAAAAAAAAAAAAAAAA* 147

@
>
z
o
X

: — :

NANDS

=

X6524

Figure 3-92 NAND8 XC3000 Implementation

- hDo—-

[ = } 13 NAND3

X6523

Figure 3-93 NAND8 XC4000/XC4000E Implementation
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GND

INIT

couTt

CY_INIT

FMAP

.I7
.IG
.I5
.I4

FMAP

X6447

Figure 3-94 NAND8 XC5200 Implementation
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—°m
FMAP
(LIS Y
110
RLOC=ROCO.LC3 [l—13 s2
19 o—H
B2
I
e
RLOC=RO0C0.LC3
FMAP
14
B—u
6 _ 16
s1 RLOC=RocO.LC2 13 s1
15 o u
15 B2
14 DI cl e 1
AND4
RLOC=RO0C0.LC2
co
FMAP
13 ¢ s
2 CY_MUX B
s s RLOC=RO0C0.LC1 2
11 0 1 = B S0
1 o
0 DI cl L o 12
AND4 = 1
CIN RLOC=RO0C0.LC1
couT
INIT
CY_INIT
RLOC=RO0C0.LCO
= X6449

Figure 3-95 NAND12 XC5200 Implementation
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40.

115 co
B cY_MUX

114 RLOC=RO0CO.LC3
B s3 s

113
= vee
= 112 I D!

AND4

111

| CY_MUX

RLOC=R0C0.LC2

AND4
iU
16 -
= s1 RLOC=RO0CO.LC1
Bs
14
AND4
B
12 =
[ M so s RLOC=RO0C0.LCO
B 0 1
0 DI c
AND4
CIN
couT
INIT
CY_INIT

RLOC=R1C0.LC3

FMAP

. 115
. 114
. 113
. 112

SS.

RLOC=R0C0.LC3

FMAP

. 111
. 110
= 19

SZ.

RLOC=R0C0.LC2

FMAP

.|7
.IG
.I5

Sl.

RLOC=R0C0.LC1

FMAP

.I3
.I2

.IO

SO.

RLOC=R0C0.LCO

X6448

Figure 3-96 NAND16 XC5200 Implementation
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NOR

2- 10 9-Input NOR Gates with Inverted and
Non-Inverted Inputs

Name

XC2000

XC3000

XC4000

XC4000E

XC5200

XC7000

NOR2 - NOR4B4

Primitive

Primitive

Primitive

Primitive

Primitive

Primitive

NORS5 - NOR5B5

Macro

Primitive

Primitive

Primitive

Macro

Primitive

NOR6, NOR?,
NORS, NOR9

Macro

Macro

Macro

Macro

Macro

Primitive

NOR12, NOR16

N/A

N/A

N/A

N/A

Macro

N/A

3-122

The NOR function is performed in the Configurable Logic Block
(CLB) function generators for XC2000, XC3000, XC4000/4000E, and
XC5200. 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.

The 12- and 16-input NOR functions are available only with non-
inverting inputs. To invert some or all inputs, use external inverters.
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NOR2 NOR3 NOR4 NOR4B3 NORS5B1 NOR5B4
X6281 3 X6284 %PQ é}
X6288 X6291
NOR2B1 NOR3B1 X6294 X6297
D NOR4B1 NOR4B4
Xe282 NOR582 NOR5B5
X6285
NOR2B2 NOR3B2 %:}
D X6289 X6292
X6283 ; : X6295
X6286 NORS5 %6298

X6293

)

X6287

NOR4B2
NOR5B3
NOR3B3
X6290

X6296

Figure 3-97 NOR Gate Representations
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__NOR7

— X6300

— X6301

__NOR9

X6302

X4938

NOR16

X4939
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Ca—

13 N\ 124

= 0
2
1 OR3

i

0 ‘ NOR4

X6522

Figure 3-98 NOR8 XC2000 Implementation

B D om
|

NORS5

EEERN
=

X6521

Figure 3-99 NOR8 XC3000 Implementation

X6520

Figure 3-100 NOR8 XC4000/4000E Implementation
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FMAP

FMAP

NOR4

GND CIN

couTt

INIT

X6446

CY_INIT

Figure 3-101 NOR8 XC5200 Implementation
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NOR4

NOR4

RLOC=R0C0.LC3

RLOC=R0C0.LC2

RLOC=R0CO0.LC1

<
rqog
O o

cl
CIN
cout
INIT
CY_INIT

RLOC=RO0C0.LCO

FMAP

RLOC=R0CO0.LC3

FMAP
.7‘7 14
0 o —om
.Miu

RLOC=R0CO0.LC2

FMAP

.\3
.\2
.\1
.\0

Figure 3-102 NOR12 XC5200 Implementation
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RLOC=R0CO0.LC1

X6517

SD.
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FMAP
CY_MUX | co 15 1y
S RLOC=R0CO0.LC3 IL 13 S3
113 p ——"u
DI| |ClI 112 1
RLOC=R0CO0.LC3
c2
( FMAP
CY_MUX | co -%.4
S RLOC=R0CO0.LC2 Illi 13 S2
01 19 s —
DI| |Cl 8
w8
RLOC=R0CO0.LC2
cl
FMAP
:Z CY_MUX | cO .:(737,4
s1 s . L E s1
5 01 RLOC=R0CO0.LC1 5 s -
14 DI| |ClI *a
NOR4 I
RLOC=R0CO0.LC1
co
FMAP
13 cY_MUx | co (SIS T
12 S0 S /— \Rloc-rocoLco  m2— 13 S0
I 01 21 2 =
0t \ora oo © 1
RLOC=R0CO0.LCO
CIN
GND
vee
cout RLOC=R1C0.LC3
INIT
CY_INIT X6536

Figure 3-103 NOR16 XC5200 Implementation
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OFD, OFD4, OFD8, and OFD16

Single- and Multiple-Output D Flip-Flops

Name XC3000 XC4000 XC4000E XC5200 XC7000
OFD Primitive Primitive Macro Macro Macro
OFD4, Macro Macro Macro Macro Macro
OFDS8,

OFD16
oFD OFD, OFD4, OFDS, and OFD16 are single and multiple output D flip-
0 2 flops except for XC5200. The flip-flops exist in an input/output block
c (IOB) for XC3000 and XC4000/4000E. The outputs (for example, Q3 —
o QQ0) are connected to OPADs or IOPADs. The data on the D inputs is
Xar78 loaded into the flip-flops during the Low-to-High clock (C) transition
and appears on the Q outputs.
oo [ 0P |0 The ﬂip—ﬂops are asynchronously reset with Low outputs, when
1 power is applied or when global reset (GR) for XC3000 and 5200 or
o & global set/reset (GSR) for XC4000/4000E is active. GR is active-Low
bz % for XC3000. The GR active level is programmable for XC5200. The
= 22 GSR active level is programmable for XC4000/4000E.
C |
Inputs Outputs
X3800
D C Q
D 1 dn®

D[15:0]

3-128

X3812

X3834

Q[15:0]

a. dn = state of referenced input one set-up time prior to active clock transition
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vee
OFDX
D
D Q Qg
c CE
C

X6484

Figure 3-104 OFD XC4000E Implementation

FD
D Q_OuT

X6378

Figure 3-105 OFD XC5200 Implementation
FD
> D Q > Om
OBUF
9
c

- — X6483

Figure 3-106 OFD XC7000 Implementation
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Q[7:0]
OFD
DO D Q Q0
c
Q0
OFD
D1 D o Q1
& —cC o1
OFD
D2 D Q Q2
®&—cC
Q2
OFD
D3 b 0 Q3
®—cC
Q3
OFD
D4 D Q Q4
o —JcC
Q4
OFD
D5 D 0 Q5
®&—PpcC
Q5
OFD
D6 b 0 Q6
—cC
Q6
OFD
D7 b 0 Q7
—PcC
D[7:0] Q7
c X6380

Figure 3-107 OFD8 XC3000/4000/4000E/5200 Implementation
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Q[7:0]

FD

DO

D1

D2

D3

D4

D5

D6

D7

D[7:0]

n X6482

Figure 3-108 OFD8 XC7000 Implementation
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OFD 1

Output D Flip-Flop with Inverted Clock

D | OFB1 | o XC3000 XC4000 XC4000E XC5200
c Macro Macro Macro Macro
40

OFD_1 is located in an input/output block (IOB) except for XC5200.
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.

X3779

The flip-flop is asynchronously reset with Low output, when power
is applied or when global reset (GR) for XC3000 and 5200 or global
set/reset (GSR) for XC4000/4000E is active. GR is active-Low for
XC3000. The GR active level is programmable for XC5200. The GSR
active level is programmable for XC4000/4000E.

Inputs Outputs
D C Q
D ! d?

a. d = state of referenced input one set-up time prior to active clock transition

OFD

mE >0—=8 c

INV

X6381

Figure 3-109 OFD_1 XC3000/4000/4000E/5200 Implementation
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OFDE, OFDE4, OFDES8, and OFDE16

D Flip-Flops with Active-High Enable Output Buffers

Element XC3000 XC4000 XC4000E XC5200 XC7000
OFDE, Macro Macro Macro Macro Macro
OFDE4,

OFDES,
OFDE16

E

OFDE

‘ o

‘ (¢}

X3782

X3802

D7:0]] OFDE8

Q[7:0]

i ER
=l =l k=] H!

X3814

D[15:0]] OFDE16

Q[15:0]

]

X3836

Libraries Supplement Guide

OFDE, OFDE4, OFDES, and OFDE16 are single or multiple D flip-
flops whose outputs are enabled by tristate buffers. The flip-flop data
outputs (Q) are connected to the inputs of output buffers (OBUFE).
The OBUEFE outputs (O) are connected to OPADs or IOPADs. These
flip-flops and buffers are contained in input/output blocks (IOB) for
XC3000 and XC4000/4000E. 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 with Low outputs, when
power is applied or when global reset (GR) for XC3000 and 5200 or
global set/reset (GSR) for XC4000/4000E is active. GR is active-Low
for XC3000. The GR active level is programmable for XC5200. The
GSR active level is programmable for XC4000/4000E.

Inputs Outputs
D C @)
X X Z, not off
1 1 1
0 ) 0
3-133
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OFDT

E T
|
[e]
[ = ) Q u

X6365

Figure 3-110 OFDE XC3000/4000/4000E/5200 Implementation

E

=
FD E

D

| b o — P > On
BUFE OBUF
C
Q

C

B | X6481

Figure 3-111 OFDE XC7000 Implementation
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OFDE OL7:0]

DO 0o

00
OFDE

D1

=

o1
OFDE

D2

N

02
OFDE

D3

@

03
OFDE

D4

04
OFDE

D5

o

05
OFDE

>

D6

06
OFDE

D[7:0] o7

e |
.C

N

i

o7

X6379

Figure 3-112 OFDE8 XC3000/4000/4000E/5200 Implementation
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E 0[7:0]
|
DO
D1
D2
D3
D4
D5
D6
D7
BUFE OBUF
D[7:0] - Q7
= C X6480

Figure 3-113 OFDE8 XC7000 Implementation
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OFDE_1

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

OFDE_1

‘ w]

X3783

XC3000 XC4000 XC4000E XC5200

Macro Macro Macro Macro

OFDE_1 and its output buffer are located in an input/output block
(IOB) except for XC5200. The data output of the flip-flop (Q) is
connected to the input of an output buffer or OBUEF. 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 impedance (Z state or Off).

The flip-flop is asynchronously reset with Low output, when power
is applied or when global reset (GR) for XC3000 and 5200 or global
set/reset (GSR) for XC4000/4000E is active. GR is active-Low for
XC3000. The GR active level is programmable for XC5200. The GSR
active level is programmable for XC4000/4000E.

Inputs Outputs
E D C O
0 X X Z
1 1 ! 1
1 0 ! 0

OFDT
E T

=

50

[ R ) °m

c cB
L
INV

Q

X6364

Figure 3-114 OFDE_1 XC3000/4000/4000E/5200 Implementation
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OFDEX, OFDEX4, OFDEX8, and OFDEX16
D Flip-Flops with Active-High Enable Output Buffers

OFDEX

‘0 ‘O‘U m
m

X4993

OFDEX4

X4994

E
D[7:0]| OFDEX8 |Q[7:0]
|
CE |
C |

X4995

1| oFDEX16 |QI15:0]

[}
=
o m
IO

o0 |0
m

X4996

3-138

XC4000E XC5200
Macro N/A

OFDEX, OFDEX4, OFDEXS, and OFDEX16 are single or multiple D
flip-flops whose outputs are enabled by tristate buffers. The flip-flop
data outputs (Q) are connected to the inputs of output buffers
(OBUEFE). The OBUEFE outputs (O) are connected to OPADs or
IOPADs. These flip-flops and buffers are contained in input/output
blocks (IOB). 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). When CE is Low and E is High, the
outputs do not change.

The flip-flops are asynchronously reset with Low outputs, when
power is applied or when global set/reset (GSR) is active. The GSR
active level is programmable.

Inputs Outputs
CE E D C O

X 0 X X Z, not off

1 1 1 1 1

1 1 0 1 0

0 1 X X No Chg
e o . OFDTX
L o Q $ °m
» CE CE
[ BS C

Figure 3-115 OFDEX XC4000E Implementation
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OFDEX

DO

CE

00

o[7:0]

00

g OFDEX

D1

CE

o1

01

OFDEX

D2

CE

02

02

OFDEX

D3

CE

03

03

¢ OFDEX

D4

CE

04

o4

¢ OFDEX

D5

CE

05

05

g OFDEX

D6

CE

06

e

06

OFDEX

D7

e cE

o7

nl

o7

Figure 3-116 OFDEX8 XC4000E Implementation

Libraries Supplement Guide

X6413

3-139



Libraries Supplement Guide

OFDEX_1

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

OFDEX_1

& RP
m

3-140

X4997

XC4000E XC5200
Macro N/A

OFDEX_1 and its output buffer are located in an input/output block
(IOB). The data output of the flip-flop (Q) is connected to the input of
an output buffer or OBUFE. 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 Q output. When E is Low, the output is high
impedance (Z state or Off). When CE is Low and E is High, the output
does not change.

The flip-flop is asynchronously reset with Low output, when power
is applied or when global set/reset (GSR) is active. The GSR active
level is programmable.

Inputs Outputs
CE E D C O
X 0 X X Z
1 1 1 ! 1
1 1 0 ! 0
0 1 X X No Chg
OFDTX
. E {%\9 T
[ o o$ ‘m
B CE cE
. C {%\9 CB c

X6412

Figure 3-117 OFDEX_1 XC4000E Implementation
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OFDEXI

D Flip-Flop with Active-High Enable Output Buffer

(Asynchronous Set)

XC4000E XC5200

OFDEXI

Macro

‘0 ‘O ‘U m
m
o

OFDEXI is a D flip-flop whose output is enabled by a tristate buffer.
The data output (Q) of the flip-flop is connected to the input of an

X4998 output buffer or OBUEF. 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). When CE is Low and E is High, the
output does not change. 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
CE E D Cc o]
X 0 X X 4
1 1 1 1 1
1 1 0 1 0
0 1 X X No Chg
mE %9 + OFDTXI
| B ° Q $ ‘m
= CcE
[ K c
Figure 3-118 OFDEXI XC4000E Implementation
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OFDEXI_1

D Flip-Flop with Active-High Enable Output Buffer
and Inverted Clock (Asynchronous Set)

OFDEXI_1

3-142

é;)‘ﬂ ‘U m
m
2

X4999

XC4000E XC5200
Macro N/A

OFDEXI_1 and its output buffer are located in an input/output block
(IOB). The data output of the flip-flop (Q) is connected to the input of
an output buffer or OBUFE. 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
impedance (Z state or Off). When CE is Low and E is High, the output
does not change. 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
CE E D C O
X 0 X X y4
1 1 1 | 1
1 1 0 1 0
0 1 X X No Chg
e {%\9 ; OFDTXI
L o Q $ .
BEE CE
. C {>O CB c
INV X6411

Figure 3-119 OFDEXI_1 XC4000E Implementation
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OFDT, OFDT4, OFDTS8, and OFDT16

Single and Multiple D Flip-Flops with Active-High
Tristate Active-Low Output Enable Buffers

Name XC3000 XC4000 XC4000E XC5200 XC70002
OFDT Primitive Primitive Macro Macro Macro
OFDT4, Macro Macro Macro Macro Macro
OFDTS,

OFDT16

a. not supported for XC7336 designs

X3801

OFDT, OFDT4, OFDTS, and OFDT16 are single or multiple D flip-
flops whose outputs are enabled by a tristate 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 are located in input/
output blocks (IOB) for XC3000 and XC4000/4000E. The data on the
data inputs (D) is loaded into the flip-flops during the Low-to-High
clock (C) transition. When the active-Low enable inputs (T) are Low,
the data on the flip-flop outputs (Q) appears on the O outputs. When
T is High, outputs are high impedance (Off).

The flip-flops are asynchronously reset with Low outputs, when
power is applied or when global reset (GR) for XC3000 and 5200 or
global set/reset (GSR) for XC4000/4000E is active. GR is active-Low
for XC3000. The GR active level is programmable for XC5200. The
GSR active level is programmable for XC4000/4000E.

D[7:0]
|

‘ [e]

OFDT8

T

X3813

c |

[15:0]] OFDT16 |Q[15:0]
—_—

X3835

Inputs Outputs
D C @)
X X Z
D 1 d?

Libraries Supplement Guide

a. d = state of referenced input one set-up time prior to active clock transition
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vee
g T OFDTX
n> D Q é Ou
e 3
X6479

Figure 3-120 OFDT XC4000/4000E Implementation

=
FD T
D 0_ouT N§ o
= D n
Q - oBUFT
mC c
X6376

Figure 3-121 OFDT XC5200 Implementation

FD T

(0]

BUFT OBUF

C
c Q X6478

Figure 3-122 OFDT XC7000 Implementation
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OFDT 0O[7:0]
T —
DO b o 00
~ 00
+ OFDT
D1 b o o1
- o1
+ OFDT
D2 b 2 H 02
- o2
+ OFDT
D3 b o+ 03
~ 03
+ OFDT
D4 b oo 04
-~ o4
+ OFDT
D5 b ol 05
~ o5
T OFDT
D6 b o 06
- 06
+ OFDT
D[7:0] D7 o ) o7
- Q
_'c
- - o7

X6377

Figure 3-123 OFDT8 XC3000/4000/4000E/5200 Implementation
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D[7:0]

C
L

DO

FD

o[7:0

D1

D2

D3

D4

D5

D6

D7

BUFT OBUF

Q7

X6477

Figure 3-124 OFDT8 XC7000 Implementation
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New Design Elements (XC4000E and XC5200)

OFDT_1

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

‘U

A;j

OFDT_1

Libraries Supplement Guide

X3781

Name XC3000 XC4000 XC4000E XC5200
OFDT Primitive Primitive Macro Macro
OFDT4, Macro Macro Macro Macro
OFDTS,

OFDT16

OFDT_1 and its output buffer are located in an input/output block
(IOB). The flip-flop data output (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).

The flip-flop is asynchronously reset with Low output, when power
is applied or when global reset (GR) for XC3000 and 5200 or global
set/reset (GSR) for XC4000/4000E is active. GR is active-Low for
XC3000. The GR active level is programmable for XC5200. The GSR
active level is programmable for XC4000/4000E.

Inputs Outputs
T D C o]
1 X X 4
0 1 ! 1
0 0 ! 0
T , OFDT
B
ml D Q 4£ °m
™ C CB c
INV

X6375

Figure 3-125 OFDT_1 XC3000/4000/4000E/5200 Implementation
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OFDTX, OFDTX4, OFDTX8, and OFDTX16

Single and Multiple D Flip-Flops with Active-High
Tristate and Active-Low Output Enable Buffers

OFDTX4

X6003

.
D[7:0]] OFDTX8 |Q[7:0]
|

CE

°

X6004

T

D[15:0]] OFDTX16 |Q[15:0]
— —

CE

C

X6005

3-148

XC4000E XC5200
Macro N/A

OFDTX, OFDTX4, OFDTXS, and OFDTX16 are single or multiple

D flip-flops whose outputs are enabled by a tristate 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 are located in input/
output blocks (IOB) for XC4000E. The data on the data inputs (D) is
loaded into the flip-flops during the Low-to-High clock (C) transition.
When the active-Low enable inputs (T) are Low, the data on the flip-
flop outputs (Q) appears on the O outputs. When T is High, outputs
are high impedance (Off). When CE is High and T is Low, the outputs
do not change.

The flip-flops are asynchronously reset with Low output, when
power is applied or when global set/reset (GSR) is active. The GSR
active level is programmable.

Inputs Outputs
CE T D C Q
X 1 X X 4
1 0 D 1 d?
0 0 X X No Chg

a. d = state of referenced input one set-up time prior to active clock transition
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New Design Elements (XC4000E and XC5200)

DO

OFDTX

D1

CE

00

o[7:0]

o0

OFDTX

D2

01

o1

T OFDTX

D3

CE

02

02

OFDTX

D4

CE

03

03

OFDTX

DS

CE

04

04

OFDTX

D6

CE

05

o5

OFDTX

CE

06

e

06

OFDTX

D[7:0] o7

CE

Figure 3-126 OFDTX8 XC4000E Implementation
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OFDTX_1

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

OFDTX_1

LR [

3-150

X6006

XC4000E XC5200

Macro N/A

OFDTX_1 and its output buffer are located in an input/output block
(IOB). The flip-flop data output (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). When
CE is High and T is Low, the outputs do not change.

The flip-flop is asynchronously reset with Low output, when power
is applied or when global set/reset (GSR) is active. The GSR active
level is programmable.

Inputs Outputs
CE T D2 C Q
X 1 X X 4
1 0 1 ! 0
1 0 0 ! 0
0 0 X X No Chg

a. d = state of referenced input one set-up time prior to active clock transition

OFDTX

;
=
D o
= o o$ u
CE
=
C
=

CE

>0 € be

INV

X6409

Figure 3-127 OFDTX_1 XC4000E Implementation
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OFDTXI

D Flip-Flop with Active-High Tristate and
Active-Low Output Buffer (Asynchronous Set)

XC4000E XC5200

OFDTXI

Primitive N/A

‘(3 ‘(7 ‘(J —
m

OFDTXI and its output buffer are contained in an input/output block
(IOB). The data output of the flip-flop (Q) is connected to the input of
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
impedance (Off). When CE is Low and T is Low, the output does not
change.

X6007

The flip-flop is asynchronously set with High output, when power is
applied or when global set/reset (GSR) is active. The GSR active level
is programmable.

Inputs Outputs
CE T D2 C @]
X 1 X X 4
1 0 1 1 1
1 0 0 1 0
0 0 X X No Chg

a. D = state of referenced input one set-up time prior to active clock transition
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OFDTXI_1

D Flip-Flop with Active-High Tristate, Active-Low
Output Buffer and Inverted Clock

OFDTXI_1

3-152

4)0 ‘% ‘U -

X6008

XC4000E XC5200

Macro N/A

OFDTXI_1 and its output buffer are contained in an input/output
block (IOB). 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). When CE is Low and T is Low, the output does not
change.

The flip-flop is asynchronously set with High output, when power is
applied or when global set/reset (GSR) is active. The GSR active level
is programmable.

Inputs Outputs
CE T D2 Cc O
X 1 X X 4
1 0 1 ! 1
1 0 0 ! 0
0 0 X X No Chg

a. d = state of referenced input one set-up time prior to active clock transition

OFDTXI
[ & u
[ B D Q —‘ﬁ °m
m<E CE
e cB c

X6423

Figure 3-128 OFDTXI_1 XC4000E Implementation
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New Design Elements (XC4000E and XC5200)

OFDX, OFDX4, OFDX8, and OFDX16
Single- and Multiple-Output D Flip-Flops

D | O |o Name XCA4000E XC5200
CE |
c | OFDX Primitive N/A

OFDX4, Macro N/A

X4988 OFDXS,

OFDX16
po | OFDX4 | o
T OFDX, OFDX4, OFDX8, and OFDX16 are single and multiple output
oL % D flip-flops. The flip-flops are located in an input/output block (IOB)
D2 <2 for XC4000E. The outputs (for example, Q3 — QO) are connected to
D3 193 OPADs or IOPADs. The data on the D inputs is loaded into the flip-
cE flops during the Low-to-High clock (C) transition and appears on the
c | Q outputs. When CE is Low, flip-flop outputs do not change.

X4989

Inputs Outputs
CE D C Q
X4990 1 D 1 dn?
0 X X No Chg
D[15:0]| OFDX16 |Q[15:0]

CE

X4991

The flip-flops are asynchronously reset with Low outputs, when
power is applied or when global set/reset (GSR) is active. The GSR

active level is programmable.

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

D1

D2

D3

D4

D5

D6

D7

D[7:0]
I

C

Q[7:0]
P

OFDX
D Q Q0
CE
c

Qo0
OFDX
D Q Q
CE
c

Q1
OFDX
D Q Qz
CE
c

Q2
OFDX
D Q Q3
CE
c

Q3
OFDX
D Q Q4
CE
c

Q4
OFDX
D Q s
CE
c

Q5
OFDX
D Q 6
CE
c

Q6
OFDX
D Q Q7
CE
c

Q7

CE
B

X6408

Figure 3-129 OFDX8 XC4000E Implementation
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New Design Elements (XC4000E and XC5200)

OFDX_1

Output D Flip-Flop with Inverted Clock

OFbX1 1 o XC4000E XC5200
Macro N/A

&R
m

OFDX_1 is located in an input/output block (IOB). The output (Q) of
the D flip-flop is connected to an OPAD or an IOPAD. The data on the
D input is loaded into the flip-flop during the High-to-Low clock (C)
transition and appears on the Q output. When the CE pin is Low, the
output (Q) does not change.

X4992

The flip-flop is asynchronously reset with Low output, when power
is applied or when global set/reset (GSR) is active. The GSR active
level is programmable.

Inputs Outputs
CE D C Q
1 D ! d?
0 X X No Chg

a. d = state of referenced input one set-up time prior to active clock transition

OFDX

CE

CE

CB
= >O c

INV

X6406

Figure 3-130 OFDX_1 XC4000E Implementation
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OFDXI

Output D Flip-Flop (Asynchronous Set)

OFDXI 1 q XC4000E XC5200

Primitive N/A

PR
m

OFDXI is contained in an input/output block (IOB). The output (Q)
of the D flip-flop is connected to an OPAD or an IOPAD. The data on
the D input is loaded into the flip-flop during the Low-to-High clock
(C) transition and appears at the output (Q). When CE is Low, the
output does not change.

X6000

The flip-flop is asynchronously set with High output, when power is
applied or when global set/reset (GSR) is active. The GSR active level
is programmable.

Inputs Outputs
CE D C Q
1 D 1 d?
0 X X No Chg

a. d = state of referenced input one set-up time prior to active clock transition
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New Design Elements (XC4000E and XC5200)

OFDXI_1

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

OFDXL1 | o XC4000E XC5200

Macro N/A

&R
m

OFDXI_1 is located in an input/output block (IOB). The D flip-flop
6001 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 with High output, when power is applied or
when global set/reset (GSR) is active. The GSR active level is
programmable. When CE is Low, the output (Q) does not change.

Inputs Outputs
CE D C Q
1 D ! d?
0 X X No Chg

a. d = state of referenced input one set-up time prior to active clock transition

OFDXI

o

CE

>0 8 c

INV

| N N ]
o |0
m

X6407

Figure 3-131 OFDXI_1 XC4000E Implementation
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OR

2- 10 9-Input OR Gates with Inverted and

Non-Inverted Inputs

Name XC2000 | XC3000 | XC4000 |XC4000E | XC5200 | XC7000
OR2, OR2B1, OR2B2, | Primitive | Primitive | Primitive | Primitive | Primitive | Primitive
OR3, OR3B1, OR3B2,
OR3B3, OR4, OR4B1,
OR4B2, OR4B3,
OR4B4
OR5, OR5B1, OR5B2, | Macro | Primitive | Primitive | Primitive | Macro | Primitive
OR5B3, OR5B4,
OR5B5
OR6, OR7, OR8, OR9 | Macro Macro Macro Macro Macro | Primitive
OR12, OR16 N/A N/A N/A N/A Macro N/A

The OR function is performed in the configurable logic block (CLB)
function generators for XC2000, XC3000, XC4000/4000E, and
XC5200. 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 functions with unused inputs with functions
having the necessary number of inputs.

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

3-158
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OR2 OR3 OR4 ORS OR5B4 OR6 OR8 OR12
X6303 E X6306 ﬁ —_ — |
X6310 7D7 - -
OR2B1 OR3B1 X6315 _ D |

X6319 N D
OR4B1 I X6321 ]
X6304

OR5B1 _ -
ORS5B5 __ OR7 - X6323 —
OR3B2 — ]
OR2B2 X6311

v
v

“-
.

OR9 X4936
X6305 X6308 OR4B2 N — OR16

X6320 — —
ORSB2 - | ]
OR3B3 — X6322 ; ; |
b X6312 _ ]
X6309 ] -
OR4B3 | |

X6317

- X6324 D
OR5B3 —
X6313 ]

OR4B4 g —
§>>7 X6318 X4937
X6314

Figure 3-132 OR Gate Representations

B Y O\ 147
14

s Y\ 124

w7

[TE OR4
= [ X6534

Figure 3-133 OR8 XC2000 Implementation
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13

: 12 Y\ O.
i L
- 10 | OR5 X6533

OR3
[ 11 |L/
OR3

10
. X6535

Figure 3-135 OR8 XC4000/4000E/5200 Implementation
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NOR4

NOR4

RLOC=R0C0.LC3

RLOC=R0CO0.LC2

RLOC=R0CO0.LC1

DI Cl

CIN

couTt

INIT

CY_INIT
RLOC=RO0C0.LCO

FMAP

RLOC=R0CO0.LC3

FMAP

B s1

RLOC=R0C0.LC2

FMAP

B—n S0

RLOC=R0C0.LC1

X6519

Figure 3-136 OR12 XC5200 Implementation
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110
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NOR4
17
16
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15
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NOR4
13
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NOR4

RLOC=R0CO0.LC3

RLOC=R0C0.LC2

DI

Cl

RLOC=R0C0.LC1
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RLOC=R0C0.LCO

DI
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CY_INIT
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RLOC=R1C0.LC3

FMAP
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RLOC=R0CO0.LC3
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X6518

Figure 3-137 OR16 XC5200 Implementation
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New Design Elements (XC4000E and XC5200)

OSC5

Internal Multiple-Frequency Clock-Signal Generator

0OSC5 osc1

osc2

@DIVIDE1_BY=
@DIVIDE2_BY=

X4971

XC4000E XC5200

N/A Macro

OSC5 provides internal clock signals in applications where timing is
not critical. The available frequencies are determined by FPGA
device components that are process dependent. Therefore, the
available frequencies vary from device to device. Use only one OSC5
per design. The OSCS5 is not available if the CK_DIV element is used.

The clock frequencies of the OSC1 and OSC2 outputs are determined
by specifying the DIVIDE1_BY=n; attribute for the OSC1 output, and
the DIVIDE2_BY=nj attribute for the OSC2 output. n; and n, are
integer numbers by which the internal 16-MHz clock is divided to
produce the desired clock frequency. The available frequency options
are shown in the table.

nqy OSC1 Frequency n, OSC2 Frequency
4 4 MHz 8 MHz
16 1 MHz 2 MHz
64 250 kHz 32 500 kHz
256 63 kHz 128 125 kHz
1,024 |16 kHz
4,096 |4kHz
16,384 |1KkHz
65,536 |244 Hz
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0OSC52

OSsC1 OSCl |

The "C" input has been intentionally left OSC2
unconnected, since the 0sc52 is using an —pC 0OSC2 i
internal 16MHz clock.

OSC="INTERNAL"
DIVIDE1_BY=@DIVIDE1_BY

DIVIDE2_BY=@DIVIDE2_BY X6374

Figure 3-138 OSC5 XC5200 Implementation
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New Design Elements (XC4000E and XC5200)

RAM16X1D

16-Deep by 1-Wide Static Dual Port Synchronous

RAM
WE | RAMISXID | spo XC4000E XC5200
_D |
WCLK | | DPO Primitive N/A

A0
Al
A2

DPRAO |
DPRAL |
DPRA? |
DPRAS |

X4950

RAM16X1D is a 16-word by 1-bit static dual port random access
memory with synchronous write capability. The device has two
separate address ports: the read address (DPRA3 — DPRAO) and the
write address (A3 — AO). These two address ports are completely
asynchronous. The read address controls the location of the data
driven out of the output pin (DPO), and the write address controls
the destination of a valid write transaction.

When the write enable (WE) is Low, transitions on the write clock
(WCLK) are ignored and data stored in the RAM is not affected.
When WE is High, any positive transition on WCLK loads the data
on the data input (D) into the word selected by the 4-bit write
address. For predictable performance, write address and data inputs
must be stable before a Low-to-High write transition. This RAM
block assumes an active-High WCLK. However, WCLK can be
active-High or active-Low. Any inverter placed on the WCLK input
net is absorbed into the block.

You can initialize RAM16X1D during configuration.

Inputs Internal
Memory Cell
WE WCLK D2 Addressed by
A3:A0
0 X X No Chg
1 0 X No Chg
1 1 X No Chg
1 N D D

a. D = data written during last write transaction
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The SPO output reflects the data in the memory cell addressed by
A3 — A0. The DPO output reflects the data in the memory cell
addressed by DPRA3 — DPRAQO.

Note: The write process is not affected by the address on the read
address port.
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RAM16X2D

16-Deep by 2-Wide Static Dual Port Synchronous

RAM

RAM16X2D | gpnq

SPO1

DPOO
DPO1

X4951

XC4000E XC5200

Macro N/A

RAM16X2D is a 16-word by 2-bit static dual port random access
memory with synchronous write capability. The device has two
separate address ports: the read address (DPRA3 — DPRAO) and the
write address (A3 — AO). These two address ports are completely
asynchronous. The read address controls the location of data driven
out of the output pin (DPO1 - DPOO), and the write address controls
the destination of a valid write transaction.

When the write enable (WE) is Low, transitions on the write clock
(WCLK) are ignored and data stored in the RAM is not affected.
When WE is High, any positive transition on WCLK loads the data
on the data input (D1 — DO) into the word selected by the 4-bit write
address. For predictable performance, write address and data inputs
must be stable before a Low-to-High write input transition. This
RAM block assumes an active-High WCLK. However, WCLK can be
active-High or active-Low. Any inverter placed on the WCLK input
net is absorbed into the block.

You can initialize RAM16X2D during configuration.

Inputs Outputs
Memory Cell
WE WCLK D2 Addressed by
A3:A0
0 X X No Chg
1 0 X No Chg
1 1 X No Chg
1 A D D

a. D = data written during last write transaction
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The SPO output reflects the data in the memory cell addressed by
A3 — A0. The DPO output reflects the data in the memory cell
addressed by DPRA3 — DPRAQO.

Note: The write process is not affected by the address on the read
address port.
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RAM16X4D

16-Deep by 4-Wide Static Dual Port Synchronous

RAM
WE | RAM16X4D | gpg
_Do| | spo1
D1 | spo2
D2 SPO3
3| *
WoLK | | oPOO
A0 DPO1
] DPO2
A2 DPO3
]
DPRAO
DPRA1
DPRAZ |
DPRA3

X4952

XC4000E XC5200

Macro N/A

RAM16X4D is a 16-word by 4-bit static dual port random access
memory with synchronous write capability. The device has two
separate address ports: the read address (DPRA3 — DPRAO) and the
write address (A3 — AO). These two address ports are completely
asynchronous. The read address controls the location of data driven
out of the output pin (DPO3 — DPO0), and the write address controls
the destination of a valid write transaction.

When the write enable (WE) is Low, transitions on the write clock
(WCLK) are ignored and data stored in the RAM is not affected.
When WE is High, any positive transition on WCLK loads the data
on the data input (D3 — D0) into the word selected by the 4-bit write
address. For predictable performance, write address and data inputs
must be stable before a Low-to-High write input transition. This
RAM block assumes an active-High WCLK. However, WCLK can be
active-High or active-Low. Any inverter placed on the WCLK input
net is absorbed into the block.

You can initialize RAM16X4D during configuration.

Inputs Outputs
Memory Cell
WE WCLK D2 Addressed by
A3:A0
0 X X No Chg
1 0 X No Chg
1 1 X No Chg
1 A D D

a. D = data written during last write transaction
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The SPO output reflects the data in the memory cell addressed by
A3 — A0. The DPO output reflects the data in the memory cell
addressed by DPRA3 — DPRAQO.

Note: The write process is not affected by the address on the read
address port.
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RAM16X8D

16-Deep by 8-Wide Static Dual Port Synchronous
RAM

RAM16X8D | spo[7.0] XC4000E XC5200
|DPO[7:0] Macro N/A
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RAM16X8D is a 16-word by 8-bit static dual port random access
memory with synchronous write capability. The device has two
separate address ports: the read address (DPRA3 — DPRAO) and the
write address (A3 — AO). These two address ports are completely
asynchronous. The read address controls the location of data driven
out of the output pin (DPO7 — DPOO), and the write address controls
the destination of a valid write transaction.
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When the write enable (WE) is Low, transitions on the write clock
(WCLK) are ignored and data stored in the RAM is not affected.
When WE is High, any positive transition on WCLK loads the data
on the data input (D7 — D0) into the word selected by the 4-bit write
address (A3 — A0). For predictable performance, write address and
data inputs must be stable before a Low-to-High write input
transition. This RAM block assumes an active-High WCLK.
However, WCLK can be active-High or active-Low. Any inverter
placed on the WCLK input net is absorbed into the block.

You can initialize RAM16X8D during configuration.

Inputs Outputs
Memory Cell
WE WCLK D2 Addressed by
A3:A0
0 X X No Chg
1 0 X No Chg
1 1 X No Chg
1 A D D

a. D = data written during last write transaction
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The SPO output reflects the data in the memory cell addressed by
A3 — A0. The DPO output reflects the data in the memory cell
addressed by DPRA3 — DPRAQO.

Note: The write process is not affected by the address on the read
address port.
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Figure 3-139 RAM16X8D XC4000E Implementation
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RAM16X1S

16-Deep by 1-Wide Static Synchronous RAM

WE | RAMIGXIS | o XC4000E XC5200
D
WCLK | Primitive N/A
A0 |
AL | RAM16X1S is a 16-word by 1-bit static random access memory with
% synchronous write capability. When the write enable (WE) is Low,
] transitions on the write clock (WCLK) are ignored and data stored in

X4942 the RAM is not affected. When WE is High, any positive transition on
WCLK loads the data on the data input (D) into the word selected by
the 4-bit address (A3 — A0). For predictable performance, address and
data inputs must be stable before a Low-to-High WCLK transition.
This RAM block assumes an active-High WCLK. However, WCLK
can be active-High or active-Low. Any inverter placed on the WCLK
input net is absorbed into the block.

The signal output on the data output pin (O) is the data that is stored
in the RAM at the location defined by the values on the address pins.

You can initialize RAM16X1S during configuration.

Inputs Outputs
WE WCLK D O
0 X X Data?®
1 0 X Data
1 A D D
1 1 X Data

a. Data = word addressed by bits A3 — A0
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RAM16X2S

16-Deep by 2-Wide Static Synchronous RAM

WE |
DO |
D1 |

WCLK |
A0 |
AL
A2 |
A3 |

RAM16X2S | 44

o1

X4944

XC4000E XC5200
Macro N/A

RAM16X2S is a 16-word by 2-bit static random access memory with
synchronous write capability. When the write enable (WE) is Low,
transitions on the write clock (WCLK) are ignored and data stored in
the RAM is not affected. When WE is High, any positive transition on
WCLK loads the data on the data input (D1 — D0) into the word
selected by the 4-bit address (A3 — AQ). For predictable performance,
address and data inputs must be stable before a Low-to-High WCLK
transition. This RAM block assumes an active-High WCLK.
However, WCLK can be active-High or active-Low. Any inverter
placed on the WCLK input net is absorbed into the block.

The signal output on the data output pin (O1 — O0) is the data that is
stored in the RAM at the location defined by the values on the
address pins.

You can initialize RAM16X2S during configuration.

Inputs Outputs
WE WCLK D O
0 X X Data?®
1 0 X Data
1 N D D
1 1 X Data

a. Data = word addressed by bits A3 — A0
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RAM16X4S

16-Deep by 4-Wide Static Synchronous Ram

WE
DO |
D1 |

D2
D3|

WCLK |
A0 |
Al
A2 |
A3 |

RAM16X4S 00

o1

02
O3

3-176

X4945

XC4000E

XC5200

Macro

N/A

RAM16X4S is a 16-word by 4-bit static random access memory with
synchronous write capability. When the write enable (WE) is Low,
transitions on the write clock (WCLK) are ignored and data stored in
the RAM is not affected. When WE is High, any positive transition on
WCLK loads the data on the data input (D3 — D0) into the word
selected by the 4-bit address (A3 — AQ). For predictable performance,
address and data inputs must be stable before a Low-to-High WCLK
transition. This RAM block assumes an active-High WCLK.
However, WCLK can be active-High or active-Low. Any inverter
placed on the WCLK input net is absorbed into the block.

The signal output on the data output pin (O3 — O0) is the data that is
stored in the RAM at the location defined by the values on the

address pins.

You can initialize RAM16X4S during configuration.

Inputs Outputs
WE WCLK D3 -DO 03-00
0 X X Data?®
1 0 X Data
1 A D D
1 1 X Data

a. Data = word addressed by bits A3 — A0
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RAM16X8S

16-Deep by 8-Wide Static Synchronous RAM

WE
—
D[7:0]
WCLK
AQ
Al
A2
A3

RAM16X8S | o[7:0]
=

X4946

XC4000E XC5200

Macro N/A

RAM16X8 is a 16-word by 8-bit static random access memory with
synchronous write capability. When the write enable (WE) is Low,
transitions on the write clock (WCLK) are ignored and data stored in
the RAM is not affected. When WE is High, any positive transition on
WCLK loads the data on data inputs (D7 — DO0) into the word selected
by the 4-bit address (A3 — A0). For predictable performance, address
and data inputs must be stable before a Low-to-High WCLK
transition. This RAM block assumes an active-High WCLK.
However, WCLK can be active-High or active-Low. Any inverter
placed on the WCLK input net is absorbed into the block.

The signal output on the data output pin (O7 — O0) is the data that is
stored in the RAM at the location defined by the values on the
address pins.

You can initialize RAM16X8 during configuration.

Inputs Outputs
WE WCLK D O
0 X X Data?®
1 0 X Data
1 N D D
1 1 X Data

a. Data = word addressed by bits A3 — A0
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Figure 3-140 RAM16X8S XC4000E Implementation
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RAM32X1S

32-Deep by 1-Wide Static Synchronous RAM

we | RIS | o XC4000E XC5200
WC% Primitive N/A
A0 |
AL RAMB32X1 is a 32-word by 1-bit static random access memory with
A2 . v . .
v synchronous write capability. When the write enable is Low,
a4 transitions on the write clock (WCLK) are ignored and data stored in

the RAM is not affected. When WE is High, any positive transition on
WCLK loads the data on the data input (D) into the word selected by
the 5-bit address (A4 — A0). For predictable performance, address and
data inputs must be stable before a Low-to-High WCLK transition.
This RAM block assumes an active-High WCLK. However, WCLK
can be active-High or active-Low. Any inverter placed on the WCLK
input net is absorbed into the block.

X4943

The signal output on the data output pin (O) is the data that is stored
in the RAM at the location defined by the values on the address pins.

You can initialize RAM32X1 during configuration.

Inputs Outputs
WE WCLK D O
0 X X Data?®
1 0 X Data
1 N D D
1 1 X Data

a. Data = word addressed by bits A4 — A0
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RAM32X2S
32-Deep by 2-Wide Static Synchronous RAM

R XC4000E XC7000
0| o1
bL Macro N/A

WCLK |
% RAMB32X2 is a 32-word by 2-bit static random access memory with
2| synchronous write capability. When the write enable (WE) is Low,
A3 transitions on the write clock (WCLK) are ignored and data stored in
A4 the RAM is not affected. When WE is High, any positive transition on

WCLK loads the data on the data input (D1 — D0) into the word
selected by the 5-bit address (A4 — AQ). For predictable performance,
address and data inputs must be stable before a Low-to-High WCLK
transition. This RAM block assumes an active-High WCLK.
However, WCLK can be active-High or active-Low. Any inverter
placed on the WCLK input net is absorbed into the block.

X4947

The signal output on the data output pin (O1 — O0) is the data that is
stored in the RAM at the location defined by the values on the
address pins.

You can initialize RAM32X2 during configuration.

Inputs Outputs
WE WCLK D O
0 X X Data?®
1 0 X Data
1 A D D
1 1 X Data

a. Data = word addressed by bits A4 — A0
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RAM32X4S

32-Deep by 4-Wide Static Synchronous RAM

WE
DO |
D1
D2
D3
WCLK |
A0
AL
A2 |
A3 |
A4

RAM32X4S

X4948

[ 00
[ 01
[ 02
[ 03

XC4000E XC5200
Macro N/A

RAMB32X4 is a 32-word by 4-bit static random access memory with
synchronous write capability. When the write enable (WE) is Low,
transitions on the write clock (WCLK) are ignored and data stored in
the RAM is not affected. When WE is High, any positive transition on
WCLK loads the data on the data inputs (D3 — D0) into the word
selected by the 5-bit address (A4 — AQ). For predictable performance,
address and data inputs must be stable before a Low-to-High WCLK
transition. This RAM block assumes an active-High WCLK.
However, WCLK can be active-High or active-Low. Any inverter
placed on the WCLK input net is absorbed into the block.

The signal output on the data output pin (O3 — O0) is the data that is
stored in the RAM at the location defined by the values on the
address pins.

You can initialize RAM32X4 during configuration.

Inputs Outputs
WE WCLK D O
0 X X Data?®
1 0 X Data
1 N D D
1 1 X Data

a. Data = word addressed by bits A4 — A0
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RAM32X8S

32-Deep by 8-Wide Static Synchronous RAM

WE
—
DI[7:0]
WCLK |
A0 |
Al |
A2 |
A3 |
A4 |

RAM32X8S | o[7:0]
e

3-182

X4949

XC4000E

XC5200

Macro

N/A

RAMB32X8 is a 32-word by 8-bit static random access memory with
synchronous write capability. When the write enable (WE) is Low,
transitions on the write clock (WCLK) are ignored and data stored in
the RAM is not affected. When WE is High, any positive transition on
WCLK loads the data on the data inputs (D7 — D0) into the word
selected by the 5-bit address (A4 — AQ). For predictable performance,
address and data inputs must be stable before a Low-to-High WCLK
transition. This RAM block assumes an active-High WCLK.
However, WCLK can be active-High or active-Low. Any inverter
placed on the WCLK input net is absorbed into the block.

The signal output on the data output pin (O7 — O0) is the data that is
stored in the RAM at the location defined by the values on the

address pins.

You can initialize RAM32X8 during configuration.

Inputs Outputs
WE WCLK D O
0 X X Data?®
1 0 X Data
1 A D D
1 1 X Data

a. Data = word addressed by bits A4 — A0
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Figure 3-141 RAM32X8S XC4000E Implementation
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STARTUP

User Interface to Global Clock, Reset, and Tristate

Controls
XC4000/4000E XC4000 XC4000E XC5200
GSR| STARTUP | Q2
ets| o Primitive Primitive Primitive
CLK | DONEN o ARTUP is used primarily to provide access to global set/reset

x3011 (GSR) for XC4000/4000E or global reset (GR) for XC5200; global
tristate control (GTS); and the user configuration clock.

XC5200 GSR can asynchronously re-initialize all CLB and IOB flip-flops to the
GR | STARTUP state they had at the end of the configuration process. GR can
o104 asynchronously reset all CLB and IOB flip-flops in a design.
CLK]| lponein  Following configuration, GTS can be used to force all of the IOB
outputs to High impedance mode, which isolates the device outputs
from the circuit, while the inputs remain active. By default, the GSR,
GR, and GTS signals are active High. The change the polarity of these
signals, add an inverter to the net that sources these signals.

®
5
»
eR

X4983

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.
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